
Proposal: Tracking Aquifer Recharge using Isotope Signals and Perturbations in 
the Ambient Seismic Field of the Palouse Range Recharge Zone

Project Institution: University of Idaho

Problem: Current research indicates
two  primary  recharge  pathways
along  the  eastern  margin  of  the
basin defined by the Palouse Range
—a  faster  recharge  pathway  from
the north-northeast of Moscow and a
slower  pathway  from  the  east  of
Moscow.  Both  recharge  sources
primarily  originate  as  snowmelt
from high elevations, but there is a
divergence in travel paths that is not
currently understood.

Research Goals: 1) Separate the fast and slow pathways in the recharge zone through an analysis
of  existing  isotope  data  previously  collected  by University  of  Idaho researchers.  2)  Install  a
seismic network to spatially and temporally quantify the flux of recharge entering the aquifer
system from the mountain-front interface in the recharge zone.

Previous Work: Recent research indicates a snowmelt signal in groundwater coming from the
north-northeast  of  Moscow  and  second  more  altered  snowmelt  +  surface  water  signal  in
groundwater coming from the east of Moscow. These two sources merge beneath Moscow and
form a primary source of groundwater within the Moscow-Pullman Basin.

Proposed  Evaluation:  Using  existing  water  isotope  data,  we  will  attempt  to  spatially
discriminate  the  fast  and  slow recharge  paths  in  the  recharge  zone  by their  isotopic  signal.
Additionally,  a  transect  of  10  seismometers  will  be  installed  for  spatially  and  temporally
resolving the flux of recharge through the recharge zone. 

Project Framework: The isotope analysis will be performed with support of a graduate student
who also will assist in installation and maintenance of the seismic network.

Utility  of  the  Project: This  project  represents  part  of  the  developmental  process  for
understanding the flux of recharge into the multi-aquifer system contained in the Columbia River
basalts  and Latah  sediments.  Spatial  and temporal  quantification  of  groundwater  flow in the
primary recharge zone is necessary to resolve inputs to the aquifer system for evaluation of future
resource management strategies and application of the new groundwater model. 
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Overview: The  heterogeneity  and  anisotropy  of  a  fractured  rock  and  interbedded  sediment

aquifer, such as those contained in the Columbia River Basalt Group, present challenges to water

resource  managers  because  of  the  difficulty  in  determining  hydraulic  characteristics  and

subsequent system modeling. The ability to track and separate aquifer flowpaths at high temporal

and spatial resolution is critical for water resource management, yet this goal is rarely achieved

from a single type of groundwater data. Analysis of groundwater isotopes and seismic data has

indicated the utility of using geochemical tracers and low frequency changes in seismic velocity

to evaluate aquifer recharge. Such techniques exploit the ideas of different chemical signals in

distinct flowpaths and the sensitivity of seismic waves to the amount of water in an aquifer. The

ability to discriminate recharge pathways by isotope signals and quantify recharge from changes

in  seismic  velocities  provide  powerful  tools  for  spatially  and  temporally  evaluating  aquifer

recharge  while  avoiding  the  expense  of  additional  well  drilling.  We  propose  a  two-prong

approach to evaluate the primary recharge zone of the Moscow-Pullman Basin: 1) analysis of

existing water isotope data to further discriminate the fast vs. slow recharge pathways indicated

by Duckett et al. (2019), and 2)  measurement of perturbations in the ambient seismic field across

a transect of seismic stations to quantify the flux of water levels and recharge volumes.

Prior  research  projects  have  produced  a  substantial  database  of  geologic  information  and

groundwater isotope values within the recharge zone located along the interface of the Palouse

Range and the aquifer system. Given the identification by Duckett et al. (2019) of two eastern

basin recharge sources/pathways for groundwater beneath Moscow, we can now maximize the

utility of the existing geologic and isotope databases to further discriminate these pathways in the

recharge zone.  Separation  of the  recharge pathways will  assist  in  identifying  portions  of  the

recharge zone receiving  (or capable of artificially  receiving)  higher  volumes of recharge and

assist in quantifying the volume of recharge moving through the recharge zone. The availability

of open source, low cost seismometers allow for a multi-year deployment of a seismic network

that  can  be  correlated  to  water  levels  from  existing  PBAC  transducers.  This  transect  of

seismometers may provide sufficient temporal and spatial data density for evaluating the flux of

recharge across the mountain-front interface/recharge zone given estimates of saturated thickness,

hydraulic conductivity, and energy gradient.
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1. Introduction: Recharge Identification and Quantification
Groundwater is an important resource for municipal, agricultural, and industrial uses across

