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Introduction 
The Garwood Water District (Garwood) is located approximately 11-miles north of Coeur d’Alene, Idaho 
on State Route 95 in Kootenai County (Figure 1).  Garwood has a population of approximately 90 
households that are served water from two community wells. Garwood has requested that the Idaho 
Department of Environmental Quality complete a Source Water Delineation (SWD) as part of the 
requirements under the 1986 Safe Drinking Water Act. The SWD for Garwood determines the source of 
water that contributes to two community wells and is the basis for a Drinking Water Protection Plan 
(DWPP).  The DWPP uses the areas contributing water to the community well as defined in the SWD and 
describes the presence of any potential sources of contaminants within these areas. The DWPP can be used 
as a planning tool allowing a community to make decisions regarding any current or future activities within 
these areas and take appropriate action if necessary to protect the drinking water supply.    
 

Garwood Water System 
The Garwood water system currently supplies their service area with two wells as can be seen in Figure 2.  
The available driller’s reports for Garwood’s water supply wells can be seen in Appendix A. Garwood’s 
municipal wells are located approximately 10-feet apart and were completed in 1986 and 1995.  Both wells 
are located north of the water district along the east side of State Route 95.   The 1986 Garwood well is 
completed 332-feet below ground surface and has a reported flow rate of 100-gallons per minute (gpm). 
The 1995 Garwood well is completed 361-feet below ground surface and has a reported flow rate of 150-
gpm. Garwood has a water right filed with the Idaho Department of Water Resources for 0.67 cubic feet 
per second (300 gpm).  A copy of the water right can be seen in Appendix B.  
 

Geologic and Hydrogeologic Setting 
 
Regional Geology 
The geology of the Garwood area is largely comprised of four primary geologic units 1) Precambrian age 
rocks, 2) younger granitic intrusions, 3) basalt flows and 4) glacial flood deposits as can be seen in Figure 3 
(Lewis, 2002).  The Precambrian rocks are defined as the Priest River Metamorphic complex (PRMC) and 
the Belt Supergroup.  The PRMC appear to be the oldest rocks of the area with age dates of approximately 
two billion years old.  The PRMC is composed largely of  gneiss (Lewis, 2002) a rock characterized by 
black and white bands made of alternating dark (biotite)and light (quartz and feldspars) colored minerals.  
They are commonly referred to as “granite” on driller’s reports. 
 
The Belt Supergroup is composed of a variety of very old sedimentary rocks that are over one billion years 
old.  The Belt Supergroup sediments are estimated to be tens of thousands of feet thick and are believed to 
have been deposited in a narrow ocean basin.  The pressure of the overlying sediments has caused the rocks 
to metamorphose or recrystallize with time into siltstones and sandstones.   They are commonly referred to 
as “shale” on driller’s reports.  The Belt rocks were deformed into folds, faults and fractures about 70 to 80 
million years ago.  
 
The granitic intrusions pushed up into the overlying rock from about 70 to 50 million years ago.  A large 
granitic intrusion (batholith) pushed up underneath the PRMC and the Belt Supergroup sediments forming 
the Kaniksu Batholith. It is believed that the large granitic intrusion pushed the belt rocks upward and to the 
east off of the PRMC.  The contact between the two is called the Purcell Trench and is oriented north-south 
underneath the Rathdrum Prairie.  The result is predominantly gneissic rocks to the west of the Rathdrum 
Prairie and the Belt rocks to the east.  
 
Flood basalt originating from the northeast Oregon-Idaho area flowed predominantly north and west 
creating the Columbia Plateau during the Miocene about 14 to 17 million years ago. The flood basalt 
flowed as far north as the Spokane and Coeur d’Alene areas.  The basalt is believed to have damned the 
surface water flowing near the Spokane area creating a lake environment possibly as far north as what is 
now Lake Pend Oreille. The sediments are believed at time to be covered by subsequent basalt flows with 
additional damming and deposition of fine grained sediments.  Significant portions of the sediment and 
basalt may have been removed from general erosional processes and subsequent glaciation and the flood 
events described below.  
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North Idaho was covered by glaciers during at least two ice ages that flowed south from Canada 
(Breckenridge, 1989), with the latest glaciation occurring approximately 10,000 to 15,000 years ago 
(Figure 4). Lobes of ice flowing from north to south blocked the Clark Fork River near Clark Fork Idaho 
causing significant quantities of water to pool behind the ice dam forming Lake Missoula.  Occasionally the 
ice dam would fail causing very large flood events to occur.  The flood waters would carry large boulders, 
gravel and sand down stream depositing them within what is now the Rathdrum Prairie.  
 
