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1.0 INTRODUCTION 
This report describes the evaluation of groundwater storage alternatives for the Town of Eatonville 

(Town).  The evaluation of storage alternatives was funded under a water storage grant from Washington 

Department of Ecology (Ecology) to the Town.  This work was completed under a water storage grant 

agreement between the Town and Ecology.   

The Town currently uses four wells and a diversion on the Mashel River for supply.  The Town has no 

interties with other water systems.  Water from the wells and river is treated at a membrane filtration plant.  

During the dry portion of the year, coincident with peak demand periods, diversion from the river can be 

limited because of low head on the intake screens.  In addition, the capacities of the Town’s wells 

decreases as groundwater levels drop during the summer months.   

There is potential for disruption of the supply from the Mashel River during periods of high turbidity and/or 

low summer flows.  The Town is also facing growth and increased water demand that will exceed the 

capacity of its sources.  As the Town grows and water demands increase, peak demand will also 

increase.  Development of a new water supply for use during summer peak demand periods is not 

feasible because the Mashel River is closed to further appropriations during the summer because of low 

flows.  Development of subsurface storage could provide the Town with a source of water to meet peak 

demands while minimizing diversions from the Mashel River.  This could potentially increase stream flows 

during the summer months, providing an environmental benefit. 

1.1 Background 
The Town of Eatonville received a water storage grant from the Department of Ecology for the evaluation 

of water storage and/or development options for the Town.  Two water storage options were presented in 

the grant agreement:  1.)  shallow aquifer recharge, and 2.)  aquifer storage and recovery.  The Town is 

evaluating subsurface water storage in order to address projected future peak demands and provide an 

alternate source of supply should the existing river intake and/or wells be unavailable for a short period of 

time.   

Phase I of the storage evaluation includes development of a conceptual hydrogeological model for the 

Eatonville area.  The data sources include consultant reports and data, reports and from State and 

Federal agencies, and data collected by the Town of Eatonville.  This report provides an evaluation of 

existing data and a summary of the existing hydrologic and hydrogeologic conditions in the Eatonville 

area and an assessment of the storage and development alternatives.  Recommendations are provided to 

conduct further evaluation of the preferred alternative 

1.2 Objectives and Scope of Work 
The objectives of the Phase I storage evaluations are detailed the Scope of Work incorporated into the 

Ecology Grant Agreement dated March 5, 2008 as follows: 
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The purpose of the Phase I work is to evaluate existing information to develop an updated 

conceptual hydrogeological model of the Eatonville area, and use that information to evaluate the 

two storage options and select a preferred alternative for a feasibility study.  Following completion 

of the Phase I work, a detailed scope of work will be developed to evaluate the feasibility of the 

preferred alternative as part of the Phase II activities.   

The Scope of Work for the Phase I evaluation includes: 

 Compilation and evaluation of existing data 

 Development of a Quality Assurance Project Plan (QAPP) and collection of additional 
data 

 Development of a hydrologic and hydrogeologic conceptual model 

 Evaluation of recharge and storage alternatives 

 A technical memorandum describing the conceptual model and evaluation of recharge 
and storage alternatives 

 A completed ASR reservoir permit application form 

 Meetings 

This report includes the results of the evaluations of existing data, the conceptual hydrologic and 

hydrogeologic model, the evaluation of storage alternatives, and recommendations for Phase II 

evaluations.  A QAPP was not prepared as part of the Phase I work because the existing data was found 

to be sufficient to evaluate potential storage options at a pre-feasibility level.  Development of a QAPP will 

be completed as part of the Phase II.   

1.3 Report Organization 
This report is organized into several sections as follows: 

Section 2 summarizes the sources of information used to develop the conceptual model. 

Section 3 describes the hydrologic and hydrogeologic conditions in the Eatonville area.  

Section 4 describes the Town of Eatonville water system. 

Section 5 describes the water storage alternatives, recharge water sources, and storage volumes. 

Section 6 describes the evaluation of recharge and storage alternatives. 

Section 7 provides a summary of the evaluations and recommendations for evaluation of a storage 
alternative. 

Several appendices are included with supporting information.  Appendix A contains streamflow 

information in the Eatonville area.  Appendix B contains well logs for the wells used to construct the 

hydrogeologic cross-sections.  Appendix C contains a database of area well logs.  Mounding and water 

level buildup hydrographs for several storage alternatives are included in Appendix D.  The Phase II 

scope of work and cost estimate are included in Appendix E.   



March 2010 3 083-93607.005 
 

 

031110mlk1_Revised report March 2010.docx  

2.0 SOURCES OF INFORMATION 
Existing information was used to develop the conceptual model and evaluate storage alternatives.  The 

data sources include consultant reports and data, reports and maps from State and Federal agencies, 

and data collected by Golder Associates Inc. and the Town of Eatonville during previous groundwater 

development work for the Town.  No new data were collected as part of this phase of the project.  This 

section provides a summary of the references used. 

2.1 Project Bibliography   
Golder Associates Inc., 2003a, Town of Eatonville Groundwater Supply Evaluation, July 23, 2003.  

Describes the results of an evaluation of the feasibility of developing a new groundwater supply 
within a 5-mile radius of Eatonville. 

Golder Associates Inc., 2003b, Final Nisqually River Watershed Management Plan, October 31, 2003.   

Presents the results of watershed scale evaluations of hydrology, groundwater, water rights, and 
identified issues and recommended actions for the watershed and individual subbasins. 

Golder Associates Inc., 2004, Report on Well Construction and Testing, Wells No. 6 and 7, April 29, 2004.   

Describes the drilling, construction, and testing of two new water supply wells and four test wells 
in the Eatonville Wellfield.   

Golder Associates Inc., 2005a, Town of Eatonville Long-Term Wellfield Capacity Evaluation, March 22, 
2005.   

Provided an evaluation of interaction between alluvial aquifer and Mashel River and determined 
pumping capacity of Town’s wellfield. 

Golder Associates Inc., 2005b, Evaluation of Mashel River Streamflow Data to Support Winter Water 
Right Application for the Town of Eatonville, August 19, 2005.   

Describes streamflow in the Mashel River and provides an estimate of when water is available for 
appropriation. 

Golder Associates Inc. 2005c, Aquifer Storage and Recovery Hydrogeologic feasibility Study, City of 
Dallas, Oregon Water Treatment Plant Site, December 2005.   

Describes the hydrogeologic conditions, conceptual model, storage capacity, water quality, and 
ASR well drilling and testing for proposed ASR development in low to moderate permeability 
basalts. 

Golder Associates Inc., 2006a, Nisqually Watershed (WRIA 11) Instream Flow Assessment:  Step B 
Mashel River Hydraulic Continuity Study, April 11, 2006.   

Presents the results of hydraulic continuity studies completed in the Mashel River from Boxcar 
Canyon, through the Eatonville Wellfield, to the USGS gage above the confluence with the 
Nisqually River. 

Golder Associates Inc., 2006b, Nisqually Watershed (WRIA 11) Final Mashel River Instream Flow Needs 
Assessment, April 18, 2006.   
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Presents the results of PHABSIM analyses for the Mashel River and a comparison of the existing 
instream flows and considerations for instream flow management. 

Golder Associates Inc., 2007a, Final Nisqually River Detailed Implementation Plan, February 14, 2007.   

Provides guidance to implement the recommended actions in the watershed and individual 
subbasins.  

Golder Associates Inc, 2007b, Results from the First Year of ASR Pilot Testing at the City of Dallas, 
Oregon, February 12, 2007.  

Presents the results of the first year of ASR pilot testing completed in the basalt aquifer at Dallas, 
Oregon, including groundwater level and groundwater quality changes.  

Golder Associates Inc, 2008, Results from the Second Year of ASR Pilot Testing at the City of Dallas, 
Oregon, April 23, 2008.  

Presents the results of the second year of ASR pilot testing completed in the basalt aquifer at 
Dallas, Oregon, including groundwater level and groundwater quality changes.  

Golder Associates Inc, 2009, Results from the Third Year of ASR Pilot Testing at the City of Dallas, 
Oregon, March 17, 2009.   

Presents the results of the third year of ASR pilot testing completed in the basalt aquifer at Dallas, 
Oregon, including groundwater level and groundwater quality changes.  

Gray and Osborne, 2000, Town of Eatonville Water Comprehensive Plan Amendment.   

Provides information on the Town’s water system in order to meet the requirements of the State 
Drinking Water Revolving Fund loan program.   

Gray and Osborne, 2002, Town of Eatonville Report of Findings, Water Source Investigations.   

Describes the results of hydrogeologic evaluations conducted by Robinson and Noble to 
investigate additional sources of supply for the Town and provided recommendations for 
development. 

Kask, Mart, 2003, Water Supply and Quantity, Town of Eatonville.   

Overview of Town of Eatonville water system, water rights, sources, and future demands.  
Describes alternatives for increasing system reliability and supply. 

Natural Resources Conservation Service, Sno-Tel Data and Products, 
http://www.wcc.nrcs.usda.gov/snotel/.   

Online database of snow water equivalent and snow depths. 

Pringle, P.T., B.S. Goldstein, and N.R. Anderson, 2000, Tanwax Creek-Ohop Valley Late-Glacial Flood – 
Evidence that Discharge from an Ice-Dammed lake in the Carbon river Valley was Augmented by 
a Temporary Landslide Dam, Puget Lowland, Washington (abstract), 3rd Symposium on the 
Hydrogeology of Washington State, Tacoma.   

Describes glacial outburst flooding from glacial Lake Carbon.  

Pringle, P.T., 2008, Roadside Geology of Mount Rainer National Park and Vicinity, Washington Division 
of Geology and Earth Resources, Information Circular 107.  
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Describes geology in the area surrounding Mount Rainer National Park, including the Eatonville 
and Ohop Valley areas.   

RH2 Engineering Inc., 2005, Town of Eatonville Comprehensive Water System Plan, June 2005.   

Comprehensive description of the Town of Eatonville’s water system, including sources, water 
rights, water system components, and recommended upgrades to the water system.   

Robinson and Noble, 1966, Report on Well Number 1, Town of Eatonville.   

 Describes the drilling and testing of Town of Eatonville Well No. 1. 

Robinson and Noble, 1969, Well Number 2, Town of Eatonville.   

Describes the drilling and testing of Town of Eatonville Well No. 2. 

Robinson and Noble, 2001, Town of Eatonville Groundwater Source Alternatives Study.   

Describes the results of an evaluation to develop additional groundwater in the Eatonville area. 

Robinson and Noble, 2002a, Town of Eatonville Ohop Valley Well Project.   

Describes drilling of a test well in the Ohop Valley targeting outwash sediments below lahar 
deposits and the results of geophysical investigations in the Ohop Valley, Eatonville Wellfield, and 
area surrounding Eatonville. 

Robinson and Noble, 2002b, Eatonville Monitoring Well 1R Construction and Testing Report.  

Describes completion and testing of exploratory well in basalt in Eatonville wellfield 

Robinson and Noble, 2002c, Town of Eatonville MW-1R Shallow Testing.   

Describes conversion of basalt test well to alluvial monitoring well and testing alluvial aquifer in 
Eatonville wellfield 

United States Geological Survey, 2009, Online Streamflow Database, http://wa.water.usgs.gov/.   

Database of historic and real-time streamflow information. 

Scott, K.M., J.W. Vallance, and P.T. Pringle, 1995, Sedimentology, Behavior, and Hazards of Debris 
Flows at Mount Rainer, Washington, U.S. Geological Survey Professional Paper 1547.   

Describes geology and extent of lahar deposits originating from Mount Rainer.   

Walters, K.L., and G.E. Kimmel, 1968, Groundwater Occurrence and Stratigraphy of Unconsolidated 
Deposits, Central Pierce County, Washington, Water Supply Bulletin No. 22, Washington State 
Department of Water Resources.   

Describes geology and hydrogeology of unconsolidated materials and bedrock units in the 
Eatonville area. 

Walsh, T.J., M.A. Korosec, W.M. Phillips, R.L. Logan, H.W. Schasse, 1987, Geologic Map of Washington 
– Southwest Quadrant, Washington Division of Geology and Earth Resources, Geologic Map 
GM-34.   
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Large-scale geologic map of the southwest part of Washington State, including the Eatonville 
area. 

Watershed Professionals Network llc, 2002, Nisqually River Level I Watershed Assessment (WRIA 11), 
March 2002.    

Provides a general overview and describes hydrology, groundwater, water quality, water rights 
and instream flow for the Nisqually River Basin.   

Washington State Department of Ecology, 2009, Online Well Log Database, 
http://apps.ecy.wa.gov/welllog/index.asp.   

Database of well information and images of well logs. 

Washington State Department of Health, 2009, Online Water System Database, 
http://www4.doh.wa.gov/SentryInternet/Disclaimer.aspx?Page=/SentryInternet/FindWaterSystem.
aspx.   

Database of water system and water quality information from Class A and B water systems. 

Western Regional Climate Center, Historic Climate Information, 
http://www.wrcc.dri.edu/CLIMATEDATA.html.   

Database of historic precipitation and temperature data. 

 



March 2010 7 083-93607.005 
 

 

031110mlk1_Revised report March 2010.docx  

3.0 CONCEPTUAL HYDROGEOLOGIC MODEL 
This section describes the conceptual hydrogeologic model for the Eatonville area, including climate, 

surface water hydrology, geology, and groundwater conditions.   

