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ABSTRACT

An alluvial fan is a stream deposit whose surface forms a cone-

shaped segment radiatÍng downslope from the poi-nt vrhere the stream

channel emerges from a mountainous area. Recent highway and pipeline

construction has necessitated the crossing of numerous alluvial

fans in northern mountainous regions such as Alaska and the MacKenzie

Valley in the Northwest Territories. A hydraulíc model study was

conducted in order to examine the behavior of fans in these areas

and to assess changes ín their behavior due Ëo engineering inter-

ference fron bridge crossings, subsurface pipelíne crossings, and

removal of the nose of the fan surface.

Many of the geomorphic features and processes initially

observed on model fans agreed well with reported field observations -

from other researchers. Changes ín normal depositional patterns

¡ook place s/hen inËerference conditions were then applied to model

fans.

Initial consEriction of the flow through guÍde banks at

bridge crossings caused the build-up of a nevl conical shaped segment

directly below the crossing. Upstream channel backfilling \{as induced

and lateral channel shifting above Ëhe guide banks resulÈed. Increas-

ing the length of the guide banks reduced the rate of deposition

\,rithín them but did not completely prevent lateral shifting.



Removal of the nose of the fan initially result.ed in down-

cutting of a steep, incised channel and the formatíon of a new fan

segment below the existing surface. Channel incision was límited,

however, Ëo a depth at which the channel and the developing segment

reached a graded condition. Subsequent aggradation occurred r¿ithin

the channel and the fan surface I^las regraded to íts natural form'

scour at subsurface pipeline crossings Ì^Ias not considered

to be of serious consequence Ëo fans in general'



ACINOI{LEDGEMENTS

The author wishes to express extreme gratitude to

Dr. v. J. Galay, who as Ëhesis advisor, offered much valuable

adviceandguidancethroughoutthisstudy.ApprecíaËionis

extended Ëo Mr. B. Shumilak, who capably assist'ed with the

testing program. This thesis is dedicated Ëo the authorrs

wife, Marcia.



vt

TABLE OF CONTENTS

Title Page .

Approval Sheet .

Abstract . .

Page

i

ii

iÍi

v

vi

xi

xiv

xiv

xvi

Acknowledgements

Table of Cont,enLs

List of figures

List of Plates

List of PhotograPhs

List of Tables

List of Symbols

CHAPTER I

xvL

INTRODUCTION

1. I InËroduction

L,2 Previous l,iork

L.2.L Areas of Study

L.2.2 Scope . .

1.3 Current Problems Associated with Alluvial Fans

L.4 Justification for Further Study

1.5 Purpose of StudY

L.6 Future Thesis ChaPters

L.7 Hydraulic l"lodel StudY

,

J

3

5

5

6

6L.7.L Basis of InËerPretatíon . '



vil

Page

7

7

L.7.2 Model SetuP

L.7.3 Testing Program . .

CHAPTER II

THE GEOMORPIIOLOGY OF ALLUVIAL FANS

2.L Introduction

2.2 Depositional Features

2.2.L Definitions and General Features

2.2.2 Radial Profiles

2.2.3 Cross-Fan Profiles

2.2.4 Alluvial Fan DePosits

2,2.5 SedimentarY StrucËure .

2"2.6 Partícle Sizes and Particle Size Distribution

2.2.7 Sorting..

2.3 Stream Channels

2.4 InËerrelaËionships Bet\"Ieen Fan and Draínage Basin Parameters'

l0

10

ll

l1

L2

L4

L4

15

l52.4.L General Statement

2.4.2 Basin MorPhometrY

2.4.3 Basin MorPhometrY

and Ian Area

and Fan Slope

15

L6

CTIAPTER III

3.1 Introduction

3.2 General Statement on

3.3 SedimenË TransPort

Alluvial Fan DePosiËion

HYDRAULIC PROCESSES ON ALLUVIAL FANS

20

20

2T

3. 3.1 l"todes of DePositíon . 2L



Yilt

3.3.2 Factors ConËrolling the Mode of Deposition '

3.3.3 Competence.

3.4 Channels and DePosÍtíon

3.4,L Changing Loci of DePosition

3.4.2 Causes of Channel Entrenchment

3.4.3 Depositional signifigance of channel Entrenchment

3.5 Base Level Dissection

CHAPTER IV

LABORATORY OBSERVATIONS

4.L Introduction .

4.2 Altuvial Fan DeveloPment

4.2,L Introductíon .

4.2.2 Sediment TransPorL . .

4.2.3 Uniform DePosiËion .

4.2.4 Channels and DePosítion

4"2.5 Hydraulic Geometry of SËream Channels

4.2.6 Fan MorPhologY

4.2.7 EffecËs of Discharge on Fan Slope

4.2.8 Effects of Downstream Flooding on

4.2.9 Fans ConsËructed with Mortar Sand

Fan MorphologY

4.3 River Trai-ning l^Iorks

4"3.1 Introduction.

4.3.2 Channels and DePosition

Page

22

22

24

24

25

26

27

28

28

28

28

30

30

34

35

36

36

37

39

39

39

4.3.3 Rates of DePositÍon 42



lx

4.4 Fan

4.4 .L

4.4.2

Dissection .

Page

42

42

42

Introduction .

Depositional Signif igance

CIIAPTER V

CONCLUSIONS

5.1 Similarity of Model Fans Ëo Natural Fans ' '

5.2 Factors Affectíng Channel Development. on Alluvial Fans in
Alaska

5.3 Changes in Alluvial Fan Behavior Due to Engineering
Interferenee 50

5.4 Use of the Manning Flow Equation for the Design of Bridge and
PiPeline Crossings' ' 5l

5.5 The Consequences of Bridge and Pi-peline Crossings Construction
Across Alluvial Fans in Alaska ' 52

5.6 Linitations of Testing . 52

CHAPTER VI

RECOI44ENDATIONS

6.L LaboraËorY Research

6.2 Field Research . .

LIST OF REFERENCES

APPENDIX A

MODEL DETAILS

4.1 Basic PrincíPles

A.2 Model Layout

4.3 l"lodel Scaling

4B

54

56

A3



x

Page

4.4 Operation and fnstrtmentation ' ^4

4.5 Miscellaneous Observations and Measurements ' ' A5

APPENDIX B

TESTING PROGRAM

APPENDIX C

TEST RESULTS (ALLUVIAL FAN DEVELOPMENT)

APPENDIX D

TEST RESULTS (RIVER TRAINING I^IORKS)

APPENDIX E

TEST RESULTS ( FAN DISSECTION)

APPENDIX F

GRAPHS AND FIGURES

APPENDIX G

ALASKA DATA



xl

LIST OF FIGURES

Figure

1.1 A simple alluvial fan

2.1 Zones of an alluvial fan v¡ith a radial profíle through it

2.2 DisËribuËion of maximum particle sizes and angles of dip along
a radial profile on an alluvial fan of the santa caÈalína
Mountains, Arizona

Suurnary of postulat,ed interrelationships betr^reen

basin parameËersr stream characteristics, and

Crosssectionl-l

Cross sect.ions I - I and 2 - 2

Cross sections I - I and 2 - 2

Areal development for test No. I

Radíal profile for test No. 1

Cross-fan profile at statíon I - I for test No'

Cross-fan profile at sËation 3 - 3 for tesË No'

Areal develoPment for test No. 2

Radial profile for Ëest No. 2

Cross-fan profile at staËion I - I for Ëest No'

Cross-fan profile at staEion 3 - 3 for test No'

Area1 develoPment for test No. 3

Radial profile for test No. 3

Cross-fan profile at statíon 1 - I for test No'

Cross-fan profile at station 3 - 3 for Ëest No'

Areal development for tesÈ No. 4a

Radial profile for test No. 4a

2.3

4.La-c

4.2a-c

4. 3a-c

c.t

c.2

c.3

c.4

c.5

c.6

c.7

c.8

c.9

c. 10

c.11

C.L2

c. t3

C.L4

drainage
fanslope

I

I

2

z

J

J



xtl

C.15 Cross-fan profile at staÈion I - I

C.l6 Cross-fan profile at station 3 - 3

C.L7 Areal development for test No' 4b

C.l8 Radial profile for test No. 4b

C.l9 Cross-fan profile at sËation I - I

C.zO Cross-fan profile at station 3 - 3

C.zL Areal development for Èest No' 4c

C,22 Radial profile for test No. 4c

C.23 Cross-fan profile at sËation 1 - I

C.24 Cross-fan profile at station 3 - 3

D.l Areal development for test No. 5a

D.2 Radía1 profile for Ëest No. 5a

D.3 Cross-fan profile at sËation I - I

D.4 Cross-fan profile at station 3 - 3

D.5 Cross-fan profile at sËation 5 - 5

D.6 Areal development for tesË No' 5b

D.7 Radial Profile for Ëest No. 5b

D.8 Cross-fan profile aË sËation I - I

D.9 Cross-fan profile at station 3 - 3

D.10 Cross-fan profile at station 5 - 5

D.11 Areal development for test No' 5c

D.Lz Radial Profile for test No. 5c

D.13 Cross-fan profile at station I - I

D.14 Cross-fan profile aË staËion 3 - 3

D.15 Cross-fan profile at staËion 5 - 5

D.16 Areal development for test No' 6a

D.l7 Radial profile for test No. 6a

4a

4a

for

for

for

for

Eest No.

test No.

test No. 4b

test No. 4b

for test

for test,

No. 4c

No. 4c

for test No. 5a

for Ëest No. 5a

for test No. 5a

for tesË

for tesË

for ËesË

No. 5b

No. 5b

No. 5b

for t,est No. 5c

for test No. 5c

for test No. 5c



xt¡l

D.18 Cross-fan profile aÈ station I - 1 for test No' 6a

D.19 Cross-fan profile at statíon 3 - 3 for test No' 6a

D.zO Cross-fan profile at station 5 - 5 for Ëest No' 6a

D.zI Areal development for test No. 7

D.22 Radial profíle for test No. 7

D.23 Cross-fan profile at station I - I for test No' 7

D.24 Cross-fan profile at station 5 - 5 for test No' 7

E.l Areal development for test No. B

8.2 Radial profile for test No. I

E.3 Cross-fan profile at station I - 1 for test No' B

8.4 Cross-fan profile at station 3 - 3 for Ëest No' 8

E.5 Cross-fan profile at station 4 - 4 fot test No' 8

E.6 Cross-fan profile at sËation 5 - 5 for test No' B

F.l Grain size disËributíon (gravel)