Regional Hydrogeology 
The Rathdrum Prairie Aquifer (RPA) is a largely unconfined aquifer, and covers an area from Lake Pend 
Oreille and the City of Spirit Lake to the Cities of Coeur d’Alene and Post Falls west into Washington (see 
Figure 5). The RPA is composed of coarse sand and gravel with cobbles and boulders from the glacial 
flood events described above. Recharge to the aquifer is in the form of runoff from upland area, leakage 
from surrounding lake and rivers along with precipitation.  Ground water flows regionally from north-
northeast to south-southwest (Figure 6).  
 
The hydraulic conductivity of the sediments is generally very high with municipal water wells capable of 
drawing significant quantities of water with limited drawdown.  Areas around the margin of the RPA may 
contain some to significant quantities of silt. The silt is most likely due to a depositional environment with 
low water velocities occurring along the edges of the flood path or backwater environments. The bedrock 
topography is largely unknown.  Water wells in the area have generally shallow completions due to the 
high permeability and wells completed to bedrock are relatively uncommon.   
 
Project Area Geology/Hydrogeology 
Evidence to date indicates that the area underlying Garwood is composed of three bedrock channels.  The 
channels from east to west are the Chilco, Ramsey and Main channels.  The channels are defined by 
Tertiary basalt outcrops to the east, Precambrian Belt and Tertiary basalt rocks separating the Chilco and 
Ramsey channels, Cretaceous and Tertiary granitics separating the Ramsey and Main channels and PRMC 
to the west (see Figure 3). The lateral limits of the channels have been described in Graham & Buchanan, 
1994 and Baldwin & Owsley, 2005; the depths of the channels are unknown and can be seen in cross 
section on Figure 7. The Main and Ramsey Channels are open at both the north and south ends allowing 
ground water to flow from the north Rathdrum Prairie area to the south. The ground water elevations of the 
Chilco Channel range from approximately 2,000 to 2,220 feet above mean sea level (ft msl) with the 
ground water elevations in the adjacent RPA ranging from approximately 2,000 to 2,030 ft msl. The Chilco 
channel appears to have a ground water bedrock divide at the north end with water discharging from the 
south end. Given the closed north end and the elevated ground water levels above the more regional RPA it 
would appear that ground water is being derived predominantly from the upland areas to the east.   
 
The unconsolidated sediments within the Chilco channel are most likely derived from glacial flood 
deposits.  Water well reports of the area (Appendix A) appear to indicate a pattern of coarser material at the 
north end with increasing fines at the southern end and along the margins. This may reflect a combination 
of fluvial and glacial flood depositional patterns.   
 

Source Water Delineation 
General 
DEQ’s interpretation of the geology and hydrogeology of Garwood and the surrounding areas is based on a 
compilation of selected literature, information as described on selected driller’s reports in the area from the 
IDWR and a reconnaissance of Garwood and the surrounding area.  The location of the driller’s reports 
used can be seen in Figure 8 and a summary of the driller’s reports used can be seen in Table 1.   
 
The source water delineations for Garwood were estimated using the U.S. Geological Survey’s (U.S.G.S.) 
numerical flow simulation model MODFLOW (McDonald and Harbaugh, 1988) with Waterloo 
Hydrogeologic’s Visual Modlfow (WHI, 2004) as a pre- and post–processor.  The capture zones were 
estimated using backward particle tracking with U.S.G.S. Modpath (Pollack, 1994) with water budget 
calculations for specific areas of the model determined using the U.S.G.S. ZoneBudget (Harbaugh, 1990). 
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The ground water model was constructed in general accordance with the following ASTM Guidelines: 
D5490, D5609, D5610, D5718, and D5880.   
 
Ground Water Flow Model 
Modeling Objectives 
The ground water flow model was constructed to estimate the capture zones for a DWPP. Capture zones 
are geographic areas that overlie portion of an aquifer that contribute water to a well. The capture zones are 
based on time that is necessary for ground water within the contributing areas to travel to the water supply 
well. The captures zones generally used in this DWPP are the 3-, 6-, and 10-year time-of-travel.  In order to 
estimate the capture zones a geological/hydrogeological conceptual model must be developed and the 
pertinent aquifer parameters and boundaries must be defined. The conceptual model and the aquifer 
parameters were used to construct a numerical ground water flow model to delineate the capture zones for 
the Garwood DWPP.  The model was run as a steady state model, meaning none of the boundaries, 
boundary conditions or aquifer parameters changed with time and the model was run a sufficient simulated 
period of time so that the output also did not change with time.   
 
