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f`BSTRf][T

Tuc)  adjacent  reaches  c]f  the     Kansas    River    near     the

tc]un  c}f  UamEgo.   Kansas,   exhibit  markEdlg     diffEring     rates

of  channel   migratic]n.     fln  active  reocli  upstream  c]f  uamegt],

flc}uing  entirelg   uJithin     sandg     mc]dBrn     alluvii]m     [<     3000

gears  B.P.I,   displags  extensive  bank  erc]sion     and     cliannel

migration.     Oc]unstream,   the     channel     cc}mes     into     contat=t

With  fine-grained  terrace  f ill  sediment  c]f    variable    ages

[>     3000     gEQrs     B.P.I     t]Tid       manifests       stablE       EliantiEI

characteristics .

Evaluatic}n  c}f  valleg   slaps,   chc]nnel     =lapE],      sediment

load,   and  bank    sediment    charcicteristics    c]f    each    reach

SIJBgest   that   lDc=Dllg   =tEE]pE3nEd   vDllBg   =lc]pE]     mag      initit]tE

chcinnel   activitg   and  meander  grc]uth  but     tliE3     rapiditg     Clf

the  grt]uth  is  a  functiDn  Df  the  sBdimE}nt  charaEtE.r  c]f     thE

Stream  bank.      C:ut  banks  alc]ng     the     activE     rEaEll     Et]n=i=t

Primarilg   of   =andg   =E}diment      [mEBn-¢].t±]     and     t]rE)     E=a5il!

erc)c]ed     bg     the     channel     Within     the       Brc]uing       mearldar.

NonethelEss,   the=B  c=ut  baTik=  c=.ntciin  suffiEiEnt     Silt     End

CIC]g   [37-J.]   tc]  provide  the  nBcessarg  bank  stabilitg  far  thE

development       af       an       t]=gmmBtrical        EhannEI          Prc]filE.

OBvelc}pment   and   mc]intBnancB   c]f     D      sEc]ur     pc}cil      alt]ng     tha

OutsidE     bend     of     thB     at=tivg     mBDndgr     all.u=     f[r       EhE

undercutting  c]f  thE  cut  bank  and  provides  a  mechanism     fc]r

C:C}tltinuEd   bank   ErDsion.      The   dBgreE   t]f   t]ank   ert]5it]n     al.nB

xii



the  active  reach  is    t]ccentuated    bg     the    segregation    c]f

fine-grained      material      intc]      discrete        stratigraphic

intgrvals .

filc]ng  the  inactive  reach,   the  sEdimeTits    of    the    cut

banks  gEnerallg  consist  c]f  terrace  fill     clepasits.       These

sediments  cc)nsist  primarilg  of  silt  and  clog     [mean-¢t±.gg]

but  mag  contain    ct]arse    sand    in    their    bosal    pc]rtians.

fmomolc]uslg  high  values  of  Stream  pt]uer  aTid  trcictive  force

indicate  that  the  inactive  channel  has  nc]t  fullg    adjusted

tc]  the  slope  of  the  valleg  di]e  tt]  the  resistant  nature    c)f

the  bank  sediment.     flt   lc]cclticlns     ujhere     sand     is     expc}§ed

along  the    inactive    reach    and    is    subjEct    tc]    erosion,

clog-rich  sediment  from    slumped    upper    portions    of    the

terrace  fills  provide  an  armoring  prt]tecting    these    lt]uer

pc}rtions  of  the  bank.
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CHflpTER    I

I NTR0I]U[T I 0N

The       Kansas       River       and       its       tributaries       drclin

cipprc]ximatelg   61,it±O   square   miles   [8B,857l<mE]   of     northern

Kc]nsQs,      sc)uthern   Nebraska,      and     eastern     Cc)lc]radc).        The

main  stem  of  the  Kansas  River     begins  at  the  cc]nf luence  c}f

the  Reput]1ic=an  and  Smokg   Hill   Rivers  near     Junctic}n     [itg,

Kansas,      and     flc]us     170     miles     [E73     kmJ     Bast     to        its

cc)nfluence  With  the  rlissouri   River  at     Kansas     [itg     CFig.

1].

The  Kansas  River   is  ci  mc)derate     size     stream     With     cl

mean  annual   discharge  c]f  tll3  cubic  feet   per  secc]nd     CIE5L±

m3/secJ   at  the  tc]un  of  Wamego.      In  recent  gears,   the     main

bt.cinch  of  the  stream  has  cc]me  under   increasing     regulatic]n

bg  dams  l]uilt  c]n  upstream  tributaries.     The   largest     dclms,

rlilford  and  Tuttle  [reel<,   Were  closed     in     ls6E     and     1967

res|]ectivElg .

The   Kcinsas   River   trcinspc]rts  sand   [D50   -0.I     tc]     EmmJ

as  bed   lc]dd  and  a  finer   Suspended   load     cc]mpc)sad     c]f     silt

t]nd  clog.     The     composition     of     material     tran8pc)rted     bg

individual   tributaries  c]f  the  Kcinsa§  River   is     cl     functic]n

C}f  the  gec]logg   c)f   the     cirea     drc}iried.         Isc}lated     reaches,

especicillg   Within  the   lc]uer  Kansas   River     vcilleg,      cc]ntain





gravel   deposits   Which     mag     serve     tc]     c]rmc]r     the     channel

against  erc)sic]n.

CHf)NNEL   f}[TlulTY

Channel  activitg  and  ingtabilitg     c]ccur     locallg     but

varg     in     intEnsitg.        Osterkamp     and     others     [198E:      L±3]

described  cllannel  activitg  as  the  lateral  migratic]n  of  the

stream  chcinnel   Which     is     mcinife§ted     in     changes     in     the

meander  pattern.     Theg  defined  channel   instcibilitg  as   "the

deviation  fran  an  acljustEd  c}r  balanced  cc]nditic]n  that     mag

be  indicated   in  the  crc]ss-sectic]ncil  gec]metrg  c}f  the  stream

channel. "       To       ovoid       confusic]n       between       the       terms

instQbilitg  cind  activitg,   the  definitions  os  stated    at}ove

are  used  for  the  purpc]se  of  this  studg.

Osterkamp  and     others     [198EJ     suggested     that     channel

Width  varied   in  prc]pc}rtic]n  tc]  channel   activitg,      the     more

active  reaches  containing  Wider  channels.     Theg   identified

a  number  of  reaches  c]f  the  Kansas     River     that     hove     been

historiccillg    cictive.       If    their    assertion    is    correct,

differing  extents  of  channel  activitg  mag  be  identif led  bg

the  range   in  channel   Width  from  c]ver     loco     feet     C305     m]

rlecir   Paxicc]   to   Just   1±00   feet   [12E   m]   at     manhcittan.        Dc]rt

[1980]   hQ9  also  pt.c}vided  detailed   information   in  the     fc]rm



c)f   histc]ric   chc}nnel-chc}nge  maps   from   Which   cictive     reaches

can  be  recidilg   identified.

sTOTErlENT   C]F    THE    PR0BLEri

This   §tudg     examiTies     tLLio     cicljcicent     reaches     c]f     the

Kansas     River     near     lLlamegc]:      c]ne        that        has       undergone

dc}cumetited  histc]rical   change  and     i]ne     thcit     has     remained

relativelg  stable  and  inactive  in  historical     times     CF.ig.

1].     The  purpc]se     of     this     studg     is     tc]     determine     uhc]t

conditions  arE  respc]Tisible  fc]r     the     cc]ntrcist     in     channel

activitg  between  the  active  reach  and     inactive    reach    c]f

the  studg  area.

The  ac:tive  reacli,   Which    has     been     characterized     bg

rapid  meander  growth  since     1919,     has     generated     cc]ncern

amt]ng   lc}cal   lcindc)uners  aTid   the  UnitEd   States   f]rmg   [c]rps   af

Engineers   [United  States  firing  [c]rps  of     Engineers,      1880].

The  anticipcited  cut  off  of  a  large  mecinder    endangers     the

386  cicres   [156  hectcires]     of     crc}pland     created     bg     pric]r

meander     growth     [Fig.      1].        I]c]unstream     at     uamegc},      the

Channel   Within  the   inactive  reach     c]ccupie§     apprc]Ximatel8

the   Some     pc}sitic]n     os     the     1885     chcirinel      [I]ort,18BOJ.

C:honnel   degraclatic]n  occurrecl  Within   the     inactive     Chcmnel

during   the     1851     flc]c]d,      but     the     channel     hci§     remciined



relativelg  stable  since  that  time   [OsterkDmp  et  al.,19E}2;

United   Stcites   F}rmg   I:c]rps   c]f   Engineers,198t±].

adjacent  reac=lles  uiere  chosen  far  this  stuclg  tc]  ensure

that  crucial     hgdraulic    characteristics    undergc]    minimal

varit]tic]n  between  reaches.     Dist=horgE     and     sediment     lc]ad

are  unlil<elg  tc]  change  in  the  short  distance  os    no    major

tributaries    enter    the    river    ulithin    the    studg      ar.ea.

f]lthaugh  lJeep  Creek  dc]es  enter  the  Kansas  River  Within  the

active  reach,   its  discharge    is    small    and    comprises    an

insignif icant  percentage  c]f  the    total     discharge    c]F    the

Kt]nsas     River.        Because    of    the     proximitg     of     the     two

reaches,   external  contrc]ls  on  the  fluvial  sgstem    such    as

climate        [e.g. ,         Knc]x,           1972,            1976:           Bal<er          and

Perlteadc]-Orellcina,1877],   flclc]d     magnitucle     and     frequencg

[Schumm  and   Lichtg,1963:   Burkliam,197EJ,    land-use     change

[Escher  Et  al.,19E13],   arid  the  effects     of     United     States

Armg     Corps     of     Engineers     impoundments        Csmith,        1S80;

0§terkamp  et  al.,1982;   uolman  and  uilliams,198t]   mag     be

considered  to  be  Llnifc]rm.



EHflpTER    11

Ba[KGRouNI]

Fluvial  9gstems,   When  viewed    through    time,     undergo

cc]ntinual  change.     Hack  [1960]  described     the    prc)cess    of

cc}ntinual  adjustment  of  the    f luvial    sgstem    as     "dgnamic

equilibrium."     The  duration    of    dgnamic    equilibrium    has

since  t]eetl  defined  a9   ''cgclic  time"  t]g  Schumm    and    Lichtg

[19E5:   113].     Iheg  suggested    that    cgclic    time    spans    a

peric)a    required    far    the    denudBtional    evolution    af    a
landscape.     Burlng  this  peric}d,   an  exponential  decrease  in

the  stream  gradient    Occurs,     reflecting    changes    in    the

Fluvial  sgstBm.

The  studg  of  channel    9tabilitg    in    the    ct]ntext    af

cyclic  tilTle  is  irrelevant  ta  the  purpc)se  of    tliis    thesis.

The  durt]tion  of  cgclic    time    is    Such    that    the    chantiel

rarelg    occupies    a    f ixed    position    on    the      f lc]odplaln

thrc]ughout  a  cgcle.     Hence,   it     is     impc]ssible    ta    defiTiB

individual  rec)clies  of  a  stream  as  active    or    inactive    in

terms  of  cgclic  time.
'.Graded  time"  congists  of  onlg    a    small    portion    of

Cgclic  time  during  uhlch  the  average  channel  slope  remains

relativelg  constant,but  there  Will  be    fluctuaticlns    about

this  mean  through  time   [Schumm,1977].      It   is     Within     the

Context  of  graded  time  that  chariges  in  the  f luvial    9gstem
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cc]ntext  of  graded  time  that  changes   in  the  f luvial     sgstem

ore    c}bserved     c]s     it     cidjusts     tc]     attain     a       state       of

equilibrium.      rlQckin   [1§tB]   described   ci   "graded  stream"   as

one   in  uhic=h   the  mc]rphc]logic=al   chQrQcteristics  represent  a

t]alance   between   erosic}n     ciTid     depasitic]n.        Thus,      channel

instalJilitg   c)r  ac=tivitg  mcig     be     manifested     as     a     stream

adjusts  to  maintain  this  bcilance.

rlackin   [19L±E},    L±71]   succinctlg   defiTied   a   graded   stream

as:

"One   in  Which  c]ver  a  peric]d  of  gears,   slope   is
delicatelg  cidjusted  to  prc]vide,   With  available
discharge  and  prevciiling  channel  charac=teristics,
Just  the  velc]citg  required  far  the  transpc]rtatian
of  the   lc]ad  supplied  fran  the  clrainage  basin.
The  grcicled  stream   is  ci  sgstem   in  equilit]rium:
its  diagnc}stic=  characteristic  is  that  ang  change  in
ang  cc]ntrolling  factc]r  Will   cause  a  displacement
c)f  the  equilit]rium  in  a  directic)n  that  Will
tend  to  absc]rb  the  effect  c]f  the  changa."

Lec]pc]ld   and   rlciddc]ck   [1953]     quantitcitivelg     described

the  interactic]ns  between  the   "cc}ntrc]lling  factors"  and  the

hgdraulic  geometrg  of     stream    channels.        In     porticulcir.

theg  stuclied  the  effects  c]f  strecim  discharge  and     secliment

load,     prc]gressivelg     downstream     and     at    a    given     river

Cross-sectic}n,      on     Width,     depth.      and     velocitg.        Their

f iTldings   indicatecl  a  strc]ng  tendencg  tl]uards  establishment

C)f   a   "quasi-equilibrium"    CLec]pold   anc]   rlciclclc]ck,       1953:       51]

in  Channels  carrging  Water  cind  sediment.     The   interoctic}ns

batueen  variables  operate     in     bc}th     grcidEd     ancl     ungracled



reaches.      Theg   ciccc)unt   for   the  maintencincB   af     grcide     orice

the     cc]nditic]n     c)f     equilibrium     is     reac:hed,      but       their

inf luence   is  surf icient  even  in  ungraded  reaches  tc]     cciuse

tr`e  f luvial   sgstem  to     clevelc]p     in     a     highlg     coc]rdinated

mariner .

Leapc)ld  and  rladdc]ck   [1§53]   suggested     that     slope     is

the  c)ne  hgclraulic   fcLctc]r  Which     ccin     be     adjusted     c]ver     cl

period  c]f  time  bg   processes  Within  the  stream.       Slope     is

pc]tentiallg   the  fQctc]r  Which  makes     the     f inal     adjustment

required  fc]r   "quasi-equilibrium"  after  ttie  interactic]n    c)f

oil     c)ther     factc)rs    has    resulted     in    establishment       of

mutuc}llg   adjusted  values  fc]r   thc]se  factc}rs.     Others   Ce.g.,

Frigclken,    19L±5;    Rut]eg,    195a;    Wc]lman,    1955;       Schumm,       1956;

Hack,    1957;    Lane,    1957;    Lec]pald   ancl   uc)lmcin,       1957;      Brice,

196L±;    Schumm   aTid   Khcin,       1S7E;       Pattc]n      and      Schumm,       1975;

Schumm   and   Becithard,    1§76;   D8terkcimp,    1978;   Osterkamp     and

Hedman,    19BEJ   hove  dc]cumented   the  effect   c]F     volleg     slc]pe

c]n  channel  stabilitg.

The  f luvial  sgstem  continuallg  adjusts  tc]    accomplish

sediment     transpc]rt     With     the       lecist       pcissible       energg

expenditure   [Rubeg,1952:   128].     When     the     slope     of     the

VQlleg  flc]c]r  increases,   the  river  mag   lengthen  its    course

bg  meandering  to  maiTitain     a     constaTit     channel     grodi,eTlt.

Thus,   if  other  factors  remain  can§tant,   the    river    shc)uld



displcig   ci   greater   siriuc}sitg   [length  c)f   chcinnel   divided     bg

length  c]f  vallegJ   Where  the  vQlleg   slc]pe     is     steeper.        fa

threshold  vcilleg   slcJpe  exists,   hc)uever,   that     Will     result

in  the  fc]rmotic]n  c]f  a  straight     channel     if     exceeded.      If

this   threshc]ld   is   ric]t   excE]Ecled,   the  meandEr   mag   gram  until

the  loop  i§  cut  off  tit  the  neck  bg  the    stream.       f`t     this

pc]int  in  time,   meander  grouch  is  likelg  to  be    regenerated

Since     no     permanent     adjustment     tc)     volleg       slc]pe       uc]s

accomp i i shed ,

The  material  cc]mprising  the  perimeter  of  the    channel

strc]nglg   inf luences  the  gec]morphic  chciracteristics  of     the

stream.           Schumm        I IS60 ,        1963]        fc]uncl        that       rivers

transporting  high  percentages  c]f  silt  and  clog    have    high

sinuosities  and  smcill  Width-to-depth    ratios    due    tt]    the

cohesiveness     of     the     bank     material.        Schilmm     and     Khan

[197E],      working     With     a     Flume,      found     that       ci       trulg

meandering     pattern    develc)ped    anlg     after       theg       added

substantial  amc]iints  of  silt  and  c:lag  to  the     stream     lc]cid.

The  silt  and  clap   bec:ame  incot-pc]rated   into  the     previou§lg

Sclndg  banks  cind  contributed  tc]  the     c]verall     stat]ilitg     of

the  bank.      Daniel   [1971]     and     Handg      [197EJ     demonstrcited

thclt  the  expangion  of  ci  meander  mag   be  ciirtailed  When     the

Perimeter  c]f  the  channel   encauntet-s  f ine-grained    cc}hesive

material     mc]re    resistant    than    the       mc}terial       it       had



previouslg   cut   thrc]ugh.

Hjulstrom   (1935]   demonstrated  how     the     size     I)i     the

sediment  particles  affects  the  resistance  c)f  the    sediment

aggregcite  ta  erosic]n.        fas     indicated     in     Figure     2,      the

finest     particles     of     alluvium,     due     tc]     their     cc]hesive

nature,   ancl  the  larger  particles  of  alluvium,   due  ta  their

greater  densitg,   are   the  mc]st   difFic=ult     tc]     erc]de.        F.ine

sand   tc]   c=c]cirse   silt   partic=1es,   c]n   the   c]ther   hand,   c]re   mc]st

ec}silg   erc)ded.         Friedken      [19L±5],      cilso     uc]rl<ing     With     a

flume,   fc]und  that  erc]dible  bank  material   uias     a     necEs§itg

for  brcLided  strec]ms  ancl  that   the   texture  c]f     the     cLlli]vium

strc]nglg   influenced  bank  stabilitg.        Leopc]ld     and     c]thers

[196L±J   suggested   that   banl<  erosion,   a   cc]ndition     necessarg

fc]r  I]raided  strecims  to     fc]rm,      is     Often     assc}cioted     With

cc]arse-grained  heterc]genec]us  mciterial.

tO~rT=,-
FlouT. 2: W|ul.I.corL'. c`m. lor .-.on ed I-tml`lon

F.om H|ul.in(1cO
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The  alluvial   valleg     cc]nsists     c)F     a     Wide     vcirietg     of

depc]sitic]nal     envirc}nments     each     With     a     set     of     ijnique

characteristics.     Turnball     cind     c]thers     [1966]     suggested

that  channel   stcibilitg     in    the     lower    mississippi     River

vDlleg   is   dirE3c=tlg   related   tc]   thE   tgpe     c]f     dBpc]sits     c]ver

iilhic:h     the     c=hanTlt=l      is     flc]uing.         Natural        levees        and

crevasse-splQg   depc]sits     Occur     c]nlg     Qs     veneer.s     c)n     the

surface    and    da    not    affect    riverbank    erc)sian.          Theg

suggested  that  tuc]  particular  tgpes  c]f     fluvial     deposits,

clog     plugs,      assc]ciated     with     abanclc]ned     meanders,        and

bcicksuamp  clc}gs   fc}rm   barriers   tc]  chcinnel   migraticm.        Clog

plugs  are  generallg   tc]c]  small   tc]  hcive  uide§pread     effects,

but  mcig   cause   local   "hcirdpc)ints"   or  I-esistant     prc]trusic]n§

frc]m   the   I)ank.      BocksuQmp   clepc]sits   are  mc}re  extensive   than

clap  .plugs  and  fc]rm  mc}re     efficient     barriers     tc)     channel

migration.     Both   tgpes  af  depc]sits  mag     be     underminecl     bg

subQquec]us  failure,   espec=iallg   if  thE  substratum   is  sandg.

The  thickness  t]f  tlle  c=lag-rich   lager   is     c}f     importance

c]s  ujell.     Within  the  alluviQl   valleg     c]f     the     rlississippi

River,     the     tc)pstrcitum     is    underlain    bg     cc}arser,      less

CC]hesive   material   comprised  c]f   late   Fleistc]c=ene     clepc]sits.

f}S  a  mecinder   fc]rmg,   scour  c]cci|rs  along   the  cut     bank     and,

if  the  channel   bottom  cuts   intci  the  underlging  Pleistc]cene

depc)Sits,   §ubaquec}u§   fciilure   of   the   bc}nk   mag   c]ccur.        This

11



failure  increases     the    risk    c]f     instabilitg     Within    the

c]verlging  clog-rich  tc)pstratum.

Turnball     ancl     c}thers     [1968]     suggested       that       the

stabilitg     and     the       lc)u       siTiuc)sitg       c]f       the       dEltaic

distributQrg  channels  of    the    rli§sissippi     River    resillts

frc]m  the  much  thicker  clcig-rich     tc]pstrcitum     found     within

the     deltc]ic     plc}in.        The     distributcirg       channels       flow

entirelg   Within     the     thick     tc]pstrcitum     making     pc}tential

subaqueoiJs  fc]ilure  unlikelg.     Other  researchers,     hc)uever,

attribute    the     lou      sinuc)sitg       of       rlississippi       River

distributaries  tc]  their     verg     gentle     slc]pe     [Schumm     and

Beatharcl,1976J.     This  difference     of     opinic}n     serves     tcJ

illustratE     a     clichc]tc]mg     that     seems       tc)       exist       amc]ng

researchers.     There  exists  a  tendencg     in    the    literature

fc]r  those  researchers  With  an     engineering     backgrc}und     tc]

interpret  changes     in     the    plonifc]rm     chcirQcteristic=s     of

channels  as  a   functit]n  c]f   l]cink  material,   While   those     With

an  earth  science     t]ackgrc]und     take     a     more     cc]mprehensive

QPprc]ac=h,   E!mphasizing   slope,   and   mc]re     recentlg.      external

Contrc]ls   [e.g.,   climate,   lcind-use].

f`  third  tgpe     c]f     deposit     studiecl     bg     Turnl]all     cind

C]thers   is     the     point-bar     cc]mplex.        Pc]int-bar     complexes

uSuQllg   cc]ntain  suales   in  u.hich  silt  and  clog     accumulate.

Turnball  and  c]thers  stated,   however,   thcit  these    silt    clnd

CIclg   depc]sits   are     too     thin     and     lc]calized     tc}     have     Cln

lE



cippreciable  effect  an  banl<     stabilitg.        Theg     added     thcit

pc)int-bcir  c]epc]sits  facilitate  rapid  bank  erc]sion  Where  the

river   has  an  active   tendenc=g   tc)  mecinder.      Bank  erclsion     is

initicited  l]g   failure   in  the   lc]uer  pc)rtian  c]f  the  bank;   the

extent     clnd     tgpe     c]f     failure     l]eing     determined     bg     the

thic=kness  c]f  tlie  point-bar  depc)sit   in     Which     the     failure

occurrs.     ILlhere   thicl<   point-bar  depc]sits  occur,   subaquec]us

failure  is  rare,   l]ut  the    bank    mag     di§integrcite    due     tc]

partial  liquif icatit]n  as    Well    as    bg    the    shear    stress
applied     bg     the     acljQcent     strecim.        In     thin       point-bar

deposits,   subaquec]us  failure  results   in     the     slumping    of

ang  c)verlging  silt  and  clcig  rich  stratum.

Uc]lman     C1855]      suggested     that     erosic]n     alc]ng     Watts

Branch  in  rlargland  Was  most  severe  When   increases   in  stage

t]raught   thE!  Water  surface   intc]     cc]ntact     With     banks     that

uiere   previc]iislg   uettecl   thoraughlg.      He   [p.   E16J   fc]und   thclt

rates  of   erasic]n  Were   "unBxpEctecllg     high     cind     associcited

With  mc]derQte  climatic  events  rather  than  the  extreme     and

infrequent     event."       I:c]nditic]ns     similar     ta     thc]se     that

existed  for  Watts  Brcinch  mag  exist     in     the     Kansas     River

Val leg        West        of        Wamegc}        clue        to        reservc]ir-induced

fluctuc]tions   in     the     river     level.        This     area     c=c)ntains

extensive  pc]int-bcir  depc]sits  Within  the  meander  belt     that

Clre  subject  tc]   inf iltratic]n     frc]m     relativE}lg     high     river

Stages   fc]r   long   duratic]ns   c]f   time   due   tcJ   the  draw-doLLin     of
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|cirge  upstream  reservc)irs.     ThE     bcinks     in     this     area     cire

|argelg   devc]id   c]f   trees,   a  factc]r   uc]lman     c)bserved     in     the

recLches   c]f   Watts   BraTlc=h  Where     the     severest     bank     erosion

c)ccurred .

The  nature  c]f     the    sediment     trcinsparted    Within     the

channel   cilso  exerts  an   iTif luence     ilpc)n     the     resistance     tc]

f law  Which   is     enccJunterecl     bg     ujater     mc)ving     through     the

chcLnnEl.         Leapc]ld     and     rladdock      [1953J      demonstrated     hc]u

resistance  tc]  f law  changes  With  the     downstream     change     in

the  caliber  c]f  the  load.     f]ssociated  With    this     change     in

the   c=aliber   c]f   the   lc]cid   is   a  c=hange   in   the     bedfc]rms,      With

each    fc}rm    ciffecting    f lou    resistance     in       the       channel

differentlg.     The  flc]u  resistance  created  bg     the    bed form,

in     tLirn,     exerts     an     influence     upc]n     the       mc]rphological

charac=teristics     c]f     the       entire       channel       [Simc]ns       clrid

Ric=hardsc]n,18E6].       Schi.mm      C1860,       1E}61]      fc]uTld      that      the

cross-sectic]nal  .Shape  c)f  the  c=hannel  tends  to    ref lect    the

prc}porti.ns   c]f   the   cc)mpc]nents   c]f   the   tc]tal     sEclimerit     lc]ad.

In  a  uida,   shcillc)u  channel,   mc]st  c]f  the     sediment     lc]ad     is

transpc]rted  as  bed   lc]od.      In  a  narrau,   cleep  chc]nnel   mc]st   c]f

the  sediment  i§  transported  a§  suspended  lc]ad.

The  TlatLlre  c]f  the  material   alc)ng  the  channel     perimeter

dc]es  not  neces§arilg  reflect  present  flc]u  ct]nditic]ns   [e.g.,

Brac}kEnridge,      1880;        Grissenger        and        rlurpheg,         1883].

Grissenger   and   rlurpheg   [18E]3:   2§OJ   fc]und   that  Hc]locene     and
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pre-Hc)locene  alluvial   deposits  cc]ntral   preseTit-dcig   channel

bed   clnd   bank      stabilitg      and     mc]rphc]lc]gg      c]f     Jc]hnsc]n     cind

Gc]c}duin  Creeks   in     nc]rthern     llississippi.        Theg     cisserted

that  these  channels  are  not  Qlluvial  channels  because  theg

cit.a   nat   "free   tc}   t]djust   aTid   are   nclt   ct]mpased     c]f     matErial

identical   tc}  their  present     sediment     lc]ad."       Instabilitg

Within  these  sgstEms  is    a     result     c]f     "present     climatic

cc]nditic]ns          [and            its            cc]rrespanding            hgdr.au i ic

characteristics]   interacting  With    Holocene     palec]climQtic

cc]nc] i t i c]ns . "

Hc)locEne   cincl     pre-Hc]lc]cene     alluvial     depc)sits     c)c=cur

extensivelg   Within  the     Kansas     River     valleg     [DQvis     and

I:arlson,195E:    Dufft]rd,1958;    Beck,       1959;      Foder,       197L±].

Within  the  studg   area  these     c]eposits     cc}me     intc}     contact

With     the     Kanscis     River     at        numerc]us        locQtic]ns        and,

therefore,   deserve  cansic]eratic]n  as  a  pc]ssible  c=ontral     of

Kansas  River  cictivitg  at  these  loccltians.

It  is  evident  frc}m  the  literature  thcit    the    bed    and

bank  material   exert  a  strong  effect  c]n     the     mc]rphc)lc]giccll

C]nd     planimetric     charcicteristics     c]f     a       stream.          Bank

material   is,   in  turn,   dependent  upc]n  the  hgdraulic     regime

in  cc)ntrc]l   during  depc}sitic]n  as  Well   cis  the  nciture  cJf     the

Sediment  uhicti   is  Qvailcible.     The   latter   is  determined     bg

the  gec]lc]gg   c]f   the  drciincige   basin   frc]m   Which   the     sediment

is  derived.
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SlcJpe   is  the  c]ne  voriat]le  that  adjusts  as  the     stream

apprc]aches   a   state   c)f   equilit]rium.      Uc]lman      [1955]      shc]ued

that     slope     is     not     related     ta     l]cink       mciterial.          The

adjustml=nt  c]f   slc]pe   cillc]us     the     stream     ta     maintain     the

nBcessarg   cc}mpetencg   tc]  transpc]rt     the     proviclecl     sediment

load  uitlic]ut  uTiriecessarg   energg   expenditure   [Rul]eg,195E].



CHfapTE:R    Ill

STUDY    f}REf`

The   migration   c]f     the     I=hannel      c]f     the     KaTisas     F3iver

Within  the  studg   area   is   likelg   tc)  have  been   inf luenced     bg

vallgg     sic)pe     and     local     bank     cc]nditions.        Since     these

variables  are  prt]ducts  of     the     phgsical     envirc]nment,     the

regional   geolc]gg  c]f  the  studg  area   is  discussed     here.        In

addition.   the  cictivities  c}f  man   in  the  studg  area  mcig     have

prc]fc]und  effects  on  the  Kansas  River  §gstem  cind,   therefc]re,

also  Warrant  discussic}n.

EXTENT   0F   THE   STul]V   f}REa

The  studg   area  coTisists  c]f  a  nine-mile   [1t.i  km]   rEcich

c]f  the  Kansas  River  Within  the     F.lint     Hills     phgsic]graphic

region  in  East  central   Kanscis   [F.ig.   3].        The     Flint     Hills

derive     their     name     frc]m     the     f lintg     rEsistcint       Permian

limestc]ne  beds  thcit  form  con§picuc]us     terrace-like     benches

on     hillsidEs.        The     maximum     relief     in     the     region       is

CIPprc]ximatelg   3EO   feet   [98   m]   frc]m   the   lc]u   pc]int   alc]ng     the

Kansas  River  tc]     the     divide     between     f]ntelope     and     Wells

Creeks  south  of  the  village  of  uobaunsee.     The  Kanscis  River

Vcllleg  cc]nsists  c]f  a  brc]ad,   relativelg   flat     plain     ranging
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in   Width   from   1.a   miles   [E.88   km]   at   lLlcibaun§ee   tc)   3.2   miles

C5.1q   kmJ   at   the   ecistern   erid   c]f   the   stuclg   area   a  miles   [3.2

kmJ   E3ast   C}f   Wamegc].      The      valleg      trenc]s      nec]rlg      due      east

almc]st  pet-pendicular  to  the  nc}rth-sc]uth  strike  of  the  Flint

Hills.

The  pc)rtic]n  of  the  Kansas  River  imder  studg     begins     Qt

the  village  c]f  St.   George  and  flc]us  tc]  a     point     tuc)     miles

[3.2   km]   east   I)f   the   town   c}f   Uamegc]   [Fig.1J.        Within     the

studg  area,   the  Kansas  River     forms     the     bc]undarg     between

ucibaunsee  and  Pc}ttauatc]mie  [c]unties.

ror  the  purpc]se  c]f  this  thesis,   the  §tudg  area  has  been

divided  into  tuc]     distinct     reaches.       The    upstream     recich

[recich  E],   five  miles   [8.05  km]   in   length   is     characterized

bg     a     histc]ricollg     active     chQrinel.          Figure       i        Cf}-0]

illListrcites   the   migratic]n  c)f     the     channel     c]f     the     Kanscis

River  uJithin  reach  2  and     the     c:hQnge     in     its     planimetric

ConfigurcLtion     between     1885     c]nd        197E),           f]djacerlt        and

dc)unstrecim   is   a   fc]ur-mile   [6.t3     kmJ     reach     Creach     lJ      in

Which  the  channel,   although  sinuous,   has   been  cc]mparc]tivelg

inactive  in    histc)rical     time.     Figure    5     illustrc}tes    the

relativE   inactivitg   c]f  the  chanriel   Within  reach     1     between

1885   and   1978.

The  united     States     armg     Corps     c]f     Engineers     [19B0J

undertc]c]k   a  bank  stabilizatic)n  studg   of   the  upstream     reclch

[recIch   E]   Where   anticipDtEd  chc}nnel   migratit]n   mag   result   in
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the   isc]lc]tic)n  of   3a6   acres   [156   hectaresJ   of   crc]plQnd     frc]m

its   present   DUJners.      This   isc]latic]n   Will   be     dile     primorilg

tc]   the   fleck   c:Lit   c]ff   c]f   the   large   meandEr     develc]ping     sinc=E

181§ .

REGI0Nf}L    GEOLOGY

Bedrc}ck   Geologg

Rocks     c]f     the     Pennsglvanian     and       Permian       sg§tems

cc]mmonlg   crop  c}ut   Within     the     studg     area.        These     racks,

consisting  c]f  cilternating  becls     af       limestone    and     shale,

iiiere  formed     bg     late     Pt]lec]zc]ic     cgclic     sedimentation     in

shallc]u     epicc}ntinental     secis     [rluclge     and     BurtDTi,      1958].

ficcc}rding     tc]     rlerriam     CIE163],      the     Pennsglvanian-Permian

Contact   is  gradational   and  is  uithaut  evidenc=e  of     a     majc)r

discc]nfc]rmitg.     These  rc)cks  dip  to  the  West  cit   lt  feet     per

mile   C2.EL±m/km]   and   form   a   §trijcture   c=c)mmonlg   knc]un   as      the

"Prairie   Plains   Hc}mc]cline"   Cchelikc]uski,1§7E:    51J.

