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The frontispiece photo shows live gravel bar staking on Klondike River near Germaine Creek.
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EXECUTIVE SUMMARY
Approximately 5,000 m² of live gravel bar staking and 130 m of live palisades were constructed at the
Klondike River at the Germaine Creek soil bioengineering demonstration site. This work was undertaken between September 6 th and 23 rd, 2004. A soil bioengineering workshop was also presented in
Dawson City on September 14 th and was attended by over 30 people. Members of the Tr’ondëk
Hwëch’in First Nation were employed through Han Construction to undertake the field component of
this work. Training and construction provided 450 man hours of work and approximately $35 K of
revenue to the Dawson City economy.
The soil bioengineering project was completed successfully and the placed cuttings are expected to
start growing in the spring of 2005.
A funding request for fiscal year 2005 has been submitted to the Yukon River Panel to:
•
•
•
•
•

complete pre- and post-2005 freshet topographic surveys;
repeat the photographic documentation;
re-measure bed material size;
assess survival of the bioengineering work; and
document fisheries use in the area within and around the bioengineering project.

It is hoped that subsequent phases of this work will include enhancing fish habitat within a groundwater fed channel located immediately adjacent to the soil bioengineering treatment area.
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STATEMENT OF LIMITATIONS OF REPORT
This document was prepared by M. Miles and Associates Ltd. [MMA] and Polster Environmental
Services Ltd. [PES] for the Yukon River Panel.
This document represents MMA’s and PES’s best professional judgement based on the information
available at the time of its completion and as appropriate for the project scope of work. Services
performed in developing the content of this document have been conducted in a manner consistent
with that level and skill ordinarily exercised by scientists and engineers currently practising under
similar conditions. No warranty, expressed or implied, is made.

CRE-87N-04:
KLONDIKE RIVER AT GERMAINE CREEK
RESTORATION DEMONSTRATION PROJECT IMPLEMENTATION
1:

INTRODUCTION

Soil bioengineering is the use of living plant materials to perform some engineering function. Soil bioengineering can be used to revegetate disturbed sites and to initiate the processes of natural vegetation succession. The objective of the Germaine Creek Restoration Demonstration Project is to illustrate some simple treatments that could be applied to river bottom areas that have been disturbed by
natural or anthropogenic purposes.
Site information and a description of the proposed work is provided in M. Miles and Associates Ltd.
(2003). The present report describes the soil bioengineering undertaken at the demonstration project
in September 2004 and the data collected during the initial phase of the post-construction monitoring
program.
The design of the Germaine Creek Restoration Demonstration Project called for the establishment of
live gravel bar staking, live palisades and brush layers. The brush layers were to be installed in
conjunction with the clean-up of a garbage dump that is being exposed by river bank erosion.
However, discussions with the Dawson City dump indicate that there are no facilities for disposal of
any potentially hazardous wastes (e.g. oil). The budget for this project was insufficient to cover the
costs associated with any special disposal requirements should such materials be encountered. This
part of the project was therefore deleted and the amount of live gravel bar staking and the live
palisades was increased. The location of the completed work is illustrated on Figure 1.1. The area is
illustrated on Plate 1.1. Project construction took place between September 6 th and 23 rd, 2004.

2:

PERMITTING

The study team was initially instructed that Highway Right-of-Way, Territorial Land Use and Water
Board permits would be required for this project. These applications (and approvals where granted)
are included as A PPENDICES 1 to 3, respectively. The Water Board staff requested a variety of
additional information [A PPENDIX 4] and this information is presented in A PPENDIX 5. The responses to
the Water Board referral process, which were all supportive, are presented in A PPENDIX 6.
Water Board staff were shown the project site on August 2, 2004. W e were subsequently advised by
Mr. Kevin Rumsey (Water Resources Inspector, YTG) that a Water Board license would not be
required and, in order to expedite project initiation, the Water Board Application was withdrawn on
August 20, 2004 (see A PPENDIX 7). Application and approval dates, permit duration and application
costs are summarized below:

PERMIT OR LICENSE

APPLICATION
DATE

APPROVAL
DATE

Highway Right-of-Way

June 11, 2004

June 17, 2004

YTG Land Use

June 15, 2004

Water Board

June 14, 2004

PERMIT OR
LICENSE
EXPIRATION

COST

August 1, 2006

$100

August 11, 2004

N/A

$214

N/A

N/A

$30

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

COMMENT

Application withdrawn on
August 20, 2004
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The YTG Land Use and Highway Right-of-Way permits were comparatively easy to obtain. In
contrast, Water Board Approval is a lengthy process (typically at least 4 months) and, while the Water
Board staff provided valuable assistance, the data requirements for restoration projects appear to still
be in the formative stage. This is an important lesson for any similar project which could be undertaken in the future. There are time and cost benefits to limiting the scale of proposed projects such
that Water Board Approvals are not required. If the projects exceed this threshold, our experience
indicates it would be desirable to personally meet with Water Board staff at the initial stage of the
permitting process. This would allow the project to be described and the permitting information
requirements to be specifically tailored to the proposed project. The time required for project review
is typically estimated to be four months and this process should therefore be initiated at least six
months prior to the proposed construction date. This implies that funding approval for proposed
projects is needed by January 1 if the work is to be undertaken in July. Alternatively, it might be
possible to include a completed water board submission in the deliverables for assessment projects.

3:

CREW TRAINING AND PUBLIC OUTREACH

Crew training is an essential part of effective soil bioengineering projects. Training typically entails
classroom lectures and a field session. The classroom discussions provide information on the ecological factors that go into the design of soil bioengineering treatments; an overview of erosion processes; a review of safety considerations and a detailed description of standard soil bioengineering
treatments (Polster, 2001). The course is set up primarily as a slide presentation using almost 500
photographs of soil bioengineering treatments and effects. Course manuals covering all the classroom materials are provided to the students. The field portion of the training course provides instruction on the proper way to collect and handle cuttings as well as instruction in the installation of soil
bioengineering structures.
Due to timing of the Germaine Creek Restoration Demonstration Project, a brief session on the collection and handling of cuttings was conducted on September 9 th, 2004 and collection of cuttings took
place from the 9 th to the 14 th to allow time for them to soak prior to planting. The classroom session
was held in Dawson City (Tr’ondëk Hwëch’in Hall) on September 14 th, 2004. Soil bioengineering
structure installation at the Germaine Creek site commenced on September 15 th. Approximately 30
people (coming from as far away as Mayo) attended the classroom session and about 12 came to the
demonstration site to watch the installation of the live gravel bar staking. There is a high demand for
training of this sort in the Yukon and future courses could be easily be filled by eager students.
The training course was advertised in the Klondike Sun (see Figure 3.1) and information was emailed
to approximately 20 people who had expressed interest in attending. Dave Polster was interviewed
by Dave Croft of CBC radio in Whitehorse and this provided an opportunity to discuss the proposed
project and the role of bioengineering in land reclamation.

4:

COLLECTION OF PLANT MATERIALS

Soil bioengineering uses stem cuttings from plants that readily root from cuttings without special
treatment. Typically, willows (Salix spp.), cottonwood (Populus balsamifera) and red-osier dogwood
(Cornus stolonifera) are used for soil bioengineering work as these plants root and sprout readily. In
addition, these species are pioneering plants (particularly the willow and cottonwood) and are

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.
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adapted to establishing on bare, harsh substrates. This is an important attribute when these plants
are used for treatment of unvegetated gravels. Cottonwood and willow were collected for use in the
Germaine Creek Restoration Demonstration Project. No stands of red-osier dogwood with stems
large enough to use were found near the treatment area.
The cuttings were obtained from within 500 m of the treatment area. They were collected from areas
that had been cleared during development of the nearby highway gravel pit. Significant stands of
cottonwood and willow were found within the confines of the old pit and associated roadway
disturbances. The plants were selected for collection on the basis of being healthy, as straight as
possible and at least 2.5 cm in diameter at 1 m above the ground. The willow and cottonwood plants
were cut at the base using a chainsaw. All branches were removed from the cottonwood plants as
these do not sprout as readily as the main stem. Cuttings up to about 15 cm in diameter at the butt
(proximal) end were used although most of the cuttings were between 4 and 10 cm. The tools were
maintained in a sharp condition to provide good clean cuts. Care was taken to avoid damage to the
cambium layer of the cuttings.
The cuttings were made into bundles (Plate 4.1) that could be carried by one person, although in
some cases, the size of the cuttings dictated that two people were needed. Larger cuttings were
retained as single pieces and were not bundled. These materials were transported to a pond that is
located in the old gravel pit. All cuttings were put into the pond at the end of each day. The bundles
were marked with different colours of ribbon to identify the date they were procured. This allowed
the cuttings that were collected first to be used first while the last cuttings to be collected were used
last. Cuttings were soaked for a minimum of 7 days prior to use (Plate 4.2). Soaking the cuttings
washes away rooting inhibitors and improves the rooting of cuttings (Schaff et al., 2002). In
addition, soaking the cuttings ensures they are fully hydrated prior to planting and minimizes the
potential for desiccation.
The cuttings that were used for live gravel bar staking were cut into 1 m long stakes using a sharp
chainsaw. The cuttings used in the live palisades were retained as long as possible and were not cut
prior to use. This minimized the potential for damage to the cuttings and allowed them to be easily
handled and maneuvered during the soaking.