Water Wells 
The two Garwood community water wells were modeled as one well due to the close proximity of the wells 
to each other (approximately 10-feet), as can be seen in Figure 2.  A modeled pump well was placed at the 
Garwood well field site with a grid spacing of approximately 35-feet squared.  The modeled well was 
pumped at the water right capacity of 300 gpm. 
 
Grid Design 
A variable density grid was used in the construction of the ground water flow model and can be seen in 
Figure 9.  There are 120 row and 120 columns defining the ground water flow system.  The cells are 
approximately 35 feet by 35 feet in size at the well head expanding outward by about 2.0 times to 
approximately 275 feet squared.  The vertical grid distribution consists of only one layer and was 
considered sufficient for modeling the unconfined aquifer.  
 
Aquifer Parameters 
Transmissivity values for the modeled area were estimated from specific capacity data as recorded on 
selected driller’s reports from the IDWR and the Theis equation (Fetter, 1988). Transmissivity is defined as 
the rate at which water is transmitted through a unit width of the aquifer under a unit hydraulic gradient 
(Fetter, 1988).  The hydraulic conductivity is defined as the rate of water flowing through a unit area of the 
aquifer and is equal to the transmissivity divided by the aquifer thickness.  Specific capacity is a value 
defined as the production rate of the well divided by the associated drawdown.  A summary of the driller’s 
reports used and associated transmissivities can be seen in Table 1, the driller’s reports can be seen in 
Appendix A. 
 
Estimated values for storativity and “aquifer thickness” necessary for calculating transmissivity and 
hydraulic conductivity respectively using the Theis equation are described in Table 1.  In general hydraulic 
conductivity ranged from approximately 20 to 100,000 feet per day (ft/day).  The hydraulic conductivity for 
the majority of the model was 3,500 ft/day with the Chilco Channel divided into an upper (northern) 250 
ft/day area and a lower (southern) 65 ft/day area. The hydraulic conductivity areas can be seen in Figure 10. 
Storativity was assumes to be 0.15 for the entire model and is representative of an unconfined aquifer 
(Freeze and Cherry, 1978).  
 
Boundary Conditions 
1. General 
Boundary conditions are generally defined as any inputs or outputs of water into the system and any 
physical constraints of the system such as no-flow or bedrock boundaries. The boundaries used in the 
Garwood model consist of no-flow, general-head boundaries, and recharge. Below is a description of each 
of the boundaries used in the model with the location and areal extent of the boundaries shown in Figure 
10.  
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2. No-Flow 
The bedrock boundaries that define the RPA are represented as no-flow boundaries in the model.  The no-
flow boundaries cannot remove or contribute water to the aquifer.  There are contributions from these 
upland areas and the form of surface and subsurface flow and are accounted for through the aquifer 
recharge described below.  The bedrock topography was interpolated from a few existing wells that have 
been completed to or within bedrock in the modeled area and the location of area outcrops. A summary of 
bedrock well characteristics are shown in Table 1 and the locations are shown on Figure 8.  The bedrock 
topography was gridded in Surfer (Golden Software, 2004) and then imported, interpolated, and contoured 
in Visual Modflow using the nearest neighbor algorithm.  A three-dimensional mesh of the Surfer gridded 
and contoured data can be seen in Figures 12 and 13.  
 
3. General-Head Boundaries 
General-head boundaries (GHB) are boundaries that can contribute water to or remove water from a ground 
water flow model depending on the level of water at the boundary. If aquifer ground water levels are above 
the GHB then water will flow out of the aquifer and if the ground water levels are below the GHB then the 
water will flow out of the GHB. The rate at which water flows at the GHB is defined by the conductance.  
The conductance is defined as the resistance to flow between the GHB and the aquifer and is 
mathematically represented b the hydraulic conductivity multiplied by the area of the cell and divided by 
the distance to the external source/sink (WHI, 2004).  GHBs were used as up gradient and down gradient 
boundaries.  The up gradient boundaries contributed water to the aquifer and were used to represent Pend 
Oreille Lake.  The down gradient boundaries removed water from the aquifer and were used to represent 
water loss from the aquifer modeled at Spirit & Hoodoo Valleys and RPA just south of the Round 
Mountain area. The location and extent of the GHB used in this model can be seen in Figure 10. 
Conductance values for the GHB used at Pend Oreille Lake was approximately 1.4E6 feet squared per day 
(ft2/day) and 100,000 ft2/day at the other GHB.  The value was determined initially through calculations as 
described above and then adjusted to aid in model calibration. 
 
