REGULATION CONSIDERATIONS FOR
SUCTION-DREDGE PLACER MINING

IMAGE: The famed Rogue River in southwest Oregon was ground zero for suction-dredge mining prior to the
Oregon legislature enacting regulations in 2017 (photo by Rolf Skar).
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Introduction

The following is a collection of the new scientific and other factual information for
consideration by the State of Washington as it reforms its placer mining regulations. This report
was made possible, in part, by a generous grant made by the Keta Legacy Foundation (formerly
the Mountaineers Foundation).

The Washington Dep’t of Fish and Wildlife (Department) is engaged in rulemaking pursuant to
R.C.W. 77.55.091, the “small-scale prospecting and mining” statute. This law has the dual
purposes of honoring the heritage of small-scale prospecting and mining, while complying with
the federal Endangered Species Act (ESA) and Washington’s fish protection objectives. As it
seeks to achieve these purposes, the Department should be guided by the best-available
science.

This paper is concerned primarily with modern practices of placer mining, in particular the
popular method of motorized suction-dredge mining. Suction-dredge mining involves a
motorized dredge mounted on floats and anchored in the stream. A suction hose, typically from
4 - 6" in diameter, is maneuvered along the streambed by a miner who operates in the water,
often wearing diving equipment. The dredge nozzle powerfully sucks up the streambed gravels
and silt down to bedrock, depositing it onto a sluice box mounted on floats. As the dredged
material and water pass through the dredging system, the sluice separates the heavier gold
from the other material. The remaining tailings are discharged directly back into the water from
the other end of the sluice.

IMAGE: Several
motorized
suction-dredge
mining machines
B (photo by Rogue
% Riverkeeper).

Suction-dredge mining is known by the Department to harm fish and their aquatic habitats. See
WAC 220-660-300(2). Washington’s most recent best-available science review of the impact of
placer mining was the R-2 Consultants White Paper, December 2006. That paper found direct
impacts including (1) mortality of early life history stages or eggs, and (2) lower productivity as a
result of habitat modifications, and (3) indirect impacts including changes in food resources,
and cumulative human disturbance. Significantly, it found a high likelihood of “take” of ESA-
listed fish if suction-dredge mining occurs where fish are present.
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As that and other studies have found, placer mining can harm fish in several different ways:

* Geomorphic Effects. Dredging directly removes the natural streambed, rearranges the
material, and deposits it back into the stream as tailings. This destabilizes streambeds,
simplifies aquatic habitat, and increases potential for streambed erosion.

* Sediment. Suction-dredge mining directly releases suspended sediment, a “pollutant”
under the Clean Water Act, into the water column. Suspended sediment can be
especially damaging to fish eggs, juvenile fish, and prey species. Sediment deposited as
tailings can also smother eggs, fill pools, and have negative hydrologic impacts.

* Entrainment. Small fish and eggs sucked into suction dredges can be killed.

* Mobilization of Toxins (e.g. Mercury). Science has advanced regarding (1) the ways that
mercury mobilizes, (2) the presence of mercury in placer mining reaches in Washington,
and (3) the effects of mercury exposure on life forms.

* Cumulative Impacts. More important than any of the individual factors, all of them, and
outside events, interact and accumulate. The whole is more than the sum of the parts. A
complete understanding of mining impacts requires analysis of these cumulative
impacts.

IMAGE: This diagram illustrates a typical
5. \W"‘e’s“rf“/_\_/, salmon-spawning nest, or redd, in
— REDD —>»  profile. Downstream flow forces water
. —_— 'Egg Pockets X Tailspill through the gravel and across the buried
RES eggs; bringing oxygen to the eggs while
moving waste away. If the gravel
becomes covered in silt, or is disrupted
or dislodged (such as by the vacuum of a
suction-dredge machine), the eggs face
Depth future predation or direct mortality

(in feet) (diagram by Washington Department of
Fish and Wildlife).
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Gravel

