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DEVELOPING EFFECTIVE CONCEPTUAL SITE MODELS

• CSM needs to be informed by 
knowledge of several 
components
‒ Site hydrology 
‒ Contaminant transport 

characteristics 
‒ Ecological exposure endpoints

• Interaction of these factors 
dictates location and magnitude 
of exposure



• Hydraulic connection 
between GW plume and 
surface water body

‒ Does it exist?

‒ If so, is it continual or 
episodic?

‒ When connected, does 
the direction of water 
exchange vary?

• Questions need to be 
addressed to understand 
timing and location of 
exposure



• Gaining streams are 
common in the eastern US

• Losing streams are common 
in recharge areas 
(headwaters), arid areas 
(West), and karst regions (SE) 

• Disconnected streams are 
common in arid regions 
(Western US) 

• Many streams have both 
gaining and losing reaches



• Common to have deep unsaturated 
zone

• May be episodic for semi-arid climates 
with extended dry-wet periods

• Need to develop good understanding 
of local GW table elevation and 
seasonal variation
‒ Episodic (e.g. quarterly) manual measurements of GW 

table insufficient to assess situation

Disconnected
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Equal Discharge Increment Sampling
Left Right or Center?

Used to identify sources of SW loading
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 
Discharge

Slide Courtesy of Rob Runkel, USGS
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Rosenberry et. al, 2008. 
https://pubs.usgs.gov/tm/04d02/pdf/TM4-D2-chap2.pdf



• RIVER GRADIENT AFFECTS CHANNEL MORPHOLOGY

• HIGH GRADIENT RIVERS ARE OFTEN STRAIGHT

• BRAIDED RIVERS DEPOSIT LOTS OF SEDIMENT 
(BASE OF MOUNTAINS)

• MEANDERING RIVERS OCCUR AS THE 
GRADIENT FLATTENS 

• GW/SW INTERACTIONS ARE AFFECTED BY AQUIFER 
AND STREAMBED HETEROGENEITY

13
Nyberg, B., Henstra, G., Gawthorpe, R.L. et al. Global scale analysis on the extent of river 
channel belts. Nat Commun 14, 2163 (2023). https://doi.org/10.1038/s41467-023-37852-8
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Conant, Cherry, and Gillham, 2004.  Journal of Contaminant Hydrology, 73, 
249-279.
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• Ground Water and Surface Water, A Single Resource
U.S. Geological Survey Circular 1139
https://pubs.usgs.gov/circ/circ1139/

• Field Techniques for Estimating Water Fluxes Between Surface 
Water and Ground Water

U.S. Geological Survey Techniques and Methods 4-D2
https://pubs.usgs.gov/tm/04d02/

• EPA GW/SW Contaminant Flux Toolbox

• ERAF and GWF white paper on GW/SW interactions

https://pubs.usgs.gov/tm/04d02/
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=359615&Lab=CESER
https://www.epa.gov/sites/default/files/2015-09/documents/eco_update_08.pdf


Site History
Conceptual Site Model
Data indicating GW/SW interaction may be significant 
Data needs 
Tools
Results 
CSM updates/considerations 
Next Steps
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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 
discharge zones below 

the water table
FO-DTS to identify 
sampling targets

Evaluation of deep 
groundwater pathway

Geophysical 
investigation

Seep sampling
34
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Upstream
Mill Area

Central 
Aquifer

Flow

Preliminary Zinc Load

Slide Courtesy of Rob Runkel, USGS

Red Seep 
Area



High Resolution Sampling Results

Flow
37

Slide Courtesy of Rob Runkel, USGS

Upstream Mill Area Central 
Aquifer

Impoundment 4 Downstream
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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

39

Slide Courtesy of Dale Werkema, EPA ORD
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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

43

Slide Courtesy of Dale Werkema, EPA ORD



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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Slide Courtesy of Dale Werkema, EPA ORD
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SEEP SAMPLING ADDITIONAL GW 
INVESTIGATION/DELINEATION

INVESTIGATION OF POTENTIAL 
TAILINGS DEPOSITION AREAS
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