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Experimental Studies of the Fluvial System

Throughout the history of geomorphology, the changing form of the landscape

with time has been a primary consideration. However, because of the obvious

limitations of time, models of the evolution of landforms have depended largely on

deductions based upon measurements of erosion rates in restricted areas of rapid

erosion, or on a series of landform measurements, which are placed in an assumed

erosional sequence (ergodicity). Because of a lack of information on the

mechanics of landform erosion, divergent opinions concerning the origin and

development of landforms exist, and theoretical approaches are often found wating

because the fundamental assumptions upon which the theoretical structure is based

are often unwarranted.

The problems are not solely academic because the long-term evolution of a

landscape or of specific landforms is of concern with regard to the long-term

stability and siting of power plants, bridges, highways, uranium-tailings-disposal

sites and other toxic-waste disposal sites. On the short term, landform changes

have legal implications and a geomorphic perspective on incised-channel

stabilization and river behavior is needed in order to develop a rational approach

to these important national problems.

As an approach to a better understanding of the behavior of the fluvial

system, a program of experimental geomorphology was begun about 17 years ago at

Colorado State University. During this period, experimental studies relating to

the erosional evolution and response of the three major components of the fluvial

system: (1) drainage basins, 2) alluvial rivers, 3) alluvial fans and deltas)

have been performed with support from U.S. Army Research Office and National

Science Foundation. During this period five M.S. theses and three Ph.D.

dissertations were prepared under NSF support of experimental studies as follows:

(see list of theses and dissertations) Begin, 1979; Edgar, 1973; Gardner, 1973;

Khan, 1971; Mosley, 1975; Shepherd, 1972; Wildman, 1981; Zimpfer, 1975. Five M.S.
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theses and four Ph.D. dissertations were completed with ARO support of

experimental studies as follows: Bergstrom, 1980; Harvey, 1980; Lidstone, 1981;

Macke, 1977; McLane, 1978; Mosley, 1972; Parker, 1977; Weaver, 1982; Zimpfer,

1982.

Numerous publications have been the result of this research (see list of

publications) and other research projects have developed, as a result of the

experimental studies, but significant amounts of research results have not been

published, especially from the work of Bergstrom, 1980; Edgar, 1973; Elliott 1979;

Garner, 1973; Harvey, 1980; Lidstone, 1981; Macke, 1977; McLane, 1978; Parker,

1977; Wildman, 1981; Weaver, 1982; Zimpfer, 1975, 1982).

In order to integrate the results of this experimental program and to make

the results available to the scientific audience, it was proposed that the 17

years of research be re-evaluated, integated and published as a series of research

papers or as a monograph on the experimental investigation of the fluvial system.
The primary objective was to make available in published form, a considerable

amount of information based on the experimental studies and to determine

profitable lines of further field and experimental work. In order to achieve the

objectives of the project a monograph on experimental geomrphology has been

written. In manuscript form it consists of 425 pages and 329 illustrations. The

monograph that is entitled, Experimental Geomorphology; A Study of Small

Landforms, will be published by John Wiley & Sons, Interscience Division in 1986.

Two coauthors, who were former students and who performed experimental studies

assisted in the preparation of the monograph. Dr. M.P. Mosley contributed

significantly to Part II and Dr. William Weaver contributed significantly to Part

III. The outline of the monograph follows.

I[
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Experimental Geomorphology
The Study of Small Landforms

S.A. Schumm, M.P. Mosley, W.E. Weaver

PREFACE

ACKNOWLED14ENTS

1) INTRODUCTION

EXPER4ENTAL GEOMORPHOLOGY

PART I DRAINAGE BASIN MORPHOILXY AND DYNAMICS

2) THE DRAINAGE NETWORK
MODELS OF DRAINAGE NETWORK GROWTH

Random Growth Models
Deterministic Growth Models

FIELD OBSERVATION OF NETWORK G1ROWH
EXPERIMENTAL STUDIES OF NEIWORK GOWTH'H

Experimental Facilities and Procedure
Sprinkler System
Experimental Material

Erosion Processes

Concentrated Runoff
Mass Movement

NETWORK DEVELOPMENT
Effect of Initial Topography
Effect of Slope Angle and Shape
Effect of Contributing Area

NIZWORK EVOLUTION

Modes of Growth
Stream Length and Number

Network Change
Generation of Tributaries

DISCUSSION

3) RUNOFF SEDIMENT YIELD PLACERS AND RUNOFF *

RUNOFF
Experimental Studies

Hydrology and Geomorphic Evolution
Effects of Source Area Location

SEDIMENT YIELD
Controls on Sediment Yield

Effects of Slope
Components of Sediment Yield

S. !2
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ALLUVIAL PLACERS
Heavy Mineral Transport and Storage
Downstream Dispersion of Heavy Minerals
Experimental Studies

