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EXECUTIVE SUMMARY 

A preliminary, conceptual hydrogeologic model for the Palouse Groundwater Basin (PGB) is 

proposed herein based on aquifer test data for the first 372 days of an 800-day, basin-wide, 

aquifer test conducted in 2009-2012.  The aquifer test data were remodeled with the analytical 

modeling software AQTESOLV (HydroSOLVE, Inc., 2007) to potentially help define a direction for 

future hydrogeological research within the PGB.  Modeling was performed using the aquifer 

test calculated drawdown data and pumping data to help develop a potentially plausible 

explanation for the continually declining groundwater levels throughout the PGB.    

In order to develop models capable of simulating the spatial and temporal variability in the 

aquifer test data seen between pumping centers in Moscow, Pullman and Palouse, the basin 

was divided into three separate compartments.  Well hydraulic connections, groundwater 

trends, groundwater temperature, and groundwater age dates identified in previous 

investigations were used to help identify compartment locations (Folnagy and Osiensky, 2016). 
This provided for the development of a distinct, separate model, with potentially different 

hydrogeologic properties, for each observation well monitored during the aquifer test.  

.ŜŎŀǳǎŜ ƻŦ ŀƴŀƭȅǘƛŎŀƭ ƳƻŘŜƭ ƭƛƳƛǘŀǘƛƻƴǎΣ ǘƘŜ tD. ǿŀǎ ƳƻŘŜƭŜŘ ǳƴŘŜǊ ǘƘŜ άǿƻǊǎǘ ŎŀǎŜέ 

scenario that the basin consists of at least three hydraulically isolated, box shaped aquifers (i.e., 

compartments) with effectively zero natural recharge, zero natural discharge and zero hydraulic 

communication between compartments.   All groundwater pumped from the basin was 

modeled as being removed permanently from the finite volume of groundwater stored in each 

compartment ǿƛǘƘƛƴ ŀ άǘȅǇƛŎŀƭέ ȅŜŀǊ ƻŦ ǳƴǇǊŜƳŜŘƛǘŀǘŜŘ ǇǳƳǇƛƴƎ. 

The model for each observation well was run many times during the model calibration 

phase until each model best simulated the calculated drawdown vs. time over the 372 days of 

the aquifer test.  The modeling results show that despite the modeling software limitations, the 

models are capable of accurately simulating the calculated drawdown in the PGB on 

approximately 5 to 10 minute intervals.  However, the model for the Pullman 8 observation well 

is unable to simulate apparent water level recovery in the form of negative calculated 

drawdown (i.e., rising water levels) during the first 90.5 days of the aquifer test measurement 

period.   

The calibrated model results suggest that treating the PGB as a closed, finite system with 

zero recharge on an annual time frame may be a reasonable plan for water resource 

management of the Grande Ronde aquifer system.   The next logical step in the modeling 

process is to complete a model verification phase by extending the model simulations for each 

observation well from 372 days to 800 days to confirm the degree of accuracy for each model 

(see Appendix on page 106). 



3 
 

Introduction 

An 800-Day, multiple-well, Palouse Groundwater Basin (PGB) aquifer test was conducted 

beginning in November, 2009. The reader is referred to Moran (2011) and Folnagy (2012) for 

details of this aquifer test. This analysis report follows PBAC Data Report 1-2022-1 produced for 

the Palouse Basin Aquifer Committee (PBAC) by Folnagy and Osiensky (2022).  The reader is 

referred to the data report for a summary of the aquifer test, electronic copies of the calculated 

drawdown data, and brief instructions for use of the aquifer test software package AQTESOLV 

(HydroSOLVE, Inc. 2007; 2021). 

The multiple-well aquifer test within the Grande Ronde aquifer system of the PGB started at 

time t=0 at 9:50 pm (21:50 UTC) on November 24, 2009 with initiation of WSU 4 pumping, and 

was conducted for a total elapsed time of 800 days.  Nineteen wells were pumped as needed 

throughout the PGB during the first 372 days.  For this report, wells in the Colfax area were not 

considered to be part of the current conceptual hydrogeologic model.  Locations for 16 

pumping wells and eight observation wells in UTM coordinates, pumping rates and pumping 

times, and calculated drawdown and measurement times for the observation wells are included 

in PBAC Data Report 1-2022-1 by Folnagy and Osiensky (2022).  

A preliminary, new, conceptual hydrogeologic model of apparent compartmentalization of 

the Grande Ronde aquifer system in the PGB based on the first 372 days of aquifer test data is 

proposed herein.  The conceptual model expands upon analyses of aquifer test data presented 

by Owsley (2003), McVay (2007), Fiedler (2009), Moran (2011) and Folnagy (2012).  Owsley 

hypothesized the existence of three, laterally separated, Grande Ronde aquifers within the 

basin based on drawdown data for four short-term aquifer tests. McVay conducted two, longer-

term (several days) aquifer tests and found that the Grande Ronde aquifer system in the 

Moscow, Idaho area consists of two vertically connected aquifers based on drawdown data 

collected in deep and shallow observation wells.  Moran (with the assistance of Folnagy) 

conducted the first 372-day multiple well aquifer test in the basin (i.e., 372 days of the total 800 

days); she treated the entire PGB as bounded by no-flow boundaries to the south and east, and 

unbounded (i.e., infinite) to the west and north. Folnagy followed Moran and reanalyzed the 

372-day data set and extended the aquifer test data collection to 800 days.  He identified three 

specific aquifer compartments within the basin; however, the Moscow and Pullman 

compartments were simulated as bounded by no-flow boundaries on three sides and 

unbounded in the north direction.  Folnagy simulated the Palouse compartment with one 

impermeable boundary on the south side and one impermeable boundary on the east side.  As 

unsatisfying as a semi-infinite basin may be for a conceptual hydrogeologic model of the PGB, it 

was necessary due to the excessive time requirements associated with analytical modeling of 

individual, completely bounded compartments over a 372-day period.  
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This report presents a case for the potential existence of completely bounded compartments 

within the Grande Ronde aquifer system of the PGB.  The case for closed compartments is 

based on comparisons of measured interactions and model predicted interactions between 

specific pumping wells and observation wells.  Each compartment was modeled as a worst case 

scenario with zero recharge into the compartment and zero natural (non-pumped) discharge 

out of the compartment.  In other words, the groundwater in each compartment was modeled 

as being unsustainably mined at the 2009-2010 rates and spatial distributions of pumping. 

The purpose of this investigation is to evaluate whether deterministic, analytical models of 

aquifer test data for long-term aquifer tests can be used to develop the framework for useful, 

predictive, groundwater models for the PGB.  The purpose of this preliminary report is to 

propose a new conceptual hydrogeologic model for the Grande Ronde aquifer system under 

the pumping conditions of the first 372 days of the 800-day PGB aquifer test.  As such, the 

aquifer test data presented by Folnagy and Osiensky (2022) have been remodeled with the 

analytical modeling software AQTESOLV to potentially help define a direction for future 

hydrogeological research within the PGB.  The goal of the modeling effort was to develop a 

conceptual hydrogeologic model of the PGB that is compatible with the finite basin, geologic 

conceptual models of Bush et al., (2005; 2022).    

Modeling was performed to test the hydrogeologic conceptual model that the Grande Ronde 

aquifer system is compartmentalized laterally into several geologically bounded compartments 

that contain one or more discontinuous producing zones. The four boundaries of each 

compartment are conceptualized to restrict (i.e., low flow) groundwater flow into or out of 

each compartment.  Groundwater is assumed to slowly leak through the compartment 

boundaries; however, this form of lateral leakage cannot be differentiated from vertical leakage 

in the aquifer test data. Leakage across the boundaries is believed to allow water levels in all 

compartments to equilibrate annually to similar elevations during the low pumping recovery 

period each winter.  

Geologic evidence for potential compartment boundaries includes the work by Conrey and 

Crow (2014) who used well log stratigraphy and drilling chips to locate subsurface faults in the 

vicinity of proposed compartment boundaries. Conrey and Crow (2014) and Folnagy and 

Osiensky (2016) showed that the Moscow Fault corresponds to the boundary between Moscow 

Compartment 1 and MC2.  Two other faults (SF Palouse and Clear Creek faults) mapped by 

Crow and Conrey (2014) may be evidence for low hydraulic conductivity zones within the PUC 

and Colfax Sub-basin. 

