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EMRAS Biota Working Group

The Perch Lake Freshwater Scenario Description

May 2005 (Revision 0)

Prepared By:  T.L. Yankovich (Atomic Energy of Canada Limited)

1.
BACKGROUND INFORMATION

Past routine environmental monitoring programs at nuclear facilities have traditionally focused on the protection of humans with the implicit assumption that non-human biota would also be protected.  However, recent paradigm shifts in national and international views on environmental protection are leading to the development of more detailed evaluations to also assess potential risks to non-human biota.  Part of the reasoning behind these changes in international ideology pertains to ensuring the protection of the environment by its own right, as opposed to relying on the traditional belief that if humans are protected, then the environment will also be adequately protected following exposure to radionuclides.  

Although human dosimetric models are well-developed, much less work has been done to develop approaches to evaluate radiological doses received by non-human biota (particularly for non-mammalian species) and their potential impacts on receptor species.  As a result, extensive efforts are underway in many countries to develop methodologies to estimate radionuclide levels in the environment, their corresponding doses to non-human biota, as well as their potential effects in natural ecosystems for various types of habitats and receptor species (with varying sizes, shapes, radiosensitivities, habitat-use patterns and exposure pathways) (e.g. FASSET; RESRAD-BIOTA and others).  

In order to work towards ensuring that standardized and comparable approaches are being applied internationally to protect the environment from the potential impacts of ionizing radiation, the IAEA has formed the Biota Working Group (BWG) under its EMRAS (Environmental Modeling for Radiation Safety) program.  The primary objective of the EMRAS BWG (which was developed and agreed upon at the EMRAS plenary meeting that was held in Vienna, Austria in November 2004) is to compare and validate models being used and developed by Member States for biota dose assessment (that may be used) as part of regulatory process of licensing and compliance monitoring of authorized releases of radionuclides, in order to improve Member State’s capabilities for protection of the environment.  
The focus of the EMRAS BWG will initially be placed on comparison of international approaches that are currently being applied to estimate radionuclide exposure and dose to non-human biota, with future plans to then link exposure to effects.  To accomplish these objectives, a number of aquatic and terrestrial scenarios are being developed for testing by the EMRAS BWG.  

1.1
Objective of Scenario

The objective of the Perch Lake Freshwater Scenario is to compare model predictions of 90Sr, 137Cs, 60Co and tritium activity concentrations in a range of freshwater non-human biota receptor species with measured data to evaluate various modeling approaches being applied internationally.  Predicted activity concentrations will subsequently be used to derive unweighted absorbed dose rates 

1.2
Proposed Participants

Proposed participants in the Perch Lake Freshwater Scenario include:

· RESRAD-BIOTA (United States)

· EA R&D 128 (UK)
· ERICA/FASSET (European Union)

· AECL (Canada)

· ECOMOD (Russia)
· SCK-CEN (Belgium)
· LIETDOS-BIO (Lithuania)

Potentially for dosimetry only:
· EDEN (France)

· EPIC-DOSES3D (European Union INCO-Copernicus)
2.
DESCRIPTION OF STUDY SITE

Perch Lake (Figures 1 to 3), a lake on Atomic Energy of Canada Limited (AECL)’s Chalk River Laboratories site on which the Perch Lake Freshwater Scenario is based, has received chronic, low-level inputs of 90Sr, tritium, 60Co and 137Cs over a period of approximately 50 years (Figures 4 to 6).  As a result, Perch Lake surface waters are routinely monitored as part of AECL’s routine environmental monitoring program and the lake has been extensively studied historically, as well as in the recent past.  

A detailed description of the physico-chemical attributes, as well as the species composition and ecology, of the Perch Lake ecosystem is provided in Appendix A to provide context for consideration in scenario testing.  

3.
SUMMARY OF AVAILABLE DATA FOR PERCH LAKE RECEPTOR SPECIES

Perch Lake represents a relatively diverse and productive wetland habitat that is likely comparable to wetland ecosystems in other parts of the world.  As a result, it is possible to estimate doses to a number of receptor biota, as part of the Perch Lake Freshwater Scenario.  A brief overview of the resident biota species, as well as the radiological data available for Perch Lake biota is provided in the sections that follow and is summarized in Tables 1 to 6.  Additional information on the ecological attributes of receptor species can be found by accessing the web-sites provided in Table 7.  A list of the predictions to be made for specific receptor species and radionuclides as part of this scenario is provided in Table 8.  
3.1
Primary Producers

Radiological data have been collected intermittently for a number of broad categories of primary producers in Perch Lake, including free-floating (unrooted) species; rooted, submergent macrophytes; rooted, floating-leafed macrophytes; and emergent species.  

A list of available radiological data for each vegetation species and category is provided in Table 1.  

3.2
Plankton and Invertebrate Communities

In general, freshwater invertebrate receptor species have been sub-divided into four cateogories, which include zooplankton, macroinvertebrates (as listed in Section A.5.2 above), snails and mussels.  

A list of available radiological data for each category has been given in Table 2.  

3.3
Perch Lake Herpetofauna

Limited radiological data have been collected for a number of amphibian and reptilian species inhabiting Perch Lake, as summarized in Table 3.  Key herpetofauna for which radiological data exist include tadpoles, adult frogs and turtles.  

3.4
Avian Species

Although a number of avian species make use of habitat in the Perch Lake watershed, as well as in the lake itself (as listed in Table 4), it was out of the scope of this scenario to provide radiological data for birds.  

3.5
Mammalian Receptors

In addition to the radionuclide data available for primary producers, aquatic invertebrates and herpetofauna, limited data are also available for freshwater mammalian species, including the star-nose mole and the American water shrew, both representing carnivorous small mammals (Table 5).  

3.6
Perch Lake Fish Species

As discussed in Section A.6 of Appendix A, the species composition and abundance of the Perch Lake fish community changed significantly following the introduction of northern pike, a top predatory fish species, into the lake in the mid- to late-1980s (Table 6).  Despite these changes, for the most part (i.e. with the exception of northern pike and yellow perch), it remains possible to estimate radionuclide transfer to Perch Lake fishes based on historical and more recent radionuclide levels in Perch Lake surface waters.  

4.
INPUT DATA

A summary of the time-points for which radiological data are available for sediments and/or receptor biota has been compiled in Table A.1 (of Appendix A).  Based on this summary, three time periods have been selected by the EMRAS BWG for inclusion in the Perch Lake Freshwater Scenario.  These include the period between 1968 and 1971 (for doses from 90Sr, 60Co and/or 137Cs), the period between 1994 and 1998 (for doses from 90Sr, 60Co and/or 137Cs), as well as the period between 2003 and 2004 (for doses from tritium).  

