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LECTURE 1: Multi-Level Analysis Approach

OBJECTIVE: This lecture is intended to provide an overview of the
technique of multi-level analysis for the solution of fluvial-system
problems. The individual steps of such an analysis will be presented,
with the emphasis of the lecture focused upon the first two com-
ponents: Qualitative Geomorphic Analysis (Fluvial Geomorphology) and
Quantitative Geomorphic Analysis (Basic Engineering). The third com-
ponent of this multi-level approach, Mathematical Modeling, will be
discussed briefly at the end of the lecture.

I. GENERAL INTRODUCTION

The analysis of, and solution to, problems involving complex fluvial
systems generally are best approached through a step-by-step process
which defines each component of the problem and finds a solution to
same. The solution approach presented here is composed of three
general Tlevels of analysis which utilize analytical tools from the
disciplines of geomorphology, hydrology, and hydraulics. The solution
techniques employ both qualitative and quantitative methods, thereby
providing the engineer with a means to develop a general overview of
the fluvial system, as well as addressing specific items of concern.
Although each step in such a process is an independent one, the final
solution to a complex problem sometimes requires an iterative process
which uses this multi-level approach as a check-and-balance procedure
to assure that convergence to the "true" solution will in fact occur.

However, it is not always necessary to complete all three levels of a
multi-level analysis approach in order to obtain meaningful results.
Depending upon the data and the resources available, the solution to
fluvial-system response can often be obtained through the application
of individual components of the multi-level analysis approach. These
components have been 1labeled as "levels" of analysis, and are
described as follows:

Level I - A qualitative analysis, based upon general geomorphic
concepts

Level II - A quantitative engineering analysis, based upon fun-
damental hydrologic and hydraulic relationships

Level III - A detailed quantitative analysis, utilizing mathemati-
cal modeling to describe complex watershed and river
processes

While each ascending level of analysis requires an increased commit-
ment of resources, it also produces meaningful results in its own
right. Therefore, when applied as an itegrated approach, this multi-
level approach constitutes a powerful methodology for the solution to
complex fluvial-system problems, especially when evaluating short-term
and/or long-term responses of watershed and river systems.
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AT
. II. LEVEL I - QUALITATIVE GEOMORPHIC ANALYSIS / 2 . / //‘/
A. Use of General Relationships ;ﬂA"//iﬁ/? |
o Well-Known Relationships (See Figures) 2
- Lane
- Leopold and Wolman
- Henderson
= Schumm
B. Use of Classification Systems
° Straight
° Meandering
° Braided
° Combination
C. Use of Aerial Photography
‘ D. Interpret Changes in Land Use
E. Interpret Development Activities of Man
F. Assessment of Changes in Plan and Profile
III. LEVEL II - QUANTITATIVE GEOMORPHIC AND BASIC ENGINEERING w’ﬂ;}
ANALYSIS I / / 2
A. Hydrologic Analysis //#” L -
e Changes in Hydrologic Processes // s ﬁi. 14

W ,//"'
/L// ///Nv //ﬂ

° Changes in Flow Regime
° Changes in Sediment Yield and Transport Rate
° Design Discharge
° Dominant Discharge

B. Hydraulic Analysis

o Water-Surface Profiles
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- Flow Distribution 41

- Depth ///u
/L/’ ‘\
= Ve]OCity L,/ Ng’ |
° Distribution of Bed and Bank Sediments [}UWV /I7~ ‘,{f
. ) Y/ L / ' N
- Sieve Analyses (See Figures) arl na b b / /
- PI and UCS Tests, if required . VA
i
- Visual Analysis (Pebble Count, Grid Photography) 42 }s /
o Estimate Sediment-Transport Rate /%/‘
ﬂ’ ‘1

- From Actual Measurements
- From Transport Equations(s)
°© Compute Equilibrium Slope
- Using Simplified Transport Relationships
- Applying Principle of Sediment Continuity
° Predict Aggredation/Degradation Trends of Fluvial System

I\
° Predict Lateral Migration/Meandering Trends of Fluvial

Systems | ¥
y i/
[/ A _u7
LEVEL III - MATHEMATICAL MODELING ‘N Yoo
,Z”ﬁ [~
7 M
A. Definition //("ﬂ¢é“

o Quantitative Means of Describing the Complex Interaction of
Physical Processes Related to Hydrology, Hydraulics,
Erosion and Sedimentation Which Occurs Within a Fluvial
System

o A convenient Means of Rapidly Executing Complex Numerical
Procedures (i.e., a "Number Cruncher")

B. Benefits

° Can Play "What-If" Games
o Economical to Run Multiple Alternatives, Once Calibrated

© Can Evaluate Uncertainties of Assumptions and Decisions
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C. Costs

°© More Complex Models Require Added Data and Generate
Increased Cost

° The Uninformed User Can Misapply Modeling and Unknowingly
Produce Inaccurate Results

- The Multi-Level Approach Described During This Lecture
Enables the User to Make System-Modeling Decisions on a
More-Informed Basis
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LECTURE 2: Hydrologic and Hydraulic Analyses

OBJECTIVE: This lecture is intended to present an overview of the
various techniques available to the practicing engineer when under-
taking hydrologic and hydraulic analyses of fluvial systems. Emphasis
is placed on aspects of such analyses which are especially relevant
within the desert southwest.

I. GENERAL INTRODUCTION

The semi-arid climate of the southwestern United States presents a
challenge to any surface-water hydrologist and/or drainage design
engineer attempting to analyze and correctly predict the behavior of
an alluvial channel system. A large percentage of the difficulties
encountered with such analyses are related to sediment-transport phe-
nomena, and it is therefore essential that the interaction between
water and sediment be considered when conducting hydrologic and
hydraulic analyses in the desert southwest. One example is the
variation of resistance to flow in alluvial channels which can occur
as a result of the development of bed-forms. However, it is also
essential that the sound application of fundamental hydrologic and
hydraulic concepts serve as a prerequisite to the more-detailed exami-
nation of erosion and sedimentation processes likely to occur within
alluvial channel systems.