Building off of this information, new scientific evidence further indicates that placer mining,
especially suction-dredge mining, causes harm to aquatic habitat and water quality in
numerous ways. As the Oregon Chapter of the American Fisheries Society wrote in a 2017
White Paper:

Although many of the studies on suction dredge mining dating to the later part of the
twentieth century remain the foundation of the literature on suction dredge effects on stream
environments, more current work has highlighted contaminant impacts related to the practice.
Recent literature reviews (R2 Resource Consultants 2006; HWE 2009) and suction dredge
regulatory planning documents (HWE 2011; CNF 2013; USFS 2015) summarize the earlier work
and expand on contemporary investigations into how suction dredge operations may imperil
aquatic organisms and human users who interact with mined environments. The expanding body of
scientific knowledge on stream ecology provides the scientific community with a better
understanding of aquatic organisms’ habitat requirements. Additionally, the realization of the
prevalence of mercury in streams that were historically mined creates a human health concern
(Humphreys 2005; Fleck et al. 2011; Marvin-DiPasquale et al. 2011). As scientists develop a better
understanding of mercury uptake and bioaccumulation through food webs, the risks of
reintroducing previously buried mercury is becoming better understood.
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In sum, suction dredge mining may affect populations of salmon (Oncorhynchus spp.),
steelhead (O. mykiss), lamprey, other fishes, and stream invertebrates; simplify aquatic habitats
such that they have less capacity to support aquatic life; and increase fish, wildlife, and human
exposure to toxic heavy metals.

Newly developed science draws attention to several themes that ought to be prominent as
rules are developed:

* Juvenile Fishes. New information has been gathered regarding life history strategies of
many of the relevant ESA-listed species, showing the importance of freshwater rearing
habitat to fish populations.

* Threatened and Endangered Species Recovery. Unfortunately, the trend towards listing
of additional species has continued. Five-year reviews of past ESA listings have re-
affirmed listed species’ imperiled status. Additional critical habitat has been designated.
Recovery plans have continued to be developed. Restoration actions are proceeding on
many different fronts.

* Global Climate Change. Best-available science conclusively shows that the global
climate is rapidly changing on a warming trend, with corresponding major impacts on
Washington waters and the species that depend on them.

* Invasive Species. Suction-dredge mining risks spread of invasive species. Current
regulations are silent as to invasive species.

Best Practices for Regulating Placer Mining to Protect
Threatened & Endangered Species

Washington’s current approach to regulating suction-dredge mining falls short in several
respects, but it does provide a good groundwork. The Department would be well served by
focusing reform efforts on the following aspects of the current regulations:

* Methods of Mining. Some methods are more impactful than others. Washington law
distinguishes between “small-scale prospecting and mining,” defined to mean only four
specific non-motorized methods: 1) pans, 2) non-motorized sluice boxes, 3)
concentrators and 4) mini-rocker boxes, and other methods like suction-dredge mining.
Application of this distinction allows greater regulation for more impactful methods,
while also reducing the burden on recreational small-scale prospectors.

* Critical Habitats for ESA-listed species is unacknowledged by current regulations.
Significant strides are being made in Washington towards locating and understanding
the critical habitats for threatened and endangered fish.

* Cumulative Impacts are poorly addressed by current regulations. A comprehensive
view is an essential supplement to case-specific and location-specific decisions.

* Monitoring and Enforcement. Anecdotally, the worst impacts from prospecting and
mining come from operators who don’t follow existing rules. With no permits,
monitoring of specific placer operations is difficult, and monitoring of trends and
cumulative impacts is impossible. The burden of enforcement falls entirely on under-
funded Department staff and the law enforcement community.
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Recent Reform of Suction-dredge Mining in Nearby States

Recent reforms of placer-mining regulation in other nearby states are instructive of the general
approach Washington ought to consider. Regulations of neighboring states contain the
following basic elements:

1. Mining is presumptively prohibited (or prohibited outright) in designated ESA Critical
Habitat or similar designation;

2. Where it is allowed, mining in Critical Habitat proceeds only after site-specific biological
review and consultation;

3. National Pollutant Discharge Elimination System (NPDES) permitting under the Clean
Water Act is implemented.

Idaho

Idaho implemented significant reforms in 2014. Because Idaho has not assumed Clean Water
Act permitting authority, discharge permits for placer mining fell under the purview of the
Environmental Protection Agency (EPA). The resulting general NPDES permit largely addresses
the ESA issues in Idaho. As a Federal Agency, EPA engaged in ESA consultation regarding effects
to ESA-listed species.