Measured 90Sr, 60Co, 137Cs and 3H concentrations in Perch Lake surface waters have been provided in Table 9, whereas radionuclide concentrations in sediments have been provided in Table 10 for these time periods.  In addition, measured data for key physicochemical attributes of Perch Lake have been provided in Table 11 to serve as context regarding lake conditions for models that require such information.  
5.
MODEL OUTPUTS

As discussed in Section 3 above, Table 8 provides a list of the predictions to be made for specific receptor species, radionuclides and time points as part of the Perch Lake Freshwater Scenario.  

Based on the information provided in Tables 9 to 11, Participants will be expected to perform calculations applying methodologies and assumptions typically applied when conducting an assessment.  Such assumptions should be clearly specified as part of the scenario output, in addition to any difficulties that arose during the course of the calculations.  

Model outputs will include the following for each species and each radionuclide:

1. Whole-body activity concentrations for key receptor species (in Bq/kg fresh weight); 

2. Internal unweighted dose rates; and 

3. External dose rates.

Results should then be entered into a Microsoft Excel spreadsheet (entitled EMRAS_BWG_Perch Lake Freshwater Scenario results sheet (participant name).xls) using the structure outlined in Tables 12 and 13.  Participants should also provide values for each input parameter used in the model, as appropriate (some models may not use all parameters).  

It is expected that one Excel worksheet will be filled in for each receptor and time-point (as listed in Table 8) to facilitate compilation.  This represents a total of 67 Excel sheets (i.e. PL1 to PL67 in Table 8), if all predictions are made. 

Worksheets cells are colour coded 

yellow – entry required

grey – no entry required [e.g. if a given nuclide is not included in a specific calculation]

black – no entry required [no reportable parameter]

Note black and grey cells are locked.
Additional measurements can be taken in the lake as follow-up to scenario completion.  
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Figure 1:  Map depicting the location of Perch Lake.  
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Figure 2:  Aerial photograph depicting shallow littoral zone of Perch Lake.
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Figure 3:  Depth contour map of Perch Lake water depth (in metres) to the gyttja or sediment surface (after Jay, 1975).  Littoral zone represents areas with water depths of less than 1.5 m.
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Figure 4:  Mean 3H and 90Sr concentrations (± standard error) in surface waters depicting temporal trends at Perch Lake outlet (from Yankovich et al., 2000). 
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Figure 5:  Comparison of measured and modeled data depicting temporal trends in 60Co concentrations in Perch Lake surface waters (from Yankovich et al., 2000).
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Figure 6:  Comparison of measured and modeled data depicting temporal trends in 137Cs concentrations in Perch Lake surface waters (from Yankovich et al., 2000).
Table 1:  Inventory of key Perch Lake emergent and aquatic macrophyte species for which radiological data are available.  

	Common Name
	Scientific Name
	Sr-90
	Co-60
	Cs-137
	Tritium

	
	
	
	
	
	

	Emergent Macrophytes:


	
	
	
	
	

	Common cattail
	Typha latifolia
	X
	X
	X
	X

	Bur-reed spp.
	Sparganium americanum

Sparganium emersum

Sparganium fluctuans
	X
	X
	X
	

	Sedge spp.
	Carex spp.
	X
	
	
	

	Bulrush spp.
	Scirpus acutus

Scirpus americanus
	X
	X
	X
	

	Pickerelweed


	Pontederia cordata
	X
	X
	X
	

	Aquatic Macrophytes:


	
	
	
	
	

	Free-floating (unrooted), Submergent Species:


	
	
	
	

	Phytoplankton
	Various species
	X
	X
	X
	

	Epiphyton
	Spirogyra spp.
	X
	X
	X
	X

	Bladderwort spp.
	Utricularia cornuta

Utricularia gibba

Utricularia intermedia

Utricularia minor

Utricularia purpurea

Utricularia vulgaris
	X
	X
	X
	X

	Coontail spp.
	Ceratophyllum demersum

Ceratophyllum echinatum
	X
	X
	X
	

	Stonewort (also called Muskgrass)
	Chara sp.
	X
	X
	X
	

	Water nymph


	Najas flexilis
	X
	X
	X
	

	Rooted, Submergent Species:


	
	
	
	
	

	Pipewort
	Eriocaulon septangulare
	X
	X
	X
	

	Pondweed spp.
	Potamogeton amplifolius

Potamogeton epihydrus

Potamogeton foliosus

Potamogeton gramineus

Potamogeton natans

Potamogeton pusillus


	X
	X
	X
	

	Rooted, Floating-Leafed Species:


	
	
	
	

	Watershield
	Brasenia schreberi
	X
	X
	X
	

	Fragrant white water lily
	Nymphaea odorata
	X
	X
	X
	

	Yellow pond lily
	Nuphar variegatum
	X
	X
	X
	

	
	
	
	
	
	


Table 2:  Inventory of invertebrate species that utilize the Perch Lake watershed.

	Common Name
	Scientific Name
	Sr-90
	Co-60
	Cs-137
	Tritium

	
	
	
	
	
	

	Zooplankton
	Various species
	X
	X
	X
	X

	Snail spp.
	Amnicola spp.

Heliosoma spp.
	X
	X
	X
	

	Macroinvertebrates
	Various species
	X
	X
	X
	

	Barnes Mussel
	Elliptio complanata
	X
	X
	X
	X

	
	
	
	
	
	


Table 3:  Inventory of Perch Lake herpetofauna species for which radiological data are available.

	Common Name
	Scientific Name
	Sr-90
	Co-60
	Cs-137
	Tritium

	Amphibians:


	
	
	
	
	

	Bullfrog
	Rana catesbeiana
	X
	X
	X
	

	Green frog
	Rana clamitans
	X
	X
	X
	

	
	
	
	
	
	

	
	
	
	
	
	

	Aquatic Reptiles:


	
	
	
	
	

	Painted turtle
	Chrysemys picta
	X
	X
	X
	

	Snapping turtle
	Chelydra serpentina
	X
	X
	X
	

	Northern water snake
	Nerodia sipedon
	
	
	
	

	
	
	
	
	
	


Table 4:  Inventory of bird species that utilize Perch Lake.

	Common Name
	Scientific Name

	
	

	Great blue heron
	Ardea herodias

	American black duck
	Anas rubripes

	Mallard duck
	Anas platyrhynchos

	Wood duck
	Aix sponsa

	Blue-winged teal
	Anas discors

	Green-winged teal
	Anas crecca

	Canada goose
	Branta canadensis

	a Common loon
	Gavia immer

	b Double-crested cormorant
	Phalacrocorax auritus

	Belted kingfisher
	Ceryle alcyon

	Red-winged blackbird
	Agelaius phoeniceus

	
	


a Only makes transient use of the lake in early spring while waiting for larger lakes in the area to thaw.

b Only documented once in the lake.