IT. HYDROLOGIC ANALYSES ;

A. Relation to Other Analyses A /7.Tr
/1.1 W
o "First Step" il P 5/ ['ﬁf
— €7 f V4 ;
° Rainfall | ' ‘/,4 e
\ §J 4&/ ¢%IJ
- Spatial \ ‘/
Temporal ;/ﬂ”

° Runoff P '
- Peak v 4 /nﬂw:////i
- Volume 2 Py »

B. Sources of Data . /’;ﬂ
° United States Geological Survey
- District Office of Water Resource Division (Tucson)

- National Headquarters (Reston, Virginia)
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° United States Department of Agriculture
- Soil Conservation Service

- Agricultural Research Service (Southwest Watershed
Rangeland Research Center)

° National Weather Service

o Corps of Engineers (L.A. District)

° Bureau of Reclamation (Denver, Colorado)

° United States Forest Service

° United States Bureau of Land Management

° Federal Emergency Management Agency

e State Department of Water Resources

°© State Department of Transportation

e County Flood Control Districts

° County Highway Departments

° City Engineering Departments

e Irrigation Districts

o Special District (e.g., Salt River Project and (CAWCD)

° Public and Private Universities

o State Climatologist

e Private Individuals

2 Meavs prI#

Peak-Discharge Determination

° At-Gage Statistical Analyses (See Figures)
- Extreme Value, Log Normal, Log Extreme Value, Gumble
- Log-Pearson Type III

° Regional Methods (See Figures)

- United States Geological Survey Flood-Frequency Analysis




14 SLA, INC.

RETURN PERIOD IN YEARS

4500 g !p 2'0 100
, 2 I0 20 100
8000+
4000  J-SHAPED ° g ’
. /1//5000F {48
/ 4000t ‘

3000} / 2000

T

DISCHARGE IN CFS
T
1
¥
8

/ N4 63.008
. A 200f o ° 598 SQUARE MILES -
1000k /. i 4 . WATER YEARS 1963-1977
[ g PER CUNNANE, P: M-
100 ON®Z T
L]
. / EV PAPER LN PAPER
o 1 L 1 A A 1 1 1
o8 75 1l .05 ol 98 T8 1 05 .0l

10000
8000
5000
4000

2000

1000

400 Comparison of probability papers
I
200,_, é e o .Ll: A
° "
‘ /d“"
100} . ﬁ al
LEV PAPER J A
e . - | Y
98 7 5 I 05 ol Zu‘ Iy

Iy




15 SLA, INC.
RETURN FERIOD YEARS
| 1Ol 233 25 50 100 S00 1000
| T T 1 y “| T T ] l l
i " 68 YEARS rdl
i csa= -04l P 'Og
CSL= -130 o G
A/ cz
8t 18
7 A &
Q / 0
Pl b B
el . ; 16 &5 -
¢ LP Il flexibility
)
MEAN @ \
4} 14 3 B
o \
PERNOD . | W %
L FINCAND 1, 9 A
arye 26535 SQ. kM. [% 5 /i
| ”
0 S | —ak L L i . n ]}1 ]
29 43 2010 4 2 1 2 Ol // 1
Pe, PERCENT CHANCE OF EXCEEDING FLOOD A
y‘ / I
, " VA /j
1 { -
ﬁL il | o4
47 Ry
.,/” ‘/L' J
RETLM_i’éRlOb YkARS - —
Lot 233 S 0 25 S50 100 500100
3C Al R T T T . .30
CsQ=1.00 9/
csL- - k&l <<§>\$7 g
(jo3r &
¥ 1 9
zo[ A1 [ 20 8
. I ¥
y ¥
LP Il problems Q > LPII §)
£ L 3
o} Y {10
MEAN  Le=° RHONDIA 3
o T INDIA 3
19920 SQ KM. E
QJY/?' 1 1 1 3 i l 53 O
93 43 20 0 4 2 | 02 0J
A PERCENT CHANCE OF EXCEEDING FLOQO




Prepared by:

- 301 W, Congress
Tecsen, Arizena 85701
Sepiember l!7§

Prepared fer:
Arizena Department of
206 Seuth 17th Aveai”
Pheenix, Arizesa 850

In coaperation with t
United States Depart
Federal Highway Admi

. United States Geslegical Survey
Water Ressurces Divisios

16

—

Flood Characteristics
of Urban Watersheds
in the United States

United States

. Geological

: Survey

¢ Water-Supply
j Paper 2207

< Prepared in

Cooperation with
¥ U.S. Department ot
Transportation
Federal Highway
Administration

N
¢ l!
L 4
RS2
¢ r e
3; Ph
v 1t &
sojg ™

Transpertation

- €
TECHNIQUES FOR ESTIMATING

i FLOOD HYDROGRAPHS
FOR UNGAGED URBAN WATERSHEDS

U.S. GEOLOGICAL SURVEY
OPEN-FILE REPORT 82-365

PREPARED IN COOPERATION WITH

‘J.,S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION




—L— e . . e . oo

ane]
e ’-t'.\')”' o ”*4
TR v

]
S )
/F)E " Pyinastary
o

=

a
~~

b gl 1
| . pals o=
; “ Ocose - v‘ -
|
o 4
u"—-*":.z s \ %%
) . omg

B4

N
o
<
{§

1
!
\‘~ bt .
e 5 % |
-\~ S i
< 2 3
,\\-\~ Tucson h < \ D) = !
‘\,_\ & % N/ |
BASE .S. GEOLOGICAL SURVEY 8 - e L
ﬂAm’:«\:(uu:' 141,000,000, 1974 \\\ = T~ 1 j
- : HE 4 - !
H
|
EXPLANATION |
FLOOD—FREQUENCY REGION !
M € - o VERNE NG /B S [SSSS Y —L-‘-’
2 Numbered flood-region boundary i

Approximate area of flood-frequency
region HE

23 o 25 30 7S MiLES
]

23 o Ll s8¢ 7S KILOMETERS
]

Figure 1.--Flood-frequency regions.




