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EXECUTIVE SUMMARY

Apreliminary,conceptual hydrogeologic model for the Palouse Groundwater BR&HB)S
proposed herein based on aquifer test data for the first 372 days of ard890basiawide,
aquifer test conducted in 2002012. The aquifer test data were remodeled with the analytical
modelng softwareAQTESOLWydroSOLVE, Inc., 2003 potentially help define a direction for
future hydrogeological research within the PQBodeling was perfomed using the aquifer
test calculated drawdowdataand pumping data to help develop a potentially plausible
explanation for the continually declinilgyoundwaterlevels 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 compartmentd/ell hydraulic connectiongroundwater
trends, groundwater temperature, and groundwater age dates identified in previous
investigations wereised to helpdentify compartment locations (Folnagy and Osiensky, 2016).
This provided for the development of a distinct, separate moddh potentially different
hydrogeologic properties, for each observation well monitored during the aquifer test.
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scenario that theébasinconsists of at least three hydracdilly isolatedpbox shapedquifers(i.e.,
compartments)with effectivelyzero natural rechargezero natural dischargand zero hydraulic
communication between compartmentsAll goundwater pumped from the baswas
modeled adeing removed permanentlifom the finite volumeof groundwater stored in each
compartmentg A G KAY | aG@LIAOKEE &@SIFENI 2F dzy LINSYSRAUGI

The model for each observation well was run many times duhiagnodel calibration
phase until each model best simulated the calculatedadtawn 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 tBeRG
approximately 5 to 10 minute interval$lowever, 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 tfiest 90.5 days of thaquifer test measurement
period.

The calilbated 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).



Introduction

An 800Day, multiple-well, PalouseGroundwaterBasin(PGBaquifer test was conducted
beginning in November, 2009. The reader is referred to Moran (2011) and Folnagy (2012) for
details of this aquifer tesfThis analysis report follonBBAC Data ReportZD221 produced for
the Palouse Bas AquiferCommittee (PBAChy Folnagy and Osiensky (2022). The reader is
referred to the datareport for asummary of theaquifer test electronic copies athe calculated
drawdown dataandbrief instructions foruse of theaquifer test software packageQTESOLV
(HydroSOLVE, Inc. 20@027).

The multiplewell aquifer test within the Grande Ronde aquifer system ofRi@Bstarted 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 thePGBduring thefirst 372 days.For this reportwells in the Colfax area were not
considered to be part of theurrentconceptual hydrogeologic model.ocations for &
pumping wels andeightobservation welin UTM coordinates, pumping rates and pumping
times, and calculated drawdown and measurememtes forthe observation wells are included
in PBAC Data ReporiZD221 byFolnagy and Osienskg022)

Apreliminary, new, conceptual hydrogeologic model apparent compartmentalizatioof
the Grande Ronde aquifer system in tR&Bbased on the firsB72 days of aquifer test daia
proposed herein The conceptual modalxpand uponanalyses of aquifer test dafgesented
by Owsley (208), McVay2007),Fiedler (2009)Moran (2aL1) and Folnagy (A®). Owsley
hypothesized the existence of threlaterally separatedGrande Ronde aquifers within the
basin based odrawdown datafor four shortterm aquifer testsMcVay conducted twdonger
term (several daysaquifer tests and found that the Grande Ronde aquifer system in the
Moscow, Idaho area consssbf twoverticallyconnected aquiferbased on drawdown data
collected in deep and shallow observation weldoran (with the assistance of Folnagy)
conducted the firsB72-day multiple well aquifer test in the basifi.e., 372 days of the total 800
days) shetreated theentire PGBas boundedy noflow boundariedo the south and east, and
unbounded(i.e., infinite)to the west and north. Folnaggllowed Moran and reanalyzed the
372-day data set anéxtended the agifer test data collection to 800 days. Hiemtifiedthree
specificaquifercompartments within the basin; howevdhe Moscow and Pullman
compartmens were simulated avoundedby noflow boundarieson three sides and
unbounded in the north directionFolnagy simulatethe Palouse compartment with one
impermeableboundary on the south side and oimapermeableboundary on the east sideAs
unsatisfyingas a seminfinite basin may béor a conceptual hydrogeologic model of tR&B it
wasnecessary due tthe excessivéime requirements asstated withanalytical modelingf
individual, completely bounded compartments over a 3%/ period
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This report presersta case for thgotential existence of completely bounded compartments
within the Grande Ronde aquifer system of tR€B Thecase for closed compartmenis
based orcomparison®f measured interactionand model predicted interactionbetween
specific pumping wells and observation wellsach compartment was modeled as a worst case
scenario with zero recharge into the compartment and zero naturalfnomped) discharge
out of the compartment. In other words, the groundwater in each compartment was modeled
as being unsustainably minedithe 20092010 rates andpatialdistributions of pumpng.

The purpose of this investigatiosto evaluate whethedeterministic,analytical models of
aquifer test datafor longterm aquifer testscan be used to develop the framework for useful,
predictive, groundwater modealfor the PGB.The purpose of this preliminary report is to
proposeanew conceptual hydrogeologic modfdr the Grande Rondaquifersystemunder
the pumping conditions ahe first 372days of the 80@lay PGBaquifertest. As such, the
aquifer test data presented by Folnagy and Osiensky (2022) haver&eedeledwith the
analytical modehg softwareAQTESOLId potentially help define a direction for future
hydrogeological research within tH&GB The goal of the modelingffort was to develop a
conceptual hydrogeologic model of tiR&GBhat iscompatiblewith the finite basin,geologic
conceptual modelsf Bushet al.,(2005; 2022

Modeling was performedb test thehydrogeologicconceptual model that th&rande Ronde
aquifer systems compartmentalized laterally into several geologically bounded compartments
that containone or morediscontinuous producing zoneghe four boundaries of each
compartment areconceptualizedo restrict (i.e., low flow)groundwater flowinto or out of
eachcompartment. Groundwaterisassumedo slowlyleak through the compartment
boundaries however this form oflateralleakage cannot be differentiated from vertical leakage
in the aquifer test dataLleakage across the boundarissbeliewed to allow water levels in all
compartments to equilibratennuallyto similarelevatiors duringthe low pumpingecovery
period each winter

Geologic evidence fgotential compartment boundaries includes the work 6pnrey 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 (2014faimégy and
Osiensky (2016) showed that the Moscow Fault corresponds tbdbedary between Moscow
Compartment 1 andMC2 Two other faults (SF Palouse and Clear Creek faults) mapped by
Crow and Conrey (201#4)ay be evidence fdow hydraulic conductivity zonesithin the PUC
and Colfax Subasin.