8.2 Grain size disLribution (mortar sand)

F.3 Bridge detail No. I

8.4 Bridge detail No. 2

F.5 Bridge detail No. 3

F.6 Standard hYdrograPh

F.7 Plan vier¿ of the alluvial fan prior to and after removal
of the nose (test No. B)

G.l Drill hole 1og for creek No. I

G.2 Grain size distribution (streanbed) for creek No. I

G.3 Drilt hole log for creek No. 2

G.4 Grain size distribution (streambed) for creek No. 2

c.5 Drill hole log for creek No. 3

G.6 Grain size d.istribution (streambed) for creek No. 3



xtY

LIST OF PLATES

Plate

4.L Channel development,s during a hydrograph

4.2 Channel developments due to bridge crossing inËerference

4.3 Cross-section developments for brídge detail No' 1

(looking downstream)

4.4 Cross-sect,ion developmenËs for bridge detail No. 2

(looking downstream)

4.5 Cross-section developments for bridge detail No' 3

(looking downsËream)

4.6 Fan rebuildíng afËer removal of the nose

LIST OF PHOTOGRAPHS

Photograph

I Floyd Creek bridge crossing

2 Darling Creek bridge crossing

3 SedimenË transport at 0.020 cfs

4 Abandoned channels

5 The beginning of channel paving aË 0.005 cfs

6a Channel location aË Q = 0.005 cfs, T = 40 min.

6b Increased channel braiding at Q = 0.010 cfs, T = 50 min'

6c Channel shifting and t,emporary enErenchment at Q = 0.010 cfs,
T = 55 mín.

6d channel shiftíng at Q = 0'020 cfs, T = 60 min'

7 Fan segmentation

I Slope díscontínuity at Ëhe nose of the fan

9a A fan consËrucÈed with mortar sand



xv

9b

l0a

10b

10c

10d

l0e

10f

11

12a

r2b

L2c

13a

13b

13c

L4a

L4b

L4c

l5a

15b

15c

15d

15c

r6

L7

A fan consErucËed with gravel

Channel locatíon at Q = 0.005 cfs, T = 40 min.

Channel braiding at Q = 0.010 cfs, T = 50 mín.

Channel downcutting at Q = 0.020 cfs, T = 60 rnin.

Díversion of main flow channel towards embankments at
Q = 0.020 cfs, T = 63 rnin'

Channel shifting at Q = 0.010 cfs, T = 80 min.

Return to a single channel at Q = 0.005 cfs, T = 90 min'

Fan segmentat,ion below the bridge crossing

Cross-section 1 - 1 at T = 40 min.

Cross-section 1 - I at T = 60 min.

Cross-section 1 - I at T = 60 nin. (2nd hydrograph)

Cross-sections I - I and 2 - 2 at T = 40 min.

Cross-sectíons 1 - 1 and 2 - 2 ax T = 50 min.

cross-secËíons 1 - I and2- 2 at T = 60nin. (2nd hydrograph)

Cross-sections I - I an.d 2 - 2 at T = 40 min.

Cross-sections I - 1 and 2 - 2 at T = 50 min.

Cross-sections I - I arrd 2 - 2 at T = 60 min.

IniËial downeut,ting and formation of a nev¡ segment aË

Q = 0.005 cf s, T = 40 rnin.

Further downcutËíng and fan segmenË growth at
Q = 0.010 cfs, T = 50 nÍn.

Channel braiding at Q = 0.020 efs, T = 60 min.

Channel shiftÍng at Q = 0.0f0 cfs, T = 80 min.

Braiding and deposiËion on fan segment at
Q = 0.005 cfs, T = 120 min.

Model layout

Close-up of gríd



xvl

LIST OF TASLES

Table

4.I Characterist,ics of the sediment load

4.2 Comparison of fan develoPment

8.1 Testing Program

Syubol

A- Fan areat
Ad Drainage basin area

LIST OF SY}IBOLS

Definition

cRatiooffanareatodrainagebasinareaoflsquaremile

cfs Cubic feet Per second

d Depth of flow

D Barticle size

G Sediment Yield

H Maximum drainage basin relíef

n Channel roughness

nt Slope of the regression line

a Discharge

O Sediment load.S

S Slope of energy grade line

S, Drainage basin sloPe
CI

S. Fan slope
I

v VelocitY

\¡/ Width

T TracLive force

Ic CriÈical Ëractive force

ð Density of flow



l. I InLroduct.ion

An alluvial

cone-shaped segment'

channel emerges from

CHAPTER I

INTRODUCTION

fan is a stream deposit r^rhose surface forms a

radiatíng downslope from the point where the stream

a mounËainous area (Bull, L964 a; FIGURE 1'f)'

A sirnple alluvial fan (Bull, 1968)

FIGURE I.I

Alluvial fans are distincË landforms that are a part of a

complex erosional-deposítional sysËem. Readily erodible sedimenËs are

t,rarisported by strean flow from an upland source area and deposited at

a point where Ëhe strearn suddenly debouches onto a genÈler sloping

plain. Streams link the erosional and depositional segments of the
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system and are the dominant influence on alluvial fan morphology.

L.2 Previous Work

L.2.L Areas of Study

Theoccurrenceofalluvialfanshasbeenreportedfromall

continents. However, due to recurring problems of flash flooding and

land subsidence in densely populated areas, arid and semi-arid regions

of the southvrest,ern United States have been the focal point for extensive

study of alluvial fans in North America. (cf. Eckis, L92B; Buwalda, 1951;

Blissenbach, L954;8u11, Lg62, L964; Lustig, L965; Melton, L965;

Denny , L965; Hooke , L967, 1968) .

Due principally to t,heir less conspicuous development and lack

of accessibility, alluvial fans Ín cold temperate, mountainous regions have

received very little attention in North Arnerican litera¿ure' Studies are

liniËed to an account of a small group of fans near Aklavik, N'i^I'T' (i'egget

eË al Lg66), the work of Anderson and Husser G962) at FranklÍn Bluffs,

Alaska, and investigations of fans in south central Brítish Columbia

(Ryder, LglO, I97L) and the Alberta Rockies (McPherson and Hirst, L97L)'

L.2.2 Scope

The conclusions presented in prevíous literature have concentrated

upon aspecËs of:

(f) The morphomeËry of alluvial fans and their relationship

with drainage basin characteristics ' (Bull , L964 a;

Melton, Lg65; Hooke, 1968; Ryder , L97L) '

(2) The causes and processes of alluvial fan deposition'
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(Eckis, LgzB; Buwalda, 1951; 8u11" L964 b; Lustig, L965; Hooke' L967:

Ryder, 1970).

1.3 Current Problems Associated wit,h Alluvial Fans

The locations of many current probleEs assocíated r¡/ith alluvial

fans are fhe high mountain valleys of Alaska and the NorthwesË Territories'

Increasing demands for peÈroleum resources have resulted in extensive studies

of proposed routes for the Alaska and MacKenzie Valley Pipelines' Further-

nore, highways aïe to be const,ructed along Ëhese routes to provide a

suitable means of access.

Theproblemsofhighwayandpípelinedesígnarecomplicatedby

the fact, Ëhat the proposed routes must cross numerous alluvial fans'

consequently, many subsurface pipeline crossings and hydraulic bridge

crossings are required. ]n addition Ëo river and floodplain crossings,

protecËíve r.+orks such as dikes and guidebanks are often uËilized to provide

a means of stabilLzing erodible stream channel banks during períods of

peak flows.

PIIOTOGRAPHS I and 2 illustrate t,yPical bridge crossings on

alluvial fans in Alaska.

L.4 Justification for Further Study

The necessiËy for further study of alluvial fans in Ëhese northern

regions becomes apparent if one considers the areas and seope of previous

r¿ork.

I4any of Ëhe features and processes noted in previous literature

are similar Ëo those on fans along the Alaska and MacKenzie Valley Pipelines'



Floyd Creek Bridge Crossing

PHOTOGRAPH 1

Darling Creek Bridge Crossing

PHOTOGRAPH 2
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However, it appears probable that many of the conclusions reached may

be applÍcable speeifically Ëo fans wit,hin arid and semi-arid regions,

and not to fans in general.

Studies conducted on boËh natural and laboratory fans have noÈ

considered any effects of engineering interference upon alluvial fan

development. Therefore, further study of the hydraulic Processes affected

by strbseqgent alËerations to the natural fan surface may aíd in establishing

necessary parameters for the design of river crossings along these routes'

1.5 Purpose of Study

The PurPose of this studY is:

(r)ToevaluaËethehydraulicprocessesandresultant

geomorphicfeaturesoccurringonalluvialfansincold

temPerate, high mountain regions'

(2)ToevaluaËechangesinalluvialfanbehaviordueËo:

a) hydraulíc bridge crossings

b) subsurface PiPeline crossings

c) fan dissection (removal of the nose of Ëhe fan)

(3)ToassesstheconsequencesofLheconstrucËionof

bridge and pipeline crossings on fans in Alaska'

L.6 FuËure Thesis ChapËers

The conclusions reached j-n thís study will be based upon a review

of prevíous NorËh Ameriean literaËure and a concurrent hydraulic model study'

The liËerature review will suurmatLze the fundamental geomorphíc

features, interrelationships wifh drainage basin Parame¡e1s, and hydraulic

processes presented in earlier studies'
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The hydraulic model sËudy will check on these fundamental

characteristics and identLfy any oËher aspects of alluvial fan behavior

that níght have been overlooked in previous literature. The model study

will then focus upon observations made of Ëhe changes in fan behaúior

due t,o the application of various engineering interference conditions.