Hydrogeologic characteristics of the boundaries, and the mechanisms of cross-boundary 

leakage are not well understood.  As little as two-orders of magnitude (100 times lower) 

contrast in hydraulic conductivity due to spatial heterogeneity may be enough to form low-flow 
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boundary effects (Anderson and Woessner, 1992).  In layered hydrogeologic environments 

composed of basalt lava flows and sediments, this amount of hydraulic conductivity contrast is 

relatively common and may be invisible to the naked eye in rock outcrops or drilling samples.   

However, boundaries of this type could allow substantial cross-boundary groundwater leakage 

between compartments over an annual time frame without being detectable in aquifer test 

data. Another potentially significant source of localized cross-boundary leakage may be 

groundwater flow through permeable, relatively small, buried stream channels that traverse 

the Grande Ronde aquifer system in the PGB.  

This report does not deal with geological interpretations beyond those of the conditions of 

the analytical methods of aquifer test analysis used to simulate the calculated drawdown for 

each observation well. The M.S. theses referenced above (and references included therein) and 

public presentations to PBAC summarize the geological conditions of the PGB to varying 

degrees. However, it is recommended that those readers specifically interested in geological 

interpretations review the numerous reports, maps, and illustrations prepared by John Bush 

and his associates for the most complete and up-to-date information.  A recent report on 

Palouse Basin boundaries is by Bush et al., 2022.  

Development of AQTESOLV Models 

Introduction 

Conceptual hydrogeologic models of the PGB have varied widely over the past century.  Over 

time, more municipal water supply wells and groundwater monitoring wells were drilled, and 

more investigators became involved in geologic, hydrogeologic, and hydrogeochemical research 

of the basin.  Understanding of the basin hydrogeology improved.  However, new data often 

contradicted previous conceptual models and showed that the basin hydrogeology is more 

complex than previously anticipated.   

Most aquifer tests are conducted for periods of time ranging from a few hours to several 

days.  No records of basin-wide aquifer tests on the order of 372 days have been found 

elsewhere in the literature.  A new conceptual hydrogeologic model of compartmentalization in 

the Grande Ronde aquifer system is developed herein based on the entire 372-day set of 

aquifer test drawdown data collected in the PGB. These data are provided in the PBAC Data 

Report 1-2022-1 by Folnagy and Osiensky (2022).  

The PGB historically has been conceptualized as a hydrogeologically isolated, Grande Ronde 

basalt aquifer system that showed continuity throughout.  Assessment of continuity was based 

primarily on similar annual water level declines and measured water level elevations 

experienced in city and university production wells, and in a few dedicated groundwater level 
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monitoring wells.  No direct, mathematically predictable, pumping well interference effects 

have been confirmed between cities (Moscow, Pullman, Palouse and Colfax).   

The terms conceptual hydrogeologic model as used in this report represent the idea, 

concept, or scientific hypothesis that describes a plausible hydrogeologic framework for the 

PGB.  The terms model, AQTESOLV or AQTESOLV model are used interchangeably to describe a 

mathematical representation of the hydrogeologic conditions within distinct compartments of 

the PGB; one model is presented herein for each observation well (OBS WELL) monitored 

during the aquifer test.  The term simulation represents solutions to the mathematical 

equations of an AQTESOLV model generated by WINDOWSϰ personal computers. 

Moscow Compartment 1 

Boundaries of Moscow Compartment 1 (MC1) are not modeled in this report because no 

observation wells within this compartment were available for drawdown measurements during 

the aquifer test (Figure 1).  This compartment contains two Grande Ronde municipal pumping 

wells (Moscow 6 and Moscow 8).  Pumping rate data for these wells were used in the initial 

stages of modeling to help estimate the location of potential boundaries.  No direct hydraulic 

connections (e.g., definitive drawdown) to observation wells anywhere within the PGB were 

detected from the pumping of Moscow 6 and Moscow 8.  However, annual groundwater level 

declines and elevations in Moscow 6 and Moscow 8 are believed to be consistent with the rest 

of the PGB (Robischon, 2022, personal communication).   

Moscow Compartment 2 

The boundaries of Moscow Compartment 2 (MC2) are based primarily on 1) the locations of 

observation wells that responded to pumping of water supply wells Moscow 9 and UI 4, and 2) 

observation wells in Palouse and Pullman that did not respond to pumping of the Moscow 

wells.  Water supply well UI 3 was not pumped during the 372 days of the aquifer test.  In 

addition, water supply well Moscow 10 was not drilled until summer 2016 after the 800-day 

aquifer test was completed. 

MC2 is the only compartment within the PGB that is known to contain upper and lower 

Grande Ronde aquifers identified hydraulically during an aquifer test.  McVay (2007) found that 

Moscow 9 and UI3 are hydraulically connected to three observation wells in the vicinity of the 

Washington/Idaho state line.  These observation wells include the Washington State 

Department of Ecology (DOE) OBS WELL completed into the deep Grande Ronde aquifer 

system, and the Champion Electric and Premix wells completed into a shallow Grande Ronde 

aquifer.  Folnagy (2012) confirmed that Moscow 9, UI3, and UI4 are hydraulically connected to 

the DOE OBS WELL and Premix well (referred to as Motley and Motley in Folnagy (2012)). 



7 
 

Unfortunately, the Champion Electric and Premix wells were not available for use as 

observation wells during this 800-day aquifer test; the reader is referred to McVay (2007) for 

his results, and maps showing the locations of these observation wells.  The Premix well was 

monitored for 522 days during the 800-day aquifer test but is not evaluated in this report. 

 

 

Figure 1.  Geographic positions of four compartments in the Grande Ronde aquifer system of 

the PGB as conceptualized in this report. 
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Palouse Compartment 

The boundaries of the Palouse Compartment (PAC) are based on 1) the locations of water 

supply wells Palouse 1 and Palouse 3, 2) the apparent lack of hydraulic connection between the 

Garfield water supply well 4 and the two Palouse wells (Figure 2), and 3) the lack of hydraulic 

connections between the Palouse wells and pumping wells in Moscow, Pullman and Colfax.  

 

Figure 2. Plot of water level (units in meters of water above the datalogger) vs. elapsed time 

in days for the Palouse 3 well in response to pumping stresses from the Palouse 1 and 

Garfield 4 wells (modified after Folnagy (2012)). 

Pullman Compartment  

The boundaries of the Pullman Compartment (PUC) are based primarily on 1) the locations 

of Pullman water supply wells that caused measureable drawdown in the WSU Test Well, 2) the 

locations of observation wells WSU 5 and Cornelius, 3) the locations of crystalline rocks 

associated with Kamiak Butte and Smoot Hill to the north, and 4) the lack of pumping wells and 

observation wells west of Pullman within Potential Pullman Compartment 2 (Figure 1). 

Drawdown measurements were not collected in wells Pullman 5 and Pullman 6 during the 

aquifer test; the dataloggers were pulled because of difficulties installing and retrieving the 

dataloggers during the pretest measurement period (Moran, 2009, personal communication). 
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Colfax Sub-basin 

This sub-basin contains four Grande Ronde municipal pumping wells (Fairview, Clay Street, 

Glenwood 1 and Glenwood 2).  Pumping rate data for these four wells were used in the initial 

stages of modeling to help estimate the location of boundaries.  Only a partial record of 

drawdown measurements was obtained for the Clay Street pumping/observation well during 

the aquifer test due to access issues and equipment problems (see Moran, 2011 for further 

details).        

Boundaries of the Colfax Sub-basin are not modeled in this report because limited 

drawdown data collected in the Clay Street well do not show drawdown from any pumping 

wells other than pumping of the Clay Street well itself.  In addition, no direct hydraulic 

connections (i.e., definitive drawdown) to observation wells located outside of the Colfax Sub-

basin were detected from the pumping of the Colfax wells. 

Preliminary AQTESOLV Model Simulations 

Introduction 

The results presented in this report were produced with the analytical, aquifer test software 

AQTESOLV (HydroSOLVE, Inc. 2007).  Unlike numerical modeling software such as Modflow 

(McDonald and Harbaugh, 1988), AQTESOLV is not capable of simulating many of the conditions 

(e.g., irregular, leaky, hydrogeologic boundaries) of the conceptual hydrogeologic model as 

proposed herein.  The two primary limitations for the PGB are that 1) AQTESOLV must treat 

barrier boundaries as impermeable, straight lines that meet at right angles, and 2) aquifers and 

aquitards must be treated as horizontal strata of constant thickness that are homogeneous and 

isotropic or homogeneous and anisotropic.   

