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Last Updated: 1/27/2022 This program was designed to run in Microsoft Excel 2013 or later Excel versions.

Summary - The Groundwater/Surface-Water Method Selection Tool (GW/SW-MST) is designed to assist
project scientists, and engineers in selecting data collection methods that (1) satisfy study goals, and
(2) are feasible for application at a given site, based on site characteristics as entered by the user. The
GW-SW MST uses a spreadsheet-based interface developed in MS Excel 2013.

Target Audience - The target audience for the Groundwater - Surface Water Method Selection Tool (GW/SW
-MST) is the working technical professional with varied hydrological experience in performing studies of
the interaction between groundwater and surface water through the exchange of water and chemicals.

Disclaimer - This software has been approved for release by the U.S. Geological Survey (USGS). Although the
software has been subjected to rigorous review, the USGS reserves the right to update the software as
needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS or
the U.S. Government as to the functionality of the software and related material nor shall the fact of release
constitute any such warranty. Furthermore, the software is released on condition that neither the USGS nor
the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.
Results at any one site may vary depending on the actual tools and acquisition settings used. We recommend
that when making tool selections you read the manuals or consult the vendors for the range of operation for
each tool. The tools shown in the appendix are for descriptive purposes only and do not constitute an
endorsement of any particular brand or tool.

Techniques illustrated include: (A) infrared aerial photography and

imagery, (B) thermal profiling, (C) the use of temperature and specific-

conductance probes, (D) dyes and tracers, (E) hydraulic
potentiomanometers, (F) seepage meters, (G) well networks, (H)

streamflow measurements, From Rosenberry, D.O., and LaBaugh, J.W.,

2008. Field techniques for estimating water fluxes between surface
water and ground water. U.S. Geological Survey Techniques and
Methods 4-D2, 128 p.
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Publicly available USGS
software publishedwith a
companion papein 2022
Simple spreadsheet logic that
cross references site
characteristics with study
goals to identify applicable
methods (*and rule out
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Framed around three general
groups of hydrologic settings
Covers 26 distinct physical,
chemical, geophysical, and
drone methods

Updates underway now to
explicitly include contaminant
fate and transport study goals
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Time Domain Electromagnetic Induction (TDEM)

Measures: Electrical resistivity by observing transient decay of induced
electromagnetic currents in subsurface material
Provides:

Location of lithology, bedrock, saturation, saline water, contaminant plumes,

metallic ores, and other conductivity contrasts.

Details:

TDEM surveys can be physically conducted with a stationary transmitter or a
towed transmitter (terrain or waterborne) (Lane et al., 2020)

TDEM over freshwater environments may be misleading. Best at identifying
conductive water at depth (El-Kaliouby and Abdalla, 2015}

Depth of investigation is dependent on the array size, transmitter moment,
site conditions and frequencies used. Overall, depths potentially range from
40-400 meters

Requires access and space for a square-array survey

Mot necessary to have direct electrical contact with the ground

Mecessary that inherent electrical conductivity contrast is significant
Conducted on land or water

Cost Level: Generally low — dependent on specific instrument/method used

Receiver Coil

Transmitter Loop

{Photograph courtesy of the USGS)

Boat towed TEM apparatus placed on inflatables to map
submarine discharge zones on the Delaware River Basin.
Best for investigating shallow depths (40-80 m). Towed
TEM can also be performed on land with an ATV.

White et al.,, 2019
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Inverted data showing relative conductivities in relation to distance and
depth of investigation,
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A stationary TDEM (not to scale)

apparatus consists of a
transmitter loop (Tx), a
receiver (Rx) placed in the
center of the Tx loop, and a
console to record data and
regulate current. This
method provides a 1D
snapshot of the subsurface,
is more labor intensive and
potentially more time
consuming than a towed
survey, and can survey
depths of 100-400 m.
Results show the
conductivity structure of
the subsurface,

identifying horizontal
conductivity interfaces,
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SIP & IP(FD) 5P GPR

Seismic Refraction C5P

Paired Air and Water Temp

This example of a geophysical
methods explanation slide
features important context such
as a photo of data collection and
example data interpretation. Key
references are mentioned and
detailed on a summary slide.

