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Effectiveness of Streambank-Stabilization Techniques 
Along the Kenai River, Alaska

By Joseph M. Dorava
ABSTRACT

The Kenai River in southcentral Alaska is
the State’s most popular sport fishery and an
economically important salmon river that gen-
erates as much as $70 million annually. Boat-
wake-induced streambank erosion and the
associated damage to riparian and riverine hab-
itat present a potential threat to this fishery.
Bank-stabilization techniques commonly in use
along the Kenai River were selected for evalua-
tion of their effectiveness at attenuating boat-
wakes and retarding streambank erosion.
Spruce trees cabled to the bank and biodegrad-
able man-made logs (called “bio-logs”) pinned
to the bank were tested because they are com-
monly used techniques along the river. These
two techniques were compared for their ability
to reduce wake heights that strike the bank and
to reduce erosion of bank material, as well as for
the amount and quality of habitat they provide
for juvenile chinook salmon. Additionally, an
engineered bank-stabilization project was eval-
uated because this method of bank protection is
being encouraged by managers of the river. Dur-
ing a test that included 20 controlled boat
passes, the spruce trees and the bio-log provided
a similar reduction in boatwake height and bank
erosion; however, the spruce trees provided a
greater amount of protective habitat than the
bio-log. The engineered bank-stabilization
project eroded less during nine boat passes and
provided more protective cover than the adja-
cent unprotected natural bank. Features of the
bank-stabilization techniques, such as tree limbs
and willow plantings that extended into the
water from the bank, attenuated the boatwakes,
which helped reduce erosion. These features
also provided protective cover to juvenile
salmon.

INTRODUCTION

Background

Streambank erosion and sedimentation
have been recognized as substantial non-point
sources of pollution throughout the nation
(Duijsings, 1986; Lietman and others, 1984;
Odgaard, 1984; U.S. Army Corps of Engineers,
1981; von Guerard, 1989). Furthermore, these
geomorphic processes are contributing causes
for significant salmon population declines in
anadromous river systems (American Society
of Civil Engineers, 1992; Beschta, 1989; Bjorn,
1969; Hansen, 1971; Klingeman and others,
1990; Meehan, 1974; Meehan and Swanston,
1977). Riparian areas that provide cover and
food sources for juvenile salmon are destroyed
by streambank erosion, which subsequently
increases the transport and deposition of sedi-
ment. Spawning gravels thereby become
clogged with deposits of fine sediment. The
effect is a reduction of salmon numbers
because of habitat loss (Beschta, 1989). In
addition, many bank-protection, stabilization,
or restoration techniques currently in use pro-
vide poor fish habitat. For example, concrete
block retaining walls can very effectively pro-
tect a bank from eroding; however, the smooth
flat face of the wall provides little habitat suit-
able for fish.

Boatwakes cause bank erosion and resus-
pend streambed sediments, which can degrade
water quality (Byrd and Perona, 1980; Dez-
man, 1990; Dorava and Moore, 1997; Garrad
and Hey, 1987 and 1988; Jackivicz and
Kuzminski, 1973a, 1973b; Nanson and others,
1994; Schoellhamer, 1990; Smart and others,
Introduction     1
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1985; von Krusenstierna, 1990; Yousef and
others, 1978). Boatwake-induced erosion and
habitat loss in important salmon-rearing areas
can reduce the number of salmon ultimately
available to fishermen and threaten the fishery.
Bank-stabilization techniques and erosion con-
trol measures are commonly used to protect
water quality and fisheries, but have had varied
success (Dezman, 1990; Garcia, 1988; Nel-
son,1986; Trimble, 1997).

The fisheries in the Kenai River in south-
central Alaska (fig. 1) generate as much as $70
million annually (Liepitz, 1994). Because of
the economic importance of these fisheries,
managers of the river are concerned about any-
thing that may threaten the fishery. Paramount
among their concerns are those activities such
as accelerated bank erosion from boatwakes
and streamside development that are directly
related to fish and fish habitat. Chinook salmon
are the primary target species for sport fisher-
men on the Kenai River. Rearing habitat for
juvenile chinook salmon is one of the principal
factors limiting production of this fishery. Juve-
nile chinook salmon in the Kenai River com-
monly rear in areas within about 6 feet of the
streambank, where water velocities are less
than 1 foot per second, stream substrate is
greater than 1.5 inches in diameter, and abun-
dant cover can protect them from predators
(Bendock and Bingham, 1988; Burger and oth-
ers, 1982; Estes and Kuntz, 1986; Liepitz,
1994; Raleigh and others, 1986). These rearing
habitat features are easily altered by boatwake-
induced streambank erosion and streamside
development. In particular, the cover provided
by streamside vegetation is commonly
removed by development or destroyed by stre-
ambank erosion.