4. Areal Recharge 
Precipitation along with surface and subsurface contributions of water from the surrounding upland areas to 
the aquifer were simulated through the recharge package.  The recharge package simulates areal recharge to 
the modeled aquifer.  Recharge to the aquifer from precipitation is typically the precipitation rate minus the 
rate of evapotranspiration.  The resulting recharge rate to the aquifer is typically 5% to 30% of precipitation 
rates.  There are contributions to the aquifer from both surface and subsurface water from the surrounding 
upland areas.  These sources were not individually specified but included in the recharge number.  No 
attempt was made to determine lag times due to flow through the vadose zone of recharge to the aquifer 
from precipitation events. The recharge for the RPA was based on the average precipitation of 25.31-inches 
per year (in/yr) for the period of record between 1895 and 2003 (Western Regional Climate Center). The 
evapotranspiration rate was estimated at 90% so that the recharge rate to the RPA was assumed to be 2.5 
in/yr. 
 
The aquifer within the Chilco Channel appears to be isolated along the north from the regional RPA.  
Recharge to this area is from precipitation and contributions from the surrounding upland areas.  The 
contributions from the upland areas become a significant source of recharge water and must be 
incorporated into the model. The recharge from the upland areas is most likely from perennial streams and 
contributions from fractures within the bedrock (Graham & Buchanan, 1994, Baldwin & Owsley, 2005).  
Due to the sparse to nonexistent information regarding the quantity, timing and location of these upland 
sources relative to the Chilco Channel and Garwood’s well, the upland sources were simulated by 
increasing the areal recharge for this portion of the model.  The recharge used for the Chilco Channel area 
was 1,800 in/year and is based on calibration to the water elevations as reported on the driller’s reports for 
selected wells in the area.  The areal distribution of recharge can be seen in Figure 14.     
 
Calibration 
The model was calibrated by comparing the observed head for selected wells throughout the modeled area 
to the modeled heads for those same wells.  The observed head values were determined from static water 
levels usually reported as depth below top of casing and well locations as provided on the driller’s reports.  
The location of the wells was estimated from the Public Land Survey system description of the well that is 
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accurate to a quarter-quarter section.  The corresponding wellhead elevations were estimated from U.S. 
Geological Survey 7.5 minute map coverages of the area.  
 
Modeled aquifer parameters and boundary conditions were adjusted manually until the observed heads 
corresponded to the modeled head values.  The modeled ground water elevation contour map can be seen in 
Figure 15. The calibration process continued until it appeared no further decrease in error between the two 
could be calculated.  The scatter plot for the observed versus modeled heads can be seen in Figure 16. The 
root mean squared error is approximately 1.9 Percent.   
 
Another measure of error used during calibration is the mass balance error. The mass balance for the model 
determines the quantity of water entering the model and compares this value to the quantity of water 
leaving the model.  The mass balance error for the model is 0.73 percent and the mass balance report has 
been included in Appendix C.  
 
Sensitivity Analysis 
A sensitivity analysis is performed to quantify changes in the model response due the uncertainty in input 
values.  The input values used in the sensitivity analysis for the Garwood SWA model are: RPA and Chilco 
Channel hydraulic conductivity, RPA and Chilco Channel recharge and the conductance values for the 
general head boundaries. An upper and lower range of values for each parameter was input to the model 
and the corresponding change in head values and RMS error was obtained.  A sensitivity index was then 
calculated for each change to indicate which values were the most sensitive. The results of the sensitivity 
analysis are summarized in Table 2.  
 
Capture Zones 
The modeled capture zones for the 6-month and one-year time of travel (TOT) are shown in Figure 17. The 
capture zone is very narrow and terminates quickly up gradient due to the hydraulic conductivity, 
homogeneous, isotropic modeled aquifer parameters and a significant gradient.  The actual aquifer 
conditions within the Chilco Channel would most likely be heterogenous and anisotropic causing a 
divergence of the capture zones within the aquifer.  The significant contributions from the upland 
immediately east of the Chilco Channel would most likely impact water quality.  Due to the potential for 
contributions from the upland areas and aquifer heterogeneity and anisotropy, an increase in capture zone 
area within the aquifer has been incorporated along with inclusion of portions of the upland area and can be 
seen in Figures 18 and 19. 
 