Hydrogeologicltaracteristics othe boundaries, and the mechanisms of crosgindary
leakage are not well understoodhs little as tweorders of magnitude (100 times lower)
contrast in hydraulic conductivity due gpatialheterogeneitymaybe enough to formow-flow
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boundar effects(Anderson and Woessner, 1992 layeredhydrogeologc envronments
composed of basalt lava flovesid sedimentsthis amount of hydraulic conductivity contrast is
relatively common and malye invisibleto the naked eye imock outcropsor drilling sampls.
However, loundaries of this typeouldallow substantialcrossboundary groundwater leakage
between compartment®ver an annual time frameithout being detectable in aquifer test
data. Anotherpotentially significant source of localized crelssundary leakaganay be
groundwater flow throughpermeable relatively smallburied stream channstthat traverse

the Grande Ronde aquifer system in tR&B

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 welllhe M.Sthesesreferenced abovgand referencesncluded thereinjand
public presentations to PBADmMmarize the geological conditions of tR&Bo varying
degrees However it is recommended that those readers specifically interested in geological
interpretations review theaumerousreports, maps, ad illustrations prepared by John Bush
and hisassociatesor the most complete and ufpo-date information Arecent report on
Palouse Basin boundariesby Bush eal., 2022

Developmentof AQTESOLModels

Introduction

Conceptual hydrogeologic models of tR&Bhave variedvidely over the past centuryOver
time, more municipal water supplyellsandgroundwater monitoring wellsvere drilled and
more investigatord©ecameinvolved in geologic, hydgedogic, and hydrogechemicakesearch
of the basin Understanding of the basin hydrogeology improvétbwever, new data often
contradicted previous conceptual models and showed that the bagilnogeology is more
complex than previously anticipated.

Most aquifer tests are conducted for periods of time ranging from a few hours to several
days. Naecords ofbasinwide aquifer tests on the order of 372 ddyave beerfound
elsewhere in the literature A new conceptual hydrogeologic modeloaimpartmentaizationin
the Grande Ronde aquifer systeasdeveloped herein based dhe entire 372day set of
aquifer test drawdown data collected in tH&GB These data arprovidedin the PBAC Data
Report 220221 by Folnagy and Osiensky (2022)

ThePGhhistorically has beertonceptualizedas ahydrogeologically isolatedsrande Ronde
basalt aquifer system thathowed continuity throughout. Assessment ofantinuity was based
primarilyon similar annual water level declines and measured water level elevations
experenced in city and university production wells, ané few dedicatedyroundwvater level



monitoring wells.No direct,mathematicallypredictable, pumping well interference effects
have been confirmed between cities (Moscow, Pullman, Palouse and Colfax).

The termsconceptual hydrogeologic models used in this report represetite idea
concept or scientific hypothesithat describes a plausiblehydrogeologic framework for the
PGB The termamodel, AQTESOLdM AQTESOLModel are used interchangeably teedcribea
mathematical representation dhe hydrogeologic conditions within distinct compartments of
the PGBone model is presented herein for each observation well (OBS WELL) monitored
during the aquifer test.The termsimulation representssolutionsto the mathematical
equations ofan AQTESOLvodelgeneratedoy WINDOW& personal computes.

Moscow Compartment 1

Boundaries of Moscow Compartment(MC1)are notmodeled in this reporbecause no
observation wells within this compartment were available dbawdown measurements during
the aquifer test(Figurel). 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 anywhatiein the PGBwvere
detected from the pumping of Moscow 6 and MoscowrBowever, 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 Ul 4, and 2)
observation wells in Palouse and Pullman that did espond to pumping of the Moscow
wells. Water supply well Ul 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 thed@90
aquifer test was completed.

MC2 is the onlycompartment within thePGBthat 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 vicirtitg of
Washington/ldaho state line. These observation wells include W ashington State
Department of Ecology (DOE)BS WELL completed into the deep Grande Ronde aquifer
system and the Champiortlectric and Premix welcompleted intoa shallow Grande Romd
aquifer. Folnagy (2012) confirmed that Moscow 9, UI3, and Ul4 are hydraulically connected to
the DOE OBS WELL and Premix well (referred to as Motley and Motley in Folnagy. (2012)



Unfortunately, the Champion Electric and Premix wells were not avail&reuse as
observation wells during this 8afay aquifer test; the reader is referred to McVay (2007) for
his results, and maps showing the locationshafse observation wells.The Premix well was
monitored for 522 days during the 8@fay aquifer test buis not evaluated in this report.
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Figurel. Geographic positions &ur compartments in the Grande Ronde aquifer system of
the PGBasconceptualizedn this report.



Palouse Compartment

The boundaries of the Palouse Compartm@C)are basedon 1) the locations ofvater
supplywells Palouse 1 and Palousg23the apparent lack of hydraulic connection betwethe
Garfield water supply well 4 andeéhwo Palousevells (Figure2), and 3) the lack of hydraulic
connections betweeihe Palouse wedl andpumping wells ilfMoscow, Pullman and Colfax.
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Figure2. Plot of water level (unitgr metersof water above the datalogggvs.elapsedtime
in daysfor the Palouse 3 welin response to pumping stresses from the Palouse 1 and
Garfield 4 wells (modified aftdrolnagy (2012)).

Pullman Compartment

The boundaries ahe Pullman Compartment (PUC) are bageanarilyon 1) the locations
of Pullman water supply wells that causegasureable drawdown in the WSU Test Well, 2) the
locations of observation walWSU Zand Cornelius3) the locations of crystalline rocks
associated with Kamiak Butte and Smoot tdilhe north, and4) the lack ofpumping wells and
observation wellsvest 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 becauskdifficulties installing and retrieving the
dataloggersduring the pretest measurement perigloran, 2M9, personal communication)



Colfax Sukbasin

This subbasin contains four Grande Ronde municipal pumping wells (Fairview, Clay Street,
Glenwood 1 and Glenwood 2). Pumping rate data for thesevi@lis were used in the initial
stages of modeling to help estimate the location of boundari@sly apartial record of
drawdown measurements was obtainéar the Clay Street pumping/observation well during
the aquifer test due to access issues and emépt problems (see Moran, 20%ar further
details).

Boundaries of the Colfax Silasin 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 ahe Clay Street well itself. In addition, no direct hydraulic
connectionsi(e., defintive drawdown) to observation wellscatedoutside of the Colfax Sub
basinwere detected from the pumping of the Colfax wells.

