
FLOODPLAIN ASSESSMENT 

FOR THE TEKLANIKA AND TOKLAT RIVER PROJECT REACHES 

IN DENALI NATIONAL PARK AND PRESERVE, ALASKA

By

Brian N. Schalk

RECOMMENDED:

APPROVED:



FLOODPLAIN ASSESSMENT 

FOR THE TEKLANIKA AND TOKLAT RIVER PROJECT REACHES 

IN DENALI NATIONAL PARK AND PRESERVE, ALASKA

A

THESIS

Presented to the Faculty 

of the University of Alaska Fairbanks

in Partial Fulfillment of the Requirements 

for the Degree of

MASTER OF SCIENCE

By

Brian N. Schalk, B.S.

Fairbanks, AK 

May 2001

RASMUSON LIBRARY
UNIVERSITY OF ALASKA-FAIRBANKS



Abstract

The National Park Service (NPS) is required to assess risks of flooding to 

existing and proposed structures within the boundaries of the NPS system. 

Within Denali National Park and Preserve (DNP&P), there are several large, 

braided rivers that require floodplain management. The objective of this 

investigation is to provide DNP&P with guidelines and methods that apply fluvial 

geomorphic, hydrologic, and hydraulic analysis in order to delineate flood hazard 

zones on this type of stream. Data collected from Teklanika and Toklat Rivers 

were used to develop a return period versus flood depth/bankfull depth curve and 

assess potential streambank erosion. Site specific data combined with this curve 

will enable NPS personnel to easily approximate flood hazard zones for the 

project reaches. The method can be applied to assess other flood hazard zones 

associated with other braided rivers with similar characteristics.
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Chapter 1 

Introduction

1.1 Background

The National Park Service (NPS), through the Executive Order on 

Floodplain Management (11988) and NPS Special Directive 93-4 (Floodplain 

Management-Revised Guidelines), is required to assess associated risks of 

flooding to existing and proposed structures. This includes campsites and rest 

stops. Adequate floodplain management entails an understanding of inundated 

floodplain areas and hazard zones. This is due to large rates of bank erosion. 

NPS personnel who are responsible for planning and development activities in the 

park should recognize and protect floodplains by restricting construction and 

development in these areas. Implementation of this management policy allows 

natural floods to occur without loss of lives or undue loss of property.

1.2 Objective

Within Denali National Park and Preserve (DNP&P) there are several 

large, braided rivers that require floodplain management. Due to the lack of 

research on large, braided rivers, the hydraulic, hydrologic, and geologic 

conditions associated with floodplain delineation and bank erosion predictions for 

this particular type of stream are not well understood. Guidelines and methods 

for floodplain delineation and analysis of bank erosion potential for large, braided
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rivers should be developed. This is necessary for adequate floodplain 

management within DNP&P. Project reaches on the Teklanika and Toklat Rivers 

were established for the development of these guidelines and methods. Field 

data from the 1999 season, and past data collected by NPS personnel, provided 

site specific information. By using the guidelines and methods developed for 

floodplain delineation and bank erosion prediction on the Teklanika and Toklat 

Rivers, NPS personnel can assess other large, braided streams with similar 

hydraulic, hydrologic, and geologic characteristics.

1.3 Methods of Approach

In order for NPS personnel to easily delineate inundated areas for flood 

events for a range of return periods, an approach was taken that combined 

classic fluvial geomorphology with hydrologic and hydraulic principles. Cross- 

section data from the Teklanika and Toklat Rivers were used to model the project 

reaches for the range of flood events. With a fluvial geomorphic definition of 

bankfull discharge, a return period of 1.5 years, and calibrating field indicators 

that match this discharge stage, a water surface profile software package was 

used to model bankfull discharge and discharges associated with larger return 

periods, Tr. The bankfull depth, dmax, as well as depths for varying flood events, 

dj, were then calculated. The return period, Tr, was compared to dj/dmax ratio, 

creating a Tr versus dj/dmax curve. By determining site specific bankfull depths 

from field indicators, and using the Tr versus di/dmax curve, the depths for varying



flood events, and the corresponding elevations, can then be calculated. This 

allows for NPS personnel to delineate floodplains for any flood event on the 

Teklanika and Toklat Rivers. The same approach can then be used for large, 

braided rivers with similar geomorphic, hydrologic, and hydraulic characteristics.

Due to the high rates of hydrologic and hydraulic activity associated with 

large, braided rivers, and erodible banks that are found on this stream type, 

accurate bank erosion predictions are difficult to determine. Banks on the 

Teklanika and Toklat River project reaches have been subject to large rates of 

lateral erosion, even during periods with discharges less than bankfull. This 

makes classic techniques for flood hazard zone delineation ineffective for 

predicting the location of banks subject to erosion and capture. However, with 

the use of aerial photos and geomorphic, hydrologic, and hydraulic analysis, 

approximate bank erosion potential and locations of erosion for the Teklanika 

and Toklat Rivers is possible.

3
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Chapter 2 

Literature Review

2.1 Description of a Braided River

In order to develop floodplain management guidelines for large, braided 

rivers, an understanding of the factors that affect the behavior of this particular 

type of stream is necessary. Braided rivers are streams consisting of multiple 

channels separated by central bars and islands (Knighton, 1998). Although this 

description can be used to describe a stable, anabranching stream, Knighton 

explains, “The characteristic feature of the braided pattern is the repeated 

division and joining of channels, and the associated divergence and convergence 

of flow, which contributes to a high rate of fluvial activity relative to other river 

types.” Similarly, in a laboratory study performed by the U. S. Corps of 

Engineers Waterways Experiment Station, Friedkin (1945) claimed “Rivers are 

described as braided when the channel is extremely wide and shallow and the 

flow passes through a number of small interlaced channels separated by bars.” 

The high rate of formation, abandonment, and reactivation of channels 

characterize a braided stream pattern.

2.2 Causes of Braided Pattern

There are several causes of the braiding process. Of these causes, there 

is little agreement as to the dominant cause. This suggests that braiding is a
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highly dynamic process, which may be dependent on different hydrologic, 

hydraulic, and geologic conditions at different times. Fahnestock (1963) studied 

the braiding process on the White River, a braided stream extending from Mount 

Rainier in Washington. Fahnestock observed and compared several causes of 

braided channels: erodible banks, channel slope, abundant bed load, and rapid 

and large variation in discharge. Knighton (1998) suggests that these causes 

may not be individually sufficient for braiding to occur. However, it has been 

observed that a combination of these causes is prevalent when a stream has a 

braiding pattern.

2.2.1 Erodible Banks

High levels of lateral erosion are characteristic of large, braided rivers. 

This erosion leads to a large width/depth channel geometry and an increase in 

bed load supply. When new channels form across a channel belt, this is usually 

due to a central bar deposition and development, then active channels migrate 

against the left and right limits of the stream. In order for channel migration to 

continue, lateral erosion of banks must take place. If lateral erosion of banks are 

restricted or confined, these channels tend to become incised rather than wider. 

This occurs as the discharge and bed load increase. Large braided rivers tend to 

be wide, shallow streams. This is usually characterized by a width/depth ratio 

greater than 40 (Rosgen, 1996). Additional theoretical studies have shown that a 

width/depth ratio greater than 50 is a controlling factor in causing braiding
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(Knighton, 1998). This large width/depth ratio depends on readily erodible bank 

materials. Similarly, Richards (1982) states that, “Braids may develop locally 

where chance bar emplacement or channel widening occur.” The U. S. Corps of 

Engineers Waterways Experiment Station conducted a laboratory study of the 

meandering of alluvial rivers. Friedkin (1945) concluded, “This test clearly 

illustrates that a braided channel results when the banks are extremely easily 

eroded.” This study further supports the hypothesis that there is a relation 

between braiding and bank erosion.

2.2.2 Channel Slope

Braided rivers, unlike straight or meandering streams, are commonly 

associated with steep hydraulic gradients. In a graph of natural channel slope 

versus bankfull discharge, Leopold and Wolman (1957) determined that the 

channel slope delineating straight and meandering channels from braided 

channels can be calculated:

S = 0.06Q'044

where S is the channel slope and Q is the bankfull discharge. After reviewing 

Leopold and Wolman’s data, Henderson (1966) developed an equation 

determining the threshold slope for braided streams based on Q and the median 

grain size, d (in feet):

S = 0.64d114Q'044
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Steep channel slopes that distinguish between meandering and braiding streams 

provide sufficient stream power for large sediment and bed load transport. This 

leaves banks vulnerable for erosion, thereby causing channels to widen.

2.2.3 Abundant Sediment Load

In large, braided rivers, an abundant supply of sediment is necessary in 

order for aggradation to occur. This will cause a central bar to form and divert 

flow. According to Knighton (1998), “The availability of large amounts of 

sediment supplied either from upstream or locally (notably the channel banks) is 

regarded as a necessary condition for braiding.” With this large sediment supply, 

a stream must have both the capacity to transport the sediment and competence 

to remove the size of sediment supplied. The lack of either is sufficient for 

aggradation to occur.

2.2.4 Rapid and Large Variation in Discharge

Rapid, fluctuating discharges may affect the competency of a stream to 

transport sediment, leading to a braided pattern. As discharge increases, so too 

does the stream’s competence, and large amounts of sediment are transported. 

Similarly, as discharge decreases, so too does the stream’s competence, and 

deposition of sediment may take place. With a gradual increase in discharge it is 

possible that the stream channel may alter itself, forming a channel that is 

competent enough to transport the increased sediment load without forming



central bars and a braided pattern (Drage, 1977). Contrary to this reasoning 

however, while modeling river channel pattern development, Leopold and 

Wolman (1957) found that braided patterns occur when there is a constant 

discharge. This suggests that rapid and large variations in discharge may be 

sufficient but not necessary for braiding to occur.

2.3 Sediment Transport

Sediment transport defined as the erosion, transport, and deposition of 

sediment by water, must be examined to gain an understanding of the fluvial 

processes of large, braided rivers. Sediments are classified as bed load, 

suspended load, and wash load. Bed load, according to Chang (1988), “is 

defined as that part of the load moving on, or near, the bed by rolling, saltation, 

or sliding.” Suspended load refers to sediments transported in suspension, and 

wash load consists of clays and silts washed through the channel. Due to the 

heightened effects of bed load, as compared to suspended and wash loads, on 

fluvial processes in large, braided streams, bed load transport will be the focus of 

this investigation and will be referred to as sediment load.

2.3.1 Incipient Motion

Incipient motion of sediment along an alluvial bed approximates the flow 

condition at which a sediment particle will begin to move. It is understood that a



sediment particle will start to move when the shear stress on that particle 

reaches a critical value. White (1940) calculated this critical stress, xc:

rc = C5( r s - r f )d

where ys and yt are the specific weights of sediment and fluid, respectively, d is 

the particle diameter, and C5 is a constant. The constant C5 is a function of the 

particle density and shape, particle placement in the channel bed, and density of 

the fluid (Yang 1996).

Gessler (1971) developed the sixth-power law, which calculates the weight of 

a particle that undergoes incipient motion:

Wg » v6

where Wg is the grain weight (lb) and v is the controlling velocity (ft/s) (Karle, 

1989). At incipient motion, Wg is proportional to the sixth-power of the controlling 

velocity.

2.3.2 Sediment Transport Equations

Einstein (1950) used physical and theoretical models to develop a 

dimensionless intensity of bed load transport equation. The equation, for any 

given stream, may be used to calculate rate of transport as a function of grain 

size for the bed material and as a function of discharge:

9
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where O is the bed load transport intensity, gs is the bed load rate in weight per 

unit time and width, ys is the bed load specific weight, p is the fluid density, ps is 

the bed load density, and d is the grain diameter of particular size fraction (Graf, 

1971).

Yang (1996) presented a bed load transport equation, that was developed 

by DuBoys. It is based on the tractive force acting on a layer of bed material:

where qb is the total bed load discharge by volume per unit channel width, s is the 

layer thickness, vs is the velocity of second layer above the bottom bed load 

layer, and x and xc are the resistance force and tractive force between layers, 

respectively, x and xc are calculated:

t = /DS 

rc = C f£(ys-  / )

where D is the water depth, S is the channel slope, Cf is a friction coefficient and 

ys and yare the specific weights of sediment and water, respectively (Yang, 

1996).