3.1 Site Setting 
The Town of Eatonville is located in southeastern Pierce County, about 27.5 miles south-southeast of 

Tacoma (Figure 3-1).  The Town is at an elevation of about 800 feet above sea level.  The Town is 

located at the transition between the Cascade Foothills to the east and rolling hills of the Puget Sound 

Lowlands to the west. 

The Mashel River, a tributary of the Nisqually River, flows from east to west about 0.5 miles south of the 

center of Eatonville.  Ohop Creek, a tributary of the Nisqually River, flows from north to south about 4,500 

feet northwest of the center of Eatonville.  The Nisqually River is the major drainage in the Eatonville 

area.  The Nisqually River is about 3.5 miles southeast of Eatonville and flows westward towards Puget 

Sound. 

3.2 Precipitation and Evapotranspiration  
The Eatonville area receives about 40 to 45 inches of precipitation annually based on historic data 

collected at La Grande and Alder Dam Camp1, located about 3.5 miles southwest and 4.8 miles south, 

respectively, of Eatonville and at the McMillan Reservoir, located about 18 miles north of Eatonville.  At 

the Mowich Sno-Tel station located about 15 miles east of Eatonville at an elevation of 3,160 feet, the 

annual precipitation is estimated to be about 50 inches per year.  

The average annual temperature in the Eatonville area ranges from about 36ºF in January to 60º to 65ºF 

in July and August.  Potential evapotranspiration is estimated to be about 22 to 26  inches per year based 

on temperature data collected at the Alder Dam, La Grande, and McMillan Reservoir stations2, and pan 

evaporation was measured at about 26 to 28 inches per year at the Puyallup Experimental Station, about 

23 miles north of Eatonville3 (Table 3-1).  At the higher elevation Mowich Sno-Tel station, potential 

evapotranspiration was estimated to be about 16 inches per year. 

3.3 Hydrology 
The three principal surface water bodies near Eatonville are Lynch Creek, Ohop Creek, and the Mashel 

River (Figure 3-1).  Lynch Creek is a westward-flowing stream that is a tributary to Ohop Creek.  Lynch 

Creek drains the upland area northwest of Eatonville.  Streamflow data available for Lynch Creek are 

limited to three measurements from 1927.  The measurements were made in March (48 cfs), July (5 cfs) 

and August (5.9 cfs).  Ohop Creek and the Mashel River are tributary to the Nisqually River.  Hydrographs 

                                                      
1 http://www.wrcc.dri.edu/Climsum.html 
2 Golder Associates Inc., 2003a, Town of Eatonville Groundwater Supply Evaluation 
3 http://www.ocs.orst.edu/page_links/comparative_climate/evap.html 
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from existing gaging stations on the Mashel River, Nisqually River, and Ohop Creek for Water Years 1998 

through 2008 (October 1997 through September 2008) are included in Appendix A.   

Ohop Creek drains the area north of Eatonville, and is a tributary of the Nisqually River.  Ohop Creek is a 

low-elevation, precipitation-dominated watershed, with a headwater elevation of about 2,500 feet.  Ohop 

Creek was gaged by the USGS from June 1927 through September, 1932 and September 1941 through 

September 1971.  The USGS re-established the gaging station in June 1993 (USGS 12088000), and the 

station continues to operate.  The gage location is immediately downstream of the Lynch Creek 

confluence (Figure 3-1).  A hydrograph for Ohop Creek at the USGS gage for Water Years 1998 to 2008 

is shown on Figure A-1.  Mean annual streamflow ranged from about 37 cfs in 2001 to 84 cfs in 2007.  

This is equivalent to 14.3 inches (Water Year 1999) to 32.2 inches (Water Year 2007) of runoff in the 

catchment area above the gage.  The average annual precipitation at the McMillan Reservoir gage over 

Water Years 1998 to 2008 (October 1997 through September 2008) was 41.73 inches.  Figure 3-2 shows 

the mean daily flow in Ohop Creek over Water Years 1998 to 2008, along with the average monthly 

precipitation at McMillan Reservoir over the same period.  The highest flows in Ohop Creek occur in the 

winter months (December through March), which have the highest precipitation.  Flows are lowest in the 

late summer (August and September).  Ohop Creek and all tributaries (including Lynch Creek) are closed 

year round to further appropriation under the Nisqually Basin Program (WAC 173-511). 

The Mashel River is the largest surface water body in the vicinity of Eatonville.  The Mashel River is a 

low-elevation, precipitation-dominated watershed.  The headwater elevation is about 3,500 feet.  The 

watershed does not extend to the Cascades or Mount Rainer and thus does not have significant 

snowpack.  The USGS gaged the Mashel River between October 1940 and September 1957.  In October 

1991, the USGS re-established the gaging station, which remains in operation.  The gage is located at the 

Highway 7 bridge downstream of the Little Mashel River confluence (Figure 3-1).  A hydrograph for the 

Mashel River Water Years 1998 through 2008 at the USGS gage is shown on Figure A-2.  Over this 

period, the average annual streamflow in Mashel River ranged from 126 cfs in 2001 to 301 cfs in 1999.  

This is equivalent to about 21.2 inches (Water Year 2001) to 50.7 inches (Water Year 1999) of runoff in 

the catchment area above the gage.  The average annual precipitation at the McMillan Reservoir gage 

over Water Years 1998 to 2008 was 41.73 inches.  The precipitation in the upper part of the watershed is 

likely higher based on the measured precipitation of 48.62 inches at the Mowich Sno-Tel Station4, located 

about 15 miles east of Eatonville at an elevation of 3,160 feet.   

The mean daily flow in the Mashel River is over Water Years 1998 to 2008, along with the average 

monthly precipitation at McMillan Reservoir over the same period shown on Figure 3-2.  The hydrograph 

for the Mashel River is similar to Ohop Creek, with the highest flows occurring in the months of December 

through March.  Flows in the Mashel River start to decrease in late March and April.  This indicates that 

                                                      
4 http://www.wcc.nrcs.usda.gov/cgibin/wygraph-multi.pl?state=WA&wateryear=2009&stationidname= 
21c40s-MOWICH 
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there is little snowpack storage and snowmelt in the Mashel Basin, and streamflow is driven by 

precipitation.   

The Mowich Sno-Tel Station, is at an elevation of 3,160 feet, similar in the elevation of the headwaters of 

the Mashel River (up to 3,500 feet).  The monthly average temperature in the winter months (December 

through March, inclusive) is about 36ºF to 37ºF (Table 3-1).  On average, the snow water equivalent at 

the Mowich Sno-Tel Station is about 1.8 inches on March 1 and 1.0 inches on April 1.  The monthly 

precipitation and snowmelt at the Mowich Sno-Tel is shown on Figure 3-2.  Precipitation during March, 

April and May is about 4 to 5 inches each month.  During the snowmelt period (March, April, and May), 

the percent of snowmelt in the total runoff in the Mashel watershed ranges from about 10% to 30%.  This 

indicates that snowmelt is a small component of streamflow in the Mashel River (about five percent of the 

total runoff).  Mashel River flows are lowest in the late summer (August and September) and are 

sustained by groundwater discharge.   

Instream flows and closures have been established for the Mashel River under WAC 173-511 (Table 3-1).  

The Mashel River and all tributaries are closed to further appropriation between June 1 and October 31 

under the Nisqually Basin Program.  Over the remainder of the year, minimum flows have been 

established (Table 3-2). 

Exceedance probability curves for the Mashel River at the USGS gage (USGS 12087000) were 

developed as part of the instream flow assessment of the Mashel River (Golder 2003) and as part of an 

evaluation of winter water rights for Eatonville (Golder 2005).  The exceedance probability curves show 

the probability that flows in the river are above the minimum instream flow requirements. When the 

instream flows are exceeded, water is available for appropriation.  The data are summarized on Table 3-3 

and included in Appendix A.  The data in Appendix A also include exceedance probability curves for the 

Nisqually River gage at McKenna (USGS 12089500), which is the flow control point on the Nisqually 

River downstream of the Mashel River confluence. 

The results of the analysis indicate that water is available for diversion on the Mashel River between 

about 84.4% to 94.4% of the time when the river is open to further appropriation (November 1 through 

May 31).  On the Nisqually River at McKenna, water is available for appropriation 75.6% to 98.6% of the 

time when the river is open to further appropriation (November 1 through May 31).  The probability that 

the flows are above the instream flows is higher on the Nisqually River than the Mashel River except from 

November 1 through November 14.  The months of December through April have the highest probability 

that water is available (greater than 90% on both the Mashel and Nisqually Rivers).  Water availability on 

the Mashel River in November and May is about 85% of the time.   

3.4 Water Balance 
A water balance was developed for the Ohop Creek basin and the Mashel River Basin above the gages 

to provide an estimate of groundwater recharge that entered the deep groundwater system (i.e. by-
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passed the stream gauge) for Water Years 1998 through 2008.  The preliminary water balance was 

developed based on the following information: 

 Stream gauging data from USGS gage 12088000 located on Ohop Creek below Ohop 
Lake near Eatonville and USGS gage 12087000 located on the Mashel River about 
(Figure 3-1), to estimate total runoff.  Total runoff represents surface water runoff and 
groundwater discharge (baseflow) to the stream; 

 Precipitation data from McMillan Reservoir, located about 18 miles north of Eatonville 
were used for the Ohop Creek water balance.  Precipitation data from the Mowich Sno-
Tel Station located about located about 15 miles east of Eatonville were used for the 
Mashel River water balance; 

 Potential evapotranspiration calculated using the Thornthwaite method and temperature 
data from McMillan Reservoir for the Ohop Creek water balance and temperature data 
from the Mowich Sno-Tel Station were used for the Mashel River water balance. 

The water balance was calculated using the following method: 

GWR = P-R-Et 

where: 

 GWR is deep groundwater recharge (inches) 

 P is precipitation (inches) 

R is total runoff (inches) 

Et is actual evapotranspiration (inches) 

The water balance was calculated over a Water Year (October 1 through September 30) and assumes 

that there are no changes in soil moisture over the Water Year. 

3.4.1 Ohop Creek 
The water balance for Ohop Creek is summarized on Table 3-4.  Over Water Years 1998 to 2008, the 

average precipitation was about 42.3 inches at McMillan Reservoir, and the total runoff at the Ohop Creek 

gage was equivalent to about 24 inches.  The potential evapotranspiration was estimated to be 25.4 

inches based on temperature data collected at McMillan Reservoir.  In the months of October through 

February, the potential evapotranspiration is less than the precipitation minus runoff and is equal to the 

actual evapotranspiration.  In the months of March through September, potential evapotranspiration is 

greater than the precipitation minus runoff (Figure 3-3).  Therefore the actual evapotranspiration is equal 

to precipitation minus runoff.  The deep groundwater recharge in the Ohop Creek basin over Water Years 

1998 through 2008 is estimated to be about 8.5 inches.  This indicates that there is potentially a 

substantial quantity of groundwater that by-passes the shallow groundwater system that feeds baseflow in 
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Ohop Creek.  This groundwater probably discharges further down-valley, most likely to the Mashel or 

Nisqually Rivers. 

Low flow at the Ohop Creek gage occurs in August.  Assuming the average low flow measurement of 

11.3 cfs (Water Years 1998-2008) in at the Ohop Creek gage in August represents baseflow (flow 

consists only of groundwater discharge to creek), this is equivalent to about 4.3 inches of shallow 

groundwater recharge annually.  Therefore, of the total annual runoff of 24 inches, about 20% is 

groundwater discharge from the alluvial aquifer in hydraulic communication with Ohop Creek. 

3.4.2 Mashel River 
The water balance for the Mashel River is summarized on Table 3-4.  Over Water Years 1998 to 2008, 

the average precipitation was about 48.6 inches at the Mowich Sno-Tel Station, and the total runoff was 

equivalent to about 35 inches at the Mashel River gage.  The potential evapotranspiration was estimated 

to be 21.6 inches based on temperature data at the Mowich Sno-Tel Station.  In the months of October 

and November, the potential evapotranspiration is less than the precipitation minus runoff and is equal to 

the actual evapotranspiration.  In the other months of the year, potential evapotranspiration is greater than 

the precipitation minus runoff (Figure 3-4).  Therefore the actual evapotranspiration is equal to 

precipitation minus runoff.  The deep groundwater recharge in the Mashel River basin over Water Years 

1998 through 2008 is estimated to be about 3.15 inches.  Similar the Ohop Creek water balance, this 

calculation indicates a component of deep groundwater recharge that by-passes the Mashel River gauge. 

At the Mashel gage, the average low flow measurement in August is 21.5 cfs (Water Years 1998-2008), 

which is equivalent to about 3.7 inches of groundwater recharge assuming the average low flow in August 

represents baseflow conditions.  Therefore, of the total annual runoff of 35 inches, about 10% is 

groundwater discharge from bedrock and alluvial deposits in hydraulic communication with the Mashel 

River. 

