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PREFACE

This report was prepared by Lawrence A. Johnson, Biologist, of the Alaskan
Projects Office (Fairbanks), and Susan D. Rindge, Physical Scientist, and David A,
Gaskin, Geologist, of the Geotechnical Research Branch (Hanover), U.S. Army
Cold Regions Research and Engineering Laboratory.

The work was jointly funded under a reimbursable order from the Alaskan Dis-
trict, Corps of Engineers, Civil Works Project CWIS 31013, Environmental Effects
and Criteria for Engineering Works in Cold Regions, and DA Project
4A762720A896, Environmental Quality for Construction and Operation of Military
Facilities, Task 04, Land Use Planning, Work Unit 003, Revegetation of Terrain Af-
ter Construction in Cold Regions.

The authors thank Major Leo Laska and Frank Erie of the Alaska District for
their assistance and equipment support. James O’Neil and James Winslade of the
Department of Sanitation for the City of Fairbanks, Alaska, provided the sewage
sludge used in the study. James Aldrich, from the Institute of Water Resources,
University of Alaska, collected sediment data from the sediment tanks in 1977
and 1976.

A number of CRREL personnel have contributed to this multi-year study. In
1977, Robert Bigl, Arthur Gidney and Gary Prokosch heiped install the treatments
and Mr. Prokosch also assisted in vegetation sampling. In 1978, William Burch,
Robert Demars and Sharon Frost applied the treatments; Nancy Robertson and
Ms. Frost helped with data collection. In 1979, Mr. Burch, Mr. Demars and Lisa
Line helped with the refertilizing and resludging; Linda Donaldson and Ms. Line
collected moisture and vegetation data. Richard Haugen designed and super-
vised installation of the temperature instrument shelters and was responsible for
data collection and analysis. Deborah Roach performed the moisture stress
study.

We assessed the weather conditions at our study sites usipg meteorological
data cullected by the U.S. Army Atmospheric Science Laboratory Meteorological
Support Team, Fort Wainwright detachment.

Dr. Brent McCown of the University of Wisconsin and Dr. Jerry Brown, Roy
Bates and Antonio Palazzo of CRREL reviewed this report.

The contents of this report are not to be used for advertising or promotional
purposes. Citation of brand na:mes does not constitute an official endorsement or
approval of the use of such commercial products.
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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

These conversion factors include ali the significant digits given in
the conversion tables in the ASTM Metric Practice Guide (E 380),
which has been approved for use by the Department of Defense.
Converted values should be rounded to have the same precision

as the original (see E 380).

Multiply By To obtain
meters 32 feet
millimeters 0.040 inches
hectare 247 acre
kilogram/hectare 0.8921 pound/acre
metric ton/hectare 0.446 ton/acre
cubic meter/hectare 0.529 cubic yard/acre
nuinber/hectare 0.405 number/acre
oCelsius °F =1.8(°C)+ 32 oFahrenheit
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SUMMARY

i

Revegetation techniques were studied on the Chena River Lakes flood control
dam near Fairbanks, Alaska, for three growing seasons in cooperation witt: the
Cotps of Engineers, Alaska District. The purpose of the study was to determine
the optimal treatment for establishing a permanent vegetative cover on the
gravel dam.

In May 1977, 70 plots were established with various revegetation treatments:
37 on the upstream side and 33 on the downstream side of the dam. Treatments
included three main variables: mulch, substrate (gravel or a fine-soil cover con-
sisting primarily of silts and fine sand over the gravel base), and vegetation (grass
seed mix and/or unrooted willow cuttings). The mulches tested were: hay, wood-
cellulose-fiber, peat moss, Conwed Hydro Mulch 2000 and a fiberglass blanket. A
constant rate of fertilizer was applied to all plots except the control.

To assess the amount of sediment eroded from the treatments (erosion hazard),
specially designed tanks were placed at the base of 35 of the upstream plots.