2.3.3 Variability in Bed Load Transport

Warburton (1994), in a study of the variability of bed load transport and 

channel morphology in a braided river hydraulic model, suggests that the 

fluctuations in bed load transport may not be dependent on discharge and 

sediment supply, but may be inherent and not require external forces. Results 

from the model indicate that bed load transport rates are highly variable and the 

intensity of transport relates to four main processes:

1. Concentrations of large bed load particles;

2. The arrival of small bar forms or sediment lobes;

3. Dominance of a single large channel in close proximity to the bank;

4. The arrival of a group of bars in the form of a wave or aggradation 
zone.

Warbuton reported that the data clearly showed an increase in braiding with an 

increase in bed load transport. This braiding intensity was related to differences 

in channel capacity and the composition of the bed material. Models with larger 

channels had an increase in local channel scour, developing a coarse channel 

armoring that stabilized the channel, resulting in reduced bed load transport. In 

models where the flow was divided between several channels, central bar 

migration was prevalent due to a greater braiding intensity and active width.

2.3.4 Bed Load Transport Studies on Project Reaches

The Toklat River has been the subject of an alluvial gravel removal and 

replenishment study performed in conjunction with NPS and the U.S. Geological

11
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Survey, from which three papers have been published (Karle, 1989 and 1990 

and Emmett, 1996). Similarly, the Teklanika River was the site of an alluvial 

gravel removal study done by the NPS (Karle, 1998).

In order to determine replenishment potential for gravel removal sites at 

the Toklat River, Karle (1989) used Fluvial-12, a numerical sediment transport 

code, developed by Chang (1988). This study required a bed material 

classification and calculations for bed load transport. Bed material classification 

was performed by standard sieve analysis at both upstream and downstream 

ends of the reach. The bed material was classified as a well-graded gravel, GW, 

based on the Unified classification system, with approximately 7% fines (passing 

a #40 sieve). Gravels were rounded to subrounded with a median particle size, 

dso, of 21 mm and 16 mm at the upstream and downstream cross-sections, 

respectively. The calculated volumetric bed load per unit width, qb, was 9.53E-6 

ft3/ft-s. For a channel bed width of 145 feet, and a time of 21 days, total bed load 

transported, qstotai, was 2507 ft3 or 92.9 yd3.

Emmett (1996) elaborated on the coarse-particle transport at the Toklat 

River. After running a standard sieve analysis on over 100 kg of material, the 

bed material was determined to be unimodal with a mode at about 64 mm, have 

a median size of approximately 24 mm, and a maximum size of 256 mm. Bed 

load was measured using a Helley-Smith type pressure differential sampler with
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a 76 mm square nozzle on twelve different dates from July 7, 1988 to September 

29, 1989. Bed load discharges ranged from 2630 Mg/day with a water discharge 

of 19.8 m3/s to 8.51 Mg/day with a water discharge of 2.98 m3/s. The median 

bed load size, d50, determined from a composite size distribution of bed load from 

the above sampling, was 8 mm. Tracking of 19 radio-tagged particles ranging 

from 40 mm to 70 mm showed particles transported up to 1.5 km over a 6 week 

period in 1988. A tracking period of 8 weeks in 1989 during high flows showed 

particles of approximately the same size transported 0.5 km to 2.0 km. After 8 

weeks the 19 radio-tagged particles were found dispersed laterally across the 

150 m channel course. Most particles were buried with an average depth of 0.25 

m and a maximum depth of 0.8 m. Sediment transport rates showed that the 

mean speed of the 19 radio-tagged particles was approximately 50 m/day.

With the Toklat River described as a viable source of gravel, the Teklanika 

River alluvial floodplain was next considered as a possible source of gravel 

(Karle, 1998). Standard sieve analysis showed the channel bed to be a well- 

graded gravel, rounded to subrounded, with 12% fines (passing a #40 sieve), 

and an average material size of 11 mm. Twelve bed load measurements, using 

Helley-Smith type pressure-differential samplers with a 76.2 mm square nozzle, 

and corresponding discharge measurements, were used to plot bed load rate 

versus discharge. From this plot, it was determined that the Teklanika River bed 

load transport rate (tons/day) could be calculated:



14

Y = 0.2558(X -  60)116

where Y is the bed load transport rate and X is the discharge. An average 

annual bed load discharge was found to be approximately 36,000 yd3, which is 

approximately 18% of the average annual bed load for the Toklat River. Average 

bed load material size was 2.2 mm.

2.4 Floodplain Delineation Techniques

Water surface elevation of inundated areas during flooding is the primary 

information necessary for floodplain delineation. Beyond this information, 

changes in channel morphology, such as bank erosion and channel geometry, 

are also desirable. With this information, floodplain management personnel may 

adequately delineate flood hazard zones.

A definition of flood and floodplain is needed when considering floodplain 

delineation. Leopold (1994) defines a flood “as the occurrence of a flow of such 

magnitude that it overtops the natural or artificial banks in a reach of river 

channel. Where a floodplain exists, a flood is any flow that spreads out over the 

floodplain.” Leopold further describes a floodplain “as the flat area adjacent to 

the river channel, constructed by the present river in the present climate and 

frequently subjected to overflow.” Floodplains associated with large, braided 

rivers will traverse numerous active and abandoned channels. A typical



recurrence interval of 1.5 years is used to determine flows that are just above 

bankfull stage, sufficient for flooding (Leopold, et. al., 1992).

15

One approach to floodplain delineation is through numerical integration of 

the energy equation. Through this process, a channel is divided into short 

reaches in the longitudinal direction, and water surface elevations are calculated 

from one end of a reach to the other (Roberson, et. al., 1998). Two methods of 

numerical integration are the direct step and standard step. Although similar, 

standard step numerical integration is more commonly used for natural channels, 

because the distance between cross-sections is known. Thus, the standard step 

method will be the only method discussed.

The following equation is used in the standard step numerical integration 

method:

t 2N 
Vi

V 2g ,
+ S0Ax = y2 + a2

( 2\ 
V .
2gJ

+ SfAx+ h.

where the subscripts 1 and 2 are sections 1 and 2 of a reach, y is the depth, a is 

the kinetic energy correction factor, v is the water velocity, Sf is the friction slope, 

S0 is the channel slope, Ax is the reach length, and hi is additional head losses in 

the channel (surface resistance, bends, expansions, ect.). Sf can be calculated:
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,  <nV)
° f  _  4 /

2.22R/3

where n is the Manning coefficient and R is the hydraulic radius, hi is calculated:

( 2 '\
h, = —- C

1 V2gj

where C is the appropriate coefficient depending on the head loss (bend, abrupt 

expansion or contraction, etc.), or the summation of coefficients if more than one 

is appropriate, v may be calculated using Manning’s equation:

where n is the Manning’s roughness coefficient. The kinetic energy correction 

factor, a, is calculated:

( ^ a ) ( V ' A ' +  V ! A 2 +  - - V ?A i )

where the subscripts indicate the subarea of which Vi and Ai are the average 

velocity and cross-sectional area of the divided section. With all the information 

for one section known, and solving for a2, v2, Sf, and hi, values of y2 are chosen, 

iterating until each side of the equation used for the standard step method are
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equal. With known elevations of the water surface along the channel, and by 

using a contour map of the channel and floodplain, flood inundated areas can be 

determined (Roberson, et. al., 1998).

A second approach to floodplain delineation is through standard step 

numerical integration computer modeling. One model used for floodplain 

delineation is HEC-2 developed by the Hydrologic Engineering Center of the U.S. 

Army Corps of Engineers (Bedient and Huber 1992). The program calculates 

water surface profiles for steady, gradually varied flow in natural or man-made 

channels. Computations are based on the one-dimensional energy equation 

used in the standard step method. Data input necessary to run HEC-2 are flow 

regime, starting elevation, discharge, loss coefficients, cross-sectional 

geometries, and reach lengths. A modified version of HEC-2, HEC-RAS (U.S. 

Army Corps of Engineers, 1995), has been developed by the U. S. Army Corps 

of Engineers, and performs HEC-2 calculations by the standard step method, yet 

through an easier-to-use graphical user interface. HEC-RAS is now commonly 

used in engineering and hydrology practice.

2.5 Bank Erosion

Bank erosion is a natural river adjustment process. A stream channel will 

adjust in order to obtain equilibrium, some degree of stability, either by 

degradation, aggradation, or widening. Bank erosion will result from a number of
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processes. Some of the common processes of bank erosion include an increase 

in discharge and sediment load, mass wasting, surface erosion, liquification, 

freeze-thaw, fluvial entrainment, and ice scour. Some of the factors resisting 

bank erosion are the following: the ratio of streambank height to bankfull depth, 

the ratio of riparian vegetation rooting depth to streambank height, the degree of 

rooting density, the composition of streambank materials, streambank slope, 

bank material stratigraphy and presence of soil lenses, and bank protection 

afforded by debris and vegetation (Rosgen, 1996).

When examining bank erosion, an understanding of bank shear stress is 

required. Chang (1988) explains that the average shear stress on the channel 

boundary, t 0, can be calculated by the well known relation:

r0 = /RS

where y is the specific weight of water, R is the hydraulic radius of the cross- 

section, and S is the channel slope. However, the shear stress in a channel is 

not evenly distributed along the wetted perimeter; rather shear stress along 

channel banks will vary. Yet Graf (1971) suggests x0, “in the special case of a 

very wide channel”, can also be calculated:

T0 = 7 °s



where D is the water depth. As Lane (1935) points out, aggradation of stream 

channels occurs when velocities are not sufficient to transport sediment. Large 

bed loads, characteristic of large, braided rivers, require large velocities along the 

bed. Lane explains, “To be stable, the channel carrying the bed loads, therefore, 

should have a higher velocity along the bed, but the same velocity along the 

banks, and this could only occur with a wider, shallower section.” Wide, shallow 

sections, formed by bank erosion, reduce shear stress acting on the streambank.

19
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Chapter 3 

Study Areas

3.1 Study Area Location and Characteristics

The study area, located in the Alaska Range approximately 120 miles south 

of Fairbanks, lies about 370 miles east of the Bering Sea. The watersheds are 

within the continental climatic zone of interior Alaska. The average temperature 

ranges from 54° Fahrenheit in July to —4° Fahrenheit in January. Approximately 

72 percent of the 15 inches of annual precipitation occurs June through 

September. Snow accumulation ranges from 20 inches to 59 inches.

Discontinuous permafrost can be found in low lying areas. Figure 1 shows 

location of study areas within DNP&P (Karle, 2000).

Figure 1. Location of study areas within Denali National Park and Preserve.

3.2 Teklanika River Project Reach

The Teklanika River project reach is located at Mile 30 on the DNP&P road. 

The reach extends from the Teklanika River Bridge to approximately 0.5 miles



downstream, with a slope of approximately 0.011 feet/feet. Elevation at the site 

is roughly 2,700 feet. The Teklanika River watershed, above the 1964 to 1974 

U.S. Geological Survey gauging station is 490 square miles, yet the project reach 

watershed, starting above the Teklanika River Bridge, is approximately 90 square 

miles. Rainfall, snowmelt, and glacier runoff feed the watershed. Close to 6 

percent of the project reach watershed is covered by glacier, which produces 

large amounts of glacial silt in the water. Soils in the watershed may be 

classified as mountain and tundra soils. Vegetation in the watershed ranges 

from upland spruce forests to moist and alpine tundra (Karle, 1998).

3.2.1 Teklanika River Project Reach Discharge Estimates

The U.S. Geological Survey operated a gauging station on the Teklanika 

River between the years of 1964 and 1974. Discharge data from this gauging 

station allowed for a log Pearson III flood discharge analysis. Discharge 

calculations, based on the reduced 90 square mile Teklanika River project 

watershed, were plotted versus corresponding return periods, Tr. Figure 2 shows 

the log Pearson III discharge analyses plot for the Teklanika River project reach.

3.2.2 Teklanika River Bed and Bed Load Material Classification

NPS personnel provided bed and bed load material classifications for the 

Teklanika River (Karle, 1998). Channel bed samples were collected and then 

tested using standard sieve analyses. Bed material can be classified as well-
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graded gravel, rounded to subrounded, with approximately 12 percent fines 

(passing #40 sieve). The median bed material size, D50, was equal to 11 mm. 

Figure 3 shows the Teklanika River bed material size classification.

Retrun Period, T (years)

Figure 2. Log Pearson III analysis for Teklanika River project reach.
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T e k la n ik a  R iv er Bed M a te ria l S ize  C la s s ific a tio n

Particle Size (mm)

Figure 3. Teklanika River bed material size classification.

The Teklanika River bed load was also classified using standard sieve analyses 

for samples collected in 1996 and 1997 (Karle, 1998). The material can be 

classified as a gap-graded gravel with approximately 39 percent fines (passing 

#40 sieve). The median bed load material size, D50, was equal to 2.2 mm. 

Figure 4 shows the Teklanika River bed load material size classification.
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Particle Size fmml

Figure 4. Teklanika River bed load material size classification.