PreliminaryAQTESOLModel Simulations

Introduction

The results presenteth this reportwere produced with the analyticahquifer test software
AQTESOLWydroSOLVE, Inc. 2007). Unlike numerical modeling sofeuareasviodflow
(McDonald and Harbaugh, 1988)QTESOLY not capable of simatingmany ofthe conditions
(e.g., irregular, leakynydrogeologic boundarie®f the conceptual hydrogeologic model as
proposed herein. Thivo primary limitatiors for thePGBarethat 1) AQTESOLMust treat
barrier boundaries as impermeable, straiginiels that meet at right anglesand 2) aquifers and
aquitards must be treated dsorizontal strata of constant thickness that d&remogeneous and
isotropic or homogeneous and anisotropic

Aquifer compartmentsvere modeledaslaterally isolated rectangular blocks (i.e., separate
aquifers) with no opportunity for crodsoundary flow(e.g., a worst case scenayidzach
simulated compartmentvasa mathematical representation @f portion ofthe PGBwithin
which the pumpedaquifers and aquitardsvere modeled as uniform andontinuous.Therefore,
for all practical purposes, a separatedependent 372dayaquifer testwassimulatedfor each
compartment.

Aquifer test method of analysis (e.g., Neuman and Witherspoon @9&nd Tartakovsky
and Neuman (2007xhat potentially describethe largescale and longerm (i.e., annual time
frame), system behavioof each compartment under pumping conditions were evaluatétie
reader is referred to the software documentation at the doling link for descriptions of the
methods of aquifer test analysis aladle INAQTESOLYQTESOLWownload Manual



http://www.aqtesolv.com/manual.asp

AQTESOLWVas used tevaluatethe calculated drawdowypumping dataand potential
boundarylocationsfor eachOBS WELL withthe PGBduring preparatorymodel development.
Model calibration was accomplished by selection of the most appropriate aquifer testing
methodology(i.e., the idealized hydrogeologic conditiofa) eachcompartmentfollowed by
manual,trial-and-error adjustment of aquifer parameters, compartment block size and
compartment boundary locationsAll model boundary locations must be considered to be
approximate. The effective locationand shapeofactuald f 2 ¢ Ff 26¢ o02dzy R NASa
significantly different than the impermeable boundaries modele&imulations for achOBS
WELIwere run on WINDOWS® personal computes many times untithe bestvisual(i.e.,
subjective)matchto the calculated drawdown valudsr the entire 372 days of the aquifer test
was achievedFolnagy and Osiensky (2022) described calculated drawdown as follows:
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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 meased 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 (dé&tggers). The rawvater 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 madby Folhagy, the data presented in some of R@TESOLfiles herein

were filtered to fit the size limitations oAQTESOLY | YRk 2 NJ dl R2dzaiSR¢ G2 NBY2@S

errors when detected.

*The Palouse 1 OBS WELL data file retains the term drawtlecause these data were preprocessed by
Moran (2011) in a different manner than the rest of the data sets.

Eachcalibraied model (one for each OBS WHiepyesensthe best visual matcbf a single
modelsimulationto the entire 372day data set The reslts are norunique due to the large
number ofaquifer parametemldjustments needed durintgial-and-error modelcalibration.

Eachmodelsimulation producd a blue colored lindi.e., type curve) thatepresents the
Y 2 R Sonfndiouscalculationsof changes imgroundwater leved (i.e., drawdown)rom time
t=0 to time t=372 daydue tothe pumping of specific wellsA blue type curvewassuperposed
over a plot of calculated drawdowrs.time to allow the reader to comparthe modelresults
to calculaed drawdownfor eachobservation welln responseo the pumpingof all city and
university wellcompleted in the Grande Ronde aquifer systefnsingle set of aquifer
parameters for each model represergsme type ofinnualaverage othe hydrogeologic
conditionswithin a compartmenterived for thespatialand temporalpumpingvariations that
occurred over the872-days of the aquifer tes{Osiensky, et al., 2000; Tumlinson, et 2006;
Rhode, et al., 2007)Graphical AQTESOLodelresults forthe MC2, AC, and PUC for
selected time periods are presentggaphicallypbelowasEXHIBITS
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For those readers that may be unfamiliar with the common terminology used in aquifer
testingreports, drawdown or calculated drawdowmefer to the measured decline in water
levels over timdi.e., changes in water level from a known starting point at time th® well
due to the effects of pumpingDrawdown/calculated drawdowmlatavs.time typically are
plotted with drawdown (decresing water leved) increasingn magnitudeupward on the yaxis
and with time increasingh magnitudefrom left to right on the xaxis. This convention is used
throughout this report However, this convention might appearbed dzLJA A RS R2 gy ¢ (2
uninitiated.

Moscow Compartment 2Model CalibrationResults

MC2 is thesecond largestompartment in thePGBas modeled. Calibration of the MC2
modek wasvery sensitive to compartment size and aquifer parameters. Final calibratitwe of
MC2modek wascompleted with a compartment size of 123.5 kamd spatially variable
aquifer parameters based on two pumping wéNsoscow 9 and Ul 4and four observation
wells OOE, IDWR4ornelius and WSUS5) within M@gure3). Cornelius and WSU 5 are
relativelyshallow wells that do not penetrate the same producing zone as Moscow 9 and Ul 4.
Wells Moscow 6 and Moscow 8 located outside the eastern boundary of MC2 (right boundary)
did not show any hydraulic connectida wells withinMC2 the Champion Electriwell, Premix
well, Ul 3 welland Moscow 10 welh Figure3 are shownfor reference purposes only.

The hydrogeology within MC2 is conceptualized as a leaky, confineéduifer system
(Figure 4) consistent with the aquifer testing method developed by NeuamahWitherspoon
(1969). However, no aquifer test dafee., definitive responses to pumpingje available to
evaluate the lateral extent of the shallow Grande RondedgympecE) aquiferidentified by
McVay (2007beyond the Champion Electric and Premidls (Figure 3).

AQTESOLd/mulation 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 Ul 4
only (Figure3). NoPGBpumping wells located outside ofi¢ MC2 boundaries were included in
the MC2 models.
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Figure3. Location map oMC2compartment boundariesOBSWELL&nd pumping wells as
modeled iINAQTESOLV
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Figure 4. lllustration of the hydrogeologic conditionfor a leaky aquiferbased onthe
Neuman and Witherspoon (1969) method of aquifer test analy#ter(HydroSOLVE, Inc

2007).

DOE Observation Well

The DOE OBSBALs located in the central portion of MC2 approximately hvadfy between
the cities of Moscw and Pullman (Figur®. Because of its location, the well is considered one
of the mostimportant, non-pumped observation wells in th®GB Constructedis the Pullman
Test Welland described by Brown (197@he DOE OBS Wl/Lhas served as a primary water
level observation well for the Grande Ronde aquifer system inR@&for several decades.
Aquifer test drawdown data fo800 days were recorded for this welsee Folnagy, 2012). An
AQTESOLMot ascalculated drawdowrvs.time in daysis shownfor the period t=0 to t=372
dayswith linear axes (arithmetic) iRigure5. Calculated drawdown data for the DOE OBS WELL
provide evidencefor the lack of hydraulic connection between municipal pumping wells in

Moscow and Pullman
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Figure5. AQTESOLMot of calculated drawdowrvs.time for t=0 to t=372 days fothe DOE
OBS WELINote: the scale for calculated drawdown is different frdBXHIBITLA through
EXHIBITH below.