The first season’s results indicated that six treatments performed acceptably in
terms of growth, erosion hazard and cost effectiveness. These included the seed
and fertilizer treatment and seed and fertilizer with any of the following mulches:
Conwed Hydro Mulch 2000, hay, peat moss, wood-cellulose-fiber and combined
peat moss and wood-cellulrse-fihar_ Soil loss results for the six were within the li-
mit of 2200 kg/ha recommen. .. by the U.S. General Accounting Office. These
treatments were also cost effective ($3710/ha to $6340/ha).

During June 1978, half of each of the existing 1977 plots was refertilized and
three sets of additional plots were established on the dam. Ten of the new plots
on the downstream side received sludge (thickened wastewater) and fertilizer
with or without mulch, grass seed and/or iime. Two other new downstream plots
tested experimental erosion-control blankets made of wood-cellulose-fiber in two
thicknesses. The blankets were oversprayed with a mixture of seed, fertilizer and
additional wood-cellulose-fiber. On the upstream side, a third new set of six plots
included fine soil, seed, and fertilizer with or without hay.

A 1978 revegetation site on the Tanana River Levee allowed comparison of the
north- and south-facing slopes of the levee with the predominantly east- and
west-facing slopes of the dam. The main treatments used at this site were the six
most successful ones from 1977 over a fine-soil base. :

The two 1978 grass seed mixtures on the dam and levee differed from that of !
N the previous year. One included several additional cold-adapted species while
3 the other had only two perennial species.

4 A dramatic result of the 1978 season was the favorable effect of refertilization
on grass growth. This contrasted greatly with the poor response of non-referti-
lized grasses. Of the treatments applied in 1978, the two most successful were:
fine soil, seed, fertilizer and hay; and seed, fertilizer and sludge without lime, The
sludge treatments were also cost-effective, with a range from $3710 to $5770/ha.

In 1979, parts of existing plots were treated with fertilizer and sludge. This in-
volved refertilizing a few 1977 plots again, refertilizing sections of the 1978 fine-
soil and sludge plots, and adding more sludge to a section of the sludge plots.
The plots with wood-cellulose-fiber blankets received an entirely new treatment
of seed, fertilizer, and mulch because they had poor growth the first year.

Several observations are apparent from this three-year study:

1) A vegetative cover can be established on the gravel face of the dam and
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levee. The vegetation will help to reduce erosion and will improve the aesthetics
of the structures.

2) Fertilization is required for at least two years to produce an acceptable per-
manent vegetation cover, although fine-grained soil or sludge added to the site
reduces the amounts of fertilizer needed in the second year. Fertilization during
the third year increases vegetation growth but probably is not required, since the
benefits of the second fertilization continue for at least two years.

3) Willow cuttings offer a viable means of revegetating the dam. On the basis
of a root penetration study, initial growth of willows and growth of four- to five-
year-old native seedlings appear to pose litt!c or no root penetration problem on
the gravel dam.

4) Grasses reduce willow growth and survival; therefore, they should not be
seeded if willow cuttings are planted. If additional vegetation cover is desired,
straw mulch may be used at the time of willow planting, or grasses may be
seeded one year later to avoid competition with the first-year establishment of
the willows.

5) The Chena River Lakes Project is an ideal location to use the potential of
sludge for improving the moisture and nutrient regime of the soil since there ap-
pear to be minimal problems with contamination,

6) Sludge offeis a viable alternative to annual fertilization or placement of the
more expensive fine-soil cover. Two-year-old treatments with sludge plus fertili-
zer produced the highest biomasses of the study period, exceeding responses of
treatments receiving three annual fertilizer applications.

7) Growth on the upstream (SE) side of the dam is less thar on the downstream
(NW) side due to a combination of higher soil temperature and reduced soil mois-
ture.

8) The levee provides more favorable soil temperatures and moisture than the
dam, as evidenced by higher biomass and cover values for comparable treat-
ments.

9) Species that produce adequate biomass on well-drained sites, such as the
dam, are fescue, brome, and foxtail grasses. At wetter sites, such as the levee,
alsike clover seems to be the most promising species. Alsike clover should be in-
cluded with the grasses in the seed mixture whenever possible since it will help to
increase soil nitrogen.