Aquifer compartments were modeled as laterally isolated rectangular blocks (i.e., separate 

aquifers) with no opportunity for cross-boundary flow (e.g., a worst case scenario).  Each 

simulated compartment was a mathematical representation of a portion of the PGB within 

which the pumped aquifers and aquitards were modeled as uniform and continuous. Therefore, 

for all practical purposes, a separate, independent, 372-day aquifer test was simulated for each 

compartment.    

Aquifer test methods of analysis (e.g., Neuman and Witherspoon (1969), and Tartakovsky 

and Neuman (2007)) that potentially describe the large-scale and long-term (i.e., annual time 

frame), system behavior of each compartment under pumping conditions were evaluated.  The 

reader is referred to the software documentation at the following link for descriptions of the 

methods of aquifer test analysis available in AQTESOLV: AQTESOLV--Download Manual 

http://www.aqtesolv.com/manual.asp
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 AQTESOLV was used to evaluate the calculated drawdown, pumping data, and potential 

boundary locations for each OBS WELL within the PGB during preparatory model development.    

Model calibration was accomplished by selection of the most appropriate aquifer testing 

methodology (i.e., the idealized hydrogeologic conditions) for each compartment followed by 

manual, trial-and-error adjustment of aquifer parameters, compartment block size and 

compartment boundary locations.  All model boundary locations must be considered to be 

approximate. The effective locations and shapes of actual άƭƻǿ Ŧƭƻǿέ ōƻǳƴŘŀǊƛŜǎ Ƴŀȅ ōŜ 

significantly different than the impermeable boundaries modeled.  Simulations for each OBS 

WELL were run on WINDOWSϰ personal computers many times until the best visual (i.e., 

subjective) match to the calculated drawdown values for the entire 372 days of the aquifer test 

was achieved.  Folnagy and Osiensky (2022) described calculated drawdown as follows: 

     ¢ƘŜ ǘŜǊƳ άŎŀƭŎǳƭŀǘŜŘ ŘǊŀǿŘƻǿƴέ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘϝ ƛƴǎǘŜŀŘ ƻŦ ŘǊŀǿŘƻǿƴΦ  ¦ǎŀƎŜ ƻŦ ǘƘƛǎ ǘŜǊm is not 

to be confused with calculated recovery in an observation well, or calculated drawdown in a pumping well 

based on its specific capacity.  Calculated drawdown is used herein to avoid the implication that changes in 

water level over time were measured directly (e.g., measured manually with a steel tape or an electrical 

sounder).  For this aquifer test, changes in absolute water pressure with time since pumping started at t=0 

were recorded with electronic pressure transducers (data loggers).  The raw water pressures were 

converted to meters of water and preprocessed by calculations to remove the effects of barometric 

pressure changes over time and seasonal antecedent trends as described by Folnagy (2012, Chapter 3); in 

addition to the calculations made by Folnagy, the data presented in some of the AQTESOLV files herein 

were filtered to fit the size limitations of AQTESOLVΣ ŀƴŘκƻǊ άŀŘƧǳǎǘŜŘέ ǘƻ ǊŜƳƻǾŜ ƻōǾƛƻǳǎ ŘƻǿƴƭƻŀŘƛƴƎ 

errors when detected.    

*The Palouse 1 OBS WELL data file retains the term drawdown because these data were preprocessed by 

Moran (2011) in a different manner than the rest of the data sets. 

Each calibrated model (one for each OBS WELL) represents the best visual match of a single 

model simulation to the entire 372-day data set.  The results are non-unique due to the large 

number of aquifer parameter adjustments needed during trial-and-error model calibration.   

Each model simulation produced a blue colored line (i.e., type curve) that represents the 

ƳƻŘŜƭΩǎ continuous calculations of changes in groundwater levels (i.e., drawdown) from time 

t=0 to time t=372 days due to the pumping of specific wells.  A blue type curve was superposed 

over a plot of calculated drawdown vs. time to allow the reader to compare the model results 

to calculated drawdown for each observation well in response to the pumping of all city and 

university wells completed in the Grande Ronde aquifer system.  A single set of aquifer 

parameters for each model represents some type of annual average of the hydrogeologic 

conditions within a compartment derived for the spatial and temporal pumping variations that 

occurred over the 372-days of the aquifer test (Osiensky, et al., 2000; Tumlinson, et al., 2006; 

Rhode, et al., 2007).  Graphical, AQTESOLV model results for the MC2, PAC, and PUC for 

selected time periods are presented graphically below as EXHIBITS.   
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For those readers that may be unfamiliar with the common terminology used in aquifer 

testing reports, drawdown or calculated drawdown refer to the measured decline in water 

levels over time (i.e., changes in water level from a known starting point at time t=0) in a well 

due to the effects of pumping.  Drawdown/calculated drawdown data vs. time typically are 

plotted with drawdown (decreasing water levels) increasing in magnitude upward on the y-axis, 

and with time increasing in magnitude from left to right on the x-axis. This convention is used 

throughout this report. However, this convention might appear to be άǳǇǎƛŘŜ Řƻǿƴέ ǘƻ ǘƘŜ 

uninitiated.  

Moscow Compartment 2 Model Calibration Results 

MC2 is the second largest compartment in the PGB as modeled.  Calibration of the MC2 

models was very sensitive to compartment size and aquifer parameters.  Final calibration of the 

MC2 models was completed with a compartment size of 123.5 km2 and spatially variable 

aquifer parameters based on two pumping wells (Moscow 9 and UI 4), and four observation 

wells (DOE, IDWR4, Cornelius and WSU5) within MC2 (Figure 3).  Cornelius and WSU 5 are 

relatively shallow wells that do not penetrate the same producing zone as Moscow 9 and UI 4.  

Wells Moscow 6 and Moscow 8 located outside the eastern boundary of MC2 (right boundary) 

did not show any hydraulic connection to wells within MC2; the Champion Electric well, Premix 

well, UI 3 well, and Moscow 10 well in Figure 3 are shown for reference purposes only. 

The hydrogeology within MC2 is conceptualized as a leaky, confined two-aquifer system 

(Figure 4) consistent with the aquifer testing method developed by Neuman and Witherspoon 

(1969).  However, no aquifer test data (i.e., definitive responses to pumping) are available to 

evaluate the lateral extent of the shallow Grande Ronde (άǳƴpumpedέ) aquifer identified by 

McVay (2007) beyond the Champion Electric and Premix wells (Figure 3). 

AQTESOLV simulation results are presented below for the four observation wells believed to 

be located within MC2 based on drawdown responses to pumping of wells Moscow 9 and UI 4 

only (Figure 3). No PGB pumping wells located outside of the MC2 boundaries were included in 

the MC2 models. 
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Figure 3. Location map of MC2 compartment boundaries, OBS WELLS and pumping wells as 

modeled in AQTESOLV.   



13 
 

                       

Figure 4. Illustration of the hydrogeologic conditions for a leaky aquifer based on the 

Neuman and Witherspoon (1969) method of aquifer test analysis (after HydroSOLVE, Inc., 

2007).  

DOE Observation Well   

The DOE OBS WELL is located in the central portion of MC2 approximately half-way between 

the cities of Moscow and Pullman (Figure 3).  Because of its location, the well is considered one 

of the most important, non-pumped, observation wells in the PGB.  Constructed as the Pullman 

Test Well and described by Brown (1976), the DOE OBS WELL has served as a primary water 

level observation well for the Grande Ronde aquifer system in the PGB for several decades.  

Aquifer test drawdown data for 800 days were recorded for this well (see Folnagy, 2012).  An 

AQTESOLV plot as calculated drawdown vs. time in days is shown for the period t=0 to t=372 

days with linear axes (arithmetic) in Figure 5.  Calculated drawdown data for the DOE OBS WELL 

provide evidence for the lack of hydraulic connection between municipal pumping wells in 

Moscow and Pullman.  
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Figure 5.  AQTESOLV plot of calculated drawdown vs. time for t=0 to t=372 days for the DOE 

OBS WELL. Note: the scale for calculated drawdown is different from EXHIBIT 1A through 

EXHIBIT 1H below. 

EXHIBIT 1A through EXHIBIT 1H present MC2 model calibration results for eight selected 

time periods between t=0 and t=372 days for the DOE OBS WELL. The selected time periods 

are:  

EXHIBIT 1A from t=0 to t=10 days,  

EXHIBIT 1B from t=10 days to t=20 days, 

EXHIBIT 1C from t=20 days to t=30 days, 

EXHIBIT 1D from t=30 days to t=40 days, 

EXHIBIT 1E from t=40 days to t=50 days, 

EXHIBIT 1F from t=190 days to t=210 days (note: different time scale), 
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EXHIBIT 1G from t=290 days to t=310 days (note: different time scale), and 

EXHIBIT 1H from t=362 days to t=372 days. 

