Groundwater-surface-water-
atmosphere interactions

Research at the sediment-water interface

= USGS

science for a changing world



NRC Committee —
New/recent challenges

CROUNDWATER FLUXES
ACROSS INTE *i:ﬁA(';LS

COMMITTEE ON HYDROLOGIC SCIENCE'

ERIC F. WOOD, Chair, Princeton University, Princeton, New Jersey
MARY P. ANDERSON, University of Wisconsin, Madison
VICTOR R. BAKER, University of Anzona, Tucson
DARA ENTEKHABI, Massachusetts Institute of Technology, Cambridge
{through December 31, 2002)
MANCY B. GRIMM, Arizona State University, Tempe
GEORGE M. HORNBERGER, University of Virginia, Charloftesville
DENNIS P. LETTENMAIER, University of Washingion, Seattle
WILLIAM K. NUTTLE, Consultant, Ottawa, Ontario, Canada
(through December 31, 2002)
KENNETH W. POTTER, University of Wisconsin, Madison
(through December 31, 2002)
JOHN 0. ROADS, Scripps Institution of Oceanography, La Jolla, California
(through December 31, 2002)
JOHN L. WILSON, New Mexico Tech, Socorro, New Mexico

NRC Staff

WILLIAM 5. LOGAN, Project Director, Water Science and Technology Board
ANITA A. HALL, Senior Project Assistant, Water Science and Technology Board



National Research Council Major Findings

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

NRC 2004

ZUSGS
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NRC No. 1
Spatial and temporal variability

Improved

— Sites should include a wide range of geologic,
climatic, and landscape types

— Sites should be integrated with existing experimental
watersheds

 |nitiate a workshop to guide development of
scientific and implementation plans for
establishment of benchmark sites

NRC 2004

= USGS
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Seapage rates,

Study site

Hubbard

\

0 300

meters

Brook outlet

7
500

New Hampshire

= USGS
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Rosenberry, 2005,
Limnology and
Oceanography-Methods.
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Southwest Shore Seepage Rates and Bathymetry

Mirror Lake, NH

*Losing more water to GW than
over the dam

eDam, you say?

*Young lakebed

-17 to -2 cm/day
-40 to -17
-78 to -40
-204 to -78
-450 to -204 |
- D _
ﬁ’USGS g g ik el Mitchell et al., 2008, SAGEEP

P T T . Bis
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But why here?
Relate seepage to geology

....

. Resistivity + seepage
' will tell us why fast
i seepage is so localized

Carpennic Matter
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Mitchell et al., 2008, SAGEEP
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e Largest US trumpeter swan rookery
-outside of Alaska




Spatial variability




Spatial and temporal variability

West Bear Creek, North Carolina
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meters

K = hydraulic conductivity ; 54 meas. locs.
) : 0 25 50

J = hydraulic gradient

Vv = seepage velocity

C = nitrate concentration

f = nitrate seepage flux

Kennedy et al., 2008, Journal of Hydrology



best worst Spatial and temporal variability

Best and worst o
120 alternate
maps based on
random sub-
sampling
distrubutions

54 meas points 36 meas points 12 meas points
“true” meas.

Kennedy et al., 2008, Journal of Hydrology

= USGS
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Spatial and temporal variability

Seasonal

West Bear Creek, North Carolina

Genereux et al., 2008, Journal of Hydrology

= USGS
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Rainfall (mm day )

R.L. Schneider et al. / Jowrnal of Hydrology 310 (2005) 1-16

B Shackelton Point
Average Seepage

= USGS
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Seepage, cm/d
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Rosenberry, 2008, Journal of Hydrology




$

There’s gotta be
$5 to $50 per measurement a better way!

Time




= USGS
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NRC No. 2
Groundwater and climate change

» Better represent GW in climate models
— More realistic storage parameters
— GW uptake by vegetation
— Fluxes to (and from) lakes, wetlands, and streams

o Study the effects of human use of GW for water supply
on climate
— Regional, continental, global assessments of GW withdrawals
— Assessments of wetlands drained
— Link withdrawals and drainages with climate NRC 2004

= USGS
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Groundwater and climate change

CLIMATE CHANGE
AND WATER

Numerous examples of relevance of
groundwater to climate change and vice
versa

IPCC Technical Paper VI

0g . Annual lowest water-table height

Yi7
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Annual lowest 7-day flow (Q/A) -

.