The Kenai River salmon fisheries may be
threatened by streambank erosion generated by
boatwakes (Dorava and Moore, 1997; Recken-
dorf, 1991; Scott, 1982). As the State’s popula-
tion and river use increase, boatwake-induced
streambank erosion and the associated riparian

and riverine habitat losses most likely will als
increase. Bank-stabilization techniques that a
effective at reducing bank erosion by attenua
ing the effects of boatwakes and provide habi
for rearing juvenile chinook salmon would b
valuable to the economy, to streamside pro
erty owners, and to wildlife, river, and lan
management agencies. Numerous streamba
stabilization techniques have been develop
and deployed along the Kenai River; howeve
few of these have been designed specifically
provide protection from boatwakes. 

The ultimate design goal of bank stabil
zation is not to minimize erosion, but to crea
a maintainable environment, because mob
natural stream channels are dynamic, not sta
(Thomas, 1990). During this study, three ban
stabilization techniques commonly used alon
the Kenai River were evaluated. These tec
niques were compared for their effectiveness
providing protection from boatwake-induce
damage to riparian and riverine habitat impo
tant to juvenile chinook salmon. The study wa
supported in part by funds designated for mi
gation of non-point source pollution provide
by the Alaska Department of Environment
Conservation, and for habitat restoration pr
vided by the Alaska Department of Fish an
Game.

Objectives and Approach

The two primary objectives of the stud
were (1) to evaluate how effectively three str
ambank-stabilization techniques reduce t
maximum height of boatwakes striking th
bank and retard boatwake-induced streamba
erosion and (2) to evaluate the amount and s
ability of potential fish habitat provided by
those techniques. 

The approach used to address these ob
tives was to make three types of measureme

(1) The average maximum height of boatwak
striking the bank was measured. The bo
2 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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wakes were measured with a float encased
in a screen mesh and attached to a paper
chart recorder. These wake-recording
instruments were also used in previous
studies to evaluate the effects of boatwakes
on streambank erosion and are described in
greater detail by Dorava and Moore
(1997).

(2) The average weight of material eroded from
each foot of the streambank was measured.
The material was collected in a 12- by 18-
by 2-inch baking pan pinned to the stream
bottom near the base of the bank with the
12-inch side parallel with the streambank.
The average weight of material collected
in the pan while no boatwakes were strik-
ing the bank was subtracted from the
weight of material collected in the pan dur-
ing each boat pass. The amount of material
collected in the pan may have been less
than was eroded from the bank. Some
material may not have stayed in the pan
because of the washing action of numerous
wakes that occur with a single boat pass.
This pan-collection method was also used
by Dorava and Moore (1997) to evaluate
the effects of boatwakes on streambank
erosion. 

(3) The amount of juvenile chinook salmon
habitat available for protective cover was
measured by determining the area of pro-
tective cover provided by each stabiliza-
tion technique. 

Previous Boatwake Studies

Most research that specifically addresses
boatwake-induced streambank erosion is done
on large rivers such as the Mississippi, Illinois,
or Ohio Rivers, and generally only for large
commercial vessels such as navy ships or cargo
barges (Bhowmik and Demissie, 1982; Das and
Johnson, 1970; Hagerty and others, 1981; Kar-
aki and vanHoften, 1974; Sparks, 1975). Espe-
cially rare are studies of smaller rivers such as

the Kenai River, whose primary traffic is 10- to
26-foot-long recreational boats (Dorava and
Moore, 1997). Studies on rivers in England—
where recreational and pleasure boats are a s
stantial component of overall boat traffic—
documented that turbidity and sediment co
centration increased, the river channel wi
ened, and densities of submerged macrophy
plants declined as a result of boat traffic (Ga
rad and Hey, 1987, 1988; Hilton and Phillip
1982; Murphy and Eaton, 1983). Additiona
studies of recreational boat traffic in Ol
Tampa Bay and the intra-coastal waterway 
Florida (Schoellhamer, 1990; Verdon, 1999
and in Chesapeake Bay in Maryland (Zabaw
and Ostrom, 1980) also report shoreline a
bed-sediment disturbances associated w
boatwakes. The Minnesota Department of N
ural Resources (Bentley and others, 1991) h
published a brochure containing design, co
struction, and permitting details for protectin
streambanks from erosion, but noted that p
formance data for these techniques were spa

