
40 Years of Water Quality and Biological Monitoring 
Clark Fork Superfund Complex 

**The Case for Weight of Evidence Analysis**



MEASURES OF SUCCESS
Numeric Standards VS Biological Integrity

Long-Term Spatially Distributed Data Sets



NOT FISH BUT MACROINVERTEBRATES – 1986 to Present



Cfr superfund

Warm Springs Ponds

Three Superfund 
Mega-Sites

13 OPERABLE UNITS
Each with its own remedy

Milltown Reservoir

Berkeley Pit
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Warm Springs Ponds

Three Superfund 
Mega-Sites

But It’s a Watershed!

Milltown Reservoir

Berkeley Pit
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Consistency of Data

Long-Term Environmental Data 
USGS
DEQ
ARCO
EPA
MT FWP

Types of Data
Water Chemistry
Flows
Temperature
Macroinvertebrate Biotic Indices
Hydropsyche Body Burden 
Fish Counts
Sediment Chemistry



Superfund Remedy Decisions
        Driver = WQ Standards

Types of Data

Water Chemistry
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Silver Bow Creek in Butte

How does 265 µg/L compare to the standard?



STANDARD = exp{m[ln(hardness)]+b}

M B HARDNESS
STANDARD

(µg/L)

Copper Chronic
0.8545 -1.702 141 12.5

State Standard = Unfiltered (Total Recoverable)

**Federal Standard = Filtered 0.45 microns**



0

5

10

15

20

25

30

CO
PP

ER
 C

O
M

PL
IA

N
CE

 R
AT

IO
Annual Average Copper

Silver Bow Creek in Butte

24 Times the Standard



STANDARD = exp{m[ln(hardness)]+b}

M B HARDNESS
STANDARD

(µg/L)

Copper Chronic
0.8545 -1.702 141 12.5

State Standard = Unfiltered (Total Recoverable)
Federal Standard = Filtered 0.45 microns

Federal Water Effects Ratio
Biotic Ligand Model





From Butte to Deer Lodge
Tour of Compliance 

Through Time



From Butte to Deer Lodge
Tour of Compliance 

Through Time
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From Warm Springs Ponds 
to Deer Lodge
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Numeric Standards VS Biological Integrity
Case for Reference Stream Analysis



REFERENCE STREAM

        Blacktail Creek
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REFERENCE STREAM
Warm Springs Creek 
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WATER EFFECTS RATIO



WATER EFFECTS RATIO
BLM



Type of copper 
concentrationb

Copper LC
50

(µg/L)

Sitea Round Site water Lab water WER
Winter TR 277.7 145.1 1.914

Diss 255.5 119.8 2.133

WSC Spring TR 360.3 62.71 5.745
Diss 216.6 56.21 3.853

Summer/
Fall

TR 233.7 121.3 1.927
Diss 176.1 99.28 1.774

Winter TR 131.4 59.65 2.203
Diss 106.5 50.15 2.124

MC Spring TR 138.8 29.41 4.719
Diss 114.7 24.81 4.623

Summer/
Fall

TR 117.5 43.10 2.726
Diss 101.1 37.96 2.663

Winter TR 253.7 71.12 3.567
Diss 177.4 62.33 2.846

WC Spring TR 403.4 73.79 5.467
Diss 263.9 65.50 4.029

Summer/
Fall

TR 207.8 103.5 2.008
Diss 169.7 94.41 1.797

Winter TR 292.3 261.3 1.119
Diss 250.7 225.7 1.111

LC Spring TR 107.6 46.22 2.328
Diss 96.28 42.89 2.245

Summer/ Fall TR 117.7 67.47 1.744
Diss 112.3 64.46 1.742

3.090
Diss 206.2 71.46 2.886

BTC Spring TR 287.7 56.55 5.088
Diss 212.6 51.51 4.127

Summer/ Fall TR 161.8 87.64 1.846
Diss 123.7 76.30 1.621



Unfiltered
Filtered

Copper LC50 (µg/L)

Site Season Site water Lab water WER

Winter UF 277.7 145.1 1.914

F 255.5 119.8 2.133

WSC Spring UF 360.3 62.71 5.745

F 216.6 56.21 3.853

Summer/
Fall

UF 233.7 121.3 1.927

F 176.1 99.28 1.774

WARM SPRINGS CREEK



Unfiltered
Filtered

Copper LC50 (µg/L)

Site Season Site water Lab water WER

Winter UF 277.7 145.1 1.914

F 255.5 119.8 2.133

WSC Spring UF 360.3 62.71 5.745

F 216.6 56.21 3.853

Summer/
Fall

UF 233.7 121.3 1.927

F 176.1 99.28 1.774

WARM SPRINGS CREEK

LETS LOOK AT SOME TRENDS
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Does BLM Better Describe
Copper Toxicity in 
Warm Springs Creek?





QUESTIONS?
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NOT FISH BUT MACROINVERTEBRATES – 1986 to Present





13 Stations From Silver Bow Creek to the Clark Fork below Missoula
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ABSTRACT

40 Years of Water Quality and Biological Monitoring at the Confluence of the Clark Fork Superfund 
Complex - The Case for Weight of Evidence Analysis

The upper Clark Fork Superfund Complex is comprised of three gargantuan sites, Silver Bow 
Creek/Butte Area, Anaconda Smelter and Mill Town Reservoir/Clark Fork River.  The Complex is 
commonly referred to as “the largest in the nation.”  Major cleanup work in the watershed began in 
the early 1990s and will continue for at least another decade.  

Under Superfund authority and law, the measure of success in that massive cleanup of mining 
damages to the Clark Fork and its five tributaries is meeting Montana’s strict water quality standards 
based on a total recoverable (unfiltered) fraction. There is an enormous body of water quality data, 
extending from the early 1990s to the present, that answers the question “where are we now” by that 
measure of success.  

In this presentation, I suggest it is time to recognize the limitations imposed by strict adherence to 
those standards and turn to a weight-of-evidence and reference-reach approach that also integrates 
40 years of biological monitoring with water chemistry data for a more pragmatic and useful measure 
of success.
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