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Outline - Methods to Measure Success

* Baseline monitoring * Electrical resistivity

* Streamflow * Time-lapse photography
* Groundwater levels * Remote sensing

e Water temperature * GW/SW modeling

e Water quality « Coupled GW/SW gage
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Baseline Conditions

Ideally, baseline conditions are established prior to SAR
* Existing wells, stream gages, water quality, etc.
* May have to establish a new monitoring network

Recharge starts {June 2006)

Site 3
Recharge
Ponds

(=]
—
=
=
@
=3
=]
=]
o
—
@
o
=
ai
=
=
=
=
L=
=
=1
o
i
@
—
2

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 b
Yaai Post-recharge ™

water table
EXPLANATION
Water-level altitude for well [abbreviated state well number and common namej—
e K2 (2W) —a— 3P4 {10W) 34R2 (YWUZ-2)
K3 (YWUZ-1) —8— 3401 (BW] —&— 35K1({11W) Nitrate-enriched
——34N3 (5W) 3402 (5W) 35P1 (3W) groundwater

Pre-recharge’
water table

Stamos and others, 2013, The effects of artificial recharge on groundwater levels and water
quality in the west hydrogeologic unit of the Warren subbasin, San Bernardino County,
;?/ California: U.S. Geological Survey Scientific Investigations Report 2013-5088, 88 p.
s
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Methods — Streamflow Gaging Stations

Satellite
radio antenna

|.-Recorder

l~Shelf

/Floor

/Water surface
Water surface
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EXPLANATION
== Station 06076560 Smith River below Newlan Creek
Station 06076690 Smith River near Fort Logan
Station 06077200 Smith River below Eagle Creek
Station 06077500 Smith River near Eden
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Streamflow, in cubic feet per second

[[T][[[T]][[T]]]]I]]]]I[]]]I[[[[T

L1

2008
Water Year




Methods — Temporary Streamflow Gages

EXPLANATION

Smith River below Newlan Creek (06076560)
— — — = Sum of South Fork Smith River near mouth (06075785),
North Fork Smith River near mouth (06075700), Big Birch
Creek below diversion at 1.7 miles (463357111031801),
and Newlan Creek at mouth (06076550)

g

Periods of largest net

streamflow increase

fromirrigation
Periods of high return flows
diversion rates
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e Continuous streamflow record of tributaries
and mainstem streams




Methods - Seepage Run — Gain/Loss

A. South Fork Smith River
I
EXPLANATION

- -4 - - Main stem South Fork Smith River
- =~ -- Cumulative tributary inflow

[ 4

B. North Fork Smith River
I

\Contributiun from Spring Creek
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EXPLANATION
- -~ - - Main stem North Fork Smith Rivar
== -l -- Cumulative tributary inflow
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Current hydrograph for well 196420
Location {TRS): BBNOGE11BABE Td: 18 Aquifer: 1185NGR

Precipitation: departure from yearly average for selected
— L NWS stations in the corresponding climatic divizion
— 77—

level Monitoring

Examples — affected by
climate and water use

lon

Current hydrograph for well 199819
Location {TRS5}: B9NBGE3GAAAD Td: 148 Aquifer: 1285DHS

Precipitation: departure from yearly average for selected
NWS stations in the corresponding climatic division
—— T

Hater Level Elevat.
DTH, Feet Below Ground

4980 16
20000 2005 2010 2015 2020

“dry mnon-static Year
Sourcel Ground-Water Information Center —- Butter AT

Current hydrograph for well 223327
Location {TR5}: BSNOGE1BAAAA Td: 238 Aquifer: 1285DHS
Precipitation: departure from yearly average for selected
NWs stations in the corresponding climatic division
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Hater Level Elevat.
DTH, Feet Below Ground
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Year
Sources Ground-Hater Information Cenber —— Bubter HT

Hater Level Elevat.
DTH, Feet Below Ground

4936 L 68
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Methods — Combined Stream Stage and
Groundwater-Level Monitoring

A
49945

EXPLANATION

——— South Fork Smith River (station 06075780} —Hourly measurements
—— SF0605 instream well—Hourly measurements
Streambed bottom
<> South Fork Smith River (station 06075780}—Manusl measuremant
 SFOB05 instream well—Manual measuremant

49940

49935

Dry to nearly
dwsFeam

49930

O gﬂ‘

49925 <

49920

49915

4,991.0

49905

Stage or groundwater altitude, in feet above NAVD 1988

4,990.0

49895
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EXPLANATION
Hourly measurements de tgﬁﬂ@ﬂf'y
Line of zero difference ry stream
Manual measurement