10) Moisture appears to iimit growth principally in treatments receiving high
fertilizer applications. Hence, differences in growth between north and south as-
pects (levee), east and west aspects (dam), and top and bottom of slopes (dam)
will be accentuated under high fertility levels.

11) Denser covers of herbaceous vegetation appear to slow the invasion by
woody species onto the dam. However, it is not known how long this effect will
last.

12) Erosion is a recurring problem on the bare gravel slopes of the dam. Both
saturated flows initiated by spring snowmelt and erosion gullies due to above-
normal summer rains occurred during the study period. Although the studies do
not show that vegetation will prevent slumps and erosion, they suggest that the
frequency and severity of etosion can be reduced.
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LA S A T T N e T

CHENA RIVER LAKES PROJECT

REVEGETATION STUDY
Three-year summary

L.A. Johnson, .S.D. Rindge, D.A. Gaskin

INTRODUCTION

Background

The Alaska District, U.S. Army Corps of Engi-
neers, designed and constructed the Chena River
Lakes Flood Control Project at a site 27 km east
of Fairbanks, Alaska. The project consists of the
Moose Creek Dam (12.3 km long, 15-21 m high),
a gravel dam that extends from the Chena River
to the Tanana River; and the Tanana River Levee
(33.1 km long, 3-5 m high) that runs along the
Tanana River past Fairbanks to the confluence
of the Chena River (Fig. 1) (U.S. Army Engineer
District, Alaska 1972, 1979).

These structures are designed to divert water
from the Chena River that would otherwise inun-
date Fairbanks durinz flood periods as occurred
in August 1967. Flood waters move along a
cleared slow-release channel, or floodway, on
the “upstream” side of the dam and overflow in-
to the larger floodplain of the Tanana River.

In cooperation with the Alaska District, we
have tested various types of revegetation tech-
niques on the two structures to see which meth-
ods would establish an acceptable permanent
vegetation cover. ‘

Site characterization

The project is located on the Tanana Lowland,
a part of the interio: basin of central Alaska. The
Tanana Lowland is a wide floodplain composed
of thick beds of stratified gravels; it lies between
the Yukon-Tanana Upland to the north and the
Alaska Range to the south.

In the vicinity of the project, the topography
of the Chena River valley ranges from mildly un-
dulating hills to flat, low-lying peat bogs and

RN NEVEEES S B
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muskegs. Varying thicknesses of siits and silty
sands (0-3 m) overlie sand and gravel deposits.
Two prominent highlands interrupt the other-
wise broad, flat valley: Moose Creek Bluff on the
south side of the Chena River and an unnamed,
irregularly shaped ridge about 10.1 km NNE of
Moose Creek Bluff on the north side (Fig. 1).

Climate

The Alaska Range to the south and the Brooks
Range to the north, which shelter the basin from
maritime air masses, strongly influence the cli-
mate of the Tanana valley. Consequently, the
area has a continental climate characterized by
cold, dry winters and warm, dry summers (3ilello
1974, U.S. Army Electronics Command 1966).

Total precipitation averages 285 mm/year,
with the normal maximum monthly amount (55.6
mm) usually occurring in August (National Oce-
anic and Atmospheric Administration 1979).

The mean annual temperature is -3.5°C, with
recorded temperature extremes of -54°C and
37°C (NOAA 1979). The frost-free season extends
from mid-April to mid-September. The 30-year
normal for yearly total growing-season degree-
days above 5°C is 1063 (Richard Haugen 1980,
pers. comm.). Growing-season degree-days are
calculated by totaling the daily amount of tem-
perature deviation from 5°C throughout the sea-
son after a daily average of 5°C has been
reached.

Purpose

During the period from May 1977 to August
1979, we investigated revegetation and erosion
control techniques at the Chena River Lakes
Flood Control Project. The purpose of our study
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Figure 1. Chena River Lakes Flood Control Project.

was to determine the optimum revegetation
treatment or set of treatments which would en-
able the Corps of Engineers to establish and
maintain a nermanent vegetation cover on both
the upstream and downstream sides of the dam
and levee.

