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EXECUTIVE SUMMARY 

This document provides the Montana Department of Environmental Quality’s scientific framework and 
recommendations for site-specific selenium water quality standards for Lake Koocanusa.  The proposed 
standards are designed to protect fish as the most sensitive ecological endpoint, including federally 
listed threatened species, from effects of elevated levels of selenium.  The standards described herein 
reflect the latest science on the toxicological effects of selenium.  This document considered the United 
States Environmental Protection Agency’s 2016 304(a) National Recommended Water Quality Criteria to 
develop site-specific selenium criteria, whenever feasible, and their guidance to states on developing 
site-specific criteria as described in Appendix K of, Aquatic Life Ambient Water Quality Criterion for 
Selenium – Freshwater 2016.  
 
The proposed criteria for Lake Koocanusa consist of a site-specific water column value and 304(a) 
recommended fish tissue values.  The site-specific water column value is based on biodynamic selenium 
modeling using the United States Geological Survey Ecosystem-Scale Selenium Model.  The proposed 
values are presented below.  
 

Proposed Selenium Water Quality Criteria for Lake Koocanusa, Montana. 
 

Parameter Se Concentration 
Dissolved selenium (µg/L) 0.8 
Egg/ovary (mg/kg dw) 15.1 
Muscle (mg/kg dw) 11.3 
Whole body (mg/kg dw) 8.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Acknowledgements 

September 2020 Final  ii 

ACKNOWLEDGEMENTS 

This work was guided and directed by the collaborative state and provincial efforts of the Lake 
Koocanusa Monitoring and Research Working Group; in particular, the collective knowledge of the 
Monitoring and Research Committee and the expertise of the scientists recognized for their work in 
selenium who participated on the Selenium Technical Subcommittee.  For the coordinated monitoring 
efforts, we would like to thank Montana Fish Wildlife and Parks, United States Army Corps of Engineers, 
United States Geological Survey, United States Fish and Wildlife Service, British Columbia Ministry of 
Environment and Climate Change Strategy, and Teck Resources Limited.  We would like to thank the 
United States Geological Survey Selenium Modeling Team.  We acknowledge and appreciate the British 
Columbia Ministry of Environment and Climate Change Strategy for the staff support and overall 
collaboration and participation throughout this multi-year long process.  Without the joined efforts 
between the Department of Environmental Quality and the British Columbia Ministry of Environment 
staff this work would not have been possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 





Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Table of Contents 

September 2020 Final  iv 

 

3. 2 Periphyton ........................................................................................................................................ 29 

3.3 Zooplankton ...................................................................................................................................... 30 

3.4 Invertebrates ..................................................................................................................................... 31 

3.5 Fish .................................................................................................................................................... 32 

3.6 Birds .................................................................................................................................................. 33 

4.0 Selenium Modeling ............................................................................................................................... 33 

4.1 Ecosystem-Scale Model Overview .................................................................................................... 33 

4.2 Fish Tissue Criterion Element ............................................................................................................ 34 

4.3 Trophic Transfer Factors ................................................................................................................... 36 

4.4 Food Web models ............................................................................................................................. 36 

4.5 Partitioning Coefficient (Kd) .............................................................................................................. 37 

4.6 Modeling Conclusions ....................................................................................................................... 38 

5.0 Criteria Development and Identification .............................................................................................. 38 

5.1 SeTSC Recommendations ................................................................................................................. 39 

5.1.1 Fish Tissue Criterion Element ..................................................................................................... 39 

5.1.2 Trophic Transfer Factors (TTFs) .................................................................................................. 39 

5.1.3 Food Web Model ....................................................................................................................... 39 

5.1.4 Partitioning Coefficient (Kd) ....................................................................................................... 40 

5.1.5 Water Column Concentration Recommendations of the SeTSC ............................................... 40 

5.2 DEQ & BC-ENV Supplemental Analysis ............................................................................................. 40 

6.0 Proposed Criteria for Lake Koocanusa .................................................................................................. 42 

6.1 Frequency and Duration ................................................................................................................... 42 

6.2 Protection of Downstream Waters ................................................................................................... 43 

6.5 Protection of Federally Listed Species .............................................................................................. 43 

7.0 References ............................................................................................................................................ 44 

Appendices A .............................................................................................................................................. 48 

Appendices B……………………………………………………………………………………………………………………………………......49 
                      
 
 

 
 
 
 
 
 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – List of Tables/Figures 

September 2020 Final  v 

 

LIST OF TABLES 

Table 1-1. Effluent limits for Order Stations in the Elk Valley (Teck, 2014). ................................................. 1 
Table 1-2. Selenium water column thresholds applicable to Lake Koocanusa. ............................................ 3 
Table 1-3. BC Provincial WQG for selenium (B.C. ENV, 2014). ..................................................................... 6 
Table 1-4. Examples of the forms of selenium found in the environment (B.C. ENV, 2014). ....................... 7 
Table 1-5. Average monthly selenium concentrations, selenium loadings, and total water volume at two 
Teck monitoring sites; 1) the mouth of the Elk River (RG_ELKMOUTH), and 2) the upstream site on the 
Kootenay River (RG_WARDB) (Minnow, 2019)........................................................................................... 13 
Table 2-1. Lake Koocanusa hydrological characteristics (Chisholm, 1989)................................................. 15 
Table 3-1. Monitoring data, years of collection, and monitoring entities. ................................................. 28 
Table 4-1. Tested reproductive-effect whole body (WB) concentrations measured directly or converted 
to WB concentrations from egg-ovary (EO) concentrations (EPA, 2016). Taxon resident in Lake 
Koocanusa are Salvelinus, O. mykiss, Onchorhynchus. .............................................................................. 35 
Table 4-2. Invertebrate to fish (IFM) model: fish species, categorized food webs, and associated 
bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability. .. 37 
Table 4-3. Trophic level fish model (TFM): fish species, categorized food webs, and associated 
bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability. .. 37 
Table 5-1. Three additional model scenarios developed by BC-ENV and DEQ incorporating SeTSC 
recommendations. ...................................................................................................................................... 41 
Table 5-2. Model inputs DEQ considered following the two SeTSC member recommendations to apply 
8.5 mg/kg and following the recommendations to then identify a more conservative Kd percentile. ...... 41 
Table 6-1. Proposed water column and fish tissue Se standards for Lake Koocanusa. .............................. 42 
 
 

LIST OF FIGURES 

Figure 1-1. Structure and information flow of the LKMRWG. ...................................................................... 1 
Figure 1-2. Selenium water quality criteria (U.S. EPA, 2016). ....................................................................... 5 
Figure 1-3. Details of general ecotoxicological pathways of selenium for fish and birds (top) and effects 
of concern for selenium (bottom).  As represented here, birds and fish differ in how selenium is taken up 
in the diet and distributed among tissues (Presser and Skorupa, 2019). ..................................................... 8 
Figure 1-4. Teck’s Operations in the Elk Valley Watershed (Teck, 2017). .................................................... 9 
Figure 1-5. Teck’s existing coal mines and location of coal bearing strata within the Kootenai (Kootenay) 
River Watershed (Jenni et al., 2017). .......................................................................................................... 10 
Figure 1-6.  Se concentrations from 1984-2019 recorded at station BC08NK003 on the Elk River, a 
tributary to the Kootenay River located 2.2 miles upstream of its confluence with Lake Koocanusa 
(Presser and Naftz, 2020). ........................................................................................................................... 11 
Figure 1-7. Selenium loads from the Kootenay River and Elk River (Sheldon Reddekopp, BC-ENV, 
personal communication, 8/4/2020). ......................................................................................................... 12 
Figure 2-1. Transboundary Lake Koocanusa in northwest Montana. ......................................................... 14 
Figure 2-2. Kootenai (Kootenay) River Watershed. .................................................................................... 14 
Figure 2-3. USACE stream flow management out of Libby dam from 1976-2017.  Ecological flows are 
displayed in purple and are designed to more similarly mimic pre-dam flows displayed in black (U.S. ACE, 
2019). .......................................................................................................................................................... 16



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – List of Tables/Figures 

September 2020 Final  vi 

 
Figure 2-4. Fluctuations in reservoir elevation and flow from 2006-2018 (U.S. ACE, 2019). ..................... 17 
Figure 2-5. Locations of USACE’s routine monitoring stations in Lake Koocanusa. ................................... 18 
Figure 2-6. Nitrate + nitrite concentrations in the hypolimnion at the LIBFB (Forebay) monitoring station 
(USACE, 2018). ............................................................................................................................................ 19 
Figure 2-7. Nitrate + nitrite from 1984-2019 recorded at station BC08NK003 located 2.2 miles upstream 
of Lake Koocanusa (Jason Gildea, USEPA Region VIII, personal communication, 7/10/2020). .................. 20 
Figure 2-9. Selenium Data in Lake Koocanusa, U.S. Stations, all depths 2012-2018. (Jason Gildea, USEPA 
Region VIII, personal communication, 7/10/2020) ..................................................................................... 20 
Figure 2-10. Phytoplankton density at LIBFB (Forebay) from 2008-2017 (U.S. ACE, 2019). ...................... 22 
Figure 2-11. Phytoplankton density at LIBBOR (International Border) from 2008-2017 (U.S. ACE, 2019). 22 
Figure 2-12. Zooplankton densities 2014-2017 (63 micron net) at sites A) Border, B) Tenmile, and C) 
Forebay (Presser and Naftz, 2020). ............................................................................................................. 23 
Figure 2-13. Zooplankton selenium concentrations by date, collector, and year (Thorley, 2020)............. 24 
Figure 2-13. Fish species composition during A) Spring 2009-2019 and B) Fall 2009-2016 (Presser and 
Naftz, 2020). ................................................................................................................................................ 25 
Figure 2-14. Montana Fish Wildlife and Parks 2018 egg/ovary Se concentrations found in LN SU 
(longnose sucker), N PMN (northern pikeminnow), LS SU (largescale sucker), PEA (peamouth chub), RS 
SH (redside shiner), KOK (kokanee), and MWF (mountain whitefish) (Trevor Selch, MT FWP, personal 
communication, 9/19/2019). ...................................................................................................................... 26 
Figure 2-15. Montana Fish Wildlife and Parks 2018 muscle selenium concentrations found in BULL (bull 
trout), KOK (kokanee), LS SU (largescale sucker), LN SU (longnose sucker), N PMN (northern 
pikeminnow), PEA (peamouth chub), RB (rainbow trout), WCT (westslope cutthroat trout), RS SH 
(redside shiner), and MWF (mountain whitefish) (Trevor Selch, MT FWP, personal communication, 
9/19/2019). ................................................................................................................................................. 26 
Figure 3-1. Location of sites where water quality and (or) SPM samples were collected in Montana and 
British Columbia (Presser and Naftz, 2020). ............................................................................................... 29 
Figure 3-2. Location of sites where zooplankton samples were collected in Montana and British 
Columbia (Presser and Naftz, 2020). .......................................................................................................... 30 
Figure 3-3. Locations of sites where invertebrate samples were collected in Montana and British 
Columbia (Presser and Naftz, 2020). .......................................................................................................... 31 
Figure 3-4. Fish collection sites for Montana and British Columbia. Explanations of collections within area 
1 (South of Elk), area 2 (International Boundary), area 3 (Tenmile), and area 4 (Forebay) are further 
defined in Presser and Naftz, 2020. ............................................................................................................ 32 
Figure 4-1. Conceptual illustration of the Selenium Ecosystem Scale Model (Presser and Luoma, 2010). 34 
 
 
 
 
 
 
 
 
 
 
 
 
 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Acronyms 

September 2020 Final  vii 

ACRONYMS 

 
Acronym Definition 
ABMP 
ARM 
BAF 

Area Based Management Plan  
Administrative Rules of Montana 
Bioaccumulation factor 

BC British Columbia 
BC-ENV Ministry of Environment and Climate Change Strategy 
CWA 
CSKT 

Clean Water Act 
Confederated Salish and Kootenai Tribes 

DEQ Department of Environmental Quality (Montana) 
dw Dry weight 
EF Enrichment factor 
EO 
EPA 
ESA 
EVWQP 

Egg-ovary 
United States Environmental Protection Agency 
Endangered Species Act 
Elk Valley Water Quality Plan 

Kd Partitioning coefficient 
Kg 
KNC 
KTOI 

Kilogram 
Ktunaxa Nation Council 
Kootenai Tribe of Idaho 

LKMRC Lake Koocanusa Monitoring and Research Committee 
LKMRWG 
LOEC 
MT 

Lake Koocanusa Monitoring and Research Working Group 
Low Effect Concentration 
Montana 

ppb Parts per billion (equivalent to micrograms per liter in aqueous solutions) 
ppm Parts per million (equivalent to milligrams per liter in aqueous solutions) 
Se Selenium 
SOP Standard Operating Procedure 
SETSC 
SOP 
TAC 

Selenium Technical Subcommittee (of the LKMRC) 
Standard Operating Procedure 
Technical Advisory Committee 

TTF 
TSI 
USACE 

Trophic transfer factor 
Trophic state index 
United States Army Corps of Engineers 

USGS United States Geological Survey 
µg/L  
WQG 

Micrograms per liter 
Water Quality Guideline 

WQPB 
WQSM 

Water Quality Planning Bureau 
Water Quality Standards and Modeling Section 

  
  

 

 
 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 1.0 

September 2020 FINAL 1 

1.0 INTRODUCTION 

This document presents the scientific basis used for the development of the site-specific water column 
selenium standard for Lake Koocanusa, MT.  This work was a collaborative effort between the Montana 
Department of Environmental Quality (DEQ), the British Columbia (BC) Ministry of Environment and 
Climate Change Strategy (BC-ENV), the Lake Koocanusa Monitoring and Research Working Group 
(LKMRWG), and a Selenium Technical Subcommittee (SeTSC).  
 

1.1 BACKGROUND 
In 2010, a Memorandum of Understanding and Cooperation (MOUC) between BC and MT was drafted 
to end the decades-long dispute over transboundary mining in the Flathead Valley.  The MOUC 
expanded collaboration on environmental protection and assessments that have bi-national 
significance.  Coordinated efforts began between BC-ENV and DEQ to address regional transboundary 
water quality issues including those in the Elk Valley, BC. 
 