0 _| [
1960 1970 1980 1990 2000

Brutsaert, 2008, Water Resources Research
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7-day low flow indicates strongest trend Groundwater and climate change

7-day low flow = baseflow = groundwater discharge

4 Red River of then North Basin 4 Rainy River and Tributaries to Lake Superior Basins
3.5 3.5
3 3

g :
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& USGS
s Novotny & Stefan, 2007, Journal of Hydrology
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Groundwater and climate change

7-Day Low Flow Summer

Minnesota River

Red River

1920 1930 1940 1950 1960 1970 1980 1990

2000 2010

80
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191019201930 1940 1950 1960 1970 1980 1990 2000

——North Central —=— North East —+ North West

Novotny & Stefan, 2007, Journal of Hydrology



Groundwater and
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EBULLITION FLUXES PRODUCTION FLUXES
(g CHq m=2) (mg CHy L' yr™1) (mg m=2 d-1)
35

High water table
No chance for oxidation of CH4

LT]

EPISODIC EMISSIONS

roundwater and
climate change
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roundwater and

EBULLITION FLUXES ~ PRODUCTION  FLUXES SUBSTRATES climate change
(g9 CHq m®) (mg CHy L' yrT) (mg m=2d-1) ( yr B.R.)
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Pumping test

Relate gas generation,
storage, and release to
peat hydrogeology



NRC No. 3
Groundwater measurements

and discharge at specific points

NRC 2004

science for a changing world



Measurements

Need to scale measurements and and scale
methods to match the scale of
concern

Nationwide scale

Baseflow separation

0.22240
041087
v 058079
® 0.76-1.00

% USGS Wolock, 2003, USGS OFR 03-146
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Y EERNEINENS
and scale

Regional scale

Ground-water
discharge to Great
Lakes per kilometer
of shoreline

MODFLOW model

Hoaglund et al., 2002, Ground Water




Measurements
)" \“m and scale
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Local Scal e Measurements and scale

Shingobee Lake, MN, USA — GW
flow heterogeneity based on K and
gradients
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Kishel & Gerla, 2002, Hydrological Processes
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Measurements and scale

Kishel & Gerla, 2002, Hydrological Processes



But how to integrate scales?
Aerial imagery

e Usually thermal IR
» Temperature difference between SW and GW needs
to be greater than sensitivity of the film or sensor




Scaling up

Mitchell et al., 2008, SAGEEP



Hood Canal, Puget Sound, WA
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High Resolution

Underwater Resistivity
Hood Canal, WA

Water column at 112m and Resistivity Files - Allen Adams Site Water column at 112m for Peak Tide - Allen Adams Site
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Collected Streaming Resistivity Profiles and continuous Radon along a transect
parallel to the shoreline

Courtesy of Bill Simonds
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“Seepage meters and
Bernoulli’s revenge”

Surface water
Plastic ba : :
2 Shinn et al., 2002, Estuaries

Seepage cylinder

‘ 0.57 m

Sediment

*“Comment on Bernoulli's
revenge” — Corbett & Cable,
2003, Estuaries

« “Exonerating Bernoulli?” —
Cable et al., 2006, L&O

= USGS
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Rosenberry, 2008,
Journal of Hydrology
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= USGS Heat as a Tool for
Studying the Movement
oF rovnd water noar sromme of Ground Water near
Streams

A B. . D.
THERMOCOUFLE THERMISTOR IC SENSOR
[ =4
TEMPERATLIRE TEMPERATURE TEMPERATURE TEMPERATURE
@ | *Calf-powered + High output + Most stable * Mast linear
g * Fugged + High sansitivity + Most azcurata * Highast output
5 » |nexpansive # Fastrasponse * Ineraazing choicas
§ + Simplest to instal + Two-conductor lead 0K + Twoconductor lead OK
a = Low output = Monlinoar = Moet oxponsive = Standardelacking
E *Non linaar * Fragile  Low sensitivity » Requires clean & dry
g 'Huquirusn_i[_aralluu * Requires current source | * Low resistance anvironmeant
E * Least sersitive * Self heating * Requires currant source | » Sdlf heating
= * Loast stable + Salt haating
\ / I
: C.
Circular 1260 f D.
J RTD
i IC Sensor
A. Thermocouple
U.S. Department of the Interior T
U.S. Geological Survey

Stonestrom and Constantz, 2003, USGS Circular B.'_I'harrni_stq—r-|
0

limm

Very inexpensive measurement

= USGS

science for a changing world



Example showing expected temperature response when

stream is losing (Chapter 4, Rosenberry and LaBaugh, 2008, USGS
T&M 4-D2)