U.S. Environmental Protection Agency (EPA). 2014. Authorization to Discharge under the National
Pollutant Discharge Elimination System for Small Suction-Dredge Placer Miners in Idaho. General
Permit No.: IDG370000. Office of Water and Watersheds, Region 10, U.S. Environmental Protection
Agency. March 5, 2014. 44 p.

U.S. Environmental Protection Agency (EPA). 2012. Biological Evaluation for Small Placer Miners in Idaho
National Pollutant Discharge Elimination System (NPDES) General Permit. August 2012. Prepared by:
US EPA Region 10, Office of Water and Watersheds, Office of Environmental Assessment. 81 p.
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Oregon

Rivers Protected From Suction Dredge Mining - SB3
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In 2017, Oregon adopted legislative and administrative reforms, which replaced an earlier
moratorium on suction-dredge mining. By statute, mining is prohibited in “Essential Salmonid
Habitat,” a state designation of waters important to anadromous species. Oregon also
implements the Clean Water Act with a general permit.

Oregon Department of Environmental Quality [DEQ]. 2010. 700 PM permit.
http://www.deq.state.or.us/wg/wgpermit/mining.htm.

Oregon Department of State Lands [DSL]. 2011.
http://www.oregon.gov/DSL/PERMITS/docs/placer_facts.pdf.

ODEQ [Oregon Department of Environmental Quality]. 2013. Implementation of methylmercury
criterion in NPDES permits. Water Quality Division Surface Water Management. 25 p.

Greene, J. 2010. Regulating small scale suction gold dredges in Oregon waters using measurements of
turbidity. Unpublished manuscript prepared for presentation to the staff from the Oregon
Department of Environmental Quality, June 2010. 15 p.

Oregon Chapter of the American Fisheries Society, 2017. Suction Dredge Mining Impacts on Oregon’s
Fishes, Aquatic Habitats, and Human Health. www.orafs.org.

ORAFS 2015. Effects of Suction Dredge Mining on Oregon Fishes and Aquatic Habitats. www.orafs.org.
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California

California legislatively banned suction-dredge mining in 2013, having been politically unable to
develop a workable regulatory regime.

California Department of Fish and Game (CDFG). 2009. Literature review on the impacts of suction
dredge mining in California. California Department of Fish and Game suction dredge permitting
program. Prepared by Horizon Water and Environment, LLC, Oakland CA. September 2009. 122 p.

California Department of Fish and Game (CDFG). 2011. Draft subsequent environmental impact report.
Suction dredge permitting program. Project No. 09.005. February 2011.
http://www.dfg.ca.gov/suctiondredge/.

HWE [Horizon Water and Environment]. 2009. Suction Dredge Permitting Program. Literature review on
the impacts of suction dredge mining in California. http://www.dfg.ca.gov/suctiondredge/.

HWE [Horizon Water and Environment]. 2011. Suction Dredge Permitting Program-Draft Subsequent
Environmental Impact Report. (HWE 09.005) Oakland, CA. http://www.dfg.ca.gov/suctiondredge/.

SWRCB [California State Water Resources Control Board]. 2017. Draft staff report, including substitute
environmental documentation for Part 2 of the Water Quality Control Plan for Inland Surface Waters,
Enclosed Bays, and Estuaries of California — Tribal and Subsistence Fishing Beneficial Uses and
Mercury Provisions. http://www.waterboards.ca.gov/water_issues/programs/mercury/.