During investigations of the River Bure
in England, Garrad and Hey (1987) tested va
ous size boats (12 to 42 feet long) travelin
along various sailing lines (about 0, 30, and 
feet from the bank) and moving at differen
speeds (3 to 7 miles per hour). They found th
suspended-sediment concentration increas
rapidly following passage of a boat when 
traveled at a speed greater than some minim
threshold speed. Furthermore, at speeds gre
than this threshold speed, the increase in bo
wake-induced suspended-sediment concen
tion dissipated slowly. Because of the hig
frequency of boat passes, the effects 
increased suspended-sediment concentrat
from a single boat pass were not dissipat
before additional boat passes occurred. T
results imply that even when the boats are op
ated within prescribed speed limits, potential
detrimental increases in suspended-sedim
concentrations can occur.
4 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska



There may be a direct application of this
English study to the Kenai River. Although the
Kenai River does not currently have boat-oper-
ating speed limits, the existing 35-horsepower
limit on outboard motors can be considered, at
least conceptually, in a similar manner. It illus-
trates that significant streambank erosion and
subsequent habitat losses can occur even when
boats are operated within the current regulatory
framework. 

STREAMBANK-STABILIZATION 
TECHNIQUES

Three popular streambank-stabilization
materials and techniques in use along the Kenai
River were selected for this study. These
included (1) man-made bio-degradable logs
made of coconut husks and woven into a round
cylinder (bio-logs); (2) freshly cut spruce trees
cabled together in a bunch; and (3) an engi-
neered combination of bio-logs and cabled
spruce trees installed together with willow
plantings. A database of restoration projects
maintained by the Kenai River Center in Sol-
dotna indicates that in 1998, about 6,615 feet of
the Kenai River streambank was stabilized with
spruce trees cabled to the bank, about 6,730 feet
of the bank was stabilized with bio-logs, and
about 1,700 feet of the bank was stabilized with
an engineered combination of materials includ-
ing spruce trees, bio-logs, and willow plantings
(Dean Hughes, Alaska Department of Fish and
Game, written commun., 1998). The three
bank-stabilization materials and techniques
were evaluated for their effectiveness at attenu-
ating boatwakes and protecting the bank from
erosion, and compared for the amount and qual-
ity of habitat they provided to juvenile chinook
salmon, primarily as protective cover. At one
site along the river, both bio-logs and spruce
trees were installed in front of the bank and a
boatwake-recording instrument. These tech-
niques were compared for their ability to
reduce the maximum height of boatwakes strik-

ing the bank and for their ability to retard stre-
ambank erosion. At another site about 5 miles
upstream, the engineered combination of bio-
logs, cabled spruce trees, and willow plantings
was evaluated primarily for its ability to retard
streambank erosion and provide protective
cover to juvenile chinook salmon. It was
impossible to quantify the ability of this engi-
neered site to attenuate boatwakes because its
previous installation into the streambank pre-
vented measurement of wake characteristics.

SITE SELECTION AND DESCRIPTION

River Mile 16

A site in the lower river near river mile
16, downstream from the city of Soldotna, was
selected for study (figs. 1 and 2). Boatwake and
erosion recording instruments have been
deployed at this site since 1995, and substantial
boatwake-induced streambank erosion has
occurred here (Dorava and Moore, 1997). This
site is on the inside of a meander bend and is
heavily vegetated with alder, willow, and
mature spruce trees. The low banks at this
instrumented site provided an opportunity to
test bank response to boatwakes under the fol-
lowing conditions: (1) no protection, (2) a tem-
porarily installed bio-log, and (3) temporarily
installed spruce trees. 