1.7 Hydraulic Model Study

L.7.L Basis of InterPretatíon

ExacÈ modeling of a specific fan cannoË at present be used to

obËain quantitative d.ata, because scaling relaËíonships for sediment

Ëransport by stream and debris flows are noË sufficiently well known.

Consequently, fans built in the laboratory a1e treated as small fans in

their own right' not, as scale models of naËural fans'

MosË of the empirícal relationships for sedimenË ËransPorË by

streams are based upoï1. experimental flume studies and noË from acËual

stream channel measurements. Leopold and Maddock (f953) pointed out ËhaË

sediment transporËed by a stream can be divided into suspended load and bed

load, but dependíng upon flov¡ conditions, sedimenË may be enËraíned as

suspended load or at some other t.ime be transPorted as bed load' No

satisfactory method for determiníng the relative proportions of each has

been found at present. The situaËion for debrÍs flows becomes even uore

difficult Lo assess because of varíable flucËuations in the densíty of flow'

As a result, the scaling of flows is restrict,ed to an overall

gross scaling relationship between sediment size and discharge' The

processes of sorting and deposiËion and the features that resulted are

assumed to be sÍmilar to those in naËure, and wíll Ëhus be used as a

basis of inÈerpretation of field daËa from Alaska'
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L.7 .2 Model SeÈup

Specífíc details concerning layout, scaling' oPeration and

inscrumenLation of the model are found in Appendíx A.

L.7 .3 Testing Program

The Ëesting program consísted of three phases. These l{ere:

(1) Alluvial Fan DeveloPment.

(2) Ríver Training l{orks.

(3) Fan Dissection.

Specific details of each phase of the program are found in

Appendix B.



CHAPTER II

IIIE GEOMORPHOLOGY OF ALLUVIAL FANS

2.I InLroduction

This chapter deals wÍth the relevanË aspecËs of fan norphology

presenËed in previous literature.

I{nowledge of the geomorphology of alluvial fans provides

informaËiotÌ concerning their past erosÍonal and depositional behavior.

2.2 Depositional Features

2.2.L Definitions and General Features

The apex of an alluvial fan is located at the point where the

sËream emerges from Ëhe mountaíns. It is the poinË of highest elevatíon

of the fan. The fanhead refers Ëo the area adjacent Ëo Ëhe apex and

midfan denotes the area locaËed between Ëhe fanhead and outer, lower

margíns or base of the fan (Blissenbach, L954).

A compound. alluviaI fan resulËs from the laËera1 coalescence of

many fans. This feaËure ís also termed a piedmont plain (¡ult, L964 a) '

Bull (Lg64 a) describes a radíal profile as a topographíc profile

along a radial line on the fan surface, extending from the apex to the base

of the fan, and a cross-fan profile as a t,opographic profile roughly

parallel to the mounÈain front. FIGURE 2.L dlagtamatically illustrates Ëhe

zones of an alluvial fan and a radial profile through it'

8
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ZONE OE

COALESCENCE

FANHEAD

Y

Zones of an alluvíal fan with a radial profile

through it (Modified after Bull, L964 a)

FIGURE 2.1
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2.2.2 Radial Profiles

Changes in fan slope are observed in Ëhe radial profiles of most

fans. Radial profiles are gently concave upwards (8u11, L964 a). Blissen-

bach (1954) noËed that the sËeepest angle of dip on an alluvial fan is

encounËered close to its apex, and the angles of dip gradually become flatËer

when proceeding in the downfan direct.ion.

Radial profiles are not smooth curves. Instead, profiles are

comprised of several segments, each having essentially a constant slope.

The surfaces of these segment,s form bands of approximately uniform slope

which are concenËric about Ëhe fan apex (BulL, L964 a).

On most of the fans Bull (L964 a) studied, the slope of the

upper fan segment and of the valley upsÈrean from it, T.ì7ere similar. It

was concluded Ëhat the area of deposition on the fan and st,ream channel

upslope from it, naíntained a uníform and common gradienË. The fan

segnents resulted from changes ín sËream channel gradienËs which caused

depositíon on gent,ler slopes. Hooke (1967) reported that upper fan

segments were also graded to the slope of the lower segment.

2.2.3 Cross-Fan Profiles

Cross-fan profiles illustrate the convex nature of alluvíal

fan deposits. By noting the downslope decrease in convexiËy of a series

of cross-fan profiles, Bull (L964 a) showed that alluvial fans hrere part

of a gently sloping cone.

It was also noËed that the predominance of stream channels

r¿íthin Ëhirty degrees of the medial position, on a cross fan profile,

indicates thaË more deposítion occurs ín Ëhis area than in areas located

further from Ëhe uredial position.
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2.2.4 Alluvial Fan Deposits

BulI (1964 b) suggested that alluvial fan deposits can be

differentiated inËo three groups:

(1) I,trater-laid sediments consist. eiËher of sheet,s of sand and

silt deposited by braided streams, or of sand and gravel

deposited ín the beds of stream channels. These deposi-t.s are

generally well sorted.

(2) Mudflow deposits consist of cobbles and boulders enbedded

in a matrix of fine sands and silts that have abrupt, well

defined margins along Èhe sides and downslope edges of Ëhe

deposit,. These sedimenËs are poorly sort,ed and have lobate

t.ongues ext,ending from sheet-like deposits.

(3) Intermediate deposits have characÈeristics beËween those of

waËer-laid sediments and mudflow deposits. They have no

sharply defined margins and Ëend to blend wíth the soíl.

Many researchers recognized the predominance of mudflow (or

debris flow) deposits in fanhead regÍons (¡utt, L964; Lustig, L965; Eckis,

7928i Hooke, L967; Ryder, L970; McPherson and Hirst' 1970). tr^later-laid

sediments were generally noted to be characteristic of nidfan and base

areas.

Hooke (L967) also observed Ëhe presence of "sieve deposiËs" on

both laboratory and naËural fans studíed. These deposiËs r,¡ere descrÍbed

as lobes of coarse-grained mat,eríal in r¿hich Ëhe finer fraction had been

removed by means of the winnowing action of \nlater passing over them.

2.2.5 SedimenËary SÈrucËure

Alluvial fan deposits are 1aÍd down in beds approxirnately

parallel to the surface of a fan. Thus the surface angles of alluvial
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fans are repeated v¡ithin fan strata (Blissenbach, L954).

Both Ryder (f970) and Blissenbach (1954) observed the occur-

rence of distinct beds of mudflow deposits that made contacË wíËh sËreau

deposits of comparable thickness. These st,ream deposíts occurred as well-

sorted gravel lenses, as oPposed to mudflow deposit.s, whích showed no

internal sËraËíf icaËion.

Transverse or cross-fan secËions reveal beds that are límited

in extenÈ. Such cut and fí1l structures are common in most fans. These

st,ructures resulted from frequent stream channel entrenchmenË and

subsequenË backfilling by rnudflow deposítion (null, L964 a; Blissenbach,

1954; Ryder, L970).

2.2.6 Particle Sizes and Particle Size DistríbuÈion

Most earlier studies have acknowledged a general relationship

beËween decreasing parËicle sLze and overall reduction in fan slope in a

downfall directíon (nckis, L928; Melton, 1965; Legget eË al, L966; Hooke,

L967). Blissenbach (L952, L954) observed thaË the rate of change in

maximum part,icle size along a radial profile is approxínately equal to the

rate of change in fan surface slope. FIGURE 2.2 shows Blissenbachrs

findings.

Channel enËrenchment tends to distort trends in particle size

distribution; due to Ëhe transporËation of entire loads of sediment to

downslope areas deficient in coarse mat,erÍal (nult' 1968).

Particle size distribuËíon ranges are greaËer on fan surfaces

than along stream channel beds. Stream bed sedimenËs conËain considerably

lor¿er percentages of finer material (8u11, L968; McPherson and Hirst, 1970).
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2.2.7 Sorting

Blissenbach (1954) staËed that the sorËing of alluvial fan

deposits may be regarded as a function of:

(1) The range in sediment sizes within the drainage basin.

(2) The type of transporting and deposiËing agent.

(3) The disËance of transPort.

Considerable variaËion in the degree of sorting exists on alluvial

fan deposits. Due to mass Ëransport effects debris flows are unable to

produce a hígh degree of sorËing. On Ëhe oËher hand, \¡/at,er flor¿s are able

t,o rework and selecËively deposit their sedimenË 1oad, resulËing in a

high degree of sorting.

2.3 Stream Channels

SËream channels on alluvial fans may be braided' straighË' or

meandering and are conrnonly found on the highest part,s of the fan surface

(8u11, L964 a).

In fanhead and upper midfan regions, most researchers noËe

that stream channels are frequenEly entrenched (Bull, L964 a; Buwalda,

1951; Denny, Lg65; Melron , L965; Lustíg, L965; Hooke, L967; Ryder, L97O;

Eckis , Lg28). Eckis descrÍbed Ëhis feature as a "fanhead trench". Bull

poínËed out Ëhat fanhead trenches are usually of a meandering nature and

that the trenches of ephemeral streams are narro\^l while the trenches of

intermittenË streams are r¿íde. Once entrenchroent of a channel has begun

natural levees of debris flow (mudflow) deposits are a connnori feaËure,

particularly on t,he lower bank.

MosE fanhead trenches tend to become shallower as they proceed

d,ownfan. Hooke (L967) defíned the point where an incised channel emerges
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¡nriÈh Ëhe fan surface as the "inËersection point,". Ryder (f970) concluded

ËhaË fanhead trenchÍng indicated the development of lower streau channel

gradients across the upper fan areas and deposiËion below the "intersection

poÍ-nt" would reduce the overall gradient.

Fan surfaces below the intersection point are characterized

by shallow, braíded or discontinuous channels. Braided channels are

characteristic of waËer flows and cornmonly change position during períods

of flow (Sutt, L964 a). The lor¿er points of Ëhese channels have been

noted by l"fcPherson and Hirst (1970) to be on a level wíth or slÍghtly

higher Ehan the adjacenÈ fan surfaces.