Table 5:  Inventory of Perch Lake mammalian species for which radiological data are available.
	Common Name
	Scientific Name
	Sr-90
	Co-60
	Cs-137
	Tritium

	
	
	
	
	
	

	a American beaver
	Castor canadensis
	
	
	
	

	American mink
	Mustela vison
	
	
	
	

	American water shrew
	Sorex palustris
	X
	X
	X
	

	Moose
	Alces alces
	
	
	
	

	Muskrat
	Ondatra zibethicus
	
	
	
	

	River otter
	Lontra canadensis
	
	
	
	

	Star-nose mole
	Condylura cristata
	X
	X
	X
	

	
	
	
	
	
	


a Beaver lodges are often built in inflowing and outflowing streams near the lake.  A young beaver was observed in Perch Lake in the early spring for 2 to 3 weeks, but no beaver lodges have been observed in the lake itself.

Table 6:  Temporal changes in presence-absence data for the Perch Lake fishes.
	Common Name
	Scientific Name
	Type of Fish Species
	1968-1971
	1973
	1975
	1980
	1994-2003

	
	
	
	
	
	
	
	

	Northern pike
	Esox lucius
	Piscivore
	1Absent
	Absent
	Unknown
	Absent
	Present

	Yellow perch
	Perca flavescens
	Piscivore
	Present
	Present
	Present
	Present
	Present (n = 8)

	Brown bullheads
	Ameirus nebulosis
	Benthivore
	Present
	Present
	Present
	Present
	Present

	Pumpkinseeds
	Lepomis gibbosus
	Forage species
	Present
	Present
	Present
	Present
	Present

	Lake chub
	Couesius plumbeus
	Forage species (cyprinid)
	2Unknown
	Present
	Present
	Absent
	Absent

	Creek chub
	Semotilus atromaculatus
	Forage species (cyprinid)
	Unknown
	Absent
	Unknown
	Present
	Absent

	Pearl dace
	Margariscus margarita
	Forage species (cyprinid)
	Unknown
	Present
	Present
	Present
	Absent

	Blacknose shiners
	Notropis heterolepis
	Forage species (cyprinid)
	Unknown
	Absent
	Unknown
	Absent
	Present

	Bluntnose minnows
	Pimephales notatus
	Forage species (cyprinid)
	Unknown
	Absent
	Unknown
	Present
	Absent

	Fathead minnows
	Pimephales promelas
	Forage species (cyprinid)
	Unknown
	Present
	Unknown
	Present
	Absent

	
	
	
	
	
	
	
	


1 Absent means that the fish species was absent from the lake catch records for a given sampling time point.

2 Unknown means that the fish species was not documented, but does not necessarily mean that the species was absent from the lake, since a detailed fish survey of the lake had not been carried out at the time.

Table 7:  Relevant internet web-sites describing key receptor species considering in the Perch Lake Freshwater Scenario being tested by the EMRAS Biota Working Group (BWG).  

	Receptor
	Scientific Name
	Relevant Internet Web-Site

	 
	
	

	Aquatic Primary Producers
	General
	http://www.ecy.wa.gov/programs/wq/plants/plantid2/categories.html

	
	
	

	Barnes Mussel
	Elliptio complanata
	http://research.amnh.org/biodiversity/mussel/elliptiogenustext.html

	
	
	

	Bullfrog
	Rana catesbeiana
	http://www.fcps.k12.va.us/StratfordLandingES/Ecology/mpages/bullfrog.htm

	Green frog
	Rana clamitans
	http://museum.nhm.uga.edu/gawildlife/amphibians/anura/ranidae/rclamitans.html

	 
	 
	

	Painted turtle
	Chrysemys picta
	http://www.fcps.k12.va.us/StratfordLandingES/Ecology/mpages/eastern_painted_turtle.htm

	Snapping turtle
	Chelydra serpentina
	http://www.fcps.k12.va.us/StratfordLandingES/Ecology/mpages/common_snapping_turtle.htm

	Northern water snake
	Nerodia sipedon
	http://www.fcps.k12.va.us/StratfordLandingES/Ecology/mpages/northern_water_snake.htm

	
	
	

	American water shrew
	Sorex palustris
	http://www.nhest.org/penquis/penquismammals.html#shrews

	 
	 
	

	Star-nose mole
	Condylura cristata
	http://www.nhest.org/penquis/penquismammals.html#shrews

	
	
	

	Northern pike
	Esox lucius
	http://www.pikezander.co.uk/pike.htm

	Yellow perch
	Perca flavescens
	http://www.fcps.k12.va.us/StratfordLandingES/Ecology/mpages/yellow_perch.htm

	Brown bullheads
	Ameiurus nebulosis
	http://www.issg.org/database/species/ecology.asp?si=612&fr=1&sts=

	Pumpkinseeds
	Lepomis gibbosus
	http://www.combat-fishing.com/fishencyclo1/sunfish/pumpkinseed.htm

	Lake chub
	Couesius plumbeus
	http://fish.dnr.cornell.edu/nyfish/Cyprinidae/lakechub.html

	Creek chub
	Semotilus atromaculatus
	http://www.iowadnr.com/fish/iafish/crc-card.html

	Pearl dace
	Margariscus margarita
	http://www.iowadnr.com/fish/iafish/ped-card.html

	Blacknose shiners
	Notropis heterolepis
	http://www.iowadnr.com/fish/iafish/bks-card.html

	Bluntnose minnows
	Pimephales notatus
	http://www.iowadnr.com/fish/iafish/bnm-card.html

	Fathead minnows
	Pimephales promelas
	http://www.iowadnr.com/fish/iafish/fhm-card.html

	
	
	

	General
	General
	http://animaldiversity.ummz.umich.edu/site/index.html

	General
	General
	http://www.bbc.co.uk/nature/wildfacts/animals_a_z.shtml

	
	
	


Table 8:  Summary of receptor species and radionuclides for which predictions to be made as part of the Perch Lake Freshwater Scenario.  Each prediction to be made for a given time point, receptor and radionuclide has been given a number (i.e. PL#).  X’s have been placed in cells where radiological data are available.  