Vertical Bed Temp Prd
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. | Vertical Bed Temperature Profiling

: Measures: Vertical temperature gradients and multi-depth temperature time series

6 in saturated bed sediments

7 | Provides:

g | = Point-in-time vertical water flux estimates (upward and downward)

3 (Schmidt et al., 2007; Kurylyk et al., 2016 ; Irvine et al., 2019)

i? *  Time series of vertical water flux estimates (upward and downward)

12 (Gordon et al., 2012; Luce et al., 2013; Koch et al., 2016; Irvine et al., 2017)

13" Time series of streambed scour and deposition and streambed thermal properties

14 | Details:

151+ several sensor types ranging in size, structure, and operation including:

16

= individual self-logging thermistors, multiple thermistors attached to data logger,

18 temperature profiling probes (TROD), fiber-optic high-resolution temperature sensors (HRTS)

12 | * Typically less bed disturbance than caused by physical flux measurements {Photographs courtesy of USGS)

20| *  Temperature-based vertical water flux based on the 1D advection-diffusion equation

211+ Automated vertical flux calculations are possible using a range of published software that are ODT_IDI':IS for ;_Jrutectlng and spacing logging

o based on analytical (VFLUX, FAST) and numerical {1DTempPro, FLUX-BOT) models thermistors include commercial and

23 Cost Level: Low homemade metal housings.

24 i

ig [ _ e Schematic of

7 e ey - several vertical

28 ] e temperature

— —— profilers including
Troms by B k=] I . " -

an N | z logging thermistors

21 = . = t; deployed ina

32 o p— temperature” @ - piezometer (b},

a3 || —— . — sensors ) embedded in a

- oy e N & | solid metal or

35 e k3 wood rod (c), and a

= T || | Cr— g wrapped high-
IEDTTINLES  mevas 3

37 Koch etal, 2016 % ! resolution fiber-

38 | This example dataset displayed with 1DTempPro software shows approximately 5
39 | days of streambed temperature at 6 streambed depths. Vertical water flux is

40 | optimized by fitting simulated to measured temperature at several depths.

Irvine et al.., 2017

optic temperature
sensor (HRTS).

< > = FDEM TDEM DCER CRP IP(TD) SIP&IP(FD) SP

Daars FE Arraccihilibe nvactinata

GPR

Seismic Refraction C5P

Paired Air and Water Temp

Another example of vertical
temperature profiling methods
Includes example analysis

software.

Vertical Bed Temp Pr
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Multi- and Hyperspectral Imaging Cameras

Measures: Specific electromagnetic spectrum wavelength bands
Provides:

* Time-specific snapshots of river corridor ground surface and
vegetation light reflectance

* Vegetation vigor can indicate near-surface preferential GW/SW
exchange pathways in arid regions (Pai et al., 2017)

* Vegetation stress can indicate saltwater intrusion in coastal areas and
inland regions impacted by brine and contamination

Details:

* Typically, multiple images are collected from an airborne or satellite
platform with substantial overlap (i.e., >66%) and from multiple
angles

* Data are processed using structure from motion-based software to
derive orthomosaics (‘ortho’) and digital surface models

* Analysis such as Normalized Difference Vegetation Index (NDVI) act
as a proxy for vegetation vigor

Cost Level: Medium - High
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Multispectral imagery collected by a small drone along a stream reach in Colorado

was used to map NDVI across meander bends with suspected preferential
hyporheic exchange pathways (a). The change in NDVI and elevation across
meander bend long axis was extracted to identify flowpaths as shown in (b).

N (Photograph courtesy of Cian Dawson, USGS)
Example of a small drone equipped with a multispectral
camera. Similar data can also be collected from ground,
aircraft, and satellite platforms depending on the
combination of spatial coverage and spatial precision needed
for the survey.

Multispectral data were collected by a small drone over the
Palmyra Atoll National Wildlife Refuge to map vegetation type
and stress that may be related to saltwater intrusion and
preferential fresh groundwater discharge. These data are

available at: https://doi.org/10.5066/F7Q81C0T
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Chemical Hydrograph Separation
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Injected Tracer Tests

Environmental Tracer Tests

GW Interface Tracer Tests Thermal Imaging

Finally, examples of several
drone-based data types are
shown along with published
examples of their
Implementation.

