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2019 EPA Optimization Team Needs

Project Background

Include Lake in a CdA Basin CSM

H Optimization Review Report
NO FEEEL La ke CSM pUblIShed Remedial Process Optimization Study
Describe metals biogeochemsitry Lake Coeur d*Alene

Bunker Hill Mining and Metallurgical Site
Operable Unit 03
Hyd rodyn amic mass balance Coeur d*Alene, Kootenai County, Idaho

EPA Region 10

15t Step — better description of lake physics

What factors influence lake hydrodynamics?
What hydrodynamics do we need to describe? g:"m A
Incorporate historic data, modeling work el e

Hydrodynamics foundation for ecology, chemistry
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Project Highlights

Analysis and Development of an Updated

Document key data from core sites EaeS i M e el
®* Lake sonde, wind data from 2014-2019
® Basin hydrology from 2005-2020
* Stable isotope study from 2015 (%0, °H)

State of Idaho

®* Summary of modeling studies

May 2025

Document evaluates lake structure, mixing
* Lake seasonality
* River hydrology, wind patterns
* Internal mixing

®* Importance of geography, bathymetry, seasonality
on lake processes, sediment influences
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Winter, Spring (river dominated)

What Physics Do We
Need to Know?

° : R e~ A CdARiver HIGH flows in Spokane River
Sea sona I Ity / Ay : ; f;‘;?;‘ents winter, spring

o When processes occur

Narrow band of
} shore vegetation
/

{

\
A,

* River Hydrology 8o il

o Timing, magnitude of flows

® Lake Currents
o Where the water goes

Spokane River

lake stratifies

L Internal MiXing ’.‘ . b\ " low flows in summer
o How isolated are the P L B ' e
sediments?

} shore vegetation
/

* Influences of Bathymetry




Structural Perspective:
Two Different Lake Types

* Northern Lake ' Sporane Rver 23;7“%““” N7
o Deeper (> 100 ft deep) N\

o Colder, more oligotrophic

| Depth (ft)

o Larger volume

0-10
X 1 By A REE Fhe 10-20

o Less sediment influence VAN B

o 2 orientations (NW/SE, NE/SW) / éM w0

K (s 60-70

i w IR~ A L u 70-80

®* Southern Lake & XA NNE§F i o
' AN 4 90-100

o Shallower (< 60 ft deep) A\ 100-110

CDR Mixing WA 110.120

120-130

o Warmer, more mesotrophic Area BV e

140-150

o Smaller volume Southern ~MA, ([ 1010
POOI . 170-180

o More sediment influence  rver [ seoreo
o N-NW/S-SE orientation '
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Geography and General Spring Currents

c . _,./'/‘/""""""” " gougar Creek RrE *--ab:%a“ - NP Wolf Lodge
® Primarily South = North - s oY e
o Very short residence o

time in Southern Pool 2 7 7 “CP
(a few weeks) ? ,

. C e : " et yRlene ’1\‘ler
o Some southward flows — P> :

—

7 Y T

"
v ‘Hamse

from CDA River
o Don’t get full mixing o o .
until further north .’ D __/
o Preferential flow ' ; o
towards outlet

-\- g $ L i ". = T
i [
/- Plummer

Evidence for over-topping in 2 Creek

early spring

interflows, underflows also occur




Key Aspects of River Hydrology

CDA River runoff is “flashier”

Spring flood event (May, 2008)

runs off
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St. Joe River at Calder (1912 -
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CDA River mouth, looking East
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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

T

£ 1500
E

()]
21000
[}]

o

3 500
e 5

Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month Based on data from 2015-2018

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!

Coeur d’Alene River
2004 2006 2009 2014 Moderate 2015 Strong basin-wide
Moderate Moderate Moderate CP El Nino El Nino
CP El Nino CPEI Ni/rltl\/\:’ El Nino

25000
] ]

15000
|

observed

0 5000
1

Unlock hidden
patterns in the rivers

3500
1

2500

1

Y \~ Yy

* Take CdA River flfws
Map Climate Cycles

- reak out patterns of
ont%etrendtsp
5 equal seasons

® EINino ~ lower
o SuEbtract seasons,

2000 4000 1500

seasonal

15000 -2000 0
11

cafll&\i\z/a‘cfe a trend using
*theal dtigaerhigteetian

- Récllrc?é’?{*?der is random

variability

-5000 0 5000
1
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2015-06-20 11:57:30
0

2,000

4,000

6,000

B.000
10,000
12,000
14,000
16,000
18,000
20,000
22,000
24 000
26,000
26,000
30,000

Water Movement in Spring

0
Surface Sacs

Late Spring, 4000
Jun 2015 o
8000

10,000

12,000

14,000

16,000

18,000

20,000

2000

24,000

26,000

8000

.00

32000

M 000

35000

X000

Modeled age of water in the lake

Blue = recently entered
Yellow = entered ~5 mo ago

2015.06-20 11:57:30

Bottom
Late Spring,
Jun 2015

5.000 10000 15000 20000 25000
Y

over-topping in early spring

more equal by late spring
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Water Movement in Summer

2015-08-21 23:57:30 2015-08-21 23:57:30
: 2 97,
0

20001  Surface 2,000
4,000
so0| Summer, 6000{ Summer,
soo | Aug 2015 sow|  Aug 2015

10,000 10,000
12,000 12,000

Bottom
4,000

14,000 14,000
16,000 16,000
18,000 18,000

~ 20,000 20,000
22,000 22,000

24,000 24,000
26,000 - 26,000
28,000 26,000
30,000 30,000
32,000 32,000

wow | Surface water still -
1 more youthful &w‘,\ %000 g 1
38,000 o tine 4 38,000 ’