	Medium or 
	Radionuclide
	1968
	1969
	1970
	1971
	1994
	1995
	1996
	1997
	 
	2003
	2004

	Species
	
	
	
	
	
	
	
	
	
	1998
	
	

	 

	 Abiotic Media:

	 

	Surface Water
	Sr-90
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 
	 

	
	Co-60
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 
	 

	
	Cs-137
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 
	 

	
	Tritium
	X
	X
	X
	X
	X
	X
	X
	X
	 
	X
	X

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sediments
	Sr-90
	X
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 

	
	Co-60
	X
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 

	
	Cs-137
	X
	X
	X
	X
	X
	X
	X
	X
	X
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	X
	X

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 

	 Non-Human Biota:

	 

	   Aquatic Primary Producers:

	

	Free-floating (unrooted) Submergents
	Sr-90
	PL1
	 
	 
	PL24
	PL31
	PL39
	PL45
	PL51
	 
	 
	 

	
	Co-60
	PL1
	PL6
	 
	 
	PL31
	PL39
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	PL31
	PL39
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL60
	PL65

	
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Rooted, Submergent Macrophytes
	Sr-90
	 
	 
	 
	PL25
	 
	PL40
	PL46
	 
	 
	 
	 

	
	Co-60
	PL2
	PL7
	PL13
	 
	 
	PL40
	PL46
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	PL40
	PL46
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Rooted, Floating-Leafed Macrophytes
	Sr-90
	PL3
	PL8
	PL14
	PL26
	PL32
	PL41
	PL47
	
	 
	
	

	  
	Co-60
	PL3
	PL8
	PL14
	PL26
	PL32
	PL41
	PL47
	 
	 
	 
	 

	 
	Cs-137
	PL3
	PL8
	PL14
	PL26
	PL32
	PL41
	PL47
	 
	 
	 
	 

	 
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Emergent Macrophytes
	Sr-90
	
	
	PL15
	PL27
	PL33
	PL42
	PL48
	
	 
	
	

	 
	Co-60
	 
	 
	 
	PL27
	PL33
	PL42
	PL48
	 
	 
	 
	 

	 
	Cs-137
	 
	 
	 
	 
	PL33
	PL42
	PL48
	 
	 
	 
	 

	 
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL61
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 

	   Aquatic Invertebrates:

	  

	Zooplankton
	Sr-90
	 
	 
	 
	 
	PL34
	 
	 
	 
	 
	 
	 

	
	Co-60
	 
	 
	 
	 
	PL34
	 
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	PL34
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL66

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Macroinvertebrates
	Sr-90
	 
	 
	PL16
	 
	PL35
	 
	 
	 
	 
	 
	 

	
	Co-60
	 
	 
	 
	 
	PL35
	 
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	PL35
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Snails
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Co-60
	 
	 
	PL17
	 
	 
	 
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	 
	
	

	
	
	
	
	
	
	
	
	
	
	 
	
	

	 
	 
	 
	PL9
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Freshwater Mussels
	Sr-90
	
	
	
	
	
	
	
	
	 
	
	

	 
	Co-60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL62
	PL67

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	  
	 
	 

	 

	  Fishes:

	 

	       Forage Fishes: 

	 

	Cyprinid Species
	Sr-90
	 
	 
	PL18
	PL28
	PL36
	 
	 
	PL52
	 
	 
	 

	
	Co-60
	 
	 
	PL18
	 
	PL36
	PL43
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Pumpkinseeds
	Sr-90
	 
	 
	 
	PL29
	PL37
	 
	PL49
	PL53
	 
	 
	 

	
	Co-60
	 
	PL10
	PL19
	PL29
	PL37
	 
	 
	PL53
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	       Benthivorous Species:



	

	Brown Bullhead
	Sr-90
	 
	 
	 
	 
	PL38
	PL44
	 
	 
	 
	 
	 

	
	Co-60
	PL4
	PL11
	PL20
	 
	PL38
	PL44
	PL50
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL63
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	       Piscivorous Species:
	
	
	
	
	
	
	
	
	
	 
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Yellow Perch
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Co-60
	PL5
	PL12
	PL21
	 
	 
	 
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Northern Pike
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Co-60
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL64
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   Amphibians:



	

	Green Frogs
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	 
	PL58
	 
	 

	
	Co-60
	 
	 
	 
	 
	 
	 
	 
	 
	PL58
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	PL58
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bullfrogs
	Sr-90
	 
	 
	PL22
	 
	 
	 
	 
	 
	PL59
	 
	 

	
	Co-60
	 
	 
	 
	 
	 
	 
	 
	 
	PL59
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	 
	PL59
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   Reptiles:



	

	Painted Turtle
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	PL54
	 
	 
	 

	
	Co-60
	 
	 
	 
	PL30
	 
	 
	 
	PL54
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	PL54
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL55
	 
	 
	 

	Common Snapping Turtle
	Sr-90
	
	
	
	
	
	
	
	
	 
	
	

	 
	Co-60
	 
	 
	PL23
	 
	 
	 
	 
	PL55
	 
	 
	 

	 
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	PL55
	 
	 
	 

	 
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   Aquatic Mammals:



	

	Star-nose Mole
	Sr-90
	 
	 
	 
	 
	 
	 
	 
	PL56
	 
	 
	 

	
	Co-60
	 
	 
	 
	 
	 
	 
	 
	PL56
	 
	 
	 

	
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	PL56
	 
	 
	 

	
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	PL57
	 
	 
	 

	American Water Shrew
	Sr-90
	
	
	
	
	
	
	
	
	 
	
	

	 
	Co-60
	 
	 
	 
	 
	 
	 
	 
	PL57
	 
	 
	 

	 
	Cs-137
	 
	 
	 
	 
	 
	 
	 
	PL57
	 
	 
	 

	 
	Tritium
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table 9:  Mean annual concentrations of key radionuclides in Perch Lake surface waters during years for which sediment and/or biota radiological data are available (n.a. – data not available).  
	
	Radionuclide Activity Concentration in Water (Bq/L)

	
	Strontium-90 (90Sr)
	Cesium-137 (137Cs)
	Cobalt-60 (60Co)
	Tritium (3H)

	Year
	Mean
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean
	Minimum
	Maximum
	Mean
	Minimum
	Maximum

	
	
	
	
	
	
	
	
	
	
	
	
	

	1968
	8.13
	5.79
	13.3
	8.03E-02
	n.a.
	n.a.
	0.521
	n.a.
	n.a.
	15,017
	7,300
	20,800

	1969
	7.88
	5.82
	12.3
	7.64E-02
	n.a.
	n.a.
	1.44
	n.a.
	n.a.
	16,650
	9,000
	27,000

	1970
	7.38
	4.29
	11.0
	7.47E-02
	n.a.
	n.a.
	1.53
	n.a.
	n.a.
	16,511
	9,600
	24,700

	1971


	5.61


	3.07


	9.0


	5.73E-02


	n.a.


	n.a.


	2.01


	n.a.


	n.a.