18 SLA, INC.

Table 1.--Regression equations for flood magnitudes at
selected recurrence intervals and corresponding
standard error of estimate—Continued

Equatio Standard error of estimate,
quatian in percent

REGION 3—CENTRAL MOUNTAIN AREA (87 STATIONS)

Qy = 5.660-673¢=0.605p1.03 81
05 = 31.6A0-650g-0.868,0.987 S (v
! ,Lt"‘ v

- 74.7p0-638¢-1.0050.971 58 - AR
Q10 Y4
st = 186A0.626E-1.14p0.944 58 V’r‘ \L"

/‘VU i
Qsp = 329A0-617¢-1.2250.933 T y
V
Q10 = 553A0-610g=1.30p0.915 ” %
Qggy = 1,530A0-595g-1.45p0.886 78
REGION HE—HIGH-ELEVATION REGION (16 STATIONS)

Q, = 8.78A0-853 43

) 0.826 ’
Q5 = 19.9A )O/L/ 33

) 0.816 1"
Q19 = 29.6A J 33
Qps = 44.9A0-805 My 38

4 1 |

i 0.799 . J a4y ,
050 = 58.2A W s / 42 |

. 0.795 o~
Q509 = 1138777 55 Y4

=
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- Other Regional Methods ./~ 1 A

o SCS TR-55 Method ~__ 7 Lo

o ADOT Methods i [~

° Pima County/City of Tucson Methods ! }
o Rational Method (See Figures) /ﬂh ‘{”;
D. Flood-Hydrograph Determination (T tt
o Rainfall/Runoff Models a [‘ﬂ:‘ o ﬁ&'
’f; ) ¥ /'i (/'
- HEC-1 (USACE) [ A4 Ty
[ ‘/\, N ) M
- TR-20 (SCS) \ / Wy
- Penn State Urban Runoff f([AL* f“’

Others / N /
° Rainfall/Runoff Processes

Storm Characteristics (Depth, Spatial and Temporal
Characteristics)

Runoff Volume (Interception/Infiltration)

ple~)

Overland Flow (&mt™™

Collector Flow

Channel Flow

E. Selection of Design Event
o Size of Watershed
o Seasonal Impacts
° Risk
° Long-term vs. Short-term Impacts (Dominant Discharge)

Sy proded E gL f ///M |
</ F
A. Resistance to Flow y. 7

Z// // e
o Darch-Weisbach Friction Factor "f" /////7L/////

I1I. HYDRAULIC ANALYSES e
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Paved Street or Parking Lot : 0.95
Commercial Areas 0.90
Resid‘éntial— Areas (Average lot zoning) 0.45
Townhouses 0.55
Apart:_ments and Condominiums : “:\ 0.65

= ¥ \ /
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° Chezy Resistance Factor "C"

°© Manning Roughness Coefficient "n
° Inter-relationships

- C = (8g/f)1/2

0.0926R1/6¢1/2

-n
o n-values for Rigid-Boundary Conditions (See Figures)
° n-values for Mobile-Boundary Conditions (See Figures)
- Fine-grained Channels (Bed Forms)
- Bed Forms as a Function of Stream Power

- Considerations for Lined Channels Carrying Sediment-Laden
Flows

- Cobble-bed and Boulder-bed Channels (Bed Forms?)
° n-values for Cobble-bed and Boulder-bed Channels
- Drag Forces
- Porous-Media Flow
- Complex Resistance Equation (Bathurst)
Boundary Shear Stress
o Basic Relationship, t = YRS (Alternate, t = 1/85fV2)
° Distribution Along the Boundary
- Variation in a Trapezoidal Cross Section (See Figures)

- Maximum Unit Tractive Force Versus Aspect Ratio (See
Figures)

° Shear Stress in a Bend
- Distribution (See Figures)
- Variation (See Figures)
- Downstream Impacts

° Permissible Shear Stress
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TaBLE 5-6. VALUES oF THE RouGHNESS COEFFICIENT n (continued)

Type of channel and description Minimum | Normal | Maximum

C. ExcavaTED OR DREDGED
a. Earth, straight and uniform

1. Clean, recently completed 0.016 0.018 0.020

2. Clean, after weathering 0.018 0.022 0.025

3. Gravel, uniform section, clean 0.022 0.025 0.030

4. With short grass, few weeds 0.022 0.027 0.033
b. Earth, winding and sluggish

1. No vegetation 0.023 0.025 0.030

2. Grass, some weeds 0.025 0.030 0.033

3. Dense weeds or aquatic plants in 0.030 0.035 0.040

deep channels

4. Earth bottom and rubble sides 0.028 0.030 0.035

5. Stony bottom and weedy banks 0.025 0.035 0.040

6. Cobble bottom and clean sides 0.030 0.040 0.050
¢. Dragline-excavated or dredged

1. No vegetation 0.025 0.028 0.033

2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts

1. Smooth and uniform 0.025 0.035 0.040

2. Jagged and irregular 0.035 0.040 0.050
e. Channels not maintained, weeds and

brush uncut

1. Dense weeds, high as flow depth 0.050 0.080 0.120

2. Clean bottom, brush on sides 0.040 0.050 0.080

3. Same, highest stage of flow 0.045 0.070 0.110

4. Dense brush, high stage 0.080 0.100 0.140

D. NATURAL STREAMS
D-1. Minor streams (top width at flood stage
<100 ft)
a. Streams on plain
1. Clean, straight, full stage, no rifts or 0.025 0.030 0.033