Experimental Design
SPATIAL AND TEMPORAL DIS1RIBUTION OF PLACERS

Spatial Distribution
Upper Basin Channels

North Secondary Channel
North Primary Channel

Lower Basin Channels
Confluence of North and South Channels

Temporal Changes of Heavy Mineral Production
Magnetite Discharge

DISCUSSION

4) BASIN DYNAICS
REJUVENATION

Sediment Storage
Channel Response to Watershed Erosion

zone I

KRAFT BADLANDS
Channel Dynamics
Sediment Storage and Removal
Behavior of Steep Basins

DISCUSSION

PART II RIVERS
5) ALLUVIAL RIVER CHANNELS

RIVER MORPHOLOGY
EXPERIMENTAL STUDIES

Equipment
Initial Conditions
Final Equilibrium Conditions
Reproducibility

CHANNEL DEVELOPMENT
Straight Channels
Meande ring-Thalweg Channels

Meander Shift
Transitional Meandering-Braided Channels
Braided Channels

CONTOLS ON CHANNEL MORPHOLOGY
Morphologic Controls

Initial Width
Initial Entrance Bend
Effects of Entrance Angle
Valley Slope
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:2
Hydrologic Controls

Discharge
Varying Discharge
Sediment Type
Sediment Load

DISCUSSION

6) INICISED CHANNELS
EXPERIMENTAL STUDIES

Nickpoint Retreat
Evolution of Longitudinal Profiles
Cross Section Evolution
Sediment Yields
Terraces

Development of a "Diffusion Model"
Equation for profile degradation with baselevel lowering
Equation of nickpoint motion
Equation of headcut motion
Comparison of model with profile degradation

DISCUSSION

7) VALLEY AND CHANNELS IN BEDROCK
EXPERIMENTAL STUDIES

Equipment and Procedure
Straight Channel Incision

Cross Section
Longitudinal Profiles

Incised Meanders
DISCUSSION

8) EFFECT OF ACTIVE TECIONICS
EXPERIMENTAL STUDIES

Braided Channel
Uplift
Subsidence

Confined Straight Channel
Uplift
Subsidence

Meandering Channel
Uplift
Subsidence

Floodplain Simulation
DISCUSSION
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PART III DEI:OSITIC AL LANDFORMS AND SEDIMENTOLOGY

9) ALLUVIAL FANS
EXPEP1-1EWAL FtD I ES

Experimental Procedure
FLUVIAL FAN EXPERIMT TT

Fluvial Fan Evolution
Growth Patterns
Growth Rates

Lateral Growth
Probalistic Trends in Erosion and Deposition
Fanhead Trenching
Trench Location
Timing
Fan Slope
Sediment Load

Filling of Fanhead Trenches
Reduction of Sediment Yield

ALLUVTAL FANS FORMED BY EPISODIC EVENTS
Procedure

Episodic Fluvial Fan
Fan Growth and Dynamics

Mixed Mode Fan
Fan Growth and Dynamics

Mudflow Fan
Fan Growth and Dynamics

DISCUSSION
Growth of Alluvial Fans
Models of Fan Growth
Geomo rphic Thresholds
Alluvial Fans of Southeast Idaho: An Example

10) FAN DELTAS
EXPERIMENTAL STUDY

Experimental Facility and Procedure
FAN DELTA MORPHOLCGY

Fan Delta Slopes
Fan Delta Profiles
Coastal Margin

Fan Delta Dynamics
Cyclic Processes

Baselevel Changes
Baselevel Rise
Baselevel Lowering
Prog radation

DISCUSSION
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1)ALLUIVIAL FAN SEIM4IMOGY AND RAIGRAPHY
EXPEPtMErAL STUDYI

Expermental Procedure
SEDIMEI'fLOGY AND STPATIGRAPHY

Fluvial Fan'
Seclimentoloqy
Stratigraphy

Mudf low Fan
Sedi,7entology and Stratigraphy

Fan Delta
Subaerial Zone
Subaqueous Zone
Sedimr~entary Structures

Heavy Mineral Concentration .
DTSCUSSICN
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List of Publications:

In addition to the monograph 5 scientific papers were published as follows:

1. 1 :cin, Z.B. and Schumw, S.A., 1984, Gradational thresholds and landform
sinquiarity: Siqnificance for Quaternary Studies; Waternary Research, v.
21, . 267-274.