In 2012, DEQ added Lake Koocanusa to the 303(d) list of impaired or threatened waterbodies, as 
threatened by selenium (DEQ, 2012).  In April 2013, the BC Minister of Environment issued a Ministerial 
Order (No. M113) under the Environmental Management Act to remediate water quality effects of past 
mining activities and to guide environmental management of future mining activities in the Elk Valley, 
including the Canadian portion of Lake Koocanusa.  
 
This Order mandated the development of an area-based management plan (ABMP) due to evidence of 
increasing concentrations of water quality constituents of potential concern, including but not limited to 
selenium (Se), from numerous sources related to mining activity in the Elk Valley watershed 
https://www2.gov.bc.ca/gov/content/environment/waste-management/industrial-waste/mining-
smelting/teck-area-based-management-plan.  As the sole operator of the five coal mines in the Elk 
Valley, Teck Resources Limited (Teck) was required by the Order to develop the Elk Valley ABMP 
according to requirements outlined in the Order.  Agencies from Canada and the US participated in a 
Technical Advisory Committee (TAC)—established as a condition under the Order—to provide science-
based technical advice to Teck during the development of the Elk Valley Water Quality Plan (EVWQP).  
The EVWQP was submitted by Teck to BC-ENV in July 2014 and revised by BC-ENV in 2019.  The EVWQP 
established short, medium, and long-term water quality targets for Se (and other constituents) at 
specific order stations in the Elk Valley, including a station in Lake Koocanusa (LK2) where the target for 
Se was set at 2 µg/L (equivalent to the BC Water Quality Guideline (WQG)).  These water quality targets 
were incorporated into enforceable limits under Permit No. 107517, issued to Teck on November 19, 
2014 (Table 1-1).  
 

Table 1-1. Effluent limits for Order Stations in the Elk Valley (Teck, 2014). 

https://www2.gov.bc.ca/gov/content/environment/waste-management/industrial-waste/mining-smelting/teck-area-based-management-plan
https://www2.gov.bc.ca/gov/content/environment/waste-management/industrial-waste/mining-smelting/teck-area-based-management-plan
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1.3.2 National Ambient Water Quality Criteria for Selenium 
The CWA section 304(a) requires the EPA to develop water quality criteria using the best available 
science.  While the EPA requires states to consider their recommendations (40 CFR part 131) when 
adopting water quality standards, it is a recommendation only and the state must adopt the criterion 
into state water quality standards for it to become a regulation.  
 
The science on Se toxicology has significantly advanced over the last thirty years.  The EPA first issued 
recommended water quality criteria for Se in 1980, with revised criteria issued in 1987.  In 1996, the 
acute criterion was updated to account for toxicity of two Se species, selenite and selenate.  In 2004, 
EPA released the first draft update to the 1996 Se criterion which included fish tissue criteria to account 
for a dietary exposure pathway.  In 2015, EPA released a draft update to the 2004 criteria, and it was 
finalized in 2016 as Aquatic Life Ambient Water Quality Criterion for Selenium – Freshwater (U.S. EPA, 
2016). 
 
The 2016 document considers the latest scientific information and provides guidance to states and 
tribes to protect freshwater aquatic life from toxic effects of Se.  It is based on dietary exposure and 
accounts for reproductive effects in fish.  The 2016 recommended criteria—which are derived for the 
protection of 95% of species nation-wide—is comprised of four elements (Figure 1-2).  Two elements 
are fish tissue concentrations and two are water column concentrations.  The elements are defined 
below:   

1) a fish egg-ovary element,  
2) a fish whole-body or muscle element,  
3) a water column element (one for lentic and one for lotic) and  
4) an intermittent element for short term exposures  
 

EPA’s 2016 guidance document recognizes that selenium bioaccumulation and toxicity in an ecosystem 
are based on site-specific environmental factors, therefore, the EPA provides additional guidance and 
methodology in Appendix K for states and tribes to follow when deriving site-specific criteria.  
 
 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 1.0 

September 2020 FINAL 5 

 
Figure 1-2. Selenium water quality criteria (U.S. EPA, 2016). 
 
1.3.3 British Columbia’s Water Quality Guideline for Selenium 
BC-ENV is responsible for developing province-wide ambient WQGs.  Per BC-ENV Policy 6.10.03.02, 
WQG’s are defined as: 

“A maximum and/or minimum value for a physical, chemical or biological characteristic of 
water, sediment or biota, applicable province-wide, which should not be exceeded to prevent specified 
detrimental effects from occurring to a water use, including aquatic life, under specific environmental 
conditions.”  

 
BC’s aquatic WQGs are science-based and intended for provincial-wide application.  BC-ENV applies an 
appropriate assessment factor determined on a case-by-case basis, according to the toxicity and 
bioaccumulation potential of the constituent (B.C. ENV, 2014).  The assessment factor is the best 
estimate of a no-effect concentration, for the protection of 100% of species during all life stages.  WQGs 
are not legally enforceable themselves but are used to provide scientific basis for best management 
practices and may be incorporated into permits (such as Elk Valley Permit No. 107517). 
 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 1.0 

September 2020 FINAL 6 

  
BC-ENV updated their Se Water Quality Guidelines (WQGs) in 2014 which includes an assessment factor 
of 2 pertaining to Se. (Table 1-3).  
 
Table 1-3. BC Provincial WQG for selenium (B.C. ENV, 2014). 

 
 

1.4 SELENIUM  
Selenium is a member of Group 16, the chalcogen group on the periodic table of elements.  
Classified as a nonmetal, Se has properties of both metals and nonmetals.  Selenium is considered 
chemically similar to other nonmetals in Group 16, for example sulfur (S) (Chapman et al., 2010).  
Selenium, a naturally occurring trace element essential for life, has a narrow margin between the 
amount necessary for proper functioning of organisms and the amount considered toxic (Janz, 2011).  
The toxicological potential of Se is strongly related to its chemical form (speciation).  
 
1.4.1 Physical-chemical properties 
Selenium exists in four oxidation states; elemental Se (0), selenite (+4), selenate (+6), and selenide (-2) 
(Table 1-4).  Three primary transformation mechanisms occur for Se; 1) oxidation/reduction, 2) 
mineralization/immobilization, and 3) volatilization with Se speciation, with microbial activity and pH-
redox conditions driving the kinetics of each function. 
 
In aquatic ecosystems there exists three main fates for Se; it can 1) remain in solution, 2) be assimilated 
by organisms, and 3) it can be sorbed to suspended sediment.  The oxyanions, selenate and selenite, are 
the dissolved inorganic forms of Se most commonly present in waters.  It is generally understood that 
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selenite is less soluble, more easily transformed, assimilated by organisms, and considered to have a 
greater toxicity in aquatic systems than selenate.  When taken up by organisms, Se can replace S in two 
amino acids, thought to contribute to toxicity in organisms particularly in oviparous (egg-laying) 
vertebrates (EPA, 2016).  Finally, selenate and more commonly selenite can sorb to organic matter, 
clays, and oxides and hydroxides most frequently associated with the ions of iron (Fe), manganese (Mn), 
and sodium (Na).  EPA (2016) provides significant detail on both the biochemical and the geochemical 
pathways of selenium in aquatic systems.  It is clear that an understanding of the biogeochemical 
transformations of selenium is essential to understanding the fate, transport, and toxicological effects of 
selenium in the environment.  
 
Table 1-4. Examples of the forms of selenium found in the environment (B.C. ENV, 2014). 

 
 
 

1.4.2 Selenium Toxicity to Wildlife  
Selenium bioaccumulates in wildlife primarily through a dietary pathway with egg-laying vertebrates 
determined to be the most sensitive.  EPA (2016) outlines the differences in bioaccumulation between 
lentic (lake-like) and lotic (flowing-water) systems.  Retention time, dissolved oxygen, and carbon 
content result in greater bioaccumulation in lentic systems.  It is understood that while Se is nutritionally 
required in small quantities, it becomes highly toxic in slightly greater amounts with the potential to 
cause rippling effects through both aquatic and terrestrial food webs (Naslund et al., 2020).  Figure 1-3 
describes selenium toxicity for fish and birds.  Fish are considered the most sensitive ecological end 
point in Lake Koocanusa as determined by the SeTSC (see Section 3.7), therefore, fish are the focus of 
this report and the development of the Se standards for Lake Koocanusa. 
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Selenium toxicity in fish is most severe at the reproductive stage where newly hatched larval fish may 
experience teratogenic deformities and death while feeding off yolk sacs enriched in Se (Lemly 1993, 
Skorupa 1998).  Extremely high concentrations of Se can be lethal to adult fish but this is not common; 
rather, more commonly, fish are exposed to various sublethal effects (Figure 1-3).  
 

 
Figure 1-3. Details of general ecotoxicological pathways of selenium for fish and birds (top) and effects 
of concern for selenium (bottom).  As represented here, birds and fish differ in how selenium is taken 

up in the diet and distributed among tissues (Presser and Skorupa, 2019). 
 
1.4.3 Sources of Selenium 
The primary source of Se to Lake Koocanusa is anthropogenic release to the environment from historic 
and present-day mining operations in the Elk Valley, BC.  Coal in the Elk Valley belongs mainly to the 
Mist Mountain Formation of the Jurassic-Cretaceous Kootenay Group and is part of the East Kootenay 
coalfields (Grieve, 1952).  Carbonate bedrock in the Elk Valley is excavated to access coal seams 
underneath for metallurgical steelmaking coal production.  The excavation process creates a by-product 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 1.0 

September 2020 FINAL 9 

called overburden (waste rock) which becomes exposed to oxidation, increasing selenium mobilization 
through infiltration and runoff to nearby groundwater and surface water including the Elk River, BC.  
 
Currently, Teck is the sole operator of five active coal mines in the Elk Valley and permitted under Elk 
Valley Permit No. 107517 (Figure 1-4).  That permit authorizes Se concentrations at sites throughout the 
Valley (Table 1-1).  Figure 1-5 illustrates the location of Teck’s existing coal mines in relation to coal 
bearing strata in the Kootenai (Kootenay) River Watershed. 
 

 
Figure 1-4. Teck’s Operations in the Elk Valley Watershed (Teck, 2017). 
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Figure 1-5. Teck’s existing coal mines and location of coal bearing strata within the Kootenai 

(Kootenay) River Watershed (Jenni et al., 2017). 
 
From 1984 to 2019, concentrations ranging from below detection level (DL) to greater than 8 µg/L have 
been recorded 2.2 miles upstream from Lake Koocanusa on the Elk River, a tributary (Figure 1-6).  
Selenium contributions from the Kootenay River are minimal and described in Figure 1-7, and Table 1-5.  
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Figure 1-6.  Se concentrations from 1984-2019 recorded at station BC08NK003 on the Elk River, a 
tributary to the Kootenay River located 2.2 miles upstream of its confluence with Lake Koocanusa 

(Presser and Naftz, 2020). 
 
The Elk River contributes over 95% of the selenium to Lake Koocanusa with the Kootenay River and Bull 
River delivering together less than 5%.  McDonald (2009) reported that in 2008 the total selenium loads 
were 23,720 lb/yr (10,759 kg/yr).  The Elk River contributed 22,450 lb (10,183 kg) Se, the Kootenay River 
provided 1,078 lb (489 kg) Se, and the Bull River added only 192 (87 kg) Se.  In 2012, it was determined 
that from 1992 to 2012, the amount of Se entering the lake each year increased fivefold, from 5,732 lb 
(2,600 kg) in 1992 to more than 28,660 lb (13,000 kg).  Figure 1-7 shows the comparison of Se load 
estimates between the Kootenay River and Elk River.  The values presented in Figure 1-7 were 
calculated and incorporate scaled flow values, and do include some uncertainty and are not direct 
measurements of load or water quality and quantity at the reported locations.   Table 1-5 describes the 
loading comparisons and Se concentration comparisons between upstream and downstream sites as 
reported in Teck’s 2019 Monitoring report. 
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Figure 1-7. Selenium loads from the Kootenay River and Elk River (Sheldon Reddekopp, BC-ENV, 

personal communication, 8/4/2020). 
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Table 1-5. Average monthly selenium concentrations, selenium loadings, and total water volume at 
two Teck monitoring sites; 1) the mouth of the Elk River (RG_ELKMOUTH), and 2) the upstream site on 

the Kootenay River (RG_WARDB) (Minnow, 2019). 

 
 

2.0 SITE DESCRIPTION 

Lake Koocanusa, sometimes referred to as Koocanusa Reservoir, is a 90-mile long transboundary body of 
water that lies in northwest Montana and southeast British Columbia (Figure 2-1).  It is within the 
international Kootenai (Kootenay) River watershed, draining an area of approximately 19,420 square 
miles (50,298 km2).  Around 70% of the watershed is located within BC with 23% in Montana and 6% in 
Idaho (USFWS, 2006).  The Kootenai River is the second largest tributary to the Columbia River in volume 
and third in drainage area (USACE, 1972).  The total river length is 485 miles (781 km), originating in 
southeast British Columbia, extending through Montana and Idaho, returning back into BC where it 
flows through Kootenay Lake, and finally reaches the Columbia River at Castlegar, BC. (Figure 2-2).  
 
Lake Koocanusa was formed by the impoundment of the Kootenai (Kootenay) River upon construction 
of Libby Dam, approximately 17 miles (27 km) upstream of Libby, Montana, and was completed in 1972.  
The reservoir occupies lands on the territories of the Ktunaxa First Nations (KNC), Confederated Salish 
and Kootenai Tribes (CSKT), and the Kootenai Tribe of Idaho (KTOI).  Lake Koocanusa was created under 
the Columbia River Treaty (CRT) between the United States and Canada to provide power and flood 
control (Storm et al., 1982).  Construction of the Libby dam resulted in the inundation of approximately 
90 miles (145 km) of the Kootenay River and 40 miles (65km) of low-gradient tributary habitat. The 
reservoir operations of Lake Koocanusa are managed by the U.S. Army Corps of Engineers (USACE) 
outlined in the CRT and hydroelectric power is sold by Bonneville Power Administration (BPA).
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Figure 2-1. Transboundary Lake Koocanusa in northwest Montana. 