EXHIBIT 1A through EXHIBIT 1H preb#2 model calibratin results foreight selected
time periods between t=0 and t=372 days for the DOE OBS .WBketlselected time periods
are

EXHIBIT 1f&om t=0 to t=10 days

EXHIBIT 188om t=10 days to t=20 days,
EXHIBIT 1ftom t=20 days to t=30 days,
EXHIBIT 1D frota30 days to t=40 days,
EXHIBIT 1E from t=40 days to t=50 days,

EXHIBIT 1F from t=190 days to t=210 dagte: different time scale)
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EXHIBIT 1G from t=290 days to t=310 dagte: different time scalg)and
EXHIBIT 1H from t=362 days to t=372 days.

EXHBIT1A presents almQTESOLplot for the first 10 days of calculated drawdows.
time for the DOE OBS WELL. plo¢ shows that calculated drawdowaid not begin in the
DOE OBS WELL until B38ays after pumping started in the WSU 4 well in Pullmartotai
of six wells started pumping in theGBbefore the first calculated drawdown began in the
DOE OBS WELtalculated drawdown bega8.0135 days (19.44 minutes) after pumping
began in Ul 4 (Table 1).EXHIBITLA shows that the maximum discrepancy beéme
calculated drawdown andQTESOLSmulated drawdown between t=0 and t=10 days is
approximately one tick marén the yaxisor 4.4 cm (1.7 inches).

l.|||||||||||||||||||||||I Obs. Wells
B 7] DOE OBS WELL

[~ 1 Aquifer Model

B . Leaky

» - Solution

0.78 — —] Neuman-Witherspoon

= - Parameters

T =3.0E+5 m2/day
S =909E-5

= - 1/B = 3.8E-5 m1

Rir = 1.019E-6 m™1
T2 =100. m2/day
0.56 [— — S2 =0.06

0.34 |— —

0.12 |— J —]
n . Y i

_01 L L L L | L L L L | L L L L | L L L L | L L L L

Calculated Drawdown (m)

Time (day)

EXHIBITLA. Neuman and Witherspoon (1969nodel calibration
resultsfor time t=0 to t=10 days for the DOE OBS WELL.
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0.78 |—

0.56 [—

Calculated Drawdown (m)

0.34 |—

0.12

Time (day)

Obs. Wells
DOE OBS WELL

Aquifer Model
Leaky

Solution
Neuman-Witherspoon

Parameters
T =3.0E+5 m2/day
S =99E-5
1/B=38E5m1
Rir = 1.019E-6 m'1
T2 =100. m2/day
S2 =0.06

EXHIBITIB. Neuman and Witherspoon (1969hodel calibration
resultsfor time t=10 days to t=20 days for the DOE OBS WELL.
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20. 22. 24. 26. 28. 30.
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Aquifer Model
Leaky

Solution
Neuman-Witherspoon

Parameters
T =3.0E+5 m2/day
S =909E-5
1/B = 3.8E-5 m™L
R/ir = 1.019E-6 m™L
T2 =100. m2/day
S2 =0.06

EXHIBITLC. Neuman and Witherspoon (1969hodel calibration
resultsfor time t=20 days to t=30 days for the DOE OBS WELL.
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EXHIBITID. Neuman and Witherspoon (1969Model calibration
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EXHIBITLF. Neuman and Witherspoon (1969nodel calibration
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EXHIBITLG. Neuman and Witherspoon (1969hodel calibration
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EXHIBITIH. Neuman and Witherspoon (1969Model calibration
resultsfor time t=362 days to t=372 days for the DOE OBS WELL.
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PUMPING WELL TIME SINCE PUMPING BE{  PUMPING RATEpm)
(DAYS)

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
Ul 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. Initiapbumping times and rates of pumping for eiy and universityGrande Ronde
aquifer systenwells pumpedduring the 372dayaquifer test.

EXHIBITF andEXHIBITLG both present 2@ay plots of calculated drawdowws.time for
the DOE OBS WELEXHIBITF shows the model calibratiaoesultsfor the period just prior to
the beginning of the summéme irrigation seasorft=190 to 210 days)EXHIBITG shows the
model calibratiorresults for the transition period between irrigation season and post irrigation
system recoveryt=290 to 310 days}the maximum discrepancy between calculated drawdown
and AQTESOL&/mulated drawdown during the transition period is about five tick marks on the
y-axis or 22cm (8.7 inches).

EXHIBITH presents a\QTESOLMot for the last 10 days of calculated drawdowa.time
for the DOE OBS WELL. The plot shows the maximum discrepancy between calculated
drawdown and AQTESOL¥imulated drawdown between t=362 days and t=372 days is
approximately 1.5 tick marks on theaxis 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 pumpafhtimes during the aquifer test
(see Moran, 2011).
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IDWR 4 Observation Well

The IDWR 4 OBS WH&Uocated m the east central portion of MCapproximately 1.4
kilometers (0.9 miles) northeast of the WINCO grocery store in Moscow (Figuiié8&)well is
the primary nonpumped, Grande Ronde aquifer system observation well in the Moscow area
it penetrates approknately three meters (10 feet) into the same primary producing zone as
Moscow wells M9 and M10, and University of ldaho wells Ul 3 and Ul 4. Aquifer test drawdown
data for 800 days were recorded ftire IDWR 4 OBS WHfske Folnagy, 2012). AQTESOLV
plot of calculated drawdown s/ time in days is shown for the period t=0 to t=372 days with
linear axes (arithmetic) iRigure6.
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Figure6. AQTESOLMot of calculated drawdowvs.time for time t=0 to t=372 days fahe
IDWR 40BS WELINote: the scalefor calculated drawdown is different from EXHIBIT 2A
through EXHIBIT 2H below.
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EXHIBIT 2A through EXHIBIT 2H pregé&f model calibration results for eight selected time
periods between t=0 and t¥2 days for the IDWR 4 OBS WH\dte: the y-axis scke was
increased relative to all other OBS WELLS to accommodate the larger range of ahlculate
drawdownexperienced inthe IDWR 4 OBS WELIhe selected time periods are:

EXHIBIRA from t=0 to t=10 days,

EXHIBIZB from t=10 days to t=20 days,

EXHIBI2C from t=20 days to t=30 days,

EXHIBIZD from t=30 days to t=40 days,

EXHIBIZE from t=40 days to t=50 days,

EXHIBIZF from t=190 days to t=210 dafysote: different time scale)
EXHIBI2G from t=290 days to t=310 dafrsote: different time scale)and
EXHIBIZH from t=362 days to t=372 days.