3.3 Toklat River Project Reach

The Toklat River project reach is located at Mile 53 on the DNP&P road. The 

reach extends from the Toklat River Bridge to approximately 0.8 miles 

downstream, with a slope of approximately 0.014 feet/feet. Elevation at the site 

is roughly 3,000 feet. The Toklat River watershed, located above the project 

reach, is approximately 100 square miles. Rainfall, snowmelt, and glacier runoff
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feed the watershed. Close to 2 percent of the project watershed is covered by 

glacier.

3.3.1 Toklat River Project Reach Discharge Estimates

Neither the US Geological Survey nor NPS has ever established a discharge 

gauging station on the Toklat River. Estimating flow characteristics on ungauged 

streams is usually accomplished by adjusting the flow characteristics from a 

gauged stream with a hydrologically similar watershed. The flow characteristics 

at the gauged site are often divided by the gauged drainage area and expressed 

as cubic feet per second per square mile (cfs/mi2). The ungauged flow 

characteristics are then calculated as the product of this ratio and the 

ungagauged drainage area. Because of the similarity between the Teklanika and 

Toklat River watersheds, this technique was used for estimating the Toklat River 

discharges for various return periods, Tr. Table 1 provides several Toklat River 

discharges and associated return periods.

Table 1. Toklat River discharges and associated return periods.

Discharge (cfs) Return Period (years)
570 1.5
1300 10
2600 50
3500 100
6800 500



3.3.2 Toklat River Bed and Bed Load Material Classification

In a coarse-particle transport study for gravel bed rivers performed on the 

Toklat River during the 1988 and 1989 field seasons, Emmett (1996) sampled 

over 100 kilograms of bed material. Sieve analyses from these samples showed 

a unimodal distribution with a mode at approximately 64 mm, a median size, D50, 

of 24 mm and a maximum size of 256 mm (section 2.3.4). Figure 5 shows a 

composite average bed-material size distribution for the Toklat River.

Emmett (1996) determined a Toklat River composite bed load particle size 

distribution from samples collected during the coarse-particle transport study. 

Helley-Smith type pressure-differential samplers, with a 76 mm square nozzle, 

were used to collect over 40 samples. These samples show the bed load size 

distribution to be unimodal, with a mode of approximately 22 mm, and a median 

size, D 5o , bed load of about 8  mm. Figure 6  shows the Toklat River composite 

average bed load size distribution.
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Toklat River Bed Material Size Classification

Particle Size (mm)

Figure 5. Toklat River composite average bed material size distribution.

Toklat R iver Bedload M aterial Size C lassification

Particle Size (mm)

Figure 6. Toklat River composite average bed load size distribution.
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Chapter 4 

Floodplain Delineation

4.1 Methodology for Determining Flood Elevations on the Teklanika and 
Toklat Rivers

In order to delineate a floodplain for a given flood event, it is required that the 

inundated area of the cross-section be known. This is accomplished by 

determining the stage of the flood event, which is the delineating elevation 

between inundated and non-inundated areas. According to the Federal 

Emergency Management Agency, FEMA, (Federal Emergency Management 

Agency, 1993) “Flood elevations for riverine areas are normally determined by 

step-backwater computer models. The U.S. Army Corps of Engineers, 

Flydrologic Engineering Center’s FIEC-2 Generalized Computer Program and the 

U.S. Geological Survey/Federal Flighway Administration WSPRO computer 

model ...are acceptable for this purpose.” For this study the U.S. Army Corps of 

Engineers, Hydrologic Engineering Center’s River Analysis System (HEC-RAS) 

was used to determine flood elevations. HEC-RAS performs HEC-2 one

dimensional hydraulic calculations for determining steady flow water surface 

profiles. In order to generate a HEC-RAS model, there are several parameters 

that must be entered: stream cross-sections, reach lengths, flow regime,

discharge, and Manning’s n resistance coefficients.



4.1.1 HEC-RAS Cross-Sections

Cross-sections used to generate the Teklanika River HEC-RAS model were 

obtained during the 1999 field season. Local vertical control was established by 

tying into a benchmark located on the southwest corner of the Teklanika River 

Bridge. Similarly, local horizontal control was maintained with the above 

benchmark and a temporary benchmark established on the southeast corner of 

the Teklanika River Bridge. Cross-sections were taken perpendicular to the 

terraces, active floodplain, and active and abandoned channels. Figure 7 shows 

a typical cross-section taken of the Teklanika River.
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Toklat River cross-sections were obtained by combining NPS 1998 cross- 

sections of the active floodplain and traversing channels within the active 

floodplain with terrace cross-sections taken during the 1999 field season. Local 

vertical control was maintained by an established NPS benchmark located on the 

northwest corner of the east Toklat River Bridge. Local horizontal control was 

maintained using the above temporary benchmark and a known point located 

downstream from the bridge. Cross-sections were taken perpendicular to the 

terrace, active floodplain, and active and abandoned channels. Figure 8 shows a 

typical cross-section of the Toklat River.

Tok River Cross-Section 109+13.03
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Figure 8. Toklat River cross-section 109+13.03



4.1.2 HEC-RAS Reach Lengths

Reach length data used for HEC-RAS is entered as the downstream distance 

between cross-sections. The selected distance between cross-sections on the 

Teklanika River was dependent on flow conditions and channel patterns within 

the active floodplain and ranged from 470 feet to 760 feet. Toklat River cross- 

section distances were determined by past surveys performed by NPS 

personnel. The active floodplain of the Toklat River has been surveyed every 

two years since 1988. Cross-sections have been taken every 900 feet 

downstream from the Toklat River Bridge for approximately 5,000 feet. Terrace 

cross-sections, taken during the 1999 field season, were taken the same 

distance downstream as active floodplain cross-sections.

4.1.3 HEC-RAS Discharge and Flow Regime

A log Pearson III discharge analysis was used to estimate flood discharges, 

with associated return periods, for the Teklanika River (see section 3.2.1). The 

ratio of Toklat and Teklanika River watersheds was used to estimate flood 

discharges and return periods, from the log Pearson III curve, for the Toklat 

River. The flow regime was defined as a subcritical and supercritical mix, with a 

normal depth slope used as the upstream and downstream reach boundary 

conditions.
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4.1.4 HEC-RAS Calibration and Resistance Coefficient

HEC-RAS model calibration was based on a bankfull discharge, bankfull field 

indicators, and Manning’s n values for cross-sections. Leopold (1994) defines 

bankfull and bankfull discharge as; “When the channel is flowing full, the water 

surface is at floodplain level and the flow rate is the bankfull discharge. This has 

morphologic as well as hydrologic significance, for the bankfull discharge is 

considered to be the channel-forming or effective discharge.” The bankfull 

discharge is normally associated with a return period between 1 and 2 years 

(Knighton, 1998). However, according to Hitchcock (1977), an attempt to 

define a consistent bankfull stage for such a channel (braided pattern) would be 

impractical...”

This impracticality stems from the notion of the bankfull water surface at a 

particular floodplain level. Large, braided rivers, such as the Teklanika and 

Toklat Rivers, are comprised of a terrace floodplain; several predominant, active, 

channels; and several abandoned channels, which are continually dividing and 

uniting over a large, active floodplain. Figure 9 shows the Toklat River terrace 

floodplain, an active channel, and part of the active floodplain. According to the 

definition of bankfull, the water surface during bankfull discharge, “at floodplain 

level”, would be at the terrace elevation. Yet as flood discharges increase, and 

active and abandoned channels within the active floodplain begin to fill, a 

discharge required to inundate the entire active floodplain is much larger than a
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discharge produced by a 1- to 2-year flood event. Similarly, discharges much 

greater than the discharges associated with a 1- to 2-year return period would be 

required to reach the terrace elevation.

Figure 9. Toklat River terrace, active floodplain, and predominant, active 
channel.

Further complicating the notion of bankfull for large, braided rivers is the 

high rate of hydraulic activity within the active floodplain, which hinders 

identification of bankfull in the field. Normal bankfull field indicators, such as the 

bottom of vegetation along a streambank, are not easily detectable. This is due 

to high rates of channel migration within the active floodplain. Flowever, in a 

study done on braided rivers flowing from the eastern Brooks Range, Alaska, 

Drage (1977) defined bankfull stage as the top of the predominant, active 

channel central gravel bar, which would have a lower elevation than the active
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floodplain. Likewise, Rosgen (1996) shows a bankfull stage for braided streams 

to approach the top of predominant, active channels, which approximates the 

bankfull stage put forth by Drage.

Drage’s theory is used to calibrate the HEC-RAS models. This means 

that a bankfull discharge stage can be considered to approximate the same 

elevation as the predominant, active channel central gravel bars. A discharge 

with a recurrence interval of 1.5 years was used as the bankfull discharge based 

on studies done by Leopold (1994). Leopold states that “it is an empirical fact 

that, for most streams, the bankfull discharge is the flow that has a recurrence 

interval of approximately 1.5 years.” Emmet (1996) also used this recurrence 

interval during a particle transport study performed on the Toklat River. As 

predicted, water surface elevations approximated the tops of gravel bars located 

within the predominant, active channels with the 1.5-year discharge (see Figure 

10). Adjustments made to the Manning’s n values were then made in order to 

calibrate the models, more closely approximating bankfull stage with the central 

gravel bars. For the Teklanika River Model, Manning’s n values were 0.03 at all 

but one cross-section. A Manning’s n of 0.12 was used in the overflow areas to 

account for the dense vegetation. Toklat River Model Manning’s n ranged from 

0.056 to 0.060, averaging 0.058 for the entire reach. Although these values may 

appear high, hydraulic models run by Karle (1989) on the Toklat River used
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Manning’s n values 0.056. Figure 10 shows a typical Teklanika River cross- 

section with a bankfull discharge.

4.1.5 HEC-RAS Results for the Teklanika and Toklat River Project Reaches 

Once HEC-RAS models for the Teklanika and Toklat Rivers had been 

calibrated, according to a 1.5-year return period discharge and bankfull field 

indicators, larger flood events were run on the models. The 100- and 500-year 

flood events are of primarily concern for this investigation. Tables 2 and 3 show 

Teklanika and Toklat River HEC-RAS results for the 1.5-, 100-, and 500-year 

discharges, respectively.



Table 2. Teklanika River HEC-RAS results.

1.5-Year Discharge
Q Total M in C h  El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth M ax Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft)
100+10 500 484.6 488 .46 486.92 0 .001206 275 .28 249.18 1.1 3.86 1.09 1.82 0.08
100+40 500 485 .03 488 .19 487.95 0 .008634 147.35 231.45 0 .64 3.16 0 .63 3 .39 0.34
108+00 500 477 .99 479 .92 0 .014017 133.02 258.61 0.51 1.93 0.51 3 .76 0.45
115+40 500 469.91 471 .82 0 .009412 168.53 188.29 0.9 1.92 0.89 2 .97 0.52
120+90 500 464.1 465 .8 465 .75 0 .013005 120.07 189.01 0.64 1.7 0.63 4 .16 0.51
125+60 500 459.12 460 .15 460.07 0 .011003 147.6 280 0.53 1.03 0.53 3.39 0.36

100-Year Discharge
Q Total M in C h  El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth M ax Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) dioo/di.s

100+10 3100 484.6 490 .12 489 .06 0 .002425 742.7 325.07 2.28 5.52 2.24 4.17 0.34 1.43
100+40 3100 485 .03 489 .36 489 .36 0 .011829 444 .32 299 .33 1.48 4 .33 1.47 6.98 1.09 1.37
108+00 3100 477 .99 480 .77 480 .63 0 .009313 1323.52 1660.79 0.8 2.79 0.8 4.22 0.48 1.45
115+40 3100 469.91 473.41 0 .01185 774.39 657 .03 1.18 3.5 1.18 4 0.87 1.82
120+90 3100 464.1 466.82 466 .78 0 .0 12224 627 .78 731.98 0.86 2.71 0.86 4 .94 0.65 1.59
125+60 3100 459.12 461 .19 461.12 0 .0 11007 563.82 517.14 1.09 2.07 1.09 5.5 0.75 2.01

500-Year Discharge
Q Total M in C h  El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth M ax Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) d 5 o o /d i .5
100+10 6200 484.6 491 .16 490 .06 0 .0 02807 1080.97 326.8 3.31 6.56 3.23 5.74 0.57 1.70
100+40 6200 485.03 490 .25 490.25 0 .0 10506 731.04 335.82 2.18 5.22 2.16 8.48 1.42 1.65
108+00 6200 477 .99 481 .28 481.01 0 .008186 2200 .82 1804.39 1.22 3.29 1.22 4.9 0.58 1.70
115+40 6200 469.91 474 .02 473 .68 0 .012676 1236.44 787.17 1.57 4.11 1.57 5.01 1.24 2.14

120+90 6200 464.1 467 .29 467 .27 0 .011612 986 .45 770.62 1.28 3.19 1.28 6 .29 0.93 1.88
125+60 6200 459 .12 461 .85 461 .82 0 .0 11005 966 .49 703.13 1.37 2.73 1.37 6.41 0.94 2.65

________ *Average dj/d15
100 Year Dischage = 1.7 
500 Year Dischage = 2.1

*Not including bridge cross-sections, river stations 5 and 6.