 
Figure 2-2. Kootenai (Kootenay) River Watershed. 
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2.1 RESERVOIR HYDROLOGY 
A complete hydrological description of the Kootenai (Kootenay) River watershed, Lake Koocanusa and 
its tributaries, hydrology, climate, and physical properties can be found in the Lake Koocanusa Data 
Compilation Report (Lotic, 2019).  
 
The construction of the Libby Dam in 1972 converted the Kootenai (Kootenay) river from a lotic to a 
lentic system.  The aquatic community, dryland ecosystems, waterfowl species, and other human uses 
and values were affected. 
  
Three major rivers supply water to Lake Koocanusa.  The mean annual flow contribution from the 
Kootenay River is 56%, the Elk River provides 22%, and the Bull River contributes 11%.  The Tobacco 
River provides 2% while the remaining 9% coming from ungauged flows (Lotic, 2019).  
 
Lake Koocanusa water-level elevations are managed primarily for power and flood control purposes 
(Storm et al., 1982).  Table 2-1 describes the hydrological characteristics of Lake Koocanusa.  Maximum 
surface area is 46,500 acres (188 km2) with 28 sq. miles (72km2), or 38% within BC.  Maximum depth at 
full pool is approximately 350 ft (107 m) and mean bulk water retention time is 6 months.  Typical draw 
down is 98 ft (30 m) with a maximum draw down capacity of 170 feet (52 m).  
 

Table 2-1. Lake Koocanusa hydrological characteristics (Chisholm, 1989) 

 
 
Water levels in Lake Koocanusa are generally lowest in late winter and early spring (i.e., February 
through April) and highest in summer and early fall (i.e. August through October; Minnow, 2014).  Power 
generation drawdown begins in November with maximum draws during April.  Flow is dependent on 
hydro-related demands, where spring flows have been attenuated, winter flows are above normal, and 
daily and hourly flows can change drastically (FWP, 2019b).  Residence times have been reported as  
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variable.  Presser and Naftz (2020) describe reports ranging from 1.7-7.5 months during initial 
construction (1972-1980).  While more recent reports range between 5.5 and 9 months. 
 
The USACE manages Libby Dam with a selective withdrawal system to provide flows through Libby Dam 
for downstream Kootenai River fish.  Specifically, flows are provided for federally listed white sturgeon 
(Acipenser transmontanus), bull trout (Salvelinus confluentus), and salmon (Oncorhynchus nerka) during 
spring; for salmon during summer, and for bull trout and resident fish in September (BPA, 2018).  The 
selective withdrawal system was installed on Libby Dam to control temperature of water releases from 
the dam.  This system is intended to maximize the probability of allowing significant white sturgeon 
recruitment, provide a year-round thermograph that approximates normative conditions, while also 
meeting flood damage reduction objectives (BPA, 2018).  The ecological flow plan followed by USACE 
was developed to restore ecological function in support of Kootenai River white sturgeon recovery while 
also maintaining flood control (USFWS, 2006).  These functional normative flows (ecological flows) are 
designed to more closely mimic pre-dam hydrographs (Figure 2-3).  Annual variability for flow and 
elevation for the reservoir and river from 2006 to 2019 are shown in Figure 2-4.  
 

 
Figure 2-3. USACE stream flow management out of Libby dam from 1976-2017.  Ecological flows are 
displayed in purple and are designed to more similarly mimic pre-dam flows displayed in black (U.S. 

ACE, 2019). 
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Figure 2-4. Fluctuations in reservoir elevation and flow from 2006-2018 (U.S. ACE, 2019).  

 
The seasonal fluctuation of water levels affects the hydrology of the waterbody and associated aquatic 
life by impeding the establishment of riparian vegetation or aquatic macrophytes which has left the 
composition of the littoral zone to be that of cobble, mud, and sand substrates with limited habitat 
structures.  Variable water levels have also affected bank stability and can impact spawning success of 
certain fish such as burbot (Lotic, 2019).   
 

2.2 PHYSICOCHEMICAL CHARACTERISTICS 
Routine monitoring has been conducted on the US portion of the reservoir beginning in the early 1970s  
with detailed summaries included in reports by USACE found at 
https://www.nws.usace.army.mil/About/Offices/Engineering/Hydraulics-and-Hydrology/Water-
Quality/Water-Quality-Documents/ and USGS publicly available data found at 
https://www.waterqualitydata.us/provider/NWIS/USGS-MT/USGS-12301919/.  The USACE maintains 
three main monitoring stations in Lake Koocanusa (Figure 2-5).  
 

https://www.nws.usace.army.mil/About/Offices/Engineering/Hydraulics-and-Hydrology/Water-Quality/Water-Quality-Documents/
https://www.nws.usace.army.mil/About/Offices/Engineering/Hydraulics-and-Hydrology/Water-Quality/Water-Quality-Documents/
https://www.waterqualitydata.us/provider/NWIS/USGS-MT/USGS-12301919/
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Figure 2-5. Locations of USACE’s routine monitoring stations in Lake Koocanusa. 

 
In BC, routine physicochemical monitoring is done by the federal department of Environment and 
Climate Change Canada (ECCC) which has a long-term monitoring station (BC08NK0003) on the Elk River 
approximately 2.2 miles upstream from the confluence with the Kootenay River.  Additionally, under the 
EVWQP, Teck is required to conduct comprehensive physico-chemical and biological monitoring which 
first began in 2014.  Monitoring sites for Teck are located both upstream and downstream of the Elk 
River.  Monitoring reports by Teck are published annually and are vetted by BC-ENV scientists, the KNC, 
and independent scientists.  Reports from 2014-2019 can be found on at 
https://www.teck.com/responsibility/sustainability-topics/water/water-quality-in-the-elk-valley/.   
 
2.2.1 Nutrients & chlorophyll a  
Nutrients and chlorophyll a routinely monitored by the USACE and Teck and are detailed extensively in 
USACE reports found at  https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/ and 
Teck reports found at https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf.  
 
Briefly, Lake Koocanusa in Montana is considered oligotrophic and at times mesotrophic as defined by 
Lake Koocanusa’s trophic State Index (TSI).  TSI measures transparency and presence of nutrients and 
chlorophyll a (Carlson, 1977).  The Canadian section of the reservoir experiences periods of eutrophic 
conditions in spring (April – June) but qualifies as oligotrophic the remainder of the year.  The majority 

https://www.teck.com/responsibility/sustainability-topics/water/water-quality-in-the-elk-valley/
https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
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of the phosphorus (P) entering the reservoir is P sorbed to soil particles, entering the reservoir during 
spring runoff which is likely not biologically available.  The years with the highest runoff are associated 
with greater total phosphorus (TP).  The P-bound sediment settles from the water column to the 
sediment layer as it travels through the 90-mile reservoir towards the dam.  As a result, Lake Koocanusa 
acts as a nutrient sink, trapping an estimated 63% of incoming phosphorus (Wood, 1982).  Soluble 
Reactive Phosphorus (SRP) is consistently lower than the 1 µg/l detection limit (DL).  While low levels of 
TP and SRP are recorded in the reservoir, increasing concentrations of nitrogen (N) have been detected 
(Figure 2-6 and Figure 2-7).  Elevated nitrate concentrations entering the reservoir are linked to blasting 
practices during coal production (Mahmood et al., 2017).  The high N concentrations and low P 
concentrations have resulted in a N:P ratio far from what is considered healthy for an aquatic system 
and has had deleterious effects below Libby Dam by encouraging the presence of the nuisance diatom 
Didymosphenia geminata (didymo) (Dunn et al., 2015).  
 
Chlorophyll a concentrations are greatest during the spring and early summer with similar 
concentrations recorded at all three USACE monitoring stations.  Higher concentrations of chlorophyll a  
are associated with high flow years.  Chlorophyll a measurements supported the stratification trends 
identified with dissolved oxygen, temperature and pH (Minnow, 2018). 
 

 
Figure 2-6. Nitrate + nitrite concentrations in the hypolimnion at the LIBFB (Forebay) monitoring 

station (USACE, 2018).  
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Figure 2-7. Nitrate + nitrite from 1984-2019 recorded at station BC08NK003 located 2.2 miles 

upstream of Lake Koocanusa (Jason Gildea, USEPA Region VIII, personal communication, 7/10/2020).  
 
2.2.2 Metals and Metalloids 
Lake Koocanusa has been monitored for a suite of major and trace metals and metalloids since the 
1970s by USACE and USGS.  Trend data for each metal and metalloid can be found in the USACE reports 
https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/.  ln BC, metal(loid) data are 
included in the Teck monitoring reports found in at 
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf.   
 
The MT data show below DL or low levels of metals with the exception of the metalloid selenium. 
Selenium has been routinely monitored on the US side of the reservoir since 2013.  Dissolved selenium 
concentrations in MT range from 0.04-2.29 µg/L from 2013-2018. 
 

 
Figure 2-9. Selenium Data in Lake Koocanusa, U.S. Stations, all depths 2012-2018. (Jason Gildea, 
USEPA Region VIII, personal communication, 7/10/2020)

https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf


Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 2.0 

September 2020 FINAL 21 

 
 

2.3 BIOLOGICAL CHARACTERISTICS 
This section details baseline biological characteristics of Lake Koocanusa to provide a basic 
understanding of the system.  
 
2.3.1 Phytoplankton 
USACE has included phytoplankton in their routine monitoring from 2006-present.  Phytoplankton 
densities vary from year to year and by location within the reservoir.  A more detailed report of USACE’s 
findings can be found in https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/.  
 
Peak concentrations occur between May and August.  The dominant algal group are Diatoms followed 
by Chrysophytes.  Cyanobacteria have been measured since 2015 with Planktolynbia documented as the 
dominant type of cyanobacteria.  The diatom species dominance has changed since sampling began in 
2006.  The most abundant diatoms in the reservoir include: Asterionella, Cyclotella, Fragilaria, 
Stephanodiscus, Syndedra, and Nitzschia.  From 2008-2012 diatoms were recorded at low density with 
diverse composition (Figure 2-10 and Figure 2-11).  In 2014 a shift was recorded in which Cyclotella and 
Fragilaria dominated.  In 2017 USACE recorded high density and low diversity with near total dominance 
of Cyclotella and Fragilaria.  There have been no differences in the phytoplankton community 
compositions between upstream and downstream monitoring locations on the Elk River (Minnow, 
2019). 
 

https://usace.contentdm.oclc.org/digital/collection/p266001coll1/id/8870/
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Figure 2-10. Phytoplankton density at LIBFB (Forebay) from 2008-2017 (U.S. ACE, 2019). 

 
 

 
 

Figure 2-11. Phytoplankton density at LIBBOR (International Border) from 2008-2017 (U.S. ACE, 2019). 
 
2.3.2 Zooplankton 
Zooplankton abundance and composition recorded in Montana by USACE has been variable between 
the years of record 2006-2017.  Copepods dominated between 2006 and 2010 while Rotifers dominated 
between 2011 and 2017 (Figure 2-12 and Figure 2-13).  Within Rotifers, Keratella and Keilicottia 
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dominate. Cyclopoid and Diacyclops are the dominant copepods.  Daphnia and Bosmina are the 
dominant Cladocerans.  Seasonal succession in zooplankton community is likely in response to food 
source availability, changes in temperature, and grazing pressure by fish.  
 
 

 
Figure 2-12. Zooplankton densities 2014-2017 (63 micron net) at sites A) Border, B) Tenmile, and C) 

Forebay (Presser and Naftz, 2020).  
 
Figure 2-13 describes the Se concentrations in Zooplankton collected by Teck, USACE, and USGS 
between 2008 and 2019.
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Figure 2-13. Zooplankton selenium concentrations by date, collector, and year (Thorley, 2020).  

 
 
2.3.3 Macroinvertebrates 
Routine data on richness and abundance for macroinvertebrates on the Montana portion of Lake 
Koocanusa do not exist.  Montana Fish Wildlife and Parks (FWP) in collaboration with DEQ conducted 
benthic and surface macroinvertebrate sampling during 2018 (see Section 3.0).  The results for Se 
concentration in macroinvertebrates showed chironomid dominance.  
 
In BC, Teck conducted benthic community data collection and detailed reports on richness and 
abundance can be found at https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-
Report.pdf.  Dominant taxa found at their sampling sites were Chironomus, Procladius and Tanytarsus.  
Additionally, Teck has monitored for Se in macroinvertebrate tissues as required by their permit.  Their 
2019 monitoring report showed Se concentrations in benthic tissues were higher at the mouth of the Elk 
River compared to upstream (Kootenay River) and downstream locations.  Moreover, average selenium 
concentrations in invertebrate tissues collected both upstream and downstream of the Elk River have 
oscillated between being below BC guidelines (4 µg/g dw) during spring samples and above guidelines in 
summer and fall samples (Minnow, 2019).  Between sites, there were significant differences found in 
selenium concentrations from Kootenay River upstream concentrations (lower Se) to downstream 
concentrations (higher Se) regardless of season.  
 
2.3.4 Fish 
Numerous biological inventories have been conducted on the MT portion of the reservoir both pre-and-
post dam construction.  Reports detailing fish monitoring results can be located in Libby Mitigation 
Reports located at http://fwp.mt.gov/fwpDoc.html?id=95385 and results from fish monitoring 
conducted by Teck can be found at https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-
2018-Report.pdf.

https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
http://fwp.mt.gov/fwpDoc.html?id=95385
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
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Figure 2-13 shows the relative abundance of the following fish species found in Lake Koocanusa: bull 
trout, burbot (Lota lota), Kokanee (Oncorhynchus nerka), rainbow trout (Oncorhynchus mykiss), 
westslope cutthroat trout (Oncorhynchus clarkia lewisi), mountain whitefish (Prosopium williamsoni), 
northern pikeminnow (Ptychocheilus oregonensis), redside shiner (Richardsonius balteatus), peamouth 
chub (Mylocheilus caurinus), longnose sucker (Catostomus catostomus), and largescale sucker 
(Catostomus macrocheilus)   (Presser and Naftz, 2020).  An accidental release of 250,000 kokanee fry 
into Lake Koocanusa from Kootenay Trout Hatchery in the late 1970s (Richards, 1997) led to the 
establishment of Kokanee in the reservoir.  MT FWP stocks rainbow trout under their fisheries 
management program. 
 