EXHIBIRA presents almQTESOLplot for the first 10 days of calculated drawdows.
time for the IDWR 4 OBS WELL. The plot shows that calculated drawdown did not begin in
the IDWR OBS WELL until46% days after pumping started in the WSU 4 well in Pullman.
Table 1shows that six wellbegan pumpingwithin the PGBbefore the first calculated
drawdown began in the IDWR 4 OBS WIehlculated drawdown bega®.0065 days (9.40
minutes) after pumping began in Ul 4EXHIBIT2A shows the maximum discrepancy
between calculated drawdown andQTESOLSImulated drawdown between t=0 and t=10
days is approximately one tick mark on thaxis or8.4cm @.3inches). This plot also shows
that calculated drawdown values recovered below zero; this suggests that tHegirasing
antecedent trend was not completely accounted for by the single trend correction used to
generate the calculated drawdown values.

EXHIBI2F andEXHIBIRG both present 2@lay plots of calculated drawdowrs.time for
the IDWR 40BS WELLEXHIBIRF shows the model calibration results for the period just
prior to the beginning of the summertime irrigation seagtn190 to 210 days)EXHIBIRG
shows the nodel calibration results for the transition period between irrigation season and
post irrigation system recover{t=290 to 310 days)the maximum discrepancy between
calculated drawdown andQTESOLSmulated drawdown during the transition period is
aboutfour tick marks on the jaxis or33.6¢cm (13.2 inches).

EXHIBIRH presents alRQTESOLMot for the last 10 days of calculated drawdows.
time for the IDWR 4 OBS WELL. The plot shows that the maximum discrepancy between
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calculated drawdown and\QTEGSLVsimulated drawdown between t=362 days and t=372
days is about three tick marks on theayis 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, electromagetic method used to record pump eoif times during the aquifer

test (see Moran, 2011).
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EXHIBIT2A. Neuman and Witherspoon (1969nodel calibration
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EXHIBIT2E. Neuman and Witherspoon (196%odel calibration
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EXHIBIT2F. Neuman and Witherspoon (859) model calibration
resultsfor time t=190 days to t=210 days for the IDWR 4 OBS WELL.
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EXHIBIT2H. Neuman andWitherspoon (1969)model calibration
resultsfor 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 dFig@2 3) Thewell is
a 76-meter (250ft) deep domestic wellcompleted in the Grande Ronde aquifer system near
the intersection of Sand Road and Johnson Avendater levels in the Cornelius OBS WELL
were monitored byPBACfor several years prior to the aquifer test. Aquifer test drawdown
data were ecorded for 800 days during the aquifer test (Folnagy, 2012). The Cornelius OBS
WELlwas pumped as needed during the aquifer test. Pumping of this well created a very noisy
(e.g., floating bubble effects) drawdown data ¢Etgure 7).In addition,several apparentin-
well, datalogger placement errors developed during downloading
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Hgure 7. Originalunfiltered and noradjusted AQTESOLMot of calculateddrawdown vs.
time for time t=0 to t=372 days fahe Corneliu$OBS WELINote: different yaxis scale.

Calculated drawdown did not begin in the Cornelius OBS WELL ur@) days after
pumping started in the WSU 4 well in PullmaRourteenwells began pumping in theGB
before the first calculated drawdown began in the Gaims OBS WELL (Table B.zoomed
AQTESOLYV plof calculated drawdown vs. time in days is shown for the period t=93 days to
t=94 days with linear axes (arithmetic) figure8 to illustrate the characteristics of the firstf
three, significantdatalogger placement errathat occurredduring downloading
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Figure8. ZoomedAQTESOLPMot showing arerror in calculated drawdowvs.time for t=93
daysto t=94 days forthe CorneliusOBS WELINote: different y-axisand xaxisscales.

EXHIBIT 3A through EXHIBIT 3H pres#2 model calibration results for eight selected
time periods between t=0 and t=372 days for the Cornelius OBS WEe&Lselected time
periods are:

EXHIBIBA from t=0 to t=372days(note: different time scale)
EXHIBIBB from t=10 days to t=20 days,

EXHIBIBC from t=20 days to t=30 days,

EXHIBIBD from t=30 days to t=40 days,

EXHIBIBE from t=40 days to t=50 days,

EXHIBIBF from t=190 days to t=210 dafrsote: different time scale)

EXHIBIBG from t=290 dayto t=310 daysgnote: different time scale)and
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EXHIBIBH from t=362 days to t=372 days.

The Cornelius OBS WH&Ithe most remote welmonitored during the 372lay aquifer

test. The nearest pumping well, other than nearby domestic wells, is Pullmarhg PUC
Pullman 5 is located approximately 3.95 km (2.45 miles) northwest of the Cornelius OBS
WELLat the intersection of Fairmount Road and South Grand Avemeer the Pullman
Walmart store In addition, the Cornelius OBS WELL is located approximately 9.61 km (5.97
miles) southwest of Mscow 9 (Figure 3). ASXHIBIBA shows, the Cornelius OBS WELL
yieldeda distancemuted responsdo the pumpingof wells Moscow 9 and Ul during the
aquifer test.
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EXHIBIT3A. Neuman and Witherspoon (196%odel calibration
resultsfor time t=0to t=372 days for the Cornelius OBS WELL.
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EXHIBIT3C. Neuman and Witherspoon (196%odel calibration
resultsfor time t=20 days to t=30 days for the Cornelius OBS WELL.
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EXHIBIT3E. Neuman and Witherspoon (196%Model calibration
resultsfor time t=40 days to t=50 days for the Cornelius OBS WELL.
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EXHIBIT3BH. Neuman and Witherspoon (196%odel calibration
resultsfor time t=362 days to%372 days for the Cornelius OBS WELL.

EXHIBITBB presents anAQTESOLpIlot of calculated drawdowrvs. time for the time
period 10daysto 20 daysfor the Cornelius OBS WELL. The plot shows that calculated
drawdown did not begin in th€orneliusOBS WELL until BB.days after pumping started in
the WSU 4 well in Pullman. Table 1 shows that 14 wells began pumping withitGBe
before the first calculated drawdown began in the Cornelius OBS Wéltulated
drawdown beganl4.07 days after Ul 4started pumping and3.24 days after Moscow 9
started pumping EXHIBIT3B shows that the maximum discrepancy between calculated
drawdown andAQTESOLYimulated drawdown between #5.80 daysand t=20 days is
approximatelyonetick mark on the yaxis or4.4cm (1.73inches). Drawdown spikes due to
wells Ul 4and Moscow umping are simulated by thAQTESOLModel, but they do not
appear in the calculated drawdown ddiar this shallow Grande Ronde aquifer system well
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EXHIBIBF and Exhibit 3G both present-g8@y plots of calculated drawdowws.time for
the Cornelius OBS WELEXHIBIBF shows the model calibration results for the period just
prior to the beginning of the summertime irrigation season (t=190 to 210 d&g¥)JIBIT3G
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 andAQTESOL\imulated drawdown prior to the sumentime
irrigation season is about four tick marks on thaxys or 17.6 cm (6.9 inches). The maximum
discrepancy between calculated drawdown aAQTESOLSmulated drawdown during the
transition period is about one tick mark on theyis or 4.4 cm (1. hches).