New Science Regarding Mercury Pollution

Ackerman, J.T., C.A. Eagles-Smith, M.P. Herzog, C.A. Hartman, S.H. Peterson, D.C. Evers, A.K. Jackson, J.E.
Elliott, S.S. Vander Pol, and C.A. Bryan. 2016. Avian mercury exposure and toxicological risk across
western North America: A synthesis. Sci. Total Environ. 568(749-769).

Bettaso, J.B, and D.H. Goodman. 2010. A comparison of mercury contamination in mussel and
ammocoete filter feeders. J Fish Wild Man 12:142-145.

Brigham, M.E., D.A. Wentz, G.R. Aiken, D.P. Krabbenhoft. 2009. Mercury cycling in stream ecosystems. 1.
Water column chemistry and transport. Environ. Sci. Technol. 43, 2720-2725.

Dillon. T., N. Beckvar and J. Kern. 2010. Residue-based mercury dose-response in fish: an analysis using
lethality-equivalent test endpoints. Environmental Toxicology and Chemistry 29(11): 2559-2565.

Domagalski, J., M.S. Majewski, C.N. Alpers, C.S. Eckley, CA. Eagles-Smith, L. Schenk, S. Wherry. 2016.
Comparison of mercury mass loading in streams to atmospheric deposition in watersheds of Western
North America: Evidence for non- atmospheric mercury sources. Sci. Total Environ. 568 (638-650).

Donovan, P.M., J.D. Blum, M.B. Singer, M. Marvin-DiPasquale, M.T.K. Tsui. 2016. Methylmercury
degradation and exposure pathways in streams and wetlands impacted by historical mining: Science
of The Total Environment. 568(1192—1203).

Fleck, J.A., C.N. Alpers, M. Marvin-DiPasquale, R.L. Hothem, S.A. Wright, K. Ellett, E. Beaulieu, J.L. Agee,
E. Kakouros, L.H. Kieu, D.D. Eberl, A.E. Blum, and J.T. May. 2011. The effects of sediment and mercury
mobilization in the South Yuba River and Humbug Creek confluence area, Nevada County, California:
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Concentrations, speciation and environmental fate — Part 1: Field Characterization: U.S. Geological
Survey Open-File Report 2010-1325A, 104 p.

Henery, R.E., T.R. Sommer, C.R. Goldman. 2010. Growth and methylmercury accumulation in juvenile
Chinook Salmon in the Sacramento River and its floodplain, the yolo bypass. Trans. Am. Fish. Soc.
139, 550-563.

Johnson, A., M. Friese, and K. Carmack. Mercury Levels in Gold Mining Reaches on Seven Washington
Rivers and Creeks. Environmental Assessment Program, Washington Dep’t of Ecology. Available at:
www.ecy.wa.gov/biblio/1103003.html and data available at www.ecy.wa.gov/eim/index.htm, search
User Study ID AJOH0059.

This study shows sampled mercury levels in water, sediment, fish, and invertebrates for seven of the
primary Washington place mining areas. Of particular concern, caddisflies from upper Peshastin
“showed evidence of significant mercury contamination,” while several sources showed evidence of
mercury concentrations in the Similkameen. While none exceeded known standards, the Sultan
River, Swauk Creek, and Williams Creek had some of the highest mercury concentrations.

Lepak, J.M., M.B. Hooten, C.A. Eagles-Smith, M.T. Tate, M.A. Lutz, J.T. Ackerman, J.J. Willacker, Jr., A.K.
Jackson, D.C. Evers, J.G. Wiener, C.F. Pritz, J. Davis. 2016. Assessing potential health risks to fish and
humans using mercury concentrations in inland fish from across western Canada and the United
States. Sci. Total Environ. (571: 342-354).

Linley, T., E. Krogstad, R. Mueller, G. Gill, and B. Lasorsa. 2016. Mercury concentrations in Pacific
Lamprey (Entosphenus tridentatus) and sediments in the Columbia River Basin. Environmental
Toxicology and Chemistry, Vol. 35, No. 10, pp. 2571-2576.