2. Schuvri, S.J., 1984, River )r ',hology and behavior: Problems of extrapolation;
in Fliott, C.M. (editor), River Meandering, Proc. Conf. on Rivers '83;
iAerican Soc. Civil Eng., N.Y., p. 16-29.

3. Watson, C.C., Schrrma, S.A. and Harvey, M.D., 1984, Neotectonic effects on
river pattern; in Elliott, C.M. (editor), River Meandering, Proc. Conf.
on Rivers '83; American Soc. Civil Eng., N.Y., p. 55-66.

4. Schumst, S.A., 1985, Explanation and extrapolation in geomorphology: Seven
reasons for geologic uncertainty: Japanese Geomorph. Union, Trans., v.
6, p. i-18.

5. Sch LTm, S.A., 1985, Patterns of alluvial rivers: Ann. Review Earth Planet
Sci., v. 13, p. 5-27.

6. Schumm, S.A., > osely, M.P. and Weaver, W.E., 1985, Experimental Geomorphology:
Studies of small landforms; Wiley and Sons, N.Y., in review.

Participating scientific personnel.

Coauthors of the monograph are:

William E. Weaver, Ph.D., geologist, Redwoods National Park, National Park
Service, Arcata, California.

M. Paul Mosley, Ph.D., hydrologist, Water and Soil Science Centre, Ministry of
Works and Development, Christchurch, New Zealand.



J." 9

List of Theses and Disserations Resulting from Experimental Research

Begin, Z.B., 1979, Aspects of degradation of alluvial strems in response base-
level lowering: Unpublished Ph.D. disseration, Colorado State University,
239 p. (NSF).

Bean, DW., 1977, Pulsating flow in alluvial channels: Unpublished M.S. thesis,
Colo. State Univ., 124 p. (N.P.S.).

Bergstrom, F.W., 1980, Episodic behavior in badlands: Its effects on channel
morphology and sediment routing: Unpub. M.S. thesis, Colo. State Univ., 210
p. (ARO).

Edgar, D.E., 1973, Geomorphic and hydraulic properties of laboratory rivers:
Unpub. M.S. thesis, Colo.•State U., 156 p. (NSF).

Gardner, T.W., 1973, A model study of river meander incision: Unpub. M.S. thesis,
Colo. State U., 86 p. (NSF).

Harvey, M.D., 1980, Steepland channel response to episodic erosion: Unpub. Ph.D.
disseration, Colo. State U., 266 p. (ARO).

Khan, H.R., 1971, Laboratory study of alluvial channel morphology: Unpub. Ph.D.
disseration, Colo. State u., 189 p. (NSF).

Lidstone, C.D., 1981, The development and distribution of alluvial placer
deposits: Unpub. M.S. thesis, Colo. State U., 191 p. (ARO).

Macke, D.L., 1977, Stratigraphy and sedimentology of experimental alluvial fans:
Unpub. M.S. thesis, Colo. State U., 105 p. (ARO).

McLane, C.F., III, 1978, Channel network growth: An experimental study: Unpub.
M.S. thesis, Colo. State U., 100 p. (ARO).

Mosley, M.P., 1972, An experimental study of rill erosion: Unpub. M.S. thesis,
Colo. State U., 118 p. (ARO).

Mosley, M.P., 1975, An experimental study of channel confluences: Unpub. Ph.D.
disseration, Colo. State U., 216 p. (NSF).

Parker, R.S., 1977, Experimental study of basin evolution and its hydrologic
implications: Unpub. Ph.d. disseration, Colo. State U., 331 p. (ARO).

Shepherd, R.S., 1972, A model study of river incision: Unpub. M.S. thesis,
Colo. State U., 135 p. (NSF).

White-Jackson, M.L., 1981, Geomorphology and sedimentology of experimental fan
deltas: Unpub. M.S. thesis, Colo. State U., 92 p. (NSF).

Wildman, N.A., 1981, Episodic removal of hydraulic mining debris, Yuba and
Bear River basins, California: Unpub. M.S. thesis, Colo. State U., 107 p.
(NSF).

Womack, R.W., 1975, Erosional history of Douglas Creek, northwestern Colorado:

Unpub. M.S. thesis, Colo. State U., 76 p. (Co. Ag. E.S.).
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Weaver, vJ.E., 1985, Experimental study of alluvial fans: Unpub. Ph.D.
dissertation, Colo. State U., 350 p. (AIO).

Zimpfer, G.L., 1975, Development of laboratory river channels: Unpub. M.S.
thesis, Colo. State U., 111 p. (NSF).
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