Revegetation of these two structures is espe-
cially difficult because of unfavorable growing
conditions. The coarse gravel surfaces have poor
water-hoiding capacities and provide low levels
of plant nutrients. Soil water-holding capacities
are further reduced by the dam’s steep, high
slopes (2:1 to 2.5:1). Cempounding the problem
is the subarctic climate, with a short growing
season (May-August) and low annual precipita-
tion (285 mm/year).

Specific objectives of the study were to deter-
mine:

1. The biological success of various treat-
ments, particularly the most successful species
and the most beneficial mulches for extremely
cold regions.

2. The erosion potential of the treatments.

3. The optimum rate and frequency of fertili-
zation on both gravel and fine-grained soils.

4. The estimated costs of establishing vegeta-
tive covers.

Vegetation on the dam improves aesthetics
and provides more effective control of erosion.
A vegetation cover helps reduce the visual im-
pact of the structure and blend:s it into its natur-
al setting. This is especially important since visi-
tors will travel along the dam when using the re-
creation area downstream of the dam.

Erosion control on the dam appears to be ne-
cessary, Both gullying and slumping have oc-
curred on the surface of the downstream slope
of the dam since its completion in 1978.

MATERIALS AND METHODS

General

Our experimental design was based on results
of previous studies which established optimal
fertilizing rates, seeding rates, and materials for
revegetation and erosion control in cold regions
(Johnson and Specht 1975, Gaskin et al. 1977,
1979, Johnson 1978, Rindge et al. 1979, and
Palazzo et al. 1980).

Revegetation plots were established at two
sites within the project. One site is on the south-
west portion of Moose Creek Dam on slopes
facing northwest and southeast, and the other is
along the north-south-facing Tanana River Levee
(Fig.2 ). This placement permitted us to compare
responses on slopes with different aspects.

Treatments applied to the plots included vari-
ous combinations of the following variables:

1. Vegetation (seed mixes and/or willow cut-
tings).

2. Fertilizer.

3. Mulch, mulch blanket, or sludge.

4. Substrate (gravel or fine-grained soil* over
the gravel base).

*The fine-grained soil consisted primarily of silt and fine sand
with a low organic content (30-50 metric tons/ha).




Figure 2. Revegetation site locations.

additional mulch. The final set (six plots mea-
suring 3x15 m) was treated with seed and fertili-
zer with or without hay mulch over a base of
fine-grained soil.

Plots that were installed in 1977 on both sides
of the dam were studied for three years. Other
plots, installed in 1978 on both the dam and the
levee, were studied for two years.

To test the need for refertilization, a section
of each plot was treated with additional fertili-
zer at the beginning of the second growing sea-
son. Selected plots were again refertilized during
the third growing season to permit a comparison
between annual and biannual refertilization.

Sludge was also added as a nutrient source to
established sludge plots during the second grow-
ing season.

Moose Cr ek Dam site

There are four sets of plots at the Moose
Creek Dam site (Fig. 3, Table 1). The initial set, in-
stalled in May 1977, consisted of 70 plots (each 3
x15 m) involving a constant fertilizer rate and
variations in substrate, vegetation, and mulch.
The other three sets of plots were installed in
June 1978. Ten plots (each 24x15 m) were
treated with sewage sludge and combinations of
seed, fertilizer, mulch and lime. Two plots {38 x

15 m and 32x15 m) used an experimental
wood-cellulose-fiber blanket developed by the
Conwed Corporation. After installation, the
blankets were treated with seed, fertilizer and

1977 plots

The treatments installed in 1977 included vari-
ous combinations of mulch, fertilizer, substrate
and vegetation. Most treatments had three repli-
cates on both the upstream and downstream
slopes of the dam (Table 1).