EXHIBIT 1A presents an AQTESOLV plot for the first 10 days of calculated drawdown vs. 

time for the DOE OBS WELL.  The plot shows that calculated drawdown did not begin in the 

DOE OBS WELL until 1.7535 days after pumping started in the WSU 4 well in Pullman.  A total 

of six wells started pumping in the PGB before the first calculated drawdown began in the 

DOE OBS WELL; calculated drawdown began 0.0135 days (19.44 minutes) after pumping 

began in UI 4 (Table 1).  EXHIBIT 1A shows that the maximum discrepancy between 

calculated drawdown and AQTESOLV simulated drawdown between t=0 and t=10 days is 

approximately one tick mark on the y-axis or 4.4 cm (1.7 inches). 

 

EXHIBIT 1A.  Neuman and Witherspoon (1969) model calibration 

results for time t=0 to t=10 days for the DOE OBS WELL.  
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EXHIBIT 1B.  Neuman and Witherspoon (1969) model calibration 

results for time t=10 days to t=20 days for the DOE OBS WELL. 
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EXHIBIT 1C.  Neuman and Witherspoon (1969) model calibration 

results for time t=20 days to t=30 days for the DOE OBS WELL. 
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EXHIBIT 1D.  Neuman and Witherspoon (1969) model calibration 

results for time t=30 days to t=40 days for the DOE OBS WELL. 
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EXHIBIT 1E.  Neuman and Witherspoon (1969) model calibration 

results for time t=40 days to t=50 days for the DOE OBS WELL. 
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EXHIBIT 1F.  Neuman and Witherspoon (1969) model calibration 

results for time t=190 days to t=210 days for the DOE OBS WELL. 
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EXHIBIT 1G.  Neuman and Witherspoon (1969) model calibration 

results for time t=290 days to t=310 days for the DOE OBS WELL. 
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EXHIBIT 1H.  Neuman and Witherspoon (1969) model calibration 

results for time t=362 days to t=372 days for the DOE OBS WELL. 
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PUMPING WELL TIME SINCE PUMPING BEGAN 
(DAYS) 

PUMPING RATE (gpm) 

WSU 4 t=0 1440 

WSU 8 0.138 2392 

GLENWOOD 1 0.443 555 

PULLMAN 5 0.488 1683 

PULLMAN 7 0.533 1752 

PALOUSE 1 1.38 719 

UI 4 1.74 2000 

GLENWOOD 2 2.063 555 

WSU 6 5.572 1050 

MOSCOW 6 5.655 1006 

PULLMAN 3 5.737 591 

MOSCOW 8 6.421 944 

PALOUSE 3 9.217 734 

MOSCOW 9 12.555 2028 

WSU 7 59.473 2700 

FAIRVIEW 162.633 650 

PULLMAN 6 195.467 631 

CLAY STREET 215.373 453 

PULLMAN 8 299.5 650 

 

Table 1.  Initial pumping times and rates of pumping for all city and university Grande Ronde 

aquifer system wells pumped during the 372-day aquifer test. 

EXHIBIT 1F and EXHIBIT 1G both present 20-day plots of calculated drawdown vs. time for 

the DOE OBS WELL.  EXHIBIT 1F shows the model calibration results for the period just prior to 

the beginning of the summertime irrigation season (t=190 to 210 days).  EXHIBIT 1G shows the 

model calibration results for the transition period between irrigation season and post irrigation 

system recovery (t=290 to 310 days); the maximum discrepancy between calculated  drawdown 

and AQTESOLV simulated drawdown during the transition period is about five tick marks on the 

y-axis or 22cm (8.7 inches).  

EXHIBIT 1H presents an AQTESOLV plot for the last 10 days of calculated drawdown vs. time 

for the DOE OBS WELL.  The plot shows the maximum discrepancy between calculated 

drawdown and AQTESOLV simulated drawdown between t=362 days and t=372 days is 

approximately 1.5 tick marks on the y-axis or 6.6 cm (2.6 inches).  Note: the simulated 

drawdown peak between 366 and 367 days is believed to be a false positive error due to the 

automated, electromagnetic method used to record pump on-off times during the aquifer test 

(see Moran, 2011). 
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 IDWR 4 Observation Well 

 The IDWR 4 OBS WELL is located in the east central portion of MC2 approximately 1.4 

kilometers (0.9 miles) northeast of the WINCO grocery store in Moscow (Figure 3).  The well is 

the primary non-pumped, Grande Ronde aquifer system observation well in the Moscow area; 

it penetrates approximately three meters (10 feet) into the same primary producing zone as 

Moscow wells M9 and M10, and University of Idaho wells UI 3 and UI 4.  Aquifer test drawdown 

data for 800 days were recorded for the IDWR 4 OBS WELL (see Folnagy, 2012).  An AQTESOLV 

plot of calculated drawdown vs. time in days is shown for the period t=0 to t=372 days with 

linear axes (arithmetic) in Figure 6. 

 

Figure 6.  AQTESOLV plot of calculated drawdown vs. time for time t=0 to t=372 days for the 

IDWR 4 OBS WELL. Note: the scale for calculated drawdown is different from EXHIBIT 2A 

through EXHIBIT 2H below.   
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EXHIBIT 2A through EXHIBIT 2H present MC2 model calibration results for eight selected time 

periods between t=0 and t=372 days for the IDWR 4 OBS WELL; Note: the y-axis scale was 

increased relative to all other OBS WELLS to accommodate the larger range of calculated 

drawdown experienced in  the IDWR 4 OBS WELL.  The selected time periods are:  

EXHIBIT 2A from t=0 to t=10 days,  

EXHIBIT 2B from t=10 days to t=20 days, 

EXHIBIT 2C from t=20 days to t=30 days, 

EXHIBIT 2D from t=30 days to t=40 days, 

EXHIBIT 2E from t=40 days to t=50 days, 

EXHIBIT 2F from t=190 days to t=210 days (note: different time scale), 

EXHIBIT 2G from t=290 days to t=310 days (note: different time scale), and 

EXHIBIT 2H from t=362 days to t=372 days. 

EXHIBIT 2A presents an AQTESOLV plot for the first 10 days of calculated drawdown vs. 

time for the IDWR 4 OBS WELL.  The plot shows that calculated drawdown did not begin in 

the IDWR OBS WELL until 1.7465 days after pumping started in the WSU 4 well in Pullman.  

Table 1 shows that six wells began pumping within the PGB before the first calculated 

drawdown began in the IDWR 4 OBS WELL; calculated drawdown began 0.0065 days (9.40 

minutes) after pumping began in UI 4.  EXHIBIT 2A shows the maximum discrepancy 

between calculated drawdown and AQTESOLV simulated drawdown between t=0 and t=10 

days is approximately one tick mark on the y-axis or 8.4 cm (3.3 inches).  This plot also shows 

that calculated drawdown values recovered below zero; this suggests that the pre-test rising 

antecedent trend was not completely accounted for by the single trend correction used to 

generate the calculated drawdown values. 

EXHIBIT 2F and EXHIBIT 2G both present 20-day plots of calculated drawdown vs. time for 

the IDWR 4 OBS WELL.  EXHIBIT 2F shows the model calibration results for the period just 

prior to the beginning of the summertime irrigation season (t=190 to 210 days).  EXHIBIT 2G 

shows the model calibration results for the transition period between irrigation season and 

post irrigation system recovery (t=290 to 310 days); the maximum discrepancy between 

calculated  drawdown and AQTESOLV simulated drawdown during the transition period is 

about four tick marks on the y-axis or 33.6 cm (13.2  inches).  

EXHIBIT 2H presents an AQTESOLV plot for the last 10 days of calculated drawdown vs. 

time for the IDWR 4 OBS WELL.  The plot shows that the maximum discrepancy between 
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calculated drawdown and AQTESOLV simulated drawdown between t=362 days and t=372 

days is about three tick marks on the y-axis or 25.2 cm (9.9 inches).  Note: the simulated 

drawdown peak between 366 and 367 days is believed to be a false positive error due to the 

automated, electromagnetic method used to record pump on-off times during the aquifer 

test (see Moran, 2011). 