 
Figure 2-13. Fish species composition during A) Spring 2009-2019 and B) Fall 2009-2016 (Presser and 

Naftz, 2020).  
 
 
Figures 2-14 and 2-15 show the results of MT FWP’s 2018 fish sampling.  All three redside shiner 
egg/ovary samples exceeded the EPA 304(a) criterion of 15.1 mg/kg dw along with one sample from 
peamouth chub. The other samples all remained below the EPA criterion.  The 2018 fish muscle tissue 
samples were found to be at a comparable concentration as MT FWP’s 2008 results.  All samples were 
below the EPA fish muscle criterion of 11.3 mg/kg dw.  Fish tissue samples from the BC portion of the 
reservoir vary in concentrations for egg/ovary ranging from 4-5 mg/kg dw for kokanee and yellow perch 
to higher levels for redside shiner, peamouth chub, and northern pikeminnow, ranging between 5 mg/kg 
to 40 mg/kg with one red side shiner reaching 80 mg/kg. The BC WQG for egg/ovary is 11 mg/kg dw.  
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Figure 2-14. Montana Fish Wildlife and Parks 2018 egg/ovary Se concentrations found in LN SU 
(longnose sucker), N PMN (northern pikeminnow), LS SU (largescale sucker), PEA (peamouth chub), RS 
SH (redside shiner), KOK (kokanee), and MWF (mountain whitefish) (Trevor Selch, MT FWP, personal 
communication, 9/19/2019). 
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Figure 2-15. Montana Fish Wildlife and Parks 2018 muscle selenium concentrations found in BULL (bull 
trout), KOK (kokanee), LS SU (largescale sucker), LN SU (longnose sucker), N PMN (northern 
pikeminnow), PEA (peamouth chub), RB (rainbow trout), WCT (westslope cutthroat trout), RS SH 
(redside shiner), and MWF (mountain whitefish) (Trevor Selch, MT FWP, personal communication, 
9/19/2019). 
 
2.3.5 Birds 
Lake Koocanusa encompasses transboundary migratory routes and the Pacific Flyway.  On the Montana 
portion of the reservoir, the most common shore bird on Lake Koocanusa is spotted sandpiper (Actitis 
macularius).  Less common during the summer months along the shore are killdeer (Charadrius 
vociferus) but they are regulars on the mud flats at Rexford in fall and into winter.  Other shore birds are 
limited on Lake Koocanusa because of the steep shoreline, a result of dam management.  Presser and 
Naftz (2020) reports that the common resident birds on Lake Koocanusa are Bald Eagle (Haliaeetus 
leucocephalus) and Osprey (Pandion haliaetus), Common Loon (Gavia immer), Ring-billed Gull (Larus 
delawarensis), Canada Goose (Branta canadensis), Mallard (Anas platyrhynchos), Common Goldeneye 
(Bucephala clangula), Common Merganser (Mergus merganser), Western Grebes (Aechmophorus 
occidentalis), and swallow species (Hirundinidae spp.).  They further detail avian species which pass 
through Lake Koocanusa during migration, including Eared Grebe (Podiceps nigricollis), Lesser Yellowleg 
(Tringa flavipes), Wilson’s Phalarope (Phalaporpus tricolor), and several species of ducks including 
American Wigeon (Mareca americana), Gadwall (Mareca strepera), Redhead (Aythya americana), Ring-
necked Duck (Aythya collaris), Green-winged Teal (Anas carolinensis), Blue-winged Teal (Anas discors), 
Hooded Merganser (Lophodytes cucullatus), and Lesser Scaup (Aytha affinis).  
 

3.0 DATA COLLECTION FOR CRITERIA DEVELOPMENT 

This section presents details on enhanced Se data collection efforts conducted to inform criteria 
development.  In addition to routine monitoring (see Section 2.0), the state, federal, provincial, and 
industry monitoring entities followed recommendations provided by the SeTSC to the extent feasible. 
Specifically, coordinated cross-border monitoring protocols were developed, additional parameters 
collected, and monitoring sites added.  Table 3-1 describes the parameters collected, years of record, 
responsible monitoring entity, and if the sampling was associated with routine monitoring or added.  
 
Significant advances in coordinated monitoring efforts occurred between 2015-2019, but as a result of 
the transboundary nature of the reservoir and dual jurisdictions, perfectly matched datasets for target 
parameters were not possible.  Presser and Naftz (2020) detail data collection efforts specific to the 
biodynamic modeling and utility of data while explanation on sample collection and analysis are 
described in the Presser and Naftz (2020) data release.   
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Table 3-1. Monitoring data, years of collection, and monitoring entities.  

 
 

3.1 DISSOLVED AND PARTICULATE SE  
 
The ratio of Se concentration of suspended particulate matter (SPM) to dissolved Se in the water is the 
environmental partitioning coefficient (Kd).  For the most accurate understanding of the Kd, it is 
necessary to measure SPM and dissolved Se values across multiple years and multiple seasons.  
Throughout spring-fall months, large volume water samples were collected at two depths (epilimnion 
and hypolimnion), centrifuged, and analyzed for Se.  Dissolved Se samples, defined as passing through a 
0.45 µm filter, were collected at the same time and location as SPM samples (these are considered 
matched samples).  USGS and USACE each collected matched dissolved and SPM samples at the main 
MT monitoring sites, the International Boundary, Tenmile, and Forebay.  Teck and BC-ENV collected 
dissolved and SPM Se samples on the BC portion of the reservoir (Figure 3-1).  A more robust matched 
dataset exists for the Montana portion of the reservoir.   
 
Biogeochemical processes have the potential to influence Se distribution between particulate and 
dissolved phases.  At each matched sampling site, high resolution vertical profile data was collected 
including, temperature, pH, specific conductance, DO, and fluorescent dissolved organic matter (fDOM). 
Details on these parameters are located in Presser and Naftz (2020).   
 
A concerted effort was made to analyze SPM samples for Se speciation but due to limited sample mass 
as a result of low lake productivity, the laboratory was unable to complete Se speciation on all SPM 
data.  Only a small subset of the SPM data includes Se speciation. 
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Figure 3-1. Location of sites where water quality and (or) SPM samples were collected in Montana and 

British Columbia (Presser and Naftz, 2020). 
 

3. 2 PERIPHYTON 
DEQ and FWP conducted a pilot study to determine how Se moves through the food chain at the 
periphyton level, subsequently transferred to periphyton-associated macroinvertebrates and, if present, 
periphyton feeding fish.  Sampling of shoreline periphyton occurred at Tenmile and Rexford sites in MT
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 during September 2017.  Teck additionally sampled for periphyton on the BC portion of the reservoir.  
Full details on these sampling methods are found in Lotic (2019).  
 

3.3 ZOOPLANKTON 
Zooplankton is routinely sampled by USACE and Teck for density and identification.  In addition, 
zooplankton selenium concentrations were measured to help understand the trophic transfer function 
from SPM to zooplankton.  Zooplankton was sampled concurrently with water and SPM samples in MT 
and BC.  Figure 3-2 details the transboundary zooplankton sampling sites.   

 
Figure 3-2. Location of sites where zooplankton samples were collected in Montana and British 

Columbia (Presser and Naftz, 2020).
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3.4 INVERTEBRATES 
To better understand the trophic transfer of selenium, FWP collaborated with DEQ to collect and 
analyze surface and benthic invertebrates in Lake Koocanusa.  As part of Teck’s monitoring 
requirements, sampling for invertebrates for selenium analysis continued as routine monitoring on the 
BC portion of the lake.  Figure 3-3 displays the macroinvertebrate sampling sites in MT and BC.  
 

 
Figure 3-3. Locations of sites where invertebrate samples were collected in Montana and British 

Columbia (Presser and Naftz, 2020).
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3.5 FISH 
FWP and DEQ worked collaboratively to sample fish tissue and continue baseline monitoring of fish 
tissue Se in Lake Koocanusa and evaluate concentration trends.  Since 2008, fish tissues have been 
collected and analyzed for Se.  In 2008, 2013, and 2018 bull trout, longnose sucker, northern 
pikeminnow, kokanee, peamouth, rainbow trout, and westslope cutthroat trout were targeted by FWP 
for tissue and opportunistic egg/ovary sampling.  The three locations for this effort were; 1) near the 
mouth of the Elk River in Canada, 2) Rexford, and 3) McGillivray (Tenmile).  Egg/ovary samples were 
taken if ovaries were with eggs, but the stage of development was not noted.  In 2018-2019 FWP 
expanded their Tenmile site further south to the Forebay to give a more complete spatial representation 
of the lower portion of the reservoir. 

 
Figure 3-4. Fish collection sites for Montana and British Columbia. Explanations of collections within 

area 1 (South of Elk), area 2 (International Boundary), area 3 (Tenmile), and area 4 (Forebay) are 
further defined in Presser and Naftz, 2020.
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A fish food habit study was conducted by FWP in 2017 to determine any differences from previous food 
habit information collected from fish in Lake Koocanusa from 1983-1992.  Target species for the food 
habit study were westslope cutthroat trout, rainbow trout, longnose suckers, kokanee, and burbot. 
Stomach contents were analyzed and no major differences in food habits were determined.  
 
Teck conducted fish sampling and analysis for Se as outlined in their permit requirement.  Similarly, Teck 
sampled whole body, muscle, and fish egg/ovary tissue.  Detailed information can be found at 
https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf. 
 

3.6 BIRDS 
USFWS conducted a preliminary risk assessment for avian exposure to Se in Lake Koocanusa.  Data were 
collected in June 2016 for killdeer.  Methods and results are described in Skorupa and Nelson (2018).  
The concentrations found for killdeer were well below the known toxicity for this species.  The results of 
this study suggest birds in the MT portion of Lake Koocanusa are not currently experiencing Se-induced 
reproductive impairment.  The SeTSC determined that fish are the most sensitive endpoint for 
consideration for modeling, and so fish became the focus for future data collection efforts to inform 
criteria development.  No additional bird studies were conducted on the US portion of the reservoir, 
although Teck continues to monitor birds, primarily spotted sandpiper in BC, as part of their permit 
requirement.  
 

4.0 SELENIUM MODELING  

This section provides an overview of information on the USGS biodynamic selenium modeling utilized 
for derivation of a protective water column criterion for Lake Koocanusa.  Consistent with the approach 
used by EPA in developing 304(a) criteria, DEQ partnered with the USGS to employ the mechanistic 
Ecosystem-Scale Selenium modeling approach for Lake Koocanusa (Presser and Luoma, 2010).  The work 
by Presser and Naftz (2020) tailors the Presser and Luoma (2010) model to the Lake Koocanusa 
ecosystem. The peer-reviewed report and data release can be found at 
https://pubs.er.usgs.gov/publication/ofr20201098. 
 
DEQ worked with the SeTSC and the USGS while concurrently following the EPA guidance in Appendix K 
for criteria derivation.   
 

4.1 ECOSYSTEM-SCALE MODEL OVERVIEW 
Presser and Luoma (2010) describe the Ecosystem-Scale Model and its use in understanding 
bioaccumulation and trophic transfer as essential to managing ecological risks from Se.  The modeling 
process, using key components outlined below, provides a basis for understanding and quantifying 
dietary uptake and linkages among food webs.  Figure 4-1 illustrates the processes regulating movement 
of Se through an ecosystem. 

 

https://www.teck.com/media/Koocanusa-Reservoir-Monitoring-2018-Report.pdf
https://pubs.er.usgs.gov/publication/ofr20201098
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Figure 4-1. Conceptual illustration of the Selenium Ecosystem Scale Model (Presser and Luoma, 2010). 
 
Jenni et al. (2017) first described tailoring the Presser and Luoma (2010) conceptual model to the Lake 
Koocanusa ecosystem.  The key factors of the modeling include a tissue criterion element, a trophic 
transfer factor (TTF), and a partitioning coefficient (Kd).  All of these are required to derive a protective 
dissolved water column number, as described by the equation below: 
 

𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  
𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑋𝑋 𝐾𝐾𝑑𝑑
 

Where, 
Ctarget    = translated site-specific water criterion element (µg/L) 
Ctissue criterion element  = fish tissue criterion element (mg/kg dw) 
TTFcomposite  = product of the species-specific trophic transfer factor (TTF) values in 

each trophic level of the food web of the target fish species related to 
the tissue criterion element (no units of measurement) 

Kd = environmental partitioning factor  
 
If the desired tissue criterion element is for an egg-ovary concentration, Jenni et al. (2017) prescribe 
translating this into a whole body concentration using either EPA guidelines or species-and site-specific 
data. Each of the key modeling factors incorporated as model inputs are described in more detail below.  
 

4.2 FISH TISSUE CRITERION ELEMENT  
It is widely understood that Se toxicity is manifested through chronic dietary exposure to Se.  A growing 
body of research has described egg-laying vertebrates as the most sensitive ecological endpoint for 
selenium (see Section 1.4.2).  The SeTSC scientific recommendation was to consider fish as the most 

 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 4.0 

September 2020 FINAL 35 

sensitive endpoint in the Lake Koocanusa ecosystem (see Section 3.7).  Limited toxicity data exists for 
fish species in Lake Koocanusa, only species in the genus Onchorhynchus (rainbow trout and westslope 
cutthroat trout) and species within Salvelinus (bull trout) have known Se toxicity thresholds.  Table 4-1 
describes the toxicity thresholds based on 10% effect concentrations (EC10’s) described in EPA (2016).  
Laboratory analysis whereby the effect concentrations results in 10% mortality is referred to as an EC10. 
This is also referred to as a low effect concentration (LOEC).  
 
Table 4-1. Tested reproductive-effect whole body (WB) concentrations measured directly or converted 

to WB concentrations from egg-ovary (EO) concentrations (EPA, 2016). Taxon resident in Lake 
Koocanusa are Salvelinus, O. mykiss, Onchorhynchus. 