Based on the water balance, groundwater recharge in the Eatonville area is broken down as follows: 

 Shallow groundwater recharge = 3.5 to 4.5 inches 

 Deep groundwater recharge = 3.0 to 8.5 inches 

 Total groundwater recharge = 6.5 to 13 inches 

The groundwater recharge will be dependent on soil type and underlying geological conditions.  This is 

seen in the difference in the estimated groundwater recharge between the Ohop Creek basin, which is 

underlain by permeable glacial materials, and the Mashel River basin, where a large portion of the 

headwaters of the basin is underlain by less permeable volcanic rocks. 
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3.5 Geology 
The geologic units in the vicinity of Eatonville are shown on Figure 3-5 and on the hydrogeologic cross-

sections (Figures 3-5 through 3-10, inclusive).  Well logs used to develop the hydrogeologic cross-

sections are included in Attachment B.  The principal geologic units in the vicinity of Eatonville include the 

following: 

Holocene Non-Glacial Units  Unconsolidated materials including sand, gravel, and fine-grained 

materials.  These materials include alluvium deposited within the floodplains of streams and rivers such 

as along the Mashel River and Ohop Creek.  The alluvium is from about 10 to 100 feet thick, with the 

thickest deposits found along the Mashel River at the Town of Eatonville wellfield, where it is about 50 to 

100 feet thick.   

Mudflow deposits (lahars) consisting of unsorted silty sand, gravel, and boulders occur below alluvial 

deposits in the Ohop Valley.  The mudflow deposits are at least 140 feet thick based on a test well drilled 

near the center of the valley north of Eatonville5.  The Holocene non-glacial units also include landslide 

deposits and peat deposits. 

Continental Glacial Deposits   Continental glacial deposits, including till, advance and recessional 

outwash deposits, and undifferentiated drift of Fraser and Pre-Fraser ages associated with the advance 

and retreat of continental glaciations occur in the area west and northwest of Eatonville.  West of 

Eatonville, these deposits consist of up to 100 feet of fine-grained materials including till and fine-grained 

outwash, and up to about 60 feet of coarser-grained outwash materials. 

The Ohop Creek valley was eroded by glacial meltwater streams and outburst floods as the Puget Glacial 

Lobe receded (and prior to mudflow deposition).  This suggests that outwash deposits may underlie the 

alluvial and lahar materials present at the surface of the valley.  Some well logs in the Ohop Valley 

intersected sand and gravel below lahar deposits which may be glacial outwash.  These well logs are 

summarized on Table 3-5, and show the glacial outwash materials at depths of 50 to 100 feet below the 

valley floor.     

Alpine Glacial Deposits  Till and undifferentiated drift deposits of Fraser and Pre-Fraser ages associated 

with the advance and retreat of alpine glaciations occur mantling the upland areas northeast and east of 

Eatonville.  These materials range in thickness from about 50 to over 200 feet. 

Bedrock  Consolidated or semi-consolidated bedrock underlies the glacial and non glacial materials.  The 

bedrock units include the Miocene Mashel Formation and un-named Miocene to Eocene andesite and 

basalts.  The Mashel Formation consists of semi-consolidated, fluvially-deposited sands and gravels, with 

                                                      
5 Robinson and Noble, 2002a, Town of Eatonville Ohop Valley Well Project.   
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some pumice and tuffaceous material, and some fine-grained lacustrine deposits.  The Mashel Formation 

can be subdivided into an upper fine-grained part and a lower coarse grained part.  The Mashel 

Formation underlies the continental glacial deposits, and is exposed in the valleys of Ohop Creek and the 

lower portion of the Mashel River southwest of Eatonville.  The Mashel Formation is about 60 to over 200 

feet thick.  The Mashel Formation is underlain by andesites and basalts.   

The andesite and basalts are Oligocene to Eocene in age.  These rocks include rocks of the Hatchet 

Mountain Formation and Northcraft Formation, and may be regionally correlated to the Goble Volcanics.  

The andesites and basalts are exposed east and south of Eatonville, including in the Mashel River in 

Boxcar Canyon and at the Town’s wellfield.  The basalts also occur between about 40 and 100 feet below 

ground in the Town’s wellfield.  The total thickness of these rocks is unknown.  A water supply test well 

drilled in Eatonville in 1942 (Figure 3-1) intersected 180 feet of glacial materials and Mashel Formation 

before being advanced to a depth of 750 feet in the volcanic rocks.  The volcanic rocks likely overlie 

Eocene or older sedimentary rocks that may be correlative with Puget Group sedimentary rocks. 

3.6 Hydrogeologic Units 

3.6.1 Unconsolidated Materials 
Groundwater occurs in two principal unconsolidated aquifers in the Eatonville area, the alluvial aquifer 

and the glacial aquifer system.  The unconsolidated lahar deposits form a low-permeability hydrogeologic 

unit.  Hydrogeologic units were delineated based on geologic mapping and well log data.  Hydrogeologic 

cross sections (Figures 3-6 through 3-10, inclusive) show the relationships between the aquifers.  The 

well logs used in the hydrogeologic cross sections are included in Attachment B.   

3.6.1.1 Alluvial Aquifer 
The alluvial aquifer consists of unconsolidated Quaternary alluvial materials found in the floodplains of 

streams and rivers such as the Mashel River and Ohop Creek (Figure 3-5), and generally consists of 

sands, gravels, and silts.  The alluvial aquifer is unconfined, and is about 25 to 100 feet thick near 

Eatonville.  The thickest known section of the alluvial aquifer occurs in the Town of Eatonville wellfield 

adjacent to the Mashel River (Figure 3-11), shown on the hydrogeologic sections in the wellfield area 

(Figures 3-12 and 3-13).  The saturated thickness of the alluvial aquifer in the Eatonville wellfield area is 

between 10 to 70 feet.  

In the Town of Eatonville wellfield area, the alluvial aquifer consists of a layer of silty sand and gravel that 

is about 35 to 50 feet thick, underlain by clean sand and gravel that is about 30 to 50 feet thick.  Basalt 

bedrock underlies the alluvial materials.  The basalt appears to form a trough in the area of the Town’s 

wellfield, with the thickest section of alluvial materials at Wells No. 6 and 7 (Figures 3-12 and 3-13).  The 

top of the basalt rises to the east and southeast, and also appears to rise to the west and northwest 

(Figures 3-12 and 3-13).  The basalt trough may be a former river channel that is now infilled with alluvial 

sediments. 
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3.6.1.1.1 Hydraulic Properties 
Aquifer hydraulic properties were estimated from short-term (1 to 4 hours) well test data presented on well 

logs and longer-term (72-hour) pumping tests completed in the Town of Eatonville’s supply wells.   

Information on wells completed in the Eatonville area, including depth, location, completion material, and 

estimated transmissivity are summarized in Attachment C.  The transmissivity was estimated from 

specific capacity using Logan’s approximation6.  

The alluvial aquifer is the most productive aquifer in the vicinity of Eatonville.  Short-term well yields range 

from about five to ten gpm for domestic wells with open-bottom casings to over 300 gpm for the Town of 

Eatonville wells completed with well screens.  Pumping tests conducted in Eatonville Wells No. 6 and 7 

and a test well in the Town’s wellfield indicated an aquifer transmissivity of about 10,000 ft2/d to 40,000 

ft2/d (Table 3-6), and a storativity of about 1 x 10-4 to 1 x 10-5.  The specific yield of the alluvial aquifer is 

estimated to be about 0.05 to 0.15.  Based on a saturated thickness of the aquifer materials of 14 to 44 

feet, the hydraulic conductivity is estimated to range from about 700 ft/d to 2,800 ft/d.   

3.6.1.1.2 Groundwater Recharge and Discharge 
Groundwater in the alluvial aquifer is recharged by the infiltration of precipitation.  In the area of the Town 

of Eatonville’s wellfield, the alluvial aquifer is also recharged by seepage from the Mashel River during 

periods of high streamflow.  Stream gaging completed in August 2004 as part of hydraulic continuity 

studies on the Mashel River suggests the Mashel River loses about 2 to 3 cubic feet per second (cfs) as 

the river flows out of Boxcar Canyon, where the channel is on basaltic bedrock, onto the alluvial 

sediments in the Eatonville wellfield area7.   

In order to determine the hydraulic interaction between the Mashel River and alluvial aquifer at the Town’s 

wellfield, a staff gage was installed on the Mashel River near the Eatonville wellfield in October 2003 to 

measure the stage of the river.  A pressure transducer was installed in test well TW-03-03 in the 

Eatonville Wellfield (adjacent to Well No. 6; Figure 3-11) to measure groundwater levels in the alluvial 

aquifer.  The stream gage was in operation until December of 2007 when the sensor failed.  The pressure 

transducer in the well is operational as of May 2009.  Hydrographs for the river and the well are shown on 

Figure 3-14.  The following observations of the river stage and groundwater elevation are made: 

 The river stage generally fluctuates between about 792 feet and 794 feet.  Higher peaks 
(up to 798 feet) occur following large precipitation events.  The lowest stages occur 
during the summer months (June through September) and reflect baseflow conditions.  
The highest flows generally occur during the winter months (November through 
February).  The groundwater elevation is similar to the river stage during peak flow 
events (such as November 2006 and December 2007), but is generally about 2 to 20 feet 
below the river stage depending on pumping from the Eatonville Wellfield.  This indicates 
that the river is losing water to the aquifer; 

                                                      
6 Driscoll, F.G., 1986, Groundwater and Wells, Johnson Filtration Systems, St. Paul, Minnesota.  
7 Golder Associates Inc., 2006a, Nisqually Watershed (WRIA 11) Instream Flow Assessment:  Step B 
Mashel River Hydraulic Continuity Study. 
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 The groundwater elevation (under non-pumping conditions) ranges from about 770 feet 
(summer 2006) to 794 feet during peak flows in November 2006 and December 2007.  
This is equivalent to a depth to water of about 34 feet below ground in the summer to 
about 10 feet below ground in the winter.  The lowest groundwater elevations in summer 
2006 occurred when the Town was using only groundwater during the construction of the 
new membrane filtration plant; 

 Groundwater levels increase rapidly in response to increases in stage in the river, 
indicating infiltration from the river, especially during storm events, is a major source of 
recharge to the alluvial aquifer.  In May, 2004, the river stage increased about one foot.  
Groundwater elevations in TW-03-03 increased by about six feet.  A similar increase in 
groundwater elevation was also observed after a one foot increase in stage in January 
2004; 

 The groundwater elevation data suggest that the decline in groundwater elevations is 
related to the stage in the river and the pumping of the Town’s wells.  Before November 
2004, the Town used surface water and groundwater from Wells 1 and 2.  Between 
August 2004 and September 2006, the Town relied only on groundwater to meet demand 
when the membrane plant was being constructed and surface water could not be used.  
During construction of the plant, the groundwater level is highly variable because of 
pumping from Wells No. 6 and 7 and runoff events.  Between December 2005 and 
August 2006, the groundwater level declined about 22 feet in response to pumping, 
reaching an elevation of about 770 feet in August 2006.  There were several periods of 
runoff where short-term groundwater elevation increases of about four feet occurred; 

 After August 2006, the membrane plant was in service, and surface water and 
groundwater were both used to meet demand.  Groundwater elevations started to 
increase in September 2006 once the new membrane plant was operational and river 
water could be used for supply along with groundwater; 

 The groundwater and river stage elevation monitoring indicate that the alluvial aquifer is 
recharged during high flow periods, with little recharge from the river at other times.  
Groundwater elevations decline because of natural groundwater discharge and pumping 
from the Town’s wells.  During the winter months in the wellfield area, the depth to 
groundwater could be as high as 10 feet below ground surface. 

Before Wells No. 6 and 7 were drilled in 2003 and 2004, pumping was limited by the well construction of 

Wells No. 1 and 2.  Both wells are shallow (about 45 feet deep).  The maximum pumping water level was 

about 35 feet below ground, or an elevation of about 770 feet, because of the pump depth settings and 

the tops of the well screens.  Since Wells No. 6 and 7 were installed, additional pumping is possible 

because the wells are deeper and the pumps are set at greater depths.  

During construction of the membrane plant, when groundwater was used to meet demand and surface 

water was not available, the groundwater elevation at Well No. 6 declined to an elevation of 770 feet 

under non-pumping conditions, and about 756 feet during pumping in the summer of 2006.  The pumping 

water elevation at Well No. 6 was below the base of wells No. 1 and 2.  The pumping water elevation of 

about 756 feet (about 52 feet below ground) observed at Well No. 6 in the summer of 2006 is close to the 

low level shutoff switch in Well No. 6.  The low level switch in Well No. 7 is slightly lower at 63 feet below 

ground (or an elevation of about 740 feet). 

Groundwater flow in the alluvial aquifer in the area of the Eatonville wellfield is to the west and southwest.  

The groundwater velocity in the wellfield area was estimated to be about 10 to 30 ft/d based on 
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groundwater elevations measured in March 2004 and the hydraulic conductivities estimated from the 

pumping tests in Wells No. 6 and 7.  The alluvial aquifer is interpreted to discharge to surface water 

including the Mashel River downstream of the Eatonville wellfield. 

3.6.1.1.3 Groundwater Quality 
Information on groundwater quality in the alluvial aquifer is from groundwater quality samples collected 

from Town of Eatonville Wells No. 1, 2, 6, and 7 during pumping tests following well construction or as 

part of routine compliance monitoring.  Groundwater quality data from the Town’s wells are summarized 

in Table 3-7. 

The groundwater quality in the Town’s wells indicates: 

 Groundwater in the alluvial aquifer near the Mashel River is considered groundwater 
under the direct influence of surface water (groundwater that receives direct surface 
water recharge) by the Washington Department of Health because of water quality 
considerations including elevated turbidity and indicators of surface water such as algae 
and diatoms; 

 The native groundwater has elevated turbidity in the range of 0.4 NTU to 2 to 3 NTU, with 
higher values observed in the winter months during periods of high flow in the Mashel 
River when recharge to the alluvial aquifer occurs; 

 The pH of the native groundwater is in the range of about 5.5 to 6.5; 

 With the exception of turbidity, there are no exceedences of primary or secondary 
drinking water criteria.  Iron, manganese, and nitrate are detected at concentrations 
below the drinking water criteria. 

