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Interlayering cﬁan%m.@ ganics

Trapped gas
Vegetation zones :
Stage changes — shoreline movements

“Conduct basic and problem oriented hydrologic
research.in support of the mission of the USGS”

Hydrogeology of lakes, wetlands, and streams

Investigate the spatial and temporal variability of
groundwater surface-water exchange

National Research Council Major Findings

1. Our ability to quantify spatial and temporal
variability in recharge and discharge is
inadequate and must be improved.

2.The roles of groundwater storage, and

recharge and discharge fluxes in the climate
system are poorly understood.

3. Better measurements are needed as well as
better ways to scale measurements

Geological
controls
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Fig. 5. Three-dimensional schematic drawing of the
hypothesized situation at Trout Lake showing a coarse
lens intersecting the lakebed,

Krabbenhoft and Anderson, 1986, Ground Water


http://books.nap.edu/openbook.php?record_id=10891&page=R6
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Water surface

The origi;th] half-

/ﬂ ™ barrel seepage meter
Bag David Lee, 1977, Limnology and
k Oceanography

Seepage cylinder

Water
Sediment

* Direct measurement of flux

* Measure flows from ~0.1 to
~500cm/d (1 0 5x10°°
m/s)

* Modified versions can

measure down to ~0.00001
cm/d or up to 5000 cm/d or
more
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How?

~Seepage run
“Measure hydraulic properties

[

Techniques and Methods 4-D2

U Doparment of the forie
US Geaogica Samey

“Wells & SW stage
+Portable wells

-Seepage meters

+Aerial imagery

~Towed probes

“Electrical resistivity profiling
g.. Supersting

«Towed surface array

«Array planted on bed
“Biological indicators
*Water budgets (GW as residual

Rosenberry, 2005,
Limnology and

Oceanography-Methods:
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Why is this import Mircor Lake

* More water is lost via GW
than via the outlet

+ Greater flushing rate —
implications for water
guality and road-salt

But how to
scale up?
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Gagliano et al., 2009, SAGEEP

Mitchell et al., 2008, SAGEEP
Rosenberry, 2005, L&O-Methods
Rosenberry & Morin, 2004, Ground Water

Electrical resistivity profiling :
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GPS

Mitchell et al., 2008, SAGEEP
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Red Rock Lakes,Montana

A eliargest US trumpeter swan rookery-outside.
of Alaska

Relate seepage measurements to resistivity profiling

Seepage Data kL Sl T
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Spatial variabiliy

But how can we find
these things?

Nose cone — front, side, or
bottom-view
color or IR camera




Heterogeneity is a bigger problem yet: in fluvial settings

floodplain meander
Donald Rosenberry.
US Geological Survey
Denver, Colorado, USA

Seepage meter modified |
for use in flowing water
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Rosenberry, 2008, J.Hydrology
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T
Seepage is fast
 Spatial variability is
large
* Hetergeneity is hugely
" controlled by bed
| topography
& L

If you can map the bed you can have
a good idea of hyporheic exchange

Median seep. = 24 cm/d
Range is + 237 to -340
Downward seep. 8 locs.
Upward seep. 16 locs.
Med. down = -12 cm/d

Med. up = +60 cm/d ! Rosenberry & Pitlick, 2009, Hydrological Processes
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GW discharge versus
hyporheic exchange Cronin et al., 2007, Freshwater Biology
McCutchan et al., 2002, Limnology and Oceanography
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Nitrification/denitrification Rosenberry et al., 2012, Hydrol. Proc

Temporal variability affects Tempo ral But does this matter?

