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June @ 9300’
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June @ 10,000’
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Preferential Pathways!
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Other potential sources 
exist in study area

Natural loading may be 
high (Background)

Limited impacts in GW 
below impoundments
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High Resolution 
Surface Water 

Sampling

Tracer test

Equal Discharge 
Increment channel 

sampling 

Identification of Seeps 
below the water table

FO-DTS to identify 
sampling targets

Evaluation of deep 
groundwater pathway

Geophysical 
investigation

Seep sampling
20



•

•

•

•

21



22

Upstream
Mill Area

Central 
Aquifer

Flow

Preliminary Zinc Load

Slide Courtesy of Rob Runkel, USG

Red Seep 
Area



Equal Discharge Increment Sampling
Left Right or Center?

divide transect into thirds based on streamflow
sample at midpoint of each third (L, R, C samples)

1/3
1/3 1/3

Slide Courtesy of Rob Runkel, USGS



Equal Discharge Increment Sampling

Right Bank Seep
Zn = 27.4 mg/L

Red Seep
Zn = 19.1 mg/L

Central Aquifer 
Groundwater?

Slide Courtesy of Rob Runkel, USGS



High Resolution Sampling Results

Flow
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Slide Courtesy of Rob Runkel, USG

Upstream Mill Area Central 
Aquifer

Impoundment 4 Downstream



•

•
•

•

•
•

•
• 26

Data Release: Near-Surface geophysical data collected 
along streams near Silverton, CO, USA. 2020. 
DOI:10.5066/P97HDPAY



GEM2 FDEM Geometrics G-858 
Magnetometer

FO-DTS
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Moderate EC Near 
Seeps

High EC Near GW 
Impacts
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Magnetic Anomaly near 
Tributary input

Magnetic Anomalies near 
tailing deposition areas
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(a) Absolute temperature (6:37 pm, 9/13/2021)

(b) Absolute temperature (6:07 am, 9/14/2021)

(c) Standard deviation (raw)

(d) Standard deviation (high pass)

GW discharge relatively low temperature in evening
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GW discharge relatively high temperature in morning

GW discharge relatively low standard deviation

GW discharge relatively low standard deviation

small
medium
large

(<-0.5 “very 
large” not 
shown)

FO-DTS Data 
Interpretation

• GW Temperature is 
relatively constant

• SW temperature varies 
throughout the day

• Standard Deviation of 
temperature data is low 
near GW discharge 
zones

• Seep size can be inferred 
from standard deviation
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Very large (-1.0 – -0.5)

Large (-0.5 – -0.1)

Medium (-0.1 – -0.05)
Small (-0.05 – -0.02)

Relative standard deviation (°C)

White salts observed

Red Seep begins

Mayflower Impoundment #4

Mayflower 
Impoundment #2

Mineral vein

Animas River

Red seep water

(a) Relative groundwater discharge from FODTS

(b) Temperature anomalies south of Boulder 
Gulch and along a mineral vein

(c) Temperature anomalies near 
Blair Gulch and the Red Seep

(d) Photograph of discharge from the red seep
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SEEP SAMPLING ADDITIONAL GW 
INVESTIGATION/DELINEATION

INVESTIGATION OF POTENTIAL 
TAILINGS DEPOSITION AREAS
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Fiber Optic Distributed Temperature System (FODTS)

Voytek, E.B., Drenkelfuss, A., Day-Lewis, F.D., Healy, R., Lane, Jr., 
J.W. and Werkema, D., 2013 

Thermal anomaly 
indicates non-flowing 
ephemeral tributary.
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STRENGTHS:
• Direct temperature measurement of streambed (not possible with thermal infrared)
• High spatial resolution (~0.25 to 1 m linear)
• High precision (0.01 oC) potential
• Large scale (10 km possible, <5 km common)
• Continuous measurement (in time and space) 
• Continuous data download (no retrieval/disturbance)

LIMITATIONS:
• Fiber is glass – can be damaged
• Deployment can be labor-intensive
• DTS systems are costly ($25-50K) 
• Require calibration and field verification with conventional measurements; 

georeferencing

Slide Courtesy of Dale Werkema, EPA ORD
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