EXHIBIBH presents almQTESOLMot for the last 10 days of calculated drawdows.
time for the CorneliusOBS WELL. The plot shows that the maximum discrepancy between
calculated drawdown andAQTESOLSmulated drawdown between t=362 days arB72
days is aboutwo tick marks on the jaxis or8.8cm @3.46inches).

WSU 5 Observation Well

The WSU 5 OBS WELL is locatdtle westcentral portion of MC2(Figure 3) Thewell is a
121-meter (396Ht) deep, decommissioned productiomnvell completedin the Grande Ronde
aquifer systemoff of Airport road northwest of the Pullman Airport terminalWater levels in
the WSU 50BS WELL were monitored BPBACfor several years prior to the aquifer test.
Aquifer test drawdown data were recorded for 808y 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 drasown began in the WSU 5 OBS WELL (TableA1zoomed
AQTESOLMot of calculated drawdown vs. time in days is shown for the period t=93 days to
t=94 days with linear axes (arithmetic) Figure 10 to illustrate the characteristics of a
datalogger placemererror that occurred during downloading.
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Figure 9. Original neadjustedAQTESOLMot of calculated drawdowws.time for time t=0
to t=372 days for th&VSU 50BS WELNote: different yaxis scale.
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Figure10. ZoomedAQTESOLpMot showing anerror in calculated drawdowrvs. time for
time t=210 daysto t=211 days forthe WSU 50BS WELLNote: different yaxisand xaxis
scales.

EXHIBIBA through EXHIBIZH presentMC2 model calibration results for eight selected
time periodsbetween t=0 and t=372 days for the WSU 5 OBS WiklLselected time periods
are:

EXHIBITA from t=0 to t=372days(note: different time scale)
EXHIBIZAB from t=10 days to t=20 days,
EXHIBIAC from t=20 days to t=30 days,

EXHIBI®D from t=30 days tt=40 days,
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EXHIBIZE from t=40 days to t=50 days,

EXHIBI®F from t=190 days to t=210 dafysote: different time scale)

EXHIBIBAG from t=290 days to t=310 dagrsote: different time scale)and

EXHIBITH from t=362 days to t=372 days.

The nearespumping wellto the WSU 5 OBS WEIldther than nearby domestic wells, is
WSU 8n the PUC.WSU 8s located approximatelf.62km (1.0 miles) west of theNSU 5
OBS WELL on the Washington State University camipX$lIBIBA showsthe WSU 50BS
WELL vyield# a very similardistancemuted responseas the Cornelius OBS WHBhbLthe

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

1 I I I I | I I I I | I I I I | I I I I | I
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EXHIBIT4A. Neuman and Witherspoon (196%odel calibration
resultsfor time t=0to t=372 days for the WSU 5 OBS WELL.
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EXHIBIT4B. Neuman and Witherspoon (196%odel calibration
resultsfor time t=10 days to t=20 days for the WSU 5 OBS WELL.
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EXHIBITAC. Neuman and Witherspoon (196%odel calibration
resultsfor time t=20 day$o t=30 days for the WSU 5 OBS WELL.
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EXHIBITAD. Neuman and Witherspoon (196%odel calibration
resultsfor time t=30 days to t=40 days for the WSU 5 OBS WELL.
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EXHIBIT4E. Neuman and Witherspoon (196%Model calibration
resultsfor time t=40 dayg to t=50 days for the WSU 5 OBS WELL.
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EXHIBIT4AF. Neuman and Witherspoon (1969odel calibration
resultsfor time t=190 days to t=210 days for the WSU 5 OBS WELL.
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EXHIBITAG. Neuman and Witherspoon (196%)odel calibration
resultsfor time t=290days to t=310 days for the WSU 5 OBS WELL.
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EXHIBIT4H. Neuman and Witherspoon (196%)odel calibration
resultsfor time t=362 days to t=372 days for the WSU 5 OBS WELL.

EXHIBI®B presents alAQTESOLplot of calculated drawdown s/ time for the time
period 10 daysto 20 daysfor 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 withRGBe
before the first calculated drawdown began in tNéSU 50BS WELL,; calculated drawdown
beganl13.82days after Ul 4 started pumping and3lays after Moscow 9 started pumping.
EXHIBIT4B shows that the maximum discrepancy between calculated drawdown and
AQTESLVsimulated drawdown between t=156 days and t=20 days is approximatelye
tick mark on the yaxis or4.4 cm (.73 inches). Drawdown spikes due to wells Ul 4 and
Moscow 9 pumping are simulated by tAQTESOLModel, but they do not appear in the
distancemuted, calculated drawdown datan this shallow Grande Ronde aquifer system
well.

54



EXHIBI#F andEXHIBIRG both present 2@ay plots of calculated drawdowrs.time for
the WSU 5 OBS WELEXHIBIBF shows the model calibration results for the period just
prior to the beginning of the summertime irrigation season (t=190 to 210 dd&gXHIBIAG
shows the model calibration results for the transition period between irrigation season and
post irrigaion system recovery (=290 to 310 days). The maximum discrepancy between
calculated drawdown andAQTESOL\imulated drawdown prior to the summertime
irrigation season is abow.5tick marks on the yaxis orll cm @.33inches). The maximum
discrepancy btween calculated drawdown andQTESOLSmulated drawdown during the
transition period is about one tick mark on theyis or 4.4 cml(73inches).

EXHIBIBH presents almQTESOLMot for the last 10 days of calculated drawdows. v
time for the WSU 50BS WELL. The plot shows that the maximum discrepancy between
calculated drawdown andAQTESOLSmulated drawdown between t=362 days and t=372
days is aboul.5tick marks on the yaxis or6.6cm @.60inches).

Palouse Compartment Simulation Results

The PAC is the largest compartment in ti@GBas modeled. Calibration of theAE model
was very sensitive to compartment size and aquifer parameters, and moderately sensitive to
the conditions of unsaturated flow above the water table. Final calibratiornefPAC model
was completed with a compartment size of 238.54 °kand spatially variable aquifer
parameters for wells Palouse 1 and PalougEi§urell). Wells Palouse 1 and Palouse 3 served
as both pumping and observation wells for the aquifer test;dditon, well Garfield 4 beyond
the north boundary othe PAC (op) did not show any hydraulic connection to the wells within
the compartment. No PGBoumping wells located outside of theA boundaries were included
in the PAC models.