	13,988


	2,900


	31,300



	1994
	3.35
	2.12
	4.87
	1.10E-02
	9.22E-08
	2.20E-02
	0.0235
	n.a.
	n.a.
	12,152
	7,667
	24,470

	1995
	3.02
	0.84
	5.76
	1.34E-02
	9.22E-08
	2.68E-02
	0.0251
	n.a.
	n.a.
	14,955
	15,196
	42,082

	1996
	4.39
	3.22
	5.32
	1.59E-02
	1.92E-15
	3.19E-02
	0.0156
	n.a.
	n.a.
	11,457
	11,640
	22,268

	1997
	3.80
	1.67
	5.53
	5.86E-02
	5.80E-02
	5.93E-02
	0.0122
	n.a.
	n.a.
	9,737
	10,122
	19,611

	1998
	4.38
	2.59
	5.77
	8.39E-03
	1.30E-03
	1.55E-02
	0.0252
	n.a.
	n.a.
	11,380
	10,693
	22,256

	
	
	
	
	
	
	
	
	
	
	
	
	

	a 2003
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	4,723
	2,030
	9,350

	a 2004
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	4,905
	n.a.
	n.a.

	
	
	
	
	
	
	
	
	
	
	
	
	


a  Based on water data collected between May and October.  

Table 10:  Concentrations of key radionuclides in Perch Lake sediments during years for which biota radiological data are available.  

	
	137Cs (Bq/kg dry)
	60Co (Bq/kg dry)
	90Sr (Bq/kg dry)
	3H (Bq/L)

	Year
	Gyttja
	Sand
	Gyttja
	Sand
	Gyttja
	Sand
	a HTO
	b OBT

	
	
	
	
	
	
	
	
	

	1968
	103
	16.6
	1,219
	197
	71.3
	11.5
	n.a.
	n.a.

	1969
	104
	16.8
	1,219
	197
	3.47
	0.561
	n.a.
	n.a.

	1970
	105
	16.9
	1,483
	240
	3.03
	0.490
	n.a.
	n.a.

	1971


	105


	17.0


	2,031


	328


	4.39


	0.709


	n.a.


	n.a.



	1994
	76.0
	12.3
	455
	73.4
	2,231
	347
	n.a.
	n.a.

	1995
	74.7
	12.1
	405
	65.5
	2,352
	366
	n.a.
	n.a.

	1996
	73.6
	11.9
	363
	58.6
	2,575
	401
	n.a.
	n.a.

	1997
	72.5
	11.7
	323
	52.1
	2,723
	424
	n.a.
	n.a.

	1998
	72.0
	11.6
	286
	46.3
	2,839
	442
	n.a.
	n.a.

	
	
	
	
	
	
	
	
	

	2003
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	3,885
	1,236

	2004
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	3,905
	1,161

	
	
	
	
	
	
	
	
	


n.a. – not applicable

a  HTO represents tritiated water in sediment porewaters.  

b  OBT represents organically-bound tritium in sediment particles.

Table 11:  Summary of parameter values describing key Perch Lake physico-chemical attributes.  

	 
	 
	 
	 
	 
	 
	 

	Parameter
	Units
	 
	 
	Standard Error
	 
	 

	
	
	n
	Mean
	
	Minimum
	Maximum

	 
	 
	 
	 
	 
	 
	 

	  pH
	  Not applicable
	9
	6.73
	0.175
	5.5
	7.64

	  Conductivity (Cond.)
	  μS·cm-1
	6
	82.3
	14.1
	42.3
	125

	  Dissolved Oxygen (D.O.)
	  ppm
	4
	8.50
	0.500
	8.00
	10.0

	  Dissolved Organic Carbon (DOC)
	  mg·L-1
	9
	10.8
	1.50
	5.50
	15.5

	  Dissolved Inorganic Carbon (DIC)
	  mg·L-1
	9
	10.4
	2.74
	2.99
	26.8

	  Total Dissolved Solids (TDS)
	  meq·L-1
	2
	1.96
	0.135
	1.82
	2.09

	 
	 
	 
	 
	 
	 
	 

	  Calcium (Ca)
	  mg·L-1
	9
	6.90
	0.219
	6.00
	7.50

	  Magnesium (Mg)
	  mg·L-1
	9
	2.40
	0.133
	1.68
	2.74

	  Sodium (Na)
	  mg·L-1
	9
	9.25
	1.31
	2.64
	12.1

	  Potassium (K)
	  mg·L-1
	9
	0.912
	2.95E-02
	0.730
	1.00

	  Strontium (Sr)
	  mg·L-1
	7
	4.58E-02
	2.99E-03
	3.40E-02
	5.40E-02

	  Cesium (Cs)
	  mg·L-1
	9
	< 9.00E-05
	n.a.
	n.a.
	n.a.

	  Cobalt (Co)
	  mg·L-1
	9
	< 2.00E-04
	n.a.
	n.a.
	n.a.

	 
	 
	 
	 
	 
	 
	 

	  Alkalinity
	  mg HCO3-·L-1
	9
	17.7
	0.897
	13.2
	23.2

	  Nitrate (NO3-)
	  mg·L-1
	9
	0.307
	0.108
	< 5x10-2
	0.870

	  Phosphate (PO43-)
	  mg·L-1
	9
	< 0.2
	n.a.
	n.a.
	n.a.

	  Sulphate (SO42-)
	  mg·L-1
	9
	5.15
	0.854
	< 9.00E-02
	8.83

	  Chloride (Cl-)
	  mg·L-1
	9
	15.4
	2.73
	< 0.02
	22.9

	  Bromide (Br-)
	  mg·L-1
	4
	< 0.07
	n.a.
	n.a.
	n.a.

	  Fluoride (F-)
	  mg·L-1
	9
	< 0.1
	n.a.
	n.a.
	n.a.

	 
	 
	 
	 
	 
	 
	 


Note:  Although a detailed evaluation of Perch Lake water chemistry was conducted in both 2001 and 2003, temporal trends in these parameters are not available.  However, sporadic measurements of key parameters (e.g. pH, Ca, Mg, K, Na and others) in the past relative to current measurements are comparable, suggesting that it is likely reasonable to assume that water quality conditions have been similar over time in Perch Lake.  

