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DEVELOPING EFFECTIVE CONCEPTUAL SITE MODELS

- CSM needs to be informed by — e
knowledge of several s == |
components \

-

— Site hydrology

— Contaminant tfransport
characteristics

— Ecological exposure endpoints

Interaction of these factors

dictates location and magnitude
of exposure




EFFECTIVE CSMS - SITE HYDROLOGY ISSUES

« Hydraulic connection
between GW plume and
surface water body

— Does it existe

— Ifso, Is it contfinual or
episodic?

—  When connected, does
the direction of water
exchange varye

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




A. Gaining stream

Water_;téblé“ 0

B. Losing stream (connected)

GAINING AND LOSING STREAMS

: 'ane of

] 7 | Water table g%:Q 12 ---

C. Losing stream (disconnected)
Copyright © 2005 Pearson Prentice Hall, Inc.

I

Zone of
aeration

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



DISCONNECTED STREAMS

« Common o have deep unsaturated
Zone
 May be episodic for semi-arid climates
— with extended dry-wet periods
* Need fo 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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FLOW IN A STREAM

e STREAM DISCHARGE = AREA X VELOCITY

e USED TO HELP IDENTIFY GAINING AND
LOSING REACHES

In each subsection:

 VELOCITY CAN BE MEASURED IN A VARIETY i Area = Depth xWidth

Velocity

O F WAYS Depth Discharge = Area x Velocity




MASS FLUX
MEASUREMENTS

e NEEDED TO ENSURE EXPOSURES
SCENARIOS IN RISK ASSESSMENT ARE

ACCURATE

 NEEDED FOR REMEDIAL DESIGN
* TARGET AREAS OF HIGH FLUX

e FLUX = CONCENTRATION X FLOW
RATE




MASS FLUX ESTIMATION

DIRECT MEASUREMENTS OF FLUX
e SEEPAGE METER

e  DIFFUSION METHODS

HEAT BASED METHODS
e (CAN ESTIMATE FLUX WHEN COMBINED WITH MODELING AND CONCENTRATION DATA
e DISTRIBUTED TEMPERATURE SENSORS

e |BUTTON TEMPERATURE LOGGER

MASS BALANCE APPROACHES
* |NCREMENTAL STREAMFLOW
» SURFACE WATER OR GROUNDWATER TRACERS

 POINT VELOCITY PROBE

METHODS BASED ON DARCY'S LAW
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MASS FLUX
USING SW DATA

—&— Low flow
—&=—High flow

Arrastra Creek-{a '
Lacawana Bridge
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DISTANCE ALONG STUDY REACH, IN METERS

e DATA COLLECTED USING SW FLOW DATA AND
ANALYTICAL SAMPLES FOR CONCENTRATION.

* SURFACE WATER DATA SHOWS MOST OF THE
FLOW INCREASE IS FROM TRIBUTARIES

 LOADING PROFILE SHOWS METALS LOAD IN
SURFACE WATER

* |NTERPRETATION ALLOWS FOR GW LOAD TO BE
ESTIMATED.

Distance [m]



Equal Discharge Increment Sampling
Left Right or Center?

~ Used to identify sources of SW loading
r divide transect into thirds based on streamflow

% 3 TN i P

~ sample at midpoint of each thi.rd (L, R, C samples)

TR

Slide Couesy of Rob Runkel, USGS



Equal Discharge Increment Sampling

Stream Center
o—o Stream Right

®—©® Stream Left

Sulfate [mg/L]

Red Seep
In=19.1 mg/L

Right Bank Seep
In=27.4mg/L

Distance [m]

Flow

Cenftral Aquifer
Groundwater
Discharge

Slide Courtesy of Rob Runkel, USGS



BEWARE OF DARCY'S LAW

* Q= -KIWHERE Q = FLUX, K =
HYDRAULIC CONDUCTIVITY, AND | =
GRADIENT

* RELIES ON ESTIMATES OF HYDRAULIC
CONDUCTIVITY AND GRADIENT

« COMMONLY USED APPROACH, BUT
OFTEN DOES NOT PROVIDE
INFORMATION AT THE SCALE REQUIRED
FOR REMEDIAL DECISIONS

Rosenberry et. al, 2008.
https://pubs.usgs.gov/tm/04d02/pdf/TM4-D2-chap?2.pdf



RIVER CHANNEL MORPHOLOGY

* 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

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

Straight River
ingle-threaded)