 

EXHIBIT 2A.  Neuman and Witherspoon (1969) model calibration 

results for time t=0 to t=10 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2B.  Neuman and Witherspoon (1969) model calibration 

results for time t=10 days to t=20 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2C.  Neuman and Witherspoon (1969) model calibration 

results for time t=20 to t=30 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2D.  Neuman and Witherspoon (1969) model calibration 

results for time t=30 days to t=40 days for the IDWR 4 OBS WELL. 

 

 

30. 32. 34. 36. 38. 40.
-0.1

0.32

0.74

1.16

1.58

2.

Time (day)

C
a
lc

u
la

te
d
 D

ra
w

d
o
w

n
 (

m
)

Obs. Wells

IDWR 4 OBS WELL

Aquifer Model

Leaky

Solution

Neuman-Witherspoon

Parameters

T  = 2.2E+5 m2/day
S  = 1.0E-5
1/B = 2.178E-5 m-1

ß/r  = 1.346E-5 m-1

T2  = 100. m2/day
S2  = 0.06



30 
 

 

EXHIBIT 2E.  Neuman and Witherspoon (1969) model calibration 

results for time t=40 days to t=50 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2F.  Neuman and Witherspoon (1969) model calibration 

results for time t=190 days to t=210 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2G.  Neuman and Witherspoon (1969) model calibration 

results for time t=290 days to t=310 days for the IDWR 4 OBS WELL. 
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EXHIBIT 2H.  Neuman and Witherspoon (1969) model calibration 

results for time t=362 days to t=372 days for the IDWR 4 OBS WELL. 

Cornelius Observation Well 

The Cornelius OBS WELL is located near the southwest corner of MC2 (Figure 3).  The well is 

a 76-meter (250-ft) deep domestic well completed in the Grande Ronde aquifer system near 

the intersection of Sand Road and Johnson Avenue.  Water levels in the Cornelius OBS WELL 

were monitored by PBAC for several years prior to the aquifer test.  Aquifer test drawdown 

data were recorded for 800 days during the aquifer test (Folnagy, 2012).  The Cornelius OBS 

WELL was pumped as needed during the aquifer test.  Pumping of this well created a very noisy 

(e.g., floating bubble effects) drawdown data set (Figure 7).  In addition, several apparent, in-

well, datalogger placement errors developed during downloading.      
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Figure 7.  Original unfiltered and non-adjusted AQTESOLV plot of calculated drawdown vs. 

time for time t=0 to t=372 days for the Cornelius OBS WELL. Note: different y-axis scale.   

Calculated drawdown did not begin in the Cornelius OBS WELL until 15.80 days after 

pumping started in the WSU 4 well in Pullman.  Fourteen wells began pumping in the PGB 

before the first calculated drawdown began in the Cornelius OBS WELL (Table 1).  A zoomed 

AQTESOLV plot of calculated drawdown vs. time in days is shown for the period t=93 days to 

t=94 days with linear axes (arithmetic) in Figure 8 to illustrate the characteristics of the first of 

three, significant, datalogger placement errors that occurred during downloading.   
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Figure 8.  Zoomed AQTESOLV plot showing an error in calculated drawdown vs. time for t=93 

days to t=94 days for the Cornelius OBS WELL.  Note: different y-axis and x-axis scales.   

EXHIBIT 3A through EXHIBIT 3H present MC2 model calibration results for eight selected 

time periods between t=0 and t=372 days for the Cornelius OBS WELL. The selected time 

periods are:  

EXHIBIT 3A from t=0 to t=372 days (note: different time scale),  

EXHIBIT 3B from t=10 days to t=20 days, 

EXHIBIT 3C from t=20 days to t=30 days, 

EXHIBIT 3D from t=30 days to t=40 days, 

EXHIBIT 3E from t=40 days to t=50 days, 

EXHIBIT 3F from t=190 days to t=210 days (note: different time scale), 

EXHIBIT 3G from t=290 days to t=310 days (note: different time scale), and 
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EXHIBIT 3H from t=362 days to t=372 days. 

 The Cornelius OBS WELL is the most remote well monitored during the 372-day aquifer 

test.  The nearest pumping well, other than nearby domestic wells, is Pullman 5 in the PUC. 

Pullman 5 is located approximately 3.95 km (2.45 miles) northwest of the Cornelius OBS 

WELL at the intersection of Fairmount Road and South Grand Avenue near the Pullman 

Walmart store.  In addition, the Cornelius OBS WELL is located approximately 9.61 km (5.97 

miles) southwest of Moscow 9 (Figure 3).  As EXHIBIT 3A shows, the Cornelius OBS WELL 

yielded a distance-muted response to the pumping of wells Moscow 9 and UI 4 during the 

aquifer test.   

 

EXHIBIT 3A.  Neuman and Witherspoon (1969) model calibration 

results for time t=0 to t=372 days for the Cornelius OBS WELL. 
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EXHIBIT 3B.  Neuman and Witherspoon (1969) model calibration 

results for time t=10 days to t=20 days for the Cornelius OBS WELL. 
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EXHIBIT 3C.  Neuman and Witherspoon (1969) model calibration 

results for time t=20 days to t=30 days for the Cornelius OBS WELL. 
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EXHIBIT 3D.  Neuman and Witherspoon (1969) model calibration 

results for time t=30 days to t=40 days for the Cornelius OBS WELL. 
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EXHIBIT 3E.  Neuman and Witherspoon (1969) model calibration 

results for time t=40 days to t=50 days for the Cornelius OBS WELL. 
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EXHIBIT 3F.  Neuman and Witherspoon (1969) model calibration 

results for time t=190 days to t=210 days for the Cornelius OBS WELL. 
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EXHIBIT 3G.  Neuman and Witherspoon (1969) model calibration 

results for time t=290 days to t=310 days for the Cornelius OBS WELL. 

290. 294. 298. 302. 306. 310.
-0.1

0.12

0.34

0.56

0.78

1.

Time (day)

C
a
lc

u
la

te
d
 D

ra
w

d
o
w

n
 (

m
)

Obs. Wells

Cornelius OBS WELL

Aquifer Model

Leaky

Solution

Neuman-Witherspoon

Parameters

T  = 1.8E+5 m2/day
S  = 1.6E-5
1/B = 1.0E-8 m-1

ß/r  = 0.00034 m-1

T2  = 100. m2/day
S2  = 0.04



43 
 

 

EXHIBIT 3H.  Neuman and Witherspoon (1969) model calibration 

results for time t=362 days to t=372 days for the Cornelius OBS WELL. 

EXHIBIT 3B presents an AQTESOLV plot of calculated drawdown vs. time for the time 

period 10 days to 20 days for the Cornelius OBS WELL.  The plot shows that calculated 

drawdown did not begin in the Cornelius OBS WELL until 15.80 days after pumping started in 

the WSU 4 well in Pullman.  Table 1 shows that 14 wells began pumping within the PGB 

before the first calculated drawdown began in the Cornelius OBS WELL; calculated 

drawdown began 14.07 days after UI 4 started pumping and 3.24 days after Moscow 9 

started pumping.  EXHIBIT 3B shows that the maximum discrepancy between calculated 

drawdown and AQTESOLV simulated drawdown between t=15.80 days and t=20 days is 

approximately one tick mark on the y-axis or 4.4 cm (1.73 inches).  Drawdown spikes due to 

wells UI 4 and Moscow 9 pumping are simulated by the AQTESOLV model, but they do not 

appear in the calculated drawdown data for this shallow Grande Ronde aquifer system well.  
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EXHIBIT 3F and Exhibit 3G both present 20-day plots of calculated drawdown vs. time for 

the Cornelius OBS WELL.  EXHIBIT 3F shows the model calibration results for the period just 

prior to the beginning of the summertime irrigation season (t=190 to 210 days).  EXHIBIT 3G 

shows the model calibration results for the transition period between irrigation season and 

post irrigation system recovery (t=290 to 310 days).  The maximum discrepancy between 

calculated drawdown and AQTESOLV simulated drawdown prior to the summertime 

irrigation season is about four tick marks on the y-axis or 17.6 cm (6.9 inches).  The maximum 

discrepancy between calculated drawdown and AQTESOLV simulated drawdown during the 

transition period is about one tick mark on the y-axis or 4.4 cm (1.7 inches).  

EXHIBIT 3H presents an AQTESOLV plot for the last 10 days of calculated drawdown vs. 

time for the Cornelius OBS WELL.  The plot shows that the maximum discrepancy between 

calculated drawdown and AQTESOLV simulated drawdown between t=362 days and t=372 

days is about two tick marks on the y-axis or 8.8 cm (3.46 inches).   