Visible Light Im:



Multiple source convergent

(a)
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Local flowpath

Case Study Example: Capt
Cod kettle lake, wetland,
river system, all coupled via

multiscale GW/SW
exchange, with upland
PFAS sources (b) Low High

Bulk PFAS concentration

(c)

Single source local

Regional flowpaths

Regional flowpaths




Known PFAS source areas across the Air Force Base to the North
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PFAS exchanging with kettle lakes and later emerging at river seef

Initial hypothesis: Preferential groundwater seepages down gradient from flow-

through lakes will have bulk PFAS concentrations similar to lake water, rather than

up gradient higher concentration source flowpaths. March 2022 sampling quickly

i ndi cated a much more complex 'source to seep'’

Modified from USGS Watétesources Investigations Report4974



High resolution groundwater profiles along the northern bog margin
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Preliminary interpretation



MST input questions: mainly yes/no, related to the site and the study

7R Goals
2 | A |ldentify zones of preferential [focused) GYW exchange
3 | B |Map geologic structure and other geologic attributes
10 C |Map thermal variability
i1 | DO |Map high resolution topography
12 _E |Map vegetation stress
E F |ldentify spatial variations in salinity [fluid conductivity] within the bed
15 | G |Map bank seepage
1& H Estimate gross GWISY exchange gainfloss and other net changes for one
17 or more sub reaches
12 1 |Estimate hydraulic conductivity of bed material .
?2?] J | Quantify GWISYW exchange [point measurement] fu: through the bed Th e M ST Output IS based O n th e
21 _K |Long-term monitoring of exchange
2 - - : : cross reference of study goals
- L |Estimate rates of chemical reactions at groundw ater interface . ) ]
24 M E=stimate size of the hyporheic zone, water residence time, and rates of an d p rOJeCt Slte paramete rS Wlth
25 chemical reactions
E. — - — oo AC
2 l E:::;?:EZ?::Eiilzﬂpmhem exchange and groundw ater discharge fluxes the Capabll Itl eS and Ch a"e ngeS
28
2 B Project Site Parameters Of 26 GW/SW eXCh an ge
201 |Yhatis average depth of surface water in the area of data collection [m]? . .
2 e dhas cotumnied _ characterization methods.
s strong upw ard flow thru the bed anticipated?
32 4 |Is strong downw ard Flow thru the bed anticipated?
34| 5 | Are there wind-driven waves?
35| B |ls there vegetation on the bottom?
3 ¥ |ls the groundlbed armored or difficult to disturb?
37 8 |Is multi-day deployment of instruments possible at the site?
32 39 |Yhat is the spatial scale of the area to be investigated?
33 10 |Can instruments be deployed by w ading in the target area?
40 11 |Can instruments be deployed by boat in the target area?
41 12 |Does canopyishading preclude GPS signal at the site?
42 13 Do local regulations [e.q. airfield nearby, etc_] preclude the use of a UAS at
43 the site?
44 14 Do site conditions [e.g. overhead power lines, etc_] preclude the use of a
45 UAS?
46 15 |Is there cultural EM interference ? [utilities, pipes, etc.]
47 16 |Is there substantial gas within the bed?
42 17 |Yhat is the expected ground-w ater electrical conductivity [micro—-Sicm]?
43 18 | What is the expected surface-w ater electrical conductivity Imicro-Sicm]?
5019 [¥hat is the maximum GWI!S5Y temperature contrast [degrees C]¥




MST output: Identification of suitable methods and contribution to go:

B oo Select Scenario Setting Index

Stream or River GW-5W Matrix

Lake or Wetland GW-5W Matrix

Estuary or Coastal GW-SW Matrix

Method References

Resistivity-Conductivity Values

FDEM

+

Fillin cells shaded aqua-blue (in column C). All other cells will be automatically updated Return to Select Scenario Setﬁng ¥ Indi hod iz p ially suitable ® Indicates hod is likely appropriateleffecti HNote: If cell is Yellow then there is a qualifier comme:
) % di hod is not likely bl @] Indicates method is not likely appropriateleffective
# Goals Methods | Suitable Appropriate | Effectiveness |Method contributes to goal: Method made infea:
A |[ldentify zones of preferential [focused) GW exchange Yes for Goals at Site E E G H 1 d K L M ] 1 ;
B [Map geologic structure and other geologic attributes Yes GCround_bazed Geophysical Mathods
C [Map thermal variability Yes EDEM - Electromagnetic Induction [Frequency Domain] o ® ® L L4 Cd
D |Map high resolution topography Yes IOEM - Electromagnetic lnduction [Time Domain 4 [ ] [ ] &+ + +
E |Map vegetation stress No Direct Current (O] Flectrical Resistivio (ER) + [ ] [ ] + + + + L
" e i e " wwite] withi [P = Induced Polarization [Time Damain] A ® @ A
F |ldentify spatial variations in salinity [fluid conductivity] within the bed Yes P -5 Polarizai o ® ® o
G |Map bank seepage Yes - Self- = i + [ ] [ ] + L4 +
H Estimate gross GWiSW exchange gainfloss and other net changes for one v, GPE - Ground Penetrating Badar + [ ] [ ] +
es P - v &
or more sub reaches | Seicmic Befraction o [ ] [ ] o
| [Estimate hydraulic conductivity of bed material Yes Matertbomne Geophysical Methods ® ®
- - EOEM[Floating] - Electromagnetic Induction (Frequency Domain] o L4 L L4 4
e it Gt il =t Yes TOEM [Floating] - Flectiomagnetic Induction (Time Domain] < o ® s & < <@
K_[Long-term monitoring of exchange Yes GPRIFloating] - Ground Penetrating Badar L [ ] [ ] « +
R . . A LRP - Continuous Besistivity Profiling + [ ] « < + +
L |Estimate rates of chemical reactions at groundwater interface No - Bl il in) % ® @ %
M Estimate size of the hyporheic zone, water residence time, and rates of v SIP - Spectral Induced Polarization ] [ ] L4 ]
N - es } » » »
chamical reactions = Self- e o [ ] , W L
N Partition between hyporheic h and gi dw ater discharge Aluxes v LoP - Coptipuoys Seizmic Profiing % ! @] L4 %
. es
across sediment bed Iemperatye Methods
Paired &ir and water Temperature Logging Ly [ ] ® L4 + +
T Project Site Parameters Vertical Bed Temperatyre Profiing < ® ® < <+ < < < < < 2 <
1 [¥hat is average depth of surface water in the area of data collection [m)? __ [{=1m Spatial Bed Temperature Mapping ¥+ [ ] [ ] ¥ + + + +
2 [Are there currents? Yes | EO0TS - Fiber Ootic Disvibuted Temperstye Senzing L4 ® [ ] 4 s L4 L4
_3 |Is strong upward flow thru the bed anticipated? Yes Hydraylic Methods
_4 |Is strong downward flow thru the bed anticipated? Mo Seepage Meters ¥ [ [ ] W L L4 L4 L4
5 |Are there wind-driven waves? No Differential Stream GaginglSespage Buns + [ ] ® 4 L
6 _|Is there vegetation on the bottom? No Darcy Fluses 4 ® ® 4 + L + L'
T _|Is the ground!bed armored or difficult to disturb? No PhusicalHudrograph Separation « ® [ ] « «
8 |Is multi-day deployment of instruments possible at the site? Yes |Chemical Hudiograph Separaton L . J L J < <
3 [What is the spatial scale of the area to be investigated? Point to Reach Chemical Tests
10 |Can instruments be deployed by w ading in the target area? Yes njected Tracer Tests w ® [ ] o A o W W
11 |Can instruments be deployed by boat in the target area? Yes Environmental Tracer Tests « [ ] [ ] L + < + L4 &+ &+
12 |Does canopylshading preclude GPS signal at the site? Ho | Groundusterlpterface Tracer Tacts < [ ] [ ] < L L L &
13 Do Io_cal regulations [e.g. airfield nearby. etc._]) preclude the use of a UAS at No - Bemeote Senzing Methgds -
the site? Thermallmaging Ey ® [] A o L
14 Do site conditions [e.g. overhead power lines, etc.]) preclude the use of a N Vizible Light Imaging + [ ] [ ] + + «
UAS? < Multi- and Huperspectral Imaging « [ ] [ ] d + « 4
15 |Is there cultural EM interference? [utilities, pipes. etc.] No LiDAR L4 [ ] [ ] < <
16 |Is there substantial gas within the bed? Mo
17 |What is the expected ground-water electrical conductivity [micro-Slem)? 100 -
— E 3 #
18 |What is the expected surface-w ater electrical conductivity [micro-5Slcm]? 100 i) ey =D (s (o (Bl
13 | What is the maximum GW{!SW temperature contrast [degrees CJ7 8 Use of DCER necessitates w aterproof cables and direct i llation of el des into bed.
<