The processes of deposÍtion and erosion identified with the

various Ëypes of st,ream channels will be díscussed in Chapter III.

2.4 Int.errelationshÍps Between Fan and Drainage Basin Parameters

2.4.L General Stat,ement

Previous workers such as Bul1 (L962, L964); Melton (1965);

Denny (1965); Hooke (1968) and Ryder (f97f), have developed quantitative

relationships between fan characterist,ics of area and slope and certain

feaËures of drainage basin morphometry.

The overall símilarity of these relaËionships has been

interpreted as indícating that a sËeady-sËat.e or equilibrium condition

d.oes exist v¡ithin a landscape and that alluvial fan characteristics are

sensitive to changes in Ëhe drainage basin.

2.4.2 Basin MorphomeËry and Fan Area

Inlith increasing drainage area, Ëhe area of an alluvial fan

increases. LogariËhmic plots of fan aîea, A' against drainage basín

area, AU, (8u11, L964 a; Denny, L965; Hooke, 1968) have resulted ín the
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empírical relationship ;

Af="oUt'

r¿here the co-efficient c is the area of a fan with a orì.e square mile

d.rainage area and the exponent n' ís the slope of the regression line.

Because consÍderable regional variations in values for c and n

have been observed, Hooke (1968) outlined several factors which influence

Ëhese values. The primary factor Ínfluencing c is Ëhe raËio of

deposiËional area to the erosional area within a watershed. VariaËions

of c rtriËhín a watershed are due to lithogic variaËions of the basins

which affecË sediment yield. Both Hooke (f968) and Bull (1964 a) observed

that fans wiËh a predominately coarse-grained source area (cobbles, boulders

and very little fíne maËerial) were much smaller than fans ¡,¡ith a fine-

grained source axea; (abundant supply of sands and silts). Observed values

for tt' of. less than unity inplied that larger drainage basins supply

less sediment, per square mile than smaller basins. This vlas attributed

to the st,orage of debris in lower order alluvial channels and on valley

side-slopes of larger drainage basins.

2.4.3 Basin MorphomeËry and Fan Slope

Previous sËudies have concluded that fan slope is conËrolled

by debris calibre and by Èhe nature and size of the debrís transporting

Processes.

Eckis (1928) and Melton (1965) shov¿ed that fan slope decreases

with increasing fan area. It follovrs thaË slope must also deerease v¡ith

increasing drainage basin area. This relationship has been shown by Bull,

(L964 a), Hooke (1968) and Ryder (1971). The deerease in fan slope was

aËËributed by Hooke (1968), t,o proportionately higher discharges being

emiËted from larger qiatersheds. Fans built in Èhe laboratory wiËh lower
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discharges had steeper slopes Ëhan those built with higher discharges.

Increasing Ëhe discharge generally resulted in regrading of a fan t,o

a lower slope.

Hooke (1968) suggested that source area lithology can influence

fan slope by conËrolling the debris sizes, the naÈure of the depositional

processes and the sedimenË concentraËions of flows. The influence of

debris size was illustraËed on laboratory fans by distinct breaks in

slope at poinËs where the transítion from coarse deposit,s t,o finer

deposits occurred. Ryder (197f) observed Ëhat slopes I¡rere generally steeper

for gravel fans than for silt fans.

Laboratory fans on which the depositional processes were either

mudflow or debris flow depositíon Ì4rere approxiuat.ely five degrees steeper

Ëhan fans const.ructed primarily by fluvial condiËíons under ot,hervrise

equivalent conditions. Conparable effects were also observed on the

nat,ural fans sËudíed (Hooke, 1968).

Flows with higher sedíment concenËrations built sËeeper fans in

the laboratory. A siuilar result was found by Bu11 (L964 a) in the

San Joaquin Valley. Fans draíning source areas underlain by mudstone and

shale were generally steeper than t,hose underlain by sandsËone deposiËs.

This was atËributed to greater erodibility of the mudstone and shale.

Ryder (1971) compared slopes of t'paraglacial" fans in souÈh central

BriËish Coluubia Ëo Ëhose in the southwesËern United States and observed

ËhaË the slopes of "paraglacial" fans were generally steeper fot a comparable

drainage basín. It. was noËed that higher sedimenË concentraËions, due Ëo

abundant supplies of glacial drift, appeared to be the mosË líke1y cause.
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Melton (L965) suggested that increased debris concentraËion in regions of

high elevaËion or in northern latitudes gives rise to st.eePer slopes.

Relationships between overall drainage basín slope, (defined as

Ëhe slope of a straighË line from t,he fanhead to Ëhe highest point in

a draínage basin), relafive relíef and fan slope hlere not acknowledged

by Hooke (1968). Instead, it was concluded that Ëhese parameters vlere

approximately proporËional to the channel gradient in the drainage basin

and that a correlation existed between this channel slope and fan slope.

Melton (1965) and Ryder (f97f), however, reported significant relaËion-

ships between relative relief raËio n/ Aa (v¡here H is the maximum

relief in a drainage basin and A¿ is the basin area), drainage basin slope,

and fan slope; Ëhrough processes of stre¡m and mudflow depositíon. As

the basin ruggedness íncreased (basin slope and relatíve relief), Lhe

proportion of mudflow relat,ive to fluvial deposition increased. Therefore,

fan slope also increased.

Ryder (197f) summarized Ëhe postulated interrelationships

between drainage basin parameters, stream characËeristics, and fan slope.

This is shor.rn in FIGURE 2.3.
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Surnrnary of postulated interrelaËionships between
drainage basín parameters ' st.ream characterisËies
and fan slope (Ryder, L97L)

FIGURE 2.3



CHAPTER III

HYDRAULIC PROCESSES ON ALLUVIAL FANS

3.1 Introductíon

This chapter will review the fundamenÈal depositional and

erosional processes díscussed in prevíous liËeraËure. Knowledge of these

fundamental processes provides a basis for forecastÍng probably develop-

menËs in future fan behavior.

3.2 General St,atement on Alluvíal Fan Deposition

Str,eams emerging from steep mountain canyons are comonly

loaded with large anounts of sed.ímenË. At the alluvial f.an, a pronouneed

Lendency for deposition is irnmediately developed. DeposiËion is noË

caused by abrupt decreases in s¿ream gradient, however. The slopes of upper

fan regions have been comnonly noËed Ëo be approximately the same as the

strean channel farther upstream (Bull, L964 a).

Bult (1968) atrribuËed fan deposition to changes Ín the hydraulic

geometry of flow, once it is no longer confined within a single channel.

Strean discharge ís equal t.o Ëhe producË of the mean width (w) 
' mean

deprh (d) , and velocity of flow (v). Q = wdv . Once Ëhe flov¡ spreads

out, an increase in widËh must be accompanied by a decrease in depth'

Although a decïease in depËh causes an Íncrease in velocity Ehis is offset

by volgme reduction. The overall effecË is a loss of transportive PoI¡Ier'

20
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3.3 Sediment Transport,

3.3.1 Modes of DeposiËion

Most researchers have acknowledged that debris flow and waËer

flows constitute the modes of ËransportaËion and subseguent deposition

on an alluvial fan (8u11 , L964; Lustig, L965; Melton, L965; Hooke, L967 3

Ryder, 1970).

Debris flows and water flows are differentiated by the nature of

their sediment loads. Debris flows have much higher densities and

viscosities Ëhan \,rat,er flo¡¿s (Sharp and Nobles, 1953). Hooke (L967)

suggested Ëhat lraterflows are able to vary Ëheir sediment load by erosíon

and deposition, whereas debris flows could only selectively deposiË their

largest, particles. Although both modes resulted from water enËraining

loose sedimenËs, a poinË existed where sediment enËrainuent became irreversible.

Therefore, a r¡rater flow could not, evolve from a debris flow.

Blíssenbach (1954) ca|egorLzed debrís flow and waterflow (or

fluvial) deposiríon in terms of their deposiËional relationship on a fan

surface:

(1) Sheetfloods are prirnarily debris flows which spread out,

extenÈ of the fanin a sheet-like form, covering a large

surface.

(2) Streams are characteristic of continual water flows whích

deposít. sedj-ment along a main channel or at Ëhe base of the

fan by means of a nuuber of braided channels.

st,reamfloods are characterisÈic of eiÈher debris flows or(3)

\^rat,er flows and deposiË sediment along adjacent floodplains.
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3.3.2 Factors controlling Ëhe llode of Deposition

The mode of deposition on an alluviaL fan is dependent upon the

particular runoff regime.

Ryder (1970) aËtríbuËed fluvÍal deposition Ëo relatively equable

flows originating from larger drainage basins of high elevation. In this

case, channels are maintained free of loose debris and minor blockages.

Permanency of st.ream flow is relat,ed to a sumner hlaËer supply from

conËinued snowuelt. McPherson and HirsË (1970) concluded that fluvial

deposition may be the dominant process in construcËing alluvíal fans in

cold temperat.e, high mounËain regions.

On the other hand, Ryder (f970) noted Ëhat great and rapid

changes in the discharge of sno¡¿melË streams and their interrníttent or

ephemeral nature within smaller drainage basj-ns, more like1y resulted in

Ëhe production of debrís flows. In this case, weathered debris is accumu-

lated within strearD channels, gíving rise to ËemPorary daruníng and result-

ant surges ín discharge. Bu11 (f968) added that steep basin slopes, having

an insufficíenË vegetat,ion cover to prevent accelerated erosion would also

contríbuËe Ëo debris flor¿ production during periods of rapid runoff.

Most sËudies also attribuÈed the irregular and Eorrent.ial nature of

precipitation within aríd regions as a douinant factor in the greater

occurrence of debris flows.

3.3.3 Competence

The competence of the Ëransporting medium is an important factor

in determining Ëhe downfan extent of deposition on an alluvial fan.
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Lustig (1965) and Hooke (L967) used tracËíve force as a measure

of Èhe competence of Ëhe largesË part,icles v¡ithin debris flov¡s. TracËive force

ís expressed as 1 = UdS, where T is the shear exerted on the

upper layer of the channel bed material, f Ís Ëhe specific weight

of the Ëransporting medium, d ís the depth of the f1ow, and S is the

slope of the energy gradíent.