Penn§glvanian  rc]cks   c=rap  c]ijt   at   lc]uer   elevatic}ns     than

dc]  Permit]n  rc]cks  and   fc]rm     a     relativelg     f lot     plain     With

Sht]llau  vallegs.     These  Pennsglvanian  racks  are  part  af  thE

Wclbciunsee     Grc]up     aTid        cc]nsist        af        alternating        thick,

nan-fossiliferaus    shale       members       separated       bg       thin,

Fusilinid-bear`ing   limestc]nes.

Permian   rc]cks   Within  the  studg     areci     c]c=cur     in     three
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grc]ups   knaun   Qs   the   uc]lfc=ampian   Series.      These     groups     cire

From   c]ldEst   to   gc]ungest:      the     fidmire     Grc]up,      the     [c)uncil

Grc]ve   Grc)up   and   the   Chase  Group.      The   lower   loo     feet     [305

mJ     c]f     the        I?dmire        Grc)up        resembles        the       iinderl!ing

Pennsglvcinian  rocks  and  cc]ntains     thick,     ncm-fc]ssiliferc]us

shale  members.     fmcient     stream     charinels,     represented     bg

lens-shaped  sandstone  deposits,   c]ccur   in  almc)=t  all   beds  c]f

Shale  Within  the  upper  Pennsglvanian     and     lc)Her     loo     feet

[305  mJ   af  Permian  rocks   in  the     §tudg     area.        Unlike     the

Pennsglvanian  rocks,   the  upper  pc}rtic]n   c]f     the     ucilfc=ampian

Series  cc}nsists  of  thick.   fossiliferous     limestc]ne    members

separated  bg   thiri,   fc]ssilifer.c]us  shciles.

The  studg   area  uias   inundcited   thrc]ughc)ut   the     Cretcicec]us

period  but  all  I:retaceous  deposits  iLlere  erc)dad  off  prior  to

Ouaternarg  time.     rludge  and  Burton   [1§58]   stated     that     the

eviclence  fc]r  pre-OuatErnarg   remc]val   c]f  [retacec]us     depc]sits

is  the   lack     c)f     [retacec)u§     sandstc)ne     in     the     Ouciternc)rg

gravel   depc]sits  of  Ucibaunsee  C:ountg.      The  nearest     depc]sits

C]f   [retacec}us   sedimentQrg   rc}cks   t]re   10   miles   [6t±.I   l<m]   West

c)f  the  studg  area.

The  regional   jc]int  pattern   [Fig.   6J     cc]nsists     c]f     tujc]

Sets  of  Joints  Which  trend     nec]rlg     perpenclicular     tc]     each

other.     The  relcitionship  t]etueen  jc}inting  and     drciinage     in

this  part  of     Kansas     hci§     been     described     bg     Chelikouski

[1972].     He  noticed  that  upland  drainage     often     assumed     a
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prc]nc}uncecl     t]ngular     pattern     parallel     tc]     jc]inting.        The

influence  c]F   Jointing   on   drainage   is   nc]t   limited     tc]     small

uplancl   streams.      The   Big   Blue   River   volleg,   nc)u   c]t=cupied   bg

Tuttle  Creek  Reservoir,   trencls  narthuest  tc3  sc]utheast  alc]ng

a  verg  strciight     cc}urse     parallel     tc]     the     regic]ncil     jc]int

pattern.     rlang   tributaries  c}f  the  Big  Blue  River     enter    at

neorlg       right       c)ngles       aTld       f lou       parallel       to         the

sc]uthuest-nc]rthea§t     trending    set     af     jc]ints.          In       the

vicinitg  of  ucimegc],   the  longitudinal     axis    af     the     Kansas

River    valleg     also       parallels       the       sc]uthuest-nc]rtheast

trending  Joints,

Flgure 6: Structural geology of the study area.
From Chellkowokl (1972).
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P|gistc]cene   DraiTic}ge

The   Kansan   glacic)i     cidvance     extended     WELL     into     the

studg   area   [Fig.   7J.     The  drainage  of   the  Kansas  River     uos

cc]nsiderablg     affected     bg     this     cidvance.        Smgth        [1a8B]

recognized  that  thE     Kcinsas     River     cind     its     north-f lc]uing

tributaries  uiere  dammed    bg     the     ice    sheet    and    diverted

acrc}ss  nc)rthern  uabaunsee  [c)untg   tc]  the  Uakarusa     River     in

Shaunee  I:c]untg.      rludge   [1§55]     Suggested     thcit     befc]re     the

advanc=e  of   the  Kanscis  glacier.      the     ancient     Kansas     River

occupied  most  c}f   its  present  vallEg.      Its  fc]rmer  channel   is

indicated  bg   depc]sits  c]f  chart     gravel     expc]sed     cilc]ng     the

nc]rth  sicle  of   the     valleg     necir     Uamegc),      St.      Eet]rge,      St.

rlcirg's.   and   Tc]peka.     These  deposits   lie  apprc]ximatelg   60   to

LEO   feet   [1E].3   tci   36.6   m]   cibc]ve   the     present     channel.        f`t

St.   Gec}rge,   the  buried     pre-Kanscin     valleg     of     the     Kansas

River  trends  narthuestucirdlg     tc}uards     Louisville,      leaviTlg

the  cc]ntempc]rarg   vcilleg   c]nlg     to     jc]in     it     again     east     c]f

uQmego.     During  ttie  Kansan  glciciatian,   the   ice  sheet   fc]rced

this  pc]rtic]n  c]f  the  valleg  south  to     its     present     pc]sitic]n

t]etueen   St.   Gec}rge   and   Wamego.
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In  adclitic]n  tc]  the  grovels  deposited     t]g     the     aTicient

Kc}risas   River,   grc}vel   deposits   also   c]cc=ur   c]n  strath   terrc}cEs

adjc]c=ent   to   tuic]   nc]rth-f lc)Wing     tributciries     c)f     the     Kansas

RivEr   Within   the   stuclg   area.      rludge   [1E)55]      cc]ntended     thcit

gravel  depc]sits  that  c]ccur  alc]ng  the  West  side  of  Deep     and

f]ntelc)pe   Creeks   are     prc]t]ciblg     pre-Kansc]n     sinc=e     theg     are

chorocterized  bg   large  amounts  c]f  chert  derived  frc]m     lc]cal

Permian   rc]cks.      flt   c]ne   lc]ccitic]n,    apprc]ximatelg   1   mile      [1.6

km]   southeast  of  Uabaijnsee,   deposits  af     gravel     Qlc]ng     the

west  side  of  I]eep     and     fintelcipe     Creeks     are     c]verlain     bg

glac=ial   bc]ulders.        This     c]ccurrence     c]f     glcicic}l     deposits

establishes  that  the  f}ntelc]pe  Creek  valleg  existed  pric]r  tc]

the  c}dvQnce  of   the  Kansas   ice  sheet.

REsecirchers   [e.g.,   Frge  cind   Leonard,195E;    Beck,1959]

have  attributed  episodes  of    the    channel     degt-adation    and

Qggradation   in     the     KaTisas     River     sgstem     to     changes     in

G]uoternt]rg     climatic     t=onditic]ns       c]nd        their       assc)c=iated

hgdrciulic     regimen.        Duffer.a      [195El]        and        Beck        [1959]

assc)ciated,episc]des  c]f     terrac:e     fc)rmation     in     the     Kansas

River   vallEg   With   thE3      Kansan,       Illinc]ic}n     and     Uisc=c]Tlsinan

Stages  c]f  the  PleistacenE  Epoch.       f`lthoijgh    these     terrace

dates  represent  brc)c}d  generalizatic]ns,     researchers     [e.g.,

HoliEn,    1aBEJ   have   onlg   rec=entlg   begLin   to     re-evalucite     the

ages     assigned     tc]     Kansas     F!iver     valleg     terrac:es.          The

fc)llc]uing  section  is  c}  discussion  c]f  the     naturE     of     these
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terraces  anc]  their  importance  tc]  this  studg.

Surfaces   in  the  KaTlsos  River  Ualleg

Grissenger   ancl   rlurpheg   [1E183]   ac=l<nc]uledged   the     effect

c]f   Holc]cene   arid   pre-Hc]lc]c=Ene   depc]sits   an   the     stal]ilitg     c]f

stream  channels.     Theg   conclilded  that  cc]ntempararg     streams

f lc}uiTig   thrc)ugh  relic=t  depc]sit§   are   likelg   tc]     t]e     unstal]le

since     theg     are     c]ut     c}f     equilibrium     With        lc]c=al        bank

cc]nditic]ns.        I]uffc]rd     [1958:      33],      c]n     the     other        hand,

suggested  that     c]lder     surfcices     Within     the     Kansas     River

valleg,   being   "underlain  tc]  depths  clf   15   feet     or     mc]re     bg

f ine-textured  alluviilm"  mag   act  as     a     bc]rrier     tc]     channel

migrQtiDn.      The   cht]Tlnel   c}f     the     Kansas     River     cc}mes     into

cc]ntact   With   banl<s   cc}mprisecl   c}f   sediments   c]f   various     c]ges.

These  ages  range  frc]m   Illinc}ian   [Buck  Creek     terrc]ce     fill]

to  cc]ntempararg     point-bar     depc]sits     that     Occur     cit     mcing

locations.     Since    this    stuclg     attempts     ta    evc}luate    the

effect  c]f  the  nature  of  bank  sediments  c]n  c=hannel   migratic)n

and  bank  stabilitg,   a  di§cussic]n  c]f  the  terraces  Within  the

Kclnsas    River    valleg     and     their       assc]ciated       f ills       is

necessarg .

Three  alluvial  terraces  have  l]een     mopped     Within    the

Studg      area      [Bec=l<,       1958;      F.ader,       197q][Plate      1].         Theg

include,   from  oldest  tc]  gc]ungest:     the  rlenokan  terrace,   the

BLIck  Creek   terrace,   and  the  Neuman     terrace.        The     rlenal<an
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terrcice   is  nc)t  an  extensive  terrace  Within  the     studg     area

ancl  never   comes   into   contact   With   the   cc]ntemporarg     chaTinel

c]f   thE   Kansas   River.      C:onsequBntlg,    its   c]ccijrrenc=e     is     not

relevant  tc]   the  purpc]se     c]f     this     tliesis.        f}n     adclitic]nol

surfQCE,   the  Hc]llidag   terrace,   was  not   iclentified     bg     Beck

[1959]   ar   Fader   [197L±J   biit   occ=urs   dc]unstream   c]f   Ucimego.

The  Buck  Creek  terrace   is     situated     apprc]ximatelg     to

feet   [12.1   m]   abc]ve  the     modern     floodplain     and     is     found

Extensivelg   Within  the  studg   areci.     f]ccording  to     Frge     and

Leonard      C1852:      196],      an     episc]de     clf        vcilleg        inc:isic]n

characterized     most     c]f     the       lllinc]ian       stage       c}f       the

Plei§tac=ene   epc]ch.        This     incisic]n     is     t]elieved     tc]     hcive

resulted  from  the  prcigressive  increase  in  the  size    c]f     the

Kansas  River  drciinoge  basin  due  to  the  capture  c]f  the     then

sc]uthuardlg-f lowing  prE}cursc]rs     of     the     present-clog     Smokg

Hill,   Sciline   and   Solc]mc]n   Rivers.      I]uring     this     episode     c)f

incisic]n,      the     Kar`sas     River     valleg       uQs       deepened       bg

Clpproximatelg   90   feet   C27.L±   m].

f`ccc)rding   tc]   Beck   [1959J,   the   Kansas   River   valleg     uJas

alluvicited  tc]  a  lieight     of     to     feet     [12.1     mJ     abc]ve     the

Present-dog   floc]dplain   in     late     Illinc]ian     time.        Duffc]rd

[1S5B]   de§cril]ed  this  fill  as     predominantlg     reddish-brouJn

Silt   Clnd   Clog   upon   Which   the   Songamc]n     sc]il      is     clevelc]ped.

He  Tloted  that  the  Buck  [reek  terrace  mag   be     highlg     eroded

and  dc]es  nat  clisplag   tgpical   f lac]c]plain     features     such     as
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meander   sC=ars   ancl   pc]int-bar   scrc]lls.

The   Buck   [reel<   terrac=e   is   Fc]und   bc]th   nc)rth   and     sc]uth     c]F

thE   Kcinsas   River   Within   the   studg   arec}.        f`     Well-preserved

Scarp  c]f     the     Buc=k     Creek     terrace     crc]sses     Kansas     stcite

highucig   El§   a.6E   miles      [t.EE]      km]      sc]uth      of      uamegc].         The

terr`ace   c=c]mes   into   cc)ntact     With     the     south     bcinl<     c]f     the

Kansas   River   fc]r   a   clistance   c]f   500   feet   C15E  m],   a.85   miles

[L±.5B   km]   West   of   this   scarp.      The   But=k   Creek   terrace     fill

is  Well   expc]sed  cit  this   lc]cation.     This  fill   cc)nsists  of     a

six-meter  thick,   tan-t=c)lc]red  silt   lager     underlain     bg     one

meter  c]f     trough     crc]ss-bedded     sand.        fin     abrupt     cc]ntoct

separates  the  silt   lager  frc]m  an  c]verlging  a.5-meter  thick,

dark-brc)un  clog   lager.     One  meter     belc]u     this     cc]ntact,      a

Well-developed  paleosc]l   acc=urs  Within  the  upper   pc]rtion     c)f

the  silt  lager.

Tlle   Buck   Creek   terrace   alsc]   c=c]mes      into     c=c]ntact     With

the  l<cinsas   River   c}t   uamegc)   c]nd   fc]rms   the     high     surface     on

Which   the   tc}un   is      lc]cated.         flt     Uamegc],      the     Euc=k     Creek

terrc)ce  and  the  Neumc)n  terrace  c]re  adjacent  tc]  one     anc)ther

and  c]cciir   in     a     belt     alc}ng     the     volleg     margin     trending

Southwest     tc]     nc}rtheast     [Plate     1].        Both     terraces     t]re

truncated  at   Uamegc)   bg   the  Kanso§   River  bilt   goc]d     exposures

C]f   the   Buck   C:reek   tErrcice  f ill   are   not     fc]und     due     tc}     the

denselg   fc}rested  bcinks.       The     fc]rested     portion     of     these

bclnks   begins   at   uamegc]   cind   cc)ntinues   uestucird   for   1.L±   miles
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CE.E5    l<m].

The  Neumt]n  terrcice  f ill   is  bg   far   the     mc]st     extensive

terrace  Within   the  studg   area.      It   fc)rms     a     brc]ad,      smc]c]th

and   level      silrfc]c=e      10     feet      [3.01     mJ      cibove     the     mc)dern

flc]c]dplain.        Like     the     Bucl<     Creek     terrace,      the     Neuman

terrace     does     nc]t     cc]ntc}in     tgpical     f lc]c]dplc]in       features

[Duffc]rd,1958;    Elks,1979].

The     Neumcirl     terrcice     fill     is     beliEved     tc]     be     late

Uisconsinan   in   age   CDcivis   c]ncl   Carlson,      1§5EJ.        The     upper

pc)rtic]n  c]f  the  terrace  c=ansists  of  silt  and  clc}g   in  Which  a

verg   Well-developed  surface  sc]il   hcis  formed.     The  8     and     I

horizons  af  this  soil  are  genercillg  grog  ta  tan  and  contain

abilndant  calcium   carbc)note  nodules.      The     unciltered     Neuman

terrace  fill  has  a  characteristic  buff  colclr.

Immediatelg   east   c]f  uamegc],   the  NeumQn   terrace   fill   is

Exposed  fc]r  a  distance  of  approximc)telg   2600  feet     [793     mJ

Cllc]ng  the  Kansas  River.        The     fill     cc]nsists     c]f     a     thick

t]uff-calc]red     siltg     lager,        lc}ess-like       in       appearance,

C]Verlging  a   rE}lict  point-bar   depc]§it     comprised     c}f     trough

Cro§§-bedded   sc)nds.     This  sandg   substratiim   is  c)nlg     expc)sad

in  the  easternmc]st  tuc]-thircls  c]f   the  fill   Where   it     bec=c)mes

Progressivelg  higher   in  the  section  tc]uards  the    east.       fit

the    extreme    eastern    end    of     the     expc]sure,     the       siltg

buff-cc]lc]recl   lager   is  absent     t]ncl     the     entire     sectic]n     is

CC}mprisecl   c]f   the   relic=t   pc]int-bar   deposit.
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f]  series  c)f  three  pcileosc]ls   is  preserved   in  the     siltg

iciger.      The   bcisal   palec]sc)i,12     feet      [3.65     mJ      below     the

surface,    has   been   lL±C   dated   at   7E50   gears   B.P.      This     cisscig

cind   c]thers,    repc]rtEd   bg   Hc]lien   [1E}BE]   frc]m   another   lc}c=cilitg

in  the  Neuman  tErrac=e  fill,   suggest  that  the     terrc}ce     fill

is  gounger  than  previouslg  believed.     fit  this   locatic]n,   the

NE!uman  terrace   fill   cc]mprises   the  cut-bc]nk  alc)ng   the     nc]rth

side   c]f   the   Kcinsas     River     Within     reach     1.        Bec=cluse     c]nE

emphasis  c]f  this  studg   is  to  evaluate  the  effect  c]f  various

terrace  fills  and  moderri  depc]sits  c)n    bank    stabilitg,     the

Neuman   terrcice   fill   expc]§ed  at  this   lc]c:t]tic]n     i§     disc=ussed

more  thc)rc]ughlg   in  chapter  5.

The  Neuman  tErrace  alsc}     c]ccurs     south     c]f     the     Kansas

River  Within   the  studg   area   but  dc]es   nc}t   fc}r.in  cis     extensive

surfaces  as   it  dc]es     nc}rth     of     the     river.        t]nlg     at     c)rie

lc]t=Qtic]n,      immediatelg     West     c]f     the     Buck     Creek     terrace

exposure  northwest   of  ucibaunsee   Cplate   1],   dc]es  the     Neuman

tErrc}ce   cc}me   iTitc]   cc]ritact   With   thE   sc]uth   t]anl<   c]f   the   Kansas

River.     flt     this     lc]catic]n,      the     Neumcin     terrcice     exposure

extends  from   the  Buck  Creek  terrace     iLjest     nearlg     to     Deep

I:rEek.     This   lc]cation   is  at  the  extreme  Eastet-n  terminus  of

the  prominent   ac=tive  meancler  iijithin  reach  2.

The     Hc]llidc}g     terrcice     is     c]n     intE!rmediate       surface

CJCC=upging   a   pc)sitic]n   belQu   the   Neuman   terrace   but   abc]ve   the

mc]dern   flc]c]dp|ain   CrlcRcie,1951±].         unlike      the      NEuman      Clnd
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Buck   C:reek   terraces,    the   Hallidc]g   terrQc:e   I:c]ntaiTis   riumeraus

f |c]c]clplain   features   such  cis     meander     scars     cind     pc]int-bar

scrc]lls.      The   HollidQg      terrcic:a     cc]mplex     lias     been     mcippEd

extensivelg   t]etueen   Lciurenc=e   anc]   Tc]pEka   [DufFc]rd,    195BJ   but

has  nc]t  been     previc]uslg     identified     in     thB     studg     area.

Intermediate   sut-fcices,   similar   tc]   thc]se  desc=rit]ed     bg     Elks

[1978],   are  present  in  the  eastern     pc]rtic]n    c)f     the     studg

area   but   have   been  mopped   as   modern   floc]clplQin   [Beck,1958],

Frc]m     this     point     c]ri,      these     intermediate     surfac=es       c]re

referrecl  tc]  as  the  Hc]llidag  terrace.     The  Hollidog     terrace

occ=ijrs     alc]ng     the     north     bank       c]f        the       Kansci§        River

c}pprc]ximatelg   3500   feet   [1567     m]      east     c]f     uamegc}     fc}r     a

distance  c)f   loco  feet   (305  mJ[Plate   1].     HEre     the     terrace

surface  is  extensivelg  Forested  but  the  cut-banks  are    Well

exposed .

The  grog  Hc]llidag  terracE  f ill  cc)ntrasts  abruptlg  With

the  cidjacent  buff-colored  sediments  c]f  the     Neuman     terrace

fill.     f]  similar     cc]ntrast     in     c=t]lars     Was     noted     at     the

Neuman-Hc]llidag   contact  east  c)i  the  stud!  area  necir     Bc]nner

Springs,      Kansas     t]g      Hc]lien      [18BE].         Iuc]     pc]lec)sc)ls     are

Present  Within  the  Hc}llidag  terrace  f ill  arid  are     truncated

tc)     the     West       at       the       Neuman       terrace       sct]rp.          The

Neumcin-Hollidag   cc]ntact  here   is  abrupt   and     ccin     be     trc}Ced

Vertict]llg   thrc]ugh   the   barik.      This   cit]rupt   traceciblE   c:cmtt]c=t

indic=c]tes   that     thE     Hollidcig     terrac=e     is     a     t=ut-and-Fill
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terrc]ce     and     is     inset     into     the     c]lcler     Neujman     terrac=e.

F`|though  researchers   (e.a.,   Beck,1959:   3E]   have     suggested

that     I]ath     the     Buck     Creek     aTid       Neuman       terraces       are

cut-and-fill  terraces.   no  additic)nal    evidence    Within    the

studg  cirea  iLia§  fc)iind  eitlier     tc]     support     c]r     refute     these

contentions .

Tc}  illustrate  the  Succession    of    surfaces    that    cc)me

intc}  contact  With  the  channel  alc]ng  reach  1,   the  reader     is
`again  referred  tc)  Plots     1.       f`lmc)st     immediatelg     ue§t     c]f

lLlamego,   the  Kansas  River  canes  intc]  cc]ntact  With  the  valleg

Wall  for  a  short  distance   [600  m]   although     no    bedrc]ck     is

expc]sed   in  the  channel  c]r     the     l]anks.        Here     the     channel

seems  to  be  deflected  slightlg  to  the  east  Where    it    comes

intc]  contact  With  the     Buck     Creek.      Neumcin,      t]nd     Hollidag

terrace  fills  cc]nsecutivelg  over  a  distance    of    1.5    milEs

[a.lil   km].     The  extreme     eastern     pc]rtian     of     the     mec}nder

abuts  Qgciinst  modern  sediments.

The   lcLrge  active  mecLnder  of  the     Kansas     River     Within

reach  a  flc]us  entirelg  Within  banks     of     modern    sediments.

Beck   C1958]   and  Fader     [197t]     labelled     all     Kansas     River

Sediments  Within  the  studg  area     goungEr     than     the     Newmon

terrace  fill  as  mc]dern.      In  this  studg,   the     term     "mc]dern"

Sediments  is  iised  to  denote  those  sediments  cc]mprising    the

floc]dplain  but  does  not   include  sediments  of  tlie    Hc]llidag,

Neuman  cind  Buck  Creek  terrace  fills.
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Bec=ause   na   ll±C   dates   Were   c]btainecl     of     materic}l      frc]m

mc]clern   sedimerits,   their     age     c=an     onlg     be     estimated.      f`s

mentic)ned  befcJre,    "mc}dern"     sediments     are     situated     cit     a

lower   tc]Pc]grclphic   pc]sitic]n     in   the   Konscis   River   vcilleg   than

the  Hollidag   terrace  and  Ore  believed  to  t]e  gc]uTiger   [rlcRae,

|95L±;      IJuffc]rd,      195BJ.           Depc)sition        c)i        the        material

cc]mprising  the  mc]dern  flc}odplain  appQrentlg   c]ccurrBd     after

an  episc]de  cJf   incision  that     formed     the     Hc]llidag     terrace

cc]mplex.      Hc)lien   C198E]   obtained   a   ltc     date     c]f     qE90±  310

gears   B.P.   from   the   lower   c]f   tuc]   palec)sc)ls     exposed     Within

the  Hollidag  terrace  f ill  riear  BQnner    Springs     in -ec}stern

KQnst]s.      f]llc}uing   fc]r   the   develc]pment   t]f   the   upper   palec}sol

and  the  depc]sitic]n  c]f  the  upper     f ive     meters     c]f     sec]iment

Within  the  terrac=e  fill.   it   is  probat]1e  that  thE3  episc]cle  af

degradQtic]n  resulting     in     the     Hc]llidcig     terrace     c]c=curred

Within  the   last  3000  gears.     Thus,     the     subsequent     valleg

fill   Cmc]dern   alluvium]   mag   range   in   age   frc]m   verg   rec=ent   to

approximatelg   3000  gecirs  c]ld.

It  i§  `importc)nt  here  tc]  c)lea  differentiate  between     the

terms   "mc]dern"   and   "cc]ntempc]rarg"   deposits  as  used   in     this

thesis.     Ccintempc]rarg  deposits     are     thc]se     deposits     being

fc]rmed  at  the  present   time.     rlodern  depc]sits,   c]n  the     Other

hand,   ujere   fc]rmed   in  the   recent  past     and     mag     Tic]u     be     in

Positic]n  ta  be  reuarked  bg  the  river.

Duffc]rcl   [195e:   ]3J   recognized     tht]t     mc]dErn     secliments
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ngar     E:uclora.      Kanscl§     c=c]nsist     of      "less-resistant        sQnclg

sediments,   Which  are  unclercut  much   more   rapidlg   [thcin   f iner

sediments   of   older     clepclsits]."        Within     the     stuclg     cireci,

mc)dern  sediments   are  marl<edlg   cc]orser   than   the  sediment§  c]f

the  varit]us  terrace  fills.     [c]nsequentlg,     cut-banks     QII]ng

the  outside  bend  of   the  active  meanclEr  Within  reQc:h     2     are

camprisec]  of   predominantlg   cc]arse  sediments.        Tc]uQrds     the

downstream  pc}rtic]n  c]f  this  meander,   thin   intervt]ls  of     silt

and  clc]g  cippear   interstratif led  With  the  crcJss-bedded  sands

CFig.   8].      rlc]dern  sediments  alsc]  cc]mprise   the  entire     south

bank   of   the   inac=tive   meaTic]er   Within   recich   1.

Soils

Soil   survegs  fc]r  Pc)ttauatc]mie  and     uobaunsee     [c}unties

C]re  get  to  be   published,   cilthc)ugh  QdvcincEd   field     maps     far

PC]ttauatomie  [ountg   Were  made  civailoble   bg     Bc]b     Tricks     c]f

the     Pc]ttauatomie     Soil     C:c)nservation     Service.        Wabounsee

[C}untg   is  get   tc]   be  mopped  but  sc]me   site-specif ic  mops  Were

Prclvided  bg   the     Sc)il     [c]nservation     Service     of     Wcibaurisee

[Ountg.      In  additic]n,   a   1551   flood  surveg   of   5c)ils  cc]mpiled

btJ   HQrold   Dickeg   [195E]   ulas   also   macle   availc]ble   thrc]ugh   thE

S0il   Cc]nservQtic]n   Service  c]f   Pattauatc]mie   [C]untg.

Soils  cJf   the  Kansas  River  vcilleg   Within   the  studg   c}rea

Clre  clcissifiEd  as  mc]1lisc]ls  and  entisc)ls.        rlollisc]ls     have
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Figure  8!     Modern  sediments  comprised  of  sarid  inter-

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

of  the  apex  of  the  active  meander  in  reach
2.
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generallg   developed     c]n     terraces     but     mag     c]ccur     on     the

flc]c]c]plciin   surfcice,      The   Eudc]ra   silt   lc]am,    classified   Qs     a

f |uventic       Hapludc]ll        [united       States       Department         c]f

Cigriculture,1975],    c]c=curs   c]n   high   flac]dplain   surFac=Es     arid

the  Hc)llidog   terrace     but     is     not     as     Well     dEvelc]ped     cLs

mollisc)ls   that   have   developed  c)n   the   Biick   Creek   aTid     Neuman

terraces.     Entisc]1s  Within  the  studg   Qreci  cire  found  onlg   on

the   floc]dplciins.     These  sails  cire  underclevelc]ped     and     have

onlg     ueaklg     expressecl     t]eginnings     of       ncitural       genetic

hc}rizc]ns   c]r   nc)   genetic   hc]rizc]ns   at   all.

Plate  a   is  ci   soils  map  c]f   the  studg   cireQ   compiled  frc]m

the  sc]urces  mentic]ned     above.        F.ar     the     purpc]se     c)f     this

studg,   sails  uiere  grc]uped  into  three     as§ocicitic)ns     on     the

basis  oF     tc]pogrc}phic     pc]sition,      sc]il     properties     [mainlg

texture],   and  the  tendencg   c]f  tiiic)  ar  mc]re     soils     ta     c]ccur

regularlg   in  class  proximitg.     These.sc]ils  assc}ciQtic]ns  are

listed  belc]u.

1]     Eudora-Kimo.      The  Eudora  silt   loam     cc]mprises     the

bulk     c]f     this     t]ssc}cicitic]n.        It     cc]risists     af       ci        cleep,

uJell-drained,   moderatelg   permeat]1e  sc]il   c]n     the     flc]odplain

Clnd  lou  terraces.      It   is  formed     in     siltg     alluvium.        The

Kimc]  siltg   clog     loam     regularlg     c]ci=urs     adjacent     ta     the

Eudc]rQ   Silt   loc}m   but   ot   lc]uer   tc}pc]graphic     positions.        The

Kimc]  siltg   clog   lc]am   is   fc]rmed   in   the     clc}geg     alluvium     of

Clld  channel-f ill   mciterial   and   is   pc]c]rlg   drained   clnd     slc}ulg
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permeable.      Kimc)   sc]ils   also   c]c:c=ur   adjac:ent   to   the   rluir   sc]il

c]n     the     NeumQn     terrcice     east     c]f     uQmega.         Becaijse     thEg

rE3gularlg   C]Ccur   in   such   c=lc)se      prc]ximitg,       the      E:udora      c]nd

Kimc]  sails  cire  c)ften  considered  as  a     single     mapping     unit

kTic]iLln      as      the      E:udc]ra-Kimc]      Cc]mplex         [Sc]il         [c]nservcitit]n

Service.1E}83].

2]      Haunie-Scirt]u-Paxicc}.      These   Soils     fc)rm     on     lc]uer

topc}graphic  pc]siticln§     than     the     Eudora     silt     lacim.      Theg

represent     a     Wide     range     c]f     soil     textures     and     c=c]nsist

entirelg  of  sc]ils  classified  as  entisols.     The  Hagnie     sc]il

i§  c]  silt   loam  similar  to  the  Eudc]ra  silt  loam  except   it   is

much   more   colc=arec}us   and   hcis   a   lesser   developed   fa     hc]rizc]n.

Pclxicc}  cind  Sarpg   sc]ils   fc]rm  an  the   lc]uest     portion     c]f     the

Plc)odplain,      The  F]axico  series   i±  cc]mmonlg   adjacent   tc]     the

Sarpg  sc]il   cind     consists     of     deep,     poorlg     drained     50il8

fc}rmec]   in   sandg   or     siltg     alluvium.        The     5orpg     soil      i§

formed  exclusivelg   in   sandg   cilluvium     and     is     Well-c}rQined

and  verg   permE}able.   a  trcinsect  frt]m     a     point     bar     to     the

Valleg   margin  Within  reach  2     uc]uld     tgpicc}llg     reveal     the

fc]llcJuing   sc]il   transitic]n:      Sarpg-Paxicc}-liognie-Eudc]ra.

a]     Terrace  Sc]ils.      The  Buck   Creek   cind  Neuman  terraces

C=C]ntain  sc)ils  that  are  generallg     unlike     those     fc]rmecl     an

modern  alluvium,     Theg  reflect  differenc=es   in  maturitg     and

parent  material.     uherec}s     most     c]f     the     sc]ils     Formed     in

mc}dern  alluvium  are  entisc]ls,   those  fc)rmed  an  terraces     are
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mc]||isc)ls   arid   hc2ve      undergc)nE      a      much      lcJnger      de`'elc]FmEnt

per I c,d .

Terrcice   sc]ils   consist   c]f   the  rluir   slit   locim,   the   Chase

siltg   clcig   lc}am,    c}nd   the   ReQding     series.        The     rluir     silt

|at]m   has   Fc]rmEd   t]n   much   t]f   the   Neumc}n   terrcic:a   e><c=ept   at   the

valleg   mc)rgins   Where   the     [ha§e     siltg     clog     locim     is     the

dc]mir`cint   sc)il   tgpe.   Sc]uth   c)f   the   Kar`sas   River,    rluir,    Chcise,

Reading,   and   tc3   ci   lesser   extent,    Kennebec   sc)ils   hc}ve   fc]rmed

on  the   Buck   C:reek  tErrac=e.      F]lthough   these  sails  tend   tc]  be

lc]catEd  c]n   partic:ular   terrcices,      the     idEntific=ation     c)f     a

terrac=E   cannc}t   be   based   on     the     occLirrenc=e     c]f     pcirticular

sc]ils   cilc]ne.