The ground water/surface water regime of the upland area is largely unknown.  The average surface 
gradient is approximately 0.12 feet per foot based on the elevation change and distance from the RPA 
surface and Hollister Mountain located approximately three miles east of the Chilco Channel. The resultant 
velocity using a hydraulic conductivity of a fractured bedrock of 10 ft/day (Spitz & Moreno, 1996) and a 
bulk effective porosity of .003 (Spitz & Moreno, 1996) is 400 feet per day.  The length of travel time 
through ground water for a conservative contaminant to travel the approximate three miles from the 
Hollister Mountain to the RPA would be about 40 days. Surface water and any associated contaminants 
would have decreased TOT values and would most likely reach the RPA sooner. The calculation for upland 
area TOT is relatively simple and a more detailed study of the specific area would be required for a more 
accurate analysis and is considered beyond the scope of this project. The simple calculation does suggest 
that all the surrounding watersheds that contribute water to the Chilco Channel should be included in the 
capture zones.       
 
Conclusion 
The Garwood wells receive ground water from the Chilco Channel. The Chilco Channel is oriented north-
south and composed of exposed bedrock on the east and west sides with water elevations indicating that 
ground water flows from north to south discharging into the Rathdrum Prairie Aquifer. The ground water 
elevations appear to be elevated at the northern end such that there is a ground water divide isolating the 
northern end of the channel from the Rathdrum Prairie Aquifer.  Recharge to the Chilco Channel would 
most likely be restricted to areal precipitation within the channel and with what appears to be significant 
contributions from the upland areas to the east.  
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Due to the boundary conditions the ground water flow within the channel is restricted to a small area with a 
relatively significant gradient.  The Garwood wells are located at the southern end of the channel such that 
any activity within the channel would be upgradient from the wells and has the potential to impact the 
water quality. The 6-month and one-year capture zones are defined within the channel, the 3-, 6- and 10-
year would be beyond the northern extreme of the channel.  There appears to be significant surface/ground 
water contributions from the upland area to the east such that any activity within this area may also have 
impacts to water quality in the Garwood wells.  Due to limitations in subsurface data, the size of the capture 
zones has been increased so that the source area of ground water to the wells is conservatively larger.     
 
 Model Limitations 
The Garwood SWA model was constructed to estimate the capture zones for the Garwood community 
wells pumping at water right capacity.  The capture zones are dependent on aquifer parameters, recharge 
rates and other boundary conditions that most certainly vary both over time and the geographic area 
modeled. No attempt has been made to establish or determine these variations and is considered beyond the 
scope of this project.  Site specific water elevations and aquifer parameters used in this model are based 
largely on data described in driller’s reports provided by the IDWR.  The data in the driller’s reports are 
general in nature and not necessarily described with the detail necessary for a more complete analysis.   
Aquifer parameters and location of the data points were interpreted from the information provided on the 
driller’s reports, the accuracy and completeness of the resultant aquifer parameters cannot be guaranteed.  If 
a more detailed analysis is required or the model is to be used for another purpose, then Garwood should 
acquire the necessary ground water professional for the proper application limits of this model or the 
requirements for any additional studies or model construction.   
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Table 1. Summary of Driller's Reports
Well Head Static Water Level

Location1 Elevation2 Completion Level Map Well Hydraulic Aquifer
Number Name Township Range Section Map Depth elevation bgs3 elevation Capacity1 Conductivity4 Material1

(ft msl) (ft) (msl) (ft) (msl) (gpm) (ft/day)
1 Wheeler (Garwood Water Cooperative) 52N 4W 24 2,330 332 2,006 276 2,054 100 403 Sand & Gravel
2 Garwood Water Cooperative) 52N 4W 24 2,330 361.5 1,977 275 2,055 150 NA Sand & Gravel
3 Timbercraft Products 52N 4W 24 2,319 320 2,006 240 2,079 20 NA Sand & Gravel
4 Cooper 52N 4W 24 2,265 327 1,943 230 2,035 50 NA Sand & Gravel
5 Ohio Match Road Water District 52N 4W 24 2,288 317 1,976 251 2,037 210 121 Fine Sand & Gravel
6 Beamis 52N 4W 24 2,325 325 2,013 272 2,053 35 NA Sand & Gravel
7 Thienes 52N 4W 24 2,295 322 1,981 290 2,005 10 12,847 Gravel
8 Pope 52N 4W 24 2,318 325 2,001 295 2,023 8 NA Basalt
9 Davis 52N 4W 13 2,290 90 2,200 60 2,230 50 121 Decomposed Granite