A bio-log and cabled spruce trees were
installed near river mile 16 on August 4, 1998.
During the wake testing, stream discharge at
the site was about 13,800 cubic feet per second
based on records at the nearby USGS stream-
gaging station Kenai River at Soldotna (No.
15266300; fig. 1) (Bertrand and others, 1999).
This discharge is within 5 percent of the long-
term mean discharge for August (14,470 cubic
feet per second), which has typically been the
month of maximum mean discharge. This 5
percent discharge difference translates into a
water depth difference of about 0.15 foot, indi-
cating that the river flow during the August test
Streambank-Stabilization Techniques  5



period was close to mean annual high-water
conditions. The bio-log, about 20 feet long and
12 inches in diameter, was installed in front of
the bank by pinning it to the stream bottom with
metal stakes (fig. 3). The bio-log protruded
about 3 inches above the waterline. Two freshly

cut spruce trees about 20 feet long were cabled
together and attached to the streambank with
short cables (fig. 4). The spruce trees extended
above the water line and into the river consid-
erably more than the bio-log. 
6 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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River Mile 21

Another site near river mile 21, upstream
from the Sterling Highway Bridge in Soldotna,
was also selected for study (figs. 1 and 5). Boat-
wake recording instruments have been installed
at this location since 1995. Measurements indi-
cate that boatwake-induced erosion has been
less here than at river mile 16 (Dorava and

Moore, 1997). The banks near river mile 21 are
covered with grass and some short willow
brush, but the vegetation cover is less dense
here than at the downstream site. This site pro-
vided an opportunity to test the effects of boat-
wakes on a natural unprotected bank and on a
bank stabilized with an engineered combina-
tion of materials.
Site Selection and Description  9



A previously installed, engineered bank-
stabilization technique near river mile 21 was
tested on September 25, 1998. During the Sep-
tember boatwake testing, stream discharge at
the site was about 8,750 cubic feet per second,
also based on records at the USGS stream-gag-
ing station Kenai River at Soldotna (fig. 1)
(Bertrand and others, 1999). This discharge is
about 40 percent less than the long-term mean
discharge for August, typically the month of
maximum mean discharge. This 40 percent dis-
charge difference translates into a water depth
difference of about 1.24 feet, indicating that the
river flow during the September test period was
well below mean annual high-water conditions.
A segment of bank downstream from the wake-
recording instruments had been stabilized with
a combination of cabled spruce trees, bio-logs,
rocks, and willow plantings (fig. 6) about 2
years before the current study. This type of
engineered stabilization is encouraged by river
managers as a preferred technique because it is
thought to both protect the bank and provide
fish habitat (Gary Liepitz, Alaska Department
of Fish and Game, oral commun., 1999). Just
upstream from the wake-recording instru-
ments, the bank is covered with grass and short
willows and is in its natural unprotected state. 

WAKE HEIGHTS

At the site near river mile 16, a sailing
line about 75 feet from the streambank was
established with floating buoys. A 20-foot-
long, flat-bottom boat, powered by a 28-horse-
power outboard, made 20 passes (10 upstream
and 10 downstream) during each of the three
test conditions. The boat was operated at top
speed traveling along the established sailing
line with the equivalent weight of three passen-
gers on board. A wake gage installed near the
bank at this site recorded the maximum wake
height striking the bank from each boat pass as
an ink trace on a paper chart. Initially, data were
collected from the unprotected natural bank,

including the maximum wake heights striking
and the weight of sediment eroded from it dur-
ing 20 boat passes.

Following the test on the natural bank, the
bio-log was installed in front of the bank (fig.
3). This bio-log was not a typical bio-log instal-
lation, but rather was intended to simulate the
effect the bio-log would have on boatwakes.
Boatwakes approaching the bank struck the
bio-log prior to striking the bank or being
recorded by the wake gage. After this test, the
bio-log was replaced by the cabled spruce trees
(fig. 4). Boatwakes struck the spruce trees prior
to the wake-gage or the streambank. The aver-
age of the 20 recorded maximum wake heights
was calculated and used to compare the natural
bank with the same bank after installing the
bio-log and the cabled spruce trees (fig. 7, table
1).

