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1. Width/Depth ratio (W/D)
2. Entrenchment Ratio (ER)
3. Bankfull cross sectional area (Areabkf)
4. Flood prone width (Wfp)

5. Water surface slope
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1. Maximum depth (dmax)
2. Bankfull width (Wbkf)
3. Channel sinuosity

4. Water surface slope

5. D50

6. Bedrock

7. Boulders

8. Cubble

9. Gravel

10. Sand
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1. Straight
2. Sinuous
3. Meandering



I8 -39, 51,20 (55999890 (213,

Lo

099

oS!y (gaasb

AR

YA V¥4 40/4v WA V404 Ayfe W 4o (S9N 44 A\ Af+ aF")
AL SAA bd/A VAL SAA (e WA+ +d V4lA FATEY) A\ Al fe ¥
£\ A5 bd/A +Af4 L4 bAf+ WS 74 T4\ WYIAYA AN Asf+ ¥
T4 AL LATEL VA4 A/ Al AL+ AY vy QAT AT Weefs ¥
AL AdA AdfVA LATA T4l g\ A+ LA BN
Al +44 Al “Af4 £+% 44+ <4+ o W<
Al WAL W Y- /9 Wb/ AN R ~AA
Ly Adh Adfvd b 2444 v+ Al Aef\
*A A+A A4 B\ TVIA A+ AAf+ £\
B4 ¥eh PAYIN ALQ e Avf+ AQf+ 1%

I W AY [ oA AdfAN Wy w0/ o
A\ YAL FEIEY B[V Yifb AN (T8 Ad
£\ b b4 YAA “Af% AL v« +4
Il A\ VAfA (Y0 SAfA Avf. M+ 44
A\ AT L4 /bd b A/ -\ Y A¥/+ AA
A4 Adh ES A l4 WY b+ b+ )
AL YL AY/4A Abf4 YAl Yo WA ]
WA YAL MY\ T b Sl A+ U4
“\ A L4 TL/A AAMQ LV AT Vi
b (R AW\ A¥[\ AT\ AlY AL A+ Ad
¥ ® B (LN Y 2[4 LA+ N[+ oy
A Yy Y/ I BA/-\ Ve [vA Al <4+ A
4 YA AdSN AVAL ALY bhYi YU Adfe Ad Wl
v Ad LA LE VA4 ALTAL AU b/« A WAL
A AT Ad/ A\ A\ YA TAIA FATe Yi[+ AT AofA

T A 44 AL Y AYy A AN By« Ad CETAY

ARem A A LETENY AAJ4 T /A Yi[AL Adfe L[+ 44 ALfA
\ ¥ /T A¥[A ERAY ¥/ A A+ 4 ¥elA

R am | oo #& | % | e
¥ <o | Afe s aer f A0 | | emen e | FeT v | gt g wd | e [ e e

Srf[ | EH T P g e AR ol | e 0




YWAY e o€ 0 land el Jlw ¢35 (55053 )093 5 (SR s52034 VY

by A g95 4 cuni B g5 slaailBag,
hwgie Bus el g Aiud 6yt
945 glacad Sl gy Jold Lome yiy 5l
sobatals sdodgl IS (ghls 5 o3y (L]
FCERIP S P )I.\_,LLM_W Jolw g st ol
J3b pla als oSS w 5 25> slaylll
F ¥ lrojl il il e ildg) 4igS oy
8B g5 sladiliog, &> pYF o V) Y-
5,05

TUlis 5 e S s C g5 sbaalios,
mady g 329y o8 g g e Cudd g 039
G Bl dnwgs )] )3 o3 d (clawle sl
SILBIS (e 9 VY 5l Gl Bos @ 20
Sy solisgy lej 5 el bwgio yiw
A Lngbc)’l_g ..3);‘_,;0 |).9 |) G’MAAAJ Cubd chﬂw
AU A AVAFIVAY A Ve & A Vb F
C 89) L;Laml:-bg) bj)f 2 YA 9 YY YO &Y &Y
Slas S ol

Gos 4 02ye G E g9 sladilhsy) )
PR I A I SR A KW PR PP
Awd PV 9 VO ¥ i el Iy (g35—as