deep pools

2. Same as above, but more stones and 0.030 0.035 0.040
weeds

3. Clean, winding, some pools and 0.033 0.040 0.045
shoals

4. Same as above, but some weeds and 0.035 0.045 0.050
stones

5. Same as above, lower stages, more 0.040 0.048 0.055
ineffective slopes and sections

6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep pools 0.050 0.070 ¢ 080
8. Very weedy reaches, deep pools, or 0.075 0.100 0.150

floodways with heavy stand of tim-
ber and underbrush
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;_m I< tc RIPPLES DUNES TRANSITION PLAIN BED | STANDING WAVES & ANTIDUNES
S
2
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228
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LOWER REGIME TRANSITION UPPER REGIME A ;
STREAM POWER, (TV) by}/ v
FROUDE NUMBER,(V / /g3 ) ) ”ﬁ
VELOCITY,(V) Mr J
_‘,"" '1""‘ ( ["l
LF Q»A ¥
AT, Lﬂ
" |
W » 4
;"I //‘/;‘/]/’f s
/ I of
)
Recommended
Recommended Value for
Bed Typical Value for Sediment Transport
Roughness Range Flood Studies Studies
Ripples 0.018-0.030 0.030 0.022
Dunes 0.020-0.035 0.035 0.030
Transition 0.014-0.025 0.030 0.025
Plane Bed 0.012-0.022 0.030 0.020
Standing 0.014-0.025 0.030 0.020
Waves
Antidunes 0.015-0.031 0.030 0.025

|
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F1G. 7-6. Distribution of tractive force in a trapezoidal channel section.

{0 10
, Trapezoids,
0.9 ; 0.9 // z=2 and 1.5
Trapezoids, =2 i /‘ :
058 = > 08
N N = y S
0_77/ //r—" Trapezoids, 2=1.5 o 07
/ S ool L/
0.6{ & 06
- /LrRec'rongles = [ /\Rectongles
3 =i @ 0.5
<>7*Trc1pezoids, z=1 g
0.4 < 04
/ 2 L
03 / S 03 7
0.2 £ 02
/ 5ol
0.1{ 5 0.1
0 o
O ft 2 3 4 5 6 7 8 9 10 Ot 2 3 4 5 6 7 8 910
b/y b/y
On sides of channels On bottom of channels

Fig. 7-7. Maximum unit tractive forces in terms of wyS.

‘g e s
] N o




Y
®)
<

26

-~ /

|P.T.:

/

7

SLA, INC.

4

|
|

]

R

A HIGH SHEAR STRESS ZONE

Shear Stress Distribution in a Channel Bend
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Cohesive Materials

Non-cohesive Materials

Impacts of Vegetation

Impacts of Cementation

Typical Values (See Figures)
° Shear Stress as Related to Flow Velocity
- Maximum Versus Mean Shear Stress/Velocity

- Permissible Velocity as a Function of Permissible Shear
Stress

The Concept of Flow Control

o

Uniform Flow (Normal Depth)
- Resistance to Flow Balanced by Gravational Force

- Slope of Energy Grade Line Equals Bed Slope

[}

Crictical Flow (Critical Depth)
= Minimum Engergy
- Point of Control

- Froude Number, F, = 1.0 (F = V/(gYh)1/2)

o

Subcritical Flow (Greater than Critical Depth)

- Control is Downstream

(]

Supercritical Flow (Less than Critical Depth)

- Control is Upstream

]

Water-Surface Profiles
- Gradually-varied Flow
- HEC-2 (USAéE)

- HY-7 (USGS)

Additional Influences Upon Flow Depth
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o Bed Forms

- Dunes (1/2 Y, bed)

- Antidunes (0.027v2, bed or surface, but no greater than
172 ¥

o Superelevation in Bends
- Rectangular Channels
- Trapezoidal Channels

- Formula (See Figures) ’{/42//////}—/AL
High-Velocity Flow Separation in Sharp Bends _{ %/”

/

#
/71 ”/

o

- A Y = 0.25V2/2g
- Applies When W/r:>0.33

(]

Debris Accumulation

- At Bridge Crossings

= At Culvert Crossings

- At Fences and/or Other Barriers
° Long-term Aggradation

- Filling of Channel by Sediments Due to Sediment-Transport
Discontinuity

Total Freeboard Requirement

°© Bank Lining Alone, Use First Three Components Described
Under III. D.

© Channel Wall Height, Use A1l Five Components Described
Under III. D.

° Formulas
- F"BBL = 1/2ha * AYse + AYS
- <’ 4‘#(/’ 1 s P v \/)
ha = Antidune Height -t J
AYge = Superelevation
AYs = Flow Separation (Bank Lining Only)
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- F.BTOT = F.BBL = AYd + AYagg

Debris Accumulation

AYd

AYagg = Long-term Aggradation
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LECTURE 3: Level I - Qualitative Geomorphic Analysis

OBJECTIVE: This lecture presents the practical use of geomorphic
principles for the analysis of fluvial systems. The geomorphic
discipline provides a number of concepts and tools that greatly assist
the engineer in the planning and design tasks associated with rivers.
These tools are able to address both long- and short-term changes in
the river environment. The critical problem of man's influence on the
river environment can be addressed by considering the external
stresses that man's activities cause. The gradual increase in exter-
nal stress may eventually produce a dramatic response in the system.

I. GENERAL INTRODUCTION

Geomorphology is a field in the discipline of geology that is con-
cerned with the physical and chemical processes that shape the earth's
land forms. Fluvial geomorphology concentrates on the morphology
(shape) of rivers and river systems. This broad overview of the river
system is important from an engineering standpoint, since it is rarely
possible to understand even a short reach of an alluvial channel in
isolation from its upstream and downstream controls. The engineering
analyses of a river reach requires integration of upstream geology,
morphology, and hydrology. The geomorphic level of analysis can be
divided into two parts:

1. Plan form analysis.
2. Longitudinal profile analysis.

The key objective of the geomorphic analysis is the classification of
the river with the goal of identifying areas that are unstable or that
constitute a hazard to human activity. Geomorphic techniques are
available that can identify trends in river processes and unstable
conditions. These techniques rely on a substantial data base that
includes aerial photography, maps, and field measurements.