BANK EROSION

During the wake tests near river mile 16,
the average weight of eroded bank material was
measured at the natural bank and with each
bank-stabilization technique in place. The
material eroded from the streambank during
each boat pass was collected in a a 12- by 18-
by 2-inch baking pan pinned to the river bottom
with the 12-inch side of the edge adjacent to the
streambank. The average weight of eroded
bank material retained in the pan during the test
was measured. This measurement was used as

Table 1. Wake heights measured near
river mile 16, Kenai River, Alaska

Bank-
stabilization 
technique

Wake height (foot)

Average 
maximum 

Range
Standard 
deviation

None; natural 0.58 0.35—0.83 0.14

Bio-log 0.48 0.25—0.73 0.15

Spruce trees 0.46 0.27—0.76 0.16
10 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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THREE GROUPS OF 20 BOAT PASSES AT ONE SITE
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Figure 7. Height of wakes striking the bank near river mile 16 of the Kenai River, Alaska. 
the primary measure of the effectiveness of
each bank-stabilization technique to retard
boatwake-induced streambank erosion. At
river mile 16, the material eroded from the bank
was collected during each of the 20 boat passes
(fig. 8; table 2). A test of bank erosion was also
done at the site near river mile 21. At this site,
the weight of material eroded from the unpro-
tected natural bank was compared with mate-
rial eroded from the front of the adjacent
engineered bank (fig. 6). This material was col-
lected during each of nine boat passes (fig. 9;
table 2).

Table 2. Weight of eroded bank material retained 
in collection pan near river miles 16 and 21, 
Kenai River, Alaska

Bank-stabilization 
technique

Average weight 
(pound per foot of bank)

River mile 16

None; natural 0.00048

Bio-log 0.00014

Spruce trees 0.00010 

River mile 21

None; natural 0.163

Engineered restoration 0.044
12 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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Figure 8. Weight of material eroded from the bank near river mile 16 of the Kenai River, Alaska.
To help understand the accuracy, variabil-
ity, and reliability of the weight-measurement
method, several quality-control and quality-
assurance measures were employed. For exam-
ple, because the bank-erosion comparisons
were intended to evaluate only boatwake-
induced erosion, a sample of bank erosion was
also taken when no wakes were striking the
bank. This type of sample was collected twice
during each test: before running the boat passes
and after all 20 boat passes. The average weight
of these bank-erosion samples taken before and
after the boatwake test was then subtracted
from the average weight of material eroded
from the banks during each test to determine

the wake-induced erosion. The average weight
of material collected at the base of the bank
when no wakes were striking the bank ranged
from 5.2 to 41 percent of the average weight of
material eroded during the tests (table 3). 

In addition, laboratory procedures
included duplicate measurements for 25 per-
cent of the samples, to assess for instrument
and human errors in the sample weights. The
error in laboratory duplicate weights averaged
less than 6 percent of the average test sample
weights.
Bank Erosion  13
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Figure 9. Weight of material eroded from the bank near river mile 21 of 
the Kenai River, Alaska (see fig. 6A and 6B). 

Table 3. Weight of eroded bank material retained in collection pan during, before, and after 
boatwake tests near river miles 16 and 21, Kenai River, Alaska

Bank-stabilization 
technique

Average weight
(pound per foot of bank) Percentage of pre- and post-

test average weight eroded 
during test

During boatwake test Pre- and post-test

River mile 16

None; natural 0.00048 0.000087 18

Bio-log 0.00014 0.000050 37

Spruce trees 0.00010 0.000041 41

River mile 21

None; natural 0.163 -- --

Engineered restoration 0.044 0.0023 5.2
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HABITAT VALUE

The habitat for juvenile chinook salmon
that is provided by each mitigation technique
was compared, using the amount (area) and the
quality (suitability) of habitat at each installa-
tion. The amount of habitat provided was deter-
mined using standard evaluation procedures
(Stiehl, 1994), and habitat quality was evalu-
ated using published information on habitat
suitability for juvenile chinook salmon (Ben-
dock and Bingham, 1988; Burger and others,
1982; Estes and Kuntz, 1986; Liepitz, 1994;
and Raleigh and others, 1986). 

The most important habitat features for
rearing juvenile chinook salmon in the Kenai
River are generally found along the margin of
the river. These features are found primarily in
areas within about 6 feet of the streambank,
where water velocities are less than 1 foot per
second, stream substrate is greater than 1.5
inches in diameter, and abundant cover can pro-
tect the juvenile chinook salmon from preda-
tors. Because the streambank modifications
tested did not substantially alter stream sub-
strates—at least during the short term—sub-
strate size was not considered as a habitat
attribute for comparisons. As a result, water
velocity and available protective cover were
selected as the two primary attributes used to
evaluate habitat.