The  rluir  silt   lc]cim   is  the  most  extensive  sc]il     of     this

assc)ciatic}n.        It     consists     of       a       deep,        well-drained,

mc]deratelg   permeable  sc)il   fc]rmed   in  siltg   alluvium.      It     is

Similar   tc]   the   Reacling   siltg     clc]g      loam     exc=ept     that     the

lcltter  cc)titains   an  argillic  hc]rizc)n.      The  Chase  siltg     c=lag

lc]clm   differs   frc]m   the  rluir   silt   lc]cim   in   that   it     is     pc]c]rlg

drcllned  and   is   not  cc]nfinBd  pcirticulcirlg   ta  terrclces.        The

Chase  siltg   clog   loam  has  develc)ped   in     lou     areas     c3f     the

flQadplain   1.2   miles   [1.93   km]   sc]uth   cf   uamegt].      The     [hclse

SDil   Qlsc]   cc]ntains   an   cirgillic   hc)rizc]n.      The     lLlcibash     Siltg

CIclg   Clnd   the   Kennebec   silt      lc]am     Qlsc]     c)ccur     an     terraces

Wlthln   the   studg   cirea,      Since  these   sc)ils   cire   isc]latEd     cind

C]C:C:upg   smcill   cireas   ciuag   fran   the      c=oTitempc3rarg      channel      irl
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the  stlJdg  area,   theg  do  nc}t  Warrant  further  cliscussic]n.

HyoRf]LJL lc   t=HFuefit=TERlsTI[s

The  united  States  Gec]1c]gical  Surveg  maintains  a     gaging

station  at  uamego     [uithin    recich     1]     providing    ct]ntinual

discharge  and  gage  height  data.     Examination  of    §toge-time

relatianshlps  that  cc)rre§pc)nd  to  the  E5  and  10  percent  f lou

dLiratlon    rates     Cthc]se    dlschargeg    that    are    equaled    or

exceeded  E5    and     10    percent    c)f     the    time]     shc]u    slight

aggradatit]n  of  the  Kansas  River  l]efore     lg51.       I]uring    the

1951  flc]od,   one  foc]t   [.30  m]   of  degradatic]n     occurred,     but

the  channel  hag  been    relativelg    stable    Since    [Fig.     8].

Because  no  gaging  station  exists  Within    reach    a,     recc]rds

are  not  available  to  documeTit  epigodes    of    degradation    or

aggradation  Within  the  reach.

Sediment  load  characteristics  varg  little    Within    the

Studu  area,   although  variations  thrc}ugh  time  have    occurred

[Simons  arid  Li,1gElu].     Figure  10  reveals  the    spatial     and

temporal  variatic]n  in  bed-load    caliber    Within    the    studg

t]rBa.      It  must  be  noted  that  the  samples  Were  c]btaiTied  frt]m

different  positic}ns  in  the  channel  and  some  sizB    variatic]n

therefore  c]ccurs.     The  solid  line  in  figure  10  repregents  a

1883  Slmons  and  Li  surveg   in  Which  four  samples  Were     taken

at  eacli  cross    section    and    the    average    size     (I]50J     Was
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plotted.     This   line  shows     little     variQtiBn     in     bed     lc3ad

cc]libEr   Within   the   stuclg   area     exc:ept     Qt     river     mile     13E

LLihere   gravel   Size   mt]terial   c}cc=iirs.      Simc]ns   and   Li   (p.      391J

suggested  that  the  gravel  bars    at    mile     13E    represent    a

mDjc]r   BE]alDBic:   [t]TltrD1;    ''thi5   arat]   mag   act     a=     I     vErtic=al

cc]ntral     ancl,      While     nc]     c}utcrc}ps     c]f     bedrc]ck     have     been

reported    cit     this     lc]catic]n,     it    seems       ta       have       been

histc]ricallg   a   latEral   cc]ntrc]l."     Thgse     grcivels     c]ccur     c]n

channel  bars  and  the    pc]int    bar    at    the    extreme    eastern

pc]rtic)n  af  the  active  meander  Within  reach     a     [mile     1]E].

§imc]ns  and  Li   [18Bt±]   contended  that  the  presence     c}f     these

grovels     at     mile     13E     has     created     a     "pivc}t     pc}int"     c}f

stabilitg  Which  the  channel   has  c)ccupied  ct]ntinueijslg  since

1885     [Fig.     tf`-I]].        f`     more     detailed       description       and

discussicm  c]f  the  impc]rtance  of  these  grc}vels   is     presented

in  chapter  5.

1983  Simons and Li data

T€Jl?6oEdata
lT57-6-CoEdata
1-9-56€OEdata

Figure 10:  Historic D50 bed material versus river mile.  From Simons and Li (1984)
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Tempc3rc}l   vciriatlc]n      in     sediment     gield     reflects      the

effects   C)i   impc]uTldmeTlts      and      streQmflc3u      regulQtian.         The

increasecl     stcJrage     c:apac:ltg     of        sediment        in       ilpstream

reservalrs   led  ta   a     decrEcise     in     the     sijspended     sE3diment

I:aTi=E]TitrBtlc]n    c]t    UC]mE]ga       [EEtE]rkamp       Et       Dl,,        lE}B=].           ThE]

reductic)n   in  the   inf lux  of  f ine  sediment     into     the     sgstem

has     prc)duced     a     ncJticeable     cc)c]rsening       trend        in       the

suspended-sedimerit   lc)ad   CFig.11].      Bed   material      size.      c)n

the   Other   hand,    has   nc)t   unclergc)ne   ang   QppQrent   change.

f}lthough     the     caliber     of     the     sediment     trcinsportEd

thrc)ugh  the  chcinnel   varies   little     uithin     the     stijdg     area

[uith  the  excEptic)n  c)f  gravel   bar   deposits     c]t     mile     132],

channel   Width  and  the  crc}ss-sectional   shape  of  the     channel

cc)ntrasts   markedlg     between     reaches.        [hc]nnel     width     wcis

measured   Qt   twelve   locatic)ns   Within   each   rEc}ch   at     bankfiill

discharge   frc]m   lE378   aerial   phc)tc]graphs.      The   c=hanTiel   uithin

reach   a,    With   an   civercige   uiclth   c]f   780.70   feet   [E3B,OB      km],

is   ccrlslc]erablg   Wider   than   the   chcinnel   Within   reach   1   uhic=h

Clverages   c]nlg   Et±t.70   feet   [19E.5   m]   uide.      This     difFererlce

in   Width   uias   fauncl   tc]   be   stcitisticcillg   signif ic=c]nt     bg     ijse

C]f   a   rlann-Whitneg   U   test   CTable   lJ.      This   finding     suppcJrts

the   c:c)ntentic]n   made   bg   Osterkamp     ancl     Others      [198E]      thcit

active  reaches  of  the  Kcinsas  River  displag   generallg     Wider

channels .

Channel   Width   hcis   alsc]   been   linked   tc3   the     caliber     c3F
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the   sediment   lc]cld   tr.cinspc)rted   bg   the   strec]m   Cschumm,1S60].

He   shauec]   that   bed-lc]cid   streams     Were     genert]llg     Wide     and

shallDu  Whereas   streams   traTisporting   mc]stlg   suspended     lc]ad

Luere     narrau      cind      deep.         The     examples     iised      bg      Schumm]

hDiijEVEr,    uBrE   all   small   strecims   in      uhic:h      the      bt]rik5      LLIEra

cc]mprised  of  material   ref lecting   the   lc]cid     ccirried     bg     the

stream.      Within   the   Kansas   River   valleg,   l]cink   sedimEnts     dc}

nc)t  ciluags  reflec=t  the  caliber  of  the   load     trc]nsported     l]g

the     cc)ntemporarg        Kansas        Rivet-.           Fc]r        example,         the

differences   in  the     nature     of     the     sediment     betuE!en     the

mc]dern   flc]c]dplain   and   the   Neuman,    Buck   Creek     c}nd     Hc]llidcig

terracE    fills    reflects      a      change       in       the      sediment

c=hQrc}cteristics  depc]§ited  bg   the   Kcinsas   River   thrc]ugh  time.

Bank  sedimerits,     reflecting     the     different     hgdraulic     and

gealc]gic     cc}nditions     c]f     ttie     pcist,     still     influence     the

morphc]lc]gical   c=haracteristics  af  the  present-dcig   chcinnel.

Within  reach  E,   contempc]rcirg     point-bar     depc]sits     are

farming  an  the   inside  bend  c]f  the  active     meander     and     the

thalueg   is  cc)nf ined  tc)  the  c]utside  pc]rtic]n  af     the     meander

adjacent  t6  the  cut  bc]nk.        Inflection     pc]irits,     Where     the

thc}lueg   flc]us   Frc]m  One   side  c]f   the   channel     ta     the     Other,

OC:C=iJr   onlg   at   the     ilpstrecLm     cind     dBunstream     ends     c]f      the

meander.     The  pc]sitic]n  c]f  the  thalueg  against  the  cut     bank

t`esults   in  an  asgmmetrical   crc}ss-sectional   shape  thrc)ughc}ut

the   length   of   the   meancler.      The     c=rc)ss-sec=tic}nal     shclpe     c]f
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the  Kansas   River  near   the  apex  c]f   the  aEtive  meander     [F.ig.

|2f]]   is  similar   ta   the  crc}ss-sEc=tic]nal   shape  c]F   streams     at

bends   described   bg   LeBpc]ld   cind   Uc]lman   C1957].      The     channel

is     deepest     acljacent     tc}     the        c=iit        bank        and        becc)me§

progressivElg     Shclllauer     towards     the       pc3int       bar.          fit

inflection  pc]int5  the  channel  shape   is     nearlg     sgmmEtrical

and  is  entirelg  contciinBd  between  cilternate  point  bars.

The  crc]ss-sectic]nal   shape  of  the  channel   in  reach  1   is

not  as  markedlg  aggmmetrical  as  it  is   in  reach     2.       unlike

reach  a.   the  thaluEg  Within  reach     1     meanders     Within     the

chcinnel   and   is  nc)t  cc]nf ined  ta  the  c]utside  pc}rtic]n     of     the

bend.     Paint   bars   fc]rm  c}n  both  sides     of     the     chanTiel     and

numerc]us   inflectit]n  points  c}c:c:ur   Within     the     meander.        f]t

the  apex  c]f  the  meander     [c]ccurring     cLt     the     Kansas     state

highuag   g8  bridge],   a  c:rc}ss-sectic]n  c]f  the   c=hannel     revec]ls

a  multiplerthalueg  and   D   mare  sgmmetricc}l     shape     than     the

Crc]ss-section  at  the  apex  af  the  meaTider   in  reach     2     [Fig.

1EB]  .

In  summarg,     differencEs     in     channel     uiclth     and     the

Crc]Ss-sectional   shape  of  the  channel   between     recich     1     and

recich  2     are     nc]t     likelg     attrit]utat]le     tc]     sediment     load

C=hcLracteristic=s  since   the  ccLliber   c]f   the  sediment     lc)ad     is

es=entiallg   the  same  thrc]ughc]ut  tlie  studg   t]rea   Csimons     and

Li,1gE)t],     On  the  other  hcLnd,   differences   in  channel   Width

and     c=ross-sectit]nal     shape     mag     raf lect     the     nature     aTIC1
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ENDUst\t

Researchers   [e.g.,   Burkham,1972;   [c]sta,1975;      Escher

et  cil.,19E]3]   have     documented     the     effects     c]f     lclnd     user

chcinge     c]n     fluvial     c:hannels.        Destruc=tion        c)f        nciturol

vegetation  and   inc=rEased  cultivatic]n   leacls  tc]     an     increase

in  run  off   ancl     sediment     c=c]ncetitratic)n     Which     results     in

channel        aggradatic]n.          Episc)c]es       c]f       aggradation       are

cis§c)ciated   With  channel   Widening  and   f lc)c)dplain  destructior`

[Knox,      1977].           Irrigation       and       increasecl       streamflau

regulc}tit]n  frc]m  upstream  reservc]irs  has  served  tc)     decrecisE

pEclk   flc}u   cc]nditions.      This   decrecise   mag   r.esult   in     channel

norrc]uir`g  and     flc]odplain     formatic]n,        Escher     and     ather§

C1§83]   cited     thc}t     irrigatic]n     c]nd     streamflc]u     regulcitic]n

Cllc]ng  the  Platte  River   in     Nebraska     has     resultEd     in     the

formatic]n   of   a   meaTideririg   c=hcinnel   Where   a     brciided     channel

existed  before.

Change   in  regic]nal   larid  use  Within     the     Kansas     River

drainclge  basin   is  unlikelg   tc]  ciffect     adjacent     reaches     c]f

the  strec}m  differentlg.     I]ifferences   in  histc]ric=c}l     channel
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cictivitg   between   reaches,   therefc]re,   ccinric)t     t]e     c]ttributed

tc]  regionc]l   land   use   change.      Differences   in   land  use   alc]ng

the   trunk   c]f   the   stret]m,   c)n   the  c]ther   hand,      has     pc]teritiol

tc]   affec:t   bank   stc}bilitg     substci.ntiQllg.        Land     use     maps,

prEpared   fc]r   the   Kanscis   River  valleg   t]g   thE     Unitecl     Stt]tes

f]rmg   Cc]rps   of   E:ngineers   C1§8E]   are   summarizBd   in   Figure      13

[fa   thrc]ugh   D].      The   maps   shc]u   land   use     chcinge     Within     the

valleg   of   the  main  stream  frc]m   ls37  ta   lsBE.

Land  iise  practices  along  reach  i  cliff er  mcLrkedlg     From

those   alc]ng   reach   1.      ILlest   c]f   Wcimego,    reclch   2   flows   thrBiigh

an  area  under  extensive  cultivatic]n   [Fig.131]].        f`reas     of

recent  cleposition  are  presentlg  being     stc}bilized     bg     thin

belts  Df   fc]rest  Which  have  tic]  effect  on  I=ut  bc]nk     stabilitg

due   ta   their   pc]siticln   behind   the   migratic]n   c=hannel.        Sinc=e

1851,   much   c]f   the   land   fc]rmecl   bg   the   grc]uth   c]F     the     active

meander  hc)s   been  prc]gressivelg     cc]nverted     tc)     agriciilturcll

use.     [c]rn,   c]ften  grc]un  under   irrigatic)n,   and  Wheat  are  the

majc]r   crc]ps   grc]u]n   in     this     pc]rtic]n     of     the     Kc]nsas     River

valleg .

The   pre§eTlce  of   trees  on  the  cut   bc}nk   is  l<naun   tc)   have

Cl   stabilizing   effec:t   on   the   bank.      Schumm  and   Lichtg   [1963:

79]   pc]intecl  c]ut  that   "thB  trees  that   border  the  chcinnel   Cc]f

the  [imarr.on  River]   offer  cc]nsiclErable     protection     tc]     the

banks,   and   channel   Widening  mag   be   less   ecisilg   ciccomplished

under   these   cclnditions."     Uc]lman     [1955]     alsc]     noted     that
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t]ank   ErcJsion   cllc]ng   Watts   Brarlch   in   rlargland     seemecl     ta     be

mc]st   severe   Where   the   bcinks   Were   devc]id   c)f   trees.      The     cijt

banl<s   cilong   the   ac=tive   mecinder   in     reac=h     a     are     generallg

steep   clrld   treeless.      Bank   recessic]n     cilc]ng     the     dc]iiJTistrecim

F]Brtic]n   Bf   this   meander   proEE]Eds   at   suc:h   a   rapid   pac:E3      that

cultivated   ptJrtic]ns   c]f   the  f lc}c]clplain  QrE     t=urrentlg     being

erc]ded   auag   CF'ig.1L±].      Because   of   the   severitg   of     erc)sic]n

cilc)r`g  With  the   lc]c]se  9andg   texture  of     the     sediments     thcit

comprise     the     bcinl<,      these     cut     banks     are,      in       places,

essentiallg  unvegetated.

Land  use   practic=es  olc]ng     reach     1     inc=lude     fc]restecl,

urban,   t]nd  agricultural   areas.      F'rc]m     a     pc]int     1.75     milgs

[2.E}1   km]   West   c]f   uamegc]   tc}   the      Kanscis     state     highuc}g      98

bridge   Bt   Uamegc],   the   north   I)nd   sc]uth   I]anl<s   c]f     the     Kansas

River  are  cc]vergd  bg  dense  fc]re§t.     Tliis  fc]rest   is  octuallg

a    relativelg     thin    buffer    separating    the    stream       from

agricultural   arecis     tc]  the  south  and  the  citg  c]f  Wamego     to

the  nc]rth.      The  cut  banks     alc]ng     the     nc]rth     side     c)f     the

KC]nsas   River   cit  uamegc],   altht]ugh     fc]rested,      are     extremelg

Steep  ancl  mag   rise  ]0   feet   [9.1   m]   abc}ve  the     river     level.

These  high,   forested  banks  are  fc]rmed     in     the     Buck     Creek

terrace  fill.

West   of   the   Kanscis   highucig   98   l]riclge     at     Wamegc],      the

Neumcin  terrcice  fill   is  exposed  for  a  distarice  c]f  E600     fBet

C72B   m]   t]lc]ng   the   Kc]nsas   RivEr.      f`lthc]ugh   isolclted   clusters
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Figure   14.     Erosion  of   soybean   (foreground)   and  winter

wheat  fields  within  reach  2  west  of   Wamego.

Note  the   sandy  nature  of  the  sediment  ex-

posed  in  the  cut  bank  in  the  upper  portion
of  the  photograph.
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c]f   trees   c]c=cur   alc)rlg   the   expc]sure,    fc)rest   c=c]ver   is     nauhEre

as   continuoijs   as   it   is   West   c]f   uamegc]   cilc]ng   the   Bijck     [reek

terrac=e.      Ecist   c]f   the   Ucimego   seller   c]utlet   CFig.      131]],      the

Neiijman   terrclce     exposure     becc]mes      increasinglg     sciridg     cind

dE]vc]id   C]f   trEIEE   urltil   finE]r   =E]diment=      DrE]      E]n[DuntE]rEd      Dt

the  Neumcln-Hallidog   cc]ntact.        I.his     stretch     c=ontains     the

mc}st   severe   bank   er.c]sion   Within   recich   1.      F.ram   the   Hc]llidag

terrcice  tc]  the  east,   the  remainder  c]f  the    cut     bank     along

reach   1   is  cc)vered  bg   dense  fc}rest  graujth.

f`§  §houn     in     figurE     13f]-I],      tliere     hc]s     been     little

permaTlent  chcinge   in   land-use  pcitterns     in     the     studg     cirea

sirlc=e   1837.      The   mc}st   nc]tic=Ec]ble   change   resulted     from     the

1951   f lc]c}d   When   large   agricultijral   areas     ujere     c:c]vered     bg

flt]od   clepc]sits   [F.ig.13BJ.      Sut]sequent     cieriQl      phc]tc]graphs

shc}u   thcit   most   c]f   the   f lc]c]dplain   hQs   been   sic)ulg     ccJnverted

bg   deep   plc]uing   bcic:k   tc]   c]griculturcil   iJse.

The  percent     af     forE§ted     bank     cc]ver     has     seemlnglg

decreased  since   1837  partlg  as  a  result  c]f  an     increase     in

Streclm   length  Within  the  studg   areci.     Within  reach  2,   there

hQ§   bEen'ci   decrec]se   in     forest     cover     c)n     the     flc]c}dplain.

CC]reful   exQminatic]n  shc]uh  thcit   this  dec:rease   is   largelg   due

tcJ  the  conversic]n  c]f  recent  point   bars,   Often     c]ccupied     bg

dense     riparian     uaadland,     to     agriculturcil     use.          Sinc=e

defc]re§tatic)n     c}f     thB       point       bcirs       occurs       in       areas

experienc=ing     active     depc]sitic]n,      deforEstc]tic]n     has       had
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little   effec=t   c]n  bank   stc]bilitg.

In   summarg,    the   land   arE3a      West      c]f      uamegc]      in      uhic=h

recich   a   flcJus   is   dominated   bg     agricultur.cil     use.      The     c=ut

banl<s   cire   generallg   devc]id   c]f   trees     and     bank     erc]sian     is

cammari.      F}lt]ng   rE]aEh   1,    in   ct]ntrDst.    ft]rE]5t5   appE]ar   ta   havE]

c]ffered  sc]me  stabilitg   tc]  the  c=ut  banks  and  the     strecim     is

cc}nsiderablg   narrauer   than   in  reach  2.      In  cidditic]n.      there

seems  ta  be  a  relatic]nship  between  the     densitg     c]f     fc)rest

cc]ver  an  the  banks  and  the  nature  t]f     the     bank     sediments.

Finer  sediments  create  a  stable  envirc]nment  Which     enlianc=Bs

the  grc]uth  c]f   clense   forests,   Which   in   turn.      c=c]ntributE     to

the  stabilitg   c]f  the  bc]nk.     On  the  c]ther  hand,   agriculturcil

arecis  are  mc]st  susceptible  to  erosic]n  and     tend     tc)     c]ccupg

cc}arser     f lc}c]dplain     alluvium     [uith       the       exceptic)n       of

cc]ntempc}rarg   point-bar   depc]sitic}n] .

IrlpacT   oF   rif`N-rif}nE   STRuC:TIJRES

Bank  stat]ilizing  structures  exist  Within  bc}th     reQc=hes

c]f  the  studg   area.     The  majc]r     c=antrc)i     striictiire     situated

Within  reach   1   is  riprap   immediatelg   West  c]f     uamego.        The

riprap  uQs   installed  tci  prc]tect  the  uTiic)n     Pacific     railuag

eclsement   frc)in  t]ank   erosic]n.      It   shc}uld   be   ciddEd   that     these

Structures  Were  placed  Where  the  volleg  Wall   is     nearlg     in

Contact   With   the     c=hcinnel      itself      [Fig.15]      prc)viding     a
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Flguro 15:  Map of man-made structures wlthln the study area.

Modified from Slmons and Ll (1984).



natural   geolc)gical   cc]ntrc]l.     Thus,   the  riprap  prc)tects     the

rciilroad   frc]m   beiTlg  unclercut     bg     erosion     but     its     length

[2000   feet   c]r     E10     m]      anc]     pc]sition     clo     nc]t     ciffec=t     the

pc]sitic]n   c]f   the   chcinnel   thrc]ugha.ut   reach   1.

ImmEdiDtE31!   east   of   uamBga,    Sand   is   rEmavE3d     fran      the

channel   bg   a   dredging   c]peratic)Ti.      f}lthc]ugh     the     impact     of

dredging   on  the  stc}bilitg   c)f   the     lc]uer     Kansas     River     hc}s

been  debc}ted   [United  States  Cc]rps  af   Engineers,1977],   this

is  cin   isc]lated   smcill-scale  opercitian  cind  prc]bQblg   hc}s     verg

little   impact   c]n   the   channel   Csimc)ns   and   Li,19Bt].

Extensive  loccil   efforts     tc]     check     bank     erosit]n     and

pr.ovide   flc]c]d   cc]ntrc]l   Within   reach   a   hcive   met  With     limited

success.     I]ikes  uiere  constrijcted  after  the  1851  flood,     but

have   since     been     breQched     at     tuc]     lc]c=ations     bg     c=hcinnel

migratic]n.     Figure   15  shaus     that     these     dikes     hc]ve     been

destrc]ged   thrc)ughout   much     of     the     c}c]unstream     pc]rticJn     of

reach  E.     Jetties   installed     between     1869     and     1978     Were

intended   tc)  cleflec=t   the  thcilueg   auag   frc]m   the  cilt   bank.   The

Jetties  plciced  along  the  nc)rth  bcitik   from  river  miles     13t.5

to   132.5   and   c]n   the   sc)uth   t]ank   from   miles   131     tc]     13E     are

rlc)u  being   isalc}ted  frc)in  thg  bank  bg   the  erosive     effect     C]f

the  eddging  current  behind   them.
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The   methodc]lc]gg   implemented   in   this   studg   iLios   designed

tB   a==E]==   thE]   BffE]c=t   c]F   bc]nk   mcltEriDl    cind   =1c]pE]   c]n      EhannEl

activitg.      In  ac]ditic]n,   the  position  and  charac:teristics  c]f

grcivel   depc]sits  at  mile   13E  iijere  studied   tc]  determine   their

impac=t   c]n   lc]cal   c=hcinnel   cc]nclitions.

HYPOTHESES.

TIle  effec=t   af  the  nature  c]f  bank  matericil     on     channel

activitg     is     clec}rlg     demc]nstrated     in       the       literature.

Hjulstrc]m    C1935],    Fisl<    C18L±7],    5chumm       [1961],       Wc]lman      and

Brush   C1861J,    Schumm   C19E3],    Turnball      and      Others      [1§66],

I]ciniel   [1971J,    and   Hcindg   [1E372]   hcive   suggestecl     that     banks

cc]ntclining  high  percentcigEs  of     f ine-grained     material     are

mc]re       stable       than       banks       cc3ntaining          cc]arse-grained

hc]mc}genec]us   alluvium.      Grissenger   and   Murplieg   [1883]      nc]ted

that  the  Tiatur.e  of  the  alluvium   i§,   in  turn,   dependent  upc]h

the  fluvial   historg  c]f  the  stream  and   thE  age  c]f  the     fill.

Within  the  studg  area,     Qlluvial     deposits     c]f     cc)ntrasting

Clges   c]re   E3xpc]sed   in   the   c=ut   banks   and   are   adjacent     to     thB

river   in  both  reaches.        usirig     the     inac=tive     rec]c=h     Qs     a

CC]ntrol,   grciin-size  data   c)btained     From     the     c}ctive     reach

uJere  examined   tc]  determine   if  a  signif ic=ant     difference     in
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bank   matericLl   exists   between     rec]ches.        Bank     materic]l      is

defined   bg     the     fcJllcJuing     grain-size     parameters:        mecin,

5c]rting,   orld   skeuness.

5lc]pe   hcis  also   been   identif led  cis   a   fac=tor   ct]ntrc]lling

c=hannel    ac:tivitg    [8.g.,    Lc]nE3,        1957;       Lec]pc]ld      cind      lLlc]lmcin,

|E}57;    Schumm   ancl   Khc}n,    1972;       Sc=humm      and      Becithard,        1976;

Osterkamp,1S7B;    Osterkamp   and   Heclman,19BE].         Schumm      and

Beathard   C1976J   suggested     that     alluvial     streams     With     ci

relativelg     steep     valleg     slope     mag     develc]p       meandering

channels   in     an     effc}rt     tc)     maintain     Just     the     riecessarg

competence   for   the   trans|]c]rtcitic]n   c]f   the   lc]ad.      Theg     ciclded

that  if  the  valleg  slc]pe  is  excessivelg     steep,     a     braided

charinel     Will     clevelop.        Channel     and     valleg     slope       are

cc]mparecl   muc:h   in   tlle   same  manner   thcit   grain-size  parameters

c]re  cc)mpcired.        Because     the     uciter-surface     prc]file     is     cl

c:c]ntinuum  Within   the   studg   area   and   cannot   be  sampled     like

bc]nl<     mQteriQl,      values     cif     slc]pe     Were     compared        in        a

qucllitativE,   rather  than  c}  statistical  manner.

f}s  mentic]ned   in  chapter  3,   gravel   deposits  at  mile   13E

hclve  been  pc]stulc}ted  as  a   lateral   c=c]ntrol   an   the  c=hannel   in

the   cireci   [Simans   and   Li,18E]L±].      Schumm   [1S76]      noted      that

CITl   insignif icant  amc]unt  c}f  gravel   mag   signif icQntlg   control

the   behavic]r   c]nd   morphc]logg   c]f   the   channel.      Hc]lien      [19BE]

SIJggested  that   ttie   fc]rmatic]n  c]f   a  grt]vEl   lag   in   the   c=hannel
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c]f  the   Kansc]s   River   necir   Banner   Springs,   ecist   af   the     studg

area,   ha-s   prevented   further     degrcidcitic]n     c]f     the     c=hannel.

The  extent     and     geomorphic     hi§tc]rg     c)f     the     gravel     Were

examinEd   tc]  determine   its   impac:t  on  channel   stabilitg.

ThE   mEthBddlog!   Liias  designed     tc]     test     the     follBuing

gerieral   hgpotheses   Which   Were   fc]rmulcited   c]n     the     basis     c}f

the  literature.     Hgpc)thesis  1   lends   itself     tc]     stQtistic=c]l

testing  and  is  stated  belc]u.

H9pothesi=   1

Null   hgpothesis

There   i§  nc]  significcint  differenc=e   in  grain-size

Flarameters  between  the  active  reach  and  the   inactive

[c=ontrc]1]   recich   Within   the   studg   areci.

f}lterncitive  hgpc)thesis

There  is  a  signif icant  difference  in  grain-size

parameters  between  the  active  recich  c}nd  the   inactive

reach  Within  the  stuclg   orEci.     The   inactive  reach

cc}ntc]ins  the   larger  percentcige  c}f   fine-grain  mciterial.

Hgpc]theses     a     arid     3     cire     pastulcited,      but     c]re     not

accc]mpciniEcl     t]g      null      ligpatheses,      thus     theg     c=annc]t        be

statisticallg  suppc]rtecl.

Hgpc)thesis   a

There   is  a  difference   in  vQlleg   cind  channel   slc]pe

66



EIHODS

Field     uorl<     in     this     studg     involved     three     primarg

emphases.     The  first  emphasis     cc]nsisted     c]f     an     intensive

scimpling  prt]gram   initiated  alcing  the  cut  bank,   that   is,   the

c]utside     bank     of     et]c=h     meander     under     studg.         f}     sec:c)nd

emphasis   consisted     c]f   survegiTig   the  Water   surfac=e     c]f     the

Kansas  River   thrc]ughout   the  studg     Qreci     ta     determine     the

Water     surface     slc]pe.        f}     third     emphasis       c)f       research

Clttempted  to   identifg   the  sc}urce     cind     impact     thcit     gravel

depc]sits,   identified   in  a   1956  United  Stc]tes  I?ring   Corps     of

Engineers`sediment   siirveg   at  mile   13E,   have  c7n  the   channel.

Gt.ciin-Size   f]nalgsis

SCLmples   of   t]cink  sediment§     Were     ot]tained     frc]m     sites

Spclc=ed   apprc]ximatelg   everg   500   feet   C15L±   m]   along      the      clJt
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banks   e:.:Cept   iiJhere   bank   3tQbllizlng   material,      debrl§,      cind

derise   veaetatic]n   precluded   cic=c:ess   ta   the   bank.      The     numl]Er

c)F   sites   lLJas   chc]sen   tc]   ensure   that   the     amc)urit     I)f     samples

required   fc]r   pc]rcLmetric   tests   [EO   sc}mples     per     testJ      iLiere

DbtainE]d .

Unfot`tuTiatelg,    it   Was   impc]ssible   ta   excimine     the     bank

material   c)t   mang   sites   along   recic=h   1   due   tc)   the  densit!     of

the  vegetatic]n  c)n  the  I]anks.     Thus,      the     sampling     densitg

Within  reach   1   uicis   less  than  the     sampling     densitg     Within

rec}ch   2   Where   all   sites   Her.a   cic=c:essible.        Tc)     accc]unt     for

this  difference,   rEach     1     samples     Were     Weighted     bg     the

nece§sarg   eqijivcLlent   sc]   theg   uoiild  cipprc)ximatel!   eqiial     the

bulk  quantitg   c]f   reach  2  samples.

at  ecich  site  the  cut  bank  ucis  divicled   intc]  disc=ernible

stratigraphic=   units   c]nd   a   sample     Was     c]btained     from     ec]ch

unit.     This  Sampling  uias     dane    ta     test     the    effect     that

thinner  strcitigrciphic=  units,   uhic=h  clifFerEd   in     grain     size

ft.C]m   the   bulk   c]f   the   bank   sediment,   llove   c]n   l]ank   stat]ilitg.

samples  uiere  also  taken  c]t  the  Water   level   frc]m     each     site

during   lc]u   uciter   periods   c]f   the   sLlmmers   c]f   1883     and      18BL±.

Fin  additional   sample  iiias  c}btained   at   the     ujater     level     tJut

aF]Prc)ximatelg   three   feet   deep   intc]   the     Eijt     bcink     iising     a

hclnd   auger   [Fig.16].      Hencefc]rth   this  Will   be   referrecl     tc)

C]S   the   Water-levE=l      remc]ved     st]mple.         This     prc]ceclure      ucls
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invoked   ta   ensure   that   c]   sclmple   c]f     the     alluvium,      at     thE

ujciter   leLJel,    Was   c]btained   that   Was   not   c=c]ntaminated   bg   silt

drapes   remaining   frc]m   higher   Water   stages   c]r   bg   cc]lluvium.

Scimples   iLiere   separated   iTito   a   sand   fractic]n      [diam.      >

.OEEE   mm]   and   I   Silt-t=lng   frEEtiEn   [t]iDm.    <    .OEE5   mm][F.elk,

|980].      Ttlis   seporatic]n  iiJas     ac=cc]mplished     bg     sieving     thE

samples   thrc]ugh   a     ¢L±     sieve.        The     cc]arser     mc]tericil     iiias

cinalgzed  bg   mechanit=al   sieving  and   the     f ine     fractic]n     Was

anc}1gzed   t]g   llgclrameter   [Eag,1956].      Fc]r     c]ptimal     results,

the   1/I  ¢   interval   fc]r     sieving     screens     ujas     usec]     [F.olk,

1980]  .

|_TIE                       I     I      (      (      `     `    I   I

'E

_---,D---------_
-,c-

1A                       ~ 18                          WS

/
Figure 16:  Example of method used to sample cut banks.

Samples lA and 18 represent the water  level
and water level removed samples respectively.

Cumulative   frequenc:g   curves   Were   c=onstruc=ted   frc]m   dc]ta
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obtained   frcJm   the   analgsis   c)f   eac=h   scimple.      On   ci   cumulcitive

frequencg   C=LJrve,    cumulative   percentages   c]re   plotted   cigc]inst

E±|  dic}meter   [KrumbeiTl,1E]3E}]      c]n     arithmetic     prababilitg

pc]per.     Using  cumulative   frequencg   curves,   it     is     possible

ta   Braphi[allg   C]btDin   the   5tDti=tit=al   paramE=tE]rs     af     mE]aTi,

sc]rting,   and   skewness.      fc]lk   and   Ward     [1957]     demc]nstratEd

thcit   c=ertain   graphic   methc]ds   apprc]Qc=h   the     scime     degree     of

reliabilitg  and  accuracg  as  do  mc]re  quantitative  grciin-size

parameter   methc]ds.

f}nalgsis     Was   conclucted   using   Fc)lk's   [1§57]   mean   [rlE   I

determinecl   bg   the   formula          rlE     -

1E+
3

Where  a  16   is  the  civerage  size  c]f  thE=  coarsest  third,   ¢     8t

is  thE  c}vercige  size  c}f  the  Finest   third,   and  ¢     50     is     the

avercige  size  c]f   the  middle   third.        Folk     C18BO]     suggested

that  rlz     is  the  best  graphic  measi.re     fc]r     determining     the

c)verall   particle  size  c]f  the  sample.