Table 3. Toklat River HEC-RAS results.

1.5-Year Discharge
Q Total Min Ch El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth Max Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft)

100+00 570 163.48 167.11 166.42 0 .013353 139.46 86.58 1.61 3.62 1.54 4.09 1.28

91+00 570 152 154.45 154.13 0.015124 239.63 383.07 0.63 2.44 0.62 2.38 0.59

82+00 570 139.17 141.12 0 .014558 305.04 631.11 0.48 1.95 0.48 1.87 0.44

73+00 570 124.86 126.76 0 .017384 254.13 444 .73 0.57 1.9 0.57 2.24 0.62

64+00 570 110.6 112.38 111.98 0 .014628 250.44 418 .25 0.6 1.78 0.6 2.28 0.55

55+00 570 97.23 99.51 99.16 0 .014012 298.69 567.41 0.53 2.28 0.53 1.91 0.46

100-Year Discharge
Q Total M in C h  El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth Max Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) Q
-

o o C
L

100+00 3500 163.48 169.69 169.19 0 .017094 698 .24 394 .76 1.77 6.21 1.74 5.01 1.85 1.72

91+00 3500 152 155.58 155.11 0 .014794 1095.71 1108.29 0 .99 3.58 0 .98 3.19 0.91 1.47

82+00 3500 139.17 142.01 0 .015365 1170.36 1245.52 0 .94 2.84 0.94 2 .99 0.9 1.46

73+00 3500 124.86 127.83 0 .016359 1144.85 1204.09 0 .95 2.97 0.95 3 .06 0.97 1.56

64+00 3500 110.6 113.59 113.1 0 .015395 1060.7 1053.18 1.01 2.99 1 3.3 0.96 1.68

55+00 3500 97.23 100.53 100.04 0 .014004 1223.12 1264.72 0 .97 3.3 0 .96 2.86 0.84 1.45

500-Year Discharge
Q Total Min Ch El W .S . Elev Crit W .S . E .G . Slope Flow Area Top W idth Hydr Depth Max Chi Dpth Hydr Radius Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) dsoo/dl.s
100+00 6800 163.48 170.53 170 0 .017879 1027.96 395.17 2.6 7.05 2.55 6 .62 2.84 1.95

91+00 6800 152 156.1 155.63 0 .015028 1696.12 1234.37 1.37 4.1 1.37 4.01 1.28 1.68

82+00 6800 139.17 142.51 0 .015236 1811.58 1361.9 1.33 3.33 1.33 3.75 1.26 1.71

73+00 6800 124.86 128.32 0 .016444 1751.69 1292 1.36 3.45 1.35 3.88 1.39 1.82

64+00 6800 110.6 114.18 0.015106 1764.56 1368.17 1.29 3.58 1.28 3.85 1.21 2.01

55+00 6800 97.23 101.04 100.52 0 .014008 1914.02 1430.76 1.34 3.82 1.33 3.55 1.17 1.68

_________* Average di/d1.5
100 Year Dischage = 1.5 
500 Year Dischage = 1 . 8

*Not including bridge cross-sections 100+00 and 91+00.



4.2 Guidelines and Methods for Determining Flood Elevations on Similar 
River Reaches

The objective of this study is not only to provide DNP&P with flood elevations 

for the Teklanika and Toklat Rivers, but also to provide a method that enables 

DNP & P personnel to easily estimate flood elevations on large, braided streams 

with similar geomorphic, hydrologic, and hydraulic characteristics as the 

Teklanika and Toklat Rivers. In order to do this, HEC-RAS results were used to 

create a return period versus flood depth/maximum depth ratio curve, Tr vs. 

di/dmax- The subscript i represents the associated return period for an estimated 

flood event depth and the maximum bankfull depth being dmax (see Figure 11). 

The use of this curve, with site specific field data, can provide estimated flood 

elevations for a given return period flood event.

4.2.1 Maximum Depth, dmax

As previously explained, the 1.5-year discharge was used as the bankfull 

discharge for the HEC-RAS modeling of the Teklanika and Toklat Rivers. 

According to Rosgen (1996), “the bankfull stage is associated with the flow that 

just fills the channel to the top of its banks and at a point where the water begins 

to overflow onto a floodplain.” Large, braided rivers have several channels, both 

active and abandoned, traversing the active floodplain. During bankfull 

discharge, it is the predominant, active channels within the active floodplain that 

exhibit a bankfull stage. At bankfull the water surface elevation will approximate 

the top of central gravel bars located within these channels. This elevation can
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be used to determine the maximum channel depth, dmax. The maximum channel 

depth is defined as the depth from the bankfull elevation to the lowest 

predominant, active channel cross-section elevation, or simply the deepest active 

channel.

Although there may be some controversy as to whether this is the true 

definition of “bankfull” for large, braided rivers, it is an adequate definition for this 

study. This definition of “bankfull” allows for easily determined bankfull field 

indicators, such as the top of central gravel bars within the predominant, active 

channels. Due to the difficulties associated with obtaining stream cross-sections 

for large, braided rivers, even at discharges less than bankfull, bankfull water 

surface elevations may be estimated by the field indicators at low flows, at which 

time channel cross-sections may be taken to determine the lowest channel 

elevation. From this site specific information, dmax can be calculated. Figure 11 

shows maximum depth, dmax, at bankfull, for large, braided rivers.

4.2.2 Flood Depth, dj

The flood depth, dj, for a given return period, is estimated by the water 

surface elevation during a flood event to the lowest predominant, active channel 

elevation, as done with the estimation for dmax. This determination of dj allows for 

the lowest predominate, active channel bottom elevation to serve as a datum for
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a stream cross-section. Figure 11 shows a flood event depth for large, braided 

rivers.

Rood Event Water Surface Elevation

Figure 11. Maximum bankfull depth, dmax, and flood event depth, dif 
associated with large, braided rivers.

4.2.3 Return Period Versus Flood Depth/Maximum Depth Ratio Curve

A return period versus flood depth/maximum depth ratio curve, Tr vs. di/dmax, 

was created to provide DNP&P with a method that can be easily utilized in order 

to estimate flood elevations of a given return period on streams with geomorphic, 

hydrologic, and hydraulic characteristics similar to the Teklanika and Toklat 

Rivers. HEC-RAS generated data, for the Teklanika and Toklat River project 

reaches, showed the depths associated with varying return period discharges. 

The flood depth/maximum depth ratio, di/dmax, was calculated using this data for 

the 10-, 50-, 100-, and 500-year flood events. The dj/dmax ratios for the Teklanika 

and Toklat Rivers were then averaged and plotted versus the appropriate Tr. 

Figure 12 shows the resulting Tr versus dj/dmax curve.
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Return Period vs. Flood Depth/M axim um  Depth 
Average for the Tok lat and Teklanika Rivers

Flood Depth/Maximum Depth,

dj/dmax
Figure 12. Tr versus di/dmax average for the Teklanika and Toklat Rivers.

From Figure 12 it is possible to determine the flood depth for a given return 

period discharge if dmax is known. For example, the dioo/dmax ratio is 

approximately 1.6. The d i00 can then be calculated as 1.6 times the dmax. As 

stated earlier, the dmax is determined from site specific field indicators. Appendix 

A shows Teklanika River HEC-RAS generated run data for the 1.5-, 10-, 50-, 

100-, and 500-year flood events. Appendix B shows Teklanika River HEC-RAS 

generated cross-sections for the 1.5-, 100-, and 500-year flood events. Appendix 

C shows Toklat River HEC-RAS generated run data for the 1.5-, 10-, 50-, 100-, 

and 500-year flood events. Appendix D shows Toklat River HEC-RAS generated 

cross-sections for the 1.5-, 100-, and 500-year flood events.
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Chapter 5 

Lateral Erosion

5.1 Stream Stability

The lateral erosion of a streambank implies instability of the fluvial system. 

In order to assess instability it may be helpful to first describe channel stability. 

Rosgen (1996) defines channel stability as “the ability of the stream, overtime, to 

transport the flows and sediment of its watershed in such a manner that the 

dimension, pattern and profile of the river is maintained without either aggrading 

nor degrading.” This definition of stability will be used throughout the discussion. 

It allows for the measurement of variables that effect channel stability and the 

erosion of the streambank.

Assuming a stable channel remains relatively constant, there is a cause-and- 

effect relationship existing between variables. This characterizes the fluvial 

morphology of a stream. When these variables are out-of-balance, adjustments 

to channel morphology take place. However, it should be possible to classify 

stable stream types by developing base stream descriptions, which include their 

characteristics. This classification of stream types was performed by Rosgen 

(1996) and is commonly used today by fluvial geomorphologists, hydrologists, 

and engineers. Appendix E shows the Rosgen Classification Key for Natural 

Rivers.



Due to existing and proposed development located on terrace floodplains 

adjacent to large, braided rivers within DNP&P, there is a need to examine 

variables associated with the potential instability and lateral erosion of the 

streambank. Large, braided rivers, such as the Toklat River, have been subject 

to high rates of annual erosion of the terrace floodplain, even during discharge 

periods associated with lower return periods. For this investigation, the variables 

associated with instability are separated into two groups: streambank variables 

and fluvial geomorphic variables. The first group of variables is used to examine 

the streambank characteristics associated with erosion potential. The second 

group of variables is used to describe the remaining fluvial geomorphic variables 

influencing erosion of the streambank.

5.2 Streambank Variables

According to Rosgen (1996); “Bank erosion occurs as a result of a number of 

processes, such as dry ravel, mass wasting, surface erosion, liquification, freeze- 

thaw, fluvial entrainment, and ice scour.” A list of streambank variables, which 

resist erosion, should include streambank soil structure, vegetative cover and 

associated root protection, streambank height/bankfull depth ratio, and the angle 

of streambank.
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5.2.1 Streambank Soil Structure

The term soil structure is used to identify the geometric arrangement of soil 

particles with respect to one another. Shape, size, and mineralogical 

composition all affect the soil structure (Das, 1994). According to Knighton 

(Richards, 1982); “Bank material characteristics are an important 

sedimentological control on the strength and stability of channel banks, and 

therefore on the adjustment of channel width.” In natural channels, streambank 

materials tend to become finer and more uniform downstream. Cohesionless 

and cohesive soil classification, soil stratification, and particle size distribution 

should be identified as part of assessing streambank erosion.

Cohesionless and Cohesive Soils

Generally, streambank materials are classified as being either 

cohesionless or cohesive. Cohesionless soils, consisting of granular particles 

such as silt, sand, or gravel, have no shear strength unless confined. Shear 

strength between cohesionless soil particles is obtained through the confined 

particle-to-particle contact providing frictional resistance between the particle 

grains. This resistance provides stability to streambanks. Cohesive soil 

particles, such as clays, are able to remain in contact with one another even 

without confinement. This is due to electrochemical forces binding the particles 

together, providing increased bank stability (West, 1995). Because of this 

additional binding force it is not uncommon to see high, cohesive streambanks at

4 4
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steep angles. Thus, it appears that streambank stability and erosion potential 

are effected by the percent of cohesionless and cohesive soils found in the 

streambank soil matrix. The larger the cohesive soil content, then the lower the 

erosion potential.

Soil Stratification

Streambanks consisting of different mineralogic layers may be less stable 

than those with a uniform soil structure. Planes of weakness occur where two 

different soil types interact. This decreases the shear strength between soil 

particles. As the angle of the plane increases, the stability of the streambank 

decreases. Further, hydraulic conductivity varies for different materials. A soil 

layer with a higher hydraulic conductivity than its surrounding layers is more 

capable of transporting water. This can lead to an increased rate of erosion. As 

this layer is weathered at a faster rate due to the increased flow of water, it is 

less capable of providing support for the above layers. Eventually voids in the 

streambank increase and gravitational forces exceed shear forces holding the 

streambank together, causing streambank failure. A similar erosion process 

occurs from hydraulic forces acting on the streambank. Cohesive soil layers are 

able to withstand larger hydraulic forces than cohesionless soil layers. As the 

cohesionless soils are eroded at a faster rate, less support is offered to the 

above soil layers and gravitational forces exceed shear forces, causing 

streambank failure.
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Particle Size Distribution

Effects of particle size distribution on streambank erosion potential are not 

only determined by the cohesionless and cohesive soil properties of a 

streambank, but also on the particle-to-particle frictional resistance. Particle-to- 

particle frictional resistance increases as the range of particle size increases. 

Thus, the poorer the sorting, the greater the shear strength and streambank 

stability (Leopold et al., 1992).