Table 12:  List of output parameters, parameter codes and units for the Perch Lake Freshwater Scenario.
	Model Parameter
	Model Parameter Code
	Units

	
	
	

	Internal dose conversion coefficient
	DCCI
	µGy·h-1 per Bq·kg-1 (fresh weight)

	External dose conversion coefficient from water
	DCCEW
	µGy·h-1 per BqL-1

	External dose conversion coefficient from sediments
	DCCES
	µGy·h-1 per Bq·kg-1 (dry weight)

	External dose conversion coefficient from vegetation
	DCCEV
	µGy·h-1 per Bq·kg-1 (fresh weight)

	Activity concentration in whole biota
	Cb
	Bq·kg-1 (fresh weight)

	Concentration ratio
	CR
	L·kg-1 (fresh weight)

	Internal dose
	DI
	µGy·h-1

	External dose from water
	DEW
	µGy·h-1

	External dose from sediments
	DES
	µGy·h-1

	External dose from vegetation
	DEV
	µGy·h-1

	Total dose
	DTot
	µGy·h-1

	
	
	


Table 13:  Parameter output sheet for the Perch Lake Freshwater Scenario.
Model Used:

Name of Participant:

Receptor Species:

Sediment Type:

Reference Organism Used:

Organism Geometry Used:

Assumed Occupancy Factors:

Media Geometry Assumptions:

Year of Exposure:

	Radionuclide
	Model Parameter
	Parameter Units
	Parameter Value
	Scenario Outputs
	Description of How Parameter/Output was Derived
	Difficulties

Encountered

	Strontium-90

(90Sr)
	Internal dose conversion coefficient
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	
	External dose conversion coefficient from water
	µGy·h-1 per Bq·L-1
	
	 
	
	 

	 
	External dose conversion coefficient from sediments
	µGy·h-1 per Bq·kg-1 (dry weight)
	
	 
	
	 

	 
	External dose conversion coefficient from vegetation
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	Concentration ratio
	L·kg-1 (fresh weight)
	
	 
	
	 

	 
	Activity concentration in biota
	Bq·kg-1 (fresh weight)
	 
	
	
	 

	 
	Internal dose
	µGy·h-1
	 
	
	
	 

	 
	External dose from water
	µGy·h-1
	 
	
	
	 

	 
	External dose from sediments
	µGy·h-1
	 
	
	
	 

	 
	External dose from vegetation
	µGy·h-1
	 
	
	
	 

	 
	Total dose
	µGy·h-1
	 
	 
	 
	 

	Cesium-137

(137Cs)
	Internal dose conversion coefficient
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	
	External dose conversion coefficient from water
	µGy·h-1 per Bq·L-1
	
	 
	
	 

	 
	External dose conversion coefficient from sediments
	µGy·h-1 per Bq·kg-1 (dry weight)
	
	 
	
	 

	 
	External dose conversion coefficient from vegetation
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	Concentration ratio
	L·kg-1 (fresh weight)
	
	 
	
	 

	 
	Activity concentration in biota
	Bq·kg-1 (fresh weight)
	 
	
	
	 

	 
	Internal dose
	µGy·h-1
	 
	
	
	 

	 
	External dose from water
	µGy·h-1
	 
	
	
	 

	 
	External dose from sediments
	µGy·h-1
	 
	
	
	 

	 
	External dose from vegetation
	µGy·h-1
	 
	
	
	 

	 
	Total dose
	µGy·h-1
	 
	 
	 
	 

	Cobalt-60 (60Co)
	Internal dose conversion coefficient
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	External dose conversion coefficient from water
	µGy·h-1 per Bq·L-1
	
	 
	
	 

	 
	External dose conversion coefficient from sediments
	µGy·h-1 per Bq·kg-1 (dry weight)
	
	 
	
	 

	 
	External dose conversion coefficient from vegetation
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	Concentration ratio
	L·kg-1 (fresh weight)
	
	 
	
	 

	
	Activity concentration in biota
	Bq·kg-1 (fresh weight)
	 
	
	
	 

	 Cobalt-60 (60Co)
	Internal dose
	µGy·h-1
	 
	
	
	 

	(continued)
	External dose from water
	µGy·h-1
	 
	
	
	 

	 
	External dose from sediments
	µGy·h-1
	 
	
	
	 

	 
	External dose from vegetation
	µGy·h-1
	 
	
	
	 

	 
	Total dose
	µGy·h-1
	 
	 
	 
	 

	Tritium (3H)


	Internal dose conversion coefficient
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	External dose conversion coefficient from water
	µGy·h-1 per Bq·L-1
	
	 
	
	 

	 
	External dose conversion coefficient from sediments
	µGy·h-1 per Bq·kg-1 (dry weight)
	
	 
	
	 

	 
	External dose conversion coefficient from vegetation
	µGy·h-1 per Bq·kg-1 (fresh weight)
	
	 
	
	 

	 
	Concentration ratio
	L·kg-1 (fresh weight)
	
	 
	
	 

	 
	Activity concentration in biota
	Bq·kg-1 (fresh weight)
	 
	
	
	 

	 
	Internal dose
	µGy·h-1
	 
	
	
	 

	 
	External dose from water
	µGy·h-1
	 
	
	
	 

	 
	External dose from sediments
	µGy·h-1
	 
	
	
	 

	 
	External dose from vegetation
	µGy·h-1
	 
	
	
	 

	 
	Total dose
	µGy·h-1
	 
	 
	 
	 

	
	
	
	
	
	
	


a  Note that an EMRAS scenario has been completed for Perch Lake to estimate free-water tritium (HTO) and organically-bound tritium (OBT) concentrations in Perch Lake biota by the Tritium/14C Working Group.  The objective of including tritium in the Perch Lake Freshwater Scenario for the Biota Working Group (BWG) is to test how other/biota model results compare.  

APPENDIX A:  DETAILED DESCRIPTION OF THE PERCH LAKE STUDY SYSTEM

A.1
BACKGROUND INFORMATION

Perch Lake (the lake on which this scenario is based) is an aquatic system that was studied by the EMRAS Tritium/C14 Working Group in an earlier EMRAS scenario that was designed for model-data validation of steady state free-water tritium (FWT) and organically-bound tritium (OBT) models for a range of freshwater receptor species.  Perch Lake is also currently being studied by the EMRAS Tritium/C14 Working Group as part of a second scenario, to assess tritium (FWT and OBT) uptake by transplanted freshwater mussels under dynamic exposure conditions.  

Perch Lake represents an ideal system for such scenarios, since Perch Lake has received chronic, low-level inputs of a number of radionuclides (including 90Sr, HTO, 60Co, 137Cs) over a period of approximately 50 years; Perch Lake surface waters are routinely monitored as part of AECL’s routine environmental monitoring program; the lake has been extensively studied historically, as well as in the recent past; additional measurements can be taken in the lake to fill in any gaps that have been identified during scenario development or as follow-up to scenario completion; and Perch Lake represents a relatively diverse and productive wetland habitat that is likely comparable to wetland ecosystems in other parts of the world.  A detailed description of Perch Lake is provided in the sections that follow to provide context for consideration in scenario testing.  

A.2
Physical Attributes and Limnology of Perch Lake

Perch Lake is a littorally-dominated Canadian Shield lake located on Atomic Energy of Canada Limited (AECL)’s Chalk River Laboratories (CRL) site (Figure 1).  The lake is small and shallow, with a mean depth of 2 m, a maximum depth of 4.1 m, a surface area of 450,000 m2 and a volume of 910,000 m3 (Figure 2).  The lake fetch is approximately 880 m and the surface area of the Perch Lake watershed is 5.65 x 106 m2.  