Linley, T., E. Krogstad, R. Mueller, G. Gill, and B. Lasorsa. 2016. Mercury concentrations in Pacific
Lamprey (Entosphenus tridentatus) and sediments in the Columbia River Basin. Environmental
Toxicology and Chemistry, Vol. 35, No. 10, pp. 2571-2576.

Liu, Q., N. Basu, G. Goetz, N. Jiang, R. Hutz, P. Tonellato and M. Carvan lll. 2013. Differential gene
expression associated with dietary methylmercury (MeHg) exposure in rainbow trout (Oncorhynchus
mykiss) and zebrafish (Danio rerio). Ecotoxicology 22(4): 740-751.

Marvin-DiPasquale, M., J. Agee, E. Kakouros, L. Kieu, J. Fleck and C. Alpers. 2011, The effects of sediment
and mercury mobilization in the South Yuba River and Humbug Creek confluence area, Nevada
County, California: Concentrations, speciation and environmental fate—Part 2: Laboratory
Experiments: U.S. Geological Survey Open-File Report 2010-1325B, 54 p.

Nagorski, S., D. Engstrom, J. Hudson, E. Hood, D. Krabbenhoft, J.Dewald and G. Aiken. 2009. Mercury
distribution in water and biota in diverse southeastern Alaska watersheds. A PDF of a Powerpoint
presentation. U.S. Geological Survey and University of Alaska Southeast. 26 p.

Rhea, T., A. Farag, D. Harper, E. McConnell and W. Brumbaugh. 2013. Mercury and selenium
concentrations in biofilm, macroinvertebrates, and fish collected in the Yankee Fork of the Salmon
River, Idaho, USA, and their potential effects on fish health.

Sandheinrich, M.B. and J.G. Wiener. 2010. Methylmercury in Freshwater Fish: Recent Advances in
Assessing Toxicity of Environmentally Relevant Exposures. in W. N. Beyer, and J. P. Meador, editors.
Environmental Contaminants in Biota: Interpreting Tissue Concentrations, 2nd edition. CRC Press,
Boca Raton, FL.
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Scudder, B. C., L. C. Chasar, D. A. Wentz, N. J. Bauch, M. E. Brigham, P. W. Moran, D. P. Krabbenhoft.
2009. Mercury in Fish, Bed Sediment, and Water from Streams across the United States, 1998-2005.
U.S. Geological Survey Investigations Report 2009-5109.

Seiders, K. and C. Deligeannis. 2009. Washington State Toxics Monitoring Program: Freshwater Fish
Tissue Component, 2008. Washington State Department of Ecology, Olympia, WA. Publication No.
09-03-055. Available at: www.ecy.wa.gov/biblio/0903055.html.

Weis, J.S. 2009. Reproductive, developmental, and neurobehavioral effects of methylmercury in fishes.
Journal of Environmental Science and Health, Part C. 24: 212-225.

New Science Regarding Sediment

Gascho Landis, A.M., W.R. Haag, and J.A. Stokel. 2013. High suspended solids as a factor in reproductive
failure of a freshwater mussel. Freshwater Science 32(1): 70-81.

Gascho Landis, A.M. and J.A. Stokel. 2016. Multi-stage disruption of freshwater mussel reproduction by
high suspended solids in short- and long-term brooders. Freshwater Biology 61: 229-238.

Hansen, A.G., D.A. Beauchamp, and E.R. Schoen. 2013. Visual prey detection responses of piscivorous
trout and salmon: effects of light, turbidity, and prey size. Transactions of the American Fisheries
Society 142: 854-867.

Jones, I, I. Growns, A. Arnold, S. McCall, and M. Bowes. 2015. The effects of increased flow and fine
sediment on hyporheic invertebrates and nutrients in stream mesocosms. Freshwater Biology.
D0i:10.1111/fwb.12536.