Idaho, the Nation,  and the globe  (Candel  et  al.,  2016;  Custodio,  2014; Gleeson et  al.,  2012;
Llamas and Custodio, 2002). Since 1935, water levels have declined in the aquifers of the South
Fork Palouse River Basin (Basin) in the Palouse geographic region (Foxworthy and Washburn,
1963; Robischon, 2016). These aquifers are contained in the fractured basalts of the Columbia
River Basalt  Group (CRBG) and interbedded sediments  of the Latah Formation (Fig.  1) that
compose the eastern portion of the Basin, which is designated as the Moscow-Pullman Basin
(MPB) (Bush et al., 2018b, 2016; Bush and Dunlap, 2018). Groundwater in the Basin provides a
primary source for drinking water and irrigation  (Reidel et al., 1989) and is the sole source of
municipal water in the MPB (Beall et al., 2011). Extrapolation of the current trend in declining
groundwater levels indicates the possibility of insufficient groundwater resources to meet future
community  needs  (Dhungel  and  Fiedler,  2016).  Discrimination  of  recharge  pathways  and
quantification  of  the  flux  of  recharge  to  the  MPB  aquifer  system  is  necessary  to  evaluate
sustainable  withdrawals  or  potential  water  storage/recovery  systems.  Such  a  refinement  of
recharge dynamics is possible through analysis of an existing geologic and isotope databases for
defining recharge pathways and implementation of a seismic network to quantify the flux of
recharge across a primary recharge zone.

Figure 1. West-to-east 
cross section of the 
eastern South Fork 
Palouse River Basin that
includes Pullman, 
Washington, and 
Moscow, Idaho, and 
select wells sampled 
during a recent isotope 
tracer study (Duckett et 
al., 2019).

Conservation measures implemented by members of the Palouse Basin Aquifer Committee
(PBAC) have lessened the decline in groundwater levels  in the MPB, but further  research is
needed to understand aquifer dynamics and assist in modeling the aquifer for development and
implementation  of  appropriate  water  resource management  strategies  to  halt  depletion  of  the
resource. The combination of variable permeability, basalt fracture termination, and discontinuity
of  basalt  flows  and  interbedded  sediments  produces  heterogeneous  and  anisotropic  aquifer
matrices in the Basin. Past attempts to model the aquifers of the MPB to predict future decline in
groundwater levels have produced mixed results due to lack of resolution in recharge sources and
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their pathways (Hernandez, 2007; Kopp, 1994; Leek, 2006; Tong, 1991). Resource management
entities across the Northwest continue to struggle to model and predict recharge in such terrains,
such as the application of the ESPAM2 Recharge Tool for the Snake River Plain model that relies
on land type and farm designations to produce gross approximations of recharge  (Ryu et  al.,
2012). In addition to the difficulty in tracking recharge and flowpaths in the MPB aquifers, well
density is regionally limited and water levels are highly variable due to a substantial degree of
well  interference  in  the  denser  well  locations  (Fiedler,  2009).  PBAC has  installed  numerous
transducers across the MPB, but only two stations exist near the mountain-front interface and are
located in near proximity to each other.

Previous  studies  have suggested that  groundwater  recharge is  entering the MPB aquifers
through pathways beginning in sediments along the eastern margin that likely comprise a primary
recharge zone at the mountain-front interface (Ackerman, 1991; Douglas et al., 2007; Hernandez,
2007; Lum II et al., 1990). The primary recharge zone consists of theorized alluvial/colluvial fans
composed of coarse grain material (Latah Formation) along the southwestern flank of the Palouse
Range  north-east  of  Moscow  (Fig.  2).  This  sediment  is  composed  of  eroded  igneous  and
metamorphic rock from the Palouse Range (Bush et al., 2018a; Bush and Dunlap, 2018) that have
been carried down the mountains (visible stream network discharging from the Palouse Range
across the recharge zone in Fig. 2). Duckett et al. (2019) was able to discriminate two primary
water sources in wells in and around Moscow that originated primarily from snowmelt (fast and
slow pathways). The northeasterly fast pathway appears to align with the higher elevations of the
Palouse  Range  (Fig.
1)  and  deeper
sediments  identified
by Bush et al. (2018).
The  easterly  slow
pathway appears to be
a snowmelt + surface
water  mix  where
water  remains  longer
at or near the surface
prior  to  moving  into
the aquifer system. 