Valley Confined
Channel Belt
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I U TTI N G IT A L L (a) Streambed St with Clay or Poat Explanation
Surficial L it with Sand or Graved or Cobbles

fia i an ilt with Clay of Pe 1 GFR irensacls October 1988
(;E“I“ﬂ-}' e e e e % Sol Core Location

E Sard ard Sill
O G H E R - =.::-:| . f— Gy River ransect line and stahs labeks
I E I ' =] Sand and Grave! .
f a o = Movth
|| . i [ Sand and Graval wilh Cobbles or Boulders W —
") J
’ = t
| ¢ J

e HETEROGENIETY IN
AQUIFER AND
STREAMBED BOTH
AFFECT CONTAMINANT
DISCHARGE AREAS

Wasl-Cantral
Discharge Area

e MANY TECHNIQUES
AVAILABLE TO GET THE
SAME INFORMATION

« CSM AND SITE EoulliCmtn

Dischange Area

CHARACTERISTICS Low-Flow Band

SHOULD BE USED TO (b) Discharge oW e | 22 St e
Ihrough the  Flux caloulation location { ; Ly Senall Sprig
GUIDE APPROACH Streambed =50 Flux contour labed Limy a0 '

u] B ilm

Fig. 3. (@) Map ol surficial geology ol the sreembed and {b) mep of verbcal weder Huxes through the sresmbed

lor Fehmery 1999,

Conant, Cherry, and Gillham, 2004. Journal of Contaminant Hydrology, 73,
249-279.



FREE RESOURCES

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
hitps://pubs.usgs.gov/tm/04d02/

EPA GW/SW Contaminant Flux Toollbox

ERAF and GWF white paper on GW/SW interactions

3/19
/202


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

OUTLINE

Site History

Conceptual Site Model

Data indicating GW/SW interaction may be significant

Data needs

Tools

Results

CSM updates/considerations

Next Steps

16




BONITA PEAK
MINING
DISTRICT OUZ

e LARGE MINE WASTE REPOSITORY
e ADJACENT TO ANIMAS RIVER




MAYFLOWER MILL

FLOTATION MILL
1929-1991
PROCESSED ORE FROM >60 MINES

18



IMPOUNDMENTS

e 4 IMPOUNDMENTS

* IMPOUNDMENT 1 BUILT
IN 1935

* IMPOUNDMENT VIA
SLURRY

LEREy
t"b

R
SN
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June @ 9300'




June @ 10,000’



CONCEPTUAL SITE
MODEL

Intended Decision
Reuse Criteria
Geology and ; Pathway-
Hydrogeolo Receptor
i il Network
PAST USE

Previous Potential
PREVIOUS INVESTIGATIONS

MEDIA AND TRANSPORT

(GEOLOGY AND HYDROGEOLOGY)
“ e
Strategy

23



GEOLOGY

“CALDERA RING FAULTS AND ASSOCIATED
VEINS OF THE EUREKA GRABEN AND RADIAL
VEIN STRUCTURES NEAR THE MARGIN OF THE
NESTED SAN JUAN AND SILVERTON
CALDERAS ARE LATERALLY AND VERTICALLY
CONTINUOUS..."

“THUS, THESE FEATURES MAY BE IMPORTANT
GROUNDWATER FLOW PATHS."

(YAGER AND BOVE, 2007)

24



GROUNDWATER
SYSTEMS

3 AQUIFERS

ALL LIKELY DISCHARGE TO
SURFACE WATER

NUMEROUS SIGNIFICANT SEEPS




C MTMW-3E
spring: 840

MTHY=31

Zn Sprifg: 380
Zn Fall: 184

Zn gecmean: 23

MTRW-AT

In Spring: N
Zn Fall: Np

Zn gecmean: 39

Lower Zone ¢

WIT WY -24
rin

Im B

q: 3640

En Spring: #0910
Zm Fall: 1440
Zn geomean: 1670

MILL AREA

PERCHED AQUIFER OVER
BEDROCK

CLOSED BASIN
BEDROCK SEEPS

26



S MTMW-43B
- 102

| MTMW-38A e
1-16

MTMWY-4

0:22

MTMW-8

TG WESTERN
GROUNDWATER
SYSTEM

2 MTMW-Z0A
=118

MTMW-18
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S PZ:55-23

MTMW:49A -
. : : e MTMW-498
- . F ; = - £ 4 < \ A '_I 4 A - "‘ —
3 5 . e g el S % i (v . C MIMWO S T a—— = MTMW-37
‘I 9 3 : : T . - L y TMTMW-26—————% & :
; 2 . y . 3 % \ : - MTMW-38A .
T : e k Former Ponds =
; < (now reclaimed) :