II. DATA REQUIREMENTS
Data requirements include information on river geometry; geologic con-
ditions; historic data on flood events, river development and changes
in land use; hydrologic conditions; and sediment characteristics.
A. Geologic Data
1. Structure

2. Major formations
3. Tectonic activity
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River Geometry

1. Channel cross-sectional characteristics
2. Channel gradient

3. Valley gradient and channel sinuosity
4., Radius of channel bends

Historic Data

. Flood history

. Gage record (changes in datum)

. Channel alignment history ( from aerial photos)
. Land-use changes

. Records of cross-sectional changes

PP WN =

Hydrologic Data

Frequency and duration of floods
Estimation of bankfull discharge
Dominant discharge

Watershed area

Response time for rainfall/runoff
Soil type

Vegetative cover

Infiltration characteristics

ONOOT P WMN —
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Sediment Characteristics

. Channel bed and bank material characteristics
. Sediment sources in the watershed

. Measurements of sediment yield

Deposition in reservoirs or detention ponds

. Measured sediment concentration in the river

Data Sources

1. Topographic maps

2. Planimetric maps

3. Aerial photographs (See Table 1 for agencies who provide
information on aerial photos)

4. Transportation maps

5. Triangulation and benchmarks

6. Geologic maps

7. Soil data

8. Climatological data

9. Streamflow data

10. Sedimentation data

11. Water-quality data

12. Irrigation and drainage data

13. Flood-control data

14. Hydro-power data
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Table 1. Agencies with Information on Aerial Photographs.

EROS Data Center

U.S. Geological Survey

EROS Data Center

User Services Section

Sioux Falls, South Dakota 57198
Telephone: (605)594-6151

NCIC Headquarters

National Cartographic Information
Center

U.S. Geological Survey

507 National Center

Reston, Virginia 22092

Telephone: (703)860-6045

NCIC Offices

Eastern Mapping--NCIC
U.S. Geological Survey
536 National Center
Reston, Virginia 22092
Telephone: (703)860-6336

Mid-Continent Mapping Center--NCIC

U.S. Geological Survey
1400 Independence Road
Rolla, Missouri 65401
Telephone: (314)341-0851

National Cartographic Information
Center

U.S. Geological Survey

National Space Technology Laboratories

NSTL Station, Mississippi 39529

Telephone: (601)688-3544

Rocky Mountain Mapping Center--NCIC
U.S. Geological Survey

Box 25046, Stop 504 Federal Center
Denver, Colorado 80225

Telephone: (303)234-2326

Western Mapping Center--NCIC

U.S. Geological Survey

345 Middlefield Road

Menlo Park, California 94025
Telephone: (415)323-8111, ext. 2427

National Archives Cartographic
Division

Attention: Richard Spurr

841 South Pickett Street

Alexandria, Virginia 22304

Telephone: (703)756-6704
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Basin and project reports
Environmental reports

Personal interviews
Paleohydrologic evidence
Dairies and inspection records
Field investigation

Other Important Factors to Consider

1.
20
3s

A1l

Movable versus fixed boundaries; concept and approach
Alluvial channels
Why worry about sediment problems?

- Can decrease degree of flood protection

- Removes valuable storage

- Interferes with navigation

- Can cause unstable banks and undermine channel
crossings

- Can adversely impact the environment

Important sedimentation process

Erosion, land surface, stream channel and banks
Entrainment

Transportation

Deposition

Compaction

of these Processes are Equilibrium Seeking and are Time

Dependent

10

Different scales of time are important

Geologic time (104 to 107 years)

o Basins filling, mountains and plains degrading,
swamps forming, changing river location and plan

Project time (100 years or less)

° River meandering, channel degradation or aggradation,
channel widening, etc.

Major flood (hours to several days)

° Changes in plan form and Channe1 geometry, meander,
bar movement

Instantaneous (hours)

° Changes in river discharge and sediment Tloads
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IIT. PLAN FORM ANALYSIS

Natural channel plan form of rivers cover a continum of patterns,
ranging from straight, to meandering, to braided characteristics.
Plan form of a channel is determined by the interaction of numerous
variables whose range in nature is continuous, one should not be
surprised at the existence of a complete range of channel patterns. A
river reach, then, may exhibit both braiding and meandering, as the
alteration of controlling parameters changes the character of a given
river plan form.

Rivers can be classified broadly in terms of channel pattern, that is,
the configuration of the river as viewed on a map or from the air.
The patterns are straight, meandering, braided, or some combination of
these (Figure 1).

A straight channel can be defined as one that does not follow a
sinuous course. Leopold and Wolman (1957) have pointed out that truly
straight channels are rare in nature. Although a stream may have
relatively straight banks, the thalweg, or path of greatest depth
along the channel, is usually sinuous (Figure 1.b). As a result,
there is no simple distinction between straight and meandering chan-
nels.

The sinuousity of a channel, defined as the ratio between the thalweg
length and the down-valley distance, is most often used to distinguish
between straight and meandering channels. Sinuosity varies from a
value of unity to a value of three or more. Leopold, Wolman and
Miller (1964) took a sinuosity of 1.85as the division between mean-
dering and straight channels. It should be noted that in a straight
reach with a sinuous thalweg developed between alternate bars (Figure
1.b), a sequence of shallow crossings and deep pools is established
along the channel.