Figure 2. Theorized recharge zone at the mountain-front interface of the Palouse Range. 
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1. 1 Project Goals and Scope
At this juncture, research lines of University of Idaho faculty for understanding soil zone

infiltration and surface water recharge (Brooks), geologic resolution of aquifer matrices (Bush
and Dunlap),  and geochemical  signals of source waters (Langman) in the MPB allow for an
integration of knowledge to build on existing PBAC monitoring in the primary recharge zone.
The proposed project would meet two goals for improving our understanding of recharge to the
multi-aquifer system in the Basin: 1) separate fast and slow pathways identified by Duckett et al.
(2019) for resolution of recharge pathways along the mountain-front interface, 2) quantification
of recharge in this recharge zone that is main source water to the aquifer system in the MPB. 

Goal 1 is an extension of work by Brooks and Langman regarding discrimination of source
waters  and  infiltration/recharge  pathways.  The  two  source  waters  (fast  and  slow  pathways)
identified  by Duckett  et  al.  (2019)—less altered snowmelt  or a deep source water  and more
altered snowmelt + surface water or shallow source water—were described as originating in the
Palouse Range and diverging in the recharge zone (Fig. 1) by length of travel at or near the
surface (evaporation effect exposure). The deep water appears to take a more direct route or fast
pathway to the aquifer system compared to the slow pathway of the shallow water.  The two
source waters merge beneath Moscow and move westward in a primary aquifer zone that is a
major  source  of  groundwater  for  Pullman  wells  (Duckett  et  al.,  2019).  Goal  1  is  a  spatial
discrimination of the fast and slow pathways for understanding flow through the recharge zone
(travel time), assist in quantifying flow volumes through the recharge zone, identify areas for
future  protection  of  primary  recharge,  and  the  potential  for  injection  of  water  to  the  fast
pathway(s) for enhanced aquifer storage. 

Goal 2 is the quantification of recharge in the primary recharge zone along the mountain-
front interface to assist in development and application of the PBAC groundwater model. Work
by Bush and  Dunlap  provides  sufficient  information  for  constructing  a  physical  model  of  a
transect or vertical plane through the recharge zone perpendicular to groundwater flow. PBAC
continuous water-level data for two wells in the northern portion of the recharge zone allow for
correlation  of  seismic  field  perturbations  and  water-level  changes  across  the  recharge  zone.
Installation of a seismic network along this plane will allow for spatial and temporal resolution of
water levels that will be used to develop flow volumes (at daily/weekly and larger time scales) to
the  aquifer  system.  Construction  and  installation  of  the  seismic  network  will  produce  a
potentially  long-term,  groundwater  monitoring  system  that  will  compliment  the  continuous
water-level  monitoring  in  two wells  overseen by PBAC. The seismic  network would not  be
removed at the end of the project but will remain as a long-term network for future monitoring of
groundwater levels and recharge events as part of continued research into groundwater dynamics
in this complex aquifer system. If this seismic network is successful, beneficial to PBAC, and an
interesting  research  focus,  the  UI  research  team will  look for  means  to  expand the  network
through additional funding sources. 
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2. Project Design, Methods, and Materials

2.1 Existing Geologic Data
Bush and Dunlap have worked extensively in the MPB to collect, organize, and interpret the

geologic structure and composition of the aquifer system (e.g., Bush et al., 2016, 2018a; Bush
and Dunlap,  2018).  The recent  publication  of their  latest  work through the Idaho Geological
Survey and their creation of well and drilling log database allows for an interpretation of the
location of the sediments of Bovill outside of the nearby Lolo basalt flow (Fig. 3) along with
potential  bedrock  depths  at  the  mountain-front  interface.  This  information  is  critical  for
understanding traveltime differences and alignment of the seismic network along the unconfined
aquifer in the sediments of Bovill atop the igneous and metamorphic basement rock and not the
Lolo basalt flow. Additionally, this information will assist with interpretation of energy gradients
and hydraulic conductivity values.