3.6.2 Glacial Aquifer System 
The glacial aquifer system includes aquifers and aquitards composed of glacial sediments including 

continental and alpine glacial materials.  The composition of these materials are variable, ranging from 

low-permeability silt and clay (till and glacial lake deposits) to permeable sand and gravel outwash 

deposits. Continental glacial deposits are found west and southwest of Eatonville (Figure 3-5), overlying 

bedrock.  The continental glacial deposits are from about 10 to 20 feet thick to over 200 feet thick.  The 

coarse-grained continental glacial deposits (outwash materials) form a moderately productive unconfined 

or confined aquifer where the coarse-grained materials are extensive and there is sufficient saturated 

thickness.  Wells completed in the coarse-grained materials can yield from five gpm to over 50 gpm.   

Alpine glacial materials are found blanketing the upland areas east and southeast of Eatonville and in the 

Upper Nisqually Valley (Figure 3-5).  The alpine glacial materials in the Upper Nisqually Valley near Elbe 

are about 40 to over 100 feet thick.  The alpine glacial materials can form local productive aquifers.  For 

example, the old Alder-Elbe-Ashford school well produced 150 to 285 gpm, and a well drilled for Park 

Junction Partners was reported to produce 150 gpm during well development.  These wells are located 

about eight miles south of Eatonville. 
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3.6.2.1.1 Hydraulic Properties 
No pumping test data are available for wells completed in the glacial aquifer.  Specific capacity data 

presented on well logs (Attachment C) suggests a specific capacity of less than 1 gpm/ft to about 75 

gpm/ft for wells completed in the glacial materials.  Using Logan’s approximation, the transmissivity of the 

glacial materials ranges from about 10 to 20,000 ft2/d, with a median transmissivity of about 200 ft2/d.    

The storativity is estimated to range from about 10-3 to 10-4.   

3.6.2.1.2 Groundwater Recharge and Discharge 
Groundwater in the glacial aquifer is recharged by infiltration of precipitation and seepage from lakes 

perched on till in the area northwest of Eatonville.  Groundwater in the glacial aquifer is interpreted to 

discharge to seeps and springs, particularly along the walls of the Ohop Valley, surface water, and to the 

underlying Mashel Formation and volcanic rocks. 

3.6.2.1.3 Groundwater Quality 
There is limited information on groundwater quality in the glacial aquifer.  Limited groundwater quality 

data are available from a Class B water system (Barney’s Corner) about two miles northwest of Eatonville 

that utilizes a well completed in glacial materials.  The well was sampled for arsenic and nitrate.  Both 

constituents were not detected (Table 3-8).  

3.6.3 Lahar Deposits 
Lahar deposits are found in the Ohop Valley.  The lahar deposits consist of a poorly-sorted mix of silt, 

clay, sand, and cobbles that are at least 140 feet thick based on a test well drilled north of Eatonville.  The 

lahar deposits are generally low permeability and do not form a productive aquifer.    

3.7 Bedrock Hydrogeology 
There are two aquifers found in the bedrock; the Mashel Formation (semi-consolidated sand, clay, and 

gravel) and underlying basaltic and andesitic volcanic rocks (volcanic aquifer).   

3.7.1 Mashel Aquifer  
The Mashel Aquifer is present below the glacial materials west and north of Eatonville, and is exposed in 

the lower reaches of the Mashel River valley and Ohop Creek.  Groundwater occurs in the coarser-

grained sand and gravel sections of the Mashel Formation.   

3.7.1.1 Hydraulic Properties 
No pumping test data are available for wells completed in the Mashel Aquifer.  Pumping rates for 

domestic wells completed in Mashel Formation materials in the Eatonville area ranged from about 10 to 

40 gpm.  Specific capacity data presented on well logs (Attachment C) suggest a specific capacity of less 

than 1 gpm/ft to about 3 gpm/ft.  The wells are generally completed as an open bottom casing (i.e. no well 
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screen or perforations).  Using Logan’s approximation, the transmissivity of the Mashel aquifer materials 

ranges from about 5 to 800 ft2/d.   

3.7.1.2 Groundwater Recharge and Discharge 
Groundwater in the Mashel Aquifer is recharged by infiltration of precipitation where it is exposed at the 

ground surface, and by downward seepage of groundwater from the overlying glacial sediments (Figure 

3-8).  Groundwater in the Mashel Aquifer is interpreted to discharge to surface water, such as the lower 

reaches of the Mashel River, Ohop Creek, and the Nisqually River.  Hydraulic continuity studies 

completed on the Mashel River suggested groundwater may be discharge to the river near the Little 

Mashel River Confluence8.  Mashel Formation sediments are found in the bed of the Mashel River 

downstream of Eatonville, from near the Little Mashel River confluence to the confluence with the 

Nisqually River (Figure 3-5).  They are also found along the walls of the Ohop Valley. 

3.7.1.3 Groundwater Quality 
There is limited information on groundwater quality in the Mashel Aquifer from a Class B water system 

(Pioneer Farm), about three miles west of Eatonville that utilizes a well completed in the Mashel Aquifer.  

The well was sampled for nitrate, which was detected at 1.1 mg/L (Table 3-8).  

3.7.2 Volcanic Aquifer 
The volcanic aquifer occurs east and south of Eatonville in the Oligocene to Eocene basalts and 

andesites, including rocks of the Hatchet Mountain and Northcraft Formations.  Groundwater occurs in 

fractures and fracture zones in the basalt, or in interflow zones between two basalt flows.  Well yields for 

wells in the basalt aquifer are dependent on the number of fractures or interflow zones intersected.  All 

wells completed in the volcanic aquifer are domestic wells and drilling stopped when sufficient water was 

intersected was intersected for domestic needs (generally in the range of 5 to 10 gpm).  Some wells 

reported higher flow rates of up to 50 gpm, with one well reporting a flow of 150 gpm.    

3.7.2.1 Hydraulic Properties 
No pumping test data are available for wells completed in the volcanic aquifer, with the exception of a 

short test completed in a test well in the Town’s wellfield, and a short test completed in 2004 in an old 

(1942) test well drilled for the Town of Eatonville (Figure 3-1).  Specific capacity data presented on well 

logs (Attachment C) suggest a specific capacity of less than 1 gpm/ft to about 7 gpm/ft for wells 

completed in the basalt.  Using Logan’s approximation, the transmissivity of the basalt materials ranges 

from about 5 to 1,800 ft2/d.  Recovery analysis of a short test competed in the test well in the Town’s 

wellfield indicates a transmissivity of about 16 ft2/d.  Analysis of recovery data from the 2004 test 

completed in the old Town test well indicates a transmissivity of about 64 ft2/d (Table 3-6).  The hydraulic 

conductivity of the basalt is estimated to be about 0.1 to 0.4 ft/d based on the test data and the open 

                                                      
8 Golder Associates Inc., 2006, Nisqually Watershed (WRIA 11) Instream Flow Assessment:  Step B 
Mashel River Hydraulic Continuity Study. 
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interval of basalt in the well. The storativity of the basalt aquifer is unknown but likely ranges from about 

10-3 to 10-5.   

3.7.2.2 Groundwater Recharge and Discharge 
The volcanic aquifer is recharged by infiltration of precipitation through fractures or fracture zones where 

these materials are exposed at or near the ground surface.  The volcanic aquifer is also recharged by 

seepage from the overlying alpine glacial materials in the upland areas east of Eatonville.  Groundwater in 

the volcanic aquifer is interpreted to discharge to surface water, such as the Mashel River in Boxcar 

Canyon and the Nisqually River.  Hydraulic continuity studies completed on the Mashel River suggest 

streamflow in the summer months in the Mashel River above the mouth of Boxcar Canyon, where the 

river flows over basalt bedrock, consists of baseflow sustained by seepage from the basaltic bedrock9.   

In the Eatonville wellfield area and downstream of Eatonville, the basalt is overlain by alluvial sediments 

or Mashel Formation.  In these areas, the basalt is not in direct hydraulic continuity with the Mashel River.  

In this area, the hydraulic continuity with the river is interpreted to be limited because of the lower 

hydraulic conductivity of the basalt compared to the alluvial sediments. 

3.7.2.3 Groundwater Quality 
Existing groundwater quality data in the volcanic aquifer near the Town’s wellfield is limited to a test well 

drilled in the Town’s wellfield and a Class B water system (Hope International) located about 0.5 miles 

north of Eatonville that obtains water from a 360-foot deep well in the basalt.  The limited groundwater 

quality data from the test well in the Wellfield indicated elevated iron and manganese concentrations, 

however, the sample turbidity was elevated (5.6 NTU) because of limited well development.  The 

conductivity of the water was 145 µS/cm, and the temperature was 50ºF (Table 3-8). 

Water quality data from the Hope International well indicates no exceedences of primary or secondary 

inorganic water quality criteria, however, iron and manganese concentrations are slightly elevated at up to 

0.28 mg/L and 0.023 mg/L, respectively (Table 3-8). 

                                                      
9 Golder Associates Inc., 2006, Nisqually Watershed (WRIA 11) Instream Flow Assessment:  Step B 
Mashel River Hydraulic Continuity Study. 
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4.0 TOWN OF EATONVILLE WATER SYSTEM 
The Town of Eatonville obtains water for municipal supply from both the Mashel River and groundwater.  

This section describes the Town’s water rights, water sources, water use and future demand, water 

treatment, and distribution system.    

4.1 Water Rights 
The Town of Eatonville holds groundwater and surface water rights.  The water rights held by the Town 

are summarized on Table 4-1.  The Town has a surface water certificate for the year-round instantaneous 

maximum diversion (Qi) of 2.3 cfs (1,032 gpm) from the Mashel River.  The annual permitted diversion 

quantity (Qa) is 525 AF, which is equivalent to an average annual diversion of 0.73 cfs (326 gpm).   

The Town also has two groundwater certificates for the year round withdrawal (Qi) of 610 gpm (360 gpm 

from Wells No. 1 and 7 and 250 gpm from Wells No. 2 and 6).  The two groundwater certificates are 

supplemental to the surface water certificate.  The combined annual quantity (Qa) permitted under the 

three water rights is 525 AF (171 Mgal).  In 2005, the Town’s groundwater rights were consolidated into a 

wellfield. 

The Town filed a water right claim for diversion from the Mashel River in 1971, claiming a vested right for 

the use of surface water pre-dating the 1917 surface water code.  The Town claimed water used started 

in June 1908.  The claimed quantities on the document are a Qi of 4 cfs (1,795 gpm) and a Qa of 1,000 

AF/yr.  At the time of filing, the stated water use was a Qi of 2.3 cfs (1,032 gpm) and a Qa of 588 AF/yr. 

In 2006, the Town applied a water right application for one cfs (Qi) of water for municipal supply from the 

Mashel River when water is available subject to instream flows between November 1 and May 31.  The 

application is currently pending. 

4.2 Water Sources 
The Eatonville water system includes a surface water diversion and four wells   

4.2.1 Mashel River Diversion 
The Town operates a diversion on the Mashel River, located about 1,000 feet upstream of the Town’s 

wells and water treatment plant (Figure 3-11).  The diversion consists of three 90 to 120-foot long, 8-inch 

diameter screens in the riverbed.  Water collected in the screens is conveyed by gravity to the Town’s 

water treatment plant.  The diversion has a current capacity of about 400 gpm, but the capacity is reduced 

to about 200 gpm during the summer months when the flows in the river decrease and the head over the 

intake screens is reduced. 

4.2.1.1 Surface Water Quality 
The Town of Eatonville samples surface water from the Mashel River for compliance monitoring.  The raw 

(pre-treatment) surface water quality data from the Mashel River are summarized on Table 4-2.  The raw 



March 2010 21 083-93607.005 
 

 

031110mlk1_Revised report March 2010.docx  

surface water quality in the Mashel River meets primary drinking water quality criteria and generally 

meets the secondary water quality criteria.   

4.2.1.2 Groundwater Quality 
Raw (un-treated) groundwater quality data from the Town’s four wells are summarized in Table 3-7. 

The groundwater quality in the Town’s wells indicates: 

 The native groundwater has elevated turbidity in the range of 0.4 NTU to 2 to 3 NTU, with 
higher values observed in the winter months during periods of high flow in the Mashel 
River when recharge to the alluvial aquifer occurs; 

 The pH of the native groundwater is in the range of about 5.5 to 6.5; and 

 With the exception of turbidly, there are no exceedences of primary or secondary drinking 
water criteria.  Iron, manganese, and nitrate are detected at concentrations below the 
drinking water criteria. 

4.3 Water Use and Future Water Demand 
Water used by the Town of Eatonville for 1999 through November 2008 is summarized on Table 4-4.  For 

the years when complete data are available (1999 through 2007, inclusive), annual water use ranged 

from 101 million gallons to 151 million gallons, or an annual average rate of 193 to 288 gpm.  The highest 

water use occurs in the months of July, August, and September when water is used for domestic supply 

and irrigation.  Peak day demand for 2003 was estimated at 543 gpm based on a peaking factor of 2.410, 

about 70 gpm less than the groundwater Qi of 610 gpm.   