Perch Lake typically freezes sometime between mid-November to early-December, and thaws in mid-April.  The lake water warms rapidly following ice-melt due to its small volume and shallow depth.  Summer water temperatures range from approximately 18 to 34 oC, often exceeding 30 oC (Barry, 1975c).  Most of the lake remains unstratified due to its shallow depth, although weak stratification does occur in the deeper areas of the lake during the summer, with surface water temperatures of approximately 5 oC higher than those at the lake bottom.  Based on historical measurements, mean monthly water temperatures are 13, 19, 24, 23, 19 and 11o C for the months of May through October, respectively.  Oxygen levels at the bottom of the lake can become depleted during the summer and winter, but do not tend to reach full anaerobic conditions (McMahon, 1966).  

Perch Lake can be described as a dystrophic-eutrophic lake due to its high humic content and the clear signs of nutrient enrichment in the lake, corresponding to its maturity.  Increasing numbers of floating hummocks consisting of decomposing plant materials from the sediment surface have been observed in the lake over the past 5 to 10 years, particularly during the autumn, and existing floating hummocks have become more extensive in terms of their size and the plant growth they support.  The pH of the lake water ranges from 5.5 to 7.6 and the surface water in Perch Lake is highly coloured due to the presence of humic and fulvic acids, which originate from decomposing plant materials flowing in through surface streams, as well as the decay of vegetation in the lake itself.  Perch Lake contains a low total dissolved solid content, with a value of 1.96 meq/L.  

Perch Lake sustains a relatively large biomass of aquatic plants, which dieback each year and contribute to the accumulation of organic sediments, or gyttja, in the lake bottom.  Organic sediment deposits in Perch Lake are 5 to 6 m thick, on average, and are as thick as 8 m in the deepest part of the lake (Gàcs, 1975).  Perch Lake sediments primarily consist of fine, semi-liquid, highly organic mud composed of decomposing plant debris, known as gyttja, with sandy areas located on the west side of the lake.  The percent water content of the Perch Lake gyttja is approximately 93%, whereas that of the sandy sediments is approximately 50% (by weight).  The mean dry bulk density is approximately 185 kg m-3 for Perch Lake sediments, but values vary substantially across the lake depending on the local composition of the sediments.  In addition, lake gyttja becomes denser with increasing depth.  

Below the organic sediments, is a layer of clay and possibly gravel (Jay, 1975), whereas the upper layers of the sediments primarily consist of plant material and detritus in varying stages of decomposition.  The rate of sediment deposition in the lake is approximately 0.06 cma-1 or 0.16 kgm-2a-1, with a constant sedimentation rate being observed over time (Boyko-Diakonow and Terasmae, 1975).  

Lake water levels are maintained due to the presence of a series of dykes surrounding the lake, which were constructed between 1966 and 1967 to control lake levels and to separate inflowing from outflowing water in the basin for the purposes of hydrological assessment and routine environmental monitoring (Merritt and Risto, 1975).  Culverts with gauged weirs have been built through the dykes at points of major stream flow (Merritt and Risto, 1975), so that the rates of stream flow entering and leaving the lake can be monitored.  Despite the dykes, however, Perch Lake water levels fluctuate seasonally.  During the spring, lake levels rise due to inputs of meltwater to the lake, and during the late summer to early autumn, the lake level can drop by as much as 0.25 m.  Precipitation events in the mid- to late-autumn restore lake levels to typical values.  

A.3
Hydrology of the Perch Lake Watershed

The Perch Lake catchment consists of 7 sub-basins, five of which contribute water to the lake through inflowing surface streams, which enter the lake at Inlets 1 to 5, and one of which drains into the lake through sub-surface groundwater inflow (Barry, 1975a).  The seventh sub-basin, known as the Creek sub-basin, is situated between Perch Lake Outlet and the Ottawa River.  No organized stream is present in this sub-basin, although a fairly large volume of sub-surface flow enters Perch Creek in this area (Barry, 1975a).  Water exits Perch Lake via the outlet, with a residence time of water in the lake of approximately 0.5 years.  Therefore, radionuclides that reach the lake, and are not complexed in the sediments or the tissues of resident biota, can be transported out of the lake relatively rapidly.  

A.4
Radionuclide Inputs to Perch Lake

Perch Lake has received radionuclides, including 90Sr, 60Co, 137Cs and 3H, since the mid-1950s.  The radionuclides originate from atmospheric deposition from global nuclear weapons testing, as well as through the influx of historic waste from upstream Waste Management Areas (WMAs) (Eisenbud and Gesell, 1997; Yankovich et al., 2000).  

Radionuclides from upstream sites infiltrate into groundwater and pass through a series of wetlands and streams before entering Perch Lake.  These wetlands adjoin upstream swamp habitats, which are drained by a number of surface streams before entering Perch Lake via Inlets 1 and 2.  Most of the radionuclide inventory enters Perch Lake via the major surface streams, which are monitored at Inlets 1 and 2 of the lake, although a relatively small fraction of the radionuclides also enter the lake through diffuse sub-surface groundwater inflow (Barry, 1975 b and c).  Water flowing into the lake through Inlets 3, 4 and 5 does not contribute significantly to the radionuclide budget of the lake, since these streams drain areas with background radionuclide levels.  Instead, these streams may serve to dilute radionuclides in the lake to varying extents depending upon their rates of discharge into the lake.  Water that leaves the lake via the outlet passes through Perch Creek and is later discharged into the Ottawa River.  

Radionuclide concentrations and rates of surface water discharge entering and leaving the lake are routinely measured at several locations in the Perch Lake watershed to monitor radionuclide transfer through the watershed and to ensure regulatory compliance is met.  Routine monitoring of radionuclide activities in surface water entering and leaving Perch Lake was initiated in April 1956; however, early data were sporadic and sampling locations were not always well defined.  A formal environmental monitoring program was established for the CRL site in 1964.  Since then, water samples have been routinely collected at several locations at and near the CRL site (e.g. Figure 3).  

In most cases, water sampling in the Perch Lake watershed has focused on measurement of concentrations in the inflowing streams and at the outflow, but not in the lake itself; however, due to the small size of the lake, it is likely reasonable to assume that the lake is uniformly mixed and that radionuclide concentrations are representative of those present in the lake itself.  Comparison of 90Sr and 60Co concentrations in surface waters collected at the outflow relative to the lake centre confirm this assumption.  

It is important to note that, although measurable at the lake inlets, 60Co concentrations in water collected at the lake outflow and in the lake itself often fall below analytical detection limits and therefore, cannot always be used to quantify the 60Co levels.  As a result, it was necessary to estimate 60Co concentrations in Perch Lake surface waters for some time-points using mathematical modelling, as outlined in Yankovich et al. (2000) (Figure 4).  Similarly, 137Cs is rarely detectable in Perch Lake surface waters (although, it can be periodically detected in the inflowing waters), likely because 137Cs tends to adsorb to sediment and soil particulates, causing most of it to remain in the system, as opposed to being transferred out of the lake via the outlet.  As a result, as for 60Co, in some cases, it was necessary to estimate 137Cs levels in Perch Lake surface waters using a mass balance approach, as described in Yankovich et al. (2000) (Figure 5).  