The five muliches tested were:

1. Hay (coarse bedding straw).

2. Wood-cellulose-fiber (WCF).

3. Conwed Hydro Mulch 2000 (CHM2000),
wood-cellulose-fiber with a colloidal polysac-
charide tackifier (glue).

4. Peat moss.

5. Peat moss oversprayed with WCF.
Application rates of the mulches were 4785
kg/ha, except for the peat moss-WCF combina-
tion, which had 4785 kg/ha of each for a total
9570 kg/ha. This was double the manufacturer's
suggested rate for WCF and CHM 2000 and was
based upon the results of studies conducted by
Palazzo et al. (1980) on gravel pads in Hanover,
New Hampshire, and Fairbanks, Alaska.

Non-mulch and hay-mulch treatments were
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- Figure 3. Plan of the Moose Creek Dam site.

applied by hand-broadcasting the hay, seed and
fertilizer evenly over the plot surface. All other
treatments were applied by spraying a slurry of
mulch and water (with or without seed and ferti-
lizer) from a hydromulcher (Fig. 4). In the case of
peat moss plus WCF, we sprayed the peat moss
first and then oversprayed the WCF along with
the rest of the treatment.

An experimental fiberglass erosion control
blanket under development by the Owens/Corn-
ir.g Fiberglass Corporation was tested on one up-
stream plot (Table 1). Erosion control biankets
are normally anchored or pinned with U-shaped
steel pins on a 1-1.5-m spacing. In this case, how-
ever, we applied the fiberglass blanket without
pins so that the grass could lift it and be shaded
by it.

The fertilizer used on all plots was 10-20-10
grade applied at 880 kg/ha, or a total application
of 88 kg of nitrogan (NYha, 176 kg phosphorus
pentoxide (P,O,Vha, and 88 kg potassium oxide
(K,O¥ha.

Fourteen plots received a 23-cm-thick
(2300-m?¥/ha) cover of fine-grained soil. Ten of
these plots were on the upstream side and four

were on the downstream side (Table 1). The
Alaska District provided the soil from stockpiles
originally obtained from the area cleared for the
dam. Aldrich and )ohnson (1979), who studied
the sediment loss on these plots, found that the
soil consisted primarily of silt and fine sand (Fig.
5). The soil also had a low organic content
ranging from 30 to 40 metric tons/ha.

The vegetation types used in the treatments
were either a grass seed mix. unrooted willow
cuttings, or a combinatior: of the two. The basic
1977 grass seed mixture was annual ryegrass at a
rate of 11 kg/ha, red fescue at 24 kg/ha and Nug-
get Kentucky bluegrass at 8 kg/ha for a total of
43 kg/ha (S, Table 2). Two upstream plots were
seeded with an additional 11 kg/ha of bluejoint
reedgrass (a species native to Alaska) in the basic
mixture (S+B, Table 2). On three downstream
plots annual ryegrass at three rates—6, 8 and 14
kg/ha—was substituted in the seed mixture (V1,
V2, V3, Table ). Finally, on the fiberglass blan-
ket plot an application rate three times that of
the basic mixture was used (129 kg/ha)(3S, Table
2). This seeding rate was determined from previ-
aus studies using the fiberglass blanket in Han-
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Figure 4. Hydromulching procedure.

over, New Hampshire (Rindge and Gaskin 1977).

Willow (Salix alaxensis) cuttings approximate-
ly ¥4 m long were collected from shrubs near the
dam. Soon after cutting, the pieces were inserted
in the gravel or soil cover, leaving approximately
10 cm above the surface. They were spaced at
1-m intervals (10,745 cuttings/ha) on 12 upstream
and 12 downstream plots (Table 1).