MST output: Identification of suitable methods

Return to Select Scenario Setting < Indicates method is potentially :
] Indicates method is not likely sy
Methods Suitable Appropriate Effectiuteness
for Goals at Site
= i thods<
FLEF-E " ion IF. Domain) pr ) ®
TOEM - Electramagnetiz Induction (Time Domain L o [ ]

" ’ — @ ® ®
W_ Poloriz ation [Time Domain] ) ® ®
SIP - Specualinduced Pelarization A ® ®
SP - Self- or Spontaneows- Potential <+ [ ] [ ]
GPE - Ground Penetrating Badar L [ ] [ ]
Siemic Pebiact & H ®

Waterbompe Gepphusical Methods
TOEM IFloating] - Electromagretic Induction [Time Domain] + [ ] [ ]
SPR [Floatingl - Ground Penetrating Badar L o [ ]
CEE - Conti R intivizu Profi @ ® ®
B = Induced Polarization [Time Domain] " O O
SIP - Spectral Induced Palarization b L ] @
SP - Sielf- ar Spontaneous- Patentia L4 ® L
| CoP - Coninugus SelzmicProfiing # [ ] o
lemperature Method
Wertical Bed Temperature Profiing + @ [ ]
Spatial Bed Temperature Mapping ' L ] [ ]
— - & H ®
Hedigulic Mathod
Seepage Meters + [ ] [ ]
Differential Stream GaginglSeepags Funs + L ] [ ]
Dargy Fluses + L ] [
Phusical Hudrograph Separation + L ] ]
| ChemicalHudiogroph Separation s L L
Chemical Test

Injected Tracer Tests T4 ® ®
Envitonmental Tracer Tests ' [ ] [ ]
| Cloundugterineriace Tigce Tt d [ ] [ ]

| BHomotc Jenzing Mathod
Thermallmaging <+ ® [ ]
Misible | ight Imaging + @ L
= L o [ ]
LOAE o4 ® e

lem e WALA#l mm A A QWA B ~brinr

[=r=

imms e amedsl CWT CUAT BAadrine
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For this example, all methods may be
appropriate for the study goals, but a

few are ruled out due to the site

OKIF N OUSNAAUGAOaD® ¢ K2dz3
at this stage is no guarantee of success.

In reality, EM methods at the site, while

the instruments functioned well, did not

yield useful results as the electrical

contrast between GW and SW was less

than initially expected.



MST output: Identification of suitable methods

® Indicates method is likely appropriate/effective Note: If cell is Yellow then there is a qualifier comment for that method for that specific Goal statement or Project Site Parameter question li

Indicates methed is not likely appropriate/effective

Method made infeasible by site parameter:
A B < D E E G H 1 ) K L M N 1 2 3 4 5 6 z 8

A matrix of goals and site
parameters shows which specific

methods are applicable to specific

d321fta o06A0K Wljdz
in yellow), and what site
characteristics resulted in methods

XX

being ruled out. This level of detall

can help with efficient project
SR planning and provide justification

for the possible need to pivot

between methods.




Demonstration of data collected across methods at the field site: ther

temp (C)
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Snapshotin-time a) direct bed
temperature measurements and b)
handheld thermal imaging both
Indicate clusters of discrete
groundwater seepages in the
wetland area to the north and in a
natural valley section to the south,
but little groundwater connectivity
within a heavily modified golf
course area.



Handheld thermal infrared pinpoints seeps
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(water cress, Fe deposition, sand boils)
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E3 Amplitude Ratio Air-water temperature

Linear Regression Slope relationships, based on at least
several months of time series data
at single locations, were used to
map groundwater connected
reaches at the km+ scale across
seasons. The analysis metrics
Indicated strong groundwater
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Groundwater Amplitude Ratio Threshold
defined by Hare et al. (2021)
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Direct bed temperature measurements in the upgradient kettle lake

374000 00000 374400 00000
— - 1

| GW/SW temperature difference, -
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Thermal and terrain mapping with drones




Thermal mapping with drones over time, used to guide sampling

Winter 2022 drone thermal IR ortho

Preliminary data



Combined the drone infrared data with fibaptic distributed
temperature sensing to pinpoint areas to sample at thersidrale
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March drone infrared data of extensive June fiberoptic temperature data of
warm groundwater discharge in winter, extensive cool groundwater discharge, with
complicated by early AM sunlight on trees. embedded coldest anomalies, directing the chemical
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Heat tracing methods yield
interpreted map of preferenti
groundwater seeps