5:

SOIL BIOENGINEERING TREATMENTS

5.1

LIVE GRAVEL BAR STAKING

Live gravel bar staking (Polster, 2001) is the establishment of living cuttings in the surface of gravel
bars to initiate the processes of natural plant succession and to stabilize mobile gravels. As the gravel
bars are immobilized, the adjacent stream channel typically deepens, thus live gravel bar staking
assists in improving habitat for fish. Figure 5.1.1 shows the typical design for live gravel bar staking.
Live gravel bar staking overcomes the common problem plants have establishing on gravel bars, that
of moisture availability, by establishing the base of the cutting well into the gravel bar where there is
sufficient moisture to sustain growth. An excavator is used for this process as the ability to insert
cuttings into a gravel bar by hand is constrained by the difficulty of digging in river gravels.
Live gravel bar staking is accomplished with the excavator backing upstream on the gravel bar,
opening slits in the bar into which the cuttings are inserted. By backing the machine up the bar, the
cuttings assume a downstream slant. This helps to protect them from being pried out of the gravel
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by any large woody debris that floats down during flood flows. Care is taken to try and maintain the
rows of cuttings perpendicular to the anticipated flow direction during floods. The rows on the top of
the bar are placed perpendicular to the channel alignment while the rows along the edges of the bar
are more parallel with the general channel alignment but are perpendicular to the flow off of the
gravel bar. This arching pattern of cutting insertion forms naturally due to the swing of the
excavator. Four or more cuttings are inserted into each slit that is opened by the excavator with the
cuttings on either edge splayed out to cover more area.
Approximately 5,000 m² of gravel bar was staked in three areas. A long narrow strip was planted
along the edge of the existing vegetation on the north side of the channel and two areas were staked
on an island in the middle of the channel. Plate 5.1.1 shows live gravel bar staking on the island.

5.2

LIVE PALISADES

Live palisades are rows of previously soaked large cuttings (Plate 5.2.1) that are inserted in a trench
dug down to the water table. Plate 5.2.2 shows the installation of live palisades with water at the
bottom of the trench. By reaching the water table with the trench the cuttings can access moisture
and grow well. The roots that develop on the cuttings form cylinders of gravel with abundant roots.
With the cuttings spaced about 50 cm apart, this wall of roots provides considerable erosion protection. Two rows of cuttings can be placed in the trench to provide additional protection from
erosion (Plate 5.2.3). Live palisades provide a column of roots, unlike trees that establish from seed
where the roots form in a plate-like structure, giving the palisades a greater chance of withstanding
undercutting of the bank. With trees that develop from seed, the stream can undercut the bank and
the trees topple in. However, with live palisades, the root systems form in a column around the
cutting. This prevents the bank being undercut and eroded.
A total of 130 m of live palisades were installed along the eroding bank between the upstream end of
the rip rap along the highway and the ramp down to the beach at the upper end of the project area.
A gap was left at the mouth of Germaine Creek. The palisades were constructed at the base of the
eroding bank as this avoided damage to the existing vegetation on the bank (Plate 5.2.3).

6:

PRE- AND POST-CONSTRUCTION MONITORING

A pre-construction topographic survey was undertaken by Ms. Sandra Orban (of Fisheries and Oceans
Canada [FOC] in W hitehorse) and Mr. Jake Duncan (formerly the Habitat Steward in Dawson City).
An older model total station was used in this work (Plate 6.1) and this resulted in some difficulties.
The location of the pre-construction survey data is shown on Figure 6.1, bench mark coordinates
established for this survey are summarized on Table 6.1 and a compilation of bench mark elevations
obtained by the various surveys are compiled on Table 6.2. A post-construction survey was
attempted by Jake Duncan, however, instrument difficulties, snow cover and cold temperatures made
this work impossible to undertake. Given these circumstances, it would be desirable to undertake a
more complete survey to document as-built conditions prior to next years freshet. The objective is to
provide sufficient baseline data such that future changes in channel morphometry can be monitored.
This implies that data are needed at both the demonstration site and in upstream and downstream
sections of channel which can act as control areas.