There  ore  several   mEasures  c]f  uniformitg     Csc]rtedness]

C]f   a   scimple.    but   Fc]lk's   [1S57J    InclLisive     Grapliic     Standc}rd

Deviation  iijas  used  for  this  studg.      It   is  ccilculcited  bg

¢E]+   -   ¢16   +  ¢§i  -  ¢5
1±                 +          6.6

SkEuness  determines  if  the  distribution  c=urve  contains

Cln   excEss   af   fine   c]r   cc]arse     matericil.         Inclusive     grclphic=
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skeiijriess   inclucles   ninetg   percent   Qf   the   frequent=g   c:urve   cind

is  determinecl   bg   the   fc]rmula     Ski      -

gi6   +   al8i   -E[@5O]       +      a5   +   @85   -   E[@5O]
2[j}BL±   -¢16J            +            E[¢85   -¢5]

Kurtc]sis  mec]surEs  the  ratio     c]f     the     sorting     in     the

extremes   af   the   distributic]n  c=c]mparecl  With   the     sc]rting     in

the  cEntrc]l   part.     ucilues  af   kurtc]sis  Were     cc}lciilatecl     but

not  used   in  cincilgsis  because  na  trends     Were     detectecl     cind

the  kurtosis  stQtistic=  has   little  relevcince  cc]ncerning     the

stc}bilitg   c]f  the  bank.

Fc]lk's     grain-size     parameters     hcive     primarilg       been

appliecl   to   the  ancilgsis   c]f   sand.      Scincl.   as   c]ppc]sed   to     silt

and  clcig,   can  easilg   be     analgzed     bg     mechanical     sieving.

Fine  clog   is  nearlg   impc]ssible   ta     segregate     c}nd     thus     is

likelg       to       fc)rm       prc)pc]rtionatelg       larger         grain-size

increments.     Since     Kansas     River     bank     material     includes

relativelg   high  percentaggs  c]f   clog,   Folk's     fc]rmulc]e     have

been  altered  slightlg  to    accc)mc]date     the     finer     material.

Using  the  ¢5-¢85   interval   for  onalgsis,   as     Folk     and     Ward

CIS57]   suggested,    is   impc]ssiblB   When   a   samplE   cc]ntciins   mc]re

than  5  perc:ent  clog.     Instead,   this  studg     substitutes    the

¢90-¢10   interval   tc]  accc]unt   for   the     higher     pr.c]pc}rtic}n     of

fine  mc}terial.     ualues     c]f     ¢10     are     extrapc}loted     if     the

Sample   cc]ntains   in  excEss  of   10   Percent  Clog.

With   the   ciid  c]f   tlie   Universitg     c]f     Kansas     Hc)neguell
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mciinframe      cc]mputer,      vc]lues      c}f      mean,         sartec}ness,         cind

skeiLjriess   iLJere   CcilculatEd.         Pc)rameters      obtained     frc]m      the

inac=tive   reach   iuere   tEsted     against     parcimeters     cc]lc=ulc]ted

frc]m  dcita   c}f   the   active   reach.      The  Statistical   Packcige   Fc]r

5c]c=ial   Sc=iE3nce=   subpr.grc]m   [Nie   E}t   al.,197E]]   ua5      used      tD

execute  all  parametric    tests    While     nan-parametric    tests

ujere     colculc}ted     bg     hand.        The     stcitisticcil        lEvel        c}f

rejectic]n  fc]r     all     tests     ujas     set     at     .05,     a     threshc}ld

standard  fc)r  mcJst  statistict]l   purpc]ses.

Surveging

The     second     emphasis       c)f       research       ct]nsisted       c]f

determination  c]f  the  valleg   slc]pe  c}nd  Water-surface     slope.

The  literature  clearlg  suggests  thcit     slc}pe    constitutes    a

pcJssible   cc]ntrc]l     an     chcinnel     activitg.        Sinc=e     a     subtlE

chcinge   in  slope  mag   hove  prc]fc}ur`d  effects     c]n     the     f luvial

Sgstem,   mc]re  ciccurate  calculations  of   slc]pe     cire     nec=essarg

than      thc)sB      uhicli     c=cin     be     c]btciiTied      frc]m     7        1/a-minute

topc]graphic   maps.

Surveging   c]f   thE  Water   slc]pe   ujas  accc]mplished  using  an

Clutc]mcitic   levE}l   at   lc]u   uatBr   during   the   fall   of   188t.      Uerg

little   I:hange   in   stage  c]c=c=urred  during  the     surveging.        Tc]

C=C]ntrc]l   fc]r   this   potenticil   change     in     stage,      stakes     uErE
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First   Plclced   cit     the     luQter     level/pc]int-bar     interFacE     tc]

allow   Fc]r   the   identif icatic]n   c]f   thE   previc]us   Water     surfQc:e

in   c:c]se   changes   in   stage   c]id   c)cc=ur.

Surveging   involved  the  repetitive   prc]cess     of     plc]c=ing

thB   instrumE]Tlt   Dt   a   pc]int   an   thE]   paiTit   t]or   t]nd   thB     rDd     at

the  upstrecim  end  c]f   the     pc]int     bcir     at     the     Water     level.

f]fter   each   reclcling,    the   rc]d   Was   mc]ved   a     measured     distc}ncE

downstream   and   the   prc]cess     ujcis     repeated.        When     the     rc]d

prc]gressed   tc]   a   point   that   the  riijmbers  cc]uld  nc]     lc]nger     be

acc:urcitE3lg   read,   the   ir`strument   ujas   mc]ved   tc]     anc]ther     site

downstream   of   the   rc]d.      Lc]u   Water   allc)Wed     Fc]r     the     entire

studg  area  tc]  be     traversed     in     this     mcinner.        Errc]r     Was

intrc]duced   When   the  chcinnel   itself   had     tc]     be     crossed     tc)

prc]gre§s   to  the  next  paint  l]ar.     C`t     c:rc]ssing     pc)ints,      the

Width  of  the  channel     necessitated     lc]nger,      less     accurate

measurements .

Grc]vel   Bc]r   Scimpling

T0  determine  the     source     and     impact     c]f     the     grc}vel

deposits  c]n  channel   stcibilitg,   the  fc]llc]uing  measures     uJere

undertaken.      Expc]sures  c]f   gravel   deposits     iijere     mopped     at

lcJu  uC]tEr   tc]   determinE   their   pc]sitic]n   on   the   pc]int   bc]r     and

neclrbg   small   chcinne|   bars.      fin   effc]rt   ujas     made     tc]      locatE
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sij|]merged   gravel   depc]sits   bg   Wading   in   the   adjacent   chcinnel

cit   lc]u   Water   alc]ng   Six   trclnsEcts   ar`c]   excimining   the   sediment

c)r`   the   Channel      bcJttom.          In      cidditic}n,       cipprc}ximcitelg      L±00

clasts   c]f   gravel   uEre   c)btciined   frc]m   bar   and   bank  sites   nec}r

milE]   1]E.      WtlilE3   sampling   the   l]t]r   grDVEls,    a      trDTi=EEt      uc]s

ujalked   clnd   a   clast   Was   c]btained   everg   one   fc]c]t.      The   gravel

t]ors   in  the  area  are  nat   large  c]r  numeroLls  so     this     mEthc]d

allc]ued  for  a  representcitive  sample  to  be  ot]tained     despite

the  relative   small   niimt]er   of   c=lasts   taken.        Where     grc}vels

Were  fc]und   in  the  bank,   clasts  c]f  pebble     size     and     larger

[+L±  mm]   uiere   obtained   quantitativelg   from   tuc]  fixecl     arec]S.

Lithc]logg   ancl   size   c]f   the   gravel     iLiere     detE!rmined     in     the

lat]c)ratc)rg.      Size   ujas   measured   c]lc]ng   ttie   medicin   axis     ijsing

ci  cciliper   square,
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This   chcipter   is  divided   intc]  three     subchapters.        The

i ir=t   EIJt]C:hBF]tEr   dEsc=ribE==   thE]      !rBiTi-=iz=      I:harBEtEri=tiEE

c]f  the   sediment   that   cc]mprise   the   cut   bank     in     ec]ch     recich

and   discIJS§E=   their  effect   c]n  channel   activitg.      The   sect)nd

subc=hapter   deals   With  the  nature   and   sc]urce  c]f     the     gravel

depc]sits  at  mile   13E  as     Well     as     their     effect     c)n     lcJcal

c=hanrlel   c=oTlditic)ns.      The     final     subchapter     describes     the

uciter-surfcice   and     valleg     prc)files     c]f     the     Kanscis     River

Within   the   studg   area   ancl   disc=usses   their   impac=t   c3n   chanriel

activitg.      In  aclditic]n,     this     final     chapter    repc]rts     the

combined  effect  of  slc]pe  and  bc}nk  material   c]n  the     activitg

of  the   c=hanel   Within   the   studg   area.

ImDact   c)f   nateriol   [c]mDrisina

the  Cut   Bank

The       literature       demonstrates       that       the       matericil

Comprising   the   margin   af   thE   channel     alc]ng     the     c=ut     bank

CC)nsists   c]f   tuc3   entities:      incised   bank   sEdiments     Cterrac=e

f ill   depc]sits   and  mc]dern   f loadplain   depc]sits]   depc]sited     bg

Prec:ursars   c]f   the   c=antempc}rarg   c=hannel   Ce.g.,    Turnball      et.

Cll.,       1§6E5;       Happ,       197L±:       Dciniel,       197E;       Grissenger         and

rlurpheg,18E]3J   arid   depc]sits   c]f     suspended     sediment     draped
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c)ver   the   existing   bank   sediment   expcJsed   t]g      inc=isic]n     cilc]ng

the   cut   bc}nks    [Schumm,1961:    Schumm   and   Khan,197E].         This

dichc)tamg     fc]rms     the     basis     fc]r     the     divisic]n     c]f        this

subchapter.     The  first  sectic]n  c]f  this  sut]chapter  describes

the  nature  c]f   the  bc]nk  sediments  uithin  the  studg   area     and

discusses  their  effect  c]n     chcinnel     activitg.        The     second

sectic]n     dEals     With     the     impact       af       suspended-sediment

depc]sitic]n     c]n     bank     stabilitg.           The        ciccumulatic)n        c)f

sediment,   fallen     frc)in     the     upper     portion     c]f     the     banks

[cc)lluvium],    is   alsc]   inclucled   in   this   discussic]n     since     it

cannc:t     be     sepc}rated     frc]m     sediments     clepositEd     bg        tr,e

cc)ntgmpc]rarg   channel.

Infc]rmatic]n   cc)ncerriing   the   nature   c]f   the   bank   secliment

Within   the   studg   area   ujas   c]btained   frc}m   ut]ter-Well   lc]gs   and

thrcJugh     sampling     the     exposed     cut        bcinks.           Labc]ratc]rg

onalgsis  ta  determine  grain-size  parameters  fc]r   183  scimples

uc}s  exec:ijted   accc)rding  to  the     methc]d     prescribed     bg     I.elk

[1§80].      fin   additic]nc]111±      cumulative      frequencg      c}iclgrams

uJere   prc]vided   bg   the   lJnitecl   States   f}rmg   Cc]rps   c]f   E:nginEers.

Bf]NK   m]TERlfaL

Sediments  cc]mprising   the  cut   banl<s  Within   reach   1     and

recIch  2   stand     in     marked     cc]ntrast     tc]     ecich     c]ther.        The

Overage   value   t]f   the   grairi-Size   pc}ramEters   Cmean,      Sc]rting,
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cirid   skeuness]   fc]r   each   reclch   are     shcJun      in     Table     a.         In

terms   c]f-grain-size   parcimeters,    reQc=ri   1   sediments   tended   to

t]e  cc)arse   slit,   verg   pcJc)rig   sorted  and   strcJnglg   fine-skewed

Luherecis   rEach   a     sEcliments     tendecl      tc]     be     pc]c]rlg      sc]rted,

fiTiB-skBued   fiTIE   scind.

statistic:                         reach  1                       reach  2

rleoTI

Sc'rtin9

Skeuines§

Table  2:     ualues  of  grain-size  pcirameters  fc}r  cut  bank
§ediments  frc]m  recich   1   and  reach  a.

Stt]tisticcil   finalgsis   c]f   Bcinl<   Sediment

I-tests  uiere  perfc}rmed  ta  determine  if  the  differences

ln       the       grairi-size       parameters       stated       above         Were

5tQtistic=c}llg     significant.       Since       the       I-tEst       is       a

Parc]metric,   distributic)n-depenclent  stcitisticc}l     test,     data

Were  f irst  scrutinized  ta  determine   if  the  requirements     c3f

the  I-test  Were  met.     These  requiremerits  stipulate  that  the

two   pc]pulcitions   Crecic:h   1   and   recich   2]   havE   equal     variances

CHclmmc]nd      ancl      rlccullagh,       1a75].         To      determine      if        the

PC}Pulc}tic]ns      hcid     equal      varic]nces,      an        F.-statistic        iuQS
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ccilculclted,      The   F~StBtistic   is   given   bg

F      a        lc}raEr   all
SmQ i | er ar2

uhE=re      a2     is      the     varic}nc=e     c]f      the        sample.            If        the

F-stcitistic  Was   less  thc]n  c]r  equal   ta  the     rejection     level

[.05J,    I   iijas   based   c)n   a   sepcirate   varic}nc:e   methc]d.         If      the

F-stcitistic  exc:Eeded  the  rejectic]n   level,     the     I-stcitistic=

ujcis   calc=uloted   from   a   pc]oled   vc2riQnc=e   methc}d   CNie      et      c}l,,

1975]  .

I-tests     Were     cc]nduc=ted     bg     tuc]     different     methods.

First,   I-tests  uiere  implemented  ta  assess  the  difference  in

grQirl-size   parameters   [mecin,   sc]rting   cLnd   skeuness]      between

all   reach   1   and  recich  a  scimples.      I;rain-size  parameters   far

each   sample   ujere   given  a   iueight   ciccc)rding   tc)   the     thickness

c3f     the     stratigraphic     unit     frc]m     Which     the     sample     Was

c)btained.         Sec=c]ndlg,      I-tests     Were     cc]nducted      iri        uhic=h

grain-size   pc}rameters   Frc]m   all   scimples   Were  given   the     scime

uJeight.      This   sEc=c]nd   set   c]f   tests   iLiere     perfc]rmed     sc)     thclt

the  thin   lcigers   of  silt     t]nc]     clog      in     reac=h     a     uc]uld     be

emphasized.     The  tc]tc]l   silt-clog   content   in     the     cut     bclnk

alc]ng   reach   a   mag   be   distributed   in   tuc]   Wags:         mixed     With

the  extE=nsive  sand  deposits  Qs  a  matrix  cc]nstituent     I)r     in

thin,   strcitigraphicallg   c]iscernible   lcigers.        If     silt     clnd

CIC]g   cire   genercillg   cc]nf ined     ta     these     thin     strc}tigrclphic

lJnits  rather  than  evenlg   distributed  Within  the     bank,      the

78



null   hgpQthesEs   fcJr   the   rlcJn-Weighted   I-tests   shc]uld   be   mcre

diffic:ult     ta     reject     than       fc]r     the     ueighted       I-tests.

Hgpotheses  tested  bg   I-test  are  stated   in  f`ppendix   1.

Samples   Were   also  separated   intc3   three   bc2nk     intervcils

bc[sgd      uPC]rl      thE!ir      vErtic=cil      pasitian      in      the      c=ut      bcink.

Interval   thic=kness   uJas   detErminecl   simplg     bg     dividing     the

height  of   the  cLit  bank   bg   three.      These     intervals     ccjri§ist

c}f  less  than  c]ne-third     bank full,     c]ne-third     ta     tuc)-third

bQnkfull,   ancl     greater     than     twc)-thirds     bcinkfull.        These

criteria  iiJere   implemEnted   tc]   prc]vide   a   basis   for   comparisc]n

c]f   spEcific=   bank-height   intervt]ls   frc]m   reoc=h   tc]   reach.

Results  of  the  Weighted  I-tests  c]re  shc]un   in  Table     3.

In  cill   I-tests  except     test     I     the     null     hgpc)theses     Were

rejectecl.     These  resi]lts   indic:ate  that  the     bciTlk     sediments

c]lc]ng   reach   1   cc]Tistitute   a   papulatic]n     distinct     frc]m     bank

SEdiments  cilc)ng   reach   2.      It   is   impc]rtar,t   tc}   nc]te   that   this

difference   in  grain-size  parc}meters     between     reaches     cilsc]

ref lects  the  age  of  the  material   in    Which     the    cut     banks

have   fc]rmed.      The   c=ut   banks   c]long   reach   1   are   cc]mprised     C]f

Sediments   c)f   the   Buck   Creek,   Neumcin     and     Hc)llidag     terrclce

Fills  Whereas   the  secliments   that   c=c]mpri§e   the   cut   banks     in

recich  a  are   entirelg   mc]dern.

rlc]st     c3f     the     difference     in     grciin-size       pcircimeters

betuEen   reach   1   and   recich   a   uos   accc]unteci   Fc]r   in   the     lcJuer

tlLIC]-thirds   c]f      the      bc]nl<      [<      2/3      bankfull].         Results      c]f
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---------- _ _ -------- _ _ _ _ _ _ ------ _ _ _ - - _ _ _ - - - _ -------- _ - _ _ _ _ - -
uariat]le  Grc)up    group    rlean  rlean    2-tail  Reject   Inter-  test

name              1                a                1           a           prc]b.         Ho           val              #
------.------ _ ------------------------------------------- _ _ - -
sc)rt            stat]le  active  2.561.55       0.00            *         all

skBu            stable  active   .t±E8   .257       0.00            -         all            1

mean           stable  active  I.89  3.Ilo       a.00            .         all
-----------------------------------------------------------
sc]rt            stable  active  a.5B  1.tl       0.00            *         <1/a

skew            stable  active   .t63   .185       0.00            *         <1/3         2

mean             stc]t]le   active   t[.BO   3.10        0.00             *          <1/3

sc]rt           stable  active  a.631.11       0.00            -       1/3-a/3

skew            stable  active   .517   .238       0.00            *       1/3-2/3     3

mean            stable  active  5.17  3.10       a.00            I       1/3-a/3

sc]rt            stable  active  a.qo  a.37        .E]Ela                         >E/3

skew             stcible   active   .378   .tl3         .L±11                          >=/3

mean            stable   active   5.11   `±.3E       0.00             .          >E/3

sc]rt            stable  active  2.601.EEl       0.00            -          <E/3

skew            stcible  cictive   .t7B   .E0t       a.00            .          <2/3

mE}an             stable  active  I.97   3.10        0.00            *          <2/3
-----------------------------------------------------------
sort            stabl.e  active  a.561.65       a.00            .         >1/3

Skew            stat]lB  active   .t76   .311       0.00            -          >1/3          6

mean            stable  active  5.15  3.63       0.00            -          >1/3
-----------------------------------------------------------
Tclble  3:     Results  c]f  Weighted  I-test  fc]r  differenc=es   in

grain-sizB  parameters  t]etueen  reaches  1  and  2.
-  -  signif icant
-  -  not  signif ic=ant
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I-tests   ShcJun      in     Tclble     3     indiccitE     that     ci     signific=Qrit

differenEe   c]c)es   exist   between     reach      1     and     recich     a     fc]r

grt]in-size   parameters   c)f   c}ll   c=ut   bank   sedimeTits     belc}u     2/3

barikfull.      The   mecln   grciin   size   fc]r   reach   1   [<   2/3   bcinkfull]

i5  ¢L±.87      [caarse     silt]      Whereas     rec]c=h     a     sediments     are

c=c]nsiderablg   coarser   With   a   mean   c]f   ¢3.10   [verg   fine   sand].

The  results   af  I-test  I   [Table  3],   however,   shc]u  thcit  abc]vE

i/3  bank full,   the  sc]rting  and  skeuness  c]f  the  sediment-size

distributic)ns,   dc]  ncJt  varg   significantlu   between  reac:hes     1

and    2.       This     lack     of     difference     in     these    grciin-size

parameters     mag     be     dLie     to     the     inf luence     af     pedogeTlic=

develc)pment   in   the  upper   tuc]-thirds   c]f   the     banks     in     bc]th

reaches .

The  cilteratic]n  c]f  cut  bank   sediments  above     tuQ-thirds

bcinl<full   has   been   especiallg   prc]naunced   alc]ng   reach   1   Where

c]lder   surfaces  have   cc)ntributed   tc]   greater     develc]pmeTit     c]F

the  surface   sc]il.      In     additic]n,      tuc]     pQleosc)ls     are     cllsc]

Pt.e§ent   in   the  upper   portic]n  af     the     Neumcin     and     Hallidag

terrace   fills.      I?lc]ng   rec}ch   2,   sc]ils     exposed     in     the     Cut

bank  are  generallg   immature   [entisc3ls]   and     at-e     espec=iallg

ur`develc]ped   in   the   dc]unstream     partic]n     c}f     reach     a     Where

tt`Uncatic]n   and   depc)sitic]n   occurred   as   c]   I-esult  c]f   the     1851

FIC]c]d.        Here     pre-1951     surfac=e     soils     cire     preserved     at

lc]C:Qtlons     Where      lc]u     orec}s     occ=urred      in        the        SlightlB

IJndulating   pre-1951   flc]c]dplain   [Fig.17].      f]s   shcJun   in     the
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Figure  17.     Pre-19jl   soil   (arrow)   within  the  downstrean

portion  of  reach  2.     Notice  the   cross-bedded

point-bar  deposits  in  the  sub-stratum.



phc]tc}grclph,       the      Pc)orlg      dEvelc)ped      scJil      has      Fc]rmed         in

c:rc]ss-bedded   sclnd   clnd   uc}s   subsequentlg   I]uried   bg   mc3re   sandg

material   depcJsited   bg   the   1951      flc)od.         The     sc]il      becomes

higher   in  the  bank   ta   the   left  Where   it  comes   intc)     cc3ntact

ujith   the   c:c]ntEmpc]rc]rg   flc]t]dplDin   =urfac:E].

Unlike   the   values   af   skeLLlness   aTld   st]rting.    the   mean   c]f

the     sediment     distributic]n     varied     significantlg     between

reac=h     1     and     a     fc)r     samples     c]btained     above     tuc]-thirds

bcinkfull.      This   difference   in  means  mcig     be     clttributed     to

the  dissimilarities  in  the  parent  material  of  reaches  1  and

I   in   Which   the   Soil   is     fc]rmecl.        The     parent     material     c)f

I.eac=h   1   sc)ils   is   the   fine   [¢L±.E)8]   sediment     thcit     comprises

the  But:k   Creek,   Neuman  Hc]llidQg   terracE     fill     uhereQs     the

parent  material   Df     reach     i     soils     corisists     entirElg     CJF

mc)dern   sediment.

When   cc]nsidE=red   together,   mean,   sc]rtiTig.    cind     skeuness

reveal   much     about     the     pcirtic=le-size     distribution     c)f     a

Sample  but   theg   dc]  Tic}t  make  reodilg   apparent     the     relative

Percentciges  c]f  the  different  size  frcictic]ns   [sand,   silt  Clnd

ClagJ.      In  t]ddition  ta  the  p[|  sc=ale,   these  size     fractic)ns

[sc]nd   >    .06E5   mm,    silt   -    .0625   mm   to    .Oof   mm,       cind      clog      <

•00E   mm]CFc]ll<,    18E}0]   Were   alsc]   used   in     statistical      tests.

f}  Weighted   cc]mpc}site   c)f   silt-clog   percent   and   clog     pErc=ent

Was  calculated   fc]r   each  Site,      f]  rlQnn-Whitneu     U     test     was

CC]nductecl   tc]     cletermine     if     a     significant     differerice     in
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silt-clog   percent  and  clog   percent  existed  between  reach     1

and   reach   E.      The   hgpc]the§es   tested   cire     alsc]     inc=luded     in

f]ppendix   1.

f)s   reveciled  bg   the  results  I)f  the   test   [Table  L±],      the

riiill    h!pt]thE]=E=   uE=rE   rBjEEtE]d.       F3EBEh   E   =itE=   hDVE]       a      mE]an

silt-clog   cc]mpc]sition   c]f   37.63:   and   a     clog     cc]mpc]sition     of

7.27r.   cc]mpc}recl   tc)   a   mean   silt-clt]g   cc]mpositic]n   c]f   50.5.<      c]nd

clog   cc]mpc)sitic)n   c}f   11.8.<   far   reac=h   1   sites.      The     evidence

preserited  in  these    statistic=Ql     tests    clearlg     reveals    a
difFerenc=e   in  grain-size  part]meters,   silt-c=lag   perc=ent,   and

c:lag   percent   between  reaches.      The   cut  banks  alc)ng   recich     1

cc}ntain  material   uhic=h   is  f iner  and  more  cohesive  than     the

sediment   that  comprises  the  cut  banks   Within  reach  a.

uciriable     Reachl       Reac:h  2       u       [ritic=al     Signifi-
name               mean            mean                         value            cance

Silt-clog     50.5.J.          37.53r.        16               E1

Clog                  11.8.;.          7.2.;.          15               21

Table  I:     Results  c}f  Mt]nn-uhitneg  U  test  far  Weighted
silt-clog  percent  and  clc]g  percent  between
reach  1  and  reach  2.

a§   shc)un   in   table  5,    it  ucis   generallg     mc]rE     diffic=ult

tcJ     reject     the     null     hgpotheses     When     the       nc)n-Weighted
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----.---- _ - - _ ----- _ - - _ - - _ - _ - - - _ - - _ _ ---------------------------
i/ariable  Group     GrtJup     rlean  rlean       a-tail   Reject   Inter  test

name               1                  a               1            a                  prc]b.         Hc]            vcil            #
-------___-_-___--____----__----___-------------------------.
sc]rt             stable   active   a.E71.7E           .00E2          *             all

skew              stable   ac=tive    .q06    .EEL±            .006           *             all           1

mean              stc]ble   ac=tive   I.3L±   3.3T            .COO           +              all

sc]rt            stable   active  a.151.50           .007          *          <1/3

skeuJ             stable   active   .367   .EEB           .031                       <1/3

mean            stable  active  3.§7  3.00           .010          *          <1/3

sc]rt            stable  active  a.351.E9          .001          +       1/3-2/3

skew             stable   active   .q77   .2EB           .00L±          *        1/3-2/3     3

mean             stable   active   L±.76   a.SB           .COO          *        1/3-a/3

sort             stable   active   a.L±8   E.I±5            .8lL±                        >2/3

skew              stcible   c}ctive    .q03    .L±2E            .773                        >2/3

mean             stable   cictive   L±.Bl   I.EE            .335                        >E/3

sc]rt             stable   active   a.I±01.81           .06E                      <E/a

skew              stcible   active    .L±07    .=EE]            .001           *           <2/3

mean             stable  active  I.7B  3.6t           .COO          +          <E/3
-----------------------------------------------------------
sc}rt             stable   active   a.EE   1.T3           .COO          *          >1/3

Skew            stable  active   .t51   .333           .050                      >1/3          6

mean            stable  cictive  I.E5  a.88          0.00          -          >1/3
_----------------------------------------------------------
Tclble  5:     Results  c]f  nan-Weighted  I-tests  fc}r  differences

in  grain-size  parameters  between  reaches  1  and  a.

-  significant  [reject  null  hgpc]thesis]
-not  significant   [accept  null  hgpc}the§isJ.
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grain-size  parameters  Were  subjected   tc]  the  I-tests.     Since

sc]mples  frcJm  oil   stratigraphic  iJnits,   regardless     c]f     their

thickness,   iLiere   cissigned   the   same     Weight,      thin     silt-clog

rec}Eh  units     alc]ng     reach     i     received     a     dispropc]rtiancite

emphasis.      The  results  suggest   thcit   Firie  mciterial   [silt  and

clag],   0lthcJugh  present     as     a     minor     cc]nstituent     in     the

thick,   sand-dominated  stratigraphic  units   in  the  c=ut     bcinks

cilc]rig   reac=h   2,    is   largelg   cc]nc=entrated   in     thin,      silt-clc}g

dc)minclted   strc]tigraphic=  units.

Distributic]n  of  Silt-[lag   in  Bank

F3esearc=hers  have  suggested   that     the     distribution     c]f

Silt  and  clog   in  the  bank   is  as  impc]rtant  to  bank  stabilitg

as  the   bulk   c|uc}ntitg   of   silt   cincl  clog   in     the     bank     [e.g.,

Brice,1S66].      Ft.ieclkEm   C18L±5]   suggested   that   sinuositg      is

affected  bg   the  distributic]n  c)f  cement  material   [silt-c:lclg]

in   the   bc}nks.      His   results     shc}uEd     thcit     When     cement     Was

cc]ncentrated     in    discrete     legers       rather       than       evenlg

distributecl     throughc}ut     the     bank,      ci     sinuositg     c]f     1.17

resulted.      When   silt   and   c=lQg   Were     distributed     evenlg,      CI

Sinua§itg   of   1.L±O   resulted.      Simc)ns   End   Li    [18BL!:    BL±]    nc]tecl

thc}t   in  clreas  of  severe  erosic3n   "the     bank     uias     stratified

With  a  fine  siltg   lager,   presumat]lg   deposited  during     flc]ad

eveTlts,    c]verlging   a   lc}ger   c}f   nc]n-cc]hesive   sQncl."      Theg      did
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nat,   hoiLJEver,   elabc]rate  as  ta  the  vertical   positic]n  c]f  this
"siltg   lpger"   in  the  bank.   The  difficultg   in  rejecting     the

null  hgpt]theses  for  the  nc]n-ueightecl  I-tests  suggests    that

silt  cind  clc}g   are  present   in  both     reac=hes     in     substcintial

quantities,     but    are    generallg      concentrated      in      thin
stratigraphic  units  in  reach  a  and  not    evenlg    distributed

Within  the   bcink.

The  distril]utian  c]f  silt    and    clog     in    the    banl<     is

dependent  c]n  the     depositic]nal     envirc}nment     in     Which     the

sediments  that  comprise  the  cut     bank     Were    deposited.       fi

point-bar  complex,   far  instance,   Will   be     manifested     bg     a

different    stratigraphic    sequEncE    than    one       ft]rmed       bg

c)verbank  depositic]n.     Sediments  exposed   in     the     cut     banks

Were  dEposited  bg   pret=ursc]rs     of     the     cc]ntempc]rarg     KaTisas

River  under  a  varietg  of     environmentcil     cc]nditions.        Happ

[1971J   classified  vcilleg  fill  sediments  and  identified  fc)ur

lc]cQtions     c]f     depc]sitic]n     Within     the     valleg     [Table     6].

f`lthough  channel  fill   depc]sits     are     expc]sed     at     lc]catic)ns

Within     the    ciit     bank,     vertical     aTid     lciteral       accretion

deposits  t=omprise  the  bulk  c)f  sediments  expc]sed   in  the     cut

banks  of  the  Kansas  River  Within  the  studg  arecl.

Generalized  prc]files  tgpical  c]f  reach   1     and     reach    2

Sites  cire  shown   in  Figure   18.     The  measured  sectic]n  of     the

Cut     bank     shc)un     frc}m     reacli     2     [site     8]     ut]s       c]btained

immediatelg   upstream   [uest]   frc]m  the     apex     c}f     the     active
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Place   of             Tt]pe  of
a.pogition      depogit

[horacterlstics

C:hannel               TrQnsitorg
chaTinE)i
depc,9lts

lag   depc)§Lts

channel
fillg

I:hannel              Lateral
margin                accretion

depo91t3

Overbank
flood-
plain

uertlcal
accretlc)n
depc)sits

Splau3

Uol leg                  Colluvlum
margin

ma§9
mc)vement
depc]slt5

Primorllg   bed   loacl   tempararllg
ot  regti   part  may   bB  preserved
ln  more  durable  channel   Flll9
or   lateral  accreclc}ng.

Segreoatlons  c)f   larger  ar
hecLvler  portlcles,   more  pergis-
tent  than  trangltc)rg  chcinnel
depogltg.   and   lncludLng   heovg
mln®ral   placera.

Accumulationg   1n  abandoned  or
c)goradlng   channel   segmant3i
t.onglng  frc)in  relatlvelg   cc)arse
bed   load   to   Elne-grolned  oxbc]u
lake  depogltg.

Point  and  marginal   bars  that  mag
b®  preset.ved  bg   channel   shlftlng
and   added   to  t]verbanl<   Flc]oc]plain
bg  vet.tlcal  accretion  deposits
at   top.

Fine-grained  9edlment  depc)91ted
From  guspended   lc)ad  of  ov.rbank
flc}oduater:   1ncludlng  natural
levee   and   back-1cind   [bacl<suampJ
a.pO9i C9 .

Local  accumulations  a.  bed   load
materlalg,   spread  from  channelg
c)nco   adjacent   Floc)clplc)1ns.

Deposits  derived  chief lg   from
unconcentrated   glopB  uagh  c)nd
goll  creep  on  adjac:erit  valley
31de9,

Earthflou,   debris  ovc)lanche,   cind
lc)ndglide   deposits   Eommonlg
lntBrmixed   With   iTiorginal
cc]lluvlumi    mudfloug   uguollg
follow  channels  I)ut  also  spill
overbonk .