Muck, J. 2010. Biological effects of sediment on bull trout and their habitat—guidance for evaluating
effects. Department of Interior, U.S. Fish and Wildlife Service, Washington Office, Lacey, Washington.
July 13, 2010. 57 pp.

Mustonen, K., H. Mykra, P. Louhi, A. Markkola, A. Huusko, N. Alioravainen, S. Lehtinen, and T. Muotka.
2016. Sediments and flow have mainly independent effects on multitrophic stream communities and
ecosystem functions. Ecological Applications, DOI: 10.1890/15-1841.1.

Wilcock, P., J. Pitlick, and Y. Cui. 2009. Sediment transport primer: estimating bed-material transport in
gravel-bed rivers. General Technical Report RMRS-GTR-226, USDA- Forest Service, Rocky Mountain
Research Station, Fort Collins, CO. 78 pp.

New Science Regarding Hydrology,
Hydrogeology & Geomorphology

Bellmore, J.R., C. V. Baxter. 2014. Effects of geomorphic process domains on river ecosystems: A
comparison of floodplain and confined valley segments. River Res. Appl. 30, 617—-630.

Burkholder, B., G.E. Grant, R. Haggerty, T. Khangaonkar, and P.J. Wampler. 2008. Influence of hyporheic
flow and geomorphology on temperature of a large, gravel-bed river, Clackamas River, Oregon, USA.
Hydrological Processes 22:941-953.
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Fox, M. and S. Bolton. 2007. A regional and geomorphic reference for quantities and volumes of
instream wood in unmanaged forested basins of Washington State. North American Journal of
Fisheries Management 27:342-359.

Francoeur, S.N. and B.J. Biggs. 2006. Short-term effects of elevated velocity and sediment abrasion on
benthic algal communities. Hydrobiologia 561: 59-69.

Gurnell, A.M., W. Bertoldi, D. Corenblit, Changing river channels: The roles of hydrological processes,
plants and pioneer fluvial landforms in humid temperate, mixed load, gravel bed rivers. Earth-Sci.
Rev. 111, 129-141 (2012).

Hauer, R.F., H. Locke, V.J. Dreitz, M. Hebblewhite, W.H. Lowe, C.C. Muhlfeld, C.R. Nelson, M.F. Proctor,
S.B. Rood, 2016. Gravel-bed river floodplains are the ecological nexus of glaciated mountain
landscapes. Science Advances. June 24, 2016. http://advances.sciencemag.org.

Olson, P. and E. Stockdale. 2010. Determining the Ordinary High Water Mark on Streams in Washington
State. Second Review Draft. Washington State Department of Ecology, Shorelands & Environmental
Assistance Program, Lacey, WA. Ecology Publication # 08-06-001.

Orr, H.G., A.R.G. Large, M.D. Newson, and C.L. Walsh, 2008. A predictive typology for characterising
hydromorphology. Geomorphology 100 (2008) 32—-40.

Parkinson, S.E., P. Goodwin, and D. Caamafio. 2012. Flow structure and sustainability of pools in gravel-
bed rivers. In Environmental Fluid Mechanics: memorial volume in honor of Gerhard H. Jirka; editors
W. Rodi and M. Uhlmann. CRC Press p. 175-194. D0i:10.1003/rra. 1463.

Reid, S.C, S.N. Lane, J.M. Berney, and J. Holden. 2008. The timing and magnitude of coarse sediment
transport events within an upland, temperate gravel-bed river. Geomorphology 83:152-82.

Skidmore, P.B., C.R. Thorne, B.L. Cluer, G.R. Pess, J.M. Castro, T.J. Beechie, and C.C. Shea. Science base
and tools for evaluating stream engineering, management, and restoration proposals. U.S. Dept.
Commerce, NOAA Tech. Memo. NMFS-NWFSC- 112. 255p. http://www.restorationreview.com/.

Stofleth, J.M., F.D. Shields, and G.A. Fox. 2008. Hyporheic and total transient storage in small, sand-bed
streams. Hydrological Processes 22:1885-1894.