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.
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Six sites (Figure 6.2) were established at which photographs will be taken to document vegetation
establishment and future changes in channel conditions. Pre-project photos taken by Ms. Sandra
Orban are on file with FOC in Whitehorse.
Pre-project surface bed material size was also measured at six sites (Figure 6.2) using the ‘pebble
count’ or ‘grid-by-number’ technique (described in Kellerhals and Bray, 1971; Yuzyk, 1986; and
Bunte and Abt, 2001). The results are shown on Figure 6.3.
A funding request to complete pre- and post-2005 freshet topographic surveys, repeat the photographic documentation, re-measure bed material size, assess survival of the bioengineering work and
document fisheries use in the area within and around the bioengineering project has been submitted
to the Yukon Panel for the 2005 fiscal year. It is hoped that subsequent phases of this work will
include enhancing fish habitat within a groundwater fed channel located immediately adjacent to the
soil bioengineering treatment area.

7:

FINANCES

The Germaine Creek Demonstration Project had a total budget of $70K. Funding sources were as
follows:
Yukon River Panel (Initial Contract)
35,000
Yukon River Panel (Supplementary Grant)
5,000
Mining Environment Resource Group [MERG]
5,000
YTG Highways
25,000
Total

$ 70,000

MERG assisted with the cost of the training course in Dawson City. The YTG Highways contribution
was to provide compensatory habitat for losses associated with highway widening near Dawson City.
Project expenses are comprised of both Professional and Construction Services.
Professional
expenses included design, permitting, project management, construction supervision and reporting.
Professional time and expenses associated with training and construction supervision required 25% of
the project budget. Construction costs accounted for 42% of the total project budget. The labour
and equipment time was as follows:

Labour
Training
Hall Rental
Power Saw
Crew Cab
Excavator

8-hour days
53
4
1
14
14
8

Mr. Jake Duncan’s services were donated, as were time and expenses associated with Ms. Sandra
Orban’s participation in the monitoring aspect of this work.
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As of early-November 2004, outstanding work includes fabrication of a descriptive sign which will be
erected at the Demonstration Site next spring *1 and plotting the pre-project survey data collected by
Fisheries and Oceans Canada.
Professional time requirement on similar projects could be potentially reduced if the permitting
process can be streamlined.

8:

DISCUSSION AND CONCLUSIONS

Installation of soil bioengineering treatments at the Germaine Creek project site was satisfactorily
completed. The placed cuttings are expected to sprout and grow in the spring. The excellent growth
of willows and cottonwood in the area (including those naturally propagated from cuttings on beaver
dwellings and dams) suggests that there will not be a problem with the cuttings over-wintering.
Soil bioengineering offers an effective solution to restoration problems associated with placer mining
or other soil disturbances in the vicinity of Dawson City. The use of pioneering species in soil bioengineering ensures that treated sites will re-establish the natural successional trajectories. The
abundance of plant materials for use in soil bioengineering makes the Dawson City area an ideal
location for use of these techniques.
The training and education outreach components of this project have increased local knowledge of
bioengineering techniques. In addition, the work with Han Construction has developed the technical
skills and the capacity to undertake similar bioengineering projects. This project provided 57 persondays of employment for members of the Tr’ondëk Hwëch’in First Nation and $35K of revenue to the
Dawson City economy.

9:

CERTIFICATION

____________________

____________________

Mike Miles, M.Sc., P. Geo.

Dave Polster, M.Sc., R.P.Bio.

1

The required posts were installed in September 2004, funding for this work is being provided by MERG.
Polster Environmental Services Ltd. – M. Miles and Associates Ltd.
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Figure 3.1: Course information placed in Klondike Sun and emailed to
interested participants.
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Figure 6.3: Bed material pebble counts on Germaine Creek, September 14, 2004
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TABLES

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

TABLE 6.1:

BENCHMARK LOCATIONS

STATION #

SURVEY TAG #

1

4631

2

4632

3

4633

4

4634

5

4635

6

4636

7

4637

8

4638

BENCHMARK
LOCATIONS

NORTHING

5,000

EASTING

ELEVATION

1000

100

Note: Unique coordinate systems were established for each of the three areas surveyed.
It is recommended that all future data be collected using a single co-ordinate system.