Folnagy (20123pplied longterm (i.e., 250+ days) antecedent trend correcsdar all OBS
WELLS. However, a different, specific trend correction was applied to the Palouse 3 OBS WELL
that was unigue for the Palouse area wells. It was distinctly different than the tremdation
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 shertm (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 twsided compartment.However,the best simulation results
(i.e., best visual match to the calculated drawdowdyring calibration modelg for this
preliminaryinvestigationwere produced for unconfined conditionsThe PAQs modeledas a
four-sided unconfined aquifer with unsaturated flow above the water table (Figatd
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consistent with the aquifer testing method developed by Tartakgwend Neuman (2007)This
designation was baseshodel simulations no new geologic data dnsightsare presentedio
confirm thenature of the PAC asconfinedrather than leaky confined
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Figurel2. lllustration ofthe hydrogeologic conditionfr an unconfinedaquifer based on
the Tartakovsky and Neuman (2007)thnad of aquifer test analysis (f&er HydroSOLVHnNC.,
2007).

Palouse IPumping/OBS WELL

The Palouse 1PumpingOBS WELL is located in the cenpattion of the PAQFigurell).
Thewell, which was drilled in 1910s the oldest active pumping well in tHeGB 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 thd?alouse PumpingOBS WELL were monitored BRAC
for several years prior to the aquifer test. Aquifest@rawdown data were recorded fdhe
first 228 days during the aquifer tesMoran, 2011)

An AQTESOLplot of calculated drawdownsetime in days is shown for the period t=0 to
t=228 days with linear axes (arithmetic) Figure 13. Definitive drawdown/calculated
drawdown did not begin in théalouse 1PumpingOBS WELL until38 days after pumping
started in the WSU 4 well in Pullman (Figure Bivewells began pumping in thEeGBbefore
the first definitive drawdown/calculated drawdown began in tifedouse 1PumpingOBS WELL
when pumping of Palouse 1 was initiat€hble 1).
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Figurel3. AQTESOLMot of drawdown/calculated drawdowrvs.time for time t=0 to t228
days for the Palouse RumpingOBS WELLNote: different yaxisand xaxisscales.

EXHIBIBA through EXHIBI3G present PACmodel calibration results fosevenselected
time periods between t=0 and 228 days for thePalouse IPumpingOBS WELL. The selected
time periods are:

EXHIBIBA from t=0 to t=10days,
EXHIBIBB from t=10 day$o t=20 days,
EXHIBIBC from t=20 days to t=30 days,
EXHIBIBD from t=30 days to t=40 days,
EXHIBIBE from t=40 days to t=50 days,

EXHIBIBF from t=190 days to t=210 dagrsote: different time scale)
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EXHIBI®G from t=218days to t228days(note: different end of measurement period)

The Palousebservation wells alsaere used aswvater supplywells during the aquifer test
the submersible dataloggers sometimes were left hanging above the water level in the wells
during pumping This resukd in the lack of data points to define the actual magnitude of the
drawdownspikes as shown in EXHIBIT, B8m left to right, the first five drawdown peaks are
due to Palouse 1 pumping and the sixth peak is due to Palouse 3 punfppgrent calculated
drawdown (called drawdown by Moran, 2011) in the PaloudeuinpingOBS 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 MoranEXHIBITS5A shows that the mamium
discrepancy between drawdown/calculated drawdown aA@TESOLSimulated drawdown
between t=0 and t¥0days idess than oneick mark on the yaxis or<4.4cm (1.73inches).
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EXHIBIBA. Tartakovsky and Neuman (200vipdel calibration results
for time t=0 to t=10 days for thBalouse 1 Pumping/OBS WELL
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EXHIBITSB. Tartakovsky and Neuman (200%odel calibration
results for time t=10 days to t=20 days for the Palouse 1
PumpingOBS WELL.
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EXHIBIT5C. Tartakovsky and Neuman (200®odel calibration
results for time t=20 days to t=30 days for the Palouse 1
PumpingOBS WELL.
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EXHIBITSD. Tartakovsky and Neuman (200%odel calibration
results br time t=30 days to t=40 days for the Palouse
PumpingOBS WELL.
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EXHIBITSE. Tartakovsky and Neuman (200Wodel calibration
results for time t=40 days to t=50 days for the Palouse
PumpingOBS WELL.
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EXHIBIT5F. Tartakovsky and Neuman (200Wodel calibration
results for time t=190 days to t=210 days for the Palouse
PumpingOBS WELL.
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EXHIBITSG. Tartakovsky and Neuman (200%odel calibration
results for time t=218 days to t=228 days for the Palouse 1
PumpingOBS WELL.

EXHIBIBF presents a 2@ay plot ofdrawdown/calculated drawdown s time for the
Palouse PumpingOBSNVELL.EXHIBIBF 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 betweesrawdown/calculated drawdown andQTESOLS mulated
drawdown prior to the summertime irrigation season is abouoetick mark on the yaxis or
4.4cm (@.73inches).

EXHIBITEG presents anAQTESOLYlot of the last 10 days ofirawdown/calculated
drawdown \s.time for the Palouse PumpingOBS WH.. The plot shows that the maximum
discrepancy betweedrawdown/calculated drawdown andQTESOLSImulated drawdown
between t=218 days and t228 days is about one tick mark on theayis or 4.4 cm (1.73
inches).
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Palouse 3Pumping/OBS WELL

The Palous& PumpingOBS WELL is located in the cahportion of the PAC (Figure 11).
The well was drilled ta depth 0f140 meters @60 feet) approximately915 meters (3002 feet)
southwest of the Palouse IPumping/OBS WELWMater levels in the Palousg PumpingOBS
WELL were monitored byBACfor several years prior to the aquifer testAquifer test
drawdown data were recorded for 800 days during the aquifer test (Folnagy, 20AR).
AQTESOLMot of calculated drawdownsstime in days is shown for the period t=0 to t=372
days with linear axes (arithmetic) Figurel4.

1. T T I I | I I I I | I I I I I I I I I I I I ObS WeIIs
o Palouse 3 OBS WELL

0.9
0.8

0.7

0.6

Calculated Drawdown (m)

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Q0D

4.;.
[on

01 PR SR AT YT SO SN [ TN SN SO S AT SO TR ST S S N W
0. 74.4 148.8 223.2 297.6 372.

Time (day)

Figurel4. AQTESOLMot of calculated drawdowrvs.time for time t=0 to t=372 days for
the Palouse PumpingOBS WELLINote: different yaxis 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 PalouseughpingOBS WELL. The selected time
periods are:

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

EXHIBIT 6B from t=10 datyp 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 dagte: different time scale)
EXHIBIT 6G from t=290 days to t=310 dagte: dfferent time scale)and
EXHIBIT 6H from t=362 days to t=372 days.