Figure 3. Sediments of Bovill near Moscow, Idaho, and its relation to the Lolo basalt flow along the eastern 
edge of the Moscow-Pullman Basin (Bush and Dunlap, 2018).

2.2 Existing Water Isotope Data 
Duckett  et  al.  (2019) discriminated groundwater  sources in the eastern Basin (Fig.  4) by

comparing  the  groundwater  isotope  values  of  oxygen  (δ18O)  and  hydrogen  (δ2H)  to  the
corresponding isotope values of precipitation, surface water, and snow in the MPB. With this
discrimination of source waters (fast vs. slow pathways) and availability of an existing database
of water isotopes values constructed for the surrounding area, the identified source waters and
flowpaths can be extended into the recharge zone. The water isotope database is a compilation of
δ18O and δ2H for groundwater collected from wells in the recharge zone (and surrounding area)
by Brooks and others (Fig. 5). The samples were analyzed at the University of Idaho using a
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Picarro  Analyzer  (±0.025‰ for  δ18O and  ±0.1‰ for  δ2H)  and  archived  as  part  of  multiple
research  projects examining surface-water infiltration and aquifer recharge  (e.g., Candel et al.,
2016; Dijksma et al., 2011; Sánchez-Murillo et al., 2015, 2014). 

Figure 4. Representation of water sources, subsystems, and flowpaths through the aquifer system in the South 
Fork Palouse River Basin (Kyle A. Duckett et al., 2019).

Figure 5. Wells and locations of available water isotope data for bimonthly groundwater samples collected 
from 2012 to 2016 (Brooks). The northeastern city limit of Moscow is located at well #1. Recharge zone is 
within the loess (yellow)  and colluvium deposits to the northeast adjacent to the basalt flow extent (black line).
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2.3 Proposed Seismic Network Locations
Sites for seismic station locations will be chosen based on proximity to the mountain-front

interface,  location  overlying  the  sediments  of  Bovill  outside  the  extent  of  the  Lolo  flow,
relatively shallow groundwater (<100 m), relatively shallow basement rock (<500 m), distance
away from roads or other interfering vibration sources, and permission by land owners. Two sites
are  pre-selected  because  of  existing  continuous  groundwater  monitoring  by  PBAC  where
landowners are willing to allow placement of seismic stations (Elliot (#9 station) and Shumway
(#25  station)).  Both  sites  are  located  near  Highway  95  north  of  Moscow and  represent  the
westerly  termination  of  the  proposed  seismic  network.  The  goal  is  an  elliptical  transect  of
seismometers  along  the  mountain  front  that  follow a  primary  sediment  zone  from near  the
Highway 95 sites to Robinson Park. The proposed elliptical path will follow an elevation band of
823 to 853 m along the foothills of the Palouse Range. A review of existing well data indicates
this  contour  band  would  place  the  seismic  stations  past  the  extent  of  the  Lolo  flow  while
maximizing  the  potential  thickness  of  the  sediments  of  Bovill.  The  goal  is  for  the  seismic
network to be partially to fully operational for the 2020 spring recharge cycle.

2.4 Proposed Seismometer
The new, open source, Raspberry Shake 1D (1 dimension) and 3D (3 dimensions) will be

used as the seismometers for construction of the seismic network. The Shake 1D contains a 4.5
Hz  vertical  geophone  and  the  3D  contains  three  4.5  Hz  geophones  (x,  y,  z  axes).  Both
seismometers can be deployed with a solar battery bank and contain sufficient internal memory
for datalogging of up to 80+ days. The geophones have the potential to resolve the low frequency
range (0.5 Hz to 2.0 Hz) that constitute the primary area of the ambient seismic field used for
detection of changes in seismic velocity and determination of the influence of the amount of
groundwater present  (Herrmann, 2013; Prieto et al.,  2011; Shapiro and Campillo,  2004). The
Shake 3D will be located at the transect terminations and centerpoints and the Shake 1D will be
used in the remaining locations. The Shake 3D has greater utility given the ability to detect the
perturbations along multiple axes that will allow for cross-correlations of the signals within the
Shake 3D output. 