Valett, H.M., F. R. Hauer, J. A. Stanford. 2013. Landscape influences on ecosystem function: Local and
routing control of oxygen dynamics in a floodplain aquifer. Ecosystems 17, 195-211.

Whited, M. S. Lorang, M. J. Harner, F. R. Hauer, J. S. Kimball, J. A. Stanford. 2007. Climate, hydrologic
disturbance, and succession: Drivers of floodplain pattern. Ecology 88, 940-953.

Wyatt, K.H., F. R. Hauer, G. F. Pessoney. 2008. Benthic algal response to hyporheic-surface water
exchange in an alluvial river. Hydrobiologia 607, 151-161.

New Science Regarding Washington’s Salmon & Trout

Bash et al. 2001. Effects of Turbidity and Suspended Solids on Salmonids. Washington DOT. Final
Research Report.

Beamer et al. 2005. Linking Freshwater Rearing Habitat to Skagit Chinook Salmon Recovery, App. C. of
Skagit Chinook Recovery Plan.
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Bean, J.R., A. C. Wilcox, W. W. Woessner, C. C. Muhlfeld. 2014. Multiscale hydrogeomorphic influences
on bull trout (Salvelinus confluentus) spawning habitat. Can. J. Fish. Aquat. Sci. 72, 514-526.

Beer WN, lltis S, Anderson JJ. 2013. Evaluation of the 2012 Predictions of Run-Timing and Survival of
Wild Migrant Yearling Chinook and Steelhead on the Columbia and Snake Rivers.
https://pisces.bpa.gov/release/documents/DocumentViewer.aspx?doc=P132683.

Beer WN, lltis S, Anderson JJ. 2013. Evaluation of the 2012 Predictions of Run-size and Passage
Distributions of Adult Chinook Salmon (Oncorhynchus tschawytscha) Returning to the Columbia and
Snake Rivers. https://pisces.bpa.gov/release/documents/DocumentViewer.aspx?doc=P132681.

Beer WN, Anderson JJ. 2013. Predicting and monitoring adult spring Chinook salmon migration on the
Columbia River in 2012.
https://pisces.bpa.gov/release/documents/DocumentViewer.aspx?doc=P132731.

Beer WN, lltis S, Anderson JJ. 2012. Evaluation of the 2011 Predictions of Run-Timing and Survival of
Wild Migrant Yearling Chinook and Steelhead on the Columbia and Snake Rivers. [Internet].
http://pisces.bpa.gov/release/documents/documentviewer.aspx?doc=P126069.

Bowerman, T. and P. Budy. 2012. Incorporating movement patterns to improve survival estimates for
juvenile bull trout. North American Journal of Fisheries Management 32: 1123-1136.

Copeland, T. and Venditti, D.A. 2009. Contribution of three life history types to smolt production in a
Chinook salmon (Oncorhynchus tshawytscha) population. Canadian Journal of Fisheries and Aquatic
Sciences 66: 1658-1665.

Dunham, J.B., C.V. Baxter, K.D. Fausch, W. Fredenberg, S. Kitano, I. Koizumi, K. Morita, T. Nakamura, B.
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Critical Habitat for Bull Trout in the Coterminous United States. Department Of The Interior, Fish and
Wildlife Service. See extensive documentation and rationale for this designation, found online at:
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NMFS. 2012. ESA Section 7 consultation with EPA, IDG-37-0000 for Idaho NPDES permit.
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Dredging Program, HUCs 1706030616 and 1706030618, Idaho County, Idaho, (One Project). 43 p. and
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& Environmental Impact Analysis

Kenney, D. 2013. Post-season suction dredging report for Moose Creek project areas. Nez Perce-
Clearwater National Forests. December 12, 2013. 6 p. plus appendices.
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appendices.
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For more information about the impacts of suction-dredge mining on
aquatic resources, contact Gabe Scott, Cascadia Wildlands at POB
10455, Eugene, OR 97440; 541-434-1463; gscott@cascwild.org;

http://www.cascwild.org.
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