


,
| s, \
\; -

APPLIED RIVER
MORPHOLOGY

DAVE ROSGEN
Wildland Hydrology
Pagosa Springs, Colorado

[lustrations
Hicron LEE SILVEY
Western Hydrology
Lakewood, Colorado




The photograph on the Cover, taken on South Chicago Creek,

Front Range Colorado, by Eric Wunrow, shows an A2, step/pool stream type.
(Note lichen line coincident with the break in slope indicating the stage of
bankfull discharge.)

Cover Design by David Grassnick, Colorline, ZLakewood, Colorado.

Contributions from Catena, A Classification of Natural Rivers, 1994,
D.L. Rosgen, reprinted with permission from Elsievier Science, Amsterdam.

Library of Congress Catalog Card Number: 96-60962

Rosgen, Dave, 1942 -
Applied River Morphology
International Standard Book Number: 0-9653289-0-2

Includes bibliographies and Indexes
1. Geomorphology;

2. Hydrology;

3. Environmental Engineering;

4. Fisheries Management

Prepress (including page layout, design and cover design):
Colorline, Lakewood, Colorado
Printing: Printed Media Companies, Minneapolis, Minnesota

Copyright © 1996 by Wildland Hydrology "
1481 Stevens Lake Road ) :
Pagosa Springs, Colorado

Allmstraﬁons Copyright © 1996 by Hilton Lee Silvey

No part of this book may be reproduced by any mechanical, photographic,
or electronic process, or in the form of a photographic recording,

nor may it be stored in a retrieval system, transmitted, or otherwise copied
for public or private use, without written permission from the publisher.

Printed in the United States of America



/
l

PREFACE........ ... b 3%
CHAPTER 1: NEW CHALLENGES ....................ccccooomiii 1-1
LEARNING FROM THE PAST .....c..oiiiiiieieeeeeeeoeeeeee e 1-1
PREDICTION - A KEY TO PREVENTION.........c.oueooimeeoeeoeeeoeoeoeeoeo 1-2
TRADITIONS DIE HARD .......cooiuiiieiiaie oo 1-3
NATURAL STABILITY CONCEPTS ... 1-3
EFFORTS TO IMPROVE THE RIVER ..o 1-3
NEW EMPHASIS IN RIVERINE, RIPARIAN AND WATERSHED MANAGEMENT ..o 1-5
CHAPTER 2: FUNDAMENTAL PRINCIPLES OF RIVER SYSTEMS ... 2-1
THE BANKFULL DISCHARGE ... 2-2
STREAM CHANNEL DIMENSIONS ... 2-4
STREAM CHANNEL PATTERNS ... 2-5
STREAM CHANNEL PROFILE...........ooovooeeeeeeeeeee oo 2-8
APPLYING THE PRINCIPLES .............oovooeoeeeeeeeeeeeeeeeeoeeoeeoeoooeooooo 2-9
CHAPTER 3: STREAM CLASSIFICATION ... 3-1
STREAM CLASSIFICATION REVIEW ..ot 3-1
OBJECTIVES OF STREAM CLASSIFICATION ..........ooovoeoeoeooeeooeooooo 3-3
HIERARCHY OF RIVER MORPHOLOGY ..o 3-3
CONTINUUM OF STREAM MORPHOLOGY ... 3-4
GENERAL APPLICATIONS OF STREAM CLASSIFICATION AND HIERARCHICAL INVENTORY .. 3-6
COMMUIICATION ..o 3-6
General APPLCAtIONS ................oooovuiiviioeoeeeeee oo 3-7

vii




TABLE OF CONTENTS

CHAPTER 4: GEOMORPHIC CHARACTERIZATION ... 4-1
BROAD LEVEL DESCRIPTIONS OF THE MAJOR STREAM TYPES ..o 4-4
Stream Descriptions “A” through “G” ... 4-4
THE “AGH" SETEAM TUDE ..o 4-4

THE “A” STEAM TYDE ....cvrveeeveeenmeasissis st 4-6

THE “B” STEAM TYUDE ...oovoveeeeeeeiniemisi i 4-6

THE “C” STEAM TPPE ...oovoeeeeeceeeeicmsieies i 4-6

THE “D” SLTEAM TPPE ...ovoveveeeemeenriiseises i 4-8

THE “DA” SETEAIM TUDE ... 4-8

TRHE “E” STEAM TYPE ...t 4-9

THE “F” SETEAM TVDE .....oovoveeieeeieisies st 4-9

TRHE “G” SLTEAM TPPE ...covoveeeeeeeneeieisiseisis i 4-10
Morphological DESCIIPLIONS ..........ovuuiiiiiriirimisiissrri i 4-10