* Physical conditions in the substrate variabili‘ry and if so, on what temporal scale?
* Geochemistry

* Biology

Steady state would Lake Oneida, NY
miss this transience
and the resulting
effects on chemistry
and biology

Schneider et al., 2005,
JHydrol.
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It depends (whenwill it Individual seepage meter Reinforced by

52 53 : :
averaging multiple
1?
Flux rate (cm/d) Bag-attachment tirr ever end!? 5.2 8.7

0.85 0.49 measurements and
0.1 0.25 to 2 days g [4] [6] (4] [6]

report the mean
1 to 10 hours Rosenberry, 2005, Limnology and Oceanography-Methods

10 to 60 minutes
1 to 10 minutes Table 1

30 to 90 seconds Statistical Summary of Specil harge Using Adjusted 1999 S pe harge Measurements

Medion  Mean  Standard Deviation  Standard Error OV (%) Masimsn  Misimum

All (sdjus ey (RS o3 oe 172 e
1999 (acjusted) 03 04l 031 0@ 141 -001
0 017 02 030 0@ 172 002

e Temporal variability is ! Erye— =

time integrated. y E Simpkins, 2006, Ground Water
*This measurement = — e 1. Average seepage rates (410, #{3) Jor 4 stations in the Indian River Lagoon.

method leads to the S = Average Seepage (cm/day)

- 11-12 May 2003 1112 june 2003 12-14 July 2003 25-27 Sept 2003

concept that seepage

rates change very |

little. : = st 12 V51 289 in i

Cable et al., 2006, Limnology and Oceanography-Methods

rate = rate + rate + rate =

Flowmeter 4 Automated sensors
mounts

provide much greater
temporal resolution

ESM and piezometer
used in conjunction

Thunderstorm and wind

—Seepage 16 mm rainfall
rate
—Lake stage ]

&
&
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Seepage, cm/d
Relative lake stage, cm

2-min. averages

Rosenberry & Morin, 2004 Ground Wate
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2 Shingobee Lake, MN

Small 4 mm rainstorm
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20
Seepage response is fast
and substantial even with
only 4 mm of rain.

Chemical loading could
come viarelease of
chemicals in near-shore
sediments with a bigger rain.
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No response to rainfall?
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Could be reversals in flow if
seepage is slow
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Residence time implications

Biological and geochemical
implications
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“_"“. .. One of the Western
Hemisphere’s-most important
migratory-bird habitats.”

“. .. The formation of a multi-

+ agency task force to determine
levels of anthropogenic
compounds, including
selenium”

Utah DWQ

S . s

3 5 Who knows?

Shingobee River

—ESM2

— ESM2 sD
River stage, cm

Powereddownto -7 |
change battery

Seepage. cm/day
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Rel. river stage

Rel. river stage, cm.

Seepage, cmiday

Average seepage =

0.29 cm/day
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Bioirrigation
Freshwater bioirrigation

Lincar :
rigating organism velocity, *Rusty crayfish
Species an day'
Caifanassa sp. 02 eLakes in Minnesota
UYpogebia affints (2) 22 . .
*No crayfish were harmed in the

collection of these data

Arerscola maren
Digpatra cupreo

Cable et al., 2006,




Spawning
redds

ssie. 2003, Ground Water
' River Research and

~Soulsby etal. 2001. Regulated Rivers: Research &
Management
axter and Hauer. 2000. Journal of Fisheries and~

Aquatic Seience F

Baxter and McPhail. £999. Canadian Journal of
Zoology

Garrett et aJ 1998. JDumaQ ‘of Fisheries Management

»-Pitlick and Van Steeter. 1998. Water Resources.
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If sediments are contaminated, ca
fry to contaminants?

Until nighttime when river stage drops and
seepage becomes upward

5/280:00 5/286:00

So who cares?

Plants

Benthic invertebrates
Endangered species
Fish

Ecologists

Geochemists

Geomorphologists

Engineers (and water suppliers)
Hydrologists and hydrogeologists
Resource managers

The public!
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Water surfac

—__ The original half-

/ ™ barrel seepage meter
Bag / David Lee, 1977, Limnology and

N /‘ Oceanography

Seepage cylinder

Water

* Direct measurement of flux

* Measure flows from ~0.1 to
~500 cm/d (1078 to 5x1I
m/s)

* Modified versions can
measure down to ~0.00001
cm/d or up to 5000 cm/d or
more

But seepage can
vary substantially
over time in some
places
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Rosenberry & Pitlick., 2009, Hydrological Processes
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Great Salt Lake, UT
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Output in a controlled environment
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