   
 
EPA (2016) describes Se concentrations in egg or ovaries as the best predictors of Se toxicity but explains 
the vulnerability of a species is the product of its propensity to accumulate Se from its environment 
through diet and transfer the Se from its body into the eggs.  Therefore, EPA includes guidance in 
Appendix K to use whole body tissue as a reasonable alternative for modeling site specific criteria 
derivation.  Presser and Naftz (2020) provide details outlining the necessity to model from whole body 
rather than eggs or ovaries in Lake Koocanusa.  Moreover, given the limited toxicity data for the resident 
species in Lake Koocanusa, the EPA guideline for whole body calculated to 8.5 mg/kg dw was used for 
the criterion element in modeling (Presser and Naftz, 2020).  This value was calculated by EPA using OLS 
regression based on the known four most-sensitive species in the nation, including the most sensitive 
species, white sturgeon, which is resident in the downstream Kootenai River.  A criterion element of 8.5 
mg/kg dw is considered protective of white sturgeon across the US.  While Presser and Naftz (2020) 
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applied the 8.5 mg/kg 304(a) whole body criterion in the modeling, they describe how other values may 
be applied depending on the level of protection desired and the goals of the modeling.  
 

4.3 TROPHIC TRANSFER FACTORS 
Selenium trophic transfer factors (TTFs) describe uptake and efflux of prey and predator species 
(Presser, 2013).  Chapman et al. (2010) discusses the similarity of TTFs found within groups of related 
species and species with a similar trophic status (level).  Chapman further describes an important 
concept in understanding Se TTFs is that the majority of Se enrichment occurs at the lowest trophic 
levels through particulates and primary consumers.  The implication of this is that secondary and tertiary 
consumers may not always experience substantially higher Se exposure than lower trophic levels.  This 
differs from contaminants such as mercury (Hg) that consistently bio-magnify at higher trophic levels.  
 
Presser and Naftz (2020) utilized TTFs established from laboratory experiments.  Field derived TTFs have 
greater uncertainty than laboratory derived TTFs and Lake Koocanusa had limited data; therefore, USGS 
determined it most appropriate to model with laboratory derived TTFs as described in Presser and 
Luoma (2010). The following TTFs were applied; 2.8 (aquatic insects), 1.5 (zooplankton), and 1.1 (fish).  
Presser and Naftz (2020) present two choices for bioavailability (100% and 60%). The 60% bioavailability 
effectively reduces the TTF’s by 60% to match observed data.  
 
 

4.4 FOOD WEB MODELS 
Two primary food web models were presented in Presser and Naftz (2020) and described in Tables 6 and 
7 of their report.  Included are the invertebrate to fish model (IFM) and trophic fish model (TFM).   
 
The IFM model is summarized by the following equation: 
 

 
 
The TFM modeling is summarized by the following equation: 
 

 
 
Focal fish, previously selected by the SeTSC, were grouped into categorized food webs representative of 
variations in diet of modeled fish.  The categorized food webs described for the IFM model are located in 
Table 4-2 and for the TFM model are in Table 4-3.  These tables present different model scenario 
options, in which the invertebrate fraction (invert faction) in the above equations are modified based on 
the percentage consumed.  The adjustment to the food web, in turn, modifies the bioaccumulation 
potential (BAP).  The BAP is the combined effect of diet and TTFs. The food web consisting of 100% 
chironomids (aquatic insects) has the greatest bioaccumulation potential. 
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Table 4-2. Invertebrate to fish (IFM) model: fish species, categorized food webs, and associated 
bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability.  

 
 
Table 4-3. Trophic level fish model (TFM): fish species, categorized food webs, and associated 
bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability.  

 
 

4.5 PARTITIONING COEFFICIENT (KD) 
The partitioning coefficient (Kd) describes the relationship between Se concentrations in particulate and 
dissolved phases (Presser, 2010).  The term Kd has been used interchangeably with enrichment factor 
(EF), a term more commonly used by EPA.  The Kd is a simple ratio described below which could be 
expanded to include a more complex enrichment function incorporating saturation kinetics.  In this 
modeling process the equation below was used.  The collection of matched particulate Se and dissolved 
Se is described in Section 3.1 using the terminology suspended particulate matter (SPM) and particulate 
interchangeably.   
 

Kd = [particulate Se]/[dissolved Se] 
 

Kd values calculated from 2015-2019 ranged from 424.2 to 7,474.5 L/g.  Rather than statistically reducing 
the Kd dataset down to a single representative value to use in the model equation, Presser and Naftz 
(2020) present each Kd calculation as an independent scenario (n=87).  The result of this is that each 
model scenario includes 87 predicted dissolved selenium concentrations. 
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4.6 MODELING CONCLUSIONS 
Presser and Naftz (2020) present a report and accompanying data release which provide the data, 
rationale, food web modeling structure, and interactive spreadsheets for the quantitative derivation of a 
site-specific selenium guideline for Lake Koocanusa.   
 
Model predictions of protective dissolved selenium concentrations were specific to the EPA national 
guideline of 8.5 mg/kg whole body criterion, while recognizing that this whole-body concentration could 
be changed to meet the protection goals of BC-ENV.  Modeling choices and assumptions used for the 
modeled scenarios were guided by the goals described in the report, and previously defined by the 
SeTSC.   
 
Those goals are summarized here as: 
 

• Consideration of ecologically significant species and those important to stakeholders, 
• Protection of ecosystems during maximum dietary exposure (i.e., feeding within a benthic food 

web), 
• Protection of 100% of the fish species in the reservoir assuming a reproductive endpoint from 

reproductively mature females that are feeding in an ecosystem that functions as a lentic 
reservoir, and  

• Long-term protection for fish in all parts of the reservoir during all phases of reservoir operation, 
all Se loading profiles, and all water years. 

 
The IFM model based on the food web with maximum BAP (maximum dietary exposure) was through a 
100% chironomid (aquatic insect) diet and two choices of bioavailability (100% and 60%).  The model 
provided 87 predicted, protective dissolved selenium concentrations for each bioavailability choice.  As 
noted in Section 4.5, Presser and Naftz (2020) recommend that model runs be undertaken for each 
measured Kd, in order to provide the full range of candidate criteria for a specified model scenario.  
 
The TFM model was based on the food web with maximum BAP (TL3: trophic level 3) was through a 
piscivorous diet of 100% forage fish which had a diet of 100% chironomid (aquatic insect),  and two 
choices of bioavailability (100% and 60%). The model provided 87 predicted, protective dissolved 
selenium concentrations for each bioavailability choice.  
 
Presser and Naftz (2020) did not provide a final recommended protective water column Se 
concentration.  Rather, as described above, the report provided the foundation from which DEQ and BC-
ENV were able to co-develop a protective water column Se standard.  
 

5.0 CRITERIA DEVELOPMENT AND IDENTIFICATION 

The scientific expertise of the SeTSC guided the development of Lake Koocanusa’s site specific water 
column Se standard, from the early stages of data collection to the final recommendations for 
ecosystem-scale model factors.  The USGS modeling results described in Section 4.0 describes the 
foundation from which a protective water column value would be co-developed between DEQ and BC-
ENV.  This section presents the scientific recommendations of the SeTSC and analysis by DEQ and BC-
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ENV to co-develop a numeric water column standard that prevents impairment of the aquatic life 
beneficial uses of Lake Koocanusa.  
 

5.1 SETSC RECOMMENDATIONS 
As part of the criteria development process and different protection goals between BC and the US, the 
LKMRWG Steering Committee (comprised of a BC and DEQ representative) solicited individual SeTSC 
recommendations on model input parameters (whole body tissue criterion, food web, TTF, and Kd).  The 
SeTSC was additionally requested to provide recommendations on a final protective water column Se 
standard for Lake Koocanusa.  Recommendations were discussed at length throughout a half-day 
teleconference held August 25, 2020.  A subset of the members submitted additional written 
recommendations (Appendix A).  The three USGS SeTSC members recused themselves from providing 
recommendations beyond what is provided in Presser and Naftz (2020) and Jenni and Schmidt (2020).  
 
5.1.1 Fish Tissue Criterion Element 
Presser and Naftz (2020) applied the US EPA criterion of 8.5 mg/kg whole body tissue threshold, yet 
describe that modification of this value may be appropriate depending on the level of protection desired 
and modeling goals.  The derivation of the national whole body fish tissue threshold includes white 
sturgeon, the species with the known greatest sensitivity to selenium (EPA, 2016).  In spite of that, five 
out of seven participating SeTSC members recommended applying a lower whole body value.  Their 
recommendations ranged from 4.6 – 7.0 mg/kg dw.  Primary rationale for selecting a lower whole body 
value included; 1) consistency with the lower British Columbia guideline which is considered protective 
of 100% of species at all life stages, 2) uncertainty around potentially sensitive species and species of 
cultural importance for which no toxicity data exists, 3) providing assurance for sensitive aquatic 
dependent wildlife which may become resident in the future, 4) based on selenium toxicity expertise 
and understanding of the reservoir. 
 
5.1.2 Trophic Transfer Factors (TTFs) 
Recommendations for TTFs are intertwined with the bioavailability.  As described in Section 4.3 Presser 
and Naftz (2020) included a 2.8 TTF for aquatic insects and 1.5 for zooplankton.  Additionally, Presser 
and Naftz (2020) present two bioavailability choices, 100% and 60% bioavailability.  The 60% 
bioavailability was recognized to be the option better tailored to Lake Koocanusa.  The 60% 
bioavailability effectively reduces the 2.8 TTF (aquatic insects) to 1.7 and the 1.5 TTF (zooplankton) to 
0.9.  However, there was general agreement among the SeTSC that the 2.8 and 1.5 TTFs at the 60% 
bioavailability may still be over predictive.  The SeTSC individual members had varying 
recommendations for approaching TTFs including; 1) applying the 2.8 and 1.5 at 60% as a conservative 
measure particularly if using a less conservative whole body threshold (8.5 mg/kg dw), 2) use site 
specific TTFs (recommendations ranged from 1.1 – 1.2 (aquatic insects) and 0.52-0.85 (zooplankton), 3) 
combine the Presser and Luoma (2010) and EPA (2016) TTF data to produce a more robust dataset from 
which to derive a TTF based on the central tendency.  
 
 
5.1.3 Food Web Model 
Presser and Naftz (2020) included two models, the IFM and TFM.  Within each are categorized food 
webs representative of variations in diet of modeled fish.  Recommendations focused on using a 
piscivorous food web at 100% aquatic insects.  This food web is referred to as TFM with TL3 100% 
Aquatic Insects (Section 4.4).  The rationale for TFM with TL3 100% aquatic insects, the most 
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conservative food web, was for protection for potentially sensitive piscivorous species and species of 
cultural importance.   
 
 
5.1.4 Partitioning Coefficient (Kd) 
Two of the SeTSC members recommended additional analysis be done to sub-set the Kd dataset to 
include only Kd values from the epilimnion.  The epilimnion showed slightly greater Kd values overall, and 
the rationale to include only epilimnion Kd data was to include a conservative approach which may be 
more representative of Se entering the food chain, specifically through primary producers.  
 
Ultimately, a protective water column value must be selected from the distribution of observed Kd 

values. Recommendations ranged from the 50th percentile (median) to the 90th percentile depending on 
the model assumptions (model inputs).  The recommendations as to which Kd percentile to select was 
reliant upon the level of conservatism incorporated into other model parameters, particularly the whole 
body tissue criterion.  There was overall agreement that if applying a lower (more conservative) whole 
body value, then a median Kd would be protective of the beneficial use.  However, if a less conservative 
whole body value was used, such as the 8.5 mg/kg, then a more protective percentile from the 
distribution would be recommended to ensure adequate protection.   
 
5.1.5 Water Column Concentration Recommendations of the SeTSC 
Recommendations on a final Se water column criterion were presented from four of the seven 
participating SeTSC members.  Final values presented ranged from 0.6 µg/L to 1.5 µg/L, with one 
committee member describing a range for consideration between 0.73 µg/L to 0.8 µg/L.  Three of the 
four SeTSC members proposed criteria recommendations less than 0.9 µg/L with one recommendation 
of 1.5 µg/L.  The 1.5 µg/L recommendation was proposed with the rationale to follow the EPA 304(a) 
criteria, rather than utilize the work presented in Presser and Naftz (2020). 
 

5.2 DEQ & BC-ENV SUPPLEMENTAL ANALYSIS  
As previously stated, the goal of this work was to co-develop a site-specific water column standard for 
Lake Koocanusa.  A challenge of that work has been the differing protection goals between BC-ENV and 
DEQ.  However, the two agencies worked collaboratively, giving consideration to SeTSC 
recommendations and the protection goals of each agency, to co-develop three additional model 
scenarios to consider in conjunction with the model assumptions presented in Presser and Naftz (2020).  
This section describes the collaborative analysis and the DEQ proposed dissolved Se standard. Table 5-1 
describes model inputs (model assumptions) representative of a balance between the SeTSC 
recommendations and BC-ENV and DEQ agency goals for the water body.  
 
The scenarios described in Table 5-1 apply a whole body tissue value of 5.6 mg/kg.  As this work was a 
collaborative process between BC-ENV and DEQ, the 5.6 value was incorporated to remain consistent 
with BC-ENV’s more stringent guidelines.  This value falls within the range recommended by five out of 
seven SeTSC members (see Section 5.1.1).  This value was derived by applying a westslope cutthroat (a 
resident species within the known most Se sensitive genus) egg-ovary to whole body conversion factor 
of 1.96 (EPA, 2016) to the BC provincial egg ovary guideline of 11.0 mg/kg dw.   
 