/MTMW-56

* BEFORE REALIGNING RIVER (AND
ROAD)

* NUMEROUS SPRING CREEKS AND
SIDE CHANNELS

— - " ‘ E,
Historie Channel e
- &t g oy

Preferential Pathways!




thed,

PREVIOUS INVESTIGATION RESULTS
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SURFACE WATER
ZINC
CONCENTRATIONS

DOWNSTREAM

* SITEWIDE RISK DRIVER

 OVERALL GOAL TO DECREASE
ZINC LOAD IN RIVER

» (CONCENTRATIONS INCREASE NEAR
OBSERVED SEEPAGE

FLOW
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GROUNDWATER

AN @
CONCENTRATIONS

» (GREATEST GROUNDWATER
IMPACTS ALONG PREFERENTIAL
PATHWAYS

* POREWATER IMPACTS NEAR
KNOWN SEEPS

po - ’
e from a PP27 under 10" of water, 12" into the.
sediments. 2
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DATA INDICATING GW/SW MAY
BE SIGNIFICANT

e PROXIMITY

 SITE HISTORY

* FAULTING AND FRACTURED BEDROCK

* SEEPS

« GW POTENTIOMETRIC SURFACE MAPS

* SURFACE WATER LOADING PROFILES
 GROUNDWATER CONCENTRATION MAPS

32



OTHER
CONSIDERATIONS

A

KX]



High Resolution
Surface Water
Nelgglelligle

|dentification of
discharge zones below——-
the water table

Evaluation of deep |
groundwater pathway

DATA NEEDS

34




TRACER TEST
SAMPLING
LOCATIONS

 MORE ACCURATE
ESTIMATE OF STREAM
FLOW

* (CONSTANT TRACER
INJECTION RATE

 BROMIDE

e DILUTION USED TO
DETERMINE FLOW




Zn load [mg/s]

Preliminary Zinc Load PRELIMINARY TRACER
TEST RESULTS
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Flow
Slide Courtesy of Rob Runkel, USGS



High Resolution Sampling Results

@@ Stream
<4 Left bank inflow
<] Left bank inflow (< detect)
P Right bank inflow
[> Right bank inflow (< detect)
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Upstream  Mill Area iggl’:crgrl Impoundment 4 Downstream 74
Flow

Slide Courtesy of Rob Runkel, USGS



GEOPHYSICAL
CHARACTERIZATION
APPROACH

* FIBER OPTIC DISTRIBUTED
TEMPERATURE SENSOR (RED/GREEN)

« GW DISCHARGE
* ELECTROMAGNETIC SURVEY (WHITE)

e BULK ELECTRICAL
CONDUCTIVITY

« FLUIDS + SOLIDS
* MAGNETICS SURVEY (WHITE)

 FERROUS MATERIALS
 SOLIDS

Data Release: Near-Surface geophysical data collected

38

along streams near Silverton, CO, USA. 2020.
DOI:10.5066/P97HDPAY



GEM?2 FDEM Geometrics G-858
Magnetometer

39

Slide Courtesy of Dale Werkema, EPA ORD



GEM2 APPARENT ELECTRICAL CONDUCTIVITY

g.-,hgﬁ EC Near G\Q/‘
Impt:ic?s “

o " Mode[g’r EG Near .
— &eeps % ?




MAGNETIC SUSCEPTIBILITY

L ‘ y
o\
e N
i' 1a
¢ ’ {
2 Magnetic Anomaly near ‘
Y Tributary input ‘

gnetic Anomalies near
tailing deposition areas




FIBER OPTIC-DISTRIBUTED
TEMPERATURE SENSORS

TEMPERATURE CAN AFFECT GLASS FIBERS AND LOCALLY

CHANGE LIGHT TRANSMISSION CHARACTERISTICS OF THE
FIBER

GIVES NEARLY CONTINUOUS TEMPERATURE
MEASUREMENTS

IDENTIFY HETEROGENEITY IN STREAMBED AND IDENTIFY
AREAS OF ENHANCED SEEPAGE
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a) Absolute temperature (6:37 pm, 9/13/2021