Water Velocity

Establishing representative measure-
ments of water velocity at the sites was diffi-
cult. A single measurement of water velocity at
a site may not accurately represent the prevail-
ing conditions. In addition, water velocity nat-
urally varies considerably in the water column
from the bed of the stream where it is a mini-
mum to the water surface where it is a maxi-
mum. Additionally, the velocity of water along
a river margin also varies substantially. Veloc-
ity may be greater near natural or man-made

projections into the channel. It may also b
greater where bank friction is low, and at a mi
imum where flow friction is greater, such a
adjacent to thick vegetation. Water velocity 
also further complicated by variations in cha
nel hydraulics. Near streamside bank-stabiliz
tion projects, water velocity can be altere
substantially (Dorava, 1995). When a specif
stabilization project extends into the channe
changes in water velocity can be greater th
when only the material composing the bank
altered (Dorava, 1995). 

During this test, water velocity near th
natural bank at the site near river mile 16 w
measured with a Price-AA meter. A singl
point measurement was made about 3 feet fr
the bank, at a depth of 0.6 times the total wa
depth. In this one location, mean water veloc
was about 0.7 foot per second. This velocity
within the range that results in the highest su
ability for juvenile salmon. In fact, water veloc
ity ranging from 0.4 to 0.8 foot per second 
optimal for juvenile chinook salmon (Bendoc
and Bingham, 1988; Burger and others, 198
Estes and Kuntz, 1986; Liepitz, 1994; an
Raleigh and others, 1986). Furthermor
although difficult to verify, it is most likely that
water velocity near the bio-log and the spru
trees remained within this preferred range f
some distance surrounding their installatio
Determining the area or volume surroundin
each bank-stabilization technique where wa
velocity is optimal would require three-dimen
sional velocity measurements beyond the sco
of this project. As a result, it was concluded th
single measurements of mean water veloc
would not provide an adequate measure of h
itat value from which to compare stabilizatio
techniques. 

Another approach to using velocity as 
measure of habitat value was attempted n
river mile 21 at the site of the engineered ba
stabilization technique. Near this stabilize
bank, multiple mean water velocity measur
ments were made with a Price-AA meter, at
Habitat Value  15



depth of 0.6 times the total water depth. These
measurements were made at four points at 2-
foot increments from the streambank out into
the channel. These multiple velocity measure-
ments were then repeated at the adjacent natu-
ral bank approximately 20 feet upstream. The
results indicated that the four mean velocity
measurements made at 2, 4, 6, and 8 feet from
the bank averaged 0.889 foot per second at the
stabilized bank and 0.869 foot per second at the
natural bank. This small difference in velocity
is essentially insignificant to juvenile chinook
salmon, providing suitability indices of 91 and
93 percent of optimum values, respectively
(Bendock and Bingham, 1988; Burger and oth-
ers, 1982; Estes and Kuntz, 1986; Liepitz,
1994; and Raleigh and others, 1986). 

This exercise indicates that even more
detailed measurements of water velocity can be
difficult to use for habitat value comparison. As
a result, water velocity was not used in this
study as an attribute to compare bank-stabiliza-
tion techniques. Rather, water velocity was
used only as a qualitative comparison; values
were assumed to fall within the range of opti-
mum suitability somewhere near each site, at
least during the short period of testing.

Protective Cover

Protective cover has been identified as a
essential component of chinook salmon rearing
habitat by several researchers (Bendock and
Bingham, 1988; Burger and others, 1982; Estes
and Kuntz, 1986; Liepitz, 1994; Raleigh and
others, 1986). The protective cover for juvenile
chinook salmon provided by natural and
restored banks was evaluated at both study
sites. Near river mile 16, the amount of protec-
tive cover provided by the bio-log and by the
spruce trees was compared directly. Both the
bio-log and spruce trees provide protective
cover to juvenile chinook salmon that can hide
under them. The amount of habitat provided by
the bio-log was limited to the diameter of the