Based upon recommendations by some SeTSC members to include site specific TTFs, BC-ENV and DEQ 
applied a bioavailability of 45%.  This work was guided both by analysis by Thorley (2020) and the 



Derivation of a Site-Specific Water Column Selenium Standard for Lake Koocanusa – Section 5.0 

September 2020 FINAL 41 

recommendations by two of the seven SeTSC members.  While the 45% bioaccumulation incorporates 
less conservatism, it was found to be more representative of the observed concentrations.  It was 
determined by BC-ENV and DEQ that this 45% bioavailability would only be appropriate if a more 
conservative whole body tissue value was also applied (5.6 mg/kg).  The 45% effectively reduces the 
aquatic insect TTF from 2.8 to 1.26 and the zooplankton from 1.5 to 0.68.  For aquatic insects, this value 
is very close to site-specific TTFs recommended by two SeTSC members which ranged from 1.1-1.2 and 
is within the range of site specific zooplankton TTFs recommended that ranged from 0.56-0.85.  The live 
Excel spreadsheets for the three model scenarios presented in Table 5-1 are available from DEQ upon 
request (please contact DEQ’s Water Quality Standards & Modeling Section).  
 
Table 5-1. Three additional model scenarios developed by BC-ENV and DEQ incorporating SeTSC 
recommendations.  

 
 
With consideration of the SeTSC recommendations and supplemental DEQ and BC-ENV analysis, DEQ 
determined Scenario 3 from Table 5-1, resulting in a dissolved water column numeric standard of 0.8 
µg/L, to be protective of the aquatic life beneficial uses of Lake Koocanusa.  Scenario 3 ensures all 
ecosystem food webs are protected, a stated goal of the SeTSC.  
 
Additionally, DEQ considered the SeTSC recommendation to use the 8.5 mg/kg tissue threshold.   
Through working collaboratively with BC-ENV, the following model assumptions as described in Presser 
and Naftz (2020) were applied; IFM 100% Aquatic Insects, 60% bioavailability, and DEQ selected a more 
conservative percentile from the upper quartile of the Kd distribution (75th percentile).  This modeling 
scenario also meets the protection goals defined by the SeTSC and DEQ.  This scenario resulted in a 
water column Se value of 0.8 µg/L protective of the aquatic life beneficial uses of Lake Koocanusa.  
 
Table 5-2. Model inputs DEQ considered following the two SeTSC member recommendations to apply 
8.5 mg/kg and following the recommendations to then identify a more conservative Kd percentile.  

 
 
 

Scenario

Whole 
body tissue 
thresdhold 
(mg/kg dw)

Food Web Diet TTF Fish
TTF 

Aquatic 
Insects

TTF      
Zoo-

plankton

Bio- 
availability

Kd  
percentile

Predicted 
dissolved 

water 
column Se 

(μg/L)

1 5.6 IFM
100% Aquatic 

Insects
2.8 45%

50th 
(median)

0.89

2 5.6 TFM
75% Aquatic 
Insects/ 25% 
Zooplankton

1.1 2.8 1.5 45%
50th 

(median)
0.91

3 5.6 TFM
100% Aquatic 

Insects
1.1 2.8 45%

50th 
(median)

0.8

Whole 
body tissue 
thresdhold 
(mg/kg dw)

Food Web Diet TTF Fish
TTF 

Aquatic 
Insects

TTF      
Zoo-

plankton

Bio- 
availability

Kd  
percentile

Predicted 
dissolved 

water 
column Se 

(μg/L)

8.5 TFM
100% Aquatic 

Insects
1.1 2.8 60% 75th 0.8
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6.0 PROPOSED CRITERIA FOR LAKE KOOCANUSA     

Proposed Se standards for Lake Koocanusa contain two classes of selenium standards; fish tissue 
standards, which limit the amount of Se allowed to accumulate in different fish tissues, and a water 
column standard which was derived from bioaccumulation modeling also intended to limit Se 
accumulation in fish tissue.  
 

Table 6-1. Proposed water column and fish tissue Se standards for Lake Koocanusa. 
Parameter Se Concentration 

Dissolved selenium (µg/L) 0.8 
Egg/ovary (mg/kg dw) 15.1 
Muscle (mg/kg dw) 11.3 
Whole body (mg/kg dw) 8.5 

 
The national fish tissue standards have a hierarchy of importance; the egg/ovary standard is the most 
takes precedence because those data are the most indicative of selenium toxicological effects on fish at 
the reproductive stage.  However, fish egg/ovary tissue is not always available.  Fish muscle or whole 
body tissue standards can be used in the absence of fish egg/ovary tissue. The fish tissue standards 
supersede the water column standard only when the lake or river is in steady-state, referring to 
conditions whereby there are no activities resulting in new, increasing, or changing selenium loads to 
the lake, and selenium concentrations in fish have stabilized.  Lake Koocanusa is not currently in steady 
state (Presser and Naftz, 2020).  Therefore, both the fish tissue standards and water column standards 
are applicable standards for Lake Koocanusa.  The department will determine when Lake Koocanusa 
reaches steady state after review and analysis has been carried out by the department during triennial 
review.  The proposed water column standards are chronic values.  There is no acute selenium standard 
included since the greatest toxicity risk to aquatic life is from chronic dietary exposure.  
 

6.1 FREQUENCY AND DURATION 
The proposed recommendation for return frequency is consistent with EPA’s current 304(a) guidance 
based on the 1985 Guidelines for water column criteria.  The proposed return frequency for a water 
column criteria exceedance of not more than once in three years, on average, is based on EPA’s 
determination of the resiliency of the aquatic ecosystem to recover from a toxin when the impacts are 
associated exclusively with a water column exposure (Stephan et al., 1985).   
 
The duration component of the criteria describes the exposure time-period and restricts the length of 
time that the concentration in the receiving water can be continuously above a criterion concentration, 
in order to protect aquatic life.  The proposed durations are consistent with the current 304(a) guidance 
such that the numerical fish tissue criterion elements are specified as instantaneous.  The use of an 
instantaneous measurement (duration) not to be exceeded (frequency) is because fish tissue data 
provide point measurements that reflect integrative accumulation of selenium over time and space in 
the fish population(s) at a given site.  Selenium concentrations in fish tissue are generally expected to 
only change gradually over time in response to environmental fluctuations.  The duration for the chronic 
water column standard is a 30-day average.   
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6.2 PROTECTION OF DOWNSTREAM WATERS 
Federal regulation at 40 CFR 131.10(b) requires the State to consider and ensure the attainment and 
maintenance of downstream (intra-and interstate waters) WQS.  The proposed Se standards for Lake 
Koocanusa are considered protective of downstream use including the protection of downstream 
Endangered Species Act (ESA) listed, white sturgeon. 
 
The Kootenai River is in a B-1 use class, identical to what was outlined for Lake Koocanusa (Section 
1.3.1).  The designated use class for the Kootenai River in Idaho is outlined in Idaho’s regulations found 
at 58.01.02.100 as, “water quality appropriate for the protection and maintenance of a viable aquatic 
life community for cold water species.”  Idaho defines viable aquatic life as communities that are 
functioning and intact.  Additionally, the Kootenai River Native Fish Conservation Program includes a 
Tribal Sturgeon Hatchery managed by the Kootenai Tribe of Idaho (KTOI) to prevent extinction, preserve 
the existing gene pool, and rebuild a healthy age class of the ESA listed endangered white sturgeon. 
 
The proposed Se standards for Lake Koocanusa are considered protective of downstream use including 
the protection of downstream ESA listed, white sturgeon.  DEQ modeled white sturgeon using the 
bioaccumulation model by Presser and Naftz (2020).  Applying the white sturgeon whole body sensitivity 
of 9.2 mg/kg, the food web of TFM with TL3 100% aquatic insects, a TTF of 2.8, and a bioavailability of 
60%, the results showed 0.8 µg/L to be protective at the 90th percentile of the Kd distribution.  As white 
sturgeon are not resident within Lake Koocanusa, DEQ finds this to meet the protection of downstream 
use including protection of white sturgeon.  
 
 

6.5 PROTECTION OF FEDERALLY LISTED SPECIES 
The bull trout was listed as threatened under the ESA on November 1, 1999 (64 FR 58910).  Bull trout 
are native to Lake Koocanusa and the Kootenai river, representing a geographically distinct and 
important population within the broader bull trout range.  In Montana, the management of fisheries 
including that of bull trout is executed by FWP.  Montana FWP biologists monitor spawning sites (redds) 
annually as a metric for measuring fish reproduction, recruitment, and fisheries management.  The 
monitoring takes place during the fall as most bull trout spawn between late August and early 
November.  Current trends for bull trout in Lake Koocanusa are common abundance with a stable 
population.  The 2002 FWP Bull Trout Report lists current threats to bull trout in Lake Koocanusa (above 
Libby Dam) as identified by the Montana Bull Trout Scientific Group as including introduced fish species, 
rural residential development, forestry, mining, agriculture, water diversions, and illegal harvest. 
 
At present, there are no known selenium toxicity studies for bull trout.  There are toxicity tests for the 
taxonomically similar, dolly varden, both in the genus Salvelinus.  Research shows dolly varden to be 
among the most tolerant fish species to Se.  Table 4-1 describes the whole body and egg ovary selenium 
toxicity thresholds for dolly varden being 34.9 (whole body) and 56.4 (egg ovary).  DEQ modeled bull 
trout using the bioaccumulation modeling by Presser and Naftz (2020) by substituting the whole body 
guideline for the Salvelinus whole body toxicity threshold of 34.9 to determine that the proposed 
standards including the site specific water column standard of 0.8 µg/L is protective such that no 
individual bull trout will be harmed.  
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August 31, 2020 
 
 
 
Ms. Myla Kelly      Ms. Deb Epps     
Water Quality Standards Section Supervisor A/Regional Director   
Water Quality Planning Bureau    Monitoring, Assessment and Stewardship   
Department of Environmental Quality   Ministry of Environment and Climate Change Strategy  
1520 East Sixth Avenue    PO Box 9334 Stn Prov Govt    
Helena, MT  59620-0901   Victoria, BC  V8W 9N3      
 
Re: Teck response to the USGS Sampling and Analysis Plan for the collection of selenium and 

associated water quality parameters in Lake Koocanusa 
 
 
Dear Ms. Kelly and Ms. Epps, 
 
In your roles as Co-Chairs of the Lake Koocanusa Monitoring and Research Working Group (LKMRWG) 
and as requested during the working group meeting on August 26, 2020, I write to provide Teck’s 

response to the recently published USGS Sampling and Analysis Plan and the process that will inform a 
draft selenium criteria for aquatic life in Koocanusa Reservoir. Given the nature of Teck’s response, the 

Co-Chairs of the Selenium Technical Subcommittee (SeTSC) have been copied on this letter.  
 
Teck has been operating for over 100 years to become a leading Canadian diversified natural resource 
company, committed to responsible mining and mineral development. Strong sustainability practices are 
core to how we do business and Teck’s leadership in this area is recognized globally. For instance, Teck 
was named to the Dow Jones Sustainability Index in 2019 for our 10th straight year, and we were the top 
ranked mining company in the world on this index. Central to this is Teck’s commitment to responsible 
management of water resources and to protecting water quality where we operate.  
 
Over the last five years, Teck has made significant progress towards achieving the objectives of the Elk 
Valley Water Quality Plan (EVWQP), which is a long-term approach to addressing the management of 
selenium, nitrate and other substances released by current and historic mining activities in the Elk Valley. 
We forecast that our total investment in water quality management will be $1.2 billion through to 
2024. This includes the water treatment facility at our Fording River Operations that is scheduled to 
complete in 2021. Additionally, Teck has more than 25 research and development projects underway, 
including the advancement of smaller, in-situ water treatment facilities that can be built closer to where 
treatment is needed. We are already seeing reductions in selenium and nitrate concentrations 
downstream of the Line Creek treatment facility, and we expect to see further significant reductions in 
other areas as future facilities come online. Details and information on our efforts can be found in the data 
and reports available online on Teck’s website1 and on the U.S. Environmental Protection Agency WQX 
Portal2. 

 
1 Teck Resources Limited: “Responsible Mining in the Elk Valley”.  
2 United States Environmental Protection Agency: “Water Quality Data (WQX)” 

https://www.teck.com/responsibility/sustainability-topics/water/water-quality-in-the-elk-valley/
https://www.epa.gov/waterdata/water-quality-data-wqx
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As members of the LKMRWG and observers to the SeTSC, we have made best efforts to understand and 
to provide input into the committee’s work to inform a science-based and site-specific selenium 
recommended value for the Koocanusa Reservoir. This is a complex and multifaceted initiative and we 
appreciate the efforts that have gone into this work to date. It is our hope that the expertise and input of 
LKMRWG and SeTSC members and observers to this process is fully considered in your deliberations. 
We look forward to further engagement with the LKMRWG, SeTSC, Montana Department of 
Environmental Quality and the BC Ministry of Environment and Climate Change Strategy as this process 
continues to advance.  
 
If you have any questions about our response to the USGS Sampling and Analysis Plan or Teck’s 

approach to water quality management, please do not hesitate to contact me at 
Scott.Maloney@teck.com. We thank you for the level of engagement to date and for this opportunity to 
provide input directly to you for this process. 
 
Sincerely, 
 
 
 
 
Scott Maloney 
Vice President, Environment  
 
Cc: Tim Davis, Administrator, Water Quality Division, Montana Department of Environmental Quality 

Lauren Sullivan, Water Quality Standards and Modeling, Montana Department of Environmental 
Quality 

Kevin Jardine, Deputy Minister, Ministry of Environment and Climate Change Strategy 
James Mack, Assistant Deputy Minister, Ministry of Environment and Climate Change Strategy 
Sheldon Reddekopp, Sr. Environmental Assessment Biologist, Ministry of Environment and 

Climate Change Strategy  
Katherine Gizikoff, General Manager, Environment and Social Responsibility, Teck Resources 

Limited 
Carla Fraser, Manager, Water, Environment, Teck Resources Limited  
Tom Syer, Head, Government Affairs, Teck Resources Limited 
Meera Bawa, Manager, Regulatory Affairs, Teck Resources Limited 
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Teck comments on the U.S. Geological Survey Lake Koocanusa Open-File Report 2020–1098 
Overview 
 
The comments below are Teck’s response to the above-referenced open-file report developed for Lake 
Koocanusa by the U.S. Geological Survey (Presser and Naftz 2020). In summary, we believe there are a 
number of misleading and inaccurate statements within the report, and, despite the importance of site-
specific fish tissue data, it was not used as a means to validate the model. As a result, the ecosystem-
scale model consistently over-predicts fish tissue selenium concentrations within the Koocanusa 
Reservoir and is inherently too uncertain to support derivation of a water quality objective/criterion. 