10 Gish 52N 4W 13 2,298 225 2,080 180 2,118 100 NA Gravel
11 Thomson 52N 4W 13 2,290 302 1,987 75 2,215 1 NA Granite
12 Cordon 52N 4W 13 2,300 152 2,157 17 2,283 39 NA Granite
13 Thomas 52N 4W 13 2,290 150 2,152 9 2,281 7 NA Decomposed Granite
14 Hommerding 52N 4W 13 2,275 219 2,067 185 2,090 20 6 Sand & Gravel
15 Grant 52N 4W 13 2,265 325 1,942 NA NA 0.25 NA Granite
16 Geddes 52N 3W 19 2,330 265 2,069 NA NA 0 NA Basalt
17 Geddes 52N 3W 19 2,375 165 2,223 70 2,305 5.5 NA Basalt/Shale
18 Edwards 52N 3W 18 2,295 107 2,188 77 2,218 120 385,791 Sand & Gravel
19 Johnson 52N 3W 18 2,292 505 1,792 NA NA NA NA NA
20 Adams 52N 3W 18 2,325 203 2,130 80 2,245 15 NA Basalt
21 Carney 52N 3W 18 2,287 175 2,114 75 2,212 3 NA Gravel/Shale
22 Souther 52N 3W 18 2,342 700 1,659 NA NA NA NA NA
23 Reed 52N 3W 18 2,295 136 2,157 101 2,194 10 10 Sand & Gravel
24 Held 52N 3W 8 2,315 100 2,210 60 2,255 2 NA Gravel
25 Haney 52N 3W 8 2,340 200 2,344 80 2,260 2.5 0.12 Fine Sand/Clay
26 Guerro 52N 3W 7 2,305 77 2,233 70 2,235 12 16,271 Gravel & Sand
27 Roerick 52N 3W 7 2,290 95 2,203 70 2,220 30 NA Gravel
28 Johnson 52N 3W 7 2,320 136 2,190 83 2,237 40 NA Gravel & fine sand/clay
29 Shepard 52N 3W 7 2,310 117 2,189 69 2,241 30 42,903 Sand & Gravel
30 Hayden Pines Water Co. 52N 3W 7 2,315 147 2,163 90 2,225 100 NA Gravel
31 L.P. 52N 3W 7 2,298 107 2,196 76 2,222 95 40 Sand & Gravel
32 Brunner 53N 4W 36 2,390 426 -426 397 1,993 25 173,040 Sand & Gravel
33 Brunner 53N 4W 36 2,388 415 1,995 NA NA NA NA Granite
34 Deeter 53N 4W 19 2,440 440 -440 400 2,040 20 NA Gravel
35 Zile 53N 4W 28 2,550 585 1,977 530 2,020 22.5 7 Sand & Gravel
36 U.S. Forest Service 53N 4W 27 2,428 497 1,969 420 2,008 1500 30,894 Gravel & Boulders
37 Allen 53N 4W 25 2,430 445 2,016 415 2,015 20 0.59 Gravel & Cobbles
38 San Francisco Ranch 53N 4W 24 2,458 570 1,907 409 2,049 20 31 Basalt
39 Holiday & Crest Water & Sewer 53N 4W 23 2,475 505 1,992 460 2,015 20 30,374 Sand & Gravel
40 Hunters 53N 4W 21 2,580 592 2,008 560 2,020 19 68,843 Sand & Gravel
41 Fisher 53N 4W 12 2,535 581 1,965 500 2,035 20 NA Gravel
42 Young 53N 4W 10 2,590 622 1,999 560 2,030 20 9 Sand & Gravel
43 City of Spirit Lake 53N 4W 5 2,575 632 1,973 547 2,028 NA NA Sand & Gravel
44 Turk 53N 3W 32 2,355 603 1,769 335 2,020 16.5 0.52 Granite
45 Hester 53N 3W 32 2,358 395 1,979 345 2,013 50 2 Sand & Gravel
46 Belt 53N 3W 27 2,355 335 2,034 315 2,040 6 NA Gravel & Silt
47 Wheeler 53N 3W 27 2,375 500 1,889 310 2,065 60 1 Sand & Gravel
48 Bruse 53N 3W 21 2,380 198 2,184 156 2,224 25 19,055 Sand & Gravel
49 Witherspoon 53N 3W 15 2,420 420 2,000 375 2,045 20 1 Gravel
50 Berry 53N 3W 15 2,405 560 1,867 370 2,035 10 NA Decomposed Granite
51 GT Investments 53N 3W 12 2,442 485 1,986 415 2,027 100 6 Gravel & Clay
52 Rayborn-Cook 53N 3W 12 2,455 459 2,021 405 2,050 15 2 Sand & Gravel
53 Walt 53N 3W 8 2,510 525 1,999 470 2,040 25 NA Gravel
54 Canchia 53N 3W 3 2,390 369 2,020 346 2,044 7.5 211,020 Gravel & Sand
55 Madsen 53N 3W 3 2,395 426 1,939 340 2,055 30 2 Sand & Gravel
56 State of Idaho - Farragut State Pk 53N 2W 9 2,377 420 1,971 315 2,062 1500 9,431 Gravel
57 Maynard 53N 2W 6 2,290 242 2,063 228 2,062 NA NA Gravel
58 Shove 52N 4W 28 2,240 298 1,942 260 1,980 60 NA Sand & Gravel