Individual particles cease to move when the tracËive force To

no longer exceeds Ëhe crítical value T, , or:

To= l¿s =T.
Laboratory observations suggesËed Ëhat this condition results

from a decrease in eíther hydraulic gradient (= fan slope), or flow

depth, as the flow moves downfan and spreads ouÈ (Hooke, L967).

Lustig (1965) modified the tracËive foree Ëheory in order Eo be

able to estimate the competence of past, flows from field data aË numerous

locaEions on the fan surface. Maxímum parËicle size and fan slopes vlere

substituËed for values of d and S, respectively. The value for densiËy

of flow was omit,ted since values on the fan surface can vary considerably

during the dov¡nfan progress of Ëhe flow. Thus, Ëhe distribution of the

dS products r¡ras mapped and Èhe resultíng isopl-eths were interpret,ed as

reflect.ing the competence of Ëransport. By assurhing Èhat compeËence

decreases in Ë,he directíon of flow, Lustig (1965) concluded t,hat orthogonals

to these isopleths delíneated paths of sediment Èransport.

Large boulders were observed in areas of neglígible slope and,

therefore, neglígible competency. Lustig (1965) pointed ouÈ ËhaË this

apparent anomaly reflecËed upon a mass transport mechanism attended by

the buoyancy and momenËum effecüs of debris f1ows.
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3.4 Channels and Deposition

3.4.7 Changing Loci of Deposítion

Most individual flows cover only a small part of an alluvial

fan. During formation of a fan, Ëhe stream channel shífts repeatedly, both

along Ëhe contours and radial lines of a fan (8u11, 1968).

Deposít,ion during a síngle event on an alluvial fan is localized.

Over a sufficient period of tíme, however, shiftÍng of the locus of

deposition on labotatory fans resulted in relatively uníform deposition over

the ent.ire fan surface. As a resulË, lower fan areas ate aggrading' but

aË a slo\der raËe Ëhan the fanhead (llooke, L967).

Hooke (L967) related the average radial position of the inËer-

section point Ëo the relaËive imporËance of debris flo¡,¡s and waËer flows

Ín fan aggradation. Fluvíal deposiËion predominates below the intersect,ion

point whereas overbank debris flow deposition predominates above the

int,ersecËíon point. On laboraËory fans, Hooke (L967) observed that the

inËersecËion point. would migrate tovüards the apex as Ëhe previous channel

was backfilted by debris flows. Subsequent, vrater flows Ëhen eroded a new

channel laterally offset from Ëhe previous course. Bull (f968) also noËed

that laËeral migration of the area of deposit.ion occurred when deposítion

had raised the fan surface suffíciently to cause shifting of the strean

channel to a lower part of the fan. Hooke (L967) at,tributed such shifting

to uniform deposition and noted that diversion of the channel near the

fanhead distribuËes debrís flow sedjments over the upper fan surface and

result.s in rapid shifting of Ehe intersecÈíon poínt. Consequently, minor

changes in stream channel posiËÍon near Èhe apex cause large changes in

channel posit,ion at, the base of the fan. Bull (f968) and Lustig (1965)
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sËated t,hat deposition below Elne zone of bankfull deposiÈion (i.e. int,er-

sect.ion point) occurs in transitoty locat.Íons which depend upon the migra-

Ëion of braided channels.

3.4.2 Causes of Channel Entrenchment

A number of opinions have been expressed with regard Ëo the

causes of channel entrenchment on alluvial fans. Lustig (1965) related

esËimated t,ract,ive forces of debris flows and waËer flov¡s t.o channel

trenchÍng. It vras suggested that a climatÍc change in modern fan processes

resulted Ín great,er occurrences of high density flows such as debris flot¿s.

These flows in turn, produced degradation by reason of their greaËer trac-

Ëive force. Debris flows were able Ëo erode Ëhe floors of channels by

removíng bed maËerial too large t,o be transporËed by \¡iater f lows.

Abandoned channels of higher elevaLions and greater estimated ËracËive

force values within active channels (as opposed to values on Ëhe fan

surface) were cit,ed as Ëwo principal field illustraËions of this

hypothesis.

Hooke (L967) and Ryder (1970) suggested that fanhead incision

¡,ras the natural result of an alteration between debris flows and \,rater

flows. Channel backfilling by debris flows díd not necessarily result in

the diversion of subsequent flows. Once the peak flor¿s had passed' the

level of flow cornmonly receded and the stream followed iËs origínal course.

By reason of their ability to transporL on a lower slope, subsequent, I^7ater

flows íncised a channel out of the sediment deposit,ed earlier by debris

flows. This process \¡ras repeatedly observed on laboratory fans. Hooke (I967)

also noted that fanhead íncision occurred on laboratory fans when the locus

of deposition shj-fted Ëo a place that had not received sediment for several
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episodes. The slope towards these topographic lows r,Ias greater than Ehe

overall slope of the fan. Entrenchment due to this process \,ras tempotary'

lasting only unËíl the low area was built up to the same level as the rest,

of the fan. Hooke (L967 ) concluded that enËrenchmenË only resulËed when

debris flows were alternated wiËh water flows. I{hen \,rater flows v¡ere

used alone, Ëhe flow was unable t,o transport Lhe maËerial armouring t.he

channel bed.

3.4.3 Depositional Signíficance of Channel Entrenchment

Channel Ërenching is an import,ant, process in enlarging fans in

arid regions, because the loci of deposition are shifted suffíciently far

downslope to permiË flows to deposit on areas of a fan that rrrould otherwise

receive sediment only during Èimes of najor flooding (Bull' 1968).

Bull (1964 b) noted Ëhat a greater proportion of debris flows

will reach a fan during periods when a sËream channel is entrenched upstream

from the fan, than when it. is not. A narro\^I entrenched channel allows

mudflows to maíntain a suffícienË depth of flow Ëo overcome the critical

Ëractive force of the channel and reach Ëhe fan. Buwalda (1951) also

suggesËed that in such cases, waterfloods as well as mudflohrs are able to

transporË coarser rock debris Ëhan Èhey could transporË on the relatively

smooth surface of the fan. IË was concluded that frequent entrenchment

is the controllíng factor in transport,ing coarse sediments Ëo the niddle

or lower fan areas.

Hooke (Lg67) summarized the depositional relation between uniform

deposition and channel entrenchmenE by statj-ng, "if deposition is uniform

over Ëhe fan surface, then debris flows must periodically exceed channel

depth and deposÍË sedi¡nenË riear the fanhead. If Ëhe depËh of incision ís
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so great. as to prevent overbank deposítion, then subsequenË depositíon

farËher downfan results Ín backfitling of the channel above the inter-

section point. The depth of íncision ís decreased until overbank deposition

near the fanhead proceeds at the sane rate as deposit,ion elsewhere on the

fan. AlternaËively, íf overbank deposition at Ëhe fanhead occurs frequently,

then the depth of incision increases untíl the depositional rat,es are the

saroe. tt

3.5 Base Level Dissectíon

Lowering of the 1ocal base level by active downcutting of a Ërunk

channel resulËs in degradation of t.ributary stream channels on alluvial

fans. The f an surf ace is usually divíded into tÌ,Io specif ic areas which

remain as terraces. Díssection of the fan in this manner vlas recognized

by Blissenbach (f954) and Ryder (1970).

This process ís priinarily dependenË upon Ëhe lowerÍng of the Ërunk

ríver, although the raEe at which fan dissection proceeds is dependenË

upon the erosive naËure of the tributary sËream (nyder, L970).

Erosion by the fan building stream is initíaÈed aË Ëhe base of

the fan and migraËes Ëo\nraïds the apex. Blissenbach (1954) not,ed Lhat until

graded condiLions are reached, Ëhe fanhead and midfan areas undergo

díssecËion while a deposiËional tendency prevails farther downfan near the

trunk channel.

During the initial sËages of dissecËion the lowest part of the

sËream ís steepened below a marked break in slope, where Ëhe dissected

gu11ey and fan surface intersecË. This break in slope mígrates upstream

unËil Ëhe slope is again similar to ËhaË of the fan (Ryder, L970).



CHAPTER IV

LABORATORY OB SERVAT IONS

4.L Introduction

This chapter discusses the hydraulic processes and resultanË

geornorphic features that were observed for each phase of the testing

program ouElined Ín TABLE 8.1. Many of the observatíons presented herein

will be used to examine fan behavior in norEhern mounÈainous regions.

4.2 Alluvial Fan Development

4.2.L Introduction

During Ëhis phase of Ëhe testing program, model alluvial fans

viere consËructed for varying flow condiËions and changes in the tyPe of

sediment used. The ËesË results are given in APPENDIX C.

4.2.2 Sediment Transport

The volume of sediment injecËed into the upper end of Ëhe

trough served to maintain a conÈinuous supply of sediment for streamflow

t.ransport. The rate of transport for each part.icular discharge interval

hras not measureable because only a fraction of the t.otal volume injected

r¡ras removed from the t,rough and deposited on Ëhe fan.

The characteristics of the sediment load were reflected by the

magnitude of the prevaíling discharge. These are outlined ín TABLE 4.1.

28
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TABLE 4.1

Characterist.ics of the sedimenË load

Discharge ToËa1 SedimenË Load CharacËerist,ics

0.020 cfs bed load and
suspended load

murky flows consisting
of large pebbles and sand
parÈÍcles rolling along
the channel bed
(PHOTOGRAPH 3)

0010 cfs

0.005 cfs

Sediment Ëransport at 0.020 cfs

PHOTOGRAPIT 3

clearwaËer flows consist-
ing of small pebbles and
sand parËícles rollíng
along the channel bed

clearwater flows consíst-
ing of sand particles
winnowed out from among
larger pebbles comprising
the channel bed
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4.2.3 Uniforn Ðepositicn

Model fans were representati-ve of an aggrading depositional
system' Ðuring a síngle event, deposition was localized and, Ëhus one

parË of the fan v¡as built slÍghtly higher than Ëhe surroundÍng conical
surfaee. Test results indicated thaË r¿hen observed over a period of
several events, lateral channel shifting resulted ín deposition of a

relatÍvely uni-form layer of sedíment. over the entire fan surface and.

in s¡mmetrical areal fan growth.