-10000  -5000 0 5,000 10,000 15,000 20,000 25,000 -5 0 $,000 10,000 15,000 20,000 25,000 30,000
Y Y

Modeled age of water in the lake . :
minimal river

* Yellow = entered ~5 mo ago (~March) ,
influence

* Red =entered ~¥7 mo ago (~January)
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Wind and Summer Currents

(a) Onshore wind & downwelling

Water surface

Downwelling

b) Offshore wind & upwelling

Water surface

Upwelling

Winds creates currents, mixing

o we
Currents move in weird ways

Low-density layer

Internal
Waves

Can cause differential water cooling

Substantial mixing in the lake

Both spatially and vertically




Wind

Daily patterns
* shifting direction
® variable speed

Direction [degrees]
Northern, Central Pools

East Point Annual Average Hourly Wind Freq. % (2014-2018) Dai Iy P atterns

4 6 8 10 12 14 16

® consistent direction

® variable speed

= Southern
o Lake

Seasonal differences in
wind patterns

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

|ldaho Department of Environmental Quality




Mixing on a Windy Summer Day
( Modeled Lake Currents ) Note different

color scales

2015-08-15 17:568:56 20150815 175856
Br
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Does Vertical Mixing Occur?

\u [T <

.--

Measure changes “"'
1. Measure currents directly S
: ete
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

®* 0O and H 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,018 o8
ratios in known ways — 016
* Can trace water masses and how they H,0te

change by measuring relative amounts
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Lake Mixing:

Surface Waters

101 |
103 -
105 -
107 |
109 |
111 J

113
155

101
403 |
105 |
107 |
109
11

-113
-15.5

July 2015
Surface Waters

Data from Stable Isotopes
d’H, 0180)

® Northern Pool

O Spokane River

@ Wolf Lodge Creek
@ Central Pool

August 2015
Surface Waters

After o
evaporation

L EOTAT PO NS

Before

@ CDA River Mixing Area
O CDA River

evaporation e southemroo

© SJ River
—GMWL
=== SVMWL

452 149 -146 -143 -140 -137 -134 -131 -128 -125 -122 -11.9 -116

5'80

July 2015

Deeper Waters

Northern Pool

Northern Pool - mid depths
Central Pool

Central Pool - mid depths

CDA River Mixing Area

RTTR
105 -
107
111

-113
-15.5

-101 -

-103

@ Northern Pool

© Spokane River

@ Wolf Lodge Creek
@ Central Pool

© Central Pool Tribs
@ CDA River Mixing Area
© CDARiver

@ Southern Pool

© SJ River
—GMWL
-==SVMWL

152 -149 -146 -143 -140 -13.7 -134 -131 -128 -125 -122 -11.9 -116

5'%0

August 2015
Deeper Waters

Note - Northern Pool mid-depths overlap with
the Cnetral Pool cluster on the SVMWL line

452 149 146 143 -140 -137 -134 -131 -128
5780

@ Southern Pool
© SJ River
—GMWL
---SVMWL

425 122 18 116

-105
107 -
109
11

-113 -
-15.5

o

Northern Pool

Northern Pool - mid depths
Central Pool

Central Pool - mid depths
CDA River Mixing Area

CDA River

Southern Pool

5J River

—GMWL

=== SVMWL

152 -14.9 -146 -143 -140 -137 -134 -131 -128 -1
520

25 -122 -119 -1186




Some Implications for Lake Management

* Lake Composition e DA River
: : " ” : >
o Dominated by rivers. “Reset” each spring Sediments
o Lots of variability (annual, seasonal) A -

¢ CoeurQAlene

o Sensitive to changes in watershed

o Sensitive to El Nifio / La Nifia cycles

* |nternal Mixing
o Mixing across thermocline in summer

o More susceptible to influences of

metals released from sediments? shallower

* Effectiveness of Recovery Actions

o Different in lake’s north, south

W€ Sadiments

me’ta\‘-‘o*
o More sediment influence on the lake :
CDA River

in the south (shallower)
ldaho Department of Environmental Quality?:




GOV. BRAD LITTLE
LEADING IDAHO

Thank you
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The Concept of Five Seasons is
Consistent with CDA Tribal Knowledge

XYY XXX X
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LT

_f-*"l
: * ...and we want

]

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

them trapped there b~ Vo
o g W = """ Lead Concentration (mg/kg)
"i...._/ p— > 1,500
Medimant Sap i) ——— 1,000-1,500
] 500-1,000
e — <9500

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

CDA Lake, range ~130 — 6,300 ppm




Mixing Patterns (2008 Floods)
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Ble 5§/ Drainage Basin of the
g = Spokane River

and Coeur d'Alene Lake

Modern Era
(~1890)

o "’

Post Falls + Cosur d'Alens
J I Historic
,—-fga,ll(qai‘cee:g ‘\‘;}iﬂu«wv e
s South mlnmg -
i Idaho’s Silver
Valley

A

L i)

North
Fork CDR

Tribal Reservation Boundany
——— Major Roads
[ vvtershed Boundary
B Lake and Streams Network

[ | Urban

| | Rangeland
[ | Agricutture

[ | Forest

[ | ClearcutAreas
B +ined Land
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For NI 0) 1 E o s e of contaminated sediments in CDA Lake
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Managing Sediment Contamination

Want the metal contaminants
locked in sediments, if

o Lake’s bottom waters have
high pH, O,

o Geochemistry works as a “cap”

cleanrivers

low nutrients

Keep metals in sediments

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

Want to keep nutrients low st
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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