-----------------------------------------------------------
Tot]lB   6:      I:lasslficotlon   of   volleu   gedlmentg   [From   Hopp,

1971 ]  .
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mEandEr.      The   cut   banks   alcJng     reach      a     are     dc]minated      t]g

pc)int-bar   depc)sits   fc]rmed   bg   the     cic=crEtic]n     c]f     sc}nd-sized

sediment     as       the       chcinnel        migratecl        laterallg.          The

strcitigraphic=  sequeTice   at   site   5   cc]nsists   c]f     poc)rig-sorted

trc]ugh   crcJss-bEcldEd   scinds   thcit   f irie   upward   ta   siltg   sand   in

the  upper  One  meter  af  the     sectic]n.        Individual     sets     c]f

crass-becls   mag   be   clrciped   bg   thin   lcigers   of     silt     cind     clog

depc)sitEd  under  Waning  flow  conditions.      Tlie     gradatic)n     ta

siltg   sc]ncl   near   the     tc]p     c]F     the     sectic]n     is     tgpicc}l     c)f

f ining-upward     sequences     fc]und       in       point-bar       deposits

CJacksan,1976].

f]  generalized  prc]file  frc]m  reach   1   is     alsc]     presented

in   Figiire   18.      The     meosiired     sec:tiBn     is     laccited     in     the

Neuman  terrclce   fill   expt]sure  apprc]ximcitElg   loco     feet     [305

m]   ecist   of   Wamega.      The   lc]uer     c)ne     meter     c]f     the     section

con§i§ts   of   interbedded   legers  c]f     silt     and     c=lc]g.        f)have

this  meter  c}f   interbeddecl  secliments   is  approximatelg     seven

metErs  c]f  siltg   verticcil   accretit]n     dEpc]sits.        The     entire

Vertic=al   sec=tian   at   this     lc]cation     does     nc]t     cc]ntain     Qng

Sedimentarg   strLlctures  and  depc]sition  prabablg   oc=curred     in

a   lou-energg   envirc]nment     such     os     a     bcick     sucimp.        These

Vertical   accretion     depc]sits     hc]ve     been     modif led     bg     the

develc]pment   c]f   three   pcilec)sols.      futhough   the   pcilec}9ol§   at`e

CC]Tltinuc]us   thrc]ughc]ut   mc]st   af      the      length     af      the      Neumc}n

terrace  fill  ey`posure,   there   ls  much   lateral  change   in     the
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nature   cJf   the   sediment   that   cc3mprises   the   fill.      f`bc]ijt   2500

feet    [762   m]    West   c}f      lLlc}megcJ      [miduag      thrc]ugh      the      Neumcin

TErrcic=e   expc)sureJ,      point-bcir     depc]sits     c=c]ntaining     cc]arse

scind   cind   grc2vel   are   expc)sed   in   the   lc]uer   pc]rtion   c)f   the   ciit

bank.      fit   the   easterTlmc]st   pc]int     c]f     thE     expc]surE     at     the

Neumcin-Hc)llidag   terrace  contact,      the     entire     exposure     is

cc]mprised   c]f   these   point-bar     depc]sits.        f]     mc}re     detciiled

descriptic]n   c]f   thE   Neuman   and   Hc]1lidag   tErrQce     f ill     alc]ng

this  expc]sure   is  provided   later  in  this  sectic]n.

Two  distinct  f luvial   depc]sits  dominate     the     c:ut     bcink

expc]sures   Within   the  studg   area:        c]verbank     and     pc]int-bar

depc]sits.      This  dic=hotamg   is   illustratecl   in  figure   18   as     c}

plc]t     c)f     values     of     sc}rting     agc}inst     mean.        The     values

segregate   fairlg   Well     With     recich     1      [c]verborik     deFc3sits]

generallg  c]ccupging  the  area  to  the  right  of  the     line     and

recic:h   a   Cpc)int-bar   depc]sits]   occupgirig   the  Qreo   left   c]f   the

line.      The   Overlap   shc]un   in   figure   lE}   is   mc]st   likelg   due   ta

the     cc]ntinuum     existing     between     pc]int-l]ar     Qrid     vertic=c].i

Clccretion  deposits.     f}lc]ng  reach  a,   the  pc]int-bar     deposits

ex|]osecl   in   the  banks  mag   cc]ntain   f ining-upward   sequences   in

Which   the   upper   pc]rtic]n   c)f   the   bc}nk   is     cc]nsiderablg     f iner

thcin   the   lower     portic]Ti.        Scimples     tciken     fran     the     upper

PC)rtic]n   c]f   the   bcinks     c)r     frc]m     the     thin     c=lcig-rich     uTlits

expc)sad   in  the  banks  plot  ta     the     right     c]f     the     line     ir`

figure   18   cind   ac=c=c]unt   fc]r   much   c]f   the   c)verlap.         Fls      stated
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befc]re,      coarse     Sands     and     grovels     are     exposed     in     the

gDsternmc]st   pc)rtiQn   c]f   the   Neuman   tErrcice   f ill   Qlc]rig      rec}ch

1   and     are     genercillg      indiccitive     c)f     pc]int-bar     depc]sits.

These  sand-sized  sediments  plc]t   tc]  the   left  of  the   line     in

Figijre   ls  and  arE  designated  t]g   the   letter   "D"   adjacent     tc]

the  plotted  point.

f}lthc]ugh  pc)int-bar   st]nds   are   tgpic=allg     poc]rlg     sc]rted

[F.riedman,1E]61],   theg   are   represented   bg   thc]se     pc]ints     in

f igijre   lE}  Which  are  cc]orser  and  better  sc]rted  than  overbank

dgposit§.      This  difference   in  sc}rting   between  c)verbQnk     and

pc]int-bar   depc]sits   ccin   be   explciined   bg   exQmiriatit]n  c]f     fc]ur

cumulc}tivE   Frequencg   curves   [Figs.   EO     and     E1];      tua     frc]m

recich   2   and   tuc]      from     reac=h      1.         f]lthc]ugh     pc)c]rlg      sc]rted

according   tc]   F.c]lk's   [1E]80]   mecisure   c]f   sorting,    the   bull<      c)F

the  samples   in   i igure  EO  Ore  sand-Sized   [betueen   1¢  and   L±¢J

and  753:  c]f   the  particle-size  distrit]utic]n  occ:urs     Within     a

2¢   interval.      C]n   the   c]ther   hand,    recich     1     sediments      CF.ig.

E1),    inc}icative   of   c]verbcink   depositic]n,      are     predc)minaTitlg

Silt  cind  t=lag   and  75Z     t]f     the     pc}rtic=le-size     distributic]n

C]c:c=urs   uithin   a   3.6¢   interval      and      c=c]nsequentlg      c}re      mcJre

pc]c)rig   sc]rted.

f]s  statec]  before,   the  silt-clog     clistributic)n     c]f     the

Cut     bariks     along     reach     a       is       cc]ncentrated       in       thin

§trQtigrQphic   units.      f}pproximatelg   82.<     c)f     the     cut     bciTlk

Perimeter  of  reach  a  cc]nsists  of   pc]int-bcir  depc]sits.        Silt
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Figure  20o     Particle  size  distribution  diagram  for

two  reach  2  point-bar   samples.
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Figure  21.     Particle  size  distribution  diagram  for
two  reach  1   samples  of  overbank  deposition.
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and   clDg   are   Fc)und   ulthin   these   c]epcJslts   but   cJnlg   Bs     minc]r

cc]nstituents.        The     overage     silt-c=lag     perc:ent        in       the

pc]int-bar   scincls   is   E1.3-<   and   the   average     c=lag      perc:ent      is

3.3E:€.      If   the   sand   ucis   absc]lutelg   devoid   c]f   silt   and   clog,

than   braidinB   uc]uld   I:E]rtaiTllg   rE]sult   duE]      ta      bank      E3rc]=ic]n

cind   c=hQnnel    uidenirlg    Cschumm   c}nd   Kharl,1E]72].

f]   rElatian§hip  mag   exist   between     meander     grc]uth     and

the   c}mc]unt   af   silt   and   c=lc]g   in   the     cut     bank.        Where     the

bulk   c)f   the   c=ut   bank   sediment      is     cc]mprised     c]f     pc]int-t]ar

depc}sits,   relcitivelg   small   amounts  af  silt  t]nd  clog   must  be

present  Within   thESE  c]eposits     to     prc]vidE     necesscirg     bank

stQbilitg   fc}r   mec]ndering   tc]   c}ccur.      This   mecinder   grc}uth   mag

be  rapid  since  the  pc]int-bcir  depc]sits  dc]     not     provide     the

rEsistc]nce   nEc=e§=arg   tc]  prevent   I)cink     erosic]n     and     channel

migratic]n.      Dc]unstrEam   along   reac=h   1,      the     fine,      cc]hesive

natLire     c]f     the     sediments,      as     uEll     as       the        inc=ipient

induratic]n  c]f  the  sediment     cc]mprising     the     terrace     fills

c]ffers  cc)nsiderable  resistanc=e  to  channel   migrcltic]n.

The   stratigrc}phg   expc]sed   in   the   cut   banl<s   cilong     rEcic=h

2   becomes   mc]re   c=amplic:cited     in     the     dc]unstream     direction.

West   of   the   apex   c]f   the   ac=tive   mecinder,   the   pc]int-bc]r   sands

generallg   c=aTitain   fining-upuc]rd   sequences     CFig.      22,      site

lJ.      f}s   the   cipex  c]f   the  meander   is   apprc]ached   ta     the     east

Of   Site   1,   the   fining-upuc}rd  sequeTice   is   less   EvidEnt   cind  a

Silt-ric=h   strcitigrciphic=   unit   appears     in     the     secticin     c]rlE
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Flour® 22:   Varlatlon ln Graln.slzo parameters with depth
forsltes 1  and8.     Notothoflnlng ofthosodlment
upward ln the bank at slte 1.
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meter   belc)u   the   tc3c}   CFig.    ==.    site   E5J.

Oc]ujTistream   c]f   the   mearider's   ciqey`,    the     cut     bcinks     are

strc}tifled  ulth   c}s   mang   Qs   three   distiTic=t  silt-clog   lagers.

sites   13   and   lL±   CFig.   E3]   ct]ntciin   tuQ      intervc}ls      in     Which

the  mean  grain  size   is  finer  thcin     ¢q     [silt].        The     lc]uer.

silt-clog   interval   Cmean-¢5.75]   at  site  lt  is  a   1.I  in  thick

channel   fill   deposit.     I?bc)ve   this   depc3sit   is  one     meter     c]f

sand     averlc]in     bg     an     upper     =ilt     lciger     .a5     metErs     in

thickness   [mean-¢5.5].     This  upper   lager     c)F     silt     is     not

laterallg   c=c)ntinLIOLls   and     LLias     prc3bciblg      deposited     on      lc]u

partic}Tis   c}f   the   relict   pc]int   bar   as   disc=hcirge   Waned.        This

upper  fine   lager   is  overlain  bg   .75  in  af     siltg     sQTid     that

clc]es   nc]t   c=c]ntain  seclimentarg   structures.

Flt  mang   lc]cations  downstream     frc]m     the     apex     of     the

ac:tive  meander.   a     tliird     silt     lciger     is     present     cincl     i§

pedc}gEnic   in  Tit]ture.     This  silt   lager   is  thin     I.3     m]     and

slightlg   undulating   [Fig.   El±].     The  dark   lager   in  figure  2tl

Cart.c)u]   is  cictuallg  ci     buriecl     soil     as     evidencecl     bg     its

gradatic]nal   lc]uer  c=antact  With  the     underlging     sclnd.        The

Sc]il     is     preserved     c}nlg     in     law     arecis     c)f     the       fc]rmer

f lc]odplain  surface  Where  it  has  been  since  buried  bg     siltg

f loc]d  material .

f}pprc]ximatelg   L±500   feet   (i371   m]   clc)unstream     from     the

apex  c]F  the  active     meander,     a     prc]minent     sccirp     appears,

trending     neorlg     east-West     on     the     f looclplciin       cind       is

gE)



Flguro 23: Varlatlon ln  oraln-slze parameters wlth depth for

altos 13 and 14.  The varlablllty ln qraln-size parameters

ls duo to the pros®nco of dlscrete flno sodlment Intervals

wlthln the bank.
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Point bar deposition since

1951

Figure 25:  Point-bar deposition along reach 2 since 1919.
Source:  1937.1951,1978 aerial  photographs
and Dort (1980).



trunc=c]ted   bg   the   c=c]ntempc]rc}rg   c:hciTlnel   c]f   the      Kansas      River

CF.ig.    25].    The   sc=arp   delineates   the   nc]rth   bank   c]F   the      lE3io

chcinnEl   c]f   the   Kansas   River.      Since   18to,    the     chc}nnel      hc2s

migrcitecl   saiJth   tcJ   its   preseTit     pc}sition.         fas     the     c=hannel

migrated   sc]uth,   pc]int-bcir     depc]sitian     acc=urred     alc]ng     the

nc}rthern  side  c]f   the  channel     and     is     presentlg     occurring

adjacent   ta   the   cc)ntempc]rQt-g   stream.      The   c]lder     pc]int     bar

dEpclsits  sc)uth  c]f   the  scarp  cc]ntain     vErg     little     silt     c]r.

clog   [Fig.   E6]   and  cin   immature  surface  sc]il   attests  tc)     the

gc]uthfulness   c]f   the   sediment.      Near   thE  bottc]m  c)f     the     cut

l]ank,   gravel   depc]sits  are  present  fc]r  a  lateral  distance  c]f

ZOO   FBgt   [61   mJ   alc]ng   the   cut   bc]nl<.      fi   detailed   descriptic}n

c]f  these  grovels  is  presented  later  in  this  chapter.

The  distribution  c]f  silt  ancl  clog   in   the     bank     hc}s     a

prc]nc]unced  eff Eat     on     the     tgpe     c3f     erc]sian     thcit     c]ccurs

CTiirnbQll   et   c]l.,196E].      ILlhere   substc}ntial   c}mc]unts   cJf   silt

Clnd  clog   exist   in  the  topstratum  c]verlging     permeable     scind

CFig,   E7J,    thE   cc]llcipse   c}f   this   finE!      material      mag      c]ccur.

fi§  the  river  rises  due  ta  run-off ,     ar    cis     in    this    case,

reservc]ir   draw  dc]un,   the   permeable   scirids     becc]me     saturated

Clnd  remain   sc}  until   the  uatEr   level   drops.        This     drc]p     in

uclter   level   usuallg   occ=urs   in     mid-summer.        The     saturclted

SC]nds   drain   c|uic=klg,    resultirig   in   the   cc]llc}pse   c]F   c3verlgirlg

finer   sediments   [Fig.   EB].      The   Exc}mples   prc]vicled   in   figure

E3   [sites   13   cind   11±]   cire   frc}m   cin   cireQ   Where   the   callc}pse   af
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Figure  26.     Trough   cross-bedded  Sand  in  the  cut  baLnk

at  the   downstrean  Portion  of  reach  2.     The

iurra+,ure  Surface  Soil  attests  to  the  youth-

fulnesg  of  this  deposit.
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Figure  27.     Silt-clay-rich  topstratum  overlying  perrne.

able   sand  at   site  13  along  reach  2.

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

ments  overlying  coar.se  point-bar  deposits

near  site  13  along  reach  2.
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fine   sediment   hcis   cJccurred.       In   this   example,    an     unusuc]11g

thic=k   lager   [for   reac=h   2J   c]F   clc}g   uJc]s   underlciin   bg   fine      tcJ

medium   sQrld.      The   c:allcipse  of   the   silt-clog-rich   tc]pstratum

resulted   in   the     fc]rmatic]n     c]f     c]     gullg     adjac=eTit     ta     the

c=hanTlel   acc=entuciting   the   Erasic]n   c]f   c=rc]plcind   bordering      the

Kansas   River.

13Qnk   slumping,    the   movemerit   c]f   cohesive   blc]cks   c)F   bc}nk

material   dc]un   the  cut   bank   slope,      c]c=c=urs     Where     silt-clog

percentclges   are   high   Emc]ugh   tc]   pramc]te     c=ahesiveTiess.         The

vertical   extent   c]f   the   slump  clepends   upc)n   the   thic:kness     c]f

the     silt-clog-rich     tc]pstratum.        falc]ng       reach       2,        the

top-strc}tum   is     usucillg     thin     cind     resulting     slumps     uiere

derived  anlg   frc]m  the  extreme  upper  portion     of     the     bank.

Bgc:c]use   c]F   their   small   size,   theg   prc]gressed   clown     the     c=ut

bcink   slope  bg   rotatic]n  and   invariablg   ujere  destraged   in  the

prc]cess   [F.ig.   E9].         F`lc]ng     reach      1,      slump     blc]cks     c]ften

I:cJnsist  of   the  entire  bcink  and  remciin  a  cc)hesive  unit  after

slumping     c]ccurs.        Where     sand     unc]Erlies        the        slumping

matericil   cilc]ng   reac=h   1,   the   fine     slumped     material     ormc]rs

the   lc]uer  partic)n  c]f   the  banks,   making  them  mc]re     resistant

to   erc]sion.         This      c]ccurs     Where     Neujmcin     and      Buck      Creek

terrace  fills  abut  ag.ainst  the  chcinnel   and  paint-bar     scinds

Clre   expc)Sea   in     the      lc]uer     portion     of     the     bcink.         IiJherE

Silt-clog-rich  tc]pstratum     is     negligible,     sand     pc}rticles

clccumulate   Qt   the   angle   c]f   repc)se     c]n     the     bcinks     arld     cire
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Figure  29.     Rotational  slumping  of  the  fine  top-stratum

near   site  16  within  the  downstream  portion  of

reach   2.
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ecisilg   entrained   during   high   disc:harge   peric]ds.

In   summarg,    sEdiments     cc]mprising     the     cut     banks     c]f

reac:h   1   c]re   bc]th   mc]re   cc]hesive   and   f iner   than   the   sediments

expc)sed   in   the   cut   batiks   cilong   reach   a.        Pc)iTlt-bcir     sc]nds,

Which   ccJmprise   the   bulk   af   the     cut     bank     sediments     alc)ng

recich   a,    cc]ntain   enough   silt   and   c=lag   tc]   prc}vidE     the     bank

stabilitg   necessarg   fc]r  meander  grc)uth   t]ut     nc]t     enough     tc]

retard  bc]nk   erc]sion  and  charinel     migration.        rlost     c}f     the

silt   cind   clog     alc]ng     rEcic=h     a     is     fc}und     in     thin     legers

strcitified  Within  the  bank.        Where     these     lQgers     c]verlie

sandg   matericil,    bank   erc)sic}n     mcig     be     ciccentuated     bg     the

cc]llQpse  c)f  the  overlging  f ine  catiesive   lager  resulting     in

the  fc]rmcitic]n  of     gullies     trending     perpendicular     tc]     the

bank .

f`long     recich     1,      the     cut     banks     are     c=omprised        c]f

sediments   c)f   the   Buck   [reek,   Neuman     and     Hc]llidag     terrQc=e

fills.     f]s  mentic]ned  befc]re,   these  sediments  are  unlike  the

moc]ern   sediments   that   c=amprise   the   c=ut   banks   alc]ng   reach   a.

f]  mc]re  detailed  description  c]f  these  terrace  fill     deposits

i§  present'ecl   in   the  fc]llouing   tiLjc]   pc}rts  c]f   this  section.
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finalgsis  of   Terrac=e  Sediment

I]uffarc]     [1§58]     cc]ntended     that     sec]iments     in     c]lder

vQllgg   fills   in.the   lc]uer  Kansas  River     valleg     Were     finer

cind  mc]re   cc]hesive   than  modern  sediments  and  therefc)re     Were

better  able  to  resist  erc)sic]n.     To  test  this  cantentic]n,     a

I-test  uc]s  cc]ncluc=tecl  tc]  determine  if  grain-size    parameters

differed  signif icantlg  between  terrace  f ill    sediments    and

mc]dern  sediments.     Results  c]f  the  I-test   [Table  7]   indicate

that    terrace    f ill    sediments      have      clearlg      different

grain-size    characteristics    than    cloes    modern      alluvium.
rlc]dern  sediment  Within     the     studg     area     tends     to     pc}c)rig

sorted,     fine-skewed    fine    Sand      uhergas      terrace      fill

sediment,   in     general,     is    verg     poc]rlg     sc]rted,     strc]nglg

fine-skewed  silt.

llorial]1e    Group  6raup  llean    rlean    i-toll            Reject       Tegt
nan.               1             2            1          2     prabobilLtg       Ho                 a

sort            Neuman   mod.rn  a.Bl   1.5E)        a.00                    .
11O||idav

5keu             Neunon  modern   .L±56   .eE7       a.00                    .
t'O|1idou

mean            Neunan  modern  S.15  3.t+6        a.00                    -

Sort            Buck       mod.rn  2.tl   1.S9       a.00                  .
Cr®Bk

skew            Buck       mod.rn   .179   .267       a.00                   .                   a
Creek

mean             Biicl<        mod.rn  L±.60   3.16        a.00                     .
Creel<

Table  7:     R.sultg  oF  I-test  far  differ.nc.a  ln  qraLn-size
param.t.rg  t].tu.en  mod-rn  cind  t.rroc.  i LIL  d.po!-
1C9,

•    gignlflcant  [r.ject  null  hupoth.sls]
-    not  91onlf leant  (accept  null  hvpoth.gL.]
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Having  established  thcit  a    difference    exists    betujeen

terrace     f ill     sediments     and     mc]dern     sediments,     a       more

detailed  discussic]n  of    the    nature    c]f    the    terrcice    f ill

sedimBTlts   is     necessorg.        Three     30-foot     [8.1L±     m]     cc]res

drilled  bg  the  lJnited  States  f`rmg     [c]rps    c)f     Engineers    as

part     c)f     a     lgE}O       bank       stabilizatic]n       9tudg       pr-ovided

information  as  tc]  the  nature  and  stratigraphg  of    the    Buck

Creek  and  Neuman  terrace  fills,   tliege  cc)res    are    augmertted

bg  three  valleg  cross-sections  coTistructed  using  Water-uiell

logs  prc}vided  bg  the  Kansas  Gec}lc]git=al   Surveg,   the     Strader

I]rilling  [c]mpang     and     the     United     States     f}rmg     C:orps     of

Eng iTieers .

Befc)re  entering  a  discugsic)n  of  the  cores    and    volleg

cross-sectic]ns,     it    is    necessarg    tc]    first    discuss    the

relatic}nship    between    the    variclus    terrace    fills.         The

literature   [e.g.,   Beck,1959;   Fader.,      197L±]     describes     the

Neuman  and  Biick  Creek    terrcLces    as    cut-oTid-fill     terraces

Where  the  Neuman  terrace     is     inset     intc]     the    Bucl<     [reel<

terrace  and  the    Buck    C:reek    terrace    is     inset    iTltc}    the

rlenokan  terrace.     No  evidence  tc)  support    or    refute    these

contentiong  ujas  fc)utid  Within  the  studg.     Far     this    reagon.

vcilleg  cross-sections  Were  drawn  ln  accordance    With    those

Presented  bg  Beck  and  Fader    treating    the    material    below
each  §ucce§§ive  terrace  surface  as  separate  fills,   although

this  c}ctuallg  mag  not  be  the  case.     Evidence  does    suggest,
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c]n  tlie  c)ther  hand,   that  the  Hc]1lidag  terrace     is     indeed     a

cut-and-fill     terrace.        East       cif       Uamegc],        Within       the

Neumon-Hc)llidclg   terrace  expc}§ure,   the  cc)ntoct     between     the

contrasting  alluvium  of  the     Neuiman     and     Hc]llidag     terrace

fills  con  be  traced  verticallg  thrc}ugh  the    exposure.       The

presence    of    this    cc)ntact    indicates    that    the    Hc}llidag
terrace  fill  and    the    Neuman    terrace    fill    are    separate

fills.
Fc}ur  cc]rBs,   two  from  the  Neuman  terrace,   c]ne  frc]m     the

Buck  Creek  terrace,   and  t]ne  frc)in  the     modern     alluvium     are

presented  in  figure  30.     f`s  revealed,   the  thickness  c]f    the
silt-clau  tc]pstratum  is  different  fc]r  each  core.       In    ct]re

f`D-2L±   [moderTi]   onlg   the  top   1.5   feet   [.L±5   m]   are     comprised

c}f  silt  aTid  clog.      The  remaining  27.5  feet   C8.3B  m]   of     the

core  cc]Tisigt  af  sand  uliich  contains  interbedded  clap   in  the

upper  7  feet   [E.13  mJ   and  gravel   in  the   lower  9  feet     [E.75

m].     The  two  Neumt]n  terrace  cores  shown  in     figure    30     are

Separate)d  bg   E500     feet     C7EE     m].        The     Westernmost     cc)re

[f`D-30]   cc)ntains  a  gilt-clog  topstratum  25     feet     [7.6E!     m]

thick  iL[hereas  sand  is  confined  tc)  the  lc)uar     5     Feet     [1.52

m].     To  the  east,   core  flo-31   hog  onlg   E).5   feet   [2.59  m]     C)i.

Silt  cLnd  clap   cLt  the  top  of  the  cc)re.     The  remoiTlder  of  the

Core  consists  c]f  Sand  and  interbedded  sand  and    Silt.       The

rcldlcQl  difference    in    the    thickness    of    the    topstratum

Within  flo-30  and  f`D-31   over  a  distance  of  2500  feet   C762  m]
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indicates  that  a  substc}ntial  amount    c]f     lateral     variatic}n

c]ccurs  in  the  sediments  c}f  the  Neuman  terrace     fill.        Ihig

lateral   variatic)n   is  algc}  c]t]servable   in  the  Neuman-Hc]llidcig

terrace  exposure  east  c)f     Uamego.        The     sediments     expc]sed

cLlong  tlia  ciJt  bank  here  ore  discussed  in  detail   in  the  next

part  af  this  section.
Evidence    prc)vided    bg    these      cores      gupports      the

c=c)nclusic)ns  gained  from  the  two  measured  sections  pt-esented

earlier  in  figure  18;   the  Neuman  terrace    fill    contains    a

greater    prc]pc}rtic]n       of       ovBt-barik       [vertical       accretion

depositsJ   than  does  mc)dern  alluvium  Which  ig    predominantlg

point-bar  [lateral  accretion]  cleF)oslts.
The  cc]re    fran    the    Buck    Creek    terrace     [f`I]-26]     is

similar  to  f}0-30  from  the  NBuman  terrace  and  contalng    verg

little  sand.     The  uF)per    25    feet     [7.62    mJ     of    the    core

cc)nsist  of  silt  and  clap  and  the  uppet-most  5  feet  [1.52    m]

are  compr.ised  particularlg    of    claw.       f`t    mogt    locations

Where  the  Buck  Creek  terrcLce  fill  cc]me§  in  cc]ntact  ulth  the

Kansas  River,   fine  silt  and  clog  are  exposed  at    the    river

level.     Near     mile     13E,     however,      iilhere     the     Buck     t=reek

terrace  also  comeg  into    contact    With    the    Kansas    River,

tt-c)ugh  cross-bedded  sand  1g  exposed  in  the  lc]uer  c)ne     meter

of  the  fill.     at  this  lc]cation,   the  Sloughing  af    claw-rich

material     from     the     tc)pstratum    mag       prc)vide       an       armor

Prc]tecting  these  basal  sands  from  erc]9ion.     This    lacaticm,

112



apprc)ximatelg   1500   feet   [L±57   m]   sc]utheast   of   mile     13E,      is

immedicltelg     c}cross     tlle     channel     fran       grt]vel       depc]sits

identified   bg   Simc]ns   and   Li   C13Bt±].      Theg     pc]stulated     thclt

these  gravel   dEpc]sits  have     prc]vicled     a     "pivot     point"     c]f

c=harinel     stabilitg        uhic=h       the       channel        has       c}ccupied

continuouslg  since   18E]5.     The  effect  of  these     grt]vels     and

the  Buck  Creek  terrat=e  f ill  c]n  channel     migration    at     this

lc]catic]n   is  discussed   in  the  fc]llc)Wing  subchapter.

Examination  of  valleg     crass-sectic]ns     CF.ig.     31     Fl-I]]

revealed  that  the  c=ores  shc]un  in  f igure     30    are    generallg

representative  c)f  their  respective  fills.       There    is    some

discrepaTlcg  between  the  terminc)lc)gigs  iised  for  sediment     in

f igure  30  and  31   because     c)f     the     different     sc)urc=es     frc]m

Which  the  data  Were  c)btQinecl.     The     valleg     cross-sections,

cc)nstructed  Frc]m  drillers'   logs,   dc}  not  cc}ntain  the     detail

that  the     lJnitEd     Stt]tes     f`rmg     [c}rps     af     Engineers'     cc}re

descriptic]ns  prc]vided.      In  additic]n,   clrillers'      1c}gs     c}ften

referred  to  the  entire  Silt    and    clap    top§tratum    c)f    the

terrace  f ills  solelg  as  clog  Whereas  the  Corps  of  Engineers

differentiated  between  silt  and  clt]g   in  the  dest=riptions  c}f

the  ccirBs  theg   provided.

The    Buck    Creek    terrt]ce     is    preseTit     in    all     three

Cross-sectic)ns  and  contc}ins  25  tc]   35  feet   [7.6E  in  tc]     10.67

m]   of  clog   in  the  upper  portic}n  c]F  the     fill.        The     Neuman

terrcic=e  fill,   onlg  present   in  crc]ss-sectic]n  A-f}',      c:c]ntains
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a  thick   Clclg-rich  tc]pstratum  sc]uth     c]f     the     Kansas     River.

Nc]rth  af   the   Kcinsas   River,   the     tt]pstratum     c]f     the     Neumcin

terrac:e   fill   cc)nsists  af  a  30-fc]c]t   [S.1q  m]   lciger     c]F     silt

and  clog   adjaEE=nt  ta  the  c=liannel   but     grades     tc]     silt     and

becomes  thinner  tc}  the     nc]rth.        Near     the     margin     c]f     the

valleg,   the  silt-rich  tc)pstrt]tijm  is  onlg  I  feet   [1.EE  m]   in

thickness .

The  moc]ern  secliments  are  c:omprised  c=hief lg   c]f  sand  but

at  the  margins   c]f   the   flc]c}dplain,   thic=k  Wedges  c]f  silt     and

clap   hove  act=umulated   in  back  sut]mp     areas.        These     Wedges

are  distal   tc]  thE  cc]ntempc]rarg  channel   and     separated     frc]m

it  bg  pc]int-bar  depc}sits  suggestiTig     that     theg     formed     as

c]verbank   depc]sits   as   the   channel   migratecl     auiQg.        Eac=h     c]f

these  Wedges  are  underlairi  bg  extensive  sand  depc]sits.

f}  cc}ntempc]rcirg   meander  belt  exists  between     the     thick

Wedge  of  clc}g  at  the  valleg  margins  c}nd     the     terrace     fill

depc]sits.     Between     these     tuc}    entities,     the    channel     i§

Seeminglg   free  tc]  meander  sinc=e     the     resistance     frc]m     the

nan-cc]hEsive   sand   is  minimcil.      Tc]   prcive   this     theorg     uc]uld

reqliire  a'sub=tontial   amc]unt  c)f  EvidenEe     this     pciper     dc]es

rlot  present.     Yet  it  seems  a    viat]le  thearg   in  light  c]f  the

C=ot]rser  nciture  c]f  the     sediments     alc]ng     reach     2     and     the

resulting    active    channel       compared       tc]       the       relative

inactivitg   c)f  the  chanTiel   in  reach   1   Where     the     cut     t]anks

are  dc]minated  bg   silt  and  clog.
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In  summarg,   Sediment  chciracteristics     c}f     the     Neuman,

Buck  I:reek  and  Hollidag  terrace  f ills  differ    signif icantlg

frc]m  those  c]f  modern  sediment.     The  fine  nature  c]f  the  Buck

[raek  and  Neuman  terrace  f ills  are  revealed  in    figures    30

and  31.     f}lthough  the  Buck  C:reek  and  NBuman     terrace     fills

are  verg  similar,   there  seems  tc]  be  more  laterf]l    vc]riation

in  the  Neuman  terrace  f ill  but  this  mag  onlg  be    due    to    a

shortage  c}f  informatic]n  owing  ta  poor  preservation    of    the

Buck  [rBBk  terrace.     Nonetheless,   Where  the    channel     abuts

against  these  terrace    fillg    Within    the    studg    area,     it

genBrallg  encc}unters  fine-grained,   collesive    sediment     mc]re

resistant    tt]    erosion    than    the    coarse    sedlments      that

comprise  tlie  modern  alluvium.

The  Hollidag    terrace    comes     into    ct]ntact    With    the

KanscLs  River  fl]r  a  clistance  of  c]nlg   700  feet   CE13  mJ     at     a

lc)cation  2E00  feet   [792  m]   doLLinstream  c}`f   uamegc).      No     cores

c)f  the  Hc]llldag  terrace  Were  drilled  bg  the    lJnitecl    States

armg  [orps  af  Engineers  nor  could  Water-Well  data  be    found

c]f  Wells  Within  the  terrace  Fill.     The  expc]§ure    along     the

Kansas  River  is  discussed  along    With    the    Neuman    terrace

exposure  in  the  next  part  c}f  this  section.

Stratigraphg   c]f  the  Neuiman-110llidag  Expc]sure

f`n  excellent  E}xposure  of  the     Neuman-Hc]llidag     terrace
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f ill  along  reach  1  allc]us  fc]r  a  mc]re  detailed     analgsis     of

how  the  f luvial  histt]rg  af  ttie  KOTlsas     River     has     affected

channel   Stabilitg.     This  expclsure     is     lc]catBd     immBdicitelg

east  I)f  Uamego  and  continiles   .5  miles   [.a     kmJ     downstream.