1As described on Idaho department of Water Resources Well Driller's Report
2Elevation determined from U.S.G.S. 7.5 minute quadrangle map
3 bgs - below ground surface
4Transmissivity detemined from Theis eqn and information supplied on Well Driller's Log. Assumed observation radius is 0.5 feet and 
  storativity value of 5.0E-3. Aquifer thickness assumed to be well screen length. If no well screen present then aquifer thickness  
  defined by exposed saturated portion of aquifer in bore or 20-feet if well bore terminates at same depth as with casing.  



Table 2. Garwood Source Water Assesment Sensitivity Analysis
Standard Normalized

Error of the RMS Correlation Sensitivity
Parameter Boundary Value1 Unit2 Estimate Error Coefficient Index3

(ft) %
Hydraulic Conductivity Zone #1-RPA Areal Distribution 3,500 ft/day 1.268 1.937 0.996 -

2,000 ft/day 1.268 1.969 0.996 0.000
5,000 ft/day 1.403 2.205 0.966 0.315

Zone #2-Lower Chilco Channel 65 ft/day 1.268 1.937 0.996 -
50 ft/day 2.693 4.328 0.994 -6.175
80 ft/day 2.064 3.303 0.996 3.449

Zone #3-Upper Chilco Channel 250 ft/day 1.268 1.937 0.996 -
175 ft/day 1.304 1.995 0.996 -0.120
325 ft/day 1.262 1.961 0.996 0.007

General Head Boundaries Zone #1-Lake Pend Oreille 2,484,912 ft2/day 1.268 1.937 0.996 -
Conductance 1,500,000 ft2/day 1.270 1.940 0.996 -0.005

3,000,000 ft2/day 1.268 1.936 0.996 0.000
Zone #2-Spirit&Hoodoo Valleys 100,000 ft2/day 1.268 1.937 0.996 -

75,000 ft2/day 1.269 1.938 0.996 -0.004
125,000 ft2/day 1.269 1.938 0.996 0.004

Zone #3-South Model RPA Boundary 650,000 ft2/day 1.268 1.937 0.996 -
500,000 ft2/day 1.270 1.940 0.996 -0.009
800,000 ft2/day 1.267 1.935 0.996 -0.004

Recharge Zone #1-RPA Areal Distribution 6 in/yr 1.268 1.937 0.996 -
4 in/yr 1.269 1.939 0.996 -0.003
8 in/yr 1.268 1.937 0.996 0.000

Zone #2-Chilco Channel Area 1,800 in/yr 1.268 1.937 0.996 -
1,500 in/yr 2.524 4.095 0.996 -7.536
2,100 in/yr 1.927 3.075 0.995 3.954

1 Bold number indicates value used in model 
2 ft/day = feet per day, ft2/day = feet squared per day, in/yr = inches per year
3 Sensitivity Index = (SEbase - SEsensitivity)/(Change in Input Value/Initial Input Value)  where SE = Standard Error of the Estimate



Figure 1. Vicinity map of Garwood and surrounding area
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Figure 2. Garwood Well Field Site Map. Based on drawings by Quantum Engineering (1995)



Figure 3. Regional Geologic Map of the Rathdrum Prairie Reference: Lewis  et al., 2002, Geologic Map of the Coeur d’Alene 30 x60 
Minute Quadrangle. Idaho Geological Survey.