4.2.4 Channels and. Deposition

changes in sËream channel paËterns corresponded with changes

in the applied díseharge and the corresponding cornpositíon of the sediment
load' Duríng higher flows (0.010 and 0.020 cfs), channel instability
was induced by the high observed rate of bed load movemenË. st.reams

withín the t,rough as well as on Èhe fan surface were characterized. by
shallow braided and split channels. Local bed load deposition frequenËly
resulted in the formation of channel bars. Bars consisted. of coarse
parËÍcles whích could noË be transported under 1ocal consÍtíons exÍsting
in the particular reaches and of the finer maËeríal trapped among these
coarser particles.

BraÍded channels Ëransported sediment Ëo rower areas of the
fan surface. trtrhen Èhese areas had been raÍsed to or slightly above the
general level of the rest of the fan surface, channels r^rere backfilled
suffíciently to induee lateral shifting of the f1ow. Abandoned channels
testified to Ëhe abrupË changes in the 10cus of the deposition.
(PHoTOGRAPH 4)
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Abandoned channels

PHOTOGRAPH 4

Periodically, capture of braided channels r,¡ithin an íncÍsed
channel occurred when the flow proceeded laterally in the dírectÍon of an

area that had noË receíved sediment for a period of t.íme. The slopes

tohtards such topographic lov¡s were greater Ëhan the slope of the fan under

prevailing dÍscharge conditions. Thus, a narro\¡¡ channel, with depths

greater Ëhan those normally observed for braided channels, lJas eroded

through the exj-sting fanhead deposits. Eroded sediments Írere t.ransported

farËher downfan and deposited in a sheet-lÍke manner below the intersecËion
of Lhe j-ncísed channel with the lor,trer fan surface. This process r¡/as

responsible for the presence of coarse sediments aË greater distances
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from the apex than r'¡as normally observed through transport by braided

channels.

rncision, hor¡ever, Ì¡/as only temporary. Bed load passÍng

through the channel eventually resulted in the backfilling to the level
of the adjacent area. At this point, flows reveïËed back to a braided

channel pattern.

Base flows (0.005 cfs) were characterized. by a meandering

channel within Ëhe t,rough and on the upper areas of the fan. The

concentration of the f10w within a single channel did not result in
significant lowering of the channel hor,rever, because the flov¡s were

unable to remove the larger partÍcles annouring the channel bed. paving

originated withÍn the trough and proceed.ed dorrmstream with Èime.

(PHOTOGRAPH 5). DeposiËion of the fine sands winnor¿ed. out, of the upper

reaches corresponded with Ëhe transitíon of the ueandering channel to a

braided or fan shaped channel paËtern on lower slopes at, the base of ¡he fan.
PLATE 4.1 íllustrates the typical behavj.or of model alluvial

fan stream channels during a single runoff (hydrograph) event.



..

:

33

6B

llf. INCREASEO CHAHIIEL BRAtotilc AT Q

PTIOTOGRAPH

0.010 cFs, T = 50 Htd.
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CHANNEL

PLATE 4.'
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The beginníng of channel pavíng aE 0'005 cfs

PIiOIOGRAPH 5

4.2.5 Hydraulic Geometry of Stream Channels

Stream channel properties of tridth, depth and velocity could

not be measured on model fans. The difficulties ín measuremenL were due

to the shallowness of Ëhe channels that were formed and by the instanÈ-

aneous changes in the directíon of flow ÈhaË occurred'

In spíte of the lack of actual measurements, relaËíve changes

in depth and wídth were observed as the flow proceeded ín a downfan

direction. In general, channel depths decreased r¿hile channel widths

íncreased for a given discharge. At high flows, braiding resulÈed in the

divíslon of the flow ínto numerous shallor+er channels. At low flows'

decreases in depth and ínerease in width hlere accounLed for by the effects

of upsËream channel pavÍng and downsËream channel braidíng.
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4.2.6 Fan Morphology

TesË results generally indicated thaË radial profiles rdere

distinguished by fan segments of uniform s1ope. Decreases in the local
slopes of these segments r{ere associated with changes from coarse,

poorly-sorted sediments of the upper segment slopes t,o finer, well-sorted
sediments on rhe lov¡er slopes (PHOTOGRAPH 7).

Fan segment,ation

P}IOTOGRAPH 7

Slope changes between adjacent fan segmenËs ï^rere affected by

Ëhe nature of the applied discharges. Fans constructed by hydrographs

exhibited a gradual slope change whereas fans consËructed by const,ant

discharge exhibited abrupË slope changes.
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4.2.7 Effects of Discharge on Fan Slope

Fan slope adjustmenËs to changes in

discharge were not measurable on model fans'

radial profile did not consistently represent

changes because lateral- channel shifting riTas

the magnitude of the

lleasurements along a

a true índicatíon of

frequent.

applied

fixed

slope

4.2.8

Adístinctchangeinalluvia].fandevelopmentoccurredwhena

high downsËream waËer level was used t,o simulate the flooding of a major

Ërunk channel. The presence of backwater resulted in changes in Ëhe rate

of areal growth and the normal characterístics of radial fan profiles'

Areal grol{th was reduced' Since deposítíon occurred over a

smaller fan area, the overall fan slope (defined as thelslope of a sËraíght

l_ine along a radial profile from the apex t,o the nose) was much greater'

TABLE 4.2 sunmaxi-zes these observed differences in fan developmenË'

TABLE 4.2

Comparison of fan develoPment

Effects of Downstream Flooding on Fan llorpholo

Overall fan sloP
Fan area
sq. f.t .

0.010
(constant)No downstream

flooding

0.010 | L2.48
(const,ant)

Do\nrrsLream I fZO

Radial profiles did not slope genLly to the floor

but exhibited a dístínct slope dÍscontinuity at Ëhe nose of

height of the fan aË this poinL corresponded Ëo the height

of the model

the fan. The

of the backwater.
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Thus an almosË vertical

(PHOTOGRAPH 8).

edge gave the fan a delta-like appearance

Slope díscontínuity at the nose of the fan

PHOTOGRAPH B

4.2.9 Fans Constructed with Mortar Sand

The prevÍously discussed observations in this chapËer dealË

wiËh aIluvial fans constructed with gravel . Fans const,ruct,ed urith moïtar

sand (PHOTOGRAPH 9a) exhibÍted none of the charact,eristics found on gravel

fans (PHoTOGRAPH 9b). No distinct channels existed. InsËead., flows on

the fan and withín the trough \¡rere poorly defíned and almost sheet-like

in appearance; areal gro\dth was much great,er than that for gravel fans and

no distínct downfan changes in particle sizes were observed. As a resulË

radial profiles v/ere not concave but, were almost sËraight lines.
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0n the basis of the above observaËions nortar sand was judged.

to be too fine and not graded well enough to be a realistic sedíment for
use in further fan consËrueËion.

4.3 River Trainíng Works

4.3.L l+troductíon

During this phase of the testíng program, bridge crossings were

located on the fan surface. Guíde banks were placed upstream of these

crossings ín order to Prevent laËeral shifting of the main flor^r channel

and subsequenÈ erosion of the roadway embankment (for details of t,hese

works, see FTGURES F.3, F.4, and F.5). The test results are given in
APPENDIX D.

4.3.2 Channels and Deposition

The overall effects of these rvorks on depositional fan behavior

were similar for all of the various types of guide banks tested.

During high discharges (0.010 and 0.020 cfs), initial downcurring

of the channel bed resulted in convergence of braided channels in the

Erough into a single oscillaËing flow channel wíthin the guide banks.

Scour was Índuced by abrupt, deflections in the direction of flow at, t,he

nose of the guide banks.

The restrictions on lateral shifting resulted in a change in
depositional pattern. Downstream from the bridge crossing, aggrad.aËíon

occurred since the stream was free to braid and shift iËs channel

laterally. Deposition of the bed load resulted ín Ëhe formation of a

distincÈ coni-cal fan segmenË radiating outward.s from the crossíng
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(PHOTOGRAPH 11). Thís zone of depositíon served as a hinge poínt for

further upstream aggradation. Once the lower fan areas had been built up

sufficienËly, initial dorvncutËing that had taken place was offset by

subsequent deposítion in the form of islands or bars within the guide

banks. Radial profiles illustrat,ed the upfan mígratÍon of backfilled

deposÍts. Erosion of the roadway embankments resulted when further

backfillíng gave rise Ëo temporary diversion of the maín flow channel in

front of the guide banks. As a result, areas above and adjacent to the

roadway r¿ere built up suffíciently to cause further diversíon of the f1o\{

back through the lower areas wíthin the guide banks.

A reduction in discharge to 0.005 cfs marked a return t,o a

meandering channel in the upper reaches. The channel was eroded ínto the

previously backfílled sand deposits until channel armouring took place.

Channel behavior under inËerference by bridge crossings is

illustrated ín PLATE 4.2.

Fan segmentation below the bridge crossing

PTIOTOGRAP}i 11
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4.3.3 Rates of DePosition

Increasing the lengths (and curvature) of the guide banks

reduced the rate of vertical sedimenÈ deposition wíthin them. This v¡as

aËËribuÊable to deeper initial channel scouring and, therefore, greater

retention of flows within the longer guide banks.

The raËes of depositÍon for each bridge detail are comparaEively

illustrated by PLATES 4.3 xo 4.5.

4.4 Fan Dissectíon

4.4.L Introduction

Thís phase of Èhe testing program involved the removal of the

nose of the fan prior to operation of the model (FIGURE F.7). The test

results are given in APPENDIX E.

4.4.2 DeposíËional Signifigance

Removal of the nose of Ëhe fan resulËed in iniËial downcutËing

of a steeply slopÍng and j-ncÍsed stream channel. The eroded fan deposiEs

were selectively re-deposited as a ner¡i fan segment directly below the

incised channel. Anolher resultant feature was the division of the uPPer

fan surface into two areas which remained as terraces.

