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To Model or Not to Model, that Is the Question

Agenda

• Butte Reduction Works

• Remedy

• Available Data

• Modeling Objectives

• Model Development

• Questions



Butte Reduction Works



Butte Reduction Works

1868 1900

Silver Mill and Mine 
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Deposit Mine and Mill 
Waste onto Site and SBC
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Smelter produces Copper and 
Copper Tailings at the Site

1909 1911

Zinc Concentrator 
Added to Site. 

Destroyed in a Fire in 1911
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Manganese Stockpiled at the Site. First by 
Domestic Manganese (1927 to 1945) then 

General Services Administration and 
Department of Defense (1945 to 1992)
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Butte Reduction Works



Butte Reduction Works – The Power of Slag



Remedy – Timeline

EPA Completed Several Removal Actions in Butte at 
former smelter sites, mine waste dumps, railroad 

beds, stream banks, and residential yards

Lower Area One 
Expedited

Response Action 
removed ~1.25 

million cubic yards 
of mine waste from 

area west of the 
Site.

Groundwater Monitoring Wells Installed 
Near and Around the Site



Remedy – Requirements and Objectives

Engineered Cap
Hydraulic Control

Removal Corridor

Reroute Silver Bow Creek



Available Data

To Model or Not to Model, that Is the Question!
At the Very Least, Let’s Look at the Data.



Available Data

LEGEND

PREVIOUSLY INSTALLED

EXISTING MONITORING WELL

TEST PIT (NATIONAL RESOURCE DAMAGE 

PROGRAM, 2016)

PHASE I INVESTIGATION LOCATIONS

BOREHOLE

PIEZOMETER

TEST PIT

SURFACE SAMPLE

HYDROCARBON MONITORING WELL

HYDROCARBON TEST PIT

PHASE II INVESTIGATION LOCATIONS

PIEZOMETERS

SLAG INVESTIGATION BOREHOLES

SLAG INVESTIGATION TEST PITS

PHASE III INVESTIGATION LOCATIONS

PHASE III BOREHOLE

GEOTECHNICAL INVESTIGATION BOREHOLE

BIOTREATABILITY STUDY

BIOTREATABILITY STUDY TEST PIT

LEGEND

MATERIAL TYPE

SLAG

DEMOLITION DEBRIS 

OTHER

ATO (ALLUVIUM, TAILINGS, AND ORGANIC SOILS)

LEGEND

LITHOLOGY

LOAM

LOAMY SAND

SAND

SANDY LOAM

SILTY CLAY

SLAG

LEGEND

COPPER CONCENTRATIONS (mg/kg)

0 – 250

250 – 1,000

1,000 – 2,500

2,500 – 5,000

5,000 – 15,000

>15,000

LEGEND

COPPER CONCENTRATIONS (mg/kg)

0 – 250

250 – 1,000

1,000 – 2,500

2,500 – 5,000

5,000 – 15,000

>15,000



Model Objectives

1. Optimize the Removal Corridor
• Find the Leachable Copper Source and Optimize the Removal Corridor Area

2. Determine the Bottom of Waste in the Removal Corridor
• Model the COCs and Inform the Excavation Surface

3. Inform the Estimation of Infiltration Rates in the Site Pre- and Post-Remedy
• Model the Soil Lithology to Inform the Hydrologic Evaluation of Landfill Performance (HELP) Model

4. Determine the Hydrocarbon Impact
• Estimate the Length of Hydrocarbon Source Parallel to Groundwater Flow for the RBCA Evaluation

• Estimate the Volume and Location of Soils Exceeding RBCA Standards



Model Development – Optimize the Removal Corridor

Why Copper?
• Of the five COCs, copper has the highest leachable concentration in alluvial materials. 

The highest copper SPLP concentration is 37,300 μg/L. The next highest leachable 

concentration is a zinc concentration at 27,600 μg/L. 

• Locations of higher copper leachability generally correlate well with the locations of 

higher cadmium, lead, and zinc leachability.

• Generally, copper groundwater concentrations either correlate well with cadmium, 

lead, and zinc concentrations or copper shows exceedances where 

cadmium, lead, and zinc show compliance.



Model Development – Optimize the Removal Corridor

COPPER LEGEND
COPPER SPLP CONCENTRATIONS (μg/L)

2 – 12.3* 200 – 1,300**

12.3 – 100 1,300 – 10,000

100 – 200 10,000 – 37,300 

* GROUNDWATER REMEDIAL GOAL (2006 ROD, TABLE 8-1) 
** IN-STREAM CHRONIC SURFACE WATER PERFORMANCE 
STANDARD (2020 ROD AMENDMENT, TABLE 1)

Removal Corridor from the
Consent Decree

Optimized Removal Corridor

Approximate Leachable Copper
Source Volume



Model Development – Bottom of Waste

Question 1: What is the Waste Criteria

Question 2: Where is the Bottom of Waste According to the Data?

Question 3: If we model the Individual COCs and Combine the Waste 

Volumes, Where is the Bottom of Waste?

Question 4: How to Make a Constructable Bottom of Waste Surface?

Question 5: How do We Confirm the Efficacy of the Excavation Surface?