5.2.2 Vegetative Cover and Associated Root Protection

According to Schumm (1977), “There can be no question of the highly 

significant effect of vegetation on landforms and erosion rates.” The vegetation 

root system acts as a channel-stabilizing factor. This retards erosion by 

reinforcing streambank material, particularly in the upper streambank (Knighton, 

1998). Vegetative variables pertaining to streambank protection are root 

depth/streambank height ratio, percent of root density, and afforded surface 

protection. Rates of lateral erosion decrease with increasing root 

depth/streambank height ratios and/or increasing root density within the 

streambank. Similarly, as vegetation surface protection increases, such as with 

an increase in vegetation density, rates of streambank erosion decrease. 

Channel over-banks, with dense vegetation, will resist erosion during large flood 

events while the channel near-bank areas, with less vegetation, suffer from high 

rates of bank retreat. Appendix F shows the Rosgen (1996) bank erodibility
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hazard rating guide. The guide includes bank erosion potential for varying 

vegetative streambank protection.

5.2.3 Streambank Height/Bankfull Depth Ratio

The streambank erosion potential increases as the bankfull depth decreases 

relative to the streambank height. Thus, as the ratio of streambank 

height/bankfull depth increases, the streambank erosion potential increases. 

Figure 13 shows the streambank erosion potential for varying bankfull depths. 

From Figure 13 it can be seen that high erosion potential is a result of 

undercutting of the streambank. This will eventually form an overhang and lead 

to a collapse caused by gravitational forces alone. This scenario is highly 

probable when materials composing streambanks are noncohesive. Figure 14, 

shows a graph of streambank height/bankfull depth versus Streambank Erosion 

Potential Index (Rosgen 1992). This graph may be used to categorize 

streambank erosion potential.
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Figure 13. Streambank erosion potential for varying bankfull depths (Rosgen, 
1996).

Ratio of Streambank Height to Bankfull Depth 
versus Streambank Erosion Potential Index

Streambank Erosion Potential Index

Figure 14. Streambank erosion potential based on streambank 
height/bankfull depth (Rosgen, 1992).
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5.2.4 Angle of Streambank

The angle of the streambank plays a significant role in erosion potential. As 

the streambank angle increases from the horizontal, so too does the streambank 

erosion potential. Figure 15 shows the streambank erosion potential for varying 

streambank angles. Also, Appendix E shows the Rosgen (1996) bank erodibility 

hazard rating guide. The guide includes bank erosion potential for varying 

streambank angles. From Figure 15 it is evident that saturated streambanks with 

large sloping angles, such as 90 degrees or greater, are more susceptible to 

erosion during receding flood stages. This is due to pore water pressure 

reducing shear stresses between particles. Reduced shear stresses increase 

the threat of gravitational failure.

BANK EROSION POTENTIAL  
ANGLE DF STREAMBANK

Low M o d e r a t e  High

Figure 15. Streambank erosion potential for varying streambank angles 
(Rosgen, 1996).

5.3 Fluvial Geomorphic Variables

If a river is stable, then the dimension, pattern and profile of the river is 

maintained with neither aggradation nor degradation. With the variables 

characterizing the stability of the streambank assessed, attention may now turn 

to the remaining fluvial geomorphic variables affecting lateral erosion potential.



50

Remaining fluvial geomorphic variables include: a description of the general type 

of valley and associated landforms, neotectonics, hydrologic conditions, channel 

geomorphology, the magnitude of stream power, and the potential for shear 

stress.

5.3.1 Valley Type, Landforms, and Slope

According to Rosgen (1996), “Identification of valley types and related 

landforms can provide the basis for an initial indication of river morphology.” 

Rosgen developed eleven valley type classifications. Each classification is used 

to characterize the valley. Characteristics include shape (V-shaped, U-shaped, 

etc.), slope, entrenchment, and materials (colluvial or alluvial fans, bedrock, etc.). 

The following are examples of Rosgen’s Valley Type Classification. Valley Type 

I is V-shaped, confined, correlated and/or associated with faults, has a valley 

slope greater than 2%, and may have valley materials ranging from bedrock to 

colluvium or glacial tills. Landforms associated with this valley type may be 

steep, glacial scoured land, and/or highly dissected fluvial slopes. Valley Type V 

is resultant of glacial scour, has a wide, U-shaped cross-section with moderately 

steep valley slopes. Valley Type IX is considered to have glacial outwash plains 

with material derived from glacial and/or alluvial deposits. It can be seen by the 

above examples that assessing the valley type and landforms may provide an 

initial insight to streambank erosion potential. Valleys with steep side slopes and 

alluvial fan landforms forming loosely consolidated terraces, will have a higher
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potential for streambank erosion than broad valleys cut down to bedrock. 

Further, the channel slope and rate of energy dissipation is dependent on the 

valley slope. Thus, the valley slope is considered an independent variable. 

Steep valley slopes are also more likely to contribute higher sediment loads, 

which aids in the formation of the channel geometry.

5.3.2 Neotectonics

According to Schumm (1977), “Uplift or subsidence will produce channel 

erosion or deposition as gradient is altered, and the rapid rate at which modern 

uplift is occurring (Figure 2-6) it is sufficient to cause modification of a river 

channel at present." If a drainage basin uplifts, the valley and stream gradients 

will increase. This will result in channel adjustments such as incising. Similarly, 

channel adjustments, such as widening, may result from an increased sediment 

load that may be associated with uplift.

5.3.3 Flydrologic

Water and sediment discharge are two of the primary hydrologic variables 

that affect streambank erosion potential. Schumm (1977) states, “If the sediment 

and water moving through a stream channel are the primary independent 

variables influencing modern channel morphology, ... then it should be possible 

to show statistically significant relations among water discharge, the nature and 

quantity of sediment load, and all aspects of channel morphology, such as
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channel dimensions, shape, gradient and pattern.” These relations are 

summarized in the following proportionality for a stable channel:

Qs d50~ Q S

where Qs is the bedload discharge, d50 is the median sediment size, Q is the 

water discharge, and S is the channel gradient. If the above variables fall out of 

balance, adjustments will take place to regain the channel equilibrium. Further, 

the following channel adjustments occur with the associated change in water and 

sediment discharges (Chang, 1988):

1. Increase in Q alone, then an increase in B, D, F, and a decrease in S
(Q+ ~ B+D+F X +S')

2. Decrease in Q alone, then a decrease in B, D, F, X, and an increase in S 
(Q ~ B 'D F X S +)

3. Increase in Qs alone, then an increase in B, F, X, S, and a decrease in D and 
P (Qs+~ B+D 'FX +S+P')

4. Decrease in Qs alone, then a decrease in B, F, X, S, and an increase in D and
P (Qs+~ B'D+F X S ‘P+)

5. Q and Qs increase, then an increase in B, F, a decrease in P; and either a 
decrease or increase in D and S (Q+Qs+~ B+D±F'IV S ±P~)

6. Q and Qs decrease, then an increase in P; a decrease in B, F, X] and either a 
decrease or increase in D and S (Q+Qs+~ B"D±F X S ±P+)

7. Q increases as Qs decreases, then an increase in D and P; a decrease in F 
and S; and either a decrease or increase in B and X (Q+Qs'~ B±D+F X tS‘P+), 
and

8. Q decreases as Qs increases, then an increase in F and S; a decrease in D 
and P; and either a decrease or increase in B and X (Q+Qs‘~ B±D‘F'lX tS+P')
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where the superscripts + and -  denote an increase and decrease, respectively, B 

is the surface width, D is the channel depth, F is the width/depth ratio (discussed 

in proceeding sections), A is the channel wavelength, and P is the channel 

sinuosity. The associated effects of an abundant sediment load and fluctuating 

water discharge on channel morphology have been previously discussed in 

sections 2.2.3 and 2.2.4, respectively.

5.3.4 Channel Geomorphology

Evaluation of streambank potential requires the assessment of the channel 

geomorphology, and in particular the channel width/depth ratio and sinuosity and 

slope.

Width/Depth Ratio

The ratio of the bankfull surface width to the mean depth of the bankfull 

channel may be used to define the width/depth ratio (Rosgen, 1996). This ratio 

should be helpful in providing an understanding of the energy distributed within a 

channel and the associated capacity of a channel to move sediment. Channels 

with high width/depth ratios, such as channels associated with large, braided 

rivers, have a well-distributed energy grade across the channel cross-section, 

which entails a higher hydraulic stress placed on the near bank region of the 

channel. As the width/depth ratio increases, so does the hydraulic stress, which 

then increases streambank erosion potential.
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Channel Slope and Sinuosity

Either the ratio of stream length to valley length or ratio of valley slope to 

channel slope calculates the sinuosity of a channel. Therefore it can be seen 

that stream channels with a low sinuosity will tend to have steeper channel 

slopes. As stated in section 2.2.2, it is the steep channel slopes that distinguish 

between meandering and braiding streams and provide sufficient stream power 

for large sediment and bed load transport, thus leaving banks vulnerable to 

attack, causing channels to widen. Hence, the lower the channel sinuosity, the 

higher the streambank erosion potential.

5.3.5 Stream Power

The ability of a stream to transport its sediment load is related to its stream 

power, Q. The stream power per unit length of reach is defined by:

Q = pgQ S

where p is the density of water, g is the gravitational acceleration, Q is the water 

discharge, and S is the channel slope. A higher stream power indicates a larger 

channel capacity to transport bedload, which in turn increases the streambank 

erosion potential. Bull, 1978 (quoted in Rosgen, 1996), found stream power per 

unit area, Q=pgQS/w (w being the stream width), to be higher in narrow 

channels, forcing streambank erosion and channel widening, which stabilized the 

channel and reduced stream power.



5.3.6 Shear Stress

Streambank erosion potential will be influenced by the near bank shear 

stress. As mentioned in section 2.5, the shear stress, x0, is calculated

t0 = ]RS

where y  is the unit weight of water, R is the hydraulic radius and, S is the channel 

slope. For channels with high width/depth ratios x0 is calculated

t 0 = yDS

where D is the water depth. This implies that wide, shallow channels have higher 

near bank shear stress, rather than narrow, deep channels where the shear 

stress is highest in the deepest parts of the channel and less in the near bank 

region. High shear stress in the near-bank region results in high erosion 

potential.
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Chapter 6 

Flood Hazard Zone Assessment and Risk Analysis 
for the Teklanika and Toklat Rivers

6.1 Flood Hazard Zone Definition and Risk Analysis Approach

As stated in section 2.4, Leopold (1994) defines a flood “as the occurrence of 

a flow of such magnitude that it overtops the natural or artificial banks in a reach 

of river channel.” The resulting inundated area - the floodplain for a given return 

period discharge - is considered the flood hazard zone associated with large, 

braided rivers within DNP&P. Flood hazard zones, as defined for this project, are 

zones threatened by inundation from a particular flood event and the associated 

streambank erosion potential. This definition is based on the method explained 

for floodplain delineation (Chapter 4) and combined with the erosion variables 

(Chapter 5) used for performing a flood hazard zone assessment. The 

assessment process starts by delineating the floodplain for a given flood event. 

If the area in question is located in the floodplain and close to the active channel, 

the streambank erosion variables are then assessed based on a high, moderate, 

or low erosion potential. This combination of information - knowing if an area is 

inundated and the potential threat for streambank erosion - allows for a complete 

flood hazard zone assessment.



Once a flood hazard zone assessment has been completed, a risk 

analysis can be performed for the flood hazard zone. A risk analysis entails 

answering two questions:

1. What is the probability of flooding and streambank erosion?

2. What is the consequence severity (loss associated with a flood hazard 
zone) of flooding and streambank erosion?

With these two questions answered, a flood hazard zone may then be

determined to have a high, moderate, or low risk associated with it. A two-

dimensional risk analysis matrix may be useful.

6.2 Flood Hazard Zone Assessment for the Teklanika and Toklat River 
Project Reaches

Consider a flood hazard zone assessment for a particular area adjacent to a 

large, braided river. The person making the assessment must identify the 

floodplain for a given flood event and then examine each variable associated with 

streambank erosion potential. An overall streambank erosion potential can be 

determined after evaluating the influence from each variable for use in the risk 

analysis.

6.2.1 Floodplain Delineation for the Teklanika and Toklat River Project 
Reaches

Areas inundated by floodwater change with varying discharges. By using the 

method for determining dmax put forward in section 4.2.1, and the d/dmax curve 

shown in section 4.2.3, the depth for varying flood events, dj, can be determined
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at specific site locations adjacent to large, braided rivers. Once dj is known, the 

associated water surface elevation for the flood event can be calculated, which is 

then used to delineate between the inundated and non-inundated areas. The 

inundated area is the floodplain for a given return period discharge.