Within  this  expc]sure,   three  palBosc]ls     are     exposed     Within

thE  Neuman  terrace  I ill  and  tuc]  Within  the  Hc]llidag  terrace

fill.   The  NBuman  terrcLce  is  easilg   identified    Within     this

area  bg   its  pc]sitic)n  above  the  flBadplain,   t]g  the     lacl<    of

paleochannel  features  on  its  surface,   and  bg    the    presence
of  the  rluir  sc]il.   Furthermc]re,   Beck   [195E}]   and  Fader   [197t±]

have  mopped  this  surface  os  the  Neuman  terrcLce.

Three  stratigraphiccillg  discernible  units  are    present

Within  the  Neuman  terrace  fill    at    this    exposure.       These

units  along  ulth  the  Hollidag    terrace    fill    exposure    are

§hc]un  in     Plate     3.       Plate     3     i§     cL     generalized     profile

coT1§tructed       from       four       mecisured       sectic)ns       of         the

Neuman-Hollidag  terrace  exposure.     The  upper    unit     in     the

Neuman  terrace  fill,   herein  designated    Tn-1,     consigts    c}f

buff-cc]larad  silt    and    cc]ntains    na    apparent    sgdimentarg

Structureg:     The  thickness  of  Tn-1     decrecLge§    congideroblg

frc]m  7.E5  meters  at  the  easternmc}st  paint  c]f    the    exposure

tc}     less    than     1     meter    at    tlie     Neuman-Hc}llidag     terrace

cc]ntact.     Belc}u  ln-1   is  a  stratlgraphic  unit    cc}mprised    of

t]lternating  Silt  and  clad   CTn-2].     The  9edimeTlt     cc)mprising

Tn-a  becomes    progressivelg     cc]arsBr    downstream    until     it
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gventucillg     pinches     out     near     site       158.          The       lc]uBst

stratigraphic     unit     [Tn-3]     consists     c]f     c=oarse,        trc)ugh

c=rc]ss-bet]ded  sand  and  gravel.     This  unit   is  exposed  onlg   in

ttie   lc]uBr   .5  in  c]f  the  Neumcin  terrace  fill   Dt  Site     157     but

bgcc}mBs   increasinglg   higher   in  ttlB  Section  tc}uards  the  ecist

until,   at  the  Neuman-I+c}1lidag  terrace  ct]ntact,   sediments  c]f

Tn-3  comprise  the  entire  Neuman  terrace  fill.

flt    site     157,     the    three    |]alEosols    have    developed

entirelg   in  the  sediment  that     cc}mprises    unit    Tn-1     [Fig.

3EJ.        Tn-1     is     comprised     of       siltg        [mean       -       ¢L±.t],

buff-cc]lored  sediments  Which  are  loess-like  in    appearance.

These  sediments  are  remarl<cit]lu  similar  tc]     descriptions     c}f

other  mid-Hc]1c}cene  deposits  c]f  the  central     United     States.

f]mt]ng  these  are  the     [anQn     Bend     Formation     [Bracl<enridge.

18EltJ,   the  earlg   Holocene  alluvium  c]f     soutliuest     ui§cc}nsin

[Knox  et  al.,1981],   and  the  [ahc}kia  alluvium     in     lllinc]is

[BarriEls,      197EJ.        Butzer       [1977]        interpreted       similar

deposits  dated  from  5000  to  10,000  gears  E.P.   at  the     Kozer

Site   Illinc]is     tc}     bB     "reuorl<ed     Ec]lian     sediment,      mainlg

loess."     Erackenridge   [1981±]   suggested  a  late  Uisct]nsin     tc]

eclrlg   Holc]cene   loess  c]rigin  fc]r  similcir  c]Bposits  along     the

PammE   dE   TerrB  River   in  tlissc]uri.

The  basal   polec]sc]l   in  f igure  33  has  been  lt[  dated     at

7250±110  gears  E.P.     This  paleosol     continues     the     entire

length  of  the  Neumc]n  terrac=e  fill   expc]sed   in  the     cut     bank
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Figure   32.      Three  paleosols   (labelled  li   2.   and   3)   withha

the   Newman  terrace  alluvium  immediately  east

of   the   town  of   Wamego.      The   basal  paleoso|

(#3)   has  been   ldyc   dated  at   7250   I  110   years

B.P.      Unit  Tn-1   is  the  buff-colored   sedimer,t

containing  the  three  paleosols  and  is  under-

lain  by  the  thin  alternating  silt  and  clay

layers  of  unit  Th-2.
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F`igure  33.    Paleosol  formed  in  sandy  alluvium  near  the

Newman-Holliday  terrace  contact.



east   c]f   Uc]mega.      fas   shown   in   plate   3,    the   bcisal   palec]sc]l   is

a  time-stratigraphic=  marker  that   is  fc)rmEd   in  ecich     c)f     the

units   discussed  cibc)ve.      Near   the  Neuman-Hollidcig   scc}rp,   the

nasal   palt=c]sc]l   is  fc]rmed   in  the  sandg   alluvium  c)f  Tn-3   less

than   1   meter   belc]u   the  siirfacB   of   the   Neuman  ti=rrac=e     [F.ig.

33].     Flt  this   locatic]n   [dc]unstream  c}f  site   158  on  plate     3]

Tn-a  is  t]bsent  and  onlg  one    paleosl]l     is    present     in     the

expc]sure.      The  iippErmc)st   paleosol   fc)rms  cL  couplet  With     the

modern  soil   thrc]ughc]ut  much  clf  the   length  of     the     expc]sure

but  is  not  present  east  c]f  site  158.     The    middle    sc]il     is

present  thrc]ughQut  much  of  the  exposure  t]ut    disappears     os

the   banks   l]ec=c]me   sandier   dc]uTistrEam.

The  secliments  that  cc]mprise     Tn-3     are     indicative     c}f

pc]int-bcir       cleposi tic}Ti       os       evidenc:ed       t]g       the       trt]ugh

crc]ss-bedded  sancl  and  the  gradatic]nal     cc]ntact    With    f iner

sediment  abc)ve.        Near     the     eastE3rn     edge     af     the     Neuman

terrace  fill,   gravel-sized  material  appears    in    the    lc}uer

part  of  this    unit.       This    gravel     becomes    more    abundant
nearer  the  Hc]llidag-Neuman    terrace    contact,     but     is    not

present  in  the    Hollidag    terrace    fill.       ThE    alternating
lc}gers  af  silt  and  clad  that  ccimprise  unit  Tn-2  and  overlie

much  of  unit  Tn-3  Were     prot]ablg     c}eposited     in     lc]u     areas

behind  the  expanding  pc)int  bcLr   [Tn-3J.     These   lat]er§  becc)me

incrEosinglg  sandg  tc}uards    the    Bast    pos3iblg     signifging

depositic]n  mc]re   prc}ximal   tc]  the  source  c]f  Sediment.
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fas   mentic]ned   before,   unit   Tn-1   is   a   thick     depcJsit     c]f

t]uff-cc)larecl  silt     uithc}ut     sedimentarg     strut:tures.       This

silt   u.as   prcJbat]lg   deposited   in   a  quiescent     Envirc)nment     bg

vertical   accretion.     I]epc]sitic]n  ucis  appc}rentlg     interrupted

bg  three  periods  clf  relative     stabilitg     cillouing     fc]r     the

fc}rmatic]n   c}f   three   palec]sols.

Because  these  palEt]sc]ls  are  rather  ujell   developed,   the

time  required   fclr   the  clepc]§itic]n  of     Tn-1     must     have     beeTI

verg   lt]ng.     This   long  peric)d  af  depc)sitic]n  suggests  that     a

large  quantitg   c}f  sediment  of  similar     chc]racteristic=s     Was

available  in  the  Kansas  River  basin  fc]r  the  length  af     time

required  for   clepc]sitian.     Such  clepc]sits  of   lcite  Uiscc]risinan

and  earlg   Halc]t=ene   loess,   such  as     the     Bignell     Formatic]n,

uerB  certainlg     present     in    nc)rtheast     Kansas    during     the

period   in   Which     Tn-1     ujas     depc}sited      CFrge     cind     Lec]nard,

195E].      Similar   clepc]sits     c]f     late     lLliscc]nsincin     ancl     eclrlg

Hc]lc]cene   lc]ess  have  been  repc]rted  as     clc]se     tc)     the     studg

area     as     the     Fc]mme     I]e     Terre     River     basin     in     rlissc]uri

[Brac:kenriclge,1880].

fls  suggested  abc}ve,   the  depc]sitit]n  c)f  Tn-1   required     a

lc]ng  peric)d  of  time  as   indicated  bg   the     thickness     c]f     the

lJnit  and  the  presence     of     three     Well-develc}ped     pQIEc}sols

luithin  the  unit.     The  7E50  gears   B.P.     date     on     the     basal

palec]sol,   as  Well   as  the   length  c]f  time     required     fc]r     the

depc]sitic]n   c]f   Tn-1,    indic=ates   that   it   wc}uld     be     impossible
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fc]r     the     Neumcin     terrcice     and     mljc=h     c]f      its     fill      tc)     be

Uiscc]nsincin   in   age.      f}ccc]uTlting   far   the   time     rEquired     fc]r

the  development   c}f   the  upper   tiijc]     palec]sols     in     Tn-1,      the

upper   pc]rtic]Tl   c]f   the  Neuman   terrace  and  the  surf ac:e   is  mat-a

likelg   tc]   be   mid-Holc]cene   in  age.

Previc)us  uc]rk  c]n  the   lower  Kansc]s     River     has     gielded

similar  results   [Holien,18BE:   88].          Holien     presented     a

strong  case  using  llt=  dt]tes  c}f  the  Neuman  terrace    fill     to

indiccite     that     much     c]f     the     Neuman     terrace     fill.        cind

certainlg  the  surface,   are  earlg  Holacene     tc]    mid-Holc]cene

in  age.

The  llollidcig   terrace,   not  previc]uslg  mcipped  Within  the

studg  area,   is  al§c)  expc]sed    at    this    site.       The    terrace

exposurE  t]egins  at  thB  Neumon  terrace  sccirp     and     cc]ntinues

onlg  a  short  distance  downstream.     The  mc]st  c]bvious  feature

c}f  the  Hallidag  terrace  f ill  is  the  cc]ntrast    in    colt]r    it

presents  uitli  the    Neuman     terrace     fill     [Fig.     3tJ.       The

Hollidag  terrace  has  a  charcicteristic    grog-to-brc)un    colc}r

Which  cc]ntrasts  With  the  t]uff-colored  fill     c}f     the     Neuman

terrace.     The  uTiits  Within  the  HI]llidag     terrace    fill     are

laterallg     cc]ntinuous,     but    change    rapidlg     in      vertical

t=rclss-section.     Figure  35  shows  the    change     in    grain-size

parameters  at  depth  for  site  160.

The    terrcice    f ill     ct]nsists    of    f ine    alluvium       and

contciins   tujo   paleasc}1s   [Fig.   3L±.      arrc]us].        unfortuTlatelg.
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F`igure  34.     The  Holliday-Newman  terrace  contact.     The

contact  occurs  in  the  center  of  the  photo.

The  Newman  terrace  alluvium  is  the  lighter

colored  alluvium  to  the  left  of  the  line  of
trees.     Within  the  Holliday  terrace,   two

paleosols  appear  in  the  lower  portion  of  the
baLnk    (aLrrows).
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Flour. 35:    Changes ln oraln-®lzo parom®t®rg wlth depth for Sl`o leo wlthln HolHday torrac®

alluvlum.
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neither  c)f   these  soils   have  t]een   lL±C  dcited,      but     dates     cm

the  Hollidag   terrace  have     been     c]btained     dc]un§treclm     ft-om

WQmegc}   at   Banner   Springs   CHc]lien,198E].      The   lc]uer   of      the

tujc]     paleosc)ls     fc]und     Within     the     Hc]lliclQg     terrace     fill

gielded  a  date  from  soil   humates.     The  date     of    tE90±  310

gears  B.P.   indicates  that  the  fill   is  micl-to-late    Holac=ene

in  age.      The  palec]sc]l   Founcl  Within  the   stuclg   area  cannot  be

cc]rrelcited  uJith  Hc]lien's  Just  on  the  basis  c]f  position     far.

the  distance  between  the  sites  is  great.     Nonetheless,   this

date  is  What  one  might  expect  fc3r     the     lauer    c}f     the     tuc}

palEBsols   based   c]n   the  age   of   the   adjacent   and  c]lcler  NedymcLn

terrace  fill.

ijulijm   f>ND      suspENDEI]-sEDlmENT      DEPOSITION_ON

Bf)NK   STf]BILITY

Schumm   [1961]   fc)und  thcit  the  sinuc]sitg     c)f     rivers     c}n

the  Great  Plains  ujas  related  to  the  mean  silt-clog    content

c]f  the  perimeter  c]f  the  t=hc]nnel.     He     alsc]     suggested     that

channel  characteristics  are  dependent  c}n  the  propc]rtic]n    of

the   t=c]mpoTient§   of   the   total   sediment     lc)ad.        LLlide.    sht]llc3u

Channels  are  associated  With  §trECLms     carrging     mostlg     bed

load  Whereas  deep,     narrow    channels     result    frc}m     streams

transporting     mostlg     suspended     load.        In     a       sut)SequeTlt

experimental  studg,   Schumm  and  Khan   [1972J   reported  that     a
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meandering  stream  cleveltJpecl  c]nlg   When  a  critical   amc]unt     c]f

kac]1inite  Was  aclded  tc}  the  suspended   load     of     the     stream.

Theg       suggEstecl       that       this       f iner       mater ial         became
"1ncarpc)rated"   intc)  the  bank  increasing  the  cc]hesiveness  of

tliB  sediment  and,   thus.   the  stat]ilitg  c]f     thB    banks.       The

alternate  bars  u.ere    also    stabilized     in    this    Wag    Which

prBVBTitE3d  their  ero3ic)n.     ulien  the  thalueg  Was  siibjected  tc)

§ct]ur,   a  drc]p   in     tlie     Water     level     caused     the     submergE)d

alternate  bars  to  emerge  and  form  pc]iTit  bars  resulting  in  a

sinuc]us  channel.

Within  the  studg  area,   the  lower  portic}ns  of    the    cut

banl<§  Were  c}ften  covered  bg   a  thin   [   <   3  cm]   veneer  c]f  silt

and    clog.       These    silt-clog    veneers    have    two    possible

sc)urces:     depositic]n  c]f  suspended  sediment  fran  the    stream

during     Waning     f lc}u     regimes     follc]uing     periods     c}f     high

discharge  and  the  cLccumulatic)n  of  Sediment  derived  from  the

upper     portic]ns     c]f     the     I:ut     t]ank     thrc]ugh     mags     Wasting

pracBs§es   Ce.g„   slump,     grainfall].        The     c]ccurrence     and

longevitg  c}f  these  silt-clog  verieers  are  dependent    c]n    the

nature  of `the  underl!ing  material,   the  degree  c)f  tlie    slc]pe

c}f  the  bank,   and  the  texture  c}f  the  sediment    derived    from

the  upper  pc}rtion  c]f  the  cut  banl<   [colluvium].

The  accumulation  t]f  moss  uastiTig  prc]ducts  c}n  the   lc]uer

Portic}ns  c}f  the  cut  banl<s  has  resulted     in    breaks     in    the
degree  c}f  slope  c}f  the  cut  bank.     The  pc]rtic]n     c]f     the     cut

130



bcink  below  the  slope  bret]k  ct]nsists     of     cc)lluvium     and     is

less  steep  than   the  bank  fac=B  abc)ve  the  §lc]pe     brec)k     [Fig.

3EJ.     The  pc]rtion  clf   the  cut  bank  t]elc]u  the  slc]pe  break  uias

the  zc]ne  of  suspended-sediment  clepc]sltic]n  during  the  period

of  c]bsErvation  fc]r    this    tliesis.     Even    after    peric]ds    c]f

dischc]rge  great  enc]ugh  fc]r  the  river     level     to    come     intc]

cc]ntact  With  the     bank     fc}ce,      tliere     Was     nc]     evidetic:a     c}f

incorporcition  t]f  sediment  into  the    bank    t]r    adherence    of

susI]ended  sediment  on  the  face.

The  lc}uer  line  in  figure  36  indicates  the  pc]siticln    af

the  river  level  two  dogs  befc}re  the  pliotc]graph    uQs     tal<en.

This  photograph  is  of  the  Neuman  terrace  fill  approximatelg

EO00  feat   [609  m]   eagt  of  uomego.     fl  thin   [5  cm]     silt-clog

veneer  LLias  deposited  c]n  the  surface  below  the  lc]uer   line  as

the   Water   level   drc]ppE}d.   BOO     feet      [2L±`±     m]     upstream,      an

unu§uallg  thick   [=0  cm]   veTiBer  ucis  found  on  the     relativelg

flat  sur.face  in  figure  37.     It  is  important    to    note    that

the  sand  underluing  the  veneer  in    figure    37    is    actuallg

in-place  banl<  material  and  part  c}f     the     paint-bar     cc}mplex

that  cc]mprises  tlie  lc]uer  portion  of  the  Neuman  terrace  fill

in  the  expc]sure.     Fine  §ediments   [mean     -     ¢5.25],     slumped

frc]m  the  upper  pc]rtian  c}f  the  Nguman  terrace  fill     augments

the    formatic]n    c}f    thick    silt-clog    veneers      c]ver      this

PC)int-bar  cc}mplBx  BxcBpt  at  the  extreme  eastern  portion     c)f

the  expc)sure  Where     point-bar     sands     cc}mprise     the     E3ntire
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Figure   36.      Slope  break  on  cut  bank  along  reach   1   (upper

line).     The  upper  line  divides  the  bank  face

(above)   from  colluvial  material  below.     Sus-

pended  sediment  deposit  left  after  high

water  stage  occurs  below  the  lower  line.

Figure  37.     Silt-clay  veneer  formed  on  relatively  flat

sandy  bank  material  near   site   157.     Note  the

abrupt  contact  between  the  veneer  and  the

coarser  bank  material  below.
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bank.      It   is  pc]ssible  thcit  tliis  slumping  c]f  silt     and     clcig

has  armorecl  the  point-bar  sands  making  them  more    resistant

ta  grc]sion.

f]Tiother  pc]ssible  instance  c]f  silt-clog     armoring     alsc}

exists   1000  feet   [30L±  m]   downstream  c]f   river  mile   13E  cilong

the  south  bank  I)f  tlie  river  Where  the     Ehannel     comes     into

contact  With  the     Buck     Creek     and     Neuman     terrclce     fills.

Here,   pc]int-t]ar  saTid  is  exposed  in  the  lower  c)ne    meter     of

the  cut  t]ank  and   is  cc)vered  bg   ci  thick   [30-t±O  cm]   lciger     c)f

clog.     Mucli  t]f  the  slump  material   is  derived  from  the  upper

i.5    meters    c)f    the    Biicl<    Creek     terrace    fill     uhlch     is

E}xtremelg   c=lag-rich   [EE%  clag]   and  prt]ne   tc}  slumping.

f`long  reacli  2,   suspended-sediment  depc]sition     c]ccurred

on  steep,   sandg   c:alluvium  belDu  the  slope  break   [Fig.     3El].

The  sediment  belc]u  the  slc]pe  break   is  mc]stlg  unconsc]liclt]ted

sand    and    sediments    derived    from      thin      silt-clap-rich

stratigraphic  units  prc}bablg  did  not    contribute    tc]     lc]t=al

bcink  stobilitg.       Wliere    present,     silt-clog    veneers    Were

easilg  undercut  cLnd  eroded  due  tc)  the     ijTi§table     nature     Qf

the  underlging  sediment.

Silt-clog  veneers    formed    in    each    reach    manifested

different    grc}in-size    chciracteristics.       Figure    3S    shc]us

Plots  of  values  c]f  mean  and  sorting    fc]r     samples    c]btciined

from  the  uiater   level  at  lc)u  Water  §tage§  duriTig     F>ugust     of

1983  alc}ng  reaches   1   and  2.     The  mean  grt]in  Size  of  reach  2
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Figure  38.     Uhconsolidated  sandy  sedim.ent  below  the

slope  t)reak  on  the  cut  bank  within  reach  2.

The  thin  siltLclay-rich  unit  (arrow)  probably
contributes  very little  to  local  bank  stability.
Notice  the  proximity  of  the  bank  face  to  the

channel  when  compared  to  the  bank  face  in

Figure  36.
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uiater   level   samples  ranged  frc]m  ¢2.5  tc]  ¢E  uitli  an     c]verall

mean  af  ¢3.i.     The  means  c)f  reach   1   Water   level  samples,   on

the  c}ther  hand,   uJere  all  finer  than  ¢3.75  With    an    overall

mean  t]f  ¢t.L±3.     This  difference  I-eflects     the    c.ntributlc]n

tc)  the  silt-c:lag  veneers  bg  the  slumping  af    material     frc}m

the  upper  portic]n  af  the    Neuman    arld     Buck    Creek    terrace

fills  alc]ng  reac=h  1.     along  reach    a,     in    contragt,     rapid

t]ank  erc]sion  continiiallg  removes  the  thin  silt-clog  vaneer§

l]g  undercuttitlg  the  uncc]nsolidcited  sandg     Sediment     exposed

at  the  river  level.

12 34
Mcaf`

Fgiv. 39:  Mcae.so(az`g tobtlonslxp. fol water lewd
sempl.. horrl rcochco 1 and 2.

Where  rapid  l]ank  erc]sic]n  clcc=urs     alcmg     ret]c:h     a,      the

bank face  above  the  slope  break  is    cc)nsiderablg    clc]§er    to

the  contempc]rarg  channel  of  the  Kangas  River  than  it  is     in

rBacli  1.     This  difference  in  proximitg  c}f  the  banl<  face     tc]
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the  channel   is  evider`t   in  figure  36   [reach   1]   c}nd  38   Creach

2J.     TUB  possible  tlleQries  cire  put  fc]rth     to     explain     this

difference   in   cut  bank  mc]rphc]lQgg   clncl     components     of     bc]th

mag  affect  the  bariks  contemporanec]ijglg.       f}s     discussed     in

chapter  3,   the  thalueg  of  the    channel     in    reach    2    abuts

against  the  outside  bend  of    the    active    meander    f or    the

entire  length  t]f  the  met)nder  c)nd  the  channel     crc)§s-section

is  markecllg  asgmmetrical.     This  positic]ning  c]f  the     tholueg

has  resulted  in  the  formation  clf  a     scc]ur    pc]ol     alc)ng     the

outside  bend  of  the  meander  causing  the  undercutting  of  the

cut  bank.     The  ijncc)nsc)lidated  mciterial   is  easilg  erc)cled  and

removed  bg  the  river.     Secc]ndlg,   the  upper  pc]rtian    t]f    the

cut  bank  in  reach  a  lacks  the  abundance    c}f    f ine    material

[silt  and  clag]   present   in  the  upper  pc]rtic]ns  c]F  the  NeumciTi

Buck  Creek  fill   c]epc]sits  alc]ng  recich     a.        These     secliments

mag  havE  ormc]red  the   lc]uer  pc}rtian     of     the     banks     against

erc}§ic)n  making     the     remc}val     c]f     cc]lluvial     material     mare

difficult.        In     additic}ri,     the     thaluieg    uiithin    reach       1

meanders  between  alternate  pc]int  bars     cind     does     not     fc}rm

§cc]ur  pools  Which  initiate    the    undercutting    c]f    the    cut

banks ,

The  signif icatice  of  the  effect    c]f    suspended-sediment

depc)sitian     c]n     c:hQnnel     §tabilitg     has     been     asserted     lJg

landc]uiners  Within  the  studg  area.     Theg   cc]ntend     that     baTlk

erosic]n  has  accelerated  since  the  clc]sure  of    Tuttle    I:reek
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and  rlilfc]rd  Reservc]irs.        Theg     suggest     that     the     federal

impailndments   serve  to  dec=rease  the  amauTit  c)f   silt  ancl     clap

held     in     suspensic]n       t]g       the       river.          I]eposition       c]f

suspended-sediment     follc]uing     pBric]ds     af     lligh     disc:harge
"cc]ated"   the  banks  making  them  mc]re  resistant     to     erc]sion.

I]cita  presented  t]g     Simc)ns     and     Li     [18Bt]     supports     their

contentic)n  revealing  a  decrease  in  sediment  gield  since  tlle

large  feclercll   reservc]irs     ujere     clc]sed     [Fig.      L±O].        Sinc:a

figure  Ilo  clisplags  changes  in  cumulative    sediment    gields,

the  decrease  is  evidenced  bg  the  change  in  the  slope  of  the

line  near   196E.      Simc]ns   and   Li   [198tt:   t±t]     noted,      however,

that  there  is  nc]  evidence  to  support    the    contention    that

bank  arc)sion  has  increasecl  since  the  closure  of  Mllford  and

Tuttle  Creek  Reservoirs.

The  decrease  in  the    5ugpended-sediment    concentration

of  the  Kansas  River  at  Uamegc]   CFig.   tlJ   is   likelg     tc]     have

li]ng-term  rather  than  shc]rt-term  effects  on  bank  stabilitg.

The  develc)pmeTit   of   pc)1nt   bars     is     ilsuallg     accc]mpaTiled     bg

Silt  and  clog  depc]sitic]n  c]n  the    pc]int-bar    surface    during

Waning  flow  regimes   [Reading,198=].     With     a     decrease     in

the  slJspended-sediment  concentration,   the  ratio  of  sc)Tld    tc)

Silt-clog  Will   increasa  substontlallg.       Thus    cc}ntemporarg

paint  bar  depc]sits  mag  contain  less  f ine  material  to  act  as
Cement    for    nan-cohesive    Sand.       f`s    these    depc)sits    are

reuc]rked  in  the  future,   braided  cc}nditians  mag     result    due
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tc]  the  loc:k  of  fine  material   in  the  bank  tc]  act  as  cement.

In   summcirg,   nc]  evidence  Was     found     Within     the     studg

area  tcJ  indicate    that    suspended    sediment    either    became

incarpc]rated     into    the    bank    face     c]r    aclhered       to       it.

Suspended-sediment  depc}sitic]n  did  occ=ur  c]n  banks  thrc]ughout

the  stuc]g  area  belc]u  the  slc}pe  breaks  but  onlg     contrit]uted

ta  t]anl<  stabilitg  if  it    ulas    augmented    t]g    silt-clog-rich

matE!ricil  derived  from  the  upper  portic}n  of     the    cut     bank.

Rapid  bank  erc]sion  along  recich  a  resulted  in  the    continual

remc)val  c]f  sandg  colluvium  and  erosit]n  of  silt-clog  veneers

formed  c}n  the   lower  pc]rtions  c}f  the  bank.     f`lc]ng     reach     a,

in  contrast,   silt  and  clog  slumped  frc]m  the    upper    portion

of  the  Neuman    and    Buck    Creek     terrace    fills    mag     armor

erodible    material    at    the    l]ase    c]f    the    exposed      fill.

fl I thc]ugh      area       laTidouners         assert         that        decreased

suspEnclBd-sediment  concentration    after     196E    has     led    tc]

increased  t]ank  erc]sioTi,   nc]  evidence  exists  ta  suppc]rt  their

c=c]ntentic]n   [Simc)ns  and  Li,1gE)L±].      Decreases   in     suspended-

sediment  gield  and  concentration  are  more  likelg  ta  have    a

lc]ng-term`  rather  than  §hc)rt-term  impact  on  banl<  stabilitg.

SIJB[Hf?PIER   [ON[LIJSI0NS

The     following     cc)nclugic}ns       are       based       upon       the

examinatic]n  c]f  banl<  material     bg     grain-size    analgsis     and
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cc]nstructic]n    of     valleg     cross-sectic]ns.          This       §ectic]n

Summarizes  the  first  sijbchapter    c]f    chapter    5,     pages    7]

thrc]ugh  13S  in  the  text.

1.       The  grain-size  parameters  c]f  the     st]mplirig     pc]pulatic]n

varies     significantlg     between     reac=hes.          11c]st       c]f       the

differencE  is  acc=aunted  for  in  the  lc]uer  2/3  c]f  the    banks.

Reach  a    samples    are    generallg    coarser     [¢3.10],     better

sc]rted   [¢1.EB].      and     finer     skewed     [.aot]     than     ret]c:h     1

cilluvium.     Reach   1  cut     l]ank    sediment     tends     to    l]e     silt

[¢q.97],     verg     pc}orlg       sorted       [¢2.60],        and       strt]nglg

fine-skBued     [.L±7B].        These     depc}sits     are     indicative     of

overbank  deposition.

2.       Reac=h  I  sediment    ct]ntaiTis    generallg     less    silt-clog

[37.6.<]   than  reach  1   [50.53r.].       The     silt-clog     present     in

reach  2  is  generallg  confined  to  thin    silt-clog    domincited

intervals    and    to    the    extreme    top-stratum    Where      soil

development  has  altered  the  grain-Size    distribution.       The

mean  is  reflective  of  the  soil  parent    material    uihile    the

Sorting  and  §keii.Tiess    values    are    affected       bg     pedc]genic

processes .
3.     The  bulk  of  reach    2    alluvium    is    point-bar    deposits

Which      contain       onlg       small       amounts       of         silt-clog.

Nc]netheless.     the    small     amount    of    fine       mt]terial       hag

apparentlg  pt-ovided  enough  stabilitg  tc)  enable  the    channel

to  fc]rm  the     broad    meander    With     the    reach.       The     rapid
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develc]pment  c]f  the  meander  since   1820  mag   be  a  function     c]f

the  cc]arsB,   nan-cc]hesive   banl<   mcitBrial   [I]ciniel,1971].

q.     Finer  alluvium  is  assc]ciated  With  terrt]c=e     fills     While

reach  a  Cpc]int-barJ   alluvium  represents  modern  valleg  fill.

The  Buck  t=reek.   Neuman,   and     Hc}llidag     terrt]c=e     fills     have

apparEntlg  t]een  deposited  under  cc]nclltions  quite  unlike  the

present.     Erissenger  ahd  Murpheg   (198]]  have  Suggested  that

valleg  Fills    out     of     equilibrium     With     the    contempc]rarg

fluvial  regimen  mag  regult  in  channel  ingtabilitg.     In  this

c=ase,   the  finer  nature  c]f  the  fills  seem  to    cc]ntribute    ta

bank  stabilitg  With  reach.`1.

5.      Recent   lL±[  dates   Cthis  studL]i   Holien,   1gE)2]   from  Neuman

fill  palec}solg  indicate  that  the  fill  is  t]pparBntlg  gounger

than  previouslu  believed.

6.     Evidence  frc]m    crc]ss-3ectic]ns     constructed    With    Water

Well  data  Suggests  tliat  the  ct]ntempararg     channel     meanders

Within  a  defined  meander  belt.   Tlie  meander    belt    tgpicallg

is  f lanked  bg  modern  back-swamp  clap  depa§lt§  on     One     Side

of  the  valleg  and  terrace  fill  on  the  other.

7.     SiJ§pendBd-sedimt=nt  deposition,   When  augmented     bg     fiTie

Sediment  derived  from  the  upper  pc)rtion  of  the    Neuman    and

Buck  [reel<  terrace  fills  mag  Drmc]r  sandg     material     at    the

I)Qse  of  expi]sures  c)f  these  fills  along    reach     1     and    necLr

mile   132  c}n  the  south  bank     af     the     Kansas     Rivet..        f`long

rBac:h  I,   however,   slumped  material   [mEan  -¢3.¥]     dc]gs     not
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contain  suffic=ient  silt  ancl  clog     ta     cirmc}r     the     bank     c]nd

sL]spenc]E)d-sediment  dE=Pasit§   are     Basilg     erc]ded     c)ff.        The

decrease  in  suspended-secliment  lc}od  mag   lead  ta  a  decreased

silt-clcig  c=antent  in  cantemporarg     pc]int-bar    deposits    and

redLlce  bank  Stabilitg  as  tllese  deposits  are  reuorked  in  the

future ,



Gravel   DgDc}sits

Researc=hBrs  have  dc]cumented     the     armt]ring     effect     of

concentrated  lag  grovels  on  the  stabilitg  c]f  river  channels

[Livesag,1963;      Schumm,      1977].        fls     channel     degrcldation

occurs ,       Older       valleg       deposits       mag       be         reuorked ,

cc]ncentrating  grcivel-sized  material  Within  the  channel  as  a

lag  deposit.     i.ivesag   [1963]  contended  that  scouring  of  the

rlissouri   River  channel  below  Fort  Ranclall   dt]m     Was     not     as

severe  as  expected  due  ta  the  development  Bf    an    c)rmor    c]f

gravel   c]nlg  cme  grain  thick.     Schumm   [1977]   suggested     that
.i

gravel     dc}e§     not     hove     tc]     be     cc)ntinuous       tc]       have       a

considerable  impact  on  channel  stabilitg.       He    added    that

[P.     119]     "under     certain     c=onditions       an       insigTlificant

fraction    of    the    cilluvium     [louest       one       percent]       mag

signif ic:Qntlg  cc]ntrol  the  behavior  and     morpholagg     c]f     the

chcmriel . "

UEL    IN   THE   KflNsf]§   RluE:R   uf}

The  c)ccurrence  of  lcig  gravel     deposits     in    the     lcJuer

Kansas  F3iver  valleg   has  been  dociimented     bg     Holien     [1982J

and   simc]ns      and      Li      [19BT].         Simc}ng     and     Li      [1gE}t:       10]

reported  that     documented     reciches     Where     armc]ring     c]ccllrs

include     river     miles     9.7,      1E-13,      21.5     aTid     13a.        Theg

Suggested  that  at  these  sites  the   "river  mcig  be  f lowing    c}n
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palea-channel  mciterial  c}r  c]ld  terraces,   reflec=ting  the  post

river  Which  carriecl  much  coarser  sediment     than     the     river

tc}dag."     Hc)lien   [18E}E:    102]   cc]ntended   that     the     c]ccurrencE

of  gravel   in  the   lower  Kansas  River     valleg     "mag     have     cin

cirmc}ring   effect   c]n     the     channel     bc)ttc}m,      making     it     more

resistcint  tc]  degradatic}n. "

The  c)ccurrence  c]f  gravel  depositg  at     river    mile     132

[21E  km]   Within  the  stLldg   area  uos  documented  bg     a     United

States  f}rmg   [c]rps   c]f   EngiTieers   surveg   in   1§56     [Tc]m     t5urss,

persc]nal     communicatic]n].        f`1thQugh     the     "thickness       and

effectiveness  af  the  armc]r  lager  at  mile  132  is  uncertain",

Simons  and  Li   [19Bt:   8t±]     suggestecl     that     "this     area     has

acted    as     a     pivc}t     point    al]aut    Which     the    channel     has

laterallg   migrated   [sinc=e   191E]]".