ASSOCIATIONS BETWEEN LANDFORMS AND STREAM TYPES

USED IN LEVEL | CLASSIFICATION .......iuieieicieuinininsis st s 4-10
Valley Morphology Related to Stream TYPES ... 4-12
VAUEY TVDE I ..o 4-12
VAUEY TVDE LI ... 4-12
VAUEY TVPE IIL ... 4-12
VAUEY TVPE IV .o 4-12
VAUEY TUDE V..o 4-12
VAUEY TVPE VI ..o 4-15
VAUEY TVPE VII ... 4-15
VAUEY TIPE VIIT .......cooeveoeeisiii s 4-15
VAUEY TVDE IX ..vooveeeiemeemsssse s 4-16
VAUEY TIDE X .oovooeveoeveoeeeoeessesssss s 4-16
VAIIEY TIDE XI ..o 4-16
DELINEATION METHODS ... ecv b et fueeseiesceseseasssss bbb e 4-20
Delineation of Valley ’Iypes and Landforms ............................. eeeeenst it 4-20
Plan-view MOTPROIOZY ........ccvcoevremiemirisiiiinsisineennns v 4-20
CrOSS-SECLion MOTDROIOZY ..ottt e 4-22
CRANNEL STUOSILY ..o FRRTURTTURR 4-23
CRANNEL SIOPE ... 4-23
BOA FEQUUTES ..o ovoeeeeeeeeeeee ettt 4-23
Examples of Broad Level DEHNEAtion ... 4-24
DIASCUSSIONL .o oveeeeee e e e eee e e e e s e e e ese e e s e s e ss s e R e e b e b E b E s 4-29

viii




TABLE OF CONTENTS

CHAPTER 5: LEVEL li: THE MORPHOLOGICAL DESCRIPTION .....................cccoooiiiii, 5-1
LEVEL II DELINEATIVE CRITERIA ......oouiitiieiiieeieeeee ettt 5-2
CLOSS-SECLIOML ......cuiiiiiiiiiiiiiiit ettt ettt ettt ettt et teeneebeeneennas 5-2
ENETencRIMENt RALIO ............c..ccccoiiiiiiiiiieeee e 5-2
WIQER/DEDER RALIO ... 5-2
Dominant Channel MALEriQls ...................ccoccuuevmviaiianioieiaieeee e 5-2
Longitudinal Profile ...............cocooiiiiiiiiii e 52
SIOPE ...t 5-2
BEA FEAUUTES ...ttt 52
Plan-form (Pattern) .............cccccooiiiiiiiiiii ittt 52
SIMUOSTLY ..ottt ettt et et a ettt e teeneenneeneennas 5-2
Meander WiQth RALIO ...............c..ccccooiiiiiiiiiiiaieeee e 5-2
THE REFERENCE REACH ...t 5-2
/
THE CONTINUUM OF CHANNEL FORM ........ooovoioi it 57
THE ROLE OF BANKFULL DISCHARGE ........coiitiiiiiieiieieieeee ettt 57
Field Determination of Bankfull Stage ..............ccccococooiiiiiiiiiiiiiccec e 5-8
Calibrating Bankfull Stage to Known Streamflows .......................c..ccocooeiiiiiiiiiinn, 5-9
Drainage Area vs. Bankfull Channel Dimensions by Stream Type ............................. 5-14
FIELD METHODS FOR STREAM TYPE DELINEATION .........ccooiiiiiiiiiiieicieeeeeee e 5-15
ENEIENCHIMENE ..ottt eneas 5-15
SIGNISICANCE ...ttt ettt e eneas 5-15
MELROGS ...ttt 5-19
WIdth/Depth RAtiO .........coccoiiiiiiiiiiiee e 5-21
SIGNISICANCE ..ottt neene e 5-21
MELROGS ...t 5-23
SIIUOSILY ...ttt ettt ettt te e b e st s e eseent e seeneeeneeneens 5-23
SIGNISICANCE ..........coeeiieeieeee ettt 5-23
MELROGS ...ttt 5-25
Channel MaterialS ..............ccooooiiiiiiiiieie et 5-25
SIGNUSICANCE ..ottt es ettt eneas 5-25
MEEROCS ...t 5-25
SIOPE ..ttt ettt n et ee s 5-27
SIGNISICANCE ..........coeeeeee ettt ene s 5-27
ELAOS ...ttt 5-27
MORPHOLOGICAL DESCRIPTIONS AND EXAMPLES ........cociiiiiiiiieieieee e 5-29
Remote Sensing Methods for Level II Delineation .........................ccccoocoeiviiieieciennnn. 5-30