Cwl E g glaailsy,

By, slaojl alise glgil oy ablio

bl 52 ojly g (oo ye gblie (gauaid .0 JSW
Sl gaiaid

Aad o i (Sl caudib s il b 4

sladdgy g gblio muwy jl oy IS jsboas &S

1. Pool
2. Riffle



)Y

Py gagaid (159, b (el A2y, glyome (59098590 (25,

B3l ol 505 (B g BBk andib b ot bl 1 (S (oM B3 g 3y (00 0 Ol e
ol 1y 5%ty @leiniy (oye ablie L sl llail ol5e 5 (o ps gblio 5l oolass Ly & JS5 5l 1,

Plan: Plan 06 07/13/2013

river km of lighvan20-2

re1379_river

.._\.h)@

B g5 51 oylond o6 aladio : A

Elevation (m)

Plan: Plan 06 07/13/2013
river km of lighvarg4-88

re1379_river

ot ok ot
215; Legend
2154{ EG yr4
] WS yrd
] -
2151 Crit yr4
: —
] Ground
b L]
21507 Bank Sta
2148]
r
2146
M
0 20 40 60 80 100 120

N
22681 o o }(704‘){
4 Legend
2265 EG yd4
22641 WS yrd
RSN
PN Crit yr4
E e
g | Ground
[ ]
'g 2260 Bank Sta
o 225
25
22541
0 20 40 60 80 100 120 140
Station (m)
C g9 5lY o loms o, phio: o
re1379_river Plan: Plan 06 07/13/2013
river km of lig hvarb2-169
PR S Y
20607 Legend
»
] EG yr4
| - —+ - =
0% Crityrd
. ] WS yr4
E —_——
< 209 Ground
& .
= Bark Sta
o ]
[ _|
L 204
2001
1 o) ENRMMMNMIMSE =
0 20 40 60 80 100 120
Station (m)

E £55 5137 o5lowi ooy ghailo:

Gliseo ozl yd gl Wilddg, o ablio I galues T UG




WAY jle o€ oylond gl Jlw (5 S5999% 59095 (S ARg 32 V¢

«o» alate ) .Cowl gl Gas 4 (5,8 Cond gy (SOBLS Cows €A ghaio 5 SS 3b
A 0B Sl 93b) Y (SIS Cond @ glate )3 9 0bj Bes 4 (2)5 Cumd g pny (SIS e
Gl oS LS Bes

8 75 o 9 o
ls owsiw diliagy 83, )0 (lsdd Lildag) il din o 4 ol slodl oy | gz yScie gbrodly wlwl
aog i > home Sislshise 835 0 18 B, €, E elgl jl (S 55 baejly JS(oly sl old 5y 9 515
B, B s slalime ;5 .l C, B, E ¢lgl sy casdpol g casdjlhe 13 9039 C s B g5 5l cann¥ly
g o 049D p.»M.o s b 9 ;gq)l.’ dl.b:o)b 4]4w9~o B A o ys Camd g JJ[&HO Crusg L pyoe L;)LB‘); ‘u|95.J
bl o sl e S5 mpMo S by a5l cbS (5w (laoys C 55 clal oo 5
sile (b 9 )Ml sl 9 08 Bes 4 (28 Gl ey (swgipms JS (] s b g 003 SLBE 9
sy cotllas Swly ca il glaodh L ol e Cunl (Sas (Yoo A) 3y S 3o 5wl (S0
oolsl g (gatal (Sl (el slioxl o b Uil Gul s 3Lkl pas e @y ol NS o

23,5 Jlosl cud g Bos 4 (558 Cannd ¢ty (23 555 bl sl el )l
il giadb ol b osda bl jl ool 4 ol (LS lsdd By, (sl (Kl gunadl (o)
oSy 5l (B ) 35305 QUIF b gy cpl Sl 3 Slasl |y bl ol )03 (o3l 5 035
535 ] (el 3001y i s 3o & (550 i g (SIS s ke o5 lodg, (3
sl = sanail ) 3)b bganaib plo b dwlie 3 1) sk Loy, (S8)50555 (o5 (b 2Vl
Sl S| Sejslodye sl £ cnl (Wi oo baalpd (St 1y g A e IS5 bl 8
&8lg 3 0,5 )1y 8 eolawl 3y50 ailBdg) sl 5 b pte ooy (awiine sz )b dawgs )d WlgT o AlBDg,
g 355y GleMbl &S cwl e Sbj)l S Suly 90 pdaw (ganddb piwaw (wlel g oledd LB, ganadb