In Water Year 2003 and 2004, the Town used 120 Mgal and 108 Mgal of water, respectively.  

Groundwater accounted for about 75% of the water used in both years, and surface water about 25%.  In 

Water Year 2008, following completion of the membrane filtration plant, the Town used about 136 Mgal of 

water.  Groundwater accounted for about 104 Mgal, or 76% of the water used, and surface water 

accounted for 32 Mgal (24%). 

Future average day and peak demands for the Town to 2024 were estimated in the Town’s 

comprehensive water system plan11.  Future average day demands were estimated based on the average 

per capita water use between 1999 and 2003 and the projected population increase to 2024.  The results 

are summarized on Table 4-5.  In 2024, the average day demand is projected to be 293 gpm (no 

conservation) or 278 gpm with conservation.  The peak day demand is projected to be 1,135 gpm (without 

conservation) or 1,022 gpm with conservation.   

Based on the current capacities of the Town’s water sources (Section 4.3), the projected deficiency to 

meet the peak day demand in 2024 is projected to be about 12 to 125 gpm (conservation or no 

conservation, respectively; Table 4-5).  This assumes 400 gpm is available from the river and the wells 

                                                      
10 RH2 Engineering Inc., 2005, Town of Eatonville Comprehensive Water System Plan, 
11 RH2 Engineering Inc., 2005, Town of Eatonville Comprehensive Water System Plan, 
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could be operated at full capacity (610 gpm).  During the summer when river levels are low, the diversion 

capacity is reduced.  Thus, the deficiency could be larger if the capacity of the diversion cannot be 

maintained.  If the diversion is not available, the 2010 deficiency is projected to be about 57 to 93 gpm 

(conservation or no conservation, respectively; Table 4-5).  The peak day deficiency is projected to 

increase to 412 to 525 gpm in 2024 if the diversion is not available.  This assumes the wells can be 

operated at the full capacity of 610 gpm.   

Previous estimates of the capacity of the Town’s wells based on water use and groundwater level 

information collected in Water Years 2003 and 2004 indicated the short term capacity of the Town’s wells 

was 610 gpm in the winter,.  In the summer, the short term capacity was estimated to be about 510 to 560 

gpm because of lower groundwater elevations and available drawdown, particularly in Wells No. 1, 2, and 

612.  In the summer of 2006, when they Town was using groundwater only while the membrane plant was 

being constructed, the pumping water level in Well No. 6 was close to the low water level switch setting.  

At that time, the average pumping rate from the wells was 324 gpm in July and 276 gpm in August, or 

about half of the well pumping capacity of 610 gpm.  This suggests that pumping at higher rates may not 

be possible without dropping the pumping water level to the pump intakes of Wells No. 6 and likely Wells 

No. 1 and 2.  The long-term capacity of the Town’s wellfield was estimated to be about 300 to 350 

AF/year. This is equivalent to an annual average pumping rate of 186 to 217 gpm.            

The installation of additional wells to meet peak demand is unlikely to significantly increase wellfield 

capacity because of the limited saturated thickness of the alluvial aquifer, and because groundwater 

levels decline during the summer months as a result of increased pumping for peak demand and limited 

recharge from the river. 

4.4 Water Treatment 
Water from the Mashel River was treated at the Town’s slow sand filtration system prior to 2005.  The 

slow sand filters were constructed in 1988.  The capacity of the slow sand filters was limited, and they 

could not be used to treat water from the Town’s wells, which were determined to be groundwater under 

the direct influence of surface water by the Washington Department of Health.  The sand filters could not 

be used to treat surface water during winter and spring when the turbidity in the raw river water was 

elevated, and the filters required frequent maintenance.   

In order to provide treatment for groundwater and surface water the Town constructed a new water 

treatment plant (WTP) in 2005 to replace the existing sand filter system.  The WTP was placed into 

service in August 2006.  The WTP is designed to treat both groundwater and surface water, either 

separately or together.  The WTP is a membrane filtration plant that utilizes two membrane treatment 

                                                      
12 Golder Associates Inc., 2005, Town of Eatonville Long-Term Wellfield Capacity Evaluation, March 22, 

2005.   
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skids.  The capacity of the treatment plant is currently about 1 MGD (694 gallons per minute; gpm).  The 

plant was designed such that the capacity of the plant could be upgraded to 1.5 MGD (1,042 gpm) with 

the addition of a third treatment skid and associated piping and pumps, if needed.  Operation of the WTP 

is fully automated, with an alarm system to notify the operators of an upset condition.   

The treatment process at the membrane plant includes: 

 Addition of up to 4% aluminum chlorohydrate as coagulant to remove organic matter, 
particularly when river water is being treated; 

 Addition of soda ash to increase the pH, particularly when groundwater with a pH of 
about 6.5, is being treated; and 

 Membrane filtration to removed particles larger than 2 microns.  The membranes are 
cleaned using phosphoric acid and citric acid (which are not introduced into the treatment 
train). 

Following treatment at the membrane plant, the treated water is chlorinated using sodium hypochlorite for 

disinfection and to maintain a residual chlorine content of 0.8%.  The old slow sand filters used for 

filtration of the river water prior to construction of the new WTP have been converted to clearwells for 

chlorine contact.  Thus, if the WTP were out of service, groundwater could still be chlorinated prior to 

introduction to the distribution system via the clear wells.   

Surface water is not diverted for treatment when the turbidity in the river is greater than 10 NTU.  This 

occurs primarily in the winter months.  During this time the Town relies on the wells for supply.  During the 

winter of 2007 and 2008, there was no or limited diversion from the river between October and May 

(Table 4-4).  There was also no diversion in October or November 2008. 

Finished water quality (either surface water, groundwater or a blend of the two waters) meets all primary 

and secondary drinking water standards. 

4.5 Distribution System 
The Town’s distributions system includes three booster pump stations, three reservoirs, five pressure 

reducing stations, and over 15 miles of water main.  The system serves customers over an elevation 

range between about 780 feet near the Mashel River to 1,030 feet in the Hilltop area. The system is 

divided into three pressure zones, the 996 Zone, the 1,050 Zone, and the 1,077 Zone (Hilltop Zone).  One 

of the booster pump stations pumps water from the clearwells to the 966 Zone.  The other two booster 

pump stations pump from the 966 Zone to the 1,050 Zone and 1,077 Zone.   

The three reservoirs are: 

 The 966 Zone Reservoir, a concrete tank which has a capacity of 282,000 gallons 

 The 1,050 Zone Reservoir, a concrete tank with a capacity of 223,000 gallons; 

 The Hilltop Reservoir, a steel tank with a capacity of 500,000 gallons.  
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The total storage capacity in the Town’s reservoirs is about 1 million gallons. 

The Town has no interties with other water systems. 
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5.0 WATER STORAGE ALTERNATIVES 
This section presents a preliminary evaluation of storage alternatives, including estimated recharge and 

recovery rates, recharge volumes, general infrastructure requirements, and permitting requirements.   

5.1 Introduction 
In order to meet projected future demands, the Town could pursue development of new sources of 

supply.  Development of a new source of supply to meet peaking demands is complicated because of the 

closure of the Mashel River basin to further withdrawals during the summer months when peak demands 

occur.  Surface water is available in the winter months that could be stored in the subsurface and then 

pumped to meet peak demands.  Use of stored water to meet peak demands could also reduce the 

amount of water diverted from the Mashel River during low flow periods, leaving more water in the river to 

sustain ecological resources.   

The storage and development alternatives that are evaluated in this report include: 

 Shallow aquifer recharge (SAR) in the Quaternary alluvial aquifer at the Town’s wellfield 
adjacent to the Mashel River.  This concept would involve diversion of surface water from 
the Mashel River and recharge of the alluvial aquifer during the winter months;  

 Aquifer Storage and Recovery (ASR) in the glacial aquifer system, Mashel Aquifer, or 
volcanic aquifer that underlie the Town of Eatonville.  This concept would involve 
diversion of surface water from the Mashel River or groundwater from the alluvial aquifer 
wells in the winter months followed by treatment at the Town’s membrane filtration plant 
and recharge into a dedicated ASR well completed in either the Volcanic Aquifer, Mashel 
Aquifer, or Glacial System Aquifer.  ASR in the Volcanic Aquifer would occur in a well at 
the wellfield.  Other ASR systems would be located within the Town of Eatonville.  

Deep groundwater development or ASR in the Ohop Valley.  This concept was not originally part of the 

grant agreement, but is included here because of the findings of significant deep groundwater recharge to 

the Ohop Creek basin, and as a potential long-term development option if other storage alternatives 

cannot be feasibly developed.  

The following sections describe components of each system including: 

 Recharge Water – sources, availability, treatment and quality 

 Storage Volume 

Each alternative is described in detail in Section 6.0. 

5.2 Recharge Water  

5.2.1 Sources 
Water is available from the Mashel River to recharge the Quaternary alluvial aquifer if SAR were 

developed.  Under the Town’s current water rights, up to 2.3 cfs can be diverted year round.  The Town 
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applied for a winter water right for 1 cfs that could be diverted when instream flows are met.  The current 

capacity of the diversion is about 400 gpm (0.9 cfs). 

Recharge water for ASR is available from the Town’s membrane filtration plant.  The plant treats both 

groundwater from the Town’s wells and surface water from the Mashel River.  Either groundwater or 

surface water, or a mixture of groundwater and surface water, could be used for ASR in the Mashel 

aquifer, glacial aquifer system, or volcanic aquifer.   

5.2.2 Availability  
Instream flow requirements and closures on the Mashel River and Nisqually River are summarized on 

Table 3-2, and the probability that the streamflow is above the instream flow is summarized on Table 3-3.  

There are no timing restrictions to diverting water from the Mashel River under the Town’s existing 

surface water right.  Diversion from the river is limited by the current capacity of the diversion.  There are 

no timing restrictions on groundwater pumping under the Town’s existing groundwater rights.   

Assuming the Town received a new water right on the Mashel River to divert water for storage during the 

winter, the new water right would be conditioned to the instream flows established for the Mashel River 

(Table 3-2).  Water could be diverted from the river only when instream flows on the Mashel River and 

Nisqually River at the control points downstream of the diversion are exceeded.  Similarly, a new 

groundwater source developed in Quaternary alluvial aquifer for use as a source of recharge for ASR in 

the winter would be conditioned to the instream flows.   

5.2.3 Recharge Water Quality 
Raw surface water quality from the Town’s diversion on the Mashel River is summarized on Table 4-4.  

The raw water quality in the river is generally good.  Raw water in the Mashel River occasionally exceeds 

secondary water quality criteria for iron, manganese, and color.  The exceedences are likely related to 

elevated turbidity during periods of high flow.  

Groundwater quality from the alluvial aquifer is summarized on Table 3-7.  The raw groundwater quality is 

generally good.  Groundwater in the alluvial aquifer exceeds the secondary water quality criteria for 

turbidity during winter months during periods of runoff.  The pH of the groundwater occasionally falls 

below the minimum standard for pH.   

Water from both the Mashel River and alluvial aquifer is treated in the Town’s membrane filtration plant.   

The water treatment process increases the pH and provides filtration to remove organic matter and lower 

the turbidity.  The finished water from the WTP meets all primary and secondary water quality criteria 

(Table 4-2).  Finished water from the WTP is low turbidity (less than 1 NTU).    

Post-disinfection water quality data are collected by the Town of Eatonville within their distribution system.  

Disinfection by-product and haloacetic acid concentrations in finished water from the WTP at three 
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locations in the Town’s water system are summarized on Table 5-1.  The finished water generally 

exceeds the WAC-173-200 criteria for chloroform, exceeds the criteria for bromodichloromethane, and 

meets the criteria for dibromochloromethane and bromoform.  The finished water meets the drinking 

water MCL for total trihalomethane.  The drinking water criteria for HAA(5) was exceeded once at one 

sample location.  For ASR purposes, the water treatment plant can be modified to use water that has 

been treated using membrane filtration, but not disinfected.  Using this approach, all disinfection by-

product and haloacetic acid concentrations are expected to be lower than the WAC 173-200 criteria and 

primary and secondary drinking water standards. 

5.2.4 WTP Capacity 
The capacity of the WTP is currently about 694 gpm (1 MGD), but could be upgraded to 1.5 MGD (1,042 

gpm) in the future to meet demand with the addition of a third treatment skid.  The water produced by the 

Town in Water Year 2008 is shown on Figure 5-1.  This includes surface water and groundwater, and 

reflects Town water use following the repair of water leaks and resolution of other sources of unaccounted 

water.  Thus, Water Year 2008 should be representative of current Town water use.  In Water Year 2008, 

the Town used 136 Mgal of water.  104 Mgal was groundwater and the remaining 32 Mgal was surface 

water.  Groundwater was used year-round, and surface water was generally used in the summer months 

(June through September, inclusive) to meet demand.   

Recharge water is available when: 

 Instream flows are met (for a new winter water right) 

 There is surface water and/or groundwater available to treat in the WTP 

 If surface water is used, the turbidity is less than 10 NTU 

 The WTP water production and Town water demand are less than the WTP capacity 

In Water Year 2008, wells were used for primary supply between the beginning of October and mid-June.  

During this time, the average daily water production was about 200 to 275 gpm.  Thus, there was about 

400 gpm of treatment capacity over this time that could have been used for the treatment of recharge 

water from either additional pumping or from the river.   