6.2.2 Streambank Erosion Potential Assessment for the Teklanika and 
Toklat River Project Reaches

Large, braided rivers consist of numerous channels traversing the active 

floodplain, usually with an adjacent terrace acting as an abandoned floodplain 

(Figure 16). Due to the large rate of channel migration within the active 

floodplain, channel streambank erosion within this area is extremely difficult to 

predict, other than to say it will occur at some point in time. It is the terrace 

floodplain streambank (Figure 9) that is of primary concern for this project, and 

therefore the term streambank will be used to refer to this fluvial geomorphic 

feature. Determining streambank erosion potential for large, braided rivers is a 

complicated task. Large rates of streambank erosion occur during periods of 

discharge less than bankfull. For example, erosion taking place at the toe of a 

streambank. This causes undercutting, which leads to mass wasting due to 

gravitational failure of overhanging banks. Streambank erosion variables 

(Chapter 5) are identified as having high, moderate, or low erosion potential. 

These can be used to give an overall erosion potential for a particular 

streambank.
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Figure 16. Aerial photograph of Toklat River project reach. View is 
upstream toward the two Toklat River Bridges.

Cohesionless and Cohesive Soils

As defined in section 5.2.1, cohesionless soils consist of granular particles 

such as silt, sand, or gravel. The streambanks of the Teklanika and Toklat 

Rivers are primarily composed of these materials, with little cohesive bonding 

from clay size particles (Figure 17). Due to this material composition, the 

potential for erosion is high for both the Teklanika and Toklat Rivers.



Figure 17. Toklat River streambank.

Soil Stratification

The material in section 5.2.1 may be used to explain how streambanks 

consisting of different mineralogic layers may be less stable than those with a 

uniform soil structure. As can be seen from Figure 17, the streambank of the 

Toklat River, and similarly the Teklanika River, is not composed of different soil 

strata. Rather, the streambank consists of a uniformly distributed soil matrix of 

sand to cobble size particles. Due to this soil matrix, the potential for erosion is 

low for both the Teklanika and Toklat Rivers.

Particle Size Distribution

The particle-to-particle frictional resistance increases as the range of particle 

size increases (section 5.2.1). Figure 17 shows a poorly sorted soil matrix, with 

few cohesive properties, common for the Teklanika and Toklat River



streambanks. Due to the soil particle size distribution, this streambank erosion 

variable leads to a low potential for streambank erosion for both the Teklanika 

and Toklat Rivers.

Root Depth/Streambank Height Ratio

The material in section 5.2.2 and Appendix F may be used to point out that 

as the root depth/streambank height ratio increases, the lateral erosion potential 

for a streambank decreases. Figures 18 and 19 show cases of streambank 

vegetation for both the Teklanika and Toklat rivers, respectively. From the 

figures it is evident that the Teklanika River streambank has a higher root 

depth/streambank height ratio than the Toklat River streambank. Although this 

ratio may be higher for the Teklanika River streambank, this ratio does not 

approach 1, and thus this streambank erosion variable is assessed as having a 

moderate potential of erosion for the Teklanika River. Flowever, due to the low 

root depth within the Toklat River streambank, the potential of erosion is high for 

this river.
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Figure 19. Toklat River streambank.
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Percent of Root Density

Similar to the root depth/streambank height ratio, the percent of root density 

(section 5.2.2 and Appendix F) varies between the Teklanika and Toklat Rivers. 

Compare Figures 18 and 19. Based on these figures, it can be seen that the root 

density for the Teklanika River is higher than the root density for the Toklat River. 

The increase in vegetation, and corresponding root density, on the Teklanika 

River streambank leads to a low potential for erosion. On the contrary, the lack 

of vegetation, and corresponding lack of root density, on the Toklat River 

streambank, leads to a high potential for erosion.

Afforded Vegetative Surface Protection

As mentioned above, Figures 18 and 19 depict the differences in vegetation 

between the Teklanika and Toklat River streambanks. Because the Teklanika 

River streambank has more vegetation than the Toklat River streambank, more 

surface protection is offered (section 5.2.2 and Appendix F). The Teklanika River 

streambank surface protection leads to a low potential for erosion, while the 

Toklat River streambank surface protection leads to a high potential for erosion.
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Streambank Height/Bankfull Depth Ratio

Section 5.2.3 was used to explain that as the streambank height/bankfull 

depth ratio increases, the streambank erosion potential increases. The Toklat 

River streambank height/bankfull depth ratio varies, but approaches 2 over a 

large percent of the project reach. Figure 20 shows an area of streambank 

located on the Toklat River where the streambank height/bankfull depth ratio 

leads to a high potential for streambank erosion. Unlike the Toklat River 

streambank height/bankfull depth ratio, the Teklanika River ratio (see Figure 18) 

is lower, leading to a low potential for streambank erosion.

Figure 20. Downstream view of Toklat River streambank.
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Angle o f Streambank

From Figures 17, 18, 19, and 20, it can be seen that the streambank is nearly 

vertical on the Teklanika and Toklat Rivers. Section 5.2.4 is used to describe 

how the angle of streambank plays a significant role in the streambank erosion 

potential. This streambank angle, approximately 90 degrees, leads to a 

moderate erosion potential for both the Teklanika and Toklat Rivers.

Valley Type and Landforms

Mentioned in section 5.3.1, by identifying the large, braided river valley type 

and landforms, an initial understanding of the erosion potential may be gained. 

This identification can be done through the use of USGS topographic maps, 

aerial photographs (Appendix G), and a site survey when possible. The 

Teklanika and Toklat River valleys are U-shaped troughs, with shallow to 

moderately steep side slopes, formed from glacial scouring. Due to the large 

percent of DNP&P covered by glacier, this type of valley is typical. Aerial 

photographs of the Teklanika and Toklat River show terrace landforms formed by 

alluvial fans and cut through by the two rivers. In some areas, as many as three 

terrace formations, at different elevations, can be identified. These abandoned, 

alluvial terrace formations are now acting streambanks, which are easily eroded. 

Large slide events, or mass wasting, along the Teklanika and Toklat Rivers, are 

also evident from aerial photographs. These events are responsible for the influx 

of large volumes of sediment, either maintaining or increasing the sediment
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discharge. Tributaries feeding the two rivers, seen on aerial photographs 

(Appendix G), also provide sediment input. Further, high rates of bed load 

discharge, with a large material size, is common for glacier fed, large, braided 

rivers and by identifying the Teklanika and Toklat River valleys as glacier fed with 

numerous end moraines, supports this assumption. The described valley type, 

and associated landforms, would be considered typical of a Rosgen (1996) Type 

V valley. Because of the large sediment supply and easily eroded streambanks 

common for a Type V valley, the potential of erosion is high for both the 

Teklanika and Toklat Rivers.

Valley Slope

Section 5.3.1 was used to examine how the valley slope variable affects 

the channel slope and the rate of energy dissipation. Rivers with steeper valley 

slopes are able to easily erode streambanks due to the large amounts of energy 

afforded to the river. The Teklanika and Toklat Rivers have valley slopes of 

approximately 0.011 and 0.014 feet/feet, respectively. This valley gradient is 

relatively high when compared to valleys with single, meandering stream 

channels. The above valley slopes lead to a high potential of erosion for both the 

Teklanika and Toklat Rivers.
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Neotectonics

In section 5.3.2 it was explained how neotectonics, the modern uplift or 

subsidence that alters valley gradient, could lead to stream channel erosion or 

deposition. Metz (personal communication, 2000), with the University of Alaska 

Fairbanks School of Mineral Engineering, states that the Teklanika and Toklat 

River headwaters located in the Alaska Range are being uplifted at a rate of 1 cm 

per year. Due to this uplift, the channel gradient of the Teklanika and Toklat 

Rivers is increasing, providing more hydraulic energy for the erosion of the 

channel bed and streambank. This modern uplift leads to a high potential of 

streambank erosion on both the Teklanika and Toklat Rivers.

Water Discharge

Above, in section 2.2, it was stated that Fahnestock (1963) listed a rapid and 

large variation in discharge as a cause for the braiding process, and in section

5.3.3 the discharge was also listed as one of two primary variables in streambank 

erosion potential. Log Pearson III discharge estimations for the Teklanika River 

(sections 3.2.1) were based on ten years of USGS discharge data. Discharge 

estimations for the Toklat River (section 3.3.1) were based on the Teklanika 

River log Pearson III discharge estimations and the Teklanika and Toklat River 

watersheds ratio. Based on this ratio the Toklat River discharge for any given 

flood event is approximately 1.14 times larger than the Teklanika River discharge 

for the same flood event. Both the Teklanika and Toklat Rivers have histories of
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large, fluctuating discharges within a short period of time, common for glacial 

rivers, and can bee seen in Appendix H. Appendix H is a ten year hydrograph 

record of streamflow data taken by a USGS Teklanika River gauging station 

(15518350). This hydrograph shows the fluctuating discharge of the Teklanika 

River near Lignite, Alaska. Due to this large, fluctuating discharge and the 

significant impacts this variable has on channel morphology, the potential for 

erosion is high for both the Teklanika and Toklat Rivers.

Sediment Discharge

Although a large sediment discharge may not be sufficient for streambank 

erosion, it is nonetheless necessary. As stated in section 2.3, when assessing a 

large, braided river, the sediment discharge relates to the bed load. Section

5.3.3 explains the importance of the sediment discharge variable in streambank 

erosion. Due to this importance, the relations between sediment discharge, Qs, 

and channel geometry, such as width and depth, are worth reexamining. From 

the following relations (see section 5.3.3), it can be seen that as Qs increases, 

the width/depth ratio, F, increases:

q +q ;  ~ B +D W r

Q 'Q ;  ~ B "D ±F “ >TS±P +

Q +Q's ~ B ±D +F “ A±S "P +

q - q ;  - B ' D ' F U ^ P



Most commonly an increase in F results in an increase in the channel width, B, 

which occurs from erosion of the streambank. Bed load studies on the Toklat 

River (section 2.3.4) approximated a total transported bed load per unit width, 

qstotai, to be 92.9 yd3 for a channel bed width of 145 feet, and a time of 21 days. 

From this it can be calculated that an approximate annual bed load for the Toklat 

River is 200,000 yd3. A bed load study done on the Teklanika River (section 

2.3.4) determined an approximate an annual bed load of 36,000 yd3. The 

Teklanika River annual bed load is approximately 18 percent of that of the Toklat 

River. From site investigations it is apparent that the Toklat River project reach is 

subject to greater, and more frequent, rates of streambank erosion than the 

Teklanika River project reach. It is not unlikely that this is a result of greater bed 

load discharge for the Toklat River. From this observation, the sediment 

discharge variable leads to a moderate potential for streambank erosion on the 

Teklanika River, and a high potential for streambank erosion on the Toklat River.

Further, the Toklat River project reach, specifically the left streambank when 

looking downstream, has been in the past, and continues to be, threatened by 

large rates of erosion. From aerial photographs (Appendix G) this streambank 

area has been determined to be an alluvial fan. A possible cause for this erosion 

may be due to a local diminishing of sediment supply. One scenario for the 

diminished sediment supply may be contributed to the construction of a road, 

across the alluvial fan, from the DNP&P main road to a group of maintenance
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buildings. This road may inhibit streamflow carrying sediments from a Toklat 

River tributary, diminishing the local supply. In addition to the constructed road, 

the alluvial fan and sediment supply from the associated tributary have been 

used as a materials source for additional road construction, which may be further 

diminishing the local input of sediment into the Toklat River (Karle, 2000). A 

stream in equilibrium is in balance between the sediment size, d5o, and 

discharge, Qs, and the channel slope, S, and water discharge, Q (section 5.3.3). 

This is illustrated by the following proportionality:

Qs ' d50 ~ Q • S

The local diminished sediment supply for the Toklat River project reach may lead 

to a decrease in Qs, which may in turn force the reach out of equilibrium. Due to 

streambank erosion, the sediment supply increases, resulting in an increase in 

Qs, which reestablishes the equilibrium in the Toklat River project reach is 

working toward.

Aerial photographs (Appendix G) may provide evidence supporting the 

idea of a diminishing sediment supply as a cause for streambank erosion on the 

Toklat River project reach. Aerial photographs before road construction, 11 July 

1951, show a large, well defined, diamond-shaped gravel bar, with the causeway 

connecting the two Toklat River bridges dissecting the gravel bar. Aerial 

photographs after road construction, August of 1981, show a greatly reduced
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gravel bar. This may imply that as the local sediment supply was reduced, the 

gravel bar was then eroded and used as a source of sediment, as may be 

occurring with the streambank.

Width/Depth Ratio

Above, in section 5.3.4, the importance of the width/depth ratio is explained. 