PERENNIAL STREAM,

I(‘\w LOSING REACH

One location

Streamflow

Temperature

= USGS

science for a changing world



Another method using temperature mapping of bed

Used the Turcotte and Schubert (1982) analytical
solution to the one-dimensional steady-state heat-
diffusion—advection equation

”---—")-
=] 1 1 1 1 | |

River FI (a) Streambed Temperatures

Direction

ad0
1

Distance m

—2 T(z) = streambed temperature at depth z

1000 1010 1020 1030 1040 1050 T, = fixed temperature at bottom of aquifer

Distance m
T, = temperature at depth O

= | | 1 1 | 1

(b) Fluxes: Analytical Solufion Kis - thermal Conductivity

Flux Lm*d pc; = volumetric heat capacity of the fluid

940

z = depth beneath the sediment-water
interface

Distance m

50

Distance m

= USGS .

25
Discharge

Schmidt et al., 2007, Journal of Hydrology

o

Recharge




» Used temperature, isotope ratios,
water chemistry, nutrients to
assess GW-SW exchange

Grand Portage Reservation, MN

» Temperature was easiest and
worked the best

B8 °C
o iy
104 119
1210 129 ~
140 159 p
1610 17.9 -

18 i 19.9 N e
gg gﬁ Perry Jones, USGS SIR2006-5034

2ito 209

= USGS
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What's next? When will it ever
end!?

Biological effects

e Bioturbation —

- Benthic invert

== e




Bioirrigation

Linear
oy velocity,
2ot | Common name Species cm day!

#8 | Ghost shrim P’ Canllamassa 5p.
Mud shrimp? Uipogebin affims (1)

Bicirrigating organism

Lugwiorm? Aremicala marina

Dangers _ Marine env. BB pumed wom Digpatra ayprea

- - 4 - ) - 5
lurking in - Is tough _ IS————————————
A | Cable et al., 2006, Limnol do hy Method
the deep -~ L e : _ 5 aple et a Imno ogy an ceanorap Yy iiethoads




Lake Belle Taine near Park Rapids

Freshwater bioirrigation

* Rusty crayfish

» Lakes in Minnesota

«~25 cm/d

» Watch for holes in bed beneath

and adjacent to seepage meter




Fiber Optic — Distributed temperature system (DTS)

(~0.5t0o 1 m)
« High precision (0.01
degC)
o Large scale (10’s of km
possible)

« Continuous measurement
(in time and space)

e Continuous data download
(no retrieval/disturbance)

e Long-term installation
possible

% USGS Courtesy of Fred Day-Lewis

science for a changing world



.W{;‘quoit_Bay_, Cape Cod7 MA FO DTS Study Area

mage MasslGls

miuge MassG15, Commonweallh of Massachugells EQEA
L2006 Navleq

DTS Cable zig-zags over a 80-m by
60-m area

e As configured:

— Spatial resolution along cable = ~1 m

— Temporal resolution = ~1 min

— Thermal resolution = 0.1 deg C = USGS

Courtesy of Fred Day-Lewis - . oA



Minnesota is leading the way

GROUNDWATER FLUXES . _ o
ACROSS INTERFACES Minnesota Ground Water Association

Spring Conference - May 7, 2009
Connecting with Ground Water

Members Only Area
Aarch 2009 Newsletter

March 2009 Directory

25 J ars
NRC Major Findings
About MGWA
. . MGWA Foundation
1. Quantify spatial and Ground Water Education
temporal variability Onlinc
OrderingMembershi istration
2. Groundwater and climate Bl mert Oporchite AGWA Comorate Members
change Meetines AMEC Geomatix
Newsletter Barr Engineering Company
et st Catiions Interpoll Laboratories, Inc
Leggette. Brashears & Graham_ Inc
3. Better measurements and Cotr o Lesgette, Brasheass & Grahs
i n-Profit Filloes: Pace Analvtical Services. Inc
deal with temporal and Son: Pt i Rase Auvtical Sarvcss.La

spatial scales i : i
Minnesota Ground-Water Information Guide
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Field Techniques for Estimating Water Fluxes Between
Surface Water and Ground Water

Ground Water
and

Surface Water

A Single Resource
U.S. Geological Survey Circular 1139

1998

~ Techniques and Methods 4-D2

Why B el iny, o S
ﬂ,““"ﬂ‘""" = e le gl S T =) R e
ML P LTS5 0008 Nl N
e SR 2 b« P

Thanks, Jim Lundy!
2 USGS

science for a changing world



I sure hope this slug test
finishes before Shamu's
cousin finds me!

I, A e o
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