Gravel-sized  material   is  expc}sed  c}n  the  West     side     of

the  contempc]rcirg  pciint  bar   lc]cated  cit  the  et]§tern     terminus

of  the  active  meander   in  reach  2   [Fig.   L±EJ.        In     addition,

gravel   LLlas  alsc)  found  c)n  two  Small   channel   bars   immediatelg

LiJest   c]f   the   paint   bar   CFig.   t3].      The   pc]int     bar     c}n     Which

the  gravel`is   located  has  been  fc]rming  since   1919.     E3etueen

18Eg  and   19tl,   the  channel     Was     lcicated     adjacent     tc]     the

Scarp  shc]un   in  f igiire     L±2     and     hcis     gut)sequentlg     mlgratecl

5c]uth  tc]  its  present  positic]n.

The  surface  of  the  point  bc)r  cclmplex   in  Figure     tE     i§

§1ightlg     undulating    and     slc]pes    gentlg     auag     from       the
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Figure  43.     Small  chaunei  bar  covered  with  gravel  at  low

water  in  October,   1984.     This  location  is  a.t

river  mile  132.
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prominent  scarp  tc)uards  the     cc)ntEmpc)rarg     channel     c]f     the

Kansas  River.     Higher  pc]rtic]ns     of     point-bar     complex     are

utilized  for  crc]pland  c}r  stabilized  bg     riparicin    uol]dlcind,

mostlg   black   uillau   [§olix  Niarc}]   and     cc}ttanuc]c]d     CPc]Qulus

I]Eltt]idE3§J[see   Fig   L±E].

The   lc]uer  portion  c]f  the  point-bar  complex  is  commc}nlg

f lcic]ded     frc}m     earlg     spring     to     mid-summer     and     cc}ntains

gravel-sized    material    uliich    occurs    in    linear    deposits
c]riented  parallel  tc]    the    dirE3ctian    c]f     high    Water     flc]u

across  the    point    l]ar     [nortliuest    tc]    sauthga§t].       These
1

depc)sits  are  most  extensive  along  the  cliannel  c)f  the  Kan§a§

River  c]n  the  tilestern  portion  of  the  paint  bar  near  mile  132

and  c]ccur  onlg  §poradicallg  towards  tlle  east.

The  nc]rthern  portic]n  of  the    point-t]ar    cc]mplex    alc]ng

the  KCLnsas  River  starting  approximatelg  GOO     feet     [183     mJ

upstream  of  mile  132     is    currentlg     being    erc]ded    t]g    the

Channel  as  the    active    meander    Within    reach    2    expands.

f`PpraximatBlg   700     feet     [213     m]     upstream     of     mile     13E,

gravel-sized  material   is  fc]und    in    the    cut    banl<    and     is

CurrEntlg   beiTig  eroded  out   (Fig.   L±l±J.      The  grcivel   c]ccurg   in

tuc]  10-EO-cm-thick  lagers  separated     bg     coarse    to    medium

send.       I?bove     and    l]Elou    the    gravel     legers    are    trc)ugh

Crc]S§-bedded  sandg  that  extend  from  the  Water  level  to     the

top  of  the  bank.     The  source  of  these  grovels  is    discussed

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

132.     This  photogra.ph  was  taken  immediately

upstream  of  the  gravel  bar  in  figure  dy3.
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sl2E:.    LITHOLOGy   f`ND   ROUNDNESS   0F   C5RauELS

Flpproximt]telg   L±00  clasts  of   gravel   LLlere  collected     and

examined     tc]     deter-mine     size.      Iithc]lc]gg     and       rc}undness.

Grovel  from  the  point  bar  uias  collec:ted  along  tuc]     loo-foot

transects   [Fig.   q2;   Tl   and  T2].        One     Blast     Was     obtclined

everg  c]ne  foot  along  the  transect  t]g   leaning  c]ver  With    the

eggs  clclsad  and  taking    the    f irst    clcist    that    the    index

finger  came  in  c:ontact  With.     Gravel   Was  t]btained  from     the

cut  bank  bg  mc]rking  Off  tuc]  areas  six  feet    square    on     the
A

bank    and    quantitotivelg      cc]llecting      all      gravel-sized

material  c}ne  fc]ot  deep  into  the  bank.

Figure  L±5   is  a  hi§togrom     shc)Wing     the     relative     size

frequencies  c}f  grovels  fc]und  c]n  the  point     bar    and    gravel

obtained  frc}m  the  cut  bank.     fls  shc]un,   the  grovels  fc)und  c]n

the    dc)unstream    bars    are    §lightlg     f iner    than       grBvel§

c}btained  frc]m  the  cut  bank.     The  mode  of  the  bar  grovels  is

3t±   mm   and     the     mean     af     ZOO     samples      is     36.7     mm.         The

hl§togram  is  c=oarse-skewed   [skeued     to     the    right].       Bank

grovels  t]re  coarser,   With  the  made  occurring  at  tt3  mm   [mean
-LIE.a  mmJ   and   the  histogt-cim   is  fine-gkeued   [skeued  tc)     the

left].     Grain-size  distrlbutic]ns    c]f    the    tuc]    papulatlons

Suggest  that  some  degree  of  hudraulic  sorting  has    Occurred

Within  the  short  distance  between  the    bank    and    the    bar.

This  sorting  mag  result  fran  the  selBctive    entrainment    of
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smaller  gravel-size  particles  during  high  discharges  , While

larger   mciterial   remainBcl   c]n   the   bank.

The  litholc]gg  c]f  the    gravel    clasts    differed     little

between   bank   and   bc]r   lc]catic]ns   CFiE|.   tE].      The     predc]minant

litholt]gg   at  both   locations  Was   limestc]ne     Which     cc]mprised

E}1.05.;.  of  all   gravel  clasts.   Shale     Was     found     Within     the

t]onl(       deposit       but       apparentlg       di§integt-atE}d         before

redepc]sitlc]n  occurred  an  the  dc)tLinstream     point     bar.        Less

chart   [5.t%J   uos  found  in  the  bar  gravel  depc}sits  than    Was

found  Within   tlie  bank   [1B.L±.<].      The   smt]ll   amount     c]f     chert
A

gravel  found  on  the  point    bar    mag     be    due    tc)    the    high

spec:ific  gravitg  of  chart,   malting     it     less    likelg    to    be

transported  downstream.     Ttie    results    presented    here    are

similar.   tc]   those   I-epc]rted   bg   Hc}lien   [1E}Ba:    107]   fc}r     gravel

depc]sits   in  the     lower     Kansas     River     valleg     near     Bc]nner

Springs   [limestone,      61.53€;      chart,      Eg.6Z;      qucirtz,      3.8.<i

Sioux  quartzita,    .1.<].     It    should    be    nc)ted    that,     uhilE

Hc}lien  dlfferBntiated  between  Sioux  quartzite    and    quartz,

theg  are    reported    in    figLire    t±E     [this    thesis]     as    One

I ithc,|OBu .

Gravel§  collected  I)oth  from  on  the  point  bar  and    frtJm

Within  the  cut  bank  uerB  found  to  be    surprisinglg    angular

[Fig.     t6].       f]ngularitg     Was    porticularlg    prevalent       in

llmestane  and  chart.     Ouartzite  and  quartz    fragments    uiere

Considerablg     mc)re     rt]undE]d.        Roundnesg       ucLs       determined
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qualitativelg  using  c=riteria  Suggested  t]g  Pettijc]hn   [1975].

There  Was  essentiallg  nc]  difference  between    the    roundness

af  point-bar  and  banl<  grovels.     Whereas  most  gravel     ranged

fr.c}m  Subrauncled  tc]   subangular   [6L±.J.],   a     substantial     amc}unt

[E3.8.<]   ujas  determined  ta  l]e  angular.     The  relcitivelg     liigli

prc)pc)I-tlon  of  angular  gravel  mag   indicate  that  the    E]ravels

uiere  not  trcLnspc)rted  far  bg     the    Kansas    River    once    theg

entered  the  sggtE]m.     The  fact  thcit  tliese  grovels    were    nc]t

fauna  more  than  one  mile  douTistream  of  I..here  theg  occur     in

the  bank  ls  an  indication  that  theg  are  Tiot  traTi§pat-ted  far

bg  the  contEmporarg  Kansas  River.

SC}lJR[E   0F   THE   GRf3uEL

The  similaritg  and  proximitg  c]f  gravel     ft]und    c]n    the

Pc)1nt  t]ar  tc)  gravel   found     upstrE!cLm     Within     the     cut     bc)nl<

Suggest    that    these    point-bar    and    channel    bar      gravel

depc)sits  are  derived  fran  the  grcivel  eroded  Out  of  the  bank

[Fig.   t2].     gravel  found  Within  the  cut     bank    upstream    c}f

mile  13E  is   located  in  an  area  occupied     bg     the     1929-1gL±O

c:hannel  of  the  Kansas  River.     BEtueen     1885    and     1919     the

channel  clf  the  Kansas  River  in    this    area    uns    apparE}ntlg

inactive  aTid    relativelg    straight,     flc}uing    northwest    tc]

Southeast,     Between   1919  and   19E9,   a  meander  began  tc]     fc)rm

upstream  c)f  mile  132  rest)lting  in  pc]int-bar    depogitioTi    on
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the  dc}ujnstream   limb  c]f  the  meander   immediatelg   east  of  mile

132   [F.ig.   L±7J.      f]s  the   active  meander   Within  reach     2     grew

between  19tl  and  the  present,   pc}int-bar  expansion  cc]ntinued

tci  c)ccur  near  mile   13E.     Nc]   later  tht]n   1856,   iiJhen  gravel   at

mile  132  Was  f irst  dt]cumented  bg     the     united    Stateg     firing

[c)r|]s  af    Engineers,     meander    expansion    resulted     in    the

erosic]n  c}f  the     older     portion    c}f     the     point-bar     cc]mplex

exposing  the  gravel   in  the  cut  bank.     The    erosic}n    c]f     the

upstream  partic]n  c]f  tlie  point-bar     cc}mplex     mag     have     been

initiated  during  the  1951  f load    When    the    largest    single
A

instt]nce  of  meatider  expansic]n    c}ccurrgd    Within    the    studg

area ,
f}n  cLrgument  can    be    made    that     the    gravel     deposits

described  in  this  subchaptBr  tliBre  deposited  bg     Deep     C:reel<

Which  issues  into  tlie  Kansas  River  approximcitelg   1500    feet

[t±57  m]   downstream  of  mile  13E.      If  these     gravel     deposits

hod  their  source   in  BEEF  I:reel<,      then     the     mouth     c]f     I]eep

Creek  uc)uld  liave  liad  to  hove  been   lc]catBd  upstt-earn  c)f     mile

13E  some  time  prior  to  195E.     Examination    of     1937     aerial

PIlc)tc]grc)pli§,   hauever,   reveals  thcLt  Deep  Creek     entered     the

Kansas  River  apprc]ximatelg   anB     mile     [1.E     km]     dc}unstream

[ec]st]   c]f  Where   it  enters  todag.     Theg  coulcl  not  have     been

deposited  Where  theg  are  tc)dog  pric)r  tc]     19]7    because    the

Point  t]ar  c]n  utiich  the  grcival  c]ccurs  did  not  exist  pric]r  tc]

that  date.     The  phc]tt]graphs  also  reveal  tht]t  the  c=hannel  c}f
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I]eep  Creek  has  been   inactive  since   1837  and  the     chc]Tige     in

the  mtJuth  c]f  the     creel<     hcis     been     due     to     the     sc]uthuard

migration  c]f  the  Kansas  River.     Thereft]re,   it  is  impossible

that  the  gravel  clepasits  near    mile     132    could    have    been

deposited  directlg  t]g  I]eep    Creek     c]r    entered    the     Kanso§

River  sgstem  through  Deep  Creek.

The  obvious  questic]n  remains  as  to     how     these    grovels

uiere    deposited     in     the     1829-19tl     channel.       f`    possil]le

explanation  involves  the  initial  formatic)n    of    the    cictive

meander  Within  reach  a.     r]eandEr  grc]uth   is     acc=ompanied     t]g

the  scoiiring  c]f  the  tlialueg  alc)ng  the  outside  of  the    bends

cLnd  the  development  of  an     asgmmetrical     channel     shape     ln

cross-section   [Lec]pold  and  Uolmcin,1957].     f`s     the     meander

began  tc]   fc]rm   between   1819  and   19ql,   the  develc]pment     c}f     a

scc]ur     pool     mag     liave     expc)sed     gravel     from     paleBchannel

material     belc)u     tlie     1830's    era       channel       tc]       erasic]n.

Redeposition  on  the  downstream  limb  of     the    meander     Would

have  c]ccurred,   fc]rming  a  channel   lag  deposit  near  mile   132.

Eventuallg  these  gravel   lcig  deposits  ujere    cc]vered    bg     the

advancing  point  bar  as  the  channel  migrated  to    the    south.

Erosion  c]f     tlie     point-bar     complex     since     1851     mag     llave

expc}sed  the  gravel  cleposits,   now  in  the  cut     banl<,     tc]     the

Channel  allowing  them  tc}  be  rEdeposited  on     the     dc)ungtream

c=antempc]rarg   point  bar.

fi  similar  scenaric]  of  incc}rpc]ratian  c]f  gravel   into  the
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present  river  sgstem  Was  described  bg   Hc}lien     [18BE:      120].

Hg  cc}ntended  thcit   "coc]rse-grained  material     is     continuallg
I

being  reuc]rked  tc]  a   lc]uer  position  in  the     valleg     allilvium

during  peric]ds  c]f  degradatic}n  af  the     KQnsas     River.        Thus

the  gravel  t]n  tlle  channel  t]ars  is  exposed  for  anlg  a    t]rief

time    t]efore     it     is    buried    Within    the    river    alluvium,

possiblg  to  be  exposed  again  at    sc]me     later    time    due    tc]

c}ngc}ing  stream  activitg. "

The  ultimate  Source    of    the    gravel     is    the    bedrock

exposed  in  the  Kansas  River  basin  and  mater.ial  carried  intc}

the  basin  during  the  Kansan  glaciation.       Limestc]ne     is    bg

far  the  mtJst  abundant  gravel     lithBlc]gg     cLnd     mcLng     of     the

limestone  Clasts  contain  fossils    present     in    the    PermiQTl

limEstc]ne  units     crc]pping     c]ut     in     the     studg     area.        The

limestc]ne     gravel     can     l]e     subdivided     intc)     four     grc]ups:

Fusilinid-bearing          [313=] ,          Brac=hiopod-Pelecgpc]d-bearing

[20.<],   algal-bearing   [9.;.],   and  clcists  in  Which  nc]     apparent

fossils  Were   foilnd   CL±03r.I.      Two   lc]cal   units  of     the     Permian

sgstem  contain  abundant  fusllinids;   the  Hughes  Creek    Shale

rlember  c}f  the  [c)uncll   Grove  Group   [uc]lfcampian  Series]     and

the  [c}ttc]nuc]c]d  Limestone  tlemt]er  also  c)f  the     [c]uncil     Grave

Grc]up   [Fig.   t±B].         Brachic]pc]d-Pelec=gpocl-bearing      limestc]nes

mag  c}rigiTlate  from  the  fossiliferc]us  BenTiett     Shcile     rlember

of  the  Esl<riclge  Shale.     Algal-bearing   limestc]nes    occur     in

mang   limestc]nes  of     the     Wolfcampian     Series.        rlembers     in
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Which    theg     are     partic=ularlg     prevalent    are     the     Grouse

|imestc]ne     and     the     Grenc]la     limestc}ne     adjacent     tc]       the

Eskridge   Sht]lB   [Fig.   L±B][Jahnsc}n,1963].

Much     c]f     the     chert     gravel     c]rigiTiates     from     chertg

limestc]nes  c]f  the  Permian  sgstem.     Flint     is    contained     in

the  C:ottc]nuood   Limestc]ne  rtember   C[c]uncil     Grove     Formatic]n]

and  quartz  nodules  are  ct]mmon  in  the  Long    Creek     Limestone

HembBr   [[ouncil   Grc}ve  Farmatian].        f]dditic]nal     sources     of

chert  gravel  are  the  Weathering    c]ut    c}f    pre-Kansan    chert

gravel   in  upland  paleachcinnels  c]f  the  Kansag  River  nc]rth  of

St.   George  and  on  strath  terraces  along  Deep    and    flntelope

[reel<§.     Grovels  found  in  the  pre-Kansan    paleochannel§    of

the  Kansas  River  described  bg  Beck   [1959:   29],   are    similar

tcl  the  contemporarg  depc]sits  c}f  gravel     described     in    this

chapter;   "the  cc]nstituent  particles  of  chgrt  and    limestone

are  §ubc)ngular  tt]  subroundecl  fragments,     Which     cc]uld     have

been  derived  frc)in  PaleBzoic  lime§tones  cropping  out  West  i]f

the  area."

Sioux  Ouartzitg  ujas  transported  into    the    studg    cireo

during    the    Kansan    glaciation    from    outc:rap      areas       in

southwest  rlinnesc]ta,   northwest     Iowa    and    southeast    Sc)uth

Dakota.      Large   t]c]LIlders  c]f   §ic]ux  OuartzitB     are     found     L±.5

miles  [7.t2  km]   south  of  Uameoo  along  Kansas  state    highuag

99.     The  presence  of  Sioux  Ouartzite  in  cantemporarg  gravel

deposits    indicateg    that    glcicial    sediments      have      been
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incorpc]rated  into  the  Kansas  River     sgstBm    and    are     being

recgcled  c]s  the  channel  reuc]rks  c]lder  valleg  deposits.

Irlpf]CT   0F   GFiAIJEL

fig  noted  bg   Schumm   C1976,118],      discclntinut]us     gravel

deposits  uhic=h  comprise   "an     insignif icarlt     amc]unt     of     tlle

alluvium     [cc}arsest     1.<]     mag     significantlg     ct]ntrc]l       the

behavic)r  and  mc)rphc)lc]g!   of   the     channel."       Simc]ns     and     Li

[198L±]   cc]ntended  that  gravel     deposits     at     mile     13E     have

acted  as  a  lateral  ct]ntroL  on  the  chcinnel  and  the    creation

of  a   .'pivat  pc]int"  abc]ut  Which  the     c=hannel     hag     migrated.

It  can  be  demonstrated  that  the  gravel  found  c]n    tlie    point

bar  at  mile   13E  ucLs  eroded  Out  Df   the  cut     I)ank     alc]Tig     tlie

east  side  of  the  Kansas  River  700  feet     CE13     m]     upstrecLm.

Since  gravel  f c}und  Within  tlie  cut  bank  uias  depositecl  in  the

lgE9-18t!1  channel  of     the     Kansas     River    and    subsequentlg

erc)ded  oLlt  as  tlie  active  meander  in  reach    2    expanded,     it

uauld  t]e  impas§ible  ft]r  grc]vel  dEpc)sits  at  mile  13E  to  have

been  a  lateral  contrc]l  throughout  the    develc}pment    c]f    the

meander  since   1919.

Examination  of  aerial    photographs    reveals    that    the

Point  l]ar    at    mile     132    cc]ntaining    the    gravel     cleposits

expanded     southtiiard     a=     the     channel     c=ut     tlirough     modern

alluvium.     Diiring  the   1951   flood,   the  sc]uthuard  movement  of
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the  channel  resulted  in     the     interceptic}n    of     DBep    I:reek

[Fig.   ¥8,   Fl  and  E].      Bg   1951     the     channel     t]f     the     Kansas

River   had   t]een  displac:ed  apprc]ximatelg   1870     feE!t     [57E     m]

south  af  the  positic]n  c]f    the     iTlactive    channel     pric]r    to

1819.     Althc]ugh  the  active  meander  Within  reach  2  cc]ntinued

to  expand  l]etueen   1851   and   1978,   the  c=hannel   sc]uth  c}f     mile

13E  migrated  onlg  E85  feet   [87  mJ   tc]   the  sc]uth   CFig.   t9D].

Between   1956  and  1969   CFig.   t9[],   the  channel   began  tc)

come   into  contcict  ulth  sedlments     of     the    Bucl<     Creek     and

Neulman  terrace  fills.     These  sediments  are  generallg    finer

cind  mc]rE  cc]hesive  than  the  modern  sediments  the  channel   hocl

previouslg    cut    through.       f}s    a    result,     the      southucird
migrcltian  c]f  the  channel   in  the  downstream  portion  c}f  reach

2  hog  been  retarded  since  1856.     The  rBsistancB  to    erc]sic]n

encountered  bg  the  Kansas  River  cha\nnBl     here     mag     explc)in

the  occurrence  t]f  the   "pivot  point"  reported  bg  Simons    and

Li    C19E]tJ.

SuBCHf}PIER   CONCLUSIONS

The     follt]uing    conclugions       are       baged       ilpc]n       the

discLI§sic)n  pre§Bnted  in  this  sut]chapter,   poge§  139    to     lil

in  tlle  text.

1.       Gravel  bar  deposits,   documented  t]g  the    united    States

flrmg  Corps  af  Engineers'   1956  sediment     silrveg     and     Simc]ns
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cinc]   Li   CIE}Bt±J,    have   their   sc]urce   in   the   cut   t]anl<     700     feet

[213   mJ   upstrecim   c}f   mile   13E.      f]ctive   erc]sicJn     clnd     channel

migratic]n  have   intrc]duced  the  grovels   into  the  cc]ritempc)rarg

river  sgstem.     Since  the  gravel   bars  c]ccur   in     an    Qreo     c]f

relative     stabilitg,     Simc}ns    cind     Li     postulated     that     an

armc}ring  effect  mag  result  frc]m  the  grovel.

a.        Similarities   in   lithc]lc}gg   and  rc)undness,      cis     Well     c]s

proximitg,   suggest  that  the  gravel  found  in  the  cut  bank  is
eroded  out  and  redepc)sited  c]n     the     clc]un§tream     point     bar.

The  location  of  thgsB  grovels  in  the  area  c}ccupigd    bg     the

18E9-19tl     channel     of    the    Kansas    River     indicates    that

depc)sitian     c)f     the    gravel     on     the     downstream    bcirs     has

c}ccurred  relativelg  recEmtlg.

3.        Much     of     the     gravel     is     derived     from     Permicin     cind

Pennsglvc]nian     rocks    cropping     out     in     the    studg       area.

fldditionol  sc]urce§  of  gravel     incliide    upland    paleochannel

depc]sits  necLr  St.   Eec)roe,   strath  terrace  gravel   lags    along

Deep  and  flntelc)pe  Creeks,   and  glacial  material     transpc]rted

intc]  the  t]rea  during  the  Kanson  glacicition.

t±.        Gravel  deposits  fc]und  on  the  pc]int     bar     at     mile     132

have  been  deposited  toc)  recentlg  tc]  have    been    rest)on§ible

for  the  formation  of  the  I.pivc]t  point"  reported    bg     Simons

and  Li   [18E}¥].     Prior  to   1956.   the  expansic]n  of  the     active

meander  Within  reac=h  2  resulted   in  the  southuord     migrotic]n

of  the  t=hannel   cind  point  bar  at     mile     13E.        f`lthougli     the
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meander   has  cc]ntinued   tc]  expcind  since   1956,      the     sc}uthuard

migratic]n  c]f  the  chcinnel   at  mile     13E     has     proceeded     verg

sic)ulg.     This  relative  lock  of  channel  migration  since  1§56

is  mc]re  likelg  due  to  the  resistance  of  the  fine,     cohesive

sediments  of  the  Buc=l<  I:reek  and  Neuman  terrcice  fills     south

c}f  the  channel  than  to  the  c]ccurrence    af    gravel     bars    cit

mile   13E.



Imoact   of   Slc}oe   c}n  [honnel   f]ctivitu

Researc=hers   [e.g.,    Friedken,19L±5;      Schumm     and     Khan,

1972;   Schumm  and  Beathard,    1976]   hcive  documented  the  effect

c)f  valleg   slope  c}n  the     activitg     of     the     strEQm     channel.

ILlhen  the  slope  c]f  the  valleg     floor     increases,     the    river

mag   lengthen   its  cc]urse  bg  met]ndering  tc}  itiaintoin  Just     the

gradient  necessarg  to  carrg   its  lc]ad.       Schumm    and    others

[1976]     suggested    that    sinuositg     is    generallg     lc]u    fc]r

alluvial  streams    With    extremelg     lc]u    valleg     slopes    but

increases    With    increasing    slt]pe    until    a    threshold    is

exceeded  uherE  a  braided  cliannel   mag  result.       Lec]pold     and

uc}lmon     [1957]     and     Lane     [1957J     attempted     tc]       clas§ifg

cLlluvial     Streams     a§     mec)ndering     c]r     braided       based       on

§lc]pE}-discharge  relatic]nships.        Theg     fc}und     that,     far     a

given  discharge,   a  threshold  slc]pe     exists    above    Which    a

braided     channel     develc)ps.        Schumm     and     Eeathard     [1976]

utilized    these    relationships    tc]    evaluate    the    relative

stabilitg  c}f  modern    channel     patterns.       Theg     fc}und    that

brclided  streams  that  plotted  as  meandering,     ar    meandering

streams  that  plotted  as  braided,   uE!re    likelg    tc]    manifest

instabi i itB .

This  fiTial  subchapter  is  divided  intc]     fc]ur     sectic]ns:

the  first  sectil]n  describes  the    Water-surface    prc)f ile    c]f

the  Kansas  River  in  the    studg    areas     the    second    section

deals  With  the  slc}pe-discharge  relatic]n§liip§  c]f  each     reach
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[lif}NNEL   SLOPE

The  slope  of  the  Kansas  River  Within  the  studg  area  ls

1.532  feet/mile  ±   0.163   feet/mile   [O.E88  in/km±    a.03  in/km].

Slope  ut]s  measured  using  an  autt]matic  level  over  a  distance

c]f   B.2E}3   miles   [13.3E   kltl].      The   errc]r     c]f     0.163     feet/mile

cc}mprises  a   tc]tcil   c]f   1.33  feet   [.L±05  m]   Within     the     entire

studg  area.     Ibis  error  is  small     When    cam|]ared    tl]    slc}pe

measurements     from     7-1/2-minute     topographic       maps       With

lo-foc]t  contour  intervals.

Slc)pE     measurement§       Were       accomplighEd       using       an

alJtomatic   level  at  lou  Water  ln  September     and    Octc)ber     c)f

19BL±.     Stakes  Lilere  placed  pric)r  to  §urvet]ing  on     the     PC)int

bar-Water    surface      interface      tci      ensure      that      slc}pe

mecisurements  ujere  not  affected  bg  changes     in    stage.       The

Water-surface  profile  Was  c}btained  bg  placing  the  rc]d    next

to  the  stakes  at  §uccesglve  dc)uinstreom  pt]ints  and  measuriTlg

the  drc]p   in  the  Water  surface  between  thc}se  pc]irits  With  the

automatic  level.     When  the  rod  points  Were  out  cif    t]ccurate

range  c]f  the   instrument.     the     autc]matic     level     Was     mc]ved
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clc]unstream  ta  a  new  Station  and   the     entire     proceclure     LLias

repeated .

In  addition  tc]  the  tiLlc)  reaches  described  in  chapter    3

[reac=hes   1   and  2],   a  third  reach   [reach  3]     Was     clesignated

betiLieen  reach   1     and     reach     2     f-or     the     purpc)se     c]f     this

discu§sic]n   CFig.   50].      Whereas   reaches   1   and   a     cc]nfc}rm     tc}

their  original  descriptic]ns,     reach    3    is    a    transitional

reach  between  the  active  and  inactive  meanders    Within    the

studg  area.       Reach    3    has    I)een    relativelg     inactive    in

historical   time  and  channel  changes  since  1918  are  shown  in

figure  51.     Between  1821   and   195E,     the     channel     at     river

miles   130  and   131   migrated  approximatelg   1800  feet   [5tt9     m]

to  the  northwest  but  has  been     inactive    since     1952.       The

dc]unstream  pc]rtic}n  c]f  the  rBach  has  not  manifested     channel

activitg  c]nd     is    much    more     like    the    adjacent     inactive

c=hannel   in  reach   1.     f`lthough  the  Kansas  River  in  the  studg

area  has  been  divided    into     "reaches"     for    the    bcisis    of

cc]mparison,   it  is  impc]rtant  tc}     pc]int     out    here     that     the

fluvial  sgstem  is  actuallg  a  cc]ntinuum  in  Which     no     ac=tual

boundarti     exi§t§    between    the    reaches    that       have       been

de I ineated .

Water-surface  slc]pe,   presented  herein  as  the    clrc]p     in

elevatic]n  of  the  Water  surface  divided  bg  the  length  of  the

Channel,    ig  as  follows  fc}r  ec}ch  reach:      reac:h     1.       .000293;

reach  a,    .00022t;   reach  3,    .0003Bt.     The  magnitijdB     c]f     the
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Figure 51:   Migration of the Kansas Rl`/er within  reach 3.1885.1978

Fiom Dort ( 1980) ,
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sic)pe   valiJes   Will   aluags   be   verg   small   siTIEe     the     drc]p     c]f

cilluvial   streams  relcitive  tc]   length   is  verg  smcill.

The  water-surfc}ce  prc]f ile  c]f  the  Kansas     River     Luithin

the  stuclg  area  is  presented  in  figure  50  cind  Plate    I.       It

is  evident  that  the  Water-surface  slope  i§  steepest  between

the  two  meanders  Whereas  slope   is  relativelg  geTltle  in    the

l]ends  themselves.     f]lsc]  evident   in  figure  50   [Plate     L±]     is

the  step-like  prc]file  of  the  Water-surface  slope  in  reaches

1   and  3  When  compared  to  the  profile  c]f  recich     a.        Whereas

the  Water  surface   in  reach  2     has     ci     cc}ntinuc]uslg     slc]ping

prc]file,   the  Water-surfaca    prc}f ile    of    reach     1     and     the

downstream  portion  of  reach  3  is     brc)l<en     intc]    alternating

relativelg  f lot  clnd  steep  slopes  resulting  in    a    step-like

appearance.       Ills    differEnce       in      the      shape      of       tlie

longitudinal  prc}filBs  of  reaches  1  and  2  is  a  result  c}f  the

morphological  characteristics  of  the  channel  in  each  reach.

f}s  discussed  in  chapter  3,   the  thalueg  Within  reach    a

i§  conf ined  tci  the  c}utside  pt]rtion  of  the    bend    throughout

the  active  mecinder.     [rc]ssing     pc}1nts,     where     the     thalueg

crc)sses  from  c]ne  side  I)f  the  channel  tc)    the    other,     occiir

onlg  at  the  extreme  upstream  and     dc)iLinstream     ends     c)f     the

meander.     f}lthc}ugh  the  channel   of  the  Kor`sas     River     Within

reach  1  manifests  a  meandering  configuration,     the    thalueg

CIctuallg  meanders  Within  the  channel  and  is  not  cc]nfined  to

c]   locatic]n  on  the  outside  of  the  bend  against  the  cut  banl<.
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Crc]ssing   pc]ints  c]re  Tiumerc]us  Within   reach   1   as  the     thalueg

flt]uJs  arc)und   cilternate  bars  tat   lc]u  Water.     The  sequence     c]f

relativelg     steep    crossiTig    pc]irits    arid    relativelg       f lot
"pools"    results    in    the    step-like    appearance      of      the

longitudincil   prc]file  c]f  reaches   1   ancl  3.

The  positic]n  c]f  the  thalueg   in  the  char}nel     is     likelg

to    have    been    subject       tc]       change       and       the       channel

characteristics  presented  t]t]c]ve  mag  c]nlg     ref lect    temporal

slc]pe  cc}nditians.        f}erial     phc]tc]graphs     Her.a     exaltiined     tc]

determine  if  the  positic]ning  c)f  tlie  thalueg  in  the    channel

hcicl  undergc]ne     radical     hlstc)rical     change.       The     earliest

aerial   photc)grt]phs  from   1937  arid     1951     Were     taken     dijriTlg

pE}riods  of  relativelg  high  uQter  and  the    position    of    the

thalueg  ulas  not    discernible.       Nonetheless,     o§    earlg    as

1937,   photographs  shc)u  the  development  of  a  point  bar  along

the  sc}uth  side  c]f  the   inc:ipient  meandEr   in  reach  2  and     the

fc]rmation  of  ci  cut  bank  c}f  the  north  side  of     the     chcinnel.

Na  1937  aerial   photogrc)phs  c]f  reach   1   mere  available.     1956

aTld     lgE9     c]erial     phc}tBgraphs     clearlg     shoui     the     thalLoeg

pc]sitiorled  alc}ng  the  Outside     portic]n     c]f     the    meander     in

reach  a.     The  tuc]    crossing    points    at    the    upgtrgam    and

dc]unstream  ends  c]f  the  meancler  that  exist     tc}dag     are     alsc}

eviclent   in  the  aerial   phc]tc}graphs.     Fllthaugh  the  numl]er  and

PC}Sition     of     crossing     pc]ints     in     reac=hes     1     c]nd     3     are

different  For  1956,   1969,   cind  1983,     tlie     thalueg     Was     not
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c=c]nf ined   tc]   the  outside  pc]rtic]n  of   the   bends   but     meandered

t]etueen  alternatE  bt]rs  fc]rmed  c]n  t]c]th  sides  c)f  the  channel.