An increasing width/depth ratio implies an increasing streambank erodibility and 

sediment transport. A width/depth ratio greater than 40 is not uncommon for 

large, braided rivers. However, width/depth ratios for the Teklanika and Toklat 

Rivers can average over 100 for moderate flows. Because of this, the 

width/depth ratio leads to a high potential of erosion for both the Teklanika and 

Toklat River project reaches.

Channel Slope and Sinuosity

Steep channel slopes provide sufficient stream power for sediment transport 

and streambank erosion (see section 5.3.4 for further discussion). A 

characteristic of large, braided rivers is that the channel slope approximates the 

valley slope, leading to a sinuosity of 1. The Teklanika and Toklat Rivers have 

valley slopes, and thus channel slopes, of approximately 0.011 and 0.014 

feet/feet, respectively. Channel slopes greater than 0.01 feet/feet are relatively 

steep when compared with more sinuous, single channel streams. Because of



this channel slope variable, the potential of erosion is high for both the Teklanika 

and Toklat Rivers.

Stream Power

Section 5.3.4 is used to describe how a stream’s ability to transport sediment 

is related to stream power, Q. Stream power is calculated:

Q = p g Q S

where p is the density of water, g is the gravitational acceleration, Q is the water 

discharge, and S is the channel slope. From this equation it can be seen that Q 

is proportional to Q and S, two streambank erosion variables previously 

assessed for the Teklanika and Toklat Rivers. Both streambank erosion 

variables, Q and S, lead to a high probability of erosion for the Teklanika and 

Toklat Rivers. Values of Q for a 100- and 500-year flood event for the Teklanika 

River are approximately 2,128 lbf/s and 4,256 lbf/s, respectively. Values of Q for 

a 100- and 500-year flood event for the Toklat River are approximately 3,058 (ft- 

lbf/s)/ft and 5,941 (ft-lbf/s)/ft, respectively. Based on the high streambank erosion 

potential from Q and S, associated with Q, this streambank erosion variable, Q, 

leads to a high potential for erosion on the Teklanika and Toklat Rivers.
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Shear Stress

As described in section 5.3.4, the shear stress, x0, in the near-bank region, 

for large, braided rivers, can be calculated by the following equation:

r0 = 7DS

where y is the unit weight of water, D is the water depth, and S is the channel 

slope. HEC-RAS run data for a 100- and 500-year flood event on the Teklanika 

River calculated an average x0 to approximate 0.69 lb/ft2 and 0.92 lb/ft2, 

respectively. HEC-RAS run data for a 100- and 500-year flood event on the 

Toklat River calculated an average x0 to approximate 0.92 lb/ft2 and 1.26 lb/ft2, 

respectively. The following critical shear stress equation, developed by the 

Highway Research Board for coarse material, was used to approximate the 

shear stress needed for incipient motion (section 2.3.1):

h = 4 d 50

where d50 is in feet and xc is in pounds per square foot (Chang, 1988). This value 

of xc was 0.14 lbf/ft2 and 0.32 lbf/ft2 for the Teklanika and Toklat Rivers, 

respectively. Given the large shear stress during a 100- and 500-year flood 

event, shown in Appendices A and C, relative to the critical shear stress, this 

streambank erosion variable leads to a high potential for erosion on the 

Teklanika and Toklat Rivers.



6.3 Flood Hazard Zone Risk Analysis for the Teklanika and Toklat River 
Project Reaches

Section 6.1 was used to define a potential flood hazard zone as an area 

predicted to be inundated by a given flood event and the associated potential for 

streambank erosion. Once an area is classified as a flood hazard zone, the area 

may then be determined to have a high, moderate, or low risk associated with it. 

This can be accomplished with a two-dimensional risk analysis matrix. In order 

to construct a two-dimensional risk analysis matrix, the overall streambank 

erosion potential must be determined. Section 6.2 states that an overall 

streambank erosion potential can be determined after evaluating the influence 

from each individual streambank erosion variable. Once the overall streambank 

erosion potential is determined, the consequence severity of flooding and 

streambank erosion for a flood hazard zone must be examined. The overall 

streambank erosion potential, and the consequence severity of flooding and 

streambank erosion, define the two-dimensional risk analysis matrix.

6.3.1 Overall Streambank Erosion Potential for the Teklanika and Toklat 
River Project Reaches

Table 4 lists the streambank erosion variable assessments, from section 

6.2.2, for the Teklanika and Toklat River project reaches. Table 4 can be used to 

determine the overall streambank erosion potential for a flood hazard zone. 

From Table 4 it can be seen that the variables comprising the overall streambank 

erosion potential, for the Teklanika River project reach, have been assessed with
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nine high, three moderate, and five low streambank erosion potentials. Also from 

Table 4 it can be seen that the variables comprising the overall streambank 

erosion potential, for the Toklat River project reach, have been assessed with 

fourteen high, one moderate, and two low streambank erosion potentials. Based 

on the number of streambank erosion variables assessed with either high, 

moderate, or low, a determination of the overall streambank erosion potential for 

a flood hazard zone is possible. The Teklanika River project reach, when 

defined a flood hazard zone, would have a moderate overall potential for 

streambank erosion. The Toklat River project reach, when defined a flood 

hazard zone, would have a high overall potential for streambank erosion.

Table 4. Streambank erosion variable assessment (High, Moderate, or Low) 
for Teklanika and Toklat River project reaches.

STREAMBANK EROSION VARIABLES TEKLANIKA RIVER TOKLAT RIVER
Cohesionless and Cohesive Soils High High
Soil Stratification Low Low
Particle Size Distribution Low Low
Root Depth/Streambank Height Ratio Moderate High
Percent of Root Density Low High
Vegetative Surface Protection Low High
Streambank Height/Bankfull Depth Ratio Low High
Angle of Streambank Moderate Moderate
Valley Type and Landforms High High
Valley Slope High High
Neotectonics High High
Water Discharge High High
Sediment Discharge Moderate High
Width/Depth Ratio High High
Channel Slope and Sinuosity High High
Stream Power High High
Shear Stress High High



6.3.2 Consequence Severity of Flooding and Streambank Erosion for the
Teklanika and Toklat River Project Reaches

Consequence severity pertains to the loss associated with a flood hazard 

zone. Severity categories used in this discussion are life, structures and/or 

roads, and inconveniences. Loss of life resulting from a flood event would be a 

highly severe consequence; loss of a maintenance building, road, or helicopter 

pad resulting from a flood event would be considered a moderately severe 

consequence; and inconveniences, such as temporary closure of an area due to 

a flood event, would be considered a low severity consequence. No structures or 

roads are located adjacent to the Teklanika River project reach, and besides 

occasional nature walks guided by NPS personnel, there is little threat to human 

life from a flood event. Therefore, with inconvenience due to flooding being the 

only threat, there is a low consequence severity associated with this potential 

flood hazard zone. Located adjacent to the Toklat River project reach, at risk in a 

potential flood hazard zone, are a service road, helicopter landing pad, bus 

parking area, toilet facilities, and maintenance buildings. DNP&P visitors 

frequently use this area to exit the tour buses and view the Toklat River. 

However, it is unlikely that visitors would not be informed of the flood hazard, and 

be put at risk. Thus, it is unlikely that a loss of life would occur during flooding. 

Due to the possible loss of structures and a road, resulting from flooding and 

streambank erosion of this area, there is a moderate consequence severity 

associated with this potential flood hazard zone.
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6.3.3 Risk Analysis Matrix for the Teklanika and Toklat River Project 
Reaches

Once an inundated area has been calculated, it has been determined that 

this area is a flood hazard zone, an overall streambank erosion potential has 

been completed, and a severity of consequences resulting from flooding has 

been examined, a two-dimensional risk analysis may be completed. As stated in 

6.1, a risk analysis for a flood hazard zone entails answering two questions:

1. What is the probability of flooding and streambank erosion?

2. What is the consequence severity of flooding and streambank erosion? 

Answering these two questions labels a flood hazard zone as a high, moderate, 

or low risk area. The answer to the first question is obtained through determining 

the overall streambank erosion potential (section 6.3.1). The answer to the 

second question is obtained by the consequence severity (section 6.3.2) 

associated with the flood hazard zone. Table 5 shows a possible two- 

dimensional risk analysis matrix for a flood hazard zone, based on overall 

streambank erosion potential and the associated consequence severity, for a 

given flood event.

Table 5. Flood hazard zone two-dimensional risk analysis matrix.
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The Teklanika River project reach was assessed as having a moderate 

overall streambank erosion potential and a low consequence severity due to 

flooding. From Table 5 it can be seen that the associated risk, due to flooding, 

for this flood hazard zone may be considered low.

The Toklat River project reach was assessed as having a high overall 

streambank erosion potential and a moderate consequence severity due to 

flooding. From Table 5 it can be seen that the associated risk, due to flooding, 

for this flood hazard zone may be considered high.
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Chapter 7 

Conclusions and Recommendations

7.1 Conclusions

The NPS is required to assess the risks of flooding to existing and 

proposed structures within the boundaries of the NPS system. This entails 

investigating the risks of flooding for large, braided rivers found in DNP&P. The 

project reaches located on the Teklanika and Toklat Rivers were established for 

this purpose. In order to assess the risks of flooding for the project reaches, an 

area of concern, called the flood hazard zone, was established. Defining the 

flood hazard zone was the inundated area and the associated threat of 

streambank erosion, for a particular flood event. By assessing the potential for 

streambank erosion in an inundated area and defining a level of consequence 

severity, a two-dimensional risk analysis matrix was used to assess the risks of 

flooding in a flood hazard zone.

A floodplain delineation method was established using the Tr versus 

di/dmax curve, created from HEC-RAS generated data, which allowed for the 

calculation of the water surface elevation for a particular flood event (Chapter 4). 

Cross-sections of the project reaches taken during the 1999 field season, and 

cross-sections provided by NPS personnel, were used as input data for running 

the HEC-RAS model. The HEC-RAS model was calibrated by using a 1.5-year
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flood discharge, assumed to be the bankfull discharge, and a bankfull stage 

approximating the top of central gravel bars located within predominant, active 

channels. The top of the central gravel bars also provides an easily detectable 

bankfull field indicator. The HEC-RAS Manning’s n value was then changed in 

order for the bankfull stage to more closely approximate these bankfull field 

indicators. Although this calibration technique involves many assumptions, given 

the lack of stage-discharge data, the technique provided a level of reassurance 

that is acceptable to the author. A log Pearson III analysis was used to 

approximate flood discharge for the Teklanika River. This analysis and the 

Teklanika and Toklat River watershed ratio was used to approximate flood 

discharge for the Toklat River. Results from the modeling show an average 

di/dmax ratio of 1.6 and 1.95 for the 100- and 500-year flood event, respectively. 

This is to say that the 100-year flood event will have a depth approximately 1.6 

times that of the maximum depth at bankfull.

Assessing the overall streambank erosion potential was accomplished by 

evaluating the individual streambank erosion variables associated with lateral 

erosion (Chapters 5 and 6). The Teklanika and Toklat River project reaches 

were defined as having a moderate and high overall streambank erosion 

potential, respectively. Similarly, the Teklanika and Toklat River project reaches 

were defined as having a low and high consequence severity, respectively, 

based on the level of loss associated with flooding (section 6.3.2). From the



overall streambank erosion potential and the level of consequence severity, the 

Teklanika and Toklat River project reaches were determined to have a low and 

high risk of loss, respectively, associated with flooding.

7.2 Recommendations

This investigation should be the first step in the development of a NPS 

floodplain management guideline for large, braided rivers similar to the Teklanika 

and Toklat River project reaches. The methods used for delineating floodplains 

based on the di/dmax curve need to be further investigated through field 

observations, surveys, and discharge measurements during different flood 

events. Similarly, field observations and surveys of streambanks, over an 

extended period of time (3 to 5 years), should follow this investigation in order to 

affirm the streambank variable assessments. Any further streambank 

investigation should include vertical and horizontal pin placements within the 

streambank to determine a rate of erosion associated with the streambank 

erosion variable assessments. By combining the additional work mentioned 

above, a more accurate and complete understanding of the flood hazard zone 

may be obtained.

It is recommended that further investigations be conducted to support the 

assessment of these variables. These further investigations should also make
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an attempt to weigh each streambank erosion variable in order to establish those 

that play the most significant roles in lateral erosion.