 
Misleading and inaccuracies within the report 
 
The U.S. Geological Survey (USGS) fails to acknowledge that Lake Koocanusa has been listed under 
section 303(d) of the U.S. Clean Water Act as “impaired” since 2002 due to hydro-modifications, 
specifically Libby Dam3. By focusing on the 2012 reporting year, Presser and Naftz (2020) obscure this 
fact and create the potential for readers to inaccurately conclude that the listing is due to selenium 
concentrations. This is further exasperated by an incomplete analysis of data collected at the mouth of 
the Elk River by Environment and Climate Change Canada.  
 
As noted by Presser and Naftz (2020), aqueous selenium concentrations measured at the mouth of the 
Elk River above Highway 93 (BC08NK0003)4 have increased during the period of record, but incorrectly 
identify this trend as continuing to increase. Rather and as illustrated within Figure 1 below, selenium 
concentrations at the mouth of the Elk River have not increased since 2014. On the contrary, not only 
have selenium concentrations stabilized but a negative slope for the best-fit linear regression line 
suggests that concentrations are decreasing. This trend is wholly consistent with the goals and intentions 
of the Area Based Management Plan to “stabilize and reverse increasing trends in water contaminant 
concentrations”. Furthermore, the suggestion that selenium loads are and will continue to increase is not 
supported by data.  
  

 

3 https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_au_id=MT76D003_010&p_cycle=2002. 
4 http://aquatic.pyr.ec.gc.ca/webdataonlinenational/en/SiteDetails/BC08NK0003/Projects/PYLTM/Regions/0  

https://ofmpub.epa.gov/waters10/attains_waterbody.control?p_au_id=MT76D003_010&p_cycle=2002
http://aquatic.pyr.ec.gc.ca/webdataonlinenational/en/SiteDetails/BC08NK0003/Projects/PYLTM/Regions/0
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.  

Figure 1. Monthly Average Total Selenium Concentrations as Recorded at the Mouth of the Elk 
River by Environment and Climate Change Canada. 

 
Note: Data points are a monthly mean concentrations, while the blue line is a best-fit linear regression for data 
collected from 2014 to 2019 inclusive and has a slope of -1.7×10-5.  

 
Annual selenium loads from the Elk River into the reservoir have not been increasing and are inconsistent 
with gradient maps presented within the report. Presser and Naftz (2020) suggest that cumulative cross-
sectional areas with selenium concentrations greater than 1 µg/L have increased three- (from 2017 to 
2018) and four-fold (from 2017 to 2019) due to increasing selenium loads from the Elk River. Selenium 
concentrations (see Figure 1) and loads (see Figure 2) from the Elk River are inconsistent with the 
aforementioned suggestion. 
 
Presser and Naftz (2020) correctly identify that the increase in proportional area of the reservoir 
containing selenium concentrations >1 μg/L suggests a system that is not in steady state, but fail to 
directly account for the significant role Libby Dam and its hydrodynamic cycles plays in this matter. 
Although Presser and Naftz (2020) identify Lake Koocanusa as a highly modified hydrological and 
ecological system, and that it experiences traditional problems associated with dam management (e.g., 
large elevation changes during drawdown and refilling operations), the report does not wholly consider 
the ramifications of such annual fluctuations particularly on the British Columbia side of the reservoir. As 
demonstrated by Dr. M. Sokal during the October 2016 Monitoring Research Committee meeting in 
Kalispell, Montana, Lake Koocanusa’s hydrologic cycle significantly influences water quantity within the 

Canadian portion of the reservoir. During high water conditions (Figure 3, left panel) the reservoir is 
hydrologically like a “lake”; while under low water conditions (Figure 3, right panel) it is more like a “river” 

(Sokal 2016).  
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Figure 2. Selenium Loads associated with the Elk River into Lake Koocanusa. 
 
Note: Selenium loads (2017 = 11,316 kg, 2018 = 15,035 kg, and 2019 = 10,144 kg) as determined from annual 
monitoring reports for the reservoir submitted to the ENV (Minnow, 2019 and 2020, and Teck 2018). 
 

  
Figure 3. Aerial Imagery of Lake Koocanusa near the Confluence of the Elk River during High- (left 

panel) and Low-Water (right panel) Conditions. 
 

Note: Imagery obtained from PowerPoint presentation made by Michael Sokal, PhD, Environmental Protection Division, BC ENV at 
the Lake Koocanusa Monitoring Research Working Group Meeting Kalispell, MT (October 17-18, 2016; Meeting No. 5). The red dot 
illustrated within the images reflects Order Station Environmental Monitoring System (EMS) E300230 (RG_DSELK).  
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Lack of model validation via fish tissue data 
 
Model validation was limited to evaluating ranges of observed and predicted selenium concentrations in 
invertebrates (zooplankton and macroinvertebrates). Based on the qualitative evaluation presented within 
Presser and Naftz (2020), it is clear that unless an adjustment of selenium bioavailability is made, the 
model grossly over-predicts invertebrate concentrations. Even with a bioavailability assumption of 60 
percent, the model over-estimates invertebrate concentrations. This over-estimation is carried through to 
the endpoint of primary concern (fish tissue).  
 
For instance, assuming a bioavailability of 60 percent predicted whole-body fish tissue concentrations are 
two times greater than measured data (e.g., site-specific mean = 5.4 mg/kg dw, n = 22). Furthermore, if 
one considers fish muscle tissue concentrations relative to the U.S. Environmental Protection Agency’s 

criterion which identifies a limit of 11.3 mg/kg dw for adult fish muscle this positive bias increases to a 
factor of three (e.g., site-specific mean = 3.8 mg/kg dw, n = 120). As a result, the ecosystem-scale model 
consistently over-predicts fish tissue selenium concentrations within the reservoir and is inherently too 
uncertain to support derivation of a water quality objective/criterion. Therefore and consistent with 
recommendations made to Monitoring and Research Committee Co-Chairs on December 4, 2015, 
selenium criteria/objectives should focus on empirical data, specifically fish tissues, and be evaluated 
relative to the U.S. Environmental Protection Agency (2016) fish tissue-based selenium criteria which are 
protective of fish.  
 
As a result, the question at hand for the Monitoring and Research Committee is better expressed in terms 
of environmental monitoring data within the reservoir, in relation to existing water quality 
criteria/guidelines. The presumption being that existing/pending water quality criteria/guidelines are, as 
intended, protective of aquatic life within the reservoir. This is different than what is currently being 
expressed which assumes that existing/pending water quality criteria/guidelines are not protective of 
aquatic life within the reservoir. 
 
Process toward a recommended value 
 
According to the BC-MT 2020 Work Plan, revised May 1, 2020, the Co-Chairs of the SeTSC will finalize a 
technical assessment report and recommendations of a draft selenium criteria for consideration by 
Montana Department of Environmental Quality and by the British Columbia Ministry of Environment and 
Climate Change. It is not clear whether the Co-Chairs will include responses to comments on the USGS 
report submitted by SeTSC members and observers. In the interest of transparency and in recognition of 
the deep technical expertise on the SeTSC, we recommend that the report include how SeTSC member 
and observer input was considered to inform the recommended value. 
 
 
 
 
 
 
 
 
 
 



 
 

Page 7 
 

Appendix: references 
 
Presser, T.S., and Naftz, D.L., 2020, Understanding and documenting the scientific basis of selenium 

ecological protection in support of site-specific guidelines development for Lake Koocanusa, 
Montana, U.S.A., and British Columbia, Canada: U.S. Geological Survey Open-File Report 2020–

1098, 40 p., https://doi.org/ 10.3133/ ofr20201098.  
 
Minnow Environmental Inc. 2019. Koocanusa Reservoir Monitoring Program Annual Report, 2018. 

Prepared for: Teck Coal Limited. June 2019 
 
Minnow Environmental Inc. 2020. Koocanusa Reservoir Monitoring Program Annual Report, 2019. 

Prepared for: Teck Coal Limited. June 2020 
 
Teck Coal Limited. 2018. 2017 Summary Report of Monitoring Results in the Koocanusa Reservoir. June 

28, 2018 
 
U.S. Environmental Protection Agency. 2016. Aquatic life ambient water quality criterion for selenium – 

Freshwater 2016. Office of Water, Washington, D.C., USA. EPA 822-R-16-006. 
 



 
 

2-495 Wallinger Avenue Kimberley BC V1A 1Z6 ​•​ t 250.427.9325 ​•​ info@wildsight.ca 
 

LKMRC Co-chairs:  
Tim Davis, Montana DEQ 
Sean Moore, BC MoE 

SeTSC Co-chairs: 
Sheldon Reddekopp, BC MoE 
Lauren Sullivan, Montana DEQ 

August 28, 2020 

Thank you for the opportunity to provide input on the selection of the shared water column 
selenium limit to protect aquatic life for Lake Koocanusa. 

Wildsight is strongly supportive of conservative, protective selenium limit for Lake Koocanusa, 
both for the protection of aquatic life in the reservoir and downstream in the Kootenai/Kootenay 
River and even in Kootenay Lake. As a general principle, we believe that modelling 
assumptions should be conservative and err on the side of caution in order to ensure protection 
for all species. 

We recognize that ecological modelling will never be as precise or simple as we may wish it to 
be, nor will we ever have all the data we’d like; however, the USGS report and the SeTSC 
process that came before it have been open, transparent and comprehensive, involving detailed 
data collection over a number of years and peer-reviewed analysis from well-regarded experts 
on selenium toxicology. It is time to act on this data and modelling to set a protective selenium 
limit for Koocanusa, rather than allowing further increases in selenium with potentially disastrous 
effects on aquatic life. The USGS report makes it clear that selenium levels in Koocanusa must 
be reduced. Work to set a protective limit and to reduce selenium concentrations below that limit 
must begin immediately. 

Specifically, a protective standard must be based on a protective whole-body selenium limit. We 
support the Ktunaxa Nation, KTOI and CSKT in calling for a 5.6 mg/kg dw whole-body limit, 
based on BC’s 11 mg/kg egg/ovary Water Quality Guideline, which includes an 
uncertainty/safety factor of 2, and a conversion factor of 1.9 for rainbow trout. In this case, a 
median K​d​ of 4547 would be appropriate, as BC’s Water Quality Guideline already includes an 
uncertainty/safety factor. However, if the limit is based on the EPA’s limit of 8.5 mg/kg dw, we 
believe a more conservative approach is needed. In the Aquatic Life Ambient Water Quality 

 



 

Criterion for Selenium, the EPA uses the 20th percentile of the translations of the egg-ovary 
criterion concentrations to water column concentrations to provide a “high probability of 
protection for most aquatic systems”.  In this case, using a 80th percentile K​d​ of 5566 would be 1

appropriate and provide an equivalent degree of protection to that intended in the EPA 
standard. Using a median or other lower K​d​ would not be appropriate if the EPA standard of 8.5 
mg/kg is used.  

With the very steep curve relating selenium egg/ovary concentrations to mortality, and relatively 
widely distributed data for selenium concentrations for individuals of the same species found in 
Koocanusa, it is clearly necessary to take a cautious, protective approach, which favours the 
lower BC whole-body limit with its uncertainty/safety factor. 

We also support the 5.6 mg/kg whole-body limit to allow for preferred Ktunaxa fish consumption 
rates without exceeding human health limits. 

We share the concerns expressed by some SeTSC members about lag times for biological 
effects from increasing selenium concentrations in Koocanusa. Lag times for selenium moving 
from water to sediment and at the various trophic levels could lead to an underestimation of the 
risk to aquatic life from the measured selenium concentrations. This concern should further 
strengthen the case for a standard with a reasonable safety margin to ensure protection. 

We support the use of the W6 model (TFM w TL3 100% aquatic insects) to protect burbot and 
mountain whitefish. Using this model with the 5.6 mg/kg limit and a median K​d​ leads to a 0.6μg/L 
water limit, while using the model with a 8.5 mg/kg limit and a 80th percentile K​d​ leads to a 
0.8μg/L water limit. 

Additionally, a conservative approach is needed to protect downstream species in the 
Kootenai/Kootenay River and Kootenay Lake. Of particular concern are white sturgeon, 
endangered in both Canada and the US, and burbot. We note that elevated selenium levels in 
water above 1μg/L have been found in both the US and Canadian portions of the river and 
recent KTOI data shows significant selenium levels in fish tissue. With the Canadian portion of 
the Kootenay River between the US border and Kootenay Lake, as well as the Kootenay River 
delta into Kootenay Lake, designated as critical habitat for white sturgeon under Canadian 
SARA, it is crucial that a protective standard be set for Koocanusa that ensures protection for 
white sturgeon in this critical habitat. While we are not aware of any current tissue data available 
for sturgeon in Canada, we note the sensitivity of the species in the EPA Criterion, the recent 
troubling KTOI data that showed selenium in fish tissue above EPA and BC standards, and BC 
water quality data showing selenium exceeding 1.0μg/L in the Kootenay River at Creston and 
exceeding 0.6μg/L in the southern portion of Kootenay Lake . Clearly, more study is needed, but 2

these pieces of evidence already available should be highly concerning. A conservative 

1 Aquatic Life Ambient Water Quality Criterion for Selenium - Freshwater 
https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-_fresh
water_2016.pdf​, p. 92. 
2 Data from BC EMS, Locations IDs E206587 and E216952 

https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-_freshwater_2016.pdf
https://www.epa.gov/sites/production/files/2016-07/documents/aquatic_life_awqc_for_selenium_-_freshwater_2016.pdf


 

standard should be set immediately in Koocanusa, the only significant source of downstream 
selenium, while work is done to quantify the effects of selenium concentrations in the 
Kootenai/Kootenay River and Kootenay Lake on sturgeon, burbot and other species. 