 WSU 5 Observation Well 

The WSU 5 OBS WELL is located in the west-central portion of MC2 (Figure 3).  The well is a 

121-meter (396-ft) deep, decommissioned production well completed in the Grande Ronde 

aquifer system, off of Airport road, northwest of the Pullman Airport terminal.  Water levels in 

the WSU 5 OBS WELL were monitored by PBAC for several years prior to the aquifer test.  

Aquifer test drawdown data were recorded for 800 days during the aquifer test (Folnagy, 2012).   

Calculated drawdown did not begin in the WSU 5 OBS WELL until 15.56 days after pumping 

started in the WSU 4 well in Pullman (Figure 9).  Fourteen wells began pumping in the PGB 

before the first calculated drawdown began in the WSU 5 OBS WELL (Table 1).  A zoomed 

AQTESOLV plot of calculated drawdown vs. time in days is shown for the period t=93 days to 

t=94 days with linear axes (arithmetic) in Figure 10 to illustrate the characteristics of a 

datalogger placement error that occurred during downloading.   

 



45 
 

 

Figure 9.  Original non-adjusted AQTESOLV plot of calculated drawdown vs. time for time t=0 

to t=372 days for the WSU 5 OBS WELL. Note: different y-axis scale.   
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Figure 10.  Zoomed AQTESOLV plot showing an error in calculated drawdown vs. time for 

time t=210 days to t=211 days for the WSU 5 OBS WELL.  Note: different y-axis and x-axis 

scales.   

EXHIBIT 4A through EXHIBIT 4H present MC2 model calibration results for eight selected 

time periods between t=0 and t=372 days for the WSU 5 OBS WELL. The selected time periods 

are:  

EXHIBIT 4A from t=0 to t=372 days (note: different time scale),  

EXHIBIT 4B from t=10 days to t=20 days, 

EXHIBIT 4C from t=20 days to t=30 days, 

EXHIBIT 4D from t=30 days to t=40 days, 
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EXHIBIT 4E from t=40 days to t=50 days, 

EXHIBIT 4F from t=190 days to t=210 days (note: different time scale), 

EXHIBIT 4G from t=290 days to t=310 days (note: different time scale), and 

EXHIBIT 4H from t=362 days to t=372 days. 

The nearest pumping well to the WSU 5 OBS WELL, other than nearby domestic wells, is 

WSU 8 in the PUC.  WSU 8 is located approximately 1.62 km (1.0 miles) west of the WSU 5 

OBS WELL on the Washington State University campus.  EXHIBIT 4A shows the WSU 5 OBS 

WELL yielded a very similar distance-muted response as the Cornelius OBS WELL to the 

pumping of wells Moscow 9 and UI 4 during the aquifer test.   

 

EXHIBIT 4A.  Neuman and Witherspoon (1969) model calibration 

results for time t=0 to t=372 days for the WSU 5 OBS WELL. 

0. 74.4 148.8 223.2 297.6 372.
-0.1

0.12

0.34

0.56

0.78

1.

Time (day)

C
a
lc

u
la

te
d
 D

ra
w

d
o
w

n
 (

m
)

Obs. Wells

WSU 5

Aquifer Model

Leaky

Solution

Neuman-Witherspoon

Parameters

T  = 1.8E+5 m2/day
S  = 1.6E-5
1/B = 1.0E-8 m-1

ß/r  = 0.00034 m-1

T2  = 100. m2/day
S2  = 0.04



48 
 

 

EXHIBIT 4B.  Neuman and Witherspoon (1969) model calibration 

results for time t=10 days to t=20 days for the WSU 5 OBS WELL. 
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EXHIBIT 4C.  Neuman and Witherspoon (1969) model calibration 

results for time t=20 days to t=30 days for the WSU 5 OBS WELL. 
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EXHIBIT 4D.  Neuman and Witherspoon (1969) model calibration 

results for time t=30 days to t=40 days for the WSU 5 OBS WELL. 
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EXHIBIT 4E.  Neuman and Witherspoon (1969) model calibration 

results for time t=40 days to t=50 days for the WSU 5 OBS WELL. 
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EXHIBIT 4F.  Neuman and Witherspoon (1969) model calibration 

results for time t=190 days to t=210 days for the WSU 5 OBS WELL. 
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EXHIBIT 4G.  Neuman and Witherspoon (1969) model calibration 

results for time t=290 days to t=310 days for the WSU 5 OBS WELL. 

 

290. 294. 298. 302. 306. 310.
-0.1

0.12

0.34

0.56

0.78

1.

Time (day)

C
a
lc

u
la

te
d
 D

ra
w

d
o
w

n
 (

m
)

Obs. Wells

WSU 5

Aquifer Model

Leaky

Solution

Neuman-Witherspoon

Parameters

T  = 1.8E+5 m2/day
S  = 1.6E-5
1/B = 1.0E-8 m-1

ß/r  = 0.00034 m-1

T2  = 100. m2/day
S2  = 0.04



54 
 

 

EXHIBIT 4H.  Neuman and Witherspoon (1969) model calibration 

results for time t=362 days to t=372 days for the WSU 5 OBS WELL. 

EXHIBIT 4B presents an AQTESOLV plot of calculated drawdown vs. time for the time 

period 10 days to 20 days for the WSU 5 OBS WELL.  The plot shows that calculated 

drawdown did not begin in the WSU 5 OBS WELL until 15.56 days after pumping started in 

the WSU 4 well in Pullman.  Table 1 shows that 14 wells began pumping within the PGB 

before the first calculated drawdown began in the WSU 5 OBS WELL; calculated drawdown 

began 13.82 days after UI 4 started pumping and 3.0 days after Moscow 9 started pumping.  

EXHIBIT 4B shows that the maximum discrepancy between calculated drawdown and 

AQTESOLV simulated drawdown between t=15.56 days and t=20 days is approximately one 

tick mark on the y-axis or 4.4 cm (1.73 inches).  Drawdown spikes due to wells UI 4 and 

Moscow 9 pumping are simulated by the AQTESOLV model, but they do not appear in the 

distance-muted, calculated drawdown data in this shallow Grande Ronde aquifer system 

well.  
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EXHIBIT 4F and EXHIBIT 4G both present 20-day plots of calculated drawdown vs. time for 

the WSU 5 OBS WELL.  EXHIBIT 4F shows the model calibration results for the period just 

prior to the beginning of the summertime irrigation season (t=190 to 210 days).  EXHIBIT 4G 

shows the model calibration results for the transition period between irrigation season and 

post irrigation system recovery (t=290 to 310 days).  The maximum discrepancy between 

calculated drawdown and AQTESOLV simulated drawdown prior to the summertime 

irrigation season is about 2.5 tick marks on the y-axis or 11 cm (4.33 inches).  The maximum 

discrepancy between calculated drawdown and AQTESOLV simulated drawdown during the 

transition period is about one tick mark on the y-axis or 4.4 cm (1.73 inches).  

EXHIBIT 4H presents an AQTESOLV plot for the last 10 days of calculated drawdown vs. 

time for the WSU 5 OBS WELL.  The plot shows that the maximum discrepancy between 

calculated drawdown and AQTESOLV simulated drawdown between t=362 days and t=372 

days is about 1.5 tick marks on the y-axis or 6.6 cm (2.60 inches).   

Palouse Compartment Simulation Results 

The PAC is the largest compartment in the PGB as modeled.  Calibration of the PAC model 

was very sensitive to compartment size and aquifer parameters, and moderately sensitive to 

the conditions of unsaturated flow above the water table.  Final calibration of the PAC model 

was completed with a compartment size of 238.54 km2 and spatially variable aquifer 

parameters for wells Palouse 1 and Palouse 3 (Figure 11).  Wells Palouse 1 and Palouse 3 served 

as both pumping and observation wells for the aquifer test; in addition, well Garfield 4 beyond 

the north boundary of the PAC (top) did not show any hydraulic connection to the wells within 

the compartment.  No PGB pumping wells located outside of the PAC boundaries were included 

in the PAC models. 

Folnagy (2012) applied long-term (i.e., 250+ days) antecedent trend corrections for all OBS 

WELLS.  However, a different, specific trend correction was applied to the Palouse 3 OBS WELL 

that was unique for the Palouse area wells.  It was distinctly different than the trend correction 

applied for Moscow and Pullman area wells.  This was necessary because rising and falling 

trends in the Palouse area did not correlate with rising and falling trends in the Moscow and 

Pullman areas.  Moran (2011) used short-term (i.e., 24 hours), pre-test, well recovery data for 

each observation well to develop a different trend correction for each OBS WELL.  