log, about 12 inches. The amount of habitat
provided by the cabled spruce trees included
both its 20-foot length and the extension of the
limbs into and above the water. The bio-log
provides an area coverage of about 1 foot per
linear foot (table 4). In contrast, the two cabled
spruce trees form a triangular-shaped protec-
tive area about 6 feet wide at the base. Because
juvenile chinook salmon can find protective
cover anywhere under the trees, the entire area
under the trees provides cover. The area of this
triangular-shaped space can be determined as
one-half the width of the base of the trees, mul-
tiplied by the 20-foot length. This computation
results in an average of about 3 feet of available
protective cover per linear foot of tree provided
by the spruce trees (table 4). This calculation
indicates that the tested cabled spruce-tree sta-
bilization technique potentially provided about
three times more cover to juvenile chinook
salmon than the tested bio-log.

Near river mile 21, the habitat provided as
protective cover by the stabilized bank was
compared with that provided by the adjacent
natural bank. During bankfull conditions, the
natural bank had about a 9-inch-deep undercut
at the base of the bank and was covered prima-
rily by grass vegetation that overhung about 12

Table 4. Amount of protective cover for juvenile
salmon at river miles 16 and 21, Kenai River, 
Alaska

Bank-stabilization 
technique

Protective cover
(foot per linear foot)

River mile 16

None; natural 0 base

Bio-log 1.0 

Spruce trees 3.0 

River mile 21

None; natural 1.75 

Engineered restoration 2.50 
16 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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inches over the river (fig. 6A). This bank con-
figuration resulted in an average of about 1.75
feet of cover per linear foot of bank (table 4).
About 20 feet downstream at the stabilized
bank, the willow plantings and cabled spruce
trees both extended into the water about 18
inches (fig. 6B). Additionally, the bio-logs at
the bank base extended streamward about 6
inches in a two-layered tier. This arrangement
created three layers of protective cover, result-
ing in about 2.5 feet of protective cover per lin-
ear foot of bank (table 4).The comparisons at
this site indicate that restoration efforts created
more cover than the adjacent natural bank.
However, it should be noted that each restora-
tion project is different and the cost of creating
suitable juvenile chinook salmon habitat is
commonly greater than property owners want
to expend. In addition, because each natural
bank is different and each may provide more or
less potential habitat, making site-to-site com-
parisons is difficult.

DISCUSSION

Using a two-sample t-test (α = 0.05; Zar,
1984), the average maximum wake heights
striking the unprotected natural bank were sig-
nificantly greater than those striking the bank
where it was protected by a bio-log or cabled
spruce trees. Where the bank was protected by
spruce trees, average values for maximum
wake heights were not significantly different (α
= 0.05) from where the bank was protected by
the bio-log. The average maximum wake
heights were not significantly different
between bio-log and spruce tree bank-stabiliza-
tion techniques. Both techniques share charac-
teristics that help reduce wake heights striking
the banks, such as materials extended above the
waterline and into the stream. These types of
materials will intercept boatwakes and, conse-
quently, attenuate boatwakes. The wake-atten-
uation characteristics of bio-logs and spruce
trees shown by this study’s data set are also

supported by engineering intuition. Interfe
ence with boatwakes as they approach the ba
as provided by spruce-tree limbs that exte
substantially into and above the water, will b
effective at a wide range of water depths a
can be adopted into other bank-stabilizatio
techniques. For example, a bio-log could b
attached to the streambed and bank with li
willow stakes that later will grow into mature
willows that enhance wake-attenuating chara
teristics. In addition, submerged vegetation th
has either fallen into the water or grows belo
the waterline would most likely attenuate boa
wakes as they approached the streambank. 

Reducing the height of wakes striking th
bank will most likely lead to a reduction in
bank erosion, because smaller wakes have 
energy to dissipate on the streambank (And
son, 1975; Dorava and Moore, 1997; Limerin
and Smith, 1975; U.S. Army Corps of Eng
neers, 1984; von Krusenstierna, 1990; Yous
and others, 1978). The measured streamba
erosion at banks protected by spruce tree a
bio-logs was significantly reduced to at least 2
percent of what it was at the unprotected natu
bank. The erosion-control effectiveness 
spruce trees and bio-logs was not significan
different at an α level of 0.05 (Zar, 1984). 