Model Development – Bottom of Waste

Waste Criteria:

No. Combination of COCs

1 Arsenic – Cadmium – Copper

2 Arsenic – Cadmium – Mercury

3 Arsenic – Cadmium – Lead

4 Arsenic – Cadmium – Zinc

5 Arsenic – Copper – Mercury

6 Arsenic – Copper – Lead

7 Arsenic – Copper – Zinc

8 Arsenic – Lead – Mercury

9 Arsenic – Lead – Zinc

10 Arsenic – Zinc – Mercury

11 Cadmium – Copper – Mercury

12 Cadmium – Copper – Lead

13 Cadmium – Copper – Zinc

14 Cadmium – Lead – Mercury

15 Cadmium – Lead – Zinc

16 Cadmium – Zinc – Mercury

17 Copper – Lead – Mercury

18 Copper – Lead – Zinc

19 Copper – Zinc – Mercury

20 Lead – Zinc – Mercury

21 Any COC Over 5,000 mg/kg



Model Development – Bottom of Waste

Modeling the Bottom of Waste:
• Step 1: Determine the Bottom of Waste in the Data
• Step 2: Connect the Bottom of Waste Points in the Data
• Step 3: Model the COC Concentrations
• Step 4: Combine the Waste Volumes Determined by the Data and Modeled 

Concentrations
• Step 5: Add in Any Other Waste Volumes
• Step 6: Create a Block Model with the Total Waste Volume
• Step 7: Create a Point File at the Interface between Waste and Unimpacted Material
• Step 8: Create a Bottom of Waste Surface from the Point File
• Step 9: Smooth out the Bottom of Waste Surface, Add Safe

Excavation Slopes, and Account for the Creek Design to Make an 
Excavation Surface



Model Development – Bottom of Waste
No. Combination of COCs

1 Arsenic – Cadmium – Copper

2 Arsenic – Cadmium – Mercury

3 Arsenic – Cadmium – Lead

4 Arsenic – Cadmium – Zinc

5 Arsenic – Copper – Mercury

6 Arsenic – Copper – Lead

7 Arsenic – Copper – Zinc

8 Arsenic – Lead – Mercury

9 Arsenic – Lead – Zinc

10 Arsenic – Zinc – Mercury

11 Cadmium – Copper – Mercury

12 Cadmium – Copper – Lead

13 Cadmium – Copper – Zinc

14 Cadmium – Lead – Mercury

15 Cadmium – Lead – Zinc

16 Cadmium – Zinc – Mercury

17 Copper – Lead – Mercury

18 Copper – Lead – Zinc

19 Copper – Zinc – Mercury

20 Lead – Zinc – Mercury

21 Any COC Over 5,000 mg/kg

SURFACE

BOREHOLE DATA BOTTOM OF WASTE

VOLUME

WASTE

BLOCKS

WASTE

UNIMPACTED

POINTS

BOTTOM OF WASTE

SURFACES

BOTTOM OF WASTE SURFACE

LEGEND

INVESTIGATION LOCATIONS

EXCAVATED UNIMPACTED MATERIAL

BOREHOLE DATA

MATERIAL PASSES WASTE CRITERIA

MATERIAL FAILS BECAUSE COC 

CONCENTRATIONS FAIL THE WASTE CRITERIA

SURFACE

EXCAVATION

VOLUME

EXCAVATED UNIMPACTED MATERIAL

SURFACE

BOREHOLE DATA BOTTOM OF WASTE
MATERIAL TYPE

SLAG

DEMOLITION DEBRIS 

OTHER

ATO (ALLUVIUM, TAILINGS, AND ORGANIC SOILS)

LEGEND

INVESTIGATION LOCATIONS

BOTTOM OF WASTE DETERMINED

BOREHOLE DATA

MATERIAL PASSES WASTE CRITERIA*

MATERIAL FAILS BECAUSE COC 

CONCENTRATIONS FAIL THE WASTE CRITERIA

LEGEND

INVESTIGATION LOCATIONS

BOTTOM OF WASTE DETERMINED

BOTTOM OF WASTE NOT DETERMINED

BOTTOM OF WASTE NOT EVALUATED

BOREHOLE DATA

MATERIAL PASSES WASTE CRITERIA*

MATERIAL FAILS BECAUSE COC 

CONCENTRATIONS FAIL THE WASTE CRITERIA

MATERIAL FAILS BECAUSE OF MATERIAL TYPE

MATERIAL FAILS BECAUSE ONE COC 

CONCENTRATION FAILS THE MAX WASTE CRITERIA



Model Development – Bottom of Waste

Determining Efficacy of Excavation Surface:



Model Development – Soil Lithology Model

LEGEND

LOAM

LOAMY SAND

SAND

SANDY LOAM

SILTY CLAY

SLAG

A

A’ A

A

A’

A’



PERCOLATION RATE AREAS (PRE-RA)

VEGETATED AREA (VA)

INDUSTRIAL AREA 1 (IA1)

INDUSTRIAL AREA 2 (IA2)

INDUSTRIAL AREA 3 (IA3)

INDUSTRIAL AREA 4 (IA4)

Model Development – Supporting Infiltration Estimates

A

A

A

A

A’

A’

A’ A’

LEGEND

LOAM

LOAMY SAND

SAND

SANDY LOAM

SILTY CLAY

SLAG

PERCOLATION RATE AREAS (POST-RA)

POST-RA BRW AREA



Model Development – Hydrocarbon Impact

MATERIALS OUTSIDE THE 
EXCAVATION CONTAINING TOTAL 
EXTRACTABLE HYDROCARBON 
(TEH) CONCENTRATIONS 
GREATER THAN 100  AS 
MODELED IN LEAPFROG.

HYDRAULIC CONTROL 
ALIGNMENT



Model Development – Hydrocarbon Impact
LEGEND

VOLUMES

VOLUME OF SOILS EXCEEDING THE TABLE 2 RBCA STANDARDS AS MODELED IN LEAPFROG

INVESTIGATION LOCATIONS

INVESTIGATION LOCATION HYDROCARBON CONCENTRATIONS DO NOT EXCEED RBCA STANDARDS

INVESTIGATION LOCATION HYDROCARBON CONCENTRATIONS EXCEED RBCA STANDARDS



Questions