S o ol e sbad )8 el 1) (655

&lo

=55 5,1 lgasel e 8 L taen 5 HEC-RAS (unsteady flow) 45l8g, Jalowi st ((MYAY) . > ¢l
S el Gmuo (AU s lylinl g llee o SV

o ol ylissl 2yl a5 ‘lza.\ubs 9 Suolind ¢ Jgl Als oM (BCWID g BAilEDg, (AYAY) .yl b o



Vo OSwly sl (o9, b ool g, (s1y2e S9998 590 (b))

alao) Rosgen (guaodib jl odliiaw! L ailddg, Su59099,90 Colpandi (ot yyd (VWAY) . 5 ccam b ] Jb

g
(Lgudy b UL.J ollaal:lel g qwaa il Ol (639, 55909502 Joo! (VWAY) I wodlle

4l oS oo Y 9 ol pawmt b S Je b o it 9 ©f o Uiy (glamnslio (w2 (ITAD) .o ¢ 538

Arbelaez, A. C., Elvira Guevara A., M., Posada, G. L., Gonzalez, M. L.J., Gallardo, B. C. A.,
2007, Bankfull Discharge in Mountain Streams in the Cauca Region of Colombia,
Hydrology Days, PP.189-197.

Christner, Jr, T. W., (2009), An Assessment of Land Use Impacts on Channel Morphology
in a Western Minnesota Watershed, ProQuest, A Ph.D Thesis, Faculty of the Graduate
School of the University of Minnesota, 182 pages.

Green, Sh., Norm, E., Nathaniel, T., 2011, Geomorphic Indices / Remote Sensing Analysis to
Perform Rapid Stream Assessments, Awra 2011 Summer Specialty Conference
Snowbird, UT, June 27-29, PP.1-6.

Lawlor, Sean M., (2004), Determination of Channel-Morphology Characteristics, Bankfull
Discharge, and Various Design-Peak Discharges in Western Montana, Scientific
Investigations Report 2004-5263, PP. 1-19.

Moret, S.L., 2001, Predicting Channel Stability in Colorado Mountain Streams Using
Hydrobiogeomorphic and Land Use Data: A Cost-Sensitive Machine Learning
Approach to Modeling Rapid Assessment Protocols, Doctor of Philosophy, Oregon
State University.

Mount, J. F., 1995, California Rivers and Streams- The Conflict between Fluvial Process
and Land Use, University of California Press, Berkeley, California.

Natural Resources Conservation Service, 2007, Part 654 Stream Restoration Design National
Engineering Handbook, Chapter 11: Rosgen Geomorphic Channel Design, United
States Department of Agriculture, 210-VI-NEH.

Rinaldi, M., Surian, N., Comiti, F., Bussettini, M., 2012, A Method for the Assessment and
Analysis of the Hydromorphological Condition of Italian Streams: The
Morphological Quality Index (MQI), Geomorphology, Vol. 180, PP. 96-108.

Rosgen, D. L., 1994, A Classification of Natural Rivers, Catena, Vol. 22, PP.169-199.

Schumm, S. A., 2005, River Variability and Complexity, First Published, Cambridge
University Press, Published in the United States of America.



WAY jle o€ oylond gl Jlw (5 S5999% 59095 (S ARg 32 1

Singh Kang, R., 2007, Effects of Urbanization on Channel Morphology of Three Streams in
the Central Redbed Plains of Oklahoma, Ph.D Thesis, the Faculty of the Graduate
College of Oklahoma State University.

Ward, A., D’Ambrosio, J. L., Mecklenburg, D., 2008, Stream Classification, The Ohio State
University, Fact Sheet Agriculture and Natural Resources, AEX-445-01.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