2.5 Proposed Seismic Station Construction
A seismic station will consist of a small vault (storage box) containing the Shake that can be

placed at a depth of about 1 m (Fig. 6). The station will consist of an external sand bed and
internal stable bed (granitic block) that is fixed to the base of the portable vault. The Shake will
be affixed to the stable bed, and the vault will be insulated and sealed to exclude water when
buried. Cables will extrude from the vault for the power connection (solar battery bank) and data
downloading without removal of the soil/insulation layer and storage box lid. The system can be
reinitialized if necessary with the connector cable and without entrance into the station.
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Figure 6. Example of a seismic station 
vault (courtesy of National Science 
Foundation). 

2.6 Proposed Seismic Station Deployment
The seismic stations proposed for this study will be considerably smaller than the stations

that  constitute  major  seismic  networks  such  as  those  that  compose  the  USArray  or  Global
Seismographic Network. The vault shown in Figure 6 will consist of an ActionPacker® storage
box that will contain the Shake and associated material (Action Packer example shown in Fig. 7).
The durability and securable lid of the Action Packer allow it to be easily buried without concern
for water or soil entrance, yet the station can be easily accessed with removal of the insulating
layer and lid (Figs. 6 and 7). The low power consumption of the Shake allows for use of a
relatively small power source such as off-the-shelf lead acid batteries and solar panel. Although,
each  seismic  station  will  require  monthly  downloading  to  ensure  data  preservation  and
identification of recording/power issues. If anomalous output or power levels are detected, the
vault will be excavated and the instrumentation checked on-site. If the seismometer cannot be
repaired in the field, the vault will be fully excavated and brought back to the laboratory for
further testing. 

Figure 7. Installation of a small-scale 
seismic station inside Okmok caldera in 
the eastern Aleutian Islands as part of the 
NSF GEOPRISMS program (courtesy of 
the National Science Foundation). 
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3. Data Storage and Analysis
All isotope and seismic data will be stored locally and in the UI server network for data

preservation and archiving.

3.1 Isotope Analysis and Pathway Discrimination
The availability of the isotope and geologic data specific to the recharge zone will allow for

correlation of isotopic signals to the discriminated source waters defined by Duckett et al. (2019)
and the geologic structures described by Bush and Dunlap (Bush et al., 2018a, 2016; Bush and
Dunlap, 2018). We will be able to extend the geologic model constructed by Duckett et al. (2019)
to assist with interpretation of the recharge pathways. The correlation of source waters will refine
our understanding of snowmelt (and other source water) transport through the geologic structure
of the recharge zone, which will allow for the spatial discrimination of faster/slower recharge
units and an interpretation of traveltime/hydraulic conductivity (Koeniger et al., 2016; Zhao et al.,
2018).  The focus of the analysis  will  center  on the  δ18O values  with the δ2H values used as
secondary and confirming set of data similar to the evaluation by Duckett et al. (2019). There has
been an identification of strong deuterium excess (d-excess) for groundwater and surface water in
the Basin (Candel et al., 2016; K.A. Duckett et al., 2019) without a correlating discrimination of
d-excess and source water origin likely because of mixing of source waters. It is probable that
examination of the water isotope values for groundwater along the mountain-front interface will
allow for resolution of the season (temperature) to d-excess relation (Kabeya et al., 2007; Yeh et
al., 2014). The utility of the isotope analysis is the spatial discrimination of faster and slower
flowpaths in the recharge zone that will  allow for correlation and correction of available and
estimated  hydraulic  conductivity  values and potentially  for future recharge area protection or
artificial enhancement of recharge. 