Calculated drawdown did not begin in the Palousu@npingOBS 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 tR&Bbefore the first calculated drawdown began in
the Palouse FumpingOBS WELL (Table 1); calculated drawdown began 17.28 minutes after
pumping ofthe Palouse IPumping/OBS WEMas initiated (KHIBIT6A) The first 5alculated
drawdown peaks show the effects of pumping frahe Palouse 1Pumping/OBS WELL The
sixth peak shows the effects of pumping thie Palouse 3Pumping/OBS WELote: the
submersible data loggers sometimes were left hanging above the wateritetred wells during
pumping. EXHIBIBA shows that the maximum discrepancy between calculated drawdown and
AQTESOLSImulated 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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EXHIBIT6A. Tartakovsky andNeuman (2007)model calibration
results for time t=0 to t=10 days for the Palouse RRimpingOBS

WELL.
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EXHIBIT6B. Tartakovsky and Neuman (200W)odel calibration
results for time t=10 days to t=20 days for the Palouse 3
PumpingOBS WELL.
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EXHIBIT6C Tartakovsky and Neuman (200Wodel calibration
results for time t=20 days to t=30 days for the Palouse 3
PumpingOBS WELL.
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EXHIBIT6D. Tartakovsky and Neuman (200Wodel calibration
results for time t=30 days to t=40 days for the Palouse 3

PumpingOBS WELL.
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EXHIBITGE. Tartakovsky and Neuman (200%Wodel calibration
results for time t=40 days to t=50 days for the Palouse 3

PumpingOBS WELL.
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EXHIBIT6F. Tartakovsky and Neuman (200Wodel calibration
results for time t=190 days to t=210 days for the Palouse 3
PumpingOBS WELL.
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EXHIBIT6G. Tartakovsky and Neuman (200%odel calibration
results for time t=290 days to t=310 days for the Palouse 3
PumpingOBS WELL.
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EXHIBIT6H. Tartakovsky and Neuman (200Wodel calibration
results for time t=362 days to t=372 days for the Palouse 3
PumpingOBS WELL.

EXHIBIBF presents a 2@lay plot of calculated drawdownsytime for the Palouse 3
PumpingOBS WELLEXHIBIBF 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 ah@QTESOLSmulated drawdown prior to the
summertime irrigationseason is about two tick marks on theayis 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 day€.maximum discrepancy
between calculated drawdown and AQTESOLV simulated drawdown during the transition
period is about two tick marks on theaxis or 8.8 cm (3.46 inches).
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EXHIBIBH presents almQTESOLMot for the last 10 days of calculated drawdows. v
time for the Palouse ®umpingOBS WELL. The plot shows that the maximum discrepancy
between calculated drawdown andQTESOL%mulated drawdown between t=362 days
and t=372 days is about one tick mark on thaxys or 4.4 cm (1.73 inches).

Pullman Compartment Simulation Reksi

The PUC is themallestcompartmentin the PGBas modeled.Calibration of the PUC model
was very sensitive to compartment size and aquifer parametéiisal @libration of the PUC
modelwas completed with a compartment size ®.28km? and norunique aquifer
parameters based on pumping data fune, closely clustere@Table 2pumping wells (WSU 4,
WSU 6, WSU 7, WS8UPullman 3, Pullman Bullman 6, Pullman 7, and Pullman 8) within the
PUCandcalculateddrawdown data for the WSO estOBSNELLandthe Pullman 80BS WELL

(Figurel5). NoPGBpumping 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 23.81m 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 873.15m
PULLMAN 6 1913.40 m 2775.68 m
PULLMAN 8 949.62 m 0

Table 2.Distances between pumping wells and observation weisin 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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Figurel5. Location map of compartment boundaries tbe PUC, OBS wells apdimping
wells as modelé in AQTESOLVNote:the WSU 4well and WSUTESTOBS WEL&re too
close together to differentiate at the scale of this maphe Howell domestic weis shown
for reference purposes only.
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The hydrogeology withithe PUCappears to be thenost complex in th&GBwith respect to
lateral and vertical heterogeneitywithin the MC2, pumping wedlIMoscow 9 an#loscow10,
andUI 3 and Ul 4ll are completed ithe sameprimary,identifiableproducing zone However,
within the PUGeveral proding zones separated by basalt aquitaads pumpedthese
producing zones and aquitards arenceptualizedydraulicallyas a leaky, confineaquifer
systemwith multiple higher hydraulic conductivity zones separated by lower hydraulic
conductivity zones These conditionsimit the applicability ofinalytical treatment for modeling
of the hydrogeology within the PUGlowever, as a starting point for this PUC model
calibration exercise hie aquifer testing method developed by Neuman and Witherspoon (1969)
for aleaky, confined tweaquifer system (Figuré) wasusedto simulate calculated drawdown
Unlike the upper, uspumped aquifer that was defined for Cno aquifer test datare
avaibble to define an upper, upumped aquifer in the PUC. Howeviecal domestic wells
such as the Howell welFigure 15)nay derive water from the upper Grande Ronde aquifer
system. The Howell well ig@latively low yield (30 gpmglomestic well drilld in basalt in
1990 to a depth of 93 meters (305 ft) below land surface; it previously was monitored for
several years bl BAMut was not monitored during this aquifer test.

The heterogeneous hydrogeology within the PUC combined mihytemporal/spatial
pumping combinationgincludingpotential partial penetration effectsgomplicated the
AQTESOL&/mulations of the PUGmpared to MC2 anthe PAC Variations in the congof
depressiorover timeduringthe 372-day ofaquifer testin the PUGstressed different aquifer
volumesat different times more so than in MC2 attte PAGOsiensky, et al., 2000umlinson,
et al, 2006;Rhode, et al., 2007)The simulation results for PUC represéim¢ best visual
matches to the calculated drawdown ddiar the entire 372 days of the aquifer test

AQTESOLAImulation results are presented below for the two observation wells believed to
be located withinthe 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 Pu(lrigur&L5). NoPGB
pumping wells located outside of the PUC boundaries were included in thaiRlufations

WSU TestObservation Well

The WSU_Test OBS Wel idedicated water level monitoring wédicatedin the south
central portion of the PUC on the western edge of the W&kdpus (Figuré5). The well i52
meters(171 t.) deep and bottoms approximatefive meters below the 2009 static water level.
The WSU_Test Well has been the primgngundwvater level monitoring well in Pullman for
several decadesAquifer test drawdown data were recordédr 800 daydgor this well (see
Folnagy, 2012). ARQTESOLMot as calculated drawdowws.time in days is shown for the
period t=0 to t=372 days with linear axes (arithmeticligurel6.
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Figurel6. AQTESOLpot of calculated drawdowrvs.time for time t=0 to t=372 days for
the WSU_TESDIBS WELINote: different yaxis 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 dagte: different time scale)
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