Portions of these plots were refertilized in the
second and third years of the study. The fertili-
zer grade and application rate were the same as
the first year, 10-20-10 at 880 kg/ha It was broad-
cast by hand over only one half the surface area
of the original plots (1.5x15.2 m). In the second
vear (June 1978), all 70 plots received fertilizer;
and in the third year (May 1979), only 14 of the




' - e (e e
©
£ 60
"
]
-y
H]
! 4
'§
% SAND GREATER THAN O.10mm * 30%
J 20 % SILT PLUS VERY FINE SAND * 48%
y 0'!”‘ L RS LR L] "66' v L '—'ﬁ'BT' ) Bl A A . B I".Io LA i v vy '.'60
7 PARTICLE SIZE (mm)
‘ Figure 5. Fine-grained soil size analysis (after Aldrich and johnson 1979).
Table 2. Seed mixtures.
Rate (kg/ha)
Seed type S 35 S+B vI V2 V3 ST S§2* 82l S3°**
Alsike clover (Trifolium hybridum L.) 33
Annual ryegrass (Lolium multiflorum Lam.) 11 33 11 14 8 6 5.5 35
Arctared fescue (Festuca rubra L.) 5.5
Bluejoint reedgrass (Calamagrostis canadensis) 1
Boreal red fescue (Festuca rubra L.) 5.5
Creeping red fescue (Festuca rubra L.) 24 72 24 24 24 24 550 1385
_: Durar hard tescue (Festuca ovina L.) 4.4 4.4
. Manchar brome (8romus /nerm/s Leyss.) 5.5 55
: Meadow foxtail (A/opecurus pratensis L.) 13.2 13.2
Nugget Kentucky bluegrass (PoapratensisL,) 8 23 8 8 B 8
Perennilal ryegrass (Lo//ium perenne L.) 55.0 385
: Sydport Kentucky bluegrass (Poa pratensis L..) 3.3 33
* Total 43 128 54 46 40 38 4071100 77.0 35.4
* S2-sludge.
t $2-Conwed {1978).
*% §3--Conwed (1979).
& i
F N . . . \ .
i plots ruceived fertilizer (Table 3). Plots had the tal solids) applied at a rate of 25 metric tons/ha.
E same half refertilized in both 1978 and 1979 to We applied the sludge with fertilizer and combi-
s compare refertilization effects. nations of seed, mulch, and lime (Fig. 3, Table 1).
i Three treatments had three replicate plots each
;i Sludge plots and one treatment had only a single plot (Table
;* i In June 1978, ten downstream plots received 1).
g sewage sludge (thickened wastewater, 3.6% to- The Fairbanks Sanitation Department 3sup-
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Table 3. 1977 plots that were re-
fertilized in May 1979,

Plot no,
Upstreem Downstreem  Treetment*

6 3 S.F
9 6 $,F . WCF
12 9 S,FH
15 12 $,F,CHM2000
13 15 S,FP
21 18 $,FPYWCF
30 27 TSWS,FH

* See list of abbreviations on p.

plied the sludge, which was pumped from the
thickening machine at the treatment plant di-
rectly into the hydromulcher. In the case of Plots
4-10, we added seed, fertilizer, mulch and lime
(Plots 4-6) to the sludge in the hydromulcher and
applied the entire treatment in a one-step opera-
tion. On Plots 1-3, the sludge was applied first
and then oversprayed with the rest of the treat-
ment.

Two new seed mixtures were tested on the
sludge plots (Table 2). One of them (51) included
several cold-adapted perennial grass species:
Manchar brome, meadow foxtail, boreal red fes-
cue, Durar hard fescue and Sydport Kentucky
bluegrass. Including seed of annual ryegrass and
alsike clover, the total applied rate was 40.7
kg/ha. This mix was used on Plots 1-3 and 10.
The other new seed mixture (S2) had equal
amounts of perennial ryegrass and creeping red
fescue and was applied to Plots 4-9 at a rate of
110 kg/ha.

The other components of the sludge treat-
ments were fertilizer (10-20-10) applied at 660
kg/ha, mulch (WCF or CHM 2000) applied at 1830
kg/ha, and on two treatments, lime applied at
610 kg/ha. The fertilizer included a crushed lime-
stone filler that was sufficient to neutralize the
sludge mixture on those plots not receiving addi-
tional lime. The pH was raised on the average
from 6.2 to 7.2. It was discovered that the addi-
tional lime was excessive, raising the pH to 9.7.