5.3 Storage Volume 
The Town’s Comprehensive Water System Plan13 (CWSP) indicates that the capacity of the Town’s 

sources to meet projected peak day demands could be exceeded by 2010 if diversion from the Mashel 

River was not possible, or if the diversion was limited because of low water levels.  In 2024, the projected 

peak day demands exceed the capacity of the Town’s sources, assuming diversion from the Mashel River 

at the current capacity of 400 gpm.  It is likely that with the current configuration of the intake, less than 

400 gpm could be diverted because the diversion capacity is reduced to about 200 gpm during low-flow 

periods.     
                                                      
13 Town of Eatonville Comprehensive Water System Plan, RH2 Engineering, 2005. 
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The range in potential storage volumes the Town would require was estimated using the projected peak 

day demand data and source capacity data presented in the comprehensive water system plan and the 

following assumptions: 

 Peak demand occurs for a maximum of 30 days per year 

 The Town’s water system plan indicates a peak day deficiency of 125 gpm in  
2024, assuming 400 gpm could be withdrawn from the river and 610 gpm from the wells 
(Table 4-3) 

 If the diversion is out of service, the peak day deficiency is projected to be 525 gpm with 
no conservation, or 412 gpm (with conservation; Table 4-3) 

Based on these assumptions, 5.5 Mgal (17 AF) of storage would be required to meet future peak day 

demands assuming full diversion capacity, and 17.8 to 22.7  Mgal (55 to 70 AF) to meet demand in the 

event the surface water diversion is unavailable for a 30-day period.  Additional storage may be required 

to account for water lost from the system, if the capacity of the diversion or one of the wells is reduced, or 

for greater demand or duration during peak periods.   

The evaluation of storage alternatives in Section 6 will therefore consider whether the alternative can 

meet the storage requirements of 20 to 80 AF (6.5 to 26 Mgal). 
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6.0 EVALUATION OF STORAGE ALTERNATIVES 

6.1 Shallow Aquifer Recharge 
This section describes shallow aquifer recharge at the Town’s WTP and wellfield area.  Under this 

alternative, water would be diverted from the Mashel River during the winter months (when the turbidity 

was acceptable) to an infiltration facility (infiltration gallery or trench) in the alluvial aquifer located east or 

northeast (up-gradient) of the Eatonville WTP and wellfield.  The goal of shallow aquifer recharge is 

maintain elevated groundwater levels in the alluvial aquifer throughout the winter and spring period so 

there is increased water in storage for the Town wells to meet peak demand.  The infiltrated water would 

recharge the alluvial aquifer, causing water levels to rise.  Groundwater would be withdrawn by the 

Town’s existing supply wells and possibly additional wells during peak demand periods, treated in the 

existing WTP and sent to the distribution system.  Some of the recharged water would also discharge 

naturally over the summer months as the water level in the aquifer drops, returning some of the recharged 

water to the Mashel River.   

6.1.1 Conceptual Model Summary 
The conceptual model for shallow aquifer recharge is summarized on Table 6-1.  The alluvial aquifer is 

unconfined, and consists of 25 to 60 feet of clean sand and gravel materials overlain by silty sand and 

gravel in the area of the Town of Eatonville’s wellfield.  The alluvial aquifer is underlain by basalt.  The 

saturated thickness of the alluvial aquifer in the Eatonville wellfield area is between 10 to 70 feet. The 

clean sand and gravel materials are moderately to highly transmissive, with a transmissivity of about 

10,000 to 30,000 ft2/d.  The specific yield is estimated to be about 0.05 to 0.15.  The Town’s wells in the 

alluvial aquifer yield up to 350 gpm. 

Water level monitoring shows the water table in the Eatonville wellfield area is found at depths of about 10 

to 12 feet below ground surface during winter runoff events to about 30 feet below ground surface in the 

summer months.  During the spring to early summer, the depth to water ranges from about 15 to 20 feet 

below ground, such as between January and June 2007 and January and June 2007. 

The alluvial aquifer is recharged by infiltration of precipitation and by seepage from the Mashel River, 

particularly during periods of high flow, and is interpreted to discharge to the Mashel River downgradient 

of the Town’s wellfield.  Water quality in the alluvial aquifer is good however, some groundwater in the 

alluvial aquifer is considered groundwater under the direct influence of surface water. 

As water is recharged to the alluvial aquifer in an infiltration facility, the groundwater elevation in the area 

of the recharge facility will rise, and a groundwater mound will develop under the recharge facility.  The 

height of the mound will depend on the infiltration rate and the transmissivity of the aquifer materials.  As 

groundwater levels rise, the hydraulic gradient in the aquifer will increase, driving groundwater flow to the 

west and southwest toward the Mashel River.   
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The area where recharge water could be stored is located to the east and north of the membrane plant 

and wellfield (Figure 3-3).  The potential recharge area is approximately 500 feet by 1,000 feet.  Assuming 

a specific yield of 0.05 to 0.15 and a maximum water level rise of 10 feet, the volume of water that could 

be stored is about 1.9 to 5.6 Mgal (5.7 to 17.2 AF).  This is less than the desired storage volume of 6.5 to 

26 Mgal (20 to 80 AF), but may be sufficient to provide an increased level of security for the wellfield 

capacity during the summer months. 

6.1.2 Preliminary Groundwater Mounding Calculations 
A preliminary assessment of groundwater mound growth and propagation in the alluvial aquifer materials 

beneath an infiltration pond using spreadsheet-based techniques was made based on methods 

developed by Hantush14 , and Cooper-Jacob15 for non-equilibrium distance-buildup calculations.  These 

calculations include assumptions that downward vertical flow will be impeded by the presence of the 

lower-permeability silty sands and gravels, resulting in groundwater mound growth and lateral flow.   

The assumptions used in the analysis include the following hydraulic characteristics: 

 Depth to groundwater is 15 feet bgs based on winter measurements in the wellfield area 

 Base of the aquifer is 70 feet bgs (top of basalt based on information from TW-03-02) 

 Aquifer thickness is 20 to 30 feet (thickness of clean sand and gravel materials in TW-03-
02 and TW-03-03) 

 Specific yield is estimated at 0.15 

 Aquifer transmissivity ranges from 10,000 ft2/day to 30,000 ft2/day based on the pumping 
tests completed in Wells No. 6 and 7 

 Infiltration basin dimensions are 150 feet by 25 feet 

 Infiltration rate ranges from 50 to 200 gpm 

 Infiltration occurs continuously over a 210-day period, with a total recharge volume of 15 
to 60 Mgal (20 to 80 AF) 

The calculations are presented in Appendix D and summarized in Table 6-2.  The groundwater level 

buildup is a function of the recharge rate and aquifer hydraulic properties, with the highest buildup 

resulting from the greatest recharge rate.  The analytical model results indicate buildup at the infiltration 

pond after 2100 days is in the range of 4 to 6 feet for recharge rates of 200 gpm (Figures D-1 and D-2).  

This results in a depth to water of about 9 to 11 feet bgs in the recharge facility.  The water level rise 

1,000 feet from the recharge facility is predicted to be about 1 foot for the highest recharge rate and a 

transmissivity of 10,000 ft2/d (Figures D-3 and D-4). 

The groundwater mounding calculations indicate that the water level rise below the infiltration facility 

remains below ground surface during recharge.  The mounding calculations indicate a water level rise of 
                                                      
14 Hantush, M.S., 1967. Growth and decay of groundwater-mounds in response to uniform percolation, 
Water Resources Research, vol. 3, no. 1, pp. 227-234. 
15 Cooper, H. H., Jr. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation 
constants and summarizing well field history.  Transactions, American Geophysical Union, Vol. 27, No.4 
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about one foot at a radius of 1,000 feet from the center of the infiltration facility at the end of recharge.  

These calculations indicate that recharge results in some, but only limited, increase in storage in the 

alluvial aquifer, and is accompanied by increased discharge from the alluvial aquifer to the Mashel River.  

Water levels would decline during the summer in response to the increased hydraulic gradient towards 

the Mashel River. 

6.1.3 Infrastructure  
The Town has a surface water diversion on the Mashel River with a capacity of about 400 gpm.  The 

Town also drilled several test wells in 2003 that could be used as monitoring wells, and has four 

production wells that could be used to recover the recharge water.  

The following infrastructure would be required to evaluate the feasibility of shallow aquifer recharge: 

 Infiltration facility (infiltration basin or gallery) to allow recharge to occur 

 Piping to convey water from surface water intake to infiltration facility.  Pumps may be 
required depending on the location of the infiltration facility 

 Additional monitoring wells may be needed depending on the location of the infiltration 
facility 

 Additional recovery wells may be needed depending on the location of the infiltration 
facility and change in groundwater levels 

6.1.4 Permitting Requirements 
The following permits would be required to evaluate the feasibility of shallow aquifer recharge: 

 ASR Reservoir Permit 

 Start card if additional wells are drilled for recovery or additional monitoring wells are 
needed 

 Tacoma/Pierce County Health Department well site inspection for new production wells 

 UIC registration for recharge facilities 

6.1.5 Shallow Aquifer Recharge Uncertainties 
There are several uncertainties regarding shallow aquifer recharge at the Eatonville WTP that would need 

to be evaluated in a pilot test.  They include: 

 The infiltration rate of the shallow soils which will affect the amount of water that can be 
recharged over the winter months 

 The amount of available unsaturated zone storage in the alluvial aquifer 

 The amount of increased discharge to surface water down-gradient of the wellfield during 
and following recharge which results in a loss of recharge/stored water 

 The potential for changes in groundwater quality because of increased surface water 
recharge to the aquifer 

 The potential for clogging of the recharge facility and loss of infiltration rate 
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6.2 Aquifer Storage and Recovery – Wellfield Area Volcanic Aquifer 
Aquifer storage and recovery (ASR) in the volcanic aquifer underlying the Town’s wellfield would involve 

recharge of treated water from the membrane filtration plant (without disinfection) into the deep volcanic 

aquifer in a new ASR well, storing the water, and later recovering the water.  Under this alternative, 

finished water from the WTP would be used for recharge water.  The finished water could be treated 

groundwater, surface water, or a combination of both depending on the operation of the WTP and 

whether river water turbidity was elevated during the recharge period. 

Basalt aquifers are used for ASR in eastern Washington.  The basalts in eastern Washington are the 

Columbia River Basalt, flood basalt deposits that have extensive, highly permeable interflow zones.  The 

basalts in western Washington are not flood basalts.  In comparison they are limited in extent and do not 

contain extensive highly permeable interflow zones.  ASR could be developed in volcanics similar to 

those near Eatonville provided sufficient permeable zones are present and there is limited hydraulic 

communication with surface water.   

The City of Dallas, Oregon is evaluating ASR in low- to moderately-permeable basaltic rocks, similar to 

the volcanic rocks near Eatonville, as a means to help meet peak demand without developing a new 

source of supply.  The target storage volume for the City is about 50 million gallons, somewhat larger than 

the storage required by Eatonville to meet peaks demands.  The City of Dallas has been recharging the 

Siletz River Volcanics using a single ASR well.  The source of the recharge water is Rickreall Creek.  

Water from the creek is treated using flocculation, filtration, chlorination, and fluoridation at the City’s 

treatment plant prior to being recharged.  The recharge capacity of the well is about 150 to 250 gpm, and 

the pumping capacity is about 250 gpm.  The native groundwater quality in the volcanic aquifer is poor, so 

recovery efficiency is governed by differential mixing between the native groundwater and recharge water 

in the aquifer.  The Dallas ASR testing to date has indicated that ASR is feasible in a low- to moderately 

permeable basalt aquifer.   

6.2.1 Conceptual Model Summary 
Basalt is present below the alluvial materials in the Town’s wellfield area, and below Mashel formation 

sediments and continental glacial materials in the area surround the Town.  The thickness of the volcanic 

aquifer is not known but is at least 570 feet thick.  Groundwater occurs in the basalt in fracture and 

interflow zones.  The volcanic aquifer in the wellfield area has low to moderately transmissivity of about 

16 to 64 ft2/d, with well yields in a test well of about 5 to 10 gpm.  There are other wells completed in the 

basalt in the Eatonville area that have higher transmissivities (up to 1,800 ft2/d) and higher pumping rates 

(10 gpm to over 50 gpm) but the higher pumping rates are uncommon, likely because most of the wells in 

the basalt are domestic wells and were stopped when sufficient water for domestic needs was 

intersected.  The storativity of the basalt aquifer is unknown but likely ranges from about 10-3 to 10-5.  The 

basalt aquifer is recharged by infiltration of precipitation and downward seepage from the overlying 

materials, and discharges to surface water such as the Mashel River and the Nisqually River.  Continuity 
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with surface water is interpreted to be limited because of the relatively low to moderate permeability of the 

volcanic materials.  There is little information on the water quality of the basalt aquifer. 

6.2.2 Preliminary Estimates of Drawdown and Buildup 
The volcanic aquifer is extensive in the Eatonville area.  Assuming the area of the volcanic aquifer where 

storage occurs is equivalent to a circle with a radius of one mile, storage of 20 to 80 AF would result in a 

water level buildup of 10 to 40 feet if the storativity of the volcanic aquifer is 10-3.  This meets the Town’s 

goals.  A larger area would result in less buildup.  If the storativity is 10-5, the water level buildup over the 

same area would be significantly higher (over 1,000 feet).  Under this condition, the water storage goal 

would not be achieved. 