A braided stream or river is generally wide with poorly defined and
unstable banks, and is characterized by a steep, shallow course with
multiple channel divisions around alluvial islands (Figure 1l.a).
Braiding was studied by Leopold and Wolman (1957) in a Tlaboratory
flume. They concluded that braiding is one of many patterns which can
maintain quasi-equilibrium among the variables of discharge, sediment
load, and transporting ability. Lane (1957) concluded that,
generally, the two primary causes that may be responsible for the
braided condition are (1) overloading, that is, the stream may be
supplied with more sediment than it can carry, resulting in deposition
of part of the load; and (2) steep slopes, which produce a wide,
shallow channel where bars and islands form readily.

A meandering channel is one that consists of alternating bends, giving
an S-shape appearance to the plan view of the river (Figure 1l.c).
More precisely, Lane (1957) concluded that a meandering stream is one
whose channel alignment consists principally of pronounced bends, the
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a) Braided b) Straight ¢) Meandering

(2]
1o,
j o

Figure 1. River channel patterns.
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shapes of which have not been determined predominantly by the varying
nature of the terrain through which the channel passes. The mean-
dering river consists of a series of deep pools in the bends and
shallow crossings in the short straight reach connecting the bends.
The thalweg flows from a pool through a crossing to the next pool
forming the typical S curve of a single meander Tloop.

A number of classification schemes have been developed to assist in
recognizing various river patterns. There are also quantitative rela-
tionships that can be used to categorize river form. Figure 2
illustrates the geomorphic information that is readily obtained from a
sequence of aerial photographs. Use of aerial photographs is par-
ticularly valuable in identification of river plan form. When aerial
photographs are available over a period of years they can provide a
valuable record with which to identify channel form and assess channel
stability. Plotting overlays of channel pattern and movement as a
function of time often reveals alarming instabilities.

The objective of plan form analysis is to identify conditions of chan-
nel instability. Changes 1in channel classification signal lateral
instability of the channel, which can cause significant problems at
river structures. Plan form analysis seeks to identify these
problems.

A. Classification of River Channels (Figure 3)

Channel width

Hydrologic regime

Bed material

Valley setting

Flood plain

Degree of sinuosity

Degree of braiding

Degree of anabranching

. Variability of width and development of bars
10. Apparent incision

11. Cut banks

12. Bank material

13. Vegetative and tree cover on banks

OO WN
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Figure 2. Example illustrating qualitative information derived from
time sequence analysis of aerial photographs.
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Figure 3. Stream properties for classification stability analysis.
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B. Investigations have also focused on the relationship between
channel characteristics, such as slope and sinuosity, and
channel patterns (straight, meandering, braided). Results of
Friedkin (1945), Leopold and Wolman (1957), and Lane (1957)
suggest that for a given discharge there is a threshold slope
separating braided and meandering channels. Figure 4 sum-
marizes the various results, which in general can be fitted
by equations of the form

SQg*=K

where S 1is the channel slope, Q 1is the discharge, o is
a coefficient and K 1is a constant. The data used to deve-
lop these relationships included both laboratory results and
field measurements for predominantly sand-bed channels.

1. 501/4 = K for sand-bed channels

2. K < 0.0017 meandering pattern
3. K> 0.01 braided pattern

4. 0.0017 < K < 0.01 intermediate pattern

C. Concept of Kahn's Relationship (Figure 5)

1. Shift from intermediate pattern to braided
2. Qualitative, based on laboratory tests

IV. LONGITUDINAL PROFILE ANALYSIS

The longitudinal profile of a stream shows its slope, or gradient, and
provides a visual representation of the ratio of the fall of a stream
to its length of a given reach. Rivers are generally steepest in the
upper reaches, with milder profile gradients in the downstream direc-
tion. Figure 6 illustrates this. The shape of the profile is the
result of a number of interdependent factors. On the average, it
represents a balance between the sediment-transport capacity of the
river and the size and quantity of the sediment load supplied.

The longitudinal profile is dynamic and adjusts continually to changes
in water discharge and sediment Tload. If a river is unable to
transport the incoming sediment load, a deposition of the sediment
load will take place that will build up the channel bed (Figure 7).
This deposition process will cause an increased channel gradient that
in turn will increase the sediment-transport capacity of the river.
If a river develops an excess ability to transport sediment, a
scouring of sediment from the channel bed will take place (Figure 7).
This scour process will cause a decrease in channel gradient that in
turn will decrease the sediment-transport capacity of the river.
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Figure 7. Adjustments in Tongitudinal profile
(Morisawa, 1968).
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Time-Sequenced Thalweg Profiles

1. Developed from available mapping

2. Or, from historic profile or cross-sectional measurements
Lane's Relationship

1. Investigations of channel response have found the
following relationships:

a. Depth of flow is proportional to water discharge and
inversely proportional to sediment discharge

b. Channel width is directly proportional to both water
and sediment discharge

c. Channel shape (expressed as width to depth ratio) is
directly proportional to sediment discharge

d. Channel slope is inversely proportional to water
discharge and directly proportional to sediment
discharge and mean sediment grain size

e. Sinuosity is directly proportional to valley slope
and inversely proportional to sediment discharge

f. Transport of bed material is proportional to stream
power and concentration of wash load, and inversely
proportional to the fall velocity of the bed
material

2. The resulting qualitative relationship is very useful for
predicting river response.

(V) WC .

Is. Ds0

where Tt = shear stress on the channel bed
V= average channel velocity an
Cf = wash load concentration ‘ TLVV*[
W = channel top width [ o
Dsg = mean sediment grain size Y
Qs = sediment discharge , j}y

3. Lane simplified this relation to obtain: [‘[A
0S @ QD /,M
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C. Application of Lane's Relation (summarized in Figure 8)

1. Degradation below a reservoir
2. Lowering of base level for a tributary
3. Straightening of a channel

D. Examples of Lane's Relation can be used as a good qualitative
assessment tool are provided in Figures 9 through 14.

V. GENERAL OPEN-CHANNEL DESIGN CONCEPTS TO KEEP IN MIND DURING YOUR
LEVELS I AND II STUDIES

The ideal channel is a natural one carved by nature over a long period
of time. The benefits of such a channel are that:

- Velocities are usually Tlow, resulting in longer concentration
times and lower downstream peak flows.