3.2 Ambient Seismic Field Analysis
If a sufficient ambient seismic field can be resolved, cross-correlation of the low frequency

seismic waves through an evaluation of changes in seismic velocity (dv/v) can allow for high
spatial  resolution  and  monitoring  of  aquifer  recharge  from  single  day  events  to  multi-year
additions/depletions  (Clements  and  Denolle,  2018).  An  increase  in  water  level  in  an  elastic
sedimentary aquifer increases pore pressure, which decreases grain contact (Fig. 8) and slows
seismic  velocity  (Christensen  and  Wang,  1985;  Grêt  et  al.,  2006).  The  ability  to  detect
perturbations  in  the  ambient  seismic  field  from low frequency  seismic  waves  is  the  key  to
determining dv/v, but the Shake has not been developed for such an application. This application
of the Shake will test our ability to screen the perturbations from the instrument’s self noise. If
daily dv/v can be sufficiently resolved and monitored continuously, we will have the ability to
estimate recharge volumes from daily to larger time scales  (daily dv/v example shown in Fig. 9). 
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Figure 8. Example of 
displacement of grain contact with 
opening of pore spaces from water 
saturation and increased porewater 
pressure (no source).

Figure 9. Example of interpretation of groundwater level in the San Gabriel Valley, California, from changes 
in seismic velocity (% dv/v) (Clements and Denolle, 2018). Grey bars indicate lowest historical water level 
measured in the well. Blue patches indicate times of drought. A negative change in dv/v is a slowing of seismic
waves with less grain contact from porewater pressure.

This  study proposes  the  use  of  the  Moving  Window Cross  Spectral  (MWCS) technique
(Clarke  et  al.,  2011) to  evaluate  wave-speed  perturbation  and  cross-correlation  of  the
perturbations between stations in the recharge zone. A perturbation in the ambient seismic field
represents a low frequency change in velocity normalized to background velocity (dv/v), which
can be cross correlated between seismic stations and correlated to changes in groundwater levels
(Campillo, 2006; Clements and Denolle, 2018; Shapiro and Campillo, 2004). We will remove
non-ambient signals (e.g., earthquakes or other high velocity events that are influenced by water
level)  from the  vertical  geophone  output  by  discarding  hourly  data  containing  an  amplitude
greater than 10 times the standard deviation of the daily value (Prieto et al., 2011). The remaining
waveform will be detrended and normalized in 0.05 Hz to 4 Hz frequency domain (window size
for the target range). From the processed data, we will identify changes in dv/v in the 0.5 Hz to
2.0  Hz frequency range,  which  has  shown utility  for  resolving  dv/v  in  the  upper  500 m of
sedimentary environments (Herrmann, 2013). This should be the appropriate frequency range for
detecting groundwater levels in the eastern MPB, where the depth to water along the mountain-
front interface likely ranges from 10 m to 100 m below land surface and well depths can reach up
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to 200 m. Cross-correlation functions will be computed between stations in 1-hr windows, with
30 min  of  overlap  between  successive  windows using  the  MSNoise  package  (Lecocq  et  al.,
2014).  The correlation  of dv/v to  equivalent  water  level  will  be constructed from pairing of
seismometers and continuous water-level measurements performed by PBAC at the Elliot (station
#9, PBAC identification) and Shumway (station #25) wells in the recharge zone. A change in
water level at each transducer location will be correlated with the nearby seismometer for an
equivalent seismic response for two points that can be correlated to a range of dv/v values at the
other seismometers. A linear response of water level to dv/v will be assumed. 

Production of daily water levels at each seismic station will allow for evaluation of water flux
across the transect plane at a similar time scale or longer. At each seismic station, the saturated
thickness of the vertical profile will be estimated from drill logs in the recharge zone compiled by
Bush and Dunlap. The saturated intervals will be integrated between stations to construct the
dimensions  of  the  flux  plane  for  estimating  daily,  weekly,  monthly,  seasonal  water  volume
passing  through  transect.  Hydraulic  conductivity  values  will  be  estimated  from existing  and
theoretical  data  and  adjusted  according  to  results  of  the  isotope  analysis  for  a  hydraulic
conductivity gradient along the transect. With daily determination of the area of the flux plane
(integrated saturated intervals) and establishing a hydraulic conductivity gradient, flow can be
computed  with  an  estimation  of  the  energy  gradient  and  Darcy’s  Law (Eq.  1).  The  energy
gradient  will  be  estimated  from  the  difference  in  the  Elliot  and  Shumay  water  levels
(downgradient  alignment  between  wells)  and  correlation  with  likely  bedrock  and  hydraulic
conductivity gradients at each seismic station. This analysis will provide the recharge volumes
from this  theorized  recharge  zone  and  the  major  input  to  the  groundwater  model  that  will
encompass  the  MPB.  These  calculations  will  allow for  evaluating  changes  in  recharge  with
snowmelt or other events (e.g., large precipitation) or extended periods of declining recharge. The
resolution  of  water  level,  depth  to  bedrock,  hydraulic  conductivity,  and  energy  gradient  are
potential  errors  that  will  lessen  the  confidence  in  the  flow  calculations.  For  this  reason,  a
probability range (error bars) will be estimated given a determination of potential range of values
for these parameters. 