The Cooper-Jacob16 method for non-equilibrium distance-buildup calculations was used to estimate the 

buildup for an ASR well in the volcanic aquifer.  The assumptions used in the analysis include the 

following hydraulic characteristics: 

 Storativity is estimated at 10-3 

 Aquifer transmissivity is estimated to range from 500 ft2/day to 2,000 ft2/day for the basalt 

 The recharge rate ranges from 25 to 100 gpm 

 Recharge occurs continuously over a 210-day period, with a total recharge volume of 7.6 
to 30 Mgal (23 to 93 AF).  There are no low-permeability aquifer boundaries or leakage 
from overlying materials 

 Well losses are not included in the buildup calculations 

The calculations are presented in Appendix D and summarized in Table 6-3.  The buildup is a function of 

the recharge rate and aquifer hydraulic properties, with the highest buildup resulting from the highest 

recharge rate and lower transmissivity.  The analytical model predicts buildup immediately outside the 

well after 210 days is in the range of 23 to 87 feet for recharge rates of 100 gpm (Figures D-5 and D-6).  

Buildup in the aquifer is shown on Figures D-7 and D-8.  The radius of influence (defined as the distance 

to a point where the drawdown or buildup is one foot) ranges from about 16,600 feet to 17,400 feet at a 

recharge rate of 100 gpm for 210 days (Table 6-3).   

The maximum water level build-up in the recharge well will be a function of the depth of the storage zone 

and the weight of the overlying confining rock and soil strata.  For planning purposes, it is assumed that 

the storage zone in the volcanic aquifer would be no shallower than a depth of 300 feet below ground 

surface, and that the water level build-up will not exceed 300 feet above ground surface to minimize the 

potential for hydro-fracturing and damage to the well seal. 

Lower storativities would result in an increased water level build up during recharge.  

                                                      
16 Cooper, H. H., Jr. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation 
constants and summarizing well field history.  Transactions, American Geophysical Union, Vol. 27, No.4 



March 2010 34 083-93607.005 
 

 

031110mlk1_Revised report March 2010.docx  

6.2.3 Infrastructure  
The following infrastructure would be required to evaluate the feasibility of aquifer storage and recovery in 

the basalt at the Town’s wellfield: 

 ASR pilot well in order to evaluate the properties of the basalt and conduct an ASR pilot 
test 

 Connection of ASR well to the water treatment plant to provide recharge water to the 
ASR well 

 Pump to waste connection at the ASR well to allow water to be wasted during ASR pilot 
testing, if needed 

 Connection of the ASR well to the WTP if needed for post-recovery treatment and 
disinfection 

6.2.4 Permitting Requirements 
The following permits would be required to evaluate aquifer storage and recovery: 

 ASR Reservoir Permit application 

 Tacoma/Pierce County Health Department well site inspection for new ASR wells 

 Preliminary permit to drill and test a pilot ASR well 

 Start card to drill pilot ASR well and monitoring well(s) 

 Discharge permitting for pumping-to-waste 

 UIC registration for recharge well 

6.2.5 Conceptual Model Uncertainties 
There are several uncertainties in using the volcanic aquifer to recharge and store water.  These 

uncertainties would be evaluated in a pilot test.  The uncertainties include: 

 The hydraulic properties and boundary conditions of the volcanic aquifer which will affect 
the amount of water that can be recharged into the well over the winter months and the 
potential migration of stored water during the storage and recovery period; 

 The storativity of the volcanic aquifer which will affect the water level rise during recharge 
and the total quantity stored;  

 The hydraulic communication between the storage zone and surface water; 

 The potential for changes in quality of the stored water through interaction with the basalt 
and native groundwater;  

 The potential for clogging of the well and loss of recharge via chemical, physical or 
biological precipitates. 

6.3 Aquifer Storage and Recovery – Other Areas 
Aquifer storage and recovery (ASR) in areas surrounding the Town wellfield would involve recharge of 

treated water from the membrane filtration plant to a deep aquifer in a new ASR well, storing the water, 

and later recovering the water.  The aquifer used for ASR could be glacial materials, Mashel Formation, 

or basalt.  Under this alternative, finished water from the WTP would be used for recharge water.  The 
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finished water could be treated groundwater, surface water, or a combination of both depending on the 

operation of the plant and whether river water turbidity was elevated during the recharge period. 

6.3.1 Conceptual Model Summary 
The hydrogeologic units surrounding Eatonville include glacial aquifer system, Mashel aquifer, and 

volcanic aquifer system.  The glacial aquifer system overlies the Mashel aquifer and volcanic aquifer and 

includes moderately permeable sand and gravel outwash deposits that are confined.  The glacial aquifer 

is about 20 to over 200 feet thick.  The transmissivity of glacial aquifer system ranges from about 10 to 

20,000 ft2/d, and the storativity is estimated to range from about 10-3 to 10-4.  Groundwater in the glacial 

aquifer system is recharged by precipitation, and discharges to surface water and the underlying Mashel 

aquifer or volcanic aquifer.   

The Mashel aquifer consists of low to moderate permeability, semi-consolidated sands, gravels, and silty 

materials that are between 60 to over 200 feet thick.  Groundwater occurs in the coarser-grained section 

of the Mashel aquifer.  The transmissivity of the Mashel aquifer materials ranges from about 5 to 800 ft2/d, 

and the storativity is estimated to range from about 10-3 to 10-4 (confined aquifer).  Groundwater in the 

Mashel aquifer is recharged by seepage from the overlying glacial materials, and discharges to surface 

water.   

The volcanic aquifer is a confined aquifer underlying the glacial materials and Mashel formation in the 

area surrounding Eatonville.  Groundwater occurs in fractures, fracture zones, or interflow zones in 

basaltic or andesitic bedrock.  The thickness of the volcanic aquifer is unknown but is at least 570 feet in 

the Eatonville area.  The volcanic aquifer is generally low permeability with areas of moderate 

permeability, with a transmissivity of about 5 to 1,800 ft2/d, and the storativity is estimated to range from 

about 10-3 to 10-5.  Groundwater in the volcanic aquifer is recharged by infiltration of precipitation where 

the volcanic aquifer is exposed at or near the ground surface, and by seepage from overlying units.  

Groundwater in the volcanic aquifer is interpreted to discharge to surface water.  

The storativities of the glacial aquifer system, Mashel aquifer, and volcanic aquifer system are estimated 

to range from 10-3 to 10-5.  Assuming the area where storage occurs in these aquifers is equivalent to a 

circle with a radius of one mile, storage of 20 to 80 AF would result in a buildup of 10 to 40 feet if the 

storativity is 10-3.  A larger area would result in less buildup.  If the storativity is lower (10-5), the water 

level buildup over the same area would be significantly higher (over 1,000 feet).  Under this condition, the 

water storage goal could not be achieved. 
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6.3.2 Preliminary Estimates of Drawdown and Buildup 
The Cooper-Jacob17 method for non-equilibrium distance-buildup calculations was used to estimate the 

water level buildup for an ASR well completed in either the Mashel aquifer or glacial aquifer system. 

Buildups for wells completed in the volcanic aquifer in the area surrounding Eatonville are expected to be 

similar to the buildup predicted for an ASR well completed in volcanic aquifer the wellfield area (Table  

6-3).  The assumptions used in the analysis include the following hydraulic characteristics: 

 Storativity is estimated at 10-3 

 Aquifer transmissivity is estimated to range from 40 ft2/day to 800 ft2/day for the Mashel 
aquifer, and 200 to 20,000 ft2/d for the glacial aquifer system 

 The recharge rate ranges from 25 to 100 gpm 

 Recharge occurs continuously over a 210 day period, with a total recharge volume of 7.6 
to 30 Mgal (23 to 93 AF) 

 There are no low-permeability aquifer boundaries or leakage from overlying materials 

 Well losses are not included 

The calculations are presented in Appendix D and summarized in Table 6-4.  The buildup is a function of 

the recharge rate and aquifer hydraulic properties, with the highest buildup resulting from the greatest 

recharge rate.  The analytical model results buildup immediately outside a well completed in the Mashel 

aquifer after 210 days recharge at 100 gpm is in the range of 55 feet for a transmissivity of 800 ft2/d to 

about 1,000 feet for a transmissivity of 40 ft2/d (Figures D-9 and D-10).  The buildup in the aquifer is 

shown on Figures D-11 and D-12.  The radius of influence (defined as the distance to a point where the 

drawdown or buildup is one foot) ranges from about 5,900 feet to 18,200 feet at a recharge rate of 100 

gpm for 210 days (Table 6-4).   

For recharge to the glacial aquifer system, the predicted buildup immediately outside a well after 210 days 

recharge at 100 gpm is in the range of 2.5 feet for a transmissivity of 20,000 ft2/d to 211 feet for a 

transmissivity of 200 ft2/d (Figures D-13 and D-14).  The buildup in the aquifer is shown on Figures D-15 

and D-16).  The radius of influence (defined as the distance to a point where the drawdown or buildup is 

one foot) ranges from about 140 feet to 12,200 feet at a recharge rate of 100 gpm for 210 days (Table  

6-4).   

Water level buildup in the basalt, glacial system aquifer and Mashel aquifer is summarized on Table 6-3. 

6.3.3 Infrastructure  
The following infrastructure would be required to implement aquifer storage and recovery in the volcanic 

aquifer, glacial system aquifer, or Mashel aquifer: 

 ASR pilot well in order to evaluate the aquifer properties and conduct an ASR pilot test 

                                                      
17 Cooper, H. H., Jr. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation 
constants and summarizing well field history.  Transactions, American Geophysical Union, Vol. 27, No.4 



March 2010 37 083-93607.005 
 

 

031110mlk1_Revised report March 2010.docx  

 Distribution system extension to well location 

 Connection of ASR well to the distribution system to provide recharge water to the ASR 
well 

 Pump-to-waste connection at the ASR well to allow water to be wasted during ASR pilot 
testing, if needed 

 Water treatment (if needed) and disinfection 

6.3.4 Permitting Requirements 
The following permits would be required to evaluate the feasibility of aquifer storage and recovery: 

 ASR Reservoir Permit application 

 Tacoma/Pierce County Health Department well site inspection for new ASR wells 

 Preliminary permit to drill and test a pilot ASR well 

 Start card to drill pilot ASR well and monitoring well(s) 

 Discharge permitting for pumping to waste 

 UIC registration for recharge well 

6.3.5 Conceptual Model Uncertainties 
There are several uncertainties in using the volcanic aquifer, glacial system aquifer, or Mashel aquifer to 

recharge and store water.  These uncertainties would be evaluated in a pilot test.  The uncertainties 

include: 

 The hydraulic properties and boundary conditions of the aquifer which will affect the 
amount of water that can be recharged into the well over the winter months and the 
potential migration of stored water during the storage and recovery period 

 The storativity of the aquifer which will affect the water level rise during recharge and the 
total quantity stored 

 The hydraulic communication between the storage zone and surface water 

 The potential for changes in quality of the stored water through interaction with the 
aquifer matrix and native groundwater  

 The potential for clogging of the well and loss of recharge via chemical, physical or 
biological precipitates 

6.4 Ohop Valley Groundwater Development and Storage 
This section describes the potential to either develop a new groundwater supply or ASR in the Ohop 

Valley.  Ohop Creek is closed to future surface water and groundwater withdrawals under WAC 173-511.  

Thus, new groundwater supply development would be subject to mitigation.    

6.4.1 Conceptual Model 
The Ohop Valley is a deep valley incised by glacial meltwater floods that is now partially filled with lahar 

deposits and alluvial materials.  The Ohop Valley has been incised into Mashel Formation sediments.  

The thickness of the lahar deposits and alluvial sediments infilling the valley is not known, but the lahar 

deposits are at least 140 feet thick near Eatonville.  Some area well logs suggest that permeable glacial 
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outwash materials may underlie the lahar deposits, that could be developed as either a new groundwater 

source or as a potential ASR location.  The thickness, extent, and hydraulic properties of any glacial 

materials below the lahar deposits in the Ohop Valley are uncertain.  If an extensive aquifer is present in 

the Ohop Valley, it is likely confined, and may have limited continuity with surface water because of the 

relatively low permeability of the overlying lahar deposits, except in the lower reaches of Ohop Creek near 

the confluence with the Nisqually River.  The water balance calculations indicate a potentially significant 

amount of deep groundwater recharge that by-passes the shallow aquifer system which is in hydraulic 

communication with Ohop Creek.  Identification and development of a deep groundwater supply may be 

possible with minimal impacts on flow in Ohop Creek.  Impacts would most likely be translated to the 

Mashel River and/or Nisqually River. 

6.4.2 Preliminary Estimates of Drawdown and Buildup 
The storativity of the glacial materials in the Ohop Valley is estimated to be about 10-3 to 10-4.  Assuming 

the area where storage occurs in the Ohop Valley is confined to the glacial sediments inferred to be 

underlying the lahar deposits in the valley floor,  the area available for storage is about 1,000 feet wide 

(width of the valley).  Assuming storage occurs in an area 1,000 feet wide by 5,000 feet long, storage of 

20 to 80 AF would result in a water level buildup of 174 to over 700 feet if the storativity is 10-3.  A larger 

area would result in less water level buildup.  If the storativity is lower (10-5), the buildup over the same 

area would be significantly higher (over 1,000 feet).  Under this condition, the water storage goal could 

not be achieved. 