= Channel storage tends to decrease peak flows.

= Maintenance needs are usually low because the channel is somewhat
stabilized.

The closer an artificial channel character can be made to that of a
natural channel, generally the better the artificial channel.

Channel stability is a well recognized problem in urban hydrology
because of the significant increase in low flows and peak storm runoff
flows. A natural channel must be studied to determine what measures
are needed so as to avoid future bottom scour and bank cutting.
Erosion-control measures can be taken which will preserve the natural
appearance, not be costly, and function properly.

A. Choice of Channel

The choices of channels available to the designer are almost
infinite, depending only wupon good hydraulic practice,
environmental design, sociological impact, and basic project
requirements. However, from a practical standpoint, the
basic choice to be made initially is whether or not the chan-
nel is to be a 1lined channel for higher velocities, a grassed
channel, or a natural channel already existing.

The actual choice must be made upon a variety of multi-
disciplinary factors and complex consideration which include,
among others:
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EXAMPLES:

GENERAL SEDIMENT TRANSPORT EFFECTS
‘DEVELO?ING WATER SURFACE ELEVATIONS
USUALL:.RIGID BOUNDARY ASSUMPTION

BED CHANGES DURING THE YEAR

TIMES OF MEASUREMENT

RISING/FALLING FLOWS

.y FALLING
4

~ r 4 RISING

=CHANNELIZATION

SHORTEN, DEEPEN, WIDEN CHANNEL
STREAM WILL RESEEK EQUILIBRIUM
TRIBUTARY EFFECTS

=-CHANNELIZATION CAN CAUSE:

A/ 'm/ﬁvf UPSTREAM

' D(J,,,s f/gv” IN IMPROVED REACH AND DOWNSTREAM
v

Figure 9.
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EXAMPLES (continued)

-RESERVO;RS

s * DSO’:tQ_*_Sf

' = ' / L ) (2
A RESERVOIR CAN CAUSE: | K;; R 4 Q €5

* IN POOL

* DOWNSTREAM ' 4

®*HOW FAR DOWNSTREAM?

CHANGED FLOW REGIME CAUSES: L5
Y
*INCREASED TRANSPORT ///?

/ {
*DECREASED TRANSPORT :
*BOTH

*TRIBUTARY EFFECTS

USUAL EFFECTS: IMMEDIATE DEGRADATION

DOWNSTREAM, THEN DEPOSITION IN LOWER
REACHES

Figure 10.
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EXAMPLES (continued).

-A LEVEE CAN CAUSE:

UPSTREAM

IN LEVEED REACH

DOWNSTREAM

-LEVEE AND BYPASS

—

DIVERT FLOW THAT WOULD HAVE GONE INTO OVERBANK STORAGE

DIFFICULT TO PREDICT SCOUR-DEPOSITION

=BYPASS

Figure 11.
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Aggradation Original Equilibrium Grade

Degradation at Dam

Base Level
A

Figure 12a. Channel response above and below a dam.

Clear Water

Release at Dam t
é Original Bed o
o °
‘§~~.~\\ 2]

Scour & ‘Channel \ Finol Bed
Degradation
Mean Discharge —=
fa (b)

Figure 12b. Clear water release below a dam.
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Sinuosity —

(a) (b)

Slopo —

Mean Discharge —

(c)

Figure 13. Straightening of a reach by cutoffs.
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Headcut
- : Drop in Base Level

Main Channal

Lowering of base level for tributary stream.

SLA, INC.



57 SLA, INC.

deraulic

Slope of thalweg

Right of way

Capacity needed

Basin sediment yield

Topography

Ability to drain adjacent lands

Structural

Costs

Availability of material
Areas for wasting fill

Environmental

Neighborhood character
Neighborhood asthetic requirements
Need for new green areas

Street and traffic pattern
Municipal and county policies

Sociological

Neighborhood social patterns
Neighborhood children population
Pedestrian traffic

Recreational needs

Prior to choosing the channel type, the planner should be
sure to consult with experts in related fields in order that
the channel chose will create the greatest overall benefits.
Whenever practical, the channel should have slow-flow charac-
teristics, be wide and shallow, and be natural in its
appearance and functioning.

Summary of Design Procedure

1. Estimate the design flow based on hydrologic
computations.

2. Determine the channel design slopes based on topographic
considerations. The channel design slope should be the
uniform slope required to allow the channel to be
constructed through slight changes in existing grade.

3. Determine a channel bottom width (approximate prismatic
channel shape) based on field observation of the existing
channel, flow capacity requirements, engineering
judgment, and consideration of sediment-transport-related
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issues.

Estimate or look up in published tables, an appropriate
Manning's n value.

Determine the hydraulic regime for the design flow by
computing yc and yp.

Determine channel stability based on an estimate of the
bed material size and material type using a critical
shear or critical velocity approach.

Determine the type of channel bank or toe protection
necessary to maintain channel stability (e.g., grass
11ne?, riprap, gabions, soil cement, drop structures,
etc . L]

Assess river bends, channel ‘crossings, local scour,
superelevations, wave action, and freeboard problems
separately.

Recompute the channel hydraulics based on final align-
ment, bank protection methods, and other design con-
siderations to «check the final channel capacity,
velocity, and freeboard.

Make sure your design will function equally well for Tow
flows and high flows.
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LECTURE 4: Workshop 1, Qualitative Analysis

OBJECTIVE: To demonstrate the practical use of basic qualitative ana-
lysis tools for plan form and longitudinal profile analysis.