At river mile 21, where one segment o
bank was protected by the engineered combi
tion of materials, the boatwake-induced str
ambank erosion measured at the protected b
was 27 percent of that measured at the unp
tected natural bank. The characteristics of th
engineered bank-stabilization technique th
reduce bank erosion are similar to those th
were effective at the river mile 16 site. Fo
example, the engineered stabilization site ha
bio-log toe with willow shrubs growing
through it, and a layer of spruce trees above t
(fig. 6B). Bank-stabilization techniques tha
include projections into and above the wat
will reduce both wake height and boatwak
induced streambank erosion. 
Discussion  17



Bio-logs are a relatively new erosion con-
trol technique, whereas the low-cost erosion
reduction provided by spruce trees has been
recognized for some time. An illustrative
example is the use of Christmas trees as erosion
control along the coastline of Louisiana (Bahl-
inger, 1996; Dunne, 1999) (fig. 10). 

The comparisons of habitat value or hab-
itat suitability provided by each tested stabili-
zation technique indicated that cabled spruce
trees potentially provided more cover for juve-
nile chinook salmon than bio-logs did. The
characteristics of the spruce trees that help to
attenuate wakes and reduce bank erosion also
provided valuable cover to juvenile chinook

salmon. The habitat provided by the engineered
bank-stabilization project at river mile 21 was
greater than that provided by the adjacent natu-
ral bank. When selecting a type of bank stabili-
zation, the relative contribution to fish habitat
may be a valuable consideration in addition to
effectiveness at reducing wake heights and
bank erosion. Another consideration for selec-
tion is the durability of the stabilization tech-
nique. For example, as spruce trees age, the
possible loss of needles and limbs may reduce
the ability of this technique to attenuate wakes
and provide fish habitat. However, determining
the potential reduction in effectiveness of aging
spruce trees or their anticipated life span is
beyond the scope of this study.
18 Effectiveness of Streambank-Stabilization Techniques Along the Kenai River, Alaska
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Although these tests of bank-stabilization
techniques indicate an enhancement of fish
habitat and an effective reduction in erosion
from the tested techniques, these tests were
conducted during specific conditions. As a
result, no information is provided about how
well the bank-stabilization techniques perform
over longer periods. For example, it is not clear
which technique is more effective at reducing
flood-induced erosion, which can occur infre-
quently—every 10 to 100 years. In addition, no
evaluation has been made to compare the effec-
tiveness of the bank-stabilization techniques
during different climatic conditions such as fol-
lowing major rainfalls or extensive periods of
no rainfall, when streambanks might react dif-
ferently to boatwakes. With these limitations,
the results of this study indicate the relative
effectiveness of several popular bank-stabiliza-
tion techniques in use along the Kenai River.
The study also provides insight as to how to
modify or adapt other streambank-stabilization
techniques specifically to protect shorelines
from boatwake-induced streambank erosion. 

Managers of the Kenai River or other riv-
ers subjected to boat traffic can use this infor-
mation when identifying preferred streambank-
stabilization techniques. Additionally, stream-
side property owners can use this information
when selecting a method to protect their river
frontage from boatwake-induced erosion.

SUMMARY

This study of the effectiveness of stream-
bank-stabilization projects along the Kenai
River was motivated by the economic impor-
tance of the Kenai River fisheries and the
potential threat to these fisheries from boat-
wake-induced streambank erosion. The manag-
ers of the river are concerned that current
streambank restoration practices may not be
adequately addressing boatwake-induced stre-
ambank erosion, which generates undesirable
non-point source pollution or damages impor-

tant riparian and riverine fish habitat. Th
results of this study provide a comparison 
three bank-stabilization techniques and
description of some characteristics of the sta
lization techniques that are most effective 
reducing boatwake-induced erosion and th
provide protective cover for juvenile salmon.

Controlled in-river tests were designed 
evaluate the ability of a few commonly use
bank-stabilization techniques to attenuate bo
wakes and retard streambank erosion. T
results indicated that spruce trees cabled to 
streambank and bio-logs pinned to the str
ambed significantly reduced both maximum
wake heights and streambank erosion. In ad
tion, spruce trees provided more protectiv
cover for juvenile chinook salmon than bio
logs did. An engineered bank-stabilizatio
project that used a combination of spruce tre
bio-logs, rocks, and willow plantings provide
more protective cover and erosion protectio
than the adjacent unprotected natural bank.
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