Currently, 90Sr and 3H represent the dominant radionuclides in the Perch Lake watershed (Figure 4), although 60Co levels were easily detectable in the past, but have been declining due to the lack of inputs combined with losses due to radiological decay (Figure 5).  Cesium-137 has been detectable in the lake during times of peak atmospheric deposition due to global weapons testing and is still detectable in Perch Lake sediments (Figure 6), although 137Cs concentrations in resident biota have not been historically measured.  Radionuclide transfer to biota inhabiting Perch Lake is influenced by radionuclide partitioning between environmental compartments to which biota are exposed, as well as radionuclide transfer pathways.  Archived radionuclide data and samples, which were collected in the Perch Lake system, can, therefore, be used to validate radionuclide transfer models that are being applied internationally for freshwater ecosystems.  A summary of the available historical radiological data for each receptor species, as well as for environmental media is provided in Table A.1.  

A.5
Ecology of Perch Lake

Perch Lake is a littorally-dominated lake, with a littoral zone that represents approximately 15 ha or 33% of the entire lake surface area (Figures 1 and 2).  The ecology of the lake and the trophic transfer of key radionuclides in the lake were extensively studied both historically, as well as more recently between the 1990s and the present.  

In 1998, an inventory of the species occupying the lake and its watershed was conducted to characterize the ecological significance of the Perch Lake aquatic community (as summarized in Tables 1 to 6).  Key aspects of the Perch Lake community are discussed in the context of selection of receptor species in the sections that follow.  Relevant web-sites for each type of receptor species is provided in Table 7.  

A.5.1
Primary Producers

Surveys of the Perch Lake macrophyte community have been undertaken both historically and in the recent past.  The plant community in the lake consists of free-floating macrophytes, floating-leafed species, completely or partially submergent species and emergent species.  Plant growth is fairly dense in the littoral zone, but is sparse in deeper, offshore waters exceeding depths of approximately 1.5 m, although some water lilies, watershield and pondweed can be found in the inshore, as well as offshore areas of the lake.  

A list of key Perch Lake primary producers for which radiological data exist is provided in Table 1.  

A.5.2
Plankton and Invertebrate Communities

The plankton community and its seasonal distribution in Perch Lake have been reported by Havlik and Ophel in 1970.  Detailed characterization of the plankton community is beyond the scope of the current scenario.  Instead, the plankton community has been sub-divided into zooplankton and phytoplankton for the purposes of this scenario.  

Perch Lake also supports a diverse assemblage of invertebrates in addition to zooplankton.  Many of these invertebrate species are benthic, although a number of species that occupy the water column or vegetation can also be found in the lake.  The aquatic invertebrate community of Perch Lake is typical of small lakes and ponds, and littoral zones of larger lakes (Wetzel, 1983).  Macroinvertebrate species include diving beetles, giant water bugs, water boatmen, backswimmers, various species of dragonfly and damselfly larvae, mayfly larvae, caddisfly larvae, dobsonfly larvae, mosquito larvae, water striders, water scorpions, water mites, oligochaetes, chironomids and others.  There are also various species of crustaceans, snails, freshwater mussels (Unionidae and Sphaeriidae), leeches and worms, which occupy various habitats in the lake, including surface sediments, vegetation and open water.  

A summary and description of key invertebrate receptor species to be included in the Perch Lake Freshwater Scenario is provided in Table 2.  

A.5.3
Perch Lake Herpetofauna

Nine species of amphibians utilize Perch Lake during at least part of their life cycles.  Of these, radiological data are available for two species, which include bullfrogs (Rana catesbeiana) and green frogs (Rana clamitans) (Table 3).  

Four reptilian species utilize Perch Lake, including common snapping turtles (Chelydra serpentina), painted turtles (Chrysemys picta), eastern garter snakes (Thamnophis sirtalis) and northern water snakes (Nerodia sipedon) (Table 3).  Turtles lay their eggs in gravel substrates along the roadside near Inlet 2 and Perch Lake outlet during the early summer.  Predatory mammalian species, such as raccoons and skunks, will then prey on the eggs.  

A.5.4
Avian Species

Numerous bird species also make direct or indirect use of the lake.  These include the Canada goose (Branta canadensis), wood duck (Aix sponsa), American black duck (Anas rubripes), blue-winged teal (Anas discors), broad-winged hawk (Buteo platypterus), belted kingfisher (Megaceryle alcyon), common yellowthroat (Geothlypis trichas), swamp sparrow (Melospiza georgiana), and red-winged blackbird (Agelaius phoeniceus) (Table 4).  Common loons (Gavia immer) and other species periodically use the lake in the spring and fall as a migration stopover.  A double-crested cormorant (Phalacrocorax auritus) was observed fishing in the lake on one occasion in 2001, although this species had not been documented in the lake in the past.  

A.5.5
Mammalian Receptors

Mammalian species that utilize Perch Lake either on a regular basis or periodically include muskrat (Ondatra zibethicus), American water shrew (Sorex palustris), star-nose mole (Condylura cristata), moose (Alces alces), beaver (Castor canadensis), and other species.  Radiological data have been collected for water shrews and star-nose moles, as summarized in Table 5.  

A.6
Recent Changes to the Perch Lake Fish Community

Historically, the Perch Lake fish community consisted of yellow perch (Perca flavescens), pumpkinseeds (Lepomis gibbosus), brown bullheads (Ameiurus nebulosus), and six cyprinid species, including pearl dace (Margariscus margarita), bluntnose minnow (Pimephales notatus), creek chub (Semotilus atromaculatus), fathead minnow (Pimephales promelas), blacknose shiners (Notropis heterolepis), and lake chub (Couesius plumbeus), were present in Perch Lake (Table 6).  

In the mid- to late-1980s, northern pike (Esox lucius) were inadvertently introduced into Perch Lake, resulting in a species replacement at the top of the food chain (whereby northern pike replaced yellow perch) and a corresponding cascade of effects that led to the decline and extirpation of a number of forage fish species (Table 6), changes in the fish size structure and reduced somatic condition of both brown bullheads and northern pike, which led to the starvation of some individuals.  These changes in the fish community not only provide an opportunity for model validation under the EMRAS program, but also facilitate assessment of the impacts of changes in community structure on radionuclide dynamics in aquatic foodwebs.  

Table A.1:  Summary of available radiological data for use in the Perch Lake Freshwater Scenario.  
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