I. GENERAL INTRODUCTION

This workshop consists of a series of exercises that will acquaint
the user with various data used in fluvial analysis and methods of
qualitative analysis. Reduction of plan form data to determine eroded
areas and channel classification variables is demonstrated. Interpre-
tation of bed and bank material samples is presented. Sample calcula-
tions using channel classification schemes, basic fluvial geomorphic
relationships, and the Lane relationship are conducted.

II. USE OF AERIAL PHOTOGRAPHY

A. Identification of changes in river alignment

° Describe major channel features of the Santa Cruz river in
1941.

° Describe major channel features of the Santa Cruz river in
1985, '

o What changed?

o What stayed the same?

There are a number of instances of property damage and
structural failures in the 1985 photo, locate as many as
you can find. Can you guess what river processes may have
caused the failures?

B. Overlay of historic river alignments

° Delineate the right and left bank for the 1941 and 1985
Santa Cruz aerial photos.

o What are some of the changes that can be found using the
photo overlay that are less obvious without the overlay?

°© How much judgment did you have to use when developing your
overlay?

- What areas were you uncertain about including?

- Do you think photo quality or scale is a problem?
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° Could you quantify the change in alignment?

III. PLAN FORM VARIABLES
A. Sinuosity
o Ratio of river length to valley length
°© Measurement of sinuosity
B. Channel width and depth
° Measurement of channel shape

°© Width to depth ratio

IV. BED AND BANK MATERIAL INFORMATION
A. Size
° What are the median particle sizes?
o What are the largest sizes?
- Are there gravel and cobbles
° What is the smallest size?
- Are there silt and clay?

o What sizes are present in the banks that are not found in
the bed and visa versa?

B. Gradation
° How are the sediment sizes distributed?
° Is the distribution symetric?
o Calculate the gradation coefficient.

C. Classify the bed and bank material

V. CHANNEL CLASSIFICATION

A. Apply Culbertson's and Brice's classification scheme to the
Santa Cruz river for the 1941 and 1985 conditions.
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B. Note the changes and discuss channel stability.

C. Use slope-discharge relationships to classify the channel.
Has channel form changed over time?

VI. LONGITUDINAL PROFILE RESPONSE
A. Measure channel gradient for years of available record.

B. Based on plan form analysis designate a stable upstream
reach.

C. Tabulate data on channel width, slope, and mean sediment
size.

D. Use the Lane relationship to qualitatively predict relative
changes in channel profile stability.
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QUANTITATIVE SEDIMENT ANALYSES
(Taken from Chapter VII, "Sediment Transport" in
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LECTURE 5
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QUANTITATIVE SEDIMENT ANALYSES

Lecture 5 {7//

Robert C. MacArthur, Ph.D., P.E.

Lecture Qutline

Introduction

Terminology

Sediment-Transport Mechanisms

Factors Affecting Sediment Transport and Deposition
Incipient Motion and the Shield's Relation
Sediment-Transport Equations

Bed Load

Meyer-Peter, Muller Equation
Einstein's Bed-Load Equation
Comparison of Various Bed-Load Equations

Suspended Load

Total Load

Power Relationships

Comparison of Bed-Material Load Equations and Field Applications

Example Bed-Material Discharge Calculation Using Meyer-Peter, Muller
Methods

How Sediment-Transport Equations are Used in Numerical Models

Data Requirements
Theoretical Basis
Solution Techniques
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HOW SEDIMENT-TRANSPORT EQUATIONS
ARE USED IN NUMERICAL MODELS

ROBERT C. MACARTHUR, Ph.D., P.E.

July 1986
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How Sediment-Transport Equations are Used In Numerical Models

1% Fixed bed versus movab]e bgd models

2 Sediment sources in a river reach

Input Data Requirements for Typical Sediment-Transport Model

117 Geometric data

A. Cross sections

B. Distance between cross sections
C. N-values

D. Limits of movable bed

E. Special features

2. Sediment data

A. Range of particle sizes

B. Inflowing sediment load

C. Size of sediment material in stream bed
D. Tributaries or diversions

3. Hydrologic data
A. The water discharge hydrograph

B. The downstream boundary condition
C. Water temperature

.Theoretical Basis

¥y )
Se= S My _ M(V©/2q)

G ')MY g Conservation of Energy
Q = VA J | Continuity of Water Volume
7
J Me +B Mys =0 Continuity of Sediment Volume
Mx o OMT

G=f &Qc y, grain size distribution, Transport Function
where the transport function may be

A. Toffaleti

B. Madden modification of Laursen
C. Yang = stream power

D. Einstein bed-load function

E. User supplied

(1)
(2)

(4)



67 SLA, INC.

Solution Technique

For a given "event" in the histogram of flows (i.e., a water discharge, Q,
associated with a duration, WT)

1.

2'

Calculate the water-surface profile by solving equations (1) and (2)
using step backwater procedure.

Calculate sediment-transport capacity at each section using equation
(4).

Calculate volume of material scoured and deposited between cross sec-
tions from Equation (3).

Calculate associated change in bed-surface elevation (Wy) and modify
cross-sectional geometry appropriately.

Read data for next event.

Go to 1.

Model Limitations

1.
2.
3.
4.

One-dimensional approximation
Quasi-steady
Sensitivity to inflowing load data

Lack of objective measures of model performance (calibration data)
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Fig. 6.C2.  FIXED BED MODEL
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@ f

Teopography
of River
Valley

[. X-Sections
2.Recch Lengths

) Hydraulics
Sediment Load of Flow
|. depth
{. Suspended load 2. width
| 2. Bed load ' 3. velocity
;(:‘l' 4. slope
Hydraulic
Roughness
(n-Values)
|. Bed forms:
a.ripples
b. dunes
c. flat beds
d. anti—-dunes
2. Size of Grains

Fig. 6.03. MOVABLE BED MODEL
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