TABLE OF CONTENTS

CHAPTER 5: LEVEL Il: THE MORPHOLOGICAL DESCRIPTION (continued)

MORPHOLOGICAL DESCRIPTION AND EXAMPLES OF STREAM TYPES ..o
“A1” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, Photographs .................ccccccceeue.
“A2” Stream Type - Summary, Delineative Criteria and Ilustration,
Delineative Criteria Data Distribution, Photographs ....................ccoc......
“A3” Stream Type - Summary, Delineative Criteria and Ilustration,
Delineative Criteria Data Distribution, Photographs .............................
“A4” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PRotographs .................ccccocceue.
“A5” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PRotographs ...................ccc.c.......
“A6” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PROtOSTGPAS ...............cccccovvinnnne.

“B1” Stream Type - Summary, Delineative Criteria and lllustration,
Delineative Criteria Data Distribution, Photographs ..................cccccoeeue.
“B2” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PROtOSTaphs ..............ccccccccvnennnn,
“B3” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PROtographs ..o
“B4” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, Photographs ..................c.ccc.c.....
“B5” Stream Type - Summary, Delineative Criteria and Ilustration,
Delineative Criteria Data Distribution, Photographs ...................ccc.c.....
“B6” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PRotographs .............................

“C1” Stream Type - Summary, Delineative Criteria and lllustration,
Delineative Criteria Data Distribution, PROLOZIAPAS .............ccoivvvveninn.
«c2” Stream Type - Summary, Delineative Criteria and lllustration,
Delineative Criteria Data Distribution, Photographs ..................cc.......
“C3” Stream Type - Summary, Delineative Criteria and Illustration, i
Delineative Criteria Data Distribution, PROtographs ...............c..cccco....
“C4” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PROtOSTaphs .............cccccceceeieann.
“C5” Stream Type - Summary, Delineative Criteria and Illustration,
Delineative Criteria Data Distribution, PROtOSTaphs ............cccccooeevanann.
“ce6” Stream Type - Summary, Delineative Criteria and lllustration,
Delineative Criteria Data Distribution, Photographs .................ccc.c.....

....5-40 - 5-43
..5-44 - 5-47
....5-48 - 5-51
...5-52 - 5-55

...5-56 — 5-59

....5-60 - 5-63
...5-64 - 5-67
...5-68 - 5-71
.5-72-5-75
576 - 5-79

....5-80 - 5-83

....5-84 - 5-87
....5-88 = 5-91
....5-92 - 5-95
..5-96 - 5-99
5-100 - 5-103

5-104 - 5-107




TABLE OF CONTENTS

CHAPTER 5: LEVEL Il: THE MORPHOLOGICAL DESCRIPTION (continued)

«D3” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, Photographs ..o, 5-108 - 5-111

«D4” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, Photographs ...............c.ccoveennn. 5-112-5-115

- «p5” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTAPAS ............ccovovvivieiinininns 5116 - 5-119

“D6” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, Photographs —...............ccccoeeee. 5-120 - 5-121

“DA” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTAPAS .............cccoovivinieviinns 5-122-5-125

“E3” Stream Type - Summary, Delineative Criteria and Hllustration,

Delineative Criteria Data Distribution, PROtOSTAPAS .............cccooviiiiinnn. 5-126 - 5-129

“E4” Stream Type Summary, Delineative Criteria and Illustration,

Delineative Cntena Data Distribution, Photogmphs ................................... 5-130 - 5-133

“E5” Stream Type Summary, Delineative Criteria and Illustration,

Delineative Criteria Data Distribution, PhOLOGIAPAS ... 5-134-5-137

“E6” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROtOSTaphs ..............ccocooveeennn. 5-138 - 5-141

“F1” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTGPAS ..o 5-142 - 5-145

«F2” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTAPAS ...........ccoovvvvivicnnnns 5-146 - 5-149

“F3” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, Photographs ......................... U 5-150 - 5-153

“F4” Stream Type - Summary, Delineative Criteria and Illlustration,

Delineative Criteria Data Distribution, PROOSTAPAS .............cccoeveeieiiinnnnn, 5-154 - 5-157

“F5” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, Photographs ..o, 5-158 - 5-161

“F6” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTAPAS .............ccovviiiiinnnnnn. 5-162 - 5-165

“G1” Stream Type - Summary, Delineative Criteria and Illustration,

Delineative Criteria Data Distribution, PROLOSTADAS ............cccooovvivieiinininns 5-166 - 5-169

“G2” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROIOSTADAS ...........ccccovvvvviviiiiinns 5-170 - 5-173