Test results indicated however, that higher applÍed flows

íncreased the depth of channel incision only unËil the sÈream channel

and the rebuilding fan segmenË reached a graded or uniform slope condíËíon.

After that, bed load deposition occurring within the channel resulted in

raising of the channel bed and the transÍtion from a single ehannel Ëo

laterally shifting braided channels. Braíded channels widened the terraced

area through bank erosion and aggraded the rebuilding fan segment so thaE
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a uniform slope \rould be maintaíned. A reduction ín applíed discharge

narked the return to a paved meandering channel. Armouring in Ehe upstream

reaches resulted in additional areal growth aË the base of the rebuilding

fan segmenË.

Guide banks initially placed at the apex of the fan In/ere not

useful in restricting channel shifting, as the flows oft,en shifted

around them.

PLATE 4.6 iltustrat,es the processes that resulted in fan

rebuílding.
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CHAPTER V

CONCLUSIONS

5.1 Sínilarity of }fodel Fans to Natural Fans

Laboratory fan morphology processes agreed well with those

observed in previous 1íterature. Simílarity vras evidenË for fan

segmentatíon, the relationship between concave radíal profi-les and

particle size dist,ribuËions, sorting, uníform deposition and fan

symnetry.

Observations conflictíng \,rith those ín previous líterature

were related to the relaËive imporËance of debris flows in stream channel

development and fan morphology; most noËably pernanent channel entrench-

ment. However, reference to field data of bed maËerial from Alaska,

indicated the predominance of coarse gravels and a lack of a high

percentage of fine silts. Model fans were also constructed of non-cohesive

sand and gravel. Therefore, the hydraulic processes occurring on fans in

northern mountainorrs regions are símilar to fhose on model fans. Debrís

flor¿s and permanent channel entrenchment, which are characteristic of

fans construcËed in predominantly arid and semi-arid regíons \^rere not

reproduced ín the model.

5.2 Factors Affecting Channel Development on Alluvia1 Fans Ín Alaska

Discharge (Q), sedirnenÈ load (Q") ana partícle sÍze (D) are

characteristics of the hydrology, geology and relíef of the drainage basin.

48
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They are imposed on stream channels and are essentially independent of

Ëhe sËream channel sysËem. High flows are charact,erLzed by large sediment

loads and large particle sizes in transport whereas low flows are

characterized by small sediment loads and small part,icle sizes in trans-

port. The hydraulic factors which are dependent are channel depth (d)

and width (w). These are mutually adjusted wj-th changes in Èhe dÍscharge,

sediment load and particle sizes Ín. transport. The factor which is neiLher

dependent nor independent is slope (S).

The relat,ionships beËween Ëhese facËors are exhibited on model

fans through changes from a single meanderíng channel pattern on steep

upper fan areas, at low flows, to braided channel patËerns aË high flows.

Braided channels do not develop wiËhouÈ an appreciable bed load

and corresponding high discharges. The explanation appears to be the

movement of bed load exceedíng local competence and conseguent coarse

sediment depo'sition within the channel, causing the diversion of flow

frou one channel ínto a number of channels, or the deposition of channel

bars and Ëhe development of islands.

Braiding aË high flows indicates channel cross-secEional shape

adjustments of width and depth. Relatively deeper and narrol¡Ier single-

Ëhread channels are observed aË low flows whereas increases ín discharge

and bed load result in observed reducËíons in channel depËh and increases

ín channel width, in accordance with the erodible nat,ure of the channel

banks.

Changes in local fan or channel slopes are not attributable to

channel braiding. Channels may be braided on eíther higher or lower fan

slopes, or both, depending upon the flow condíËions. 0n the other hand,

a strong tendency for t,empoxaxLly incised channels Èo flohr tor¿ards
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topographic lows, where the local slope of the fan is steePer than in

other areas, indícaËes channel adjusturents to slope.

5.3 Changes in Alluvial Fan Behavior Due to nngineering fntert

(1) nqfdge cros"i"gs (g"id

Constricting high flows through guíde banks and bridge

crossings resulËs in initíal downcutting of upstream braided

channels into a major flow channel; which in turn, alters Èhe

deposítion paËtern normally observed on natural fan surfaces.

Rat,her than long Ëerm uniform deposition over lor¿er fan areas'

deposition Ís locaLized in an area directly downsËream of the

bridge crossing. Itigh rates of subsequenË bed load deposition

cause areas $iithin these erossíngs to backfill. Any further

backfilling results in a substantial increase in the arnount

of sediment deposition upsËream of bridge crossings and a

tendency for laËeral channel shifting Èowards the roadway

embank¡nents.

(2) Subsurface pipeline crossings

Due to the effects of channel armouring at. 1oIü flows and

high rates of locat bed load deposÍtion with sÈream channels at

high flows, degradation is not significant. Consequently,

subsurface pipelíne crossings have little or no effect upon

normal fan behavior.

A possible excepÈíon occurs when a stream channel ís

Ërapped beËr¿een the edge of Ëhe fan surface and an adjacenÈ

valley r+a11. In this case, channel scouring lowers the bed

sufficienËly to erode Ëhe pipeline crossing.
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(3) Removal of the nose of t.he fan

Removal of the nose of the fan result,s in downcutËíng of a

steep, incised sËream channel and the development of a new fan

seþent. Degradation continues unËil Ëhe rebuilding fan seg-

ment and the incísed channel reach a graded or uniform slope

condition. A graded condition Ís maintained through subsequenË

aggradation of Ëhe incised channel aË high flows while the

resulËanË laterally shifting braided channels erode the incised

channel banks. Repeated runoff events, (periods of high flows),

will evenËually resulÈ in regrading of the fan surface to iËs

natural form.

5,4 Use of the Manning Flow Eguation for the Design of Bridge and Pípeline
Crossinqs

Use of the ¡fanning flow equation to forecast the ürat,er surface

elevation or stage for a gíven sËream channel cross-section and design

discharge requires the accuraËe determination of channel roughness.

Friction losses due to roughness in a natural stream depend upon Ëhe size

and gradation of Ëhe sediments comprising Ëhe channel bed and on the shape,

size and spacíng of Ëhe irregularities v/ithin the boundaries of flov¡.

Substant.ial Íncreases in Ëhe amounË and sizes of bed load in Ëransport

during high flows, uake iL diffícult to assess a constant value for

roughness; simply by reason of their tendencies for changes ín channel

shape and bed material. Due t,o the presence of largeboulders wiËhin Ëhese

channels, turbulence develops a high energy díssipaËion that also results

in signifícant changes in the rìiaËer surface profile. Therefore, Ëhe

Manning eguaËion wíll not give reliable results.
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5.5 The Consequences of Bridge and Pipelíne Constructíon Across
Alluvial Fans in Alaska

The effects of highly unst.able alluvial fan st.ream channels

upon bridge crossings largely depends upon Ëhe location of the crossing ín

relation to the fan surface. In areas where the fan is constricted between

steep valley walls, lateral channel shifting may be linited Ëhrough the

use of guide banks or dÍkes v¡hich Ëie ínto the valley walls. However, ín

cases where bridge crossings are locaËed on wider and lower areas of the

fan surface, river training works do not appear to be a permanent solution.

Lat,eral channel shifËing upstream of these works may result in washouË of

Ëhe roadway embankment..

In the case of subsurface pipeline crossings, an opposite

situation exists. Pipelínes may be scoured ouË if st,reams are constrícted

suffíciently Ëo'induce degradation. 0n lower and wider areas of the

fan, degradat,íon is noË an import,ant factor.

5.6 Limitations of Testing

Alluvial fans constructed in the laboraËory \¡iere useful in

studying qualitat,ive relationships between sLream channels and Ëheir

deposÍtional sÍgnifícance. However, no quantitative relatíonships for

the hydraulics of sËream channels on alluvial fans were able Ëo be

developed because of límíËations Ëo the sízes and rapidÍty of shifting

of the streams thaË r,rere formed.

Due to the crude method used, the rates of sedíment injection

were highly variable throughout the Ëesting program. Although the rate

of injecËíon did not ent,irely govern the amount of sedimenË being trans-

ported, a more accurate means of ínjection would elimínat.e any possible

discrepencíes wiËh natural fan and channel development.
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Since the available time for tesËing v¡as linited by other

research requiremeriËs, noË alt of the aspects of river training were

studied. These will be outlíned in the following chapËer.



CHAPTER VI

RECOMMENDATIONS

6.L LaboraËory Research

It is recommended thaË further laboraËory research should be

conducted on addiLional aspecËs of ríver traíning for pipeline and

bridge crossings.

I^iiËh bridge crossings, guide bank designs nay be modified by:

(1) increasing the curvature of the nose of the guíde banks.

(2) increasing Ëhe lengths of guide banks so Ëhat they tie

into valley walls.

(3) placíng additj-onal guide banks dol,mstream of the crossings.

For pipeline crossings, training r¿orks may be used to assess

Ëhe best locat.ions for sag points. Retaining strucËures parallel to Ëhe

pipelíne could also be assessed.

6.2 Field Research

It is recommended that fÍeId research should be extensively

conducted on alluvíal fan stream channels. The accumulation of field daËa

from a large number of streams r¿ould enable the development of quantitative

relationships betr,reen channel vrídËh, depËhs, velocíties, slope and

discharge, such as those developed by Leopold and Maddock (1953). These

relationships would resulË ín a reasonable alt.ernative t.o the problem of

atËempting to assign a roughness value for Lhe Manning equaËÍon.

54



55

The rates of. aggradation andfor degradation could be assessed

for existing crossings and a comparison made between results from a

concurrent model sËudy, and the field data. This could lead to additional

improvemenËs upon currenË methods of river Ëraíning.



5ó

LIST OF REFERENCES

Andersorr, G.S., Hussey, K.M., L962, Alluvial fan developmenË at Franklin

Bluffs, Alaska: Proc. Iowa Acad. Sci., V. 69, P. 3L0-322.