1131/2007)

and stream stage of station 06075780, in feet

Difference between groundwater level in Well SFO605
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Water Table
and
Gain / Loss

Gaining Reach

Losing Reach

Neutral Reach- errors larger |
than calculated gain or loss |

Reach - not measured



Method - Heat as a Tracer for
Groundwater / Surface-Water Interaction

A Gaining reach of stream O Thermistor

5

Air
——South Fork Smith River at Birky Road
——South Fork Smith River 4.8 miles downstream
South Fork Smith River near mouth
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Method — Combined Water-Level and
Temperature Data at a Cross Section

| SRO608

Groundwater level - stream stage el SO0 et sposto

Left bank Stream stage April 30, 2008 Right bank

Smith River

Gradient (feet)
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Air temperature
—Smith River temperature
—Groundwater at 1.4 feet
—Groundwater at 2.9 feet
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Methods — Water Chemistry

* Potential unigue chemistry of artificially-recharged water versus
ambient groundwater

e Potential tracers

* General chemistry (selected major ions, trace elements, total
dissolved solids, etc.)

e Stable isotopes
e Groundwater age dating
« Concerns
 Potential water-quality effects (mobility of trace elements,
transport of emerging contaminants)
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Methods — Electrical Resistance

* Inexpensive instrumentation to determine presence or absence
of water (saturation)

,__',P"" e
g

OFALLON WATERSHED - PINE CREEK MIDDLE REACH = USGS Field Characterization of Streamflow Dynamics of Prairie Streams in Eastern Montana
— Rodney R. Caldwell and Todd Preston - -
WITH NEARBY AIR TEMPERATURE _ it -

Amarican Water Resources Association - Montana - Fall 2014 Meeting

Both pool and riffle - flowing
Both pool and
riffle - flowing
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——POOL - Resistance

——— RIFFLE - Resistance
Air Temperature (daily minimum)
Air Temperature (Daily Maximum)

CONTUCTANCE - POOL AND RIFFLE [RELATIVE UNITS)
8 g
AIR TEMPERATURE (MIN AND MAX), IN DEGREES FAHRENHEIT
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Method — Time lapse Photography

* |nexpensive qualitative method — assist with data interpretation

2 USGS

: 1HOUR LISKMTH OCT.30,12 12:00 PM : 1 HOUR LISkMTH NOV.14,12 12:00 PM

' ] 1 ;-IOUR LISKMTH MAR.19,13J --01:00 PM t 1 HOUR LISKMTH APR.13.13 01:00 PM




Remote Sensing

* LANDSAT - thermal and
optical satellite imagery

e Qualitative —temporal
variations in vegetation
 Thermal signature related to
evapotranspiration

* Hot pixels — minimal ET

« Cold” pixels, latent energy
IS set to the potential
evapotranspiration of the
reference crop (alfalfa). This
IS obtained from the nearby
AgriMet station.

Evapotranspiration on 07/18/2007, below 5500
Inches

meee High: 0.34

- Low:0



GSFLOW Watershed Modeling

« Atool for modeling coupled surface water - groundwater flow
e USGS coupled surface water - groundwater flow model
(Markstrom et al., 2008) integrating the Precipitation-Runoff

Modeling System (PRMS) and the Modular Ground-Water Flow
Model (MODFLOW).

Irrigation season simulation

%p‘%& Rain + Snow e Increased GW

Infiltration

Recharge

Saturated Zone

Lateral GW
Inflow

%USGS Hedeff Essaid, USGS, Menlo Park, CA
In collaboration with Rod Caldwell and Jim Constantz



Groundwater Streamgages:
Low-cost Streamgage Enhancement Coupling
Groundwater and Surface-Water Monitoring

Cheryl Eddy Miller, Jerrod Wheeler,
and Rod Caldwell, WY-MT WSC

Jeannie Barlow, MSTN WSC

Jim Constantz, USGS National
Research Program



USGS Groundwater Streamgage

Data recorder transmission to satellite
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Pressure transducer,and temperature i
sensor.connected to real-time network ' - ‘ tr'msdu: er,
i 1

Network thermistor.connected S onr
toreal-time network eal-time network

2009 — 2010: Pilot study to determine cost and
add-on value of upgrading USGS streamgages

Minimum data components
* GW elevation and temperature
e SW elevation and temperature

2 USGS



http://pubs.usgs.gov/fs/2012/3054/fs2012-3054.pdf
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ﬂ Big'Hole River, Montana

Data download from USGS Groundwater Streamgage
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