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Managing Sediment Contamination

Want the metal contaminants
locked in sediments, if

Riidt 4P Tt 15 2§
T o
-y

o Lake’s bottom waters have Aear Fivors

high pH, O,
o Geochemistry works as a “cap”

low nutrients

| Narrow of ©
} shore vegetation
'I

Keep metals in sediments

CDA River clean-up reduces
metals supply to the lake Q

Want to keep nutrients low e
production increases
to keep algae low. 3

plants decompose

Pb_As Metals Release Cd

If lake productivity goes up,

then pH, O, get lower
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What Physics Do We

Winter, Spring

Need to Know? i
“ iver

Seasonality s

o When the lake stratifies

River Hydrology

o Timing, magnitude of flows

Currents

o Where the water goes

Internal Mixing

o How isolated are the

Narrow band of
} shore vegetation
/

sediments?

Influences of Bathymetry
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HIGH flows in Spokane River
winter, spring

 Well mixed

Contaminated sediments

Summer ,

. Spokane River
low flows in summer

lake stratifies

* thermocline

Contaminated sediments




Bathymetry and Geography

® Northern Lake - ~ Northerp—

Spdkaﬁé River }

o Deeper (> 100 ft deep)
o Larger volume

o Lesssediment influence 7

ol | 1020

o NW/SE orientation in Northern 7 3 2030

N\ VS 30-40

o NE/SW orientation in Central [ &/ | o

| L > 60-70

} 70-80

- NP N @& f 80-90

* Southern Lake NN A [ o

100-110

o Shallower (< 60 ft deep) I(i?eIZMixing \ e
) 130-140
o Smaller volume &) S

: . Southern N 150-160
o More sediment influence Pool / = | ] 160170

170-180
180-190

o NW/SE orientation - P
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Geography and General Currents

® Primarily South = North

o Very short residence
time in Southern Pool
ERETAVEES

o Some southward flows
from CDA River

o Don’t get full mixing of
CDA and St Joe River
until further north

o Preferential flow
towards outlet

Inflowing waters can skim along
the surface, and “over-top”
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River Hydrology

CDA River runoff is “flashier”

Coeur d'Alene River at Cata do (1912 - 2016)

CDA River
runs off
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Hydrology Drives the Lake’s Seasonality

Coeur d'Alene Lake Hydraulic Residence Time (days)

Winter Early . Winter
Spring

Shortest lake
residence time

)

£ 1500
E

()]
21000
[}]

o

3 500
e 5

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

5 “lake seasons” (balance of residence time, river flows, weather)

* Median residence time: ~ 90 days (Spring) to 1,100 days (Summer)

Lake can empty and refill each spring
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Hidden Trends in Coeur d’Alene River Flows

Knowing the
Seasons
Unlocks a Lot!
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patterns in the rivers
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Wind and Summer Currents

(a) Onshore wind & downwelling

4+ <4—— Wind 4+
Water surface

Downwelling

b) Offshore wind & upwelling

Water surface

Upwelling

Winds creates currents, mixing
e Currents move in weird ways

Internal
WEWES

 (Can cause differential water cooling

e Substantial mixing in the lake

* Both spatially and vertically
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22 Northern

Direction [degrees]
Northern, Central Pools

East Point Annual Average Hourly Wind Freq. % (2014-2018)
4 6 8 10 12 14 16

Southern
Lake

Direction [degrees] Speed [m/s]
Mixing Area, Southern Pool
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Wind

Daily patterns
* shifting direction

® variable speed

Daily patterns
®* consistent direction

® variable speed

Seasonal differences in
wind patterns




Mixing on a Windy Summer Day
( Modeled Lake Currents )
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Does Vertical Mixing Occur?

(W7

Two ways to test g"é%s{“ re changes

e Jsotopes of H,O"
D

1. Measure currents directly Det
(SAS]

mixi

2. Look for signs of mixing in the water

To Look for Signs in the Water
®* Fingerprint water in the lake and rivers
®* Measure different types of O, H atoms

®* O andH have a small proportion of heavier

“isotopes” that have more neutrons. thermocline :

®* |sotopes react at different rates

o Water sources have “fingerprints” —
o Evaporation, precipitation change the H,08 ols
ratios in known ways — 016
® Can trace water masses and how they H,01®

change by measuring relative amounts

DEPART)
2. 2
‘Q?'h
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Some Implications for Lake Management

* Lake Composition e DA River
. . “ ” . : &,
o Dominated by rivers. “Reset” each spring Sediments
o Lots of variability (annual, seasonal) Spokane Riyey deeper

o Very sensitive to watershed
o Sensitive to El Nifio / La Nifa cycles

* Internal Mixing
o Mixing across thermocline in summer

o More susceptible to influences of

metals released from sediments? shallower

* Effectiveness of Recovery Actions

o Differentin lake’s north, south 5, Sediments
o More sediment influence on the lake CDA Ri *
ver

in the south (shallower)
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GOV. BRAD LITTLE
LEADING IDAHO

e

Thank you
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Lake Mixing: Data from Stable Isotopes
(d%H, d130)
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Lead Concentrations in Coeur d’Alene
Lake Bed and River Floodplain
Sediments and Health Warning Signs

Over 75 million tons of
contaminated
‘.. sediments in CDA Lake

A ..and we want

i them trapped there

M-y g

%)d

( ataldo

AAAAA

/ . / - A 7 Lead Concentration (mg/kg)
» SN et i J > 1,500
Medlmolu : w 1,000-1,500
——— 500-1,000
i ——— <500

Sediment Lead Contamination
Maximum levels >25,000 ppm
Worley 2 * Background levels < 50 ppm
Waterfowl health impacts ~500 ppm
CDA River, average ~3,300 ppm

CDA Lake, range ~130 — 6,300 ppm




The Concept of Five Seasons is
Consistent with CDA Tribal Knowledge

YYX XXX X

D O O
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Mixing Patterns (2008 Floods)
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Modeled Water “Age” during Spring Runoff
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Water “Age” as Seasons Progress
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What About the Lake’s Future?

Climate Change and Development: Beginning to see some effects

* Airtemperatures are warming

* CDA Lake surface water temperatures are increasing as well

Trend in average water temperature in degrees C

® Wll W 7-T arers depth Station C4 htification

SM
Dmposition)

netic 02

s in lake ecology

Slope, in degrees C per year

ce run-off
Mar Apr May  Jun Jul Aug rient log ding )
OUQEIERS Figire 19-5, pg 317 Mo

Lake and will make it harder to manage
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Summary of Management Implications

Different recovery strategies may be needed in
the lake’s different regions

Water composition can “reset” each year

Sensitive to inflow dynamics; overflows,
interflows, underflows in Spring

Important influences in Early Spring

Wind driven currents and vertical mixing can
. OO ")
influence lake composition CDR

Zone

Multiple factors influence oxygen

Southern

Post Falls dam may influence metals risk

Ice and precipitation in Winter and Early Spring
are important factors

Forecast lake conditions with improved river, weather monitoring ?7?7?
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Kn OWi ng the Break Time Series of River Flows into Components Parts

25000
|

Coeur d’Alene River

Seasons
Unlocks a Lot!
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Big random events are much larger than seasonal variations

-
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