The sludge plots were treated again in May
1979. One-third of each plot (8 x15 m) was refer-
tilized with 10-20-10 fertilizer at 880 kg/ha; a se-
cond third received an additional 25 metric
tons/ha of lime-neutralized (110 kg/ha) sludge
(1250 kg solids/ha) sprayed from the hydromul-
cher; and the final third did not receive any new
treatment.

Conwed blanket plots

The Conwed e/osion control blanket installed
in 1978 consisted of wood-cellulose-fiber mulch
held together by a starch tackifier and bonded
on one side to a plastic netting (1-cm grid). The
1-m-wide blankets cama in two thicknesses
(equivalent to 9585 kg/ha and 14,370 kg/ha).

Two plots were established with the blan-
kets —one for each thickness (Table 1). Blankets
were rolled down the slope and secured with
U-shaped wire staples at 1.2-m intervals (Fig. 6).
They were placed netting side up for all except a
tew rolls.

We then hydromulched seed (S2), 10-20-10 fer-
tilizer and CHM 2000 over the blanket surface
(Table 1). The S2 seed mix was applied at a lower
rate (77 kg/ha) than on the sludge plots. Fertilizer
was applied at 473 kg/ha, and CHM 2000 was ap-
plied at 1177 kg/ha.

Because of their poor first-year growth, both
blanket plots were retreated with seed, fertilizer
and mulch in 1979. This was applied in mid-May
so that early season moisture could aid seed ger-
mination. The seed mix (S3, Table 2) was similar
to the S1 mix, with small amounts of several pe-
rennial species; it was applied at a rate of 35
kg/ha. Again the fertilizer was 10-20-10 applied
at a rate of 880 kg/ha; the mulch was CHM 2000
at a rate of 1120 kg/ha.

Fine-soil plots

The six fine-soil plots installed in 1978 in-
cluded three replicates of two successful treat-
ments from 1977 over a 15-cm-thick base of fine-
grained soil. These treatments were 1) seed (51)
and fertilizer and 2) seed (S1), fertilizer and hay
(Table 1). We applied them by hand broadcast-
ing. The fertilizer was 10-20-10 applied at a rate
of 880 kg/ha and the hay (coarse bedding straw)
was applied at a rate of 9570 kg/ha. Half of each
of these plots was refertilized at the beginning of
the second growing season (1979).

Tanana Levee site

The Tanana River Levee site was established
in June 1978 and included 20 identical plots (15
%3 m) on both the north and south sides of the
levee (Fig. 2, 7, Table 4). All were treated with $1
seed mix (41 kg/ha) and 10-20-10 fertilizer (880
kg/ha).

Eighteen plots involved six treatments with a
15-cm cover of fine-grained soil over the gravel sur-
face and the six mulch combinations used at the
Moose Creek Dam site: hay, peat moss, WCF, peat
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Figure 7. Plan of the Tanana River Levee revegetation site.
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Table 4. 1978 Tanana River Levee treatments,*

Fniegreined Mulch

solt Rete Blanket rete
Potno, _(m*/he) Type____(hgihe) __ (kg/he)
1,7.,13 1500 H 9570
28,14 1500 P K3} U
39,15 1500 WCF 4788

4,10,16 1500 CHM2000 4785

| 2 T B |

511,17 1500 PYWCF  3185+4788

6,12,18 1500 - -

19 - CHM2000 478% 14,7304
20 - EX** 4785 -

* All plots recsived 41 kg/ha of seed mix S1 (Table ?) and
880 kg/ha of 10-20-10 fertilizer.
1 Blankets placed mulch side up on south, netting side up
on north,
** EX—exceisior mesh,

moss with WCF, CHM 2000 and no mulch. Hay
was applied at a rate of 7570 kg/h:, peat moss at
3185 kg/ha, and WCF and CHM 2000 at 4785
kg/ha.

One of the two remaining plots received the
Conwed blanket oversprayed with seed mix (51),
fertilizer and CHA 2000 (at 4785 kg/ha). The
blanket on the south slope had the mulch side
up and the one on the north slope had the net-
ting side up. The final plot on zither side of the
levee was treateu by hand broadcasting the seed
mix (S1), fertilizer an i excelsic* mesh (4785
izg/ha).