“G3” Stream Type - Summary, Delineative Criteria and Illustration,

Delineative Criteria Data Distribution, PROOSTAPAS ............covvvcviiinnnn. 5-174 - 5177

“G4” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROLOSTApAS ............cccoovviviininnn. 5-178 - 5-181

“G5” Stream Type - Summary, Delineative Criteria and lllustration,

Delineative Criteria Data Distribution, PROIOSTAPAS .............ccccovvviiiininnns 5-182-5-185

“G6” Stream Type - Summary, Delineative Criteria and Illlustration,

Delineative Criteria Data Distribution, PROLOSTAPAS ...........ccccovvvvivivininnninns 5-186 - 5-189




TABLE OF CONTENTS

CHAPTER 6: LEVEL lll: ASSESSMENT OF STREAM CONDITION AND

DEPARTURE FROM ITS POTENTIAL ..o s 6-1
STREAM CONDITION AND STREAM DEPARTURE ANALYSIS ..ot 6-3
SELEAIML POLEIEAL ... ovooorveeeeeesrrssssesss s 6-3
EVOLUTIONARY STAGES OF CHANNEL ADJUSTMENT .o 6-7
AQJUSIENt EXAMPIES .....ooooooooeeomrrirrresssssssssssss s 6-7
EQUibrAUM IEEIPIELAtIONS ....oovvrvvressssssssssssssssssssssss s 6-13
LEVEL Ill FIELD PARAMETERS: THE CHANNEL INFLUENCE VARIABLES ..o 6-13
TIEEEOGUCHIOTL ... voeeeeeeeeeeeseee s 6-13
Description of Level Il Channel Influence Variables ... 6-14
RIDATIAN VEGEALOM ..o 6-14
FIOW REGUIME ... aeeess s 6-15
126 QNA SEAM OFAET .......coovoeeeeeeivmensei s 6-15
Depositional PALEINS (SEAUMENL) ........ovvvvvvvvvewssssssssssssssssiessss s 6-18
Meander PAterns (CRANNELS) ........coovviveiismmsisssissaises s 6-19
Debris and CRANNE] BIOCRAGES ..............ovowvvivesinsmssississississsi st 6-25
Stream CAANNE] SEADILY ..........c.owiwivmiisiieiiisiss s 6-26
SEAIMENE SUPPLY ... vvvoveveeeremenmsersseess s 6-28
Bed SEADILLY ....vvoovveeeesreseeeeemsnmssssssses s 6-31
Width/Depth RAtio SHIFLS .......cvvvrirrmeisirriiesnsssms s 6-31
Streambank EroSion POLENHIAL ...t 6-35
Altered STream CRANNELS ..........o..ccwwmmeiirmiiieiissis s 6-47
SUMMARY OF LEVEL Il ASSESSMENTS OF STREAM CONDITION ..o 6-47
CHAPTER 7: LEVEL IV: FIELD DATA VERIFICATION ... i 7-1
INTRODUCTION ....oiiiiiiieieerieeie e s 7-1
Stream Flow Measurements ......... O 7-3
Sediment Analyses ............ e TR 7-3
Ratio of Bedload t0 TOt@l LOAQ. ....c......covvuvviemsnmmsnsinnienns Lot 7-6
Bedload Size Distribution at or Near the Bankfull DISCRATEE ..o 7-7
Sediment Rating CUrve REIALONS ............cooowvesvnrinnisimmissiessess R 7-8
Stream Stability Validation e ——— 7-11
Field Methods, for Monitoring Channel SEADIILY ...cooveveeenvnnieisieisss s 7-12
ChAnNEl SEADIILY .....vvovvevereeeceecuemesssssssissi s 7-12
Vertical OF Bed STADIIEY .........vveveeverimnrersreisecmmssssss s 7-12
Lateral SEADIILY .........ovvvreveeeeeeiemmersssissiese s ..7-13
Bed Material Size DIStHDULION ....c.c.ovvmrieiiiriisnss s 7-13
IVEEROMS oo s et 7-13

Vertical OF Bed STADIIEY .......c.vveveevermmnmessreisismsmsisisiissss e 7-13 -
Lateral STADIHLY ......o..cveererreeeeermmnmsseisties s 7-14
Bed Material Size DISHDULION .....c.cvovivriiiiireiciisssisssss e 7-15
SUMMUARY oo eeess et 7-16

Xii




TABLE OF CONTENTS

CHAPTER 8: APPLICATIONS ... e e e, 8-1
INTRODUCTION ..o et e s 8-1
HYDRAULIC GEOMETRY RELATIONS .....ooiiiiiii oo, 8-1
FLOW RESISTANCE ... .ottt et 8-3