Reference: Breckenridge, 1989
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Figure 4. Cordilleran Ice Margin and Lake Missoula



Figure 5. Rathdrum-Spokane Aquifer Boundaries



Figure 6. Groundwater Elevation, Rathdrum-Spokane Aquifer (Campbell, 2005)
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Figure 7. Hydrogeologic Cross Section, Garwood Area (DEQ, 2005)
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Figure 8. Garwood and vicinity water well location map



Figure 9. Variable density grid used in Garwood Source Water Assessment Modflow model.



Figure 10. Aquifer parameters and boundary conditions used in Garwood Source Water Assessment Modflow model.
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Figure 11.Plan view bedrock topographic map used in Garwood Source Water Assessment Modflow model.
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Figure 12. Bedrock topographic map created in Surfer and used in Garwood Source Water Assessment Modflow model.
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Figure 13. Bedrock topographic map created in Surfer and used in Garwood Source Water Assessment Modflow model.



Figure 14. Recharge map used in Garwood Source Water Assessment Modflow model.
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Figure 15. Modeled ground water elevation contour map (red) of Garwood Source Water Assessment Modflow model.



Figure 16. Scatter plot showing observed versus modeled ground water levels. 



Figure 17. Modeled 6-month and one-year capture zones.
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Figure 18. Modeled and suggested 6-month and one-year capture zones and contributing watershed area.
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Figure 19. Modeled and suggested 6-month capture zones 
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Water Right Report.txt
Water Right Report 
 
IDAHO DEPARTMENT OF WATER RESOURCES
Water Permit Report

09/22/2005

WATER RIGHT NO. 95-8532

      Owner TypeName and Address
      Current OwnerGARWOOD WATER COOPERATIVE 
      PO BOX 1137
      HAYDEN LAKE, ID 83835
      (208)772-1723

Priority Date: 11/08/1986
Status: Active

      SourceTributary
      GROUND WATER

      Beneficial UseFromToDiversion RateVolume
      IRRIGATION1/0112/310.33 CFS
      COMMERCIAL1/0112/310.01 CFS
      DOMESTIC1/0112/310.33 CFS
      Total Diversion 0.67 CFS

Location of Point(s) of Diversion:

      GROUND WATERNWNESESec. 24Township 52NRange 04WKOOTENAI County

Place(s) of use:

Place of Use Legal Description: IRRIGATION KOOTENAI County

      TownshipRangeSectionLotTractAcresLotTractAcresLotTractAcresLotTractAcres
      52N03W19NENW1NWNW1SWNW1SENW1
      NESW1NWSW1SWSW1SESW1
      NESE1NWSE1SWSE1SESE1
      30NENE1NWNE1SWNE1SENE1
      NENW1NWNW1
      04W24NESE1

Place of Use Legal Description: COMMERCIAL KOOTENAI County

      TownshipRangeSectionLotTractAcresLotTractAcresLotTractAcresLotTractAcres
      52N04W24NESE

Place of Use Legal Description: DOMESTIC KOOTENAI County
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Water Right Report.txt

      TownshipRangeSectionLotTractAcresLotTractAcresLotTractAcresLotTractAcres
      52N03W19NENWNWNWSWNWSENW
      NESWNWSWSWSWSESW
      NESENWSESWSESESE
      30NENENWNESWNESENE
      NENWNWNW
      04W24NESE

Total Acres: 19

Conditions of Approval:

      1.004The issuance of this right does not grant any right-of-way or 
      easement across the land of another.
      2.AC. IRR.=17.75. 
      3.026Permit holder shall commence the excavation or construction of 
      diverting works within one year of the date this permit is issued and 
      shall proceed diligently until the project is complete.

Dates:
Proof Due Date: 02/01/1992
Proof Made Date: 01/21/1992
Approved Date: 02/04/1987
Moratorium Expiration Date: 
Enlargement Use Priority Date: 
Enlargement Statute Priority Date: 
Application Received Date: 
Protest Deadline Date: 
Number of Protests: 0
Field Exam Date: 6/26/1998
Date Sent to State Off: 8/10/1998
Date Received at State Off: 8/12/1998

Other Information:
State or Federal: 
Owner Name Connector: 
Water District Number: 
Generic Max Rate per Acre: 
Generic Max Volume per Acre: 
Swan Falls Trust or Nontrust: 
Swan Falls Dismissed: 
DLE Act Number: 
Cary Act Number: 
Mitigation Plan: False
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