 Folnagy (2012) used the Neuman and Witherspoon (1969) method to analyze the Palouse 3 

calculated drawdown data for a two-sided compartment.  However, the best simulation results 

(i.e., best visual match to the calculated drawdown) during calibration modeling for this 

preliminary investigation were produced for unconfined conditions.  The PAC is modeled as a 

four-sided, unconfined aquifer with unsaturated flow above the water table (Figure 12) 
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consistent with the aquifer testing method developed by Tartakovsky and Neuman (2007).  This 

designation was based model simulations; no new geologic data or insights are presented to 

confirm the nature of the PAC as unconfined rather than leaky confined. 

 

Figure 11. Location map of compartment boundaries of the PAC, Palouse 1 Pumping/OBS 

WELL and Palouse 3 Pumping/OBS WELL as modeled in AQTESOLV.   
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Figure 12. Illustration of the hydrogeologic conditions for an unconfined aquifer based on 

the Tartakovsky and Neuman (2007) method of aquifer test analysis (after HydroSOLVE, Inc., 

2007).  

  Palouse 1 Pumping/OBS WELL  

The Palouse 1 Pumping/OBS WELL is located in the central portion of the PAC (Figure 11).  

The well, which was drilled in 1910, is the oldest active pumping well in the PGB; it was drilled 

to a depth of approximately 90 meters (295 feet) along the North Fork of the Palouse River in 

downtown Palouse.  Water levels in the Palouse 1 Pumping/OBS WELL were monitored by PBAC 

for several years prior to the aquifer test.  Aquifer test drawdown data were recorded for the 

first 228 days during the aquifer test (Moran, 2011) 

An AQTESOLV plot of calculated drawdown vs. time in days is shown for the period t=0 to 

t=228 days with linear axes (arithmetic) in Figure 13.  Definitive drawdown/calculated 

drawdown did not begin in the Palouse 1 Pumping/OBS WELL until 1.38 days after pumping 

started in the WSU 4 well in Pullman (Figure 8).  Five wells began pumping in the PGB before 

the first definitive drawdown/calculated drawdown began in the Palouse 1 Pumping/OBS WELL 

when pumping of Palouse 1 was initiated (Table 1).   
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Figure 13.  AQTESOLV plot of drawdown/calculated drawdown vs. time for time t=0 to t=228 

days for the Palouse 1 Pumping/OBS WELL.  Note: different y-axis and x-axis scales.   

EXHIBIT 5A through EXHIBIT 5G present PAC model calibration results for seven selected 

time periods between t=0 and t=228 days for the Palouse 1 Pumping/OBS WELL. The selected 

time periods are:  

EXHIBIT 5A from t=0 to t=10 days,  

EXHIBIT 5B from t=10 days to t=20 days, 

EXHIBIT 5C from t=20 days to t=30 days, 

EXHIBIT 5D from t=30 days to t=40 days, 

EXHIBIT 5E from t=40 days to t=50 days, 

EXHIBIT 5F from t=190 days to t=210 days (note: different time scale), 
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EXHIBIT 6G from t=218 days to t=228 days (note: different end of measurement period). 

The Palouse observation wells also were used as water supply wells during the aquifer test; 

the submersible dataloggers sometimes were left hanging above the water level in the wells 

during pumping.  This resulted in the lack of data points to define the actual magnitude of the 

drawdown spikes as shown in EXHIBIT 5A; from left to right, the first five drawdown peaks are 

due to Palouse 1 pumping and the sixth peak is due to Palouse 3 pumping.  Apparent calculated 

drawdown (called drawdown by Moran, 2011) in the Palouse 1 Pumping/OBS WELL, prior to 

1.38 days in EXHIBIT 5A, is believed to be an artifact of system noise and/or incomplete 

barometric corrections in the data set by Moran.  EXHIBIT 5A shows that the maximum 

discrepancy between drawdown/calculated drawdown and AQTESOLV simulated drawdown 

between t=0 and t=10 days is less than one tick mark on the y-axis or <4.4 cm (<1.73 inches).   

 

EXHIBIT 5A.  Tartakovsky and Neuman (2007) model calibration results 

for time t=0 to t=10 days for the Palouse 1 Pumping/OBS WELL. 
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EXHIBIT 5B.  Tartakovsky and Neuman (2007) model calibration 

results for time t=10 days to t=20 days for the Palouse 1 

Pumping/OBS WELL. 
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EXHIBIT 5C.  Tartakovsky and Neuman (2007) model calibration 

results for time t=20 days to t=30 days for the Palouse 1 

Pumping/OBS WELL. 
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EXHIBIT 5D.  Tartakovsky and Neuman (2007) model calibration 

results for time t=30 days to t=40 days for the Palouse 1 

Pumping/OBS WELL. 
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EXHIBIT 5E.  Tartakovsky and Neuman (2007) model calibration 

results for time t=40 days to t=50 days for the Palouse 1 

Pumping/OBS WELL. 
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EXHIBIT 5F.  Tartakovsky and Neuman (2007) model calibration 

results for time t=190 days to t=210 days for the Palouse 1 

Pumping/OBS WELL. 
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EXHIBIT 5G.  Tartakovsky and Neuman (2007) model calibration 

results for time t=218 days to t=228 days for the Palouse 1 

Pumping/OBS WELL. 

EXHIBIT 5F presents a 20-day plot of drawdown/calculated drawdown vs. time for the 

Palouse 1 Pumping/OBS WELL.  EXHIBIT 5F shows the model calibration results for the period 

just prior to the beginning of the summertime irrigation season (t=190 to 210 days).  The 

maximum discrepancy between drawdown/calculated drawdown and AQTESOLV simulated 

drawdown prior to the summertime irrigation season is about one tick mark on the y-axis or 

4.4 cm (1.73 inches).   

EXHIBIT 5G presents an AQTESOLV plot of the last 10 days of drawdown/calculated 

drawdown vs. time for the Palouse 1 Pumping/OBS WELL.  The plot shows that the maximum 

discrepancy between drawdown/calculated drawdown and AQTESOLV simulated drawdown 

between t=218 days and t=228 days is about one tick mark on the y-axis or 4.4 cm (1.73 

inches).   

218. 220. 222. 224. 226. 228.
-0.1

0.12

0.34

0.56

0.78

1.

Time (day)

D
ra

w
d
o
w

n
* 

(m
)

Obs. Wells

Palouse1

Aquifer Model

Unconfined

Solution

Tartakovsky-Neuman

Parameters

T  = 1.4E+4 m2/day
S  = 1.8E-5
Sy  = 0.13
Kz/Kr = 0.00013
kD  = 0.025



66 
 

  Palouse 3  Pumping/OBS WELL   

The Palouse 3 Pumping/OBS WELL is located in the central portion of the PAC (Figure 11).  

The well was drilled to a depth of 140 meters (460 feet) approximately 915 meters (3002 feet) 

southwest of the Palouse 1 Pumping/OBS WELL.  Water levels in the Palouse 3 Pumping/OBS 

WELL were monitored by PBAC for several years prior to the aquifer test.  Aquifer test 

drawdown data were recorded for 800 days during the aquifer test (Folnagy, 2012).  An 

AQTESOLV plot of calculated drawdown vs. time in days is shown for the period t=0 to t=372 

days with linear axes (arithmetic) in Figure 14. 

 

Figure 14.  AQTESOLV plot of calculated drawdown vs. time for time t=0 to t=372 days for 

the Palouse 3 Pumping/OBS WELL.  Note: different y-axis scale. 
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EXHIBIT 6A through EXHIBIT 6H present PAC model calibration results for eight selected time 

periods between t=0 and t=372 days for the Palouse 3 Pumping/OBS WELL. The selected time 

periods are:  

EXHIBIT 6A from t=0 to t=10 days,  

EXHIBIT 6B from t=10 days to t=20 days, 

EXHIBIT 6C from t=20 days to t=30 days, 

EXHIBIT 6D from t=30 days to t=40 days, 

EXHIBIT 6E from t=40 days to t=50 days, 

EXHIBIT 6F from t=190 days to t=210 days (note: different time scale), 

EXHIBIT 6G from t=290 days to t=310 days (note: different time scale), and 

EXHIBIT 6H from t=362 days to t=372 days. 