Q=−K⋅A (
dh
L

) Eq. 1

Q = flow rate (m3/d), K = hydraulic conductivity (m/d), A = area (m2), dh = change in water level elevation 
across the flux plane, L = horizontal distance of the water level change
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Figure 9. Hypothetical flow passing the transect’s flux plane given a saturated thickness (water level) recorded 
at each seismometer (numbered section).

4. Data Output and Publications

4.1 Isotope Correlation and Pathway Discrimination
The  isotope  investigation  will  delineate  recharge  pathways  within  the  mountain-front

interface.  Results  of the investigation will  be compiled in a manuscript  for publication in an
appropriate journal such as MDPI’s open source Hydrology. Open source journals are preferred
location of publication to allow all PBAC members and interested parties access to the data and
journal article. 

4.2 Seismic Field and Recharge Quantification
The seismic field analysis will detail the flux of recharge in the primary recharge zone of this

complex  interface  to  the  multi-aquifer  system  in  the  Wanapum,  Grande  Ronde,  and  Latah
formations. Results of the investigation will be compiled in a manuscript for publication in an
appropriate journal such as MDPI’s open source Geosciences. Open source journals are preferred
location of publication to allow all PBAC members and interested parties access to the data and
journal article. 
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5. Resources, Timeline, and Indicators of Success

5.1 Resources and Costs
The  investigation  will  be  overseen  by  the  principal  investigator  (PI)—Jeff  Langman,

Hydrogeochemist,  University  of  Idaho—and  implemented  by  a  graduate  student  in  the
Department of Geological Sciences with input from co-PIs Bartholomaus, Brooks, Bush, Dunlap,
and Moberly.  Included in the  costs  (Table  1)  are  expenses for the PI’s and student’s  partial
summer  salary,  equipment  and  supplies  (seismic  stations),  travel  (construction,  data
downloading, and maintenance), and 1-year of support for a graduate student. The second year of
the graduate student’s tenure at UI will be covered by a teaching assistantship awarded by the
Department of Geological Sciences. Open source publication costs are included if PBAC wishes
to have the publications and data available as open source documents.

Table 1. Project costs.

Funding Category Cost

PI Salary $4,030

Graduate Student Stipend (AY +
summer)

$26,204

Fringe $2,064

Travel $2,500

Equipment and Supplies $14,550

Publications $1,200*

Tuition + healthcare $11,600

Overhead $0

Total $62,147

* Can be reduced/removed if open source option not chosen.

5.2 Timeline
The study will begin in April 2019 (Table 2) if funding is approved and awarded prior to the

beginning  of  April.  It  is  expected  that  the  investigation  will  occur  over  3  years.  Progress
presentations will be completed by PI Langman or the graduate student upon request by PBAC,
and a final presentation will be given by PI Langman at the completion of the study. Manuscripts
derived from the work will be submitted for publication in 2020/21.
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Table 2. Project timeline.

2019 2020 2021 2022

Task: 2 3 4 1 2 3 4 1 2 3 4 1

Isotopes:

Data compilation

Analysis

Presentations

Manuscript

Seismic Network:

Site selection

Construction

Installation

Data download

Analysis

Presentations

Manuscript

5.3 Indicators of Success
• Ability to discriminate source waters and recharge pathways.

• Ability to quantify the flux of recharge to the multi-aquifer system at a daily or larger time
scale.

• Refinement of the Palouse Basin recharge model.
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