T - 1

M. MILES AND ASSOCIATES LTD.

TABLE 6.2:

SUMMARY OF CONTROL POINT ELEVATIONS

SETUP 1 (STATION 1)
STATION #

SETUP 2 (STATION 2)

POINT #

ELEVATION
(m)

POINT #

ELEVATION
(m)

1

1

100.000

1380

100.004

2

2
1051

100.932
100.908

3

1061

100.05

4

1276

99.714

5
6

1021

1402

99.083

1394

100.938

POINT #’S

Note:

T -2

1428
1, 2, 5, 7,
1000-1379

POINT #

ELEVATION
(m)

1588

100.103

1590

99.743

SETUP 4 (STATION 5)

POINT #

ELEVATION
(m)

1632

99.985

1629

99.110

5

100.000

100.036

7
8

SETUP 3 (STATION 7)

1380-1538

100.189

7

100.000

1539
1540

100.250
100.245

1539-1590

1591-1632

FOC established a unique coordinate system for each of the four instrument setups. Data from setups 2, 3 and 4 have been rotated such that common points
occupy the same location. No elevation corrections are needed for setup 1. However, benchmark elevations used for setups 2, 3 & 4 will need to be resurveyed as there is not a consistent elevation difference between the various surveys. Future data will be collected using a single coordinate system.
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PLATES

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

Live Palisades

Plate 1.1:

P-1

Live Gravel Bar Staking

Live Gravel Bar Staking

Panorama of Klondike River at the Germaine Creek project area, showing the location of the completed bioengineering work.

Polster Environmental Services Ltd. & M. Miles and Associates Ltd.

D. Polster

Plate 4.1: Cuttings of willow and cottonwood were collected and bundled for use in the soil
bioengineering work. cuttings were collected within 500 m of the treatment area.

D. Polster

Plate 4.2: Soaking the cuttings improves sprouting and rooting. A pond in the old gravel pit
adjacent to the treatment area was used for soaking the plant materials.
P-2

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

D. Polster

Plate 5.1.1:

P-3

Live gravel bar staking on the Klondike River side channel near Germaine Creek.
Note the expanse of staked area beyond the excavator.

POLSTER ENVIRONMENTAL SERVICES LTD.

D. Polster

Plate 5.2.1: The large cottonwood and willow cuttings used to construct live palisades were
soaked prior to use. This washes away rooting inhibitors and encourages rapid
root development.

D. Polster

Plate 5.2.2: Installing live palisades is done with an excavator. Note the water in the bottom
of the trench. This provides moisture for the growth of the cuttings.
P-4

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

D. Polster

Plate 5.2.3:

P-5

Live palisades installed at the Germaine Creek site showing the two rows of large
cuttings that have been inserted into the substrate.

POLSTER ENVIRONMENTAL SERVICES LTD.

D. Polster

Plate 6.1: A total station was used to document pre- and post-construction channel topography.
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APPENDIX 1
APPLICATION AND PERMIT TO WORK
WITHIN THE HIGHWAY RIGHT-OF-WAY
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APPENDIX 2
APPLICATION AND TERRITORIAL LAND USE PERMIT

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

Klondike River

Work Area
30 km to Dawson City

Germaine Creek

Map scale ~1:26,000

Map 1: Location of proposed work area. Section of map 116B02.
[See Figures 3.1.1, 3.1.2 and 4.2.1 in attached report.]
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APPENDIX 3
WATER LICENSE APPLICATION

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

Klondike River

Work Area
30 km to Dawson City

Germaine Creek

Map scale ~1:26,000

Map 1: Location of proposed work area. Section of map 116B02.
[See Figures 3.1.1, 3.1.2 and 4.2.1 in attached report.]
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APPENDIX 4
WATER BOARD RESPONSE TO WATER LICENSE APPLICATION
AND REQUEST FOR SUPPLEMENTAL INFORMATION

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.
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APPENDIX 5
REPLY TO WATER BOARD IN RESPONSE TO
THEIR REQUEST FOR SUPPLEMENTAL INFORMATION
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APPENDIX 6
EXTERNAL REVIEW:
COMMENTS ON WATER LICENSE APPLICATION

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.
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APPENDIX 7
WITHDRAWAL OF WATER LICENSE APPLICATION

Polster Environmental Services Ltd. – M. Miles and Associates Ltd.