Blissenbach, E. , L952, Relation of surface angle distríbuËion to particle

síze distribuËion on alluvial fans: Jour. Sed. Petrology'

V. 22, p. 25-28.

Bull , irI. 8., L962, Relat,Í-ons of alluvíal fan size and slope to draínage

basin size and lithology in liestern Fresno County,

California: U.S. Geol. Survey Prof. Paper 450-8,

Art. 19, p. 51-53.

L964a, Geomorphology of segmented alluvial fans in

InlesËern Fresno County, California: U.S. Geol. Survey

Prof. Paper 352-8, p, 79-L29.

L964b, Alluvial fans and near-surface subsidence Ín

trIestern Fresno County, California: U.S. Geol. Survey

Prof. Paper 437-A, p. A1-471.

1958, AlluvÍal fans: Education in the Geological Sciences

Paper, p. 101-106.

Buwalda, J.F., 1951, TransporËation of coarse material on alluvial fans

(Abstract): Geo1. Soc. Ameríca Bull., V. 62, P. L49L.

Denny, C.S., 1965, Alluvial fans of the DeaËh Valley Regíon, California

and Nevada: U.S. Geol. Survey Prof. Paper 466, 62 p.



57

Eckis, R., L928, Alluvial fans of the Cucamonga District, Southern

CalÍfornia: Jour. Geology, V.36, p.224-247.

llooke, R. LeB., L967, Processes on arid-region alluvial fans: Jour.

Geology, V. 75, p. 438-460.

1968, SËeady-state relationships on arid-region alluvial

fans in closed basins: Amer. Jour. Sci., V. 266,

p.609-629.

Legget, R.F., Brown, R.J.E., Johnston, G.H., L966, Alluvial fan formation

Aklavik, Nort,hwest Territories, Canada: Geol. Soc.

America Bull., V. 77 , p. f5-30.

Leopold, L.8., Maddock, T. Jr.,1953, The hydraulic geomeËry of st,ream

channels and some physiographic inplícations: U.S.

Geol. Survey Prof. Paper 252, p. 1-51.

LusËig, L.K. , L965, Clastic sedímenËation in Deep Springs Valley,

California: U.S. Geo1. Survey Prof. Paper 352-E'

P. L3t-L92.

McPherson, H.J., HirsË, F., L970, Sediment. ehanges on tr¡7o alluvial fans

in the Canadian Rocky Mountains: B.C. Geographical

Series, No. 14, p, I6L-L75.

Melton, M.4., 1965, The geomorphic and paleoclimaËíc signÍfigance

of a1luvial deposits i-n southern Arizona: Jour. Geology'

V. 73, p. f-38.



58

Ryder, J.M. , 1970, The statigraphy and norphology of paraglacial alluvial

fans in south-central British Colurnbia: Can. Jour.

Earth Sci., V. B, No. 2, p. 279-298.

L97L, Some aspects of Ëhe morphometry of paraglacLaL

alluvial fans in souËh-central British Colurnbia: Can.

Jour. Earth Sci., V. B, No. 10, p. LZ52-L264.

Sharp, R.P., Nobles, L.H., 1953, l"tudflow of L94L at lrrrightwood, southern

California: Geol. Soc. America Bul1., V. 64, P. 547-560.



APPENDIX A

MODEL. DETAILS



AI

MODEL DETAILS

4.1 Basic Prínciples

The construcËion of sma11 alluvial fans ín Ëhe laboratory

resulËed from Ëhe simulation of a steeply sloping mountain stream that,

debouches oriËo a valley floor of lesser s1ope.-

A.2 Model Layout,

The model layouË shown in PHOTOGRAPHS 16 and 17, was located

on the lov¿er floor of the hydraulics laboratory and consisted of the following:

(1) Concrete Floor - a four ínch thick concreËe floor simulated

the valley floor and provided an approximate 20ft x 30ft

working area for fan consËrucÈíon. The far end of the floor

was sloped towards a drain which returned Ëhe Ìrater to the

sumP.

(2) Trough - L 3/4 ínch plywood Ërough simulated the mountain

sËream. The trough was l0 feeË long and trapeaoidal in

shape; having a Ëop width of 20 inches, botËom width of

6 inches and I to I side slopes. A metal plate was used

to províde a smoot,h transi-t.ion beËween the trough and

f1oor.

(3) I^leir Box - a 6 f.t x 2.5 ft metal weir box contained a

\.rat,er inlet valve and a built-in 9Oo V-notch weir. Water

Þ/as pumped into the weir box Ëhrough a 6 inch diameter

water main leading from Ehe sump. A metal extension $las

added to the front of the weir box in order to provide a

flexible connection for the trough.

Gríd - With Ëhe trough in place a L4 f.t x 10 ft grid was

Ëhe centre line of

(4)

paínted on the concrete floor; so ËhaË
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Model layout

PHOTOGRA?H T6

Closeup of gríd

PHOTOGRAPH 17
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the grid was in line wíth the centre line of the trough.

The gríd was divided into I fooE squares with both the

horizonËal and vert.ical lines numbered for easier

observatíons.

(5) Color-coded rods - Steel 1/8 inch diameter rods, color coded

in calíbrations of 2/L0 inch, were posíEioned at specific

points on the gríd. Taller rods (8 inch) were placed near

the mouth of the trough (where larger fan heights hlere

expected), whÍle 6 inch rods were placed elsewhere" Rods

\,/ere spaced at 2 foot intervals in the vertical direction

and 1 fooË intervals in the horizontal direction.

(6) SedÍment - The sedimenËs used for tesËíng were piled in

adjacent areas beside the trough. The sedíments \'rere

1ocally supplied calcareous aggregates. The grain size

analyses are given in FIGURES F.l and F.2.

(7) Bridge Crossings - The bridge crossÍngs used consisted of

a roadway embankmenË and a set of guíde banks. (For detaíls

see FIGURES F.3, F.4, and F.5). The guide banks were

consÈructed of plasËicene while the roadway embankments rlere

made of the same sedímenËs used for testing. A stone or

rip-rap protect,ion \,ras placed on the upsËream sides of the

roadway.

4.3 Model Scaling

The only scaling relaËionshíp used $ras an approximate overall

gross scaling relationship between sedimenË size and discharge. Discharges

were chosen by trial and error procedure until the rnodel was judged to be

perf orming adequaËely.
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Trough slopes being dimensionless, were chosen from topographic

maps of alluvíal fans in Alaska. The size of the trough was chosen to

a11ow streamflor^rs t.o form their ol{n channel within the injected sediments.

No scaling relat,ionship was used for the bridge crossings because their

relative sizes \^rere not consídered critical to the nature of t,he study.

^.4 
Operat.íon and Instrumentation

(1) Discharge - Test.s were condueÈed rnrith boËh constant discharges

and repeated sËandard hydrographs (FIGURE F.6). Each applied dj.scharge for

the standard hydrograph hras run for a specific time interval rather than

as simultaneous values. The time intervals used vlere chosen to approxj-mate

a steeper rising lirob and a lesser sloped recession limb as would normally

be found for natural flows.

Díscharges vrere regulated by means of the inlet valve and

the rated 90o V-notch r¿eir.

Q model Height of water (weirbox)

0.005 cfs
0.010 cfs
0.020 cfs

0. 361

0.386

0.42L

fr
fr
fE

(2) Sediment Injection - a motorized hopper \ras initially used

to injecË sediment into the trough; so that the rat,e of input could be

regulaËed with the applied discharge. This meËhod was found to be inadequate,

however, as the quantiËies of dry sand iniËially used had to be re-used

as vreË sand. As a result,, sediment \,ras j.njected by hand. The rate

of injection was íncreased or decreased as consíst,ently as possible

with the respective increase or decrease in discharge. The amount of

sediment i-njected during a particular discharge interval \^ias measured
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by means of a 2 ft x 2 ft x 2 ft, wooden box. By recording initial and final

depths, Ëhe volume of sediment and thus the weight of sediment Inras deter-

mined.

(3) Depths - The color coded rods placed in the concrete floor

provided permanent station measurements of fan depths. A calibraÈed

brass rod was also used to record any additional measurements required.

(4) Bridge Locations - Each of the bridge details used vras

locat,ed at the farthest downsËream point on Ëhe fan at which a reasonably

well-defíned channel was found. The crossings were placed perpendicular t,o

t,he direction of flov¡. Prior Èo each application, a standard hydrograph

r^ras run on the model in order to regrade Ëhe fan surface of previous tesËs.

4.5 Miscellaneous Observations and l"leasurements

A number of addítional observations T¡rere noËed duríng the opera-

t.ion of the ruodel. Sediment sorting, sediment transport by sËreams and

their depositional patËerns \dere visually assessed. Observations of

channel patterns, lateral channel shífting and areal fan growth were

mapped after each partícular discharge interval. To aid in Ëhese

observaËions, purple dye was placed in the streams and photographs were

used Ëo provide a pernanenË visual record.
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Phase
lest
No.

A1luvíal
fan
develop-
nent

Trough
Slope

1

2

Sediment
Used

3

0. 115

gravel

4

River
Ëraining
works

mortar
sand

constant Q = .01 cfs and
constanË sediment input

Process

gravel

5

constant a = .01 cfs and
constant sediment input

6

gravel

I'an
1is-
;ection

constant a - .01 cfs and
const.anË sediment input

0.115

7

gravel

series of repeated st.an-
dard hydrographs and
corresponding variations
in sedíment input

8
0.115

Additional
remarks

series of repeated standard
hydrographs and correspond-
ing variations in sediment
input

3ravel

high water level downstream
to símulate trunk river ín-
flood

series of repeat standard
hydrographs and corres-
ponding variations in
sediment input

Test results
reference

bridge detail No. 1 placed
on fan surface

Appendix

bridge detail No. 2 placed
on fan surface

Testing program

TASLE B.I

bridge detail No. 3 placed
on fan surface

nose of fan removed and
channel guide banks
located in trough

Appendix

Appendix E
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TEST RESULTS

(ALLUVIAL FAN DEVELOPMENT)
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