Mannings “N” Roughness Coefficient .........................ccccocooiiiiiiiiiiceeeee 8-3
Shear Stress and Velocity Relationships ..................ccccooooooiiiiiiie 8-4
Critical Shear Stress ESIMALES ...................ccooiiiiiiiii e 8-4
Sediment REIAtIONS ............cc.oooiiiiiii e 8-6
GRAZING MANAGEMENT ...ttt 8-8
FISH HABITAT ...t s e eenens 8-15
Habitat Improvement StruCLUIES ..o 8-16
Rearing Habitat Enhancement .......... s 8-16
Low Stage Check Dam .................... Jperenenenesh B4 reereate et er e e e ereertebaertenteeraesreenreres 8-16
Medium Stage Check DA .............ccoooiiiiiiiiiieei e 8-16
BOULAET PIACEINENIE ..., 8-16

Bank Placed MAterialS ............coouiiioueeioee oot 8-16

Single Wing DefleCtorsS ...........c.coviiuiiiieiiiiieeeceee e, 8-16

Double Wing DefleCtOrS ............c.ccooieiiuieieeiieeeieeeeeeeeeeee e, 8-17
Channel CONSLIACLOT .........ccueieiieie e e 8-17

BANK COVET ..vviiiiiie e e e 8-17
FI1oAting LOZ COVET ......ccuviiiivieniieiienie ettt ettt eae e 8-17
Submerged SHEILEIS ...........ccoooviiiiiiiieee e 8-17

Half LOZ COVET ......ooviiiiiieiiiiiciiciecee e 8-17
MiGIation BAITIET .......c..cooiiiiiiieiiiieiie ettt ettt ettt ete e e e eaae e eaee e 8-17
Spawning Habitat ENAGNCEMENL ...................c..c.ocveeveeeeeeieeeeeeeeeeeeeeeeeeeeeeeeee e 8-17
V-Shaped GIavel TrAPS .......cccocveviiuieiieieeeeecie ettt 8-17

LOg Sill GIAVEL TEAPS .....vveveeveeeeeeeieee ettt 8-17

GIavel PIACEIMEILE ........c..ooiuiiiiieeie e e 8-17
Channel Stability/Habitat IMprovement SITUCIUTES ...................ccccoceeeeeeeeeeereeerenenn. 8-20
VOrteX ROCK WEIL ....ccvoiiiiiiiiioie e 8-20

Native Material Revetment - Root Wads/Vegetation Transplants ......................... 8-20

SV WEIE .o e 8-20

Native Material Revetment - Rock and/or LOg SPUIS ...........ccccceevveeeiivneeierieeennen, 8-20
Application of GUIAEIINES ..................ccoooiiiiiie i 8-20
Fish Habitat Structures - Suitability Guidelines (Tables 8-2a, 8-2b) .............. 8-24 - 8-25
Limitations/Discussions of Fish Habitat Improvement Structures .................. 8-26 - 8-30

xiii




TABLE OF CONTENTS

CHAPTER 8: APPLICATIONS (continued)

RESTORATION ...ttt ettt ettt ettt ettt es et b s s et et sees st en e, 8-31
River Restoration PrincCiples ..............cccccooiiiiiiiiiiiiiiiiecc e, 8-31
What are the obServed Problems? ................ccccccoeveeeeeeeeeeeeeeeeeeeeeeeeeeee e 8-31
What caused the ProbIEm? ....................ccccooeeeeieieeeiiieeeeeeeeeeeeeeeeeeeee e, 8-31
What stream type SROUId tRIS DE? .................c.c.coeveeeeeeieeeeeeeeeeeeeeeeeeeeeeeee e 8-33

What is the probable stable form of the stream type
under the present hydrology and sediment regime? ..................ccccoeveeveieeeeeeenennnn, 8-33
CASE STUAILS .......ooouiiiiiiiiiii ettt 8-34
Weminuche River, Southwestern COlorado.......................ccococuveeeeeeceieeeeeeeeeenennn, 8-35
East Fork of the San Juan River and Blanco Rivers in Southwestern Colorado.......... 8-37
ADDITIONAL RESOURCE MANAGEMENT INTERPRETATIONS ........ccviiiiiiiiiieeeeeeeeeeeeeeee 8-38
SUMMARY OF APPLICATIONS OF THE HIERARCHICAL STREAM INVENTORY LEVELS..................... 8-41
APPLICATION EXAMPLES ...ttt 8-41
BIBLIOGRAPHY ...ttt ettt ettt ettt et e e et e e et eeae s I
SUBJECT INDEX ...ttt ettt ettt ettt ettt ettt e e Xl

Xiv