Calculated drawdown did not begin in the Palouse 3 Pumping/OBS WELL until 1.392 days 

after the beginning of the aquifer test (i.e., pumping started in the WSU 4 well in Pullman at 

time t=0).  Six wells began pumping in the PGB before the first calculated drawdown began in 

the Palouse 3 Pumping/OBS WELL (Table 1); calculated drawdown began 17.28 minutes after 

pumping of the Palouse 1 Pumping/OBS WELL was initiated (EXHIBIT 6A)  The first 5 calculated 

drawdown peaks show the effects of pumping from the Palouse 1 Pumping/OBS WELL.   The 

sixth peak shows the effects of pumping of the Palouse 3 Pumping/OBS WELL; note: the 

submersible data loggers sometimes were left hanging above the water level in the wells during 

pumping.  EXHIBIT 6A shows that the maximum discrepancy between calculated drawdown and 

AQTESOLV simulated drawdown between t=0 and t=10 days is about one tick mark on the y-

axis or 4.4 cm (1.73 inches).   
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EXHIBIT 6A.  Tartakovsky and Neuman (2007) model calibration 

results for time t=0 to t=10 days for the Palouse 3 Pumping/OBS 

WELL. 
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EXHIBIT 6B.  Tartakovsky and Neuman (2007) model calibration 

results for time t=10 days to t=20 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6C.  Tartakovsky and Neuman (2007) model calibration 

results for time t=20 days to t=30 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6D.  Tartakovsky and Neuman (2007) model calibration 

results for time t=30 days to t=40 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6E.  Tartakovsky and Neuman (2007) model calibration 

results for time t=40 days to t=50 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6F.  Tartakovsky and Neuman (2007) model calibration 

results for time t=190 days to t=210 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6G.  Tartakovsky and Neuman (2007) model calibration 

results for time t=290 days to t=310 days for the Palouse 3 

Pumping/OBS WELL. 
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EXHIBIT 6H.  Tartakovsky and Neuman (2007) model calibration 

results for time t=362 days to t=372 days for the Palouse 3 

Pumping/OBS WELL. 

EXHIBIT 6F presents a 20-day plot of calculated drawdown vs. time for the Palouse 3 

Pumping/OBS WELL.  EXHIBIT 6F shows the model calibration results for the period just prior 

to the beginning of the summertime irrigation season (t=190 to 210 days).  The maximum 

discrepancy between calculated drawdown and AQTESOLV simulated drawdown prior to the 

summertime irrigation season is about two tick marks on the y-axis or 8.8 cm (3.46 inches). 

EXHIBIT 6G shows the model calibration results for the transition period between irrigation 

season and post irrigation system recovery (t=290 to 310 days). The maximum discrepancy 

between calculated drawdown and AQTESOLV simulated drawdown during the transition 

period is about two tick marks on the y-axis or 8.8 cm (3.46 inches). 
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EXHIBIT 6H presents an AQTESOLV plot for the last 10 days of calculated drawdown vs. 

time for the Palouse 3 Pumping/OBS WELL.  The plot shows that the maximum discrepancy 

between calculated drawdown and AQTESOLV simulated drawdown between t=362 days 

and t=372 days is about one tick mark on the y-axis or 4.4 cm (1.73 inches).   

Pullman Compartment Simulation Results 

The PUC is the smallest compartment in the PGB as modeled.  Calibration of the PUC model 

was very sensitive to compartment size and aquifer parameters.   Final calibration of the PUC 

model was completed with a compartment size of 77.28 km2 and non-unique aquifer 

parameters based on pumping data for nine, closely clustered (Table 2) pumping wells (WSU 4, 

WSU 6, WSU 7, WSU 8, Pullman 3, Pullman 5, Pullman 6, Pullman 7, and Pullman 8) within the 

PUC, and calculated drawdown data for the WSU_Test OBS WELL and the Pullman 8 OBS WELL 

(Figure 15).   No PGB pumping wells located outside of the PUC boundaries were included in the 

PUC models.           

PUMPING WELL WSU_TEST OBS WELL PULLMAN 8 OBS WELL 

WSU 4 23.81 m 928.49 m 

WSU 8 2297.85 m 3189.82 m 

PULLMAN 5 2073.15 m 1123.64 m 

PULLMAN 7 737.92 m 1463.01 m 

WSU 6 1164.97 m 1970.27 m 

PULLMAN 3 753.65 m 1094.61 m 

WSU 7 169.12 m 873.15 m 

PULLMAN 6 1913.40 m 2775.68 m 

PULLMAN 8 949.62 m 0 

 

Table 2.  Distances between pumping wells and observation wells within the PUC.  Note:  

pumping wells Pullman 6 and Pullman 8 did not pump during the period of recorded 

calculated drawdown for the Pullman 8 OBS WELL. 
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Figure 15. Location map of compartment boundaries of the PUC, OBS wells and pumping 

wells as modeled in AQTESOLV.  Note: the WSU 4 well and WSU_TEST OBS WELL are too 

close together to differentiate at the scale of this map.  The Howell domestic well is shown 

for reference purposes only.    
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The hydrogeology within the PUC appears to be the most complex in the PGB with respect to 

lateral and vertical heterogeneity.  Within the MC2, pumping wells Moscow 9 and Moscow 10, 

and UI 3 and UI 4 all are completed in the same primary, identifiable producing zone.  However, 

within the PUC several producing zones separated by basalt aquitards are pumped; these 

producing zones and aquitards are conceptualized hydraulically as a leaky, confined aquifer 

system with multiple higher hydraulic conductivity zones separated by lower hydraulic 

conductivity zones.  These conditions limit the applicability of analytical treatment for modeling 

of the hydrogeology within the PUC.  However, as a starting point for this PUC model 

calibration exercise, the aquifer testing method developed by Neuman and Witherspoon (1969) 

for a leaky, confined two-aquifer system (Figure 4) was used to simulate calculated drawdown.  

Unlike the upper, un-pumped aquifer that was defined for MC2, no aquifer test data are 

available to define an upper, un-pumped aquifer in the PUC.  However, local domestic wells 

such as the Howell well (Figure 15) may derive water from the upper Grande Ronde aquifer 

system.  The Howell well is a relatively low yield (30 gpm), domestic well drilled in basalt in 

1990 to a depth of 93 meters (305 ft) below land surface; it previously was monitored for 

several years by PBAC but was not monitored during this aquifer test. 

The heterogeneous hydrogeology within the PUC combined with many temporal/spatial, 

pumping combinations (including potential partial penetration effects) complicated the 

AQTESOLV simulations of the PUC compared to MC2 and the PAC.  Variations in the cones of 

depression over time during the 372-day of aquifer test in the PUC stressed different aquifer 

volumes at different times more so than in MC2 and the PAC (Osiensky, et al., 2000; Tumlinson, 

et al., 2006; Rhode, et al., 2007).  The simulation results for PUC represent the best visual 

matches to the calculated drawdown data for the entire 372 days of the aquifer test.   

AQTESOLV simulation results are presented below for the two observation wells believed to 

be located within the PUC based on drawdown responses to pumping of wells WSU 4, WSU 6, 

WSU 7, WSU 8, Pullman 3, Pullman 5, Pullman 6, Pullman 7, and Pullman 8 (Figure 15). No PGB 

pumping wells located outside of the PUC boundaries were included in the PUC simulations. 

WSU_Test Observation Well   

 The WSU_Test OBS Well is a dedicated water level monitoring well located in the south 

central portion of the PUC on the western edge of the WSU campus (Figure 15).  The well is 52 

meters (171 ft.) deep and bottoms approximately five meters below the 2009 static water level. 

The WSU_Test Well has been the primary groundwater level monitoring well in Pullman for 

several decades.  Aquifer test drawdown data were recorded for 800 days for this well (see 

Folnagy, 2012).  An AQTESOLV plot as calculated drawdown vs. time in days is shown for the 

period t=0 to t=372 days with linear axes (arithmetic) in Figure 16. 
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Figure 16.  AQTESOLV plot of calculated drawdown vs. time for time t=0 to t=372 days for 

the WSU_TEST OBS WELL.  Note: different y-axis scale.   

EXHIBIT 7A through EXHIBIT 7H present PUC model calibration results for eight selected time 

periods between t=0 and t=372 days for the WSU_Test OBS WELL. The selected time periods 

are:  

EXHIBIT 7A from t=0 to t=10 days,  

EXHIBIT 7B from t=10 days to t=20 days, 

EXHIBIT 7C from t=20 days to t=30 days, 

EXHIBIT 7D from t=30 days to t=40 days, 

EXHIBIT 7E from t=40 days to t=50 days, 

EXHIBIT 7F from t=190 days to t=210 days (note: different time scale), 


