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(Th is information was developed by the Colorado Division of Wildlife.)

Habitat restoration actions, in tandem with further remediation eff orts, will signifi cantly contribute 
to restoring the brown trout population in metals-impacted stream reaches of the upper Arkansas 
River below California Gulch. Historical placer mining within the river and grazing in the riparian 
areas of the river have reduced the amount of quality habitat for the brown trout fi shery (Industrial 
Economics, 2006). Much of the 11-mile reach is over-width and aggraded, and presents as a 
continuous run or riffl  e with little deep pool or undercut bank habitat for over-wintering refugia. In 
addition, the banks are highly erodible due to lack of strong establishment of riparian shrubs such 
as native high-elevation willow species. Mine tailings and spoils are largely responsible for the poor 
vegetative growth, as well as a history of grazing and railroad activity in the area. 

Physical habitat improvements within the 11-mile reach (including habitat and geomorphology 
improvements, bank stabilization, and riparian improvements) are expected to improve the fi shery 
(density, biomass, spawning, and/or the number of large adult fi sh) up to 40% higher than current 
conditions. In-stream habitat restoration treatments are generally designed to perform one of the 
following functions, all of which directly or indirectly improve trout habitat: (1) improve natural 
river processes and connection between the river and the fl oodplain and riparian zone; (2) stabilize 
banks in a way which also creates winter habitat and cover for trout; and (3) enhance mid-stream 
habitats for trout and their prey base (forage fi sh or invertebrates). Photographs of in-stream 
restoration activities are included in Section A.3, bank erosion treatments in Section A.4, and aquatic 
habitat treatments in Section A.5. 

Potential treatments for the entire 11-mile reach (Figure A.1) were identifi ed and evaluated for the 
Preliminary Estimate of Damages (Industrial Economics, 2006). Table A.1 describes the general 
nature of the habitat restoration treatments that serve these functions and that will be considered 
for the reaches in the 11-mile segment. Stream reaches will be prioritized to develop an in-stream 
restoration timeline based on the (1) status of the brown trout population, (2) level of current and 
future contamination, (3) ease of access for heavy equipment, (4) public access after restoration, and 
(5) presence/absence of confounding factors such as water rights, ditches, agricultural practices, etc. 
With this prioritization scheme, Reach 3 between Highway 24 and Kobe was ranked as Phase I. EPA 
has conducted recent work in this reach and thus there are access roads that will facilitate in-stream 
restoration activities. In addition, the brown trout populations in this reach have not recovered to 
reference levels, and since metals contamination is lower in this reach compared to directly below 
California Gulch, we hypothesize that habitat is the limiting factor. Phase II of the project will be on 
the Moyer easement and Reach 2, which also shows severely degraded habitat and will have public 
access. Phase III includes private property from California Gulch to the confl uence of the Lake Fork 
in Reach 1. Th ere are issues in Reach 1 that must be addressed, including the maintenance of ditch 
access and agricultural practices, and protection of grazing land and physical structures. Th ese issues 
may be best addressed with assistance from the National Resource Conservation Service. Work with 
private landowners was described in Section 3.3.1. Phase IV will include any point in Reach 4 where 
access and permission is granted.
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Proposed treatment regimes for in-stream habitat restoration
Treatment regimes were proposed for the 11-mile reach of the upper Arkansas River based on initial 
inventory and survey techniques (Table A.1). Th ese techniques include qualitative assessments 
of bank stability and riparian vegetation, counts of riffl  e to pool ratios, width to depth ratio 
measurements, aerial imagery at high and/or low fl ows, investigation of stream fl ow data from 
gauges, and determination of access logistics and private versus public property issues. Treatments 
for each reach are described in further detail below. Th ese treatments will be further evaluated and 
adjusted or deleted when engineering models are applied to develop the fi nal treatment plans for 
each reach. Nothing is currently proposed for the reference stream reach above California Gulch 
(Reach 0).

A.1 Engineering and Design
To assist with evaluating the size of material (boulders, cobbles, etc.) to use in various habitat 
treatments, a two-dimensional computer model will be developed. Th e United States Army Corps 
of Engineers’ HEC-RAS computer program will be used to model each reach. Th is program is 
one of the industry standards for evaluating rivers in their current state as well as how planned 
improvements will aff ect the system. HEC-RAS utilizes river cross-section geometry, length of 
channel between cross-sections, channel roughness (amount of vegetation in the channel and 
overfl ow banks, size and shape of rock in the channel, etc.), and fl ow to determine water surface 
elevations, width of the water, and water velocity (impacts bank and channel bottom stability). Th e 
program will also help predict the ability of the river to transport sediment though the reach. Th is is 
important to design the river so there is neither agradation (deposit) nor degradation (erosion) at the 
structures.

Th e HEC-RAS computer model will evaluate river reaches as a system but is limited in its capability 
to predict how individual treatments/structures will aff ect the river at a particular location. To help 
evaluate the potential impacts that a particular treatment may have on the river in critical locations, 
it may be prudent to develop a three-dimensional model. Th ere are several good three-dimensional 
hydraulic computer programs currently in use, such as the USGS MD-SWMM program.

A.2 Project Management and Construction
Th e preferred alternative of in-stream habitat restoration will require detailed engineering for each 
designated stream reach and associated construction and heavy equipment operations along the 
banks and within the streambed. While engineering plans will be adhered to as much as possible, 
there may be a need or opportunity for design-build activities beyond the engineering plans. Access 
roads previously developed by EPA for reclamation and restoration activities will be used, although 
additional access points may be required. Project management will require both knowledge of heavy 
equipment operations, placement of in-stream restoration treatment types, and fi sh behavior and 
ecology. 
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Figure A.1. 
Reaches 1−4 
in the 11-mile 
reach of the 
Arkansas 
River below 
the confl uence 
with California 
Gulch.
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Figure A.2. Elevating riffl e substrate.

A.3 In-Stream Restoration Activities 
Figures A.2−A.9 provide examples of the types of in-stream restoration activities that may be 
employed.

Figure A.3. Reducing channel width by adding fi ll.
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Figure A.4. Creating a point bar.

Figure A.5. Add riparian vegetation.
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Figure A.6. Excavate a pool.

Figure A.7. Add overhead trout cover.
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Figure A.8. Add a riparian bench with a cobble toe.

Figure A.9. Add a riparian bench with a stone/boulder toe.
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A.4 Bank Erosion Treatments
Figures A.10−A.18 provide examples of the types of bank erosion treatments that may be employed.

Figure A.10. Log spur. 

Figure A.11. Log vane.
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Figure A.12. River bank root wad.

Figure A.13. Horizontal parallel log.
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Figure A.14. Cross vane.

Figure A.15. Half cross (boulder) vane.
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Figure A.16. Boulder J hook.

Figure A.17. Hard point.
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Figure A.18. Single boulder defl ector.

A.5 Aquatic Habitat Treatments
Figures A.19−A.23 provide examples of the types aquatic habitat treatments that may be employed.

Figure A.19. Rock garden.
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Figure A.20. Boulder cluster.

Figure A.21. Stump.
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Figure A.22. Random boulders.

Figure A.23. Mid-channel root wad/log.