The two-dimensional risk analysis matrix was based on the overall 

streambank erosion potential and the consequence severity. The author 

determined the level of consequence severity, but NPS personnel should 

develop a more suitable definition of the consequence severity, for areas within 

the NPS system. This would provide a more beneficial floodplain risk 

assessment for flooding of flood hazard zones located adjacent to large, braided 

rivers.
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Appendix A

Teklanika River HEC-RAS Generated Run Data 
for the 1.5-, 10-, 50-, 100-, and 500-Year Flood Events



1.5-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top Width Hydr Depth Max Chi 

Dpth
Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft)

6 500 484.6 488.46 486.92 0.001206 275.28 249.18 1.1 3.86 1.82 0.08
5 500 485.03 488.19 487.95 0.008634 147.35 231.45 0.64 3.16 3.39 0.34
4 500 477.99 479.92 0.014017 133.02 258.61 0.51 1.93 3.76 0.45
3 500 469.91 471.82 0.009412 168.53 188.29 0.9 1.92 2.97 0.52
2 500 464.1 465.8 465.75 0.013005 120.07 189.01 0.64 1.7 4.16 0.51
1 500 459.12 460.15 460.07 0.011003 147.6 280 0.53 1.03 3.39 0.36

10-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top Width Hydr Depth Max Chi 

Dpth
Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) dio/di.s

6 1200 484.6 489.05 488.18 .0.001783 424.69 265 1.6 4.45 2.83 0.17 1.15
5 1200 485.03 488.57 488.48 0.010686 237.68 241.21 0.99 3.54 5.05 0.65 1.12
4 1200 477.99 480.3 480.28 0.01157 581.52 1479.29 0.39 2.32 3.68 0.41 1.20

3 1200 469.91 472.58 0.010295 350.57 338.17 1.04 2.67 3.42 0.66 1.39
2 1200 464.1 466.32 466.26 0.013207 305.58 532.35 0.57 2.22 3.93 0.47 1.31

1 1200 459.12 460.55 460.47 0.010995 279.75 372.1 0.75 1.43 4.29 0.52 1.39

50-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top Width Hydr Depth Max Chi 

Dpth
Vel Chnl Shear Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) dso/di.5

6 2300 484.6 489.74 488.72 0.002238 621.95 307.35 2.02 5.15 3.7 0.28 1.33
5 2300 485.03 489.02 489.02 0.012106 349.93 262.36 1.33 3.99 6.57 1 1.26
4 2300 477.99 480.61 480.49 0.009719 1057.34 1613.07 0.66 2.62 3.95 0.44 1.36

3 2300 469.91 473.17 0.011513 626.55 592.36 1.06 3.26 3.67 0.76 1.70
2 2300 464.1 466.65 466.6 0.012439 509.26 687.84 0.74 2.55 4.52 0.57 1.50

1 2300 459.12 460.96 460.89 0.01102 452.87 468.31 0.97 1.84 5.08 0.66 1.79



100-Year Discharge

Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top Width Hydr Depth
Max Chi 

Dpth
Hydr

Radius Vel Chnl
Shear
Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) .. (ftL . J m  _ <!b/sq ft)
dioo/di.

5

6 3100 484.6 490.12 489.06 0.002425 742.7 325.07 2.28 5.52 2.24 4.17 0.34 1.43

5 3100 485.03 489.36 489.36 0.011829 444.32 299.33 1.48 4.33 1.47 6.98 1.09 1.37
4 3100 477.99 480.77 480.63 0.009313 1323.52 1660.79 0.8 2.79 0.8 4.22 0.48 1.45

3 3100 469.91 473.41 0.01185 774.39 657.03 1.18 3.5 1.18 4 0.87 1.82

2 3100 464.1 466.82 466.78 0.012224 627.78 731.98 0.86 2.71 0.86 4.94 0.65 1.59

1 3100 459.12 461.19 461.12 0.011007 563.82 517.14 1.09 2.07 1.09 5.5 0.75 2.01

500-Year Discharge
Q

Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top Width Hydr Depth
Max Chi 

Dpth
Hydr

Radius Vel Chnl
Shear
Chan

River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) . . (ft) (ft) (ft/s) (Ib/sq ft)
dsoo/di.

5
6 6200 484.6 491.16 490.06 0.002807 1080.97 326.8 3.31 6.56 3.23 5.74 0.57 1.70

5 6200 485.03 490.25 490.25 0.010506 731.04 335.82 2.18 5.22 2.16 8.48 1.42 1.65

4 6200 477.99 481.28 481.01 0.008186 2200.82 1804.39 1.22 3.29 1.22 4.9 0.58 1.70
3 6200 469.91 474.02 473.68 0.012676 1236.44 787.17 1.57 4.11 1.57 5.01 1.24 2.14

2 6200 464.1 467.29 467.27 0.011612 986.45 770.62 1.28 3.19 1.28 6.29 0.93 1.88

1 6200 459.12 461.85 461.82 0.011005 966.49 703.13 1.37 2.73 1.37 6.41 0.94 2.65



Appendix B

Teklanika River HEC-RAS Generated Cross-Sections 
for the 1.5-, 100-, and 500-Year Flood Events
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Appendix C

Toklat River HEC-RAS Generated Run Data 
1.5-, 1 0 -, 50-, 100-, and 500-Year Flood Events



1.5-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top

Width
Hydr Depth Max Chi 

Dpth
Vel Chnl Shear

Chan
River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft)

10000 570 163.48 167.11 166.42 0.013353 139.46 86.58 1.61 3.62 4.09 1.28
9100 570 152 154.45 154.13 0.015124 239.63 383.07 0.63 2.44 2.38 0.59
8200 570 139.17 141.12 0.014558 305.04 631.11 0.48 1.95 1.87 0.44
7300 570 124.86 126.76 0.017384 254.13 444.73 0.57 1.9 2.24 0.62
6400 570 110.6 112.38 111.98 0.014628 250.44 418.25 0.6 1.78 2.28 0.55
5500 570 97.23 99.51 99.16 0.014012 298.69 567.41 0.53 2.28 1.91 0.46

10-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top

Width
Hydr Depth Max Chi 

Dpth
Vel Chnl Shear

Chan
River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) di0/di 5

10000 1300 163.48 168.37 167.5 0.014672 292.91 175 1.67 4.89 4.44 1.49 1.35
9100 1300 152 154.89 154.58 0.015634 491.33 686.84 0.72 2.88 2.65 0.7 1.18
8200 1300 139.17 141.48 0.01441 574.17 884 0.65 2.3 2.26 0.58 1.18
7300 1300 124.86 127.19 0.017503 501.96 711.89 0.71 2.33 2.59 0.77 1.23
6400 1300 110.6 112.85 112.46 0.014519 475.99 601.16 0.79 2.25 2.73 0.72 1.26
5500 1300 97.23 99.89 99.53 0.014007 556.02 778.43 0.71 2.66 2.34 0.62 1.17

50-Year Discharge
Q Total Min Ch El W.S. Elev CritW.S. E.G. Slope Flow Area Top

Width
Hydr Depth Max Chi 

Dpth
Vel Chnl Shear

Chan
River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) d5o/dl.5

10000 2600 163.48 169.39 168.82 0.016576 580.36 379.71 1.53 5.91 4.48 1.55 1.63
9100 2600 152 155.36 154.94 0.015075 857.64 951.38 0.9 3.36 3.03 0.84 1.38
8200 2600 139.17 141.85 0.015076 968.33 1194.37 0.81 2.67 2.69 0.76 1.37
7300 2600 124.86 127.66 0.0165 945.62 1173.76 0.81 2.8 2.75 0.83 1.47
6400 2600 110.6 113.32 112.89 0.014936 806.58 810.7 0.99 2.72 3.22 0.92 1.53
5500 2600 97.23 100.35 99.88 0.014 995.73 1180.99 0.84 3.12 2.61 0.74 1.37



100-Year Discharge
Q Total Min Ch El W.S.

Elev
CritW.S. E.G. Slope Flow Area Top Width Hydr Depth Max Chi 

Dpth
Vel Chnl Shear

Chan
River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) dioo/di.s

10000 3500 163.48 169.69 169.19 0.017094 698.24 394.76 1.77 6.21 5.01 1.85 1.05
9100 3500 152 155.58 155.11 0.014794 1095.71 1108.29 0.99 3.58 3.19 0.91 1.07
8200 3500 139.17 142.01 0.015365 1170.36 1245.52 0.94 2.84 2.99 0.9 1.06
7300 3500 124.86 127.83 0.016359 1144.85 1204.09 0.95 2.97 3.06 0.97 1.06
6400 3500 110.6 113.59 113.1 0.015395 1060.7 1053.18 1.01 2.99 3.3 0.96 1.10
5500 3500 97.23 100.53 100.04 0.014004 1223.12 1264.72 0.97 3.3 2.86 0.84 1.06

500-Year Discharge
Q Total Min Ch El W.S.

Elev
CritW.S. E.G. Slope Flow Area Top Width Hydr Depth Max Chi 

Dpth
Vel Chnl Shear

Chan
River Sta (cfs) (ft) (ft) (ft) (ft/ft) (sq ft) (ft) (ft) (ft) (ft/s) (Ib/sq ft) d50o/dl.5

10000 6800 163.48 170.53 170 0.017879 1027.96 395.17 2.6 7.05 6.62 2.84 1.19
9100 6800 152 156.1 155.63 0.015028 1696.12 1234.37 1.37 4.1 4.01 1.28 1.22
8200 6800 139.17 142.51 0.015236 1811.58 1361.9 1.33 3.33 3.75 1.26 1.25
7300 6800 124.86 128.32 0.016444 1751.69 1292 1.36 3.45 3.88 1.39 1.23
6400 6800 110.6 114.18 0.015106 1764.56 1368.17 1.29 3.58 3.85 1.21 1.32
5500 6800 97.23 101.04 100.52 0.014008 1914.02 1430.76 1.34 3.82 3.55 1.17 1.22



Appendix D

Toklat River HEC-RAS Generated Cross-Sections 
for the 1.5-, 100-, and 500-Year Flood Events

























R iver = T o k la t R iver R e a c h  = B rid g e  X - s e c t io n  1 0 9 + 1 3 .0 3
Toklat River 500-Year Discharge





R iver = T o k la t R iver R e a c h  = B rid g e  X -s e c tio n  1 2 7 + 1 5 .8 8
Toklat River 500-Year Discharge

Station (ft)



R iver = T o k la t R iver R e a c h  = B rid g e  X -s e c tio n  1 3 6 + 1 3 .3 1
Toklat River 500-Year Discharge

Station (ft)





APPENDIX E

Rosgen Classification Key for Natural Rivers 
(Rosgen, 1996)





APPENDIX F

Bank Erodibility Hazard Rating Guide 
(Rosgen, 1996)



Bank erodibility hazard rating guide (Rosgen, 1996).
BANK EROSION POTENTIAL

CRITERIA VERY LOW LOW MODERATE HIGH VERY HIGH EXTREME
Value Index Value Index Value Index Value Index Value Index Value Index

Bank Ht/Bkf Ht 
Root Depth/Bank Ht 
Root Density (%)
Bank Angle (Degrees) 
Surface Protection (%)

1.0-1.1 1.0-1.9 1.1-1.19 2.0-3.9 1.2-1.5 4.0-5.9 1.6-2.0 6.0-7.9 2.1-2.8 8.0-9.0 >2.8 10
1.0-0.9 1.0-1.9 0.89-0.50 2.0-3.9 0.49-0.30 4.0-5.9 0.29-1.15 6.0-7.9 0.14-0.5 8.0-9.0 <.05 10
80-100 1.0-1.9 55-79 2.0-3.9 30-54 4.0-5.9 15-29 6.0-7.9 5-14 8.0-9.0 <5.0 10
0-20 1.0-1.9 21-60 2.0-3.9 61-80 4.0-5.9 81-90 6.0-7.9 91-119 8.0-9.0 >119 10

80-100 1.0-1.9 55-79 2.0-3.9 30-54 4.0-5.9 15-29 6.0-7.9 10-15 8.0-9.0 <10 10
TOTALS

5-9.5 10-19.5 20-2.5 30-39.5 40-45 46-50
Numerical Adjustments

BANK MATERIALS: BEDROCK: BANK EROSION POTENTIAL ALWAYS VERY LOW
BOULDERS: BANK EROSION POTENTIAL LOW
COBBLE: DECREASE BY ONE CATEGORY UNLESS MIXTURE OF GRAVEL/SAND IS OVER 50%, THEN NO ADJUSTMENT 
GRAVEL: ADJUST VALUES UP BY 5-10 POINTS DEPENDING ON COMPOSITION OF SAND 
SAND: ADJUST VALUES UP BY 10 POINTS 
SILT/CLAY: NO ADJUSTMENT

STRATIFICATION: 5-10 POINTS (UPWARD) DEPENDING ON POSITION OF UNSTABLE LAYERS IN RELATION TO BANKFULL STAGE



Appendix G

Aerial Photographs of the Teklanika and Toklat Rivers
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Teklanika River, August, 1981.





Toklat River, August, 1981



Appendix H

Historical Streamflow Daily Values Graph 
for the Teklanika River Near Lignite, Alaska