 

Comparing the USGS model to the EVWQP model 

We have heard concerns about the validity of the USGS model and the assumptions made for 
inputs to the model. In this context, we believe it is constructive to compare the USGS 
modelling to the modelling done to support the selenium limits set under Teck’s EMA 
discharge permit in the Elk Valley, based on the 2014 Elk Valley Water Quality Plan. 

While converting from the established thresholds for egg/ovary selenium to whole body values 
may not be ideal, it is necessary to use the existing, available data and to accept that obtaining 
reliable egg/ovary data is difficult. Here we compare the USGS approach to Teck's approach for 
the EVWQP modelling in 2014 . While Teck's approach uses egg/ovary data directly, the study 3

on which the EVWQP modelling is based gives a large range for the 95% confidence interval of 
12-31μg/L for WCT reproductive EC​10​ in eggs/ovaries, with a result that the derived selenium 
concentrations in water for 10% effect size should be subject to large uncertainties, though no 
uncertainties are given. Consequently, the calculated water concentration for 10% effect size 
and the water limit based on this concentration should be subject to a large degree of 
uncertainty. 

We believe the USGS approach, based on established egg-ovary criteria, is far superior to the 
species-specific approach taken by Teck. The conversion to whole body values may increase 
uncertainty to a small degree, but far less than relying on one study with eggs from a few fish to 
determine thresholds. 

We also have heard significant concern about widely varying values used in the USGS model, 
especially K​d​ values. In Teck's EVWQP modelling, we also observe very wide ranges of values 
in matched samples for water to invertebrates and invertebrates to fish eggs. We believe the 
USGS conclusions are far better supported by the data than the conclusions in the EVWQP 
modelling, because the data used by the USGS is mostly in the relevant ranges of selenium 
concentrations, while Teck's data is largely outside the relevant ranges. The overwhelming 
majority of the data used by Teck is significantly below or significantly above the relevant 
egg/ovary and water concentrations. Teck's data is also from a mix of lentic and lotic 
environments. 

Overall, if BC is willing to rely on the relatively weak modelling behind the EVWQP to protect fish 
in the Elk River Watershed, they should also be willing to immediately adopt limits based on the 
modelling in the stronger USGS study. In any case, uncertainty in the data or the model should 

3 This modelling work was done by Golder Associates. 



 

lead to a more protective limit in order to keep aquatic life safe, rather than further delay while 
selenium in the reservoir is already above safe limits in water and in fish tissue. 

 

Timeline for adoption 

We support Montana’s plan to adopt a protective limit in 2020 and urge BC to also adopt the 
same limit this year. Increasing selenium concentrations in recent years have already put fish 
and other aquatic life at risk. We cannot afford to continue to allow selenium concentrations to 
increase. BC must provide a regulatory framework to give strong incentives for Teck to 
immediately reduce selenium loadings entering Lake Koocanusa to safe levels. We cannot 
continue to rely on promises of future selenium reductions, while mining and selenium-leaching 
waste rock dumps expand daily. 

Additionally, BC needs to take immediate action to characterize the full timescale of the 
selenium leaching problem and to evaluate proposed solutions such as active water treatment 
or saturated rock fills in that context. BC needs to ensure that Teck meets this Koocanusa limit 
not only in the immediate future, but also in the long term, after mining ends and for the 
centuries or longer that selenium leaching will continue. BC must not allow a situation where 
$100 million for operating and capital costs is required annually to maintain water treatment in 
perpetuity in order to meet the Koocanusa limit.  4

With Teck’s plans to nearly double the amount of selenium-leaching waste rock over the next 
20 years per the 2019 Implementation Plan Adjustment, it is essential that BC provide a clear 
and strong regulatory signal to Teck immediately, in order to ensure the full costs of mitigating 
pollution from that waste rock, if such mitigation is possible, are included in Teck’s plans—and 
selenium levels are not allowed to increase past the point where Teck is able to reduce 
selenium below the Koocanusa limit. 

The adoption of the conservative, protective limit for Koocanusa this year would also enable 
effective environmental assessments over the next two years, both federally and provincially, 
for Teck’s Castle Project and North Coal’s Michel Project. 

 

Geographic application of the limit 

We urge BC to adopt the shared Koocanusa limit in concert with Montana and to apply that 
limit to the entire Canadian portion of Lake Koocanusa. Fish may be resident in certain areas of 

4 Teck 2019 Annual Report, p. 13 indicates an estimated long-term operating cost for water treatment of 
$3 per tonne and annual production of roughly 24 million tonnes, leading to an estimate of $72 million 
annually. Including capital costs for replacement of treatment facilities would increase this estimate 
significantly. However, the report states that current operating costs are $31 million ($1.30 per tonne) 
with only two small facilities in operation and 14 or more additional facilities are planned. This estimate 
appears to be highly optimistic and the true cost may be much higher. 



 

the reservoir, especially smaller species like redside shiner and peamouth chub, which have 
both shown tissue concentrations well above BC and EPA limits. We oppose Teck’s proposal 
in their 2019 EVWQP Implementation Plan Adjustment to measure selenium concentrations in 
Lake Koocanusa as an average of four sampling sites distributed from the Elk River to the 
border. 

In particular, BC should adopt the Koocanusa limit at the current LK2 (South of the Elk River) 
permit order station. If there are concerns about full mixing at this location, BC should allow an 
average concentration of a reservoir transect, at various depths, to measure compliance with 
the limit. The limit should also apply at the border, in the Forebay, and at any other sampling 
locations in BC or Montana. 

 

Sincerely, 

Lars Sander-Green 
Mining Lead 
Wildsight 


	Executive Summary
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	Acronyms
	1.0 Introduction
	1.1 Background
	Table 1-1. Effluent limits for Order Stations in the Elk Valley (Teck, 2014).
	Figure 1-1. Structure and information flow of the LKMRWG.


	1.2 Purpose
	1.3 Existing Selenium Water Quality Standards
	Table 1-2. Selenium water column thresholds applicable to Lake Koocanusa.
	1.3.1 Montana’s Surface Water Quality Standards for Selenium
	1.3.2 National Ambient Water Quality Criteria for Selenium
	Figure 1-2. Selenium water quality criteria (U.S. EPA, 2016).

	1.3.3 British Columbia’s Water Quality Guideline for Selenium
	Table 1-3. BC Provincial WQG for selenium (B.C. ENV, 2014).


	1.4 Selenium
	1.4.1 Physical-chemical properties
	Table 1-4. Examples of the forms of selenium found in the environment (B.C. ENV, 2014).

	1.4.2 Selenium Toxicity to Wildlife
	Figure 1-3. Details of general ecotoxicological pathways of selenium for fish and birds (top) and effects of concern for selenium (bottom).  As represented here, birds and fish differ in how selenium is taken up in the diet and distributed among tissu...

	1.4.3 Sources of Selenium
	Figure 1-4. Teck’s Operations in the Elk Valley Watershed (Teck, 2017).
	Figure 1-5. Teck’s existing coal mines and location of coal bearing strata within the Kootenai (Kootenay) River Watershed (Jenni et al., 2017).
	Figure 1-6.  Se concentrations from 1984-2019 recorded at station BC08NK003 on the Elk River, a tributary to the Kootenay River located 2.2 miles upstream of its confluence with Lake Koocanusa (Presser and Naftz, 2020).
	Figure 1-7. Selenium loads from the Kootenay River and Elk River (Sheldon Reddekopp, BC-ENV, personal communication, 8/4/2020).
	Table 1-5. Average monthly selenium concentrations, selenium loadings, and total water volume at two Teck monitoring sites; 1) the mouth of the Elk River (RG_ELKMOUTH), and 2) the upstream site on the Kootenay River (RG_WARDB) (Minnow, 2019).



	2.0 Site Description
	Figure 2-1. Transboundary Lake Koocanusa in northwest Montana.
	Figure 2-2. Kootenai (Kootenay) River Watershed.
	2.1 Reservoir Hydrology
	Table 2-1. Lake Koocanusa hydrological characteristics (Chisholm, 1989)
	Figure 2-3. USACE stream flow management out of Libby dam from 1976-2017.  Ecological flows are displayed in purple and are designed to more similarly mimic pre-dam flows displayed in black (U.S. ACE, 2019).
	Figure 2-4. Fluctuations in reservoir elevation and flow from 2006-2018 (U.S. ACE, 2019).


	2.2 Physicochemical Characteristics
	Figure 2-5. Locations of USACE’s routine monitoring stations in Lake Koocanusa.
	2.2.1 Nutrients & chlorophyll a
	Figure 2-6. Nitrate + nitrite concentrations in the hypolimnion at the LIBFB (Forebay) monitoring station (USACE, 2018).
	Figure 2-7. Nitrate + nitrite from 1984-2019 recorded at station BC08NK003 located 2.2 miles upstream of Lake Koocanusa (Jason Gildea, USEPA Region VIII, personal communication, 7/10/2020).

	2.2.2 Metals and Metalloids
	Figure 2-9. Selenium Data in Lake Koocanusa, U.S. Stations, all depths 2012-2018. (Jason Gildea, USEPA Region VIII, personal communication, 7/10/2020)


	2.3 Biological Characteristics
	2.3.1 Phytoplankton
	Figure 2-10. Phytoplankton density at LIBFB (Forebay) from 2008-2017 (U.S. ACE, 2019).
	Figure 2-11. Phytoplankton density at LIBBOR (International Border) from 2008-2017 (U.S. ACE, 2019).

	2.3.2 Zooplankton
	Figure 2-12. Zooplankton densities 2014-2017 (63 micron net) at sites A) Border, B) Tenmile, and C) Forebay (Presser and Naftz, 2020).
	Figure 2-13. Zooplankton selenium concentrations by date, collector, and year (Thorley, 2020).

	2.3.3 Macroinvertebrates
	2.3.4 Fish
	Figure 2-13. Fish species composition during A) Spring 2009-2019 and B) Fall 2009-2016 (Presser and Naftz, 2020).
	Figure 2-14. Montana Fish Wildlife and Parks 2018 egg/ovary Se concentrations found in LN SU (longnose sucker), N PMN (northern pikeminnow), LS SU (largescale sucker), PEA (peamouth chub), RS SH (redside shiner), KOK (kokanee), and MWF (mountain white...
	Figure 2-15. Montana Fish Wildlife and Parks 2018 muscle selenium concentrations found in BULL (bull trout), KOK (kokanee), LS SU (largescale sucker), LN SU (longnose sucker), N PMN (northern pikeminnow), PEA (peamouth chub), RB (rainbow trout), WCT (...

	2.3.5 Birds


	3.0 Data Collection For Criteria Development
	Table 3-1. Monitoring data, years of collection, and monitoring entities.
	3.1 Dissolved and particulate Se
	Figure 3-1. Location of sites where water quality and (or) SPM samples were collected in Montana and British Columbia (Presser and Naftz, 2020).

	3. 2 Periphyton
	3.3 Zooplankton
	Figure 3-2. Location of sites where zooplankton samples were collected in Montana and British Columbia (Presser and Naftz, 2020).

	3.4 Invertebrates
	Figure 3-3. Locations of sites where invertebrate samples were collected in Montana and British Columbia (Presser and Naftz, 2020).

	3.5 Fish
	Figure 3-4. Fish collection sites for Montana and British Columbia. Explanations of collections within area 1 (South of Elk), area 2 (International Boundary), area 3 (Tenmile), and area 4 (Forebay) are further defined in Presser and Naftz, 2020.

	3.6 Birds

	4.0 Selenium Modeling
	4.1 Ecosystem-Scale Model Overview
	Figure 4-1. Conceptual illustration of the Selenium Ecosystem Scale Model (Presser and Luoma, 2010).

	4.2 Fish Tissue Criterion Element
	Table 4-1. Tested reproductive-effect whole body (WB) concentrations measured directly or converted to WB concentrations from egg-ovary (EO) concentrations (EPA, 2016). Taxon resident in Lake Koocanusa are Salvelinus, O. mykiss, Onchorhynchus.

	4.3 Trophic Transfer Factors
	4.4 Food Web models
	Table 4-2. Invertebrate to fish (IFM) model: fish species, categorized food webs, and associated bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability.
	Table 4-3. Trophic level fish model (TFM): fish species, categorized food webs, and associated bioaccumulation potential (BAP) applying both the 100% SPM bioavailability and 60% bioavailability.

	4.5 Partitioning Coefficient (Kd)
	4.6 Modeling Conclusions

	5.0 Criteria Development and Identification
	5.1 SeTSC Recommendations
	5.1.1 Fish Tissue Criterion Element
	5.1.2 Trophic Transfer Factors (TTFs)
	5.1.3 Food Web Model
	5.1.4 Partitioning Coefficient (Kd)
	5.1.5 Water Column Concentration Recommendations of the SeTSC

	5.2 DEQ & BC-ENV Supplemental Analysis
	Table 5-1. Three additional model scenarios developed by BC-ENV and DEQ incorporating SeTSC recommendations.
	Table 5-2. Model inputs DEQ considered following the two SeTSC member recommendations to apply 8.5 mg/kg and following the recommendations to then identify a more conservative Kd percentile.


	6.0 Proposed Criteria for Lake Koocanusa
	Table 6-1. Proposed water column and fish tissue Se standards for Lake Koocanusa.
	6.1 Frequency and Duration
	6.2 Protection of Downstream Waters
	6.5 Protection of Federally Listed Species

	7.0 References
	Appendices
	Appendices
	Appendix_A_FINAL.pdf
	CSKT KTOI Joint LK Se Criteria Recommendation_08_28_2020
	LK SE Criteria_Cover Letter_FINAL.08.28.20_with signature
	LK SeTSC_Model Recs_FINAL_08.28

	KNC Modelling Recommendations to SeTSC Co-Chairs 2020-08-29
	JRB Comments 083120
	2020-08-28_DeForest Koocanusa Model Comments

	Appendix_B.pdf
	2020 08 28 J.Gildea-USEPA_recmds
	HW_DEQ_Davis_08_27_2020
	FWP Koocanusa Se letter
	Teck Response to LKMRWG Co-Chairs re Selenium Criteria Setting (August 31 2020)
	Wildsight comments regarding Koocanusa selenium limit