0)
D
- FO-DTS Dato
o
Q — °
W disch . . ,
E) G dlscﬁ-fjrge rjlijhvelyqlﬁo-w ’rerrj_p?ero’ruriln evenrﬂwjng | n -I-e rp re-l-O -|-I O n
b) Absolute temperature (6:07 am, 9/14/2021
05) <«— GW discharge relatively high temperature in morning
D —
— U .
T « GW temperature is
15 relatively constant
. ¢) Standard deviation (raw V¥ iemperaiure vaires
k) throughout the day
o9 . . o « Standard deviation of
5 <«— GW discharge relatively low standard deviation temperature data iS low
E X .
9 e 0 o o o 00 near GW discharge
Z0Nes
- d) Standard deviation (high pass
o) . .
5 small « Seep size can be inferred
> medium i~
O s from standard deviation
© L
o 43
-g (<-0.5 “very
o - . i large” not :
& distance (meters) shown) Slide Courtesy of Dale Werkema, EPA ORD



.-

Relative standard deviation (°C)I

* Very large (-1.0 —-0.5)

Large (-0.5 --0.1)
Medium (-0.1 —-0.05)
Small (-0.05 - -0.02)

e NMineral vein

L"'# g
de Courtesy of Dale Werkema, EPA ORD




UPDATED CSM

e MULTIPLE LINES OF EVIDENCE
SUGGEST IMPOUNDMENT 4 IMPACTS
GW AND SW

* MINERAL VEINS LIKELY PREFERENTIAL
GW DISCHARGE ZONES

» GW SEEPS ARE MORE PREVALENT
ABOVE IMPOUNDMENT 4

e NORTH TRIBUTARY TRANSPORTS
LARGE AMOUNTS OF MAGNETIC
MATERIAL (TAILINGS)

45



NEXT STEPS

SEEP SAMPLING ADDITIONAL GW INVESTIGATION OF POTENTIAL
INVESTIGATION/DELINEATION TAILINGS DEPOSITION AREAS

46



ACKNOWLEDGEMENTS

» DALE WERKEMA (EPA ORD)
* NEIL TERRY (USGS)

* ROB RUNKEL (USGS)

*  MARTIN BRIGGS (USGS)

» STEVEN DYMENT (EPA ORD)

» FIELD TEAM: KATIE KRUEGER (EPA), CONNOR
NEWMAN (USGS), JAKE KurRzWEIL (MSI), CARLY
BONWELL (MSI), BRETT TROTTIER (USGS), DAVID
ReEY (USGS), KATIE WALTON—DAY (USGS),
JOHANNA BLAKE (USGS), ALAN KIRK (USGS),
LOTIAN Buss (USGS)

EPA SITE TEAM: JESS DUGGAN, ATHENA JONES,
JAMES HOU, JOY JENKINS, CHRISTINA PROGESS,
MIKE FISCHER, ROB PARKER

TECHLAW

CDM SMITH

MOUNTAIN STUDIES INSTITUTE
ALPINE WATER RESOURCES
SUNNYSIDE GOLD CORPORATION
FORMATION ENVIRONMENTAL

47



48



	Groundwater/Surface Water Interactions
	Developing Effective Conceptual Site Models
	Effective CSMs - Site Hydrology Issues�
	Gaining and Losing Streams
	Disconnected Streams
	Flow in a stream
	Mass Flux Measurements
	Mass Flux Estimation
	Mass Flux using SW data
	Slide Number 10
	Slide Number 11
	Beware of Darcy’s Law
	River Channel Morphology
	Putting it all together
	Free resources
	Outline
	Bonita Peak Mining District OU2
	Mayflower Mill
	Impoundments
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Conceptual site model
	Geology
	Groundwater Systems
	Mill Area
	Western Groundwater System
	1972
	Previous investigation results
	Surface Water Zinc Concentrations
	Groundwater Zinc Concentrations
	Data indicating gw/sw may be significant
	Other Considerations
	Data Needs
	Tracer Test Sampling Locations
	Preliminary Tracer Test Results
	Slide Number 37
	Geophysical characterization approach
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Fiber Optic-Distributed Temperature Sensors
	Slide Number 43
	Slide Number 44
	Updated CSM
	Next steps
	acknowledgements
	Questions?