In May 1979, haif the area of the first replicate
of the six main treatments (Plots 1-6) was referti-
lized with 10 20-1C fertilizer (880 kg/ha).

S.mpling and measurement

Herbaceous measuraments

In late Augus® of aach of the three years of the
study, all seeded treatmen.: vere sampled for
vegetative biomass, total cover, and maximum
height. A numnber of subplots (0.25 m?) were ran-
domly selected within each treatment. On the
dam, two o1 three subplots were selected from
within both the upper and the lower 6 m of each
plot or plot section. Because the levee was not
as high a; the dam, only two or three subplots
were selected randomly within the entire plot.
Cover percentage was estimated visually, vege-
tation height was measured to the nearest centi-
meter, and all aboveground vegetation within
the subplots was clipped. Vegetation samples
were subsequently oven-dried at 60°C for 48
hours and weighed to determine dry-weight bio-
mass.

10

To measure the proportion of each species
within the total biomars for a certain treatment,
dried clippings from six subplots were separated
by species; each species was then weighed to de-
termine its dry-weight biomass.

Willow survival

Survival percentage of the willow cuttings was
determined in late August 1977, 1978 and 1979
by counting the surviving willows and compar-
ing that number to the number planted per plot.
Survival percentage was calculated for the top-
mast three and bottommost three rows of wil-
lows as well as for all willows on the plot. Maxi-
mum height of wiliow growth was measured in
1977 and 1978.

Seedling densities and root excavation

An engineering concern on the dam is the pen-
etration of ioots of native woody species and the
associated problem of water movement down
root channels and through the dam. To assess
the potential danger, we surveyed the density ¢ !
seedlings on the dam and excavated some ot
their root systemns.

Seedling densities were determined by count-
ing the number of seedlings in three or more
1-m? plots at different areas and on our treat-
ments on the dam. The average seedling densi-
ties were determined for untreated, seeded gra-
vel and both seeded and unseeded fine-soil
treatments.

Depth of root penetration by these woody
species was investigated during t'.e 1979 field
season, The root systems of 13 plants of balsam
poplar (Populus balsamifera), feitieaf willow
(Salix alaxensis) ard quak g aspen (Populus tre-
muloides) were examined during two sets of ex-
cavations. Vw2 measured shoot height, lateral
root spread, and maximum root penetration.
Root systems were excavated, separated accord-
ing to depth increments, washed, dried at 60°C
for 48 hours, and then weighed to determine root
biomass, which we compared to depth of pene-
tration.

Sediment loss

The erosion potential of the Monse Creek
Dam 1977 treatments was assessed by measuring
sediment loss from the plots on the upstream
side. A tank placed at the base of each plot (ex-
cept nos. 22 and 24) trapped any sediment mov-
ing down the slope (Fig. 8). The materiai in the
tank was collected and oven dried at 110°C for
48 hours. To convert this dry weight value to

id
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Figure 8. Sediment collection tank.
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weight/area, we divided the weight of sediment
loss by the area of the plot locaied directly
above the tank (1.2 mx15.2 m),

The tanks at the base of the fine-soil plots
(nos. 25-30, 37) were covered with specially de-
signed lids to prevent blowing silt from the
floodway from entering them. Sediment was col-
lected from these plots after each major storm in
both 1977 and 1978 (Aldrich and Johnson 1979).
Sediment loss from the gravel base plots was
measured during 1977 only.

Limiting soil moisture

To test our hypothesis that soil moisture is li-
miting to plant growth on the dam, both soil
moisture and plant diffusive resistance were
measured in 1979, Soil moisture was determined
gravimetrically from surface soil samples ap-
proximately every two weeks from late May to
late July 1979. Three samples were taken from
within 6 m of both the top and bottom of the up-
stream and downstream sides of the dam. The
samples were oven dried at 110°C for 48 hours.

A preliminary study of plant diffusive resis-
tance was conducted in August 1979. Diffusive
resistance is measured using a diffusive porom-
eter with a lithium