Thus,   the  positic]n  c)f  the  thalueg  in  the  chcinnel   has  varied

slightlg   since   1856  but  the  channel   has  mciintained  tlle  sc]me

marphc]lc]gical   chart]cteristics.

Tlie  Water-surface  slc]pE  of  reach   1     iiias     found     tc)     be

steeper  than  the    Water-surface    slope    c]f    reach    2.       The

signif icaTice  of     this     .000`±E}    difference     is     nc]t     readilg

cipparent.      Some   insight   mag   be  gained   frc]m  cc]mparlng     slc]pe

related     functic]ns.          F.igures       52       and       53       §lic}u       the
I

relationships  between  slc]pe  ancl  tractive  fc}rce  as    Well     as

slc]pe  cind  Stream  poujer  respectivelg.   Stream  pt]uer   [Eagnold,

1gE6:   5]   is   "the  availQblB  pouier  supplg,   c]r     time     rate     of

eTlergg  supplg,   to  unit  length  of  a  stream",   c]r     "time    rtite

c]f  liberation   in  kinetic  fc}rm    c}f    the     liquid's    potential

energg  as  it  descends  the  gravitg  slope".     Stream  pc]iijer,   as

used   in  this  paper,   1s  given  l]g  the  algc]rithm

4D  -  Eife
u

Where  0   is  the  mean  annual  dischcirge,   d  is  the     clensitg     of

the  liquid,   u  is  the  Width  of  the    stream,     and    S     is    the

Water-surface  slc]pe   [uilliams,198tl].     Tractive     fcirce     uJas

f irst   introduced  t]g  I]ubc]gs  in  1879  cind  is     clef ined     as     the

magnitucle  of  the  friction  developed  c]n  the     chanriel     bc]ttom

[Eogardi,1E}71].     Tractive  force   i§  given  bg
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FIgure 52:  Tractlv® force plotted against slope on semi.loo paper.

FIoufe 53:   Stream power plotted against Slop® on seml.log paper.
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Tc-     ,JS

fc]r   a   given   dischcirge   of   L±113   cubic=   feet   per     secc]nd      [1E5L±

m3/sec]   Which   is   the  mean  annucil   discharge     oF     the     KQnsas

River.    8    is  the  densitg  c]f  Water,   S  is     the    uc]ter-surface

slc]pe  c)f  the  channel   and  1]   is  the     average     depth     at     L±113

cubic  feet  per  secc}nd   [1E5t  m3/see).     Since  no  mecisurements

of  depth  Were  taken  in    the    field,     depth    Was    calculated

lndirEctlg  bg

D[at   tll3   cfs]   -    .5t±ri.36   t]m.ZG

Where  rl  is  the  Weighted  silt-clap  percentage  af  the  c=hannel

perimeter  and  Om   is  the  mean  annucil  discharge  of  the  Kansas

River   [Schumm.1968].     elthc]ugh  the  depth  af  the  channel   is

subject  to  change  cis  the  morphc]1c]gg   c)f  the  charinel   changes,

it  has  alreadg  been  demc]nstrated  that  reaches  1  and  a    have

maintained    their    general     morphc]lc]gicQl       characteristics

since  at  least  1956.

Schumm  and  Beathard   [1976]     cc]Titended     that     a     slight

lncrecLse  ar  decrec)se     in     strec)in     pouier     can     signlficantlg

alter      sinuositg       if        the        river 's        discharge-slc]pe

relcitianships  place  it  near  a  threshc}ld  between  braided  and

meandering  streams.     Figures  52  c)nd  53  shc)u    that     tractive

force  t]nd  stream  pouer  are  relatecl    to    changes    in    slope.

Khan   [1971J   fc]und  that  sinuc]sitg  varies  With     stream     pc}uer

in  the    same    manner    that    sinuositg     varies    With    slope.

Increasing  stret]m  pc]uer    regults     in     increasing    §iniic)Sit9
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until   scJme   threshc]lcl   is  exceeded   and  cl  braided     channel     is

deve i clped .

Figure  5t±   is  a   plc]t  of   trQc=tive   fat-ce     cigciinst     stream

power   for  ten  sampling  sites  Within  reach   1     and     recich     a.

SlcJpe  vcilue§   Were  measured  ft]r   a   distance  approximcitelg   loo

feet   C30   m]   upstream   anc]   downstream   c]f   each   sampling     site.

Of  the  vc]riables     ijsed     tt]     calc=ulate     trQctive     fc]rce     and

strecim   pc]uer,   slc]pe,   Width,   and   depth   [D   -   .56rl     0      J      Will

varg   between  reac=hes.

The  plc)ts  c]f  reach  1  and  reach    i    separate     into    tut)

distinct  papulatic]ns.       Surprisiriglg,     the    highlg     sinilous

reach  a  manifests   lc}uer  values  c}f  stream  pc]uer  c}nd  tractive

fc]rc=E   than   c]c]gs   the   less   sinuc]us   reac=h   1.      This   is   cc}ntrarg

tc)  What   is   predic=ted  bg   Khan's  experimentcil   results   C1871].

This  separatic]n  suggests  that  differences  in    uciter-§urFQc:a

gradient,   ciTicl  c=c]nsequentlg   stream  pt]uer  and  tractive  fc]rce,

cannot  fullg  Explain  differences  in  channel  activitg  Within

the  studg  area.     Bric:a   [196t:   to]   cc]ntencled  thcit
"nc]  generc}lities  about  the  relcition  betiiieen  the

vol'leg  sic)pE  and  the  channel  pattern  are  valid
uithc}ut  the  specific=otic]n  t]f  c]ther  variables,   of
Which  bank  erc)dibilitg,   bed  materit]l   and  discharge
are  the  most  significant."

It  is  pc)ssible  that  the  finer.   more  cc]hesive    material

of  reach   1   resiilts  in  a  higher  threshc]ld     c]f     stream     pc]uier

that   must   be   c)vercc}me   t]efc]re   erc]sc]ic)n   occurs.      Recich   2,      c]n

the     c}ther     hand,      c:c]ntciins     coarser,      less     cc)he§ive     bclnk
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mcitBrial   ancl  erc]sic]n  c]ccurs  at  much   lc]uer  values  c]f     stream

I]Ouer .

It     is    alsc}     important    to    be      cognizant      of       the

differences  betuJeen  f lume  and  f ield  results  if    compari§c]ns

of  data  are  to  be  mode.     Plume  results  are  obtained  from    a

cc]ntrc]lled    sgstem    that    dc)es    nc]t    necessarllg    replicate

conditions  in  the  field.     Uherea§  Schumm     and     Khan     [1972]

used  pc}orlg  sc]rted  sand  tgpical  of  fluvial    sgstems,     there

Was  no  little  or  nc}  vertical  c)r  lateral  change  in    sediment

as  there  is  in  tlie  Kansas  River.     Experimental  results    are
1

alsc)  c}btained  using  streams  With     much     Smaller     discharges

than  those  cif  a  natural  sgstem  such  as    the    Kansas    River.

[c}mparisons  between  f ield  and    experimental     data    miist    be

made  With  such  differE}nces   in  mind  and  shc]uld     be     expected

tc,  vt]rg .

SLOPE-DISCHf}REE   THRESHOLDS

Threshc)lds  t]etueen  braided  and  meandering  streams  have

been      determined      using      Water-surface      slc}pe/discharge

relatioriships   clone,1957;   Leopc}ld  and  uolman,1955J.     Theg

have  found  that  When  a  critical     slope     is    exceedecl     in    a

meandering  stream,   a  l]rt]ided  stream  Will   fc}rm.     Schumm     and

c)thers   [197E]   and  Schumm     and     Khan     [1972]     described     the

relationship  between  valleg  slc]pe  and  sinuc]sitg,     clnd     have
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attempted  to  identifg  criticcil  threshc]1ds  fc]r  valleg  slc]pe.

Ualues    of     uatBr-surface    slc]pe     have    been       plotted

against  mean  annual   discharge     CLcine,      1957][Fig.     55]     and

barikfull   clischarge   CLec]pc]lcl     and     uolman,      1957]CFig.      56].

Using  Lane's   C1957]   slope-discharge  relatic]ris,   all     reaches

Within  the  studg  at.ea  plot  os  meandering.     The  mean     armual

dischc]rge  c]f  the  Kansas  River  at  uamego     in     Figure     55     is
L±113  ft3/set:   [125q  m3/sec]   far  the  peril]d  1918-1980.

When  t]ankfull   clischarge  is  placed  c}n  the     abscissQ     in

figure  56,   reaches  1  and  a  plc]t  much  nearer  to  the    t]rciicled

tnt-eshold  and  reach  3    plc]ts    a=    a    t]raided    stream.       The

thrE}shc]ld  is  defined  bg  the  regression  line    S    -     .060-.qt±

and  Was  obtained  empiricallg  With  data  from  63  streams.   The

l]ankfull  discharge  ujas  estimated  at  10E,000  ft3/see   C31,090

m3/secJ   from  rating  curves    With    stage    e§tiiTlated     in    the

field   CLeopc]ld  and  Uc]lman,1957].      It  shc]uld  be  noted  that,

althc)ugh  the  three  reaches  plot  t=lc}selg  together  ir`    f igure

56,   the  magnitude    af    the    differences    in    slc]pe    ls    not

critical  as  long  as  the  threshc]ld  is    t=rossed     [Schumm    and

Beathard,1976].     Reach  3  plots     in     the     braided    zc}ne     in

figure  56.     f}lthc]ugh  reach  3  marks  the    transitic]n    between

two    meanders,     it    has    some    cliaracteristics    af    braided

channels  such  as  lou  sinuositg,   a  Wide  and  shallow  channel,

and  multiple  thaluegs  at  mang   locatic}ns  ulithin  the  reach.

Slc]pe  discharge  relationships  ore  cilso    shown    c]ver     a
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Flouro 55:  Slope-dl§charge r®latlon9 for reaches 1, 2 and 3.
Graph adapted from lane (1957).
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peric]d   c}f   time   for   reac=h     2     Where     chaTlnel     migratit]n     lias

decreased  the  ut]ter-surface  slc]pe   [F.ig.   57].     The  values  c]f

sll]pe  in  f igure  57     arE    based    upon    the    assumptic]n    that

extensive     channel     aggradatic)n     c]r     degradatic]n    has       not

occurred  sinc=e  1885.     Stage-time  relatic]nships  reported    bg

Osterkamp  and  others   ClgBE]   reveal   that  c]ne     fc)ot     [.30     m]

degradation  has  occurred  at  uamego  during     the     1951     f lc)c)d

but  the  channel  has  been  stable  since.     No    data.     however,

iiias    available    to    document    episc)dEs    af    aggradation    or

degradation  With  reach  a.

The  drc]p  of  the    uater`    surfcice    uiithin    reach    a    Was

mecisured  and     divided     b!     channel     lengths    measured    fran

histc}rical     maps     CI]c}rt,      1980].        Results     sliou     that     the

channel  plc}ttecl  as  braided  in  1885  but  the  slc}pe    decreased

as  the  meander  grew.     f]s  recent  as  1851,   the  channel     still

plc)tted  as  braided  cLnd  the  threshold     between     braided     cLnd

meandering  streams  Was  onlg  recentlg  crc]ssed.     The     channel

has     icreasecl     its    sinuositg    prc]gressivelg    since       1885.

Historic  slope-discharge  relatic]ngliips  are    nc]t    shown    fc]r

reach   1  since   little  change  has  c}cc=urred  since  1885.

Schumm  and  Eeatliard   [1976]   suggested  that    potentiallg
"unstable"   Cactiva]  river  patterns    mag     be     identified    bg

evaluating  Slope-discharge  I.elaticlnsliips.     Theg  cldded    that
"if  a  broided  river  plots  among  the  meanderiTig  channels     ar

vic=e  verso,   it   is  a   likBlg  ccindidate  fc]r  chaTige  because     it
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is   unstcible."     Schumm   and   Beathard   [1E}76J   used   the   [hippeuQ

River   as  an     excimple     to     demc]nstrate     how     slc]pe-dischcirge

relatic)nships  have  c}ffected  histc]ric  c=hannel     changes.        In

the  case  of  the  t=hippeua  River,   a  clearlg  braided  rec}ch    c]f

the  river  plotted  in  the     meandering     zc]ne    as    clef inecl    t]g

Lec]pold   and   Uc)lman   [1957].      The   channel   Within     this     reach

Was  unstable  and  severe  bank  erasic]n  oc:currecl.     Schumm     and

Beathard   C187E]   cc}ntendEd  that     if     the     channel     cc]uld     be

induced  tc]  assume  a    meandering     pattern,     stabilitg     would

resu I t .

llistc]rical  slope-dischcirge  relationships  fc)r    reach    2

mag   be  evaluated   in  the  same     manner     usBd     bg     Schumm     and

Beathcird.     fig  late  ag  1951,   the  channel   in  reach  2     plotted

in  the  braided  zone    c)n    the    basis    c]f    its    Water-surface

slope.     faerial  phc}tographs,   hc]uever,   reveal  that    as    earlg
•as  1837  the  channel  clearlg     exhibited    c=haracteristics    of

mecindering  streams.   Tliese  charc}ctEristics  include  a     single

thalueg  Which  has  been  conf ined  ta  the  outside     portic}n     c}f

the  meander  frc]m  at  least  1937  tt]  the  present.       Therefc]re,

When  the  present  episc)de  c)f  meander  grc]uth  began     in     1919,

the  channel     Within    reach    2    ujas    unstat]le    according    to

slope-discharge  relationships.     Tliis  instabilitg    mag    have

initiated  the  channel  activitg  Which  has  cc}ntinued    to    the

present  as  the  channel  has  t]ecome  increasinglg   less  t]ctive-
SincE]   196E],   aerial  photographs  reveal  that  the  mc]st     severe
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bank   erc]sic}n  and  mecinder   grc]uth   is  occurring  on  the  extreme

dounstrecim   pc}rtion  of   the     meander.        This     c)ccurrence     mag

indicate  that  the  meancler  mag     be     at     What     Hicken     [1S7q]

termed   the   "terminal   stage"   c]f  meander  grc]uth  Where  meander

expansion   i§  cc]nf ined  to  the  daunstream  limt]  of  the  bend.

Uf`LLEY   SLOPE

ualleg  slc}pe  in  ttiis  thesis  is  defined    bg    the    total

drc}p  c]f  the  Kansas  River  for  a  given  reach  divided     bg     the

length  clf  the    reach    measured    as    the    shc]rtest    distaTice

between     the    terminals    aF    the    reach.         The       line       of

measurement  fc]r  the   length  of  the  reach  generallg   c=c]nfc)rmecl

to  the  lc]ngitudinal  axis  of  the  valleg.       ualleg     slc]pe     ls

shc]un  With  cc]rresponding  Water-§urfoce  slopes   in  f igure    50

and  Plate  I,

f]s  revealed  in  figure  50,   the  valleg  slc]pe  is    steeper

Within  the  ujestern  portion  c)i  the  studg     area     bLlt     becomes

considerablg  less  steep  toward  the  east.     The  actual  values

c]f  val`leg   sic)pe  are  as  fc]llc)us:      reach   1,    .000335:   reach  2,

.000593;   and  reach  3,    .000579.     There     is     some     degree     of

subjectivitg  to  these  vcilues  because  the  beginning  and    end

of  each  reach    are    arbitrarilg    determined.       Nonetheless,

Valleg  slope  clearlg  diminishes  tc}uard  the  east  uithln    the

studg  area.
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uc]lleg  slc]pe     has     a    dirEct     influence    an     sinuositg

[Schumm     et     al.,       197=;      Schumm     and      Khan,       197E].         Thee

suggested  thc}t  the  sinuositg  c]f  alluvial  streams  is  lou  fc]r

extremelg   lou  valleg  slc}pes  but     generallg     int=reases     With

increasing  slc}pe  until  a  threshc]ld  is  crc}ssed  ancl  a  braided

channel   results,     Schumm  aTid  c]thers   [197EJ   have  §tildied  the

relationship  between  vcilleg  slope    and    sinuositg    for    the

rlississippi  River  and  their  results  are  shown  in  figure  58.

The  Wide  scatter  c]f  points  occurs  because  §inuositg  is    not

ct]nstant  but  varies  at]out  a  meaTi  thrc]ugh  time.     Schumm     and
I

Klian       ( 197EJ       alsc)       experimentcLllg          illustrated         the

relatic]nship  between  valleg  slope  and  9inuogitg   [Fig.     59].

Nc}te  the  cc]nformitg  of  the  pc]ints  tc}  the  line   in  f igure     58

as  cc}mpared  tl]  the  scatter  of    points    at]out    tlie    line    in

figure  58.

ualleg  slope  data  frc)in    the    Kansas    River    hove    been

plotted     in     the     sc)me     manner     [F.ig.     60J.        Becaiise       the

discharge  of  the  Kansas    River    differs    grecitlg    frc)in    the

rlississlppi   River  and  frc]m     Schumm's     experimental     stream,

slopes  ahd  thus    §inuc)§itg    mag     also    vorg     gignificantlg.

Because  onlg  three  points  Were  plotted,   c]ne  for  each  reach,

the   line  clraun  con  I)nlg   §imLIlate  the     uark     c)f     Schumm     and

Others   [197E]   and   Schumm   and   Khcin   (197EJ.      The   clatci   are     in

agreement  With  the  findingg  af     Schumm    and     others     [1972]

c]nlg  When  reaches   1  and  a  are  considered.        Lc]u     values     c}f
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Flgur® 58:  BelatJon of slnuoslty to valley slope for

Mississippi river data, Cairo, Illinois, to Head of

Passes, Louisiana.   From Schumm and
others (1972).

FI0uro59:flelatlonofsinuositytovalleyslope,experlmental

streams.  From Schumm and Khan (1972).
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vc}lleg   slc]pe  result   in  relativelg   lc]u  sinuc)sitg   [reoch     1].

The  steeper  vcilleg  slope  Within  reach  2  results     in     higher

sinuositg.      If  valleg  slc]pe  Were  to   increase  for  r.each  I,   a

E=

E=E=EZ=

ct'1

---riraci2````
\\\\\ \ \ \ \

Reach  3

.OOcO                           .ooo4                           .0005                          .oooe                          .cO7
valley slope

Flour® cO:  Valley slope-sinuosity relations for the  Kansas rlvef within tlle study area.
Graph adapted from Schumm and Klian (1972).

braided  stream  uc]uld  be  likelg  tc}  form.     Thus    the     channel

Within  reach  a  results     in    higher    sinuositg.       If    valleg

Sic)pe  LLiEre  tD   increase  for  reach  2,   a  t]raided  stream     Would

be   likel9   to  fc)rm.     Thus  the  chc}nnel     Within     reacli     i     has

adjusted  to    maintain-   Just    the    necesscirg     competence    tc]

transpc]rt  the  supplied  sediment  lclacl.        In    the    effort     to

C]chieve    this    stable    ccmfigurcition,        the       channel       has

manifegted  activitg  since  1819.   The  inactive  channel. [reach

1],   c]n  the  c]ther  hand,   has  nat  had  tc]  adjust  nearlg  as  much
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due  tc)   its   law  vcilleg   slope.     f}djustment     Within     reach     1.

nc]nE}theless,   mag   still   t]e  c)ccijrririg,   t]s     suggested     t]g     the

high  values  of  tractive  fc)rce  and    stream    pc]uer,     but    has

been  prc]ceecling  at  a  verg  slow  pace  due     tc}     the     resistant

nature  of  tlie  Buck     Creek,     Neumcin,     and     Hollidag     terrace

fills ,
When  reach  a  is  considered,   there     is    less    agreement

With   the  uark  c}f   §chumm  and  others     [197E][Fig.      60J.        The

valleg  slope  of  reach  3  I.000579]     is    onlg    slightlg     less

steep  than  that  c]f  reach  a  I.000593J  and  lt    plc)ts     in    the

meandering   zc}ne     ci§     defined     bg     Schiimm     and     Khan      C197E]

although  it  exhibits  characterlstlcs  c]f    bralded    channels.

Thus  the  development  of  the  relcitlvelg  straiglit  channel     of

reach  3  Csinuositg  -1.E]   and  the  manifestation  of  some    af

the     characteristics     cc]mmon     to    brciided    streams       [e.g.,

multiple     thaluegs]     mag     not     be     explained     in     terms     cif

exceeding  a  tht.eshc)ld  alone.

PC]TENTlf]L   FOR   I:HINGES    IN   SLOPE

ualleg  slc]pe  ls  an  lndBpentlent  variable    With    respect

tc)  the  gec]lc]gic  and  gec]mc]rphic  prc]cesses  that  occur     Within

grcided  time.     Thus  it  ig  nat  likelg  that  changes  in    valleg

slope  Will  affect  the  actlvitg  of  the  Kcinsas    River    ulthin

the  graded  time  span.       Within    reach    a,     the    chcinnel     is
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currentlg  eroding  the  tut  bank  t]lang  the  clc]unstream  pc]rtion

of     the     active     meander.        In     tliis     manner     the       c=hQnnel

increases  its  length,     Which    results     in    c]    ct]rrespc}nding

decrease   in  slc]pe.

uatar-surface  slc]pe  is  mc]re  likelg  tc}  increase  due    to

the  capture  c]f  the  Kcinsas  River  bg   Deep  I:reek  Within     reach

2.     Deep  Creek,   a  Kansas  River  tributarg,     flows    nc)rtheast

c}ut  c]f  the  Flint  Hills  and  into  the     Kansas    River    valleg.

Near  mile   13L±,   Deep  Creek  net)rig   empties     lntc)     the     Kansas

River  but  instead  turns  abruptlg  east  and  empties  into    the

Kangas  River  at  mile   13E   [Fig.   61].     f}t  mile   13t,   the  Water

surface  c]f  Deep  Creek  ls  lotLier  than  the     Water     surfclce     of

the  Kanscis  River  and  theg  are  separated  bg  onlg  a  few  feet.

Biiring  high  disc=harges,   an  B§timatEd     ten     percent    of     the

Kansas  River  discharge  flows  intc]  Deep  I:reek  at     mile     13t±.

This  pc]rtic]n  c)f  the  captured  Kansas     DischcLrge     then     f lc)us

cipprc}ximatelg   .39  mile   I.62  km]   thrc}ugh  the  channel   t]f  I]eep

I:reel<  ancl   intc}  the  Kansas  River  again  at  the  mc]uth  of     Deep

Creek  near  mile     132.     The     United     States     f]rmg     Corps     c]f

Engineers  anticipates  the  eventual  capture    of    the    entire

Kcin§as  River  t}g   I]eep  Creel<  and  the  resulting  cut-c]ff  c]f  the

large    meander     Within    reach    a     [Bat]       Pierce,       personal

communicatic]nJ.      If  this  cut  c]ff  ciccurs,   an     estimated     386

acres   C156  hectares]   of  cropland  uc]uld  be  isolated  frc]m  its

Owner .
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If  the  active  meanclEr  c]f     reach     2     is    cut    off ,     the

length  of   the   channel   Would  be   rEduc=ecl   frc}m  3.I  kin     tc]      .6E

kin     ancl     the     uatBr-surface     slope     Would       increase       From

apprc]ximQtelg    .00023  tc]   .0015.      This   slc]pe  value  uc]uld  plc}t

Within  the   braicled  zone  as  defined   bg     Lec]pc}ld     and     uc]lman

C1§57].     Slc}pe  cc]nditions  similar  to  those     in     1885,      When

the  length  af  the  channel  of  reach  i  ua§  the    shc)rte§t    and

the  §inuo§itg   value     LLiag     the     lowest,      Would     t]ccur.        The

entire     met]nder-forming     process     uc)uld     I)e     likelg     tc]     I)a

reinitiatBd  in  order  for  the    river    in    this    lc]cation    to
again  achieve  equilibrium.

SUB[Hf`PTER   [DN[LUSI0NS

The  following  conclusions  summarize  pages  181     through

19E  t]f  the  text.

1.          The  transitic)nol  reach    betuieen    meanders     [recich    3]

displQgs  a  steeper  LLiatEr-Surface  slope  than  the  profile    c]f

the  channel   in  the  meanders.

2.       The'inactivitg  of    reach     1     cannc)t     be    explained    bg

water-surface  slt]pe  since  its  steeper  slope  contribi]tes    to
higllgr  values  af  stream  power  ancl  tractive  force.

3.       The  fine  cohesive  bank  material  of  reach  1  enoble§  the

banks  ta  resist  erc]sion  that  Would    occur    at    the    greater

values  of  stream  power  and  tractive  fc)rce.
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I.       The  steep  valleg  slope  of  reach  2    hcis     initiQtecl    the

channel     cictivitg     Within    this     reach.       The    channel     has

mec]ndered  ta  mQiTitain  just  the  slc]pe  necgsst]rg  tc]  trarispc}rt

the  supplied  sediment  load.     The    cc]arser,     less    resistant

banl<  materic}l   has  accentuated  channel   Qc=tivitg.

5.       Whereas  the  valleg  slope  c)f  reach  1     is    geintler     than

recich  a,   the  channel  mag  Still  be  in  a  stage  of  adjustment.

The  resistant  nature  of  the  bank    Sediment    hcis    Served    tc)

inhibit    this    cidjustment    and    Water-surft]ce      slope      has

remained  high.
1

i.        The  gradual   ccLpture  of  flow  c]f     the     Kcinsa§     River     bg

DeE}p  Creek  threatens  tc]  decrease  the   length  of  recLch  a     and

consequentlg  increase    its    Water-surface    slope.       If    the

active  meander  is  cut  c]ff  in  this  Wag,   the  increased    slc]pe

mag   initiate    cinother    episode    of     channel     migration    cind

mE]ander   fc]rmatian.
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The  methadc]lc}gg   usec]   in   this   thesis  Was   implemented   tc}

evaluate  causes  af  channel  activitg  and  lc]c=al  bank    erc]sion

c}n  the  t]asis  c]f   lc]ng  standing  thec]ries.        rlc]ng     re§ecirchers

have  prc}vided  the  framework  and  assumptiang  upon  Which     the

methodologg  Was  fc]rmulated.     Findings  generallg  support  the

models  described  in  the  text  Which    offer    pt]ssible    causes

fc]r     channel     activitg.        The     fc}1laujing     conclusiclns       are
1

postulated  upon  data  presented  in  this  thesis.
1.       Steepened     lc]cal     valleg     slope    Within     reach     a

[activeJ  mag  be  responsible  for     initiating    rapid    meander

grc)uth  since   1885.     The  channel   has  cipparentlg  meandered  tc]

maintain  Just  the  slt]pe  Tiecessarg  tc]  trarispc]rt  the  supplied

sediment   lc]acl.     The     meander     grew     until     a     Water-surface

slc]pe  that     Was     in     equilibrium     With     the     bed     lc}ad     iuas

accomplished.          Within       reach       1       [inactiveJ ,        channel

adjustment  has  been  limited  bg  the  fine  nature  of  the    I]ank

material.        The     bank     alluvium     Within     much     c}f     reach     1

Cinac=tive]   ct]nsists  of  Neujmon,      Buck     Creek,      and     Hollidag

terrace  fills  Which  are  considerablg  f iner  than  the    mc]dern

alluvium  c]f  reach  2   [active].     f`lthc]ugh     the     valleg     slt]pe

Within  reach  1   Cinactive]is  relativelg  gentlg,   the    bclrrier

presented    tc]    chcLnnel     migration    has    resulted       in       the
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maintE3narice   c]f  anomalauslg     high     Values     c]f     uQter-surface

slc}pe  as  Well   as  tractive  fc]rce  and  strecim  pc]uer  With     this

reach .

2.     f]lluvium  iijithin  r.each     a     [active]     cc]ntains     less

silt-clog   C37.6Z]   than  reach   1   [inactive]C50.5>.].        Whereas

the  genesis  of  channel   migrc]tic]n  Within  recich     a     seems     tc]

have  t]een     the     anomalouslg     Steepened     vcilleg     slc}pe,      the

rapiditg   With  uihich   the  migratic}n  prc]c=geded   is  prc]bablg   due

tc]  the  nc]ncohesive  alluvium  that  cc)mprises  the     flc]c]dplain.

Nonetheless,   the  small   amElunts  c]f  silt-clog  Within  recich     2

has  apparentlg  prc]vicled  the  bank     stabilitg     necessc}rg     fc]r

mecinders   to   fc]rm   Cschumm,1961,197qJ.      If   a     threshc]ld     of

silt-clog   c=c]mpc]sitic]n  exists  ullE]re  a  meanclering  rather   than

braided  stream  will  fc]rm,   the  banks  Within  reach     2     exceec!

thcit  threshc]ld.     The  rapiditg  of  channel  migratic]n,   c]n     the

other  htind,   mag  varg  ujith  the  amc]unt  Qf     silt-clog     present

in  the  stratum  bggc]nd  that  threshold   [DQniel,1971].

3.     Terrace  alluvium  Within  the     Kanscis     River     valleg

c=ontains  a  high  perceTitage  c}f  overl]ank  depc]sition     and     is,

thus,     an    effective     lateral     channel       cc]ntrol.         rloclern

alluvium  is  generallg  coarser  ant]  less  indurated  above    the

LLiater   level   and   is  relativel!   easilg     ert]decl.        Recent     lL±C=

dates  suggest  that`the  fill  beneath  the  Neuman    terrace    is

goijnger  than  previouslg  believed.

I.     Gravel   bat.s     c]ccurring     cit     mile     13E     liave     their
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sc]iirce   in  neart]g   cLlt   bank   sEdiments   exposed  bg     the     growth

of  the  active  meander.     The  gravel   fc]und   in     the     bank     ujcis

apparentlg   depc]sitecl   in  the   19E9-19tl   channel   af   the  KQnsc}s

River.     [onsequentlg,   theg  cc]uld  nc]t  have  been  historicallg

a  factor   in  the  development     c]f     the     "pivc]t     pc]int"     Which

began   in   1818.     f}  much     more     viable     explancitic]n     for     the

c]ccurrence  of    the     "pivot    pc]int"     is    the    resistance    c]f

erosic}n  encountered  l]g  the  Kansas  River  south  of     mile     132

due  tc]  the  presence  af  the  Bucl<  Creek  and  Neuman     terrc]ces.

The  fine.     cohesive    sedirqent    af    the    terrace    fills    has

retcirded  the  southward  migration  of    the    channel,     causing

the  stream  tc]  cc)ntinuouslg  occupg  the  channel  at     mile     132

in  spite  of  the  formatic]n  c]f  the  active  meander  since  191E}.
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APPENI)IX   A

This  appendix   sulnmarizes  hypotheses  corresponding

to  results  of  statistical  tests  presented  in  tables  3,
J+,   j  and   7.

Table  3

T-tests  for  determining  cliff erences  in  grain-size

parameters  for  weighted  samples  between  the  active  and
inactive  reach.

Pest  1
1

Hal    There  is  no   significant  difference  in  the  grain-size

parameters  of  all  samples  between  the  active  and  inac-
tive  reach  within  the  study  area.

HII     There  is  a  significant  difference  in  the  graLin-size

parameters  of  all  samples  between  the  active  and  inac-
tive  reach  within  the  study area.

Test  2

I{o!    There  is  no   significant  difference    in  grain-size

parameters  for  samples  above  1/3  bank full  between  the
active  and  inactive  reach.

HII    There  is  a  significant  difference  in  grain-size

Parameters  for  samples  above  1/3  bank full  between  the
active  and  inactive  reach.

Test   3

Hol    There  is  no   significant  difference  in  grain-size



parameters  for  samples  between  1/3  and  2/3  bank full  be-

tween  the  active  and  inactive  reach.

HII     There  is  a  significant  difference  in  grain-size

parameters  for  samples  between  1/3  and  2/3  bank full  be-
tween  the  active  and  inactive  reach.

Test  4

Hol     There  is  no   significant  difference  in  grain-size

parameters  for  samples  above  2/3  bank full  between  the
active  and  inactive  reach.

Hli    There  is  a  significant  difference  in  grain-size

parameters  for  samples  above  2/3  bank full  between  the
active  and  inactive  reach.

Test  j

Hoi     There  is  no  significant  difference  in  grain-size

parameters  for  samples  below  2/3  bank full  between  the
active  and  inactive  reach.

Hli    There  is  a  significant  difference  in  grain-size

parameters  for  samples  below  2/3  bank full  between  the
active  and  inactive  reach.

Test   6

Hol     There  is  no  significant  difference  in  grain-size

Parameters  for  samples  below  1/3  bank full  between  the
active  and  inactive  reach.

HII    There  is  a  significant  difference  in  grain-size

Parameters  for  samples  below  1/3  bank full  between  the



active  and  inactive  reach.

Table  4

Mann-Whitney  U  test  for  determining  differences  in

silt-clay  percent  and  clay  percent  between  the  active

and  inactive  reach.

Hol    There  is  no   significant  difference  in  silt-clay  per-

cent  and  clay  percent  for  all  samples  between  the  active

and  inactive  reach.

HII     There  is  a  sigriificant  difference  in  silt-clay  per-
1

cent  and  clay  percent  for  all  samples  between  the  active

and  inactive  reach.

Table  5

T-tests  for  determining  differences  in  grain-size

parameters  for  nan-weighted  samples  between  the  active
and  inactive  I`each.

Test  1

Hol     There  is  no  significant  difference  in  the  grain-size

parameters  of  all  samples  between  the  active  and  inac-
tive  reach  within  the  study  area.
HII    There  is  a  significant  difference  in  the  grain-size

parameters  of  all  samples  between  the  active  and  inac-
tive  reach  within  the  study  area.

Test  2

H9I_ There  is  no  significant  difference  in  grain-size



parameters  between  Buck  Creek  terrace  I-ill   sediments

and  modern   sediments.



APPENDIX   a

Part  11     Sampling  locales.

Part  21     Generalized  sections  of  selected  sampling  lo-

cales.

Part  31     Cumulative  frequency  curves  for  samples  of  lo-

Gales  shown  in  part  2.
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