The maximum water level build-up in the recharge well will be a function of the depth of the storage zone 

and the weight of the overlying confining rock and soil strata.  For planning purposes, it is assumed that 

the storage zone in the glacial aquifer would be no shallower than a depth of 150 feet below ground 

surface, and that the water level build-up will not exceed 150 feet above ground surface to minimize the 

potential for hydro-fracturing and damage to the well seal. 

The Cooper-Jacob18 method for non-equilibrium distance-buildup calculations was used to estimate the 

drawdown (for a pumping well) or buildup (for an ASR well).  The assumptions used in the analysis 

include the following hydraulic characteristics: 

 Storativity is estimated at 10-3 

 Aquifer transmissivity is estimated to range from 1,000 ft2/day to 2,000 ft2/day 

 The pumping or recharge rate ranges from 25 to 100 gpm 

 Pumping or recharge occurs continuously over a 210 day period, with a total recharge 
volume of 7.6 to 30 Mgal (23 to 93 AF) 

 There are no low-permeability aquifer boundaries or leakage from overlying materials 

 Well losses are not included 
                                                      
18 Cooper, H. H., Jr. and Jacob, C.E., 1946. A generalized graphical method for evaluating formation 
constants and summarizing well field history.  Transactions, American Geophysical Union, Vol. 27, No.4 
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The calculations are presented in Appendix B and summarized in Table 6-5.  The drawdown or buildup is 

a function of the pumping or recharge rate and aquifer hydraulic properties, with the highest drawdown or 

buildup resulting from the greatest recharge rate.  The analytical model results indicated drawdown or 

buildup immediately outside the well after 210 days is in the range of 23 to 45 feet for pumping or 

recharge rates of 100 gpm (Figures D-17 and D-18).  The radius of influence (defined as the distance to a 

point where the drawdown or buildup is one foot) ranges from about 17,300 feet to 18,500 feet at a 

pumping or recharge rate of 100 gpm for 210 days (Figures D-19 and D-20).   

6.4.3 Infrastructure  
The following infrastructure would be required to evaluate the feasibility of either groundwater 

development or aquifer storage and recovery in the Ohop Valley: 

 Test well or pilot ASR well to evaluate aquifer hydraulic properties, aquifer boundaries, 
and water quality 

 Stream gages to evaluate groundwater-surface water interaction 

 Pump-to-waste facility 

 Disinfection and connection to distribution system (if needed) 

6.4.4 Permitting Requirements 
The following permits would be required to evaluate a new groundwater source or aquifer storage and 

recovery: 

 ASR Reservoir Permit (for ASR project) 

 Tacoma/Pierce County Health Department well site inspection for new wells 

 Preliminary permit to drill and test a pilot/test well 

 Start card to drill pilot/test well and monitoring wells 

 UIC registration for recharge well (for ASR permit) 

6.4.5 Conceptual Model Uncertainties 
There are several uncertainties in developing groundwater from the glacial aquifer system or using these 

materials to recharge and store water.  These uncertainties would be evaluated as part of a drilling and 

pump testing plan or in an ASR pilot test.  The uncertainties include: 

 The hydraulic properties and boundary conditions of the aquifer which will affect the 
amount of water that can be pumped or recharged  

 The storativity of the aquifer which will affect the water level decline during pumping and 
the total quantity stored during ASR 

 The hydraulic communication between the aquifer and surface water 

 For ASR, the potential for changes in quality of the stored water through interaction with 
the aquifer matrix and native groundwater 

 For ASR, the potential for clogging of the well and loss of recharge via chemical, physical 
or biological precipitates 
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6.5 Assessment of Storage Alternatives 
Potential storage alternatives for the Town of Eatonville are summarized on Table 6-6.  The table includes 

information on the geological and hydrogeological conditions and lists factors that are favorable to storage 

development at each site (positive implementation factors) and potential limitations that could result in the 

concept not meeting the Town’s storage goal for a reasonable cost.  Assessment and ranking is based on 

hydrogeological and engineering judgment. 

The relative storage rank for each storage alternative is based on whether the alternative can provide 

sufficient storage to meet the Town’s peak demand needs.  Storage ranks over a range of 1 to 3.  A rank 

of 1 indicates that the option could meet the storage requirements.  A rank of 3 indicates that it is unlikely 

that the storage goal can be achieved.   

For the cost ranking system, 1 = highest rank, 5 = lowest rank.  A low cost (high rank) is applied for 

options at the wellfield where there is significant knowledge regarding the hydrogeology and water 

treatment and distribution system.  Higher costs (lower ranking) is applied to options distant from the 

wellfield because less is known regarding the hydrogeological conditions and because of additional 

engineering facilities required to transport water to/from these locations.   

The evaluation of each of the storage alternatives is summarized as follows: 

Shallow Aquifer Recharge:  Shallow aquifer recharge could be developed with a relatively low capital 

cost for an infiltration basin, piping and pumps, and possibly additional recovery and/or monitoring wells.  

The greatest uncertainties with shallow aquifer recharge are the available storage capacity in the shallow 

aquifer and the continuity of the shallow aquifer with the Mashel River.  Preliminary calculations show that 

the permeable nature of the alluvial aquifer may make it difficult to increase storage sufficient to meet the 

Town’s goals.  Because of the possibility of increased discharge to the river during recharge, storage, and 

recovery, the amount of water recharged to the shallow aquifer may need to significantly greater than the 

amount of storage required to meet the Town’s needs.  Stored water that is recovered would require 

treatment and disinfection before use.  The overall ranking of shallow aquifer storage alternative is 2.   

Volcanic Aquifer ASR - Eatonville Wellfield:  ASR could be developed in the basalt at the Eatonville 

wellfield for a relatively moderate cost for an ASR well, and piping and pumps.  The ASR infrastructure 

could be developed in close proximity to the existing WTP.  The basalt aquifer could be recharged using 

either treated groundwater or surface water.  Development of storage in the basalt would provide a 

second source of water that is not hydraulically connected to the Mashel River or the alluvial aquifer.  

Storage of the quantities required by the Town is possible given the higher end of the likely hydraulic 

conductivity and storativity of the basalt.  In the volcanic aquifer, it may be possible to recover about 90% 

of the recharge water because of limited continuity with surface water.  The recharge volume would need 

to be slightly larger than the amount of storage required by the Town.  The greatest uncertainties of basalt 

aquifer ASR are the basalt aquifer hydraulic properties, which could limit recharge and pumping rates 
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because of excessive drawdown or buildup, and the potential storage volume.  A test well is required to 

determine the presence of a suitable aquifer.  The overall ranking of basalt aquifer ASR at the Eatonville 

wellfield is 1 because of the potential for greater storage volumes than shallow aquifer storage.   

ASR – Other Areas:  ASR could be developed in the volcanic aquifer, Mashel aquifer, or glacial aquifer 

system in areas distal from the Eatonville wellfield using treated surface water or groundwater.  The cost 

for developing ASR in these areas would be relatively high because of the potential distance of the ASR 

well to the distribution system, and the costs for an ASR well, monitoring wells, and piping and pumps.  

The greatest uncertainties of ASR in these areas are the aquifer hydraulic properties and boundaries, 

storage capacity, and interaction with surface water.  A test well is required to determine the presence of 

a suitable aquifer.  The overall ranking of ASR in other areas is 3 because this is a higher cost alternative 

than ASR at the wellfield and because the potential storage volumes in other areas remain uncertain.   

Ohop Creek ASR or Groundwater Development:  Groundwater or ASR could be developed in the 

Ohop valley.  The cost for developing groundwater or ASR in the Ohop Valley would be relatively high 

because there is no distribution system infrastructure in the valley, and wells would need to be 

constructed.  Water would need to be pumped up to the Town.  The greatest uncertainties for 

groundwater development in the Ohop Valley are the extent and aquifer properties of permeable outwash 

materials below the lahar deposits are uncertain, and the Ohop Creek basin is closed to further water 

withdrawals.  The water balance indicates that there is the possibility of finding substantial deep 

groundwater quantities that are not in hydraulic communication with Ohop Creek.  A test well is required 

to determine the presence of a suitable aquifer.  The overall ranking of groundwater development or ASR 

in the Ohop Creek valley is 3.   
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7.0 SUMMARY AND RECOMMENDATIONS 

7.1 Summary 
 The Town of Eatonville obtains it’s water from the Mashel River and from four wells. 

Water from both the river and wells is treated in the Town’s membrane filtration plant.  
The Town has no interties or other sources of water.  Under the Town’s existing water 
rights and withdrawal and diversion capacity, the Town will likely experience a water 
shortfall during peak demand periods by 2024.  The Town could also face a water 
shortfall if operation of the treatment plant is disrupted or the Town’s sources were to 
become compromised and the Town were forced to rely on only the storage capacity of 
the existing reservoirs 

 The Town has excess source and treatment capacity during winter months.  Water 
available during the winter months could be recharged and stored to provide the Town 
with a second source of water during peak demand periods or in the event of a disruption 
in the sources or the water treatment plant.  If required, excess water from the water 
treatment plant could be treated and recharged with little or no disinfection  to limit the 
formation of disinfection byproducts 

 Potential storage alternatives for the Town include; 

 Shallow aquifer recharge of the alluvial aquifer adjacent to the Mashel River and 
Town wellfield using surface water 

 Deep aquifer recharge - ASR using treated water from the Town’s water treatment 
plant in the following potential aquifers: 

− The volcanic aquifer below the alluvial aquifer in the Town’s wellfield; and 

− The volcanic aquifer, glacial aquifer system, or Mashel aquifer sediments in 
areas away from the Town’s wellfield; and 

 ASR or groundwater development in the Ohop Valley 

 A preliminary evaluation of storage options was completed based on the hydrogeological 
conceptual model and knowledge of the Town’s water supply and distribution system 

 Development of ASR in the volcanic aquifer near the Town’s wellfield appears to be the 
most favorable storage alternative for the Town because of the proximity of existing 
infrastructure and relatively low cost, and it appears the volcanic aquifer could store 
sufficient water to meet the Town’s needs with limited hydraulic connection to surface 
water.  The uncertainties of ASR in the volcanic aquifer are the basalt aquifer hydraulic 
properties, which could limit recharge and pumping rates, and the potential storage 
volume 

 Development of shallow aquifer recharge in the alluvial aquifer near the Town’s wellfield 
appears to be less favorable because preliminary calculations indicate the Town’s 
minimum storage goal may not be achieved.  Water storage may also result in increased 
groundwater discharge to the Mashel River thus further diminishing the benefit of shallow 
aquifer recharge 

 Development of ASR in other areas or development of groundwater in the Ohop Valley 
appear to be less favorable because of higher costs and uncertainties in the aquifer 
extent and hydraulic properties, and continuity with surface water 

7.2 Recommendations 
Based on the work completed as part of this study, it is recommended that the Town proceed with Phase 

II which includes a more detailed evaluation of ASR in the volcanic aquifer underlying the Town’s 

wellfield.  The first step in Phase II would be to drill a test well into the volcanic bedrock to determine 
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whether a suitable aquifer exists.  The work would be completed in steps with an assessment of whether 

to proceed to the next step at the end of the first step.   

A generalized Phase II scope of work is presented in Appendix E.  This would constitute Phase II of the 

Ecology Storage Grant agreement.  The work would be completed in two phases: 

Phase IIa – Test Well Drilling 

Phase IIb – ASR Pilot Test Design and Completion 

Phase IIa would include: 

 Drilling a test well into the basalt aquifer in the area of the Town’s wellfield to evaluate 
hydrogeologic conditions 

 Completion of a pumping test to evaluate the volcanic bedrock aquifer hydraulic 
properties and boundaries 

 Collection of a groundwater quality sample from the volcanic bedrock aquifer to evaluate 
the native groundwater quality 

 Geochemical modeling to evaluate the compatibility of the recharge water and native 
groundwater and the aquifer mass 

 Evaluation of the data and completion of a technical memorandum documenting the 
results of Phase IIa and providing recommendations for the next steps if the results of 
Phase IIa suggested ASR is feasible 

Phase IIb could include additional investigations including ASR pilot testing.  The recommendations for 

Phase IIb would be included in the Phase 2a technical memorandum and could include: 

 Engineering design for modifications to the Town’s WTP to allow recharge of treated 
water that meets regulatory requirements 

 Engineering design to recharge, store and recovery water via the test well 

 Completion of an ASR pilot test 

 Evaluation or the pilot test data and completion of a technical memorandum documenting 
the pilot test and providing recommendations for full-scale ASR implementation if pilot 
testing confirms ASR feasibility 
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January February March April May June July August September October November December TOTAL
Mowich Sno-Tel 3,160 10/99-9/08 6.40 3.88 5.14 3.77 4.32 3.42 0.91 1.50 2.02 3.93 7.05 6.29 48.62

McMillan Reservoir 579 3/41-3/09 6.46 3.82 4.56 3.00 2.66 2.20 0.80 0.99 1.19 3.90 6.79 5.90 42.26
Alder Dam Camp 1,302 2/27 to 2/54 6.37 4.84 4.58 3.31 2.54 2.22 0.76 1.18 2.15 4.03 5.79 7.66 45.43

La Grande 961 1/54 to 4/83 5.06 3.67 3.88 3.21 2.40 2.12 0.90 1.57 2.09 3.30 4.73 5.59 38.52

January February March April May June July August September October November December
Mowich Sno-Tel 3,160 10/99-9/08 36.75 36.25 37.40 40.02 45.25 49.84 56.05 56.22 52.29 45.75 40.02 36.91

McMillan Reservoir 579 3/41-3/09 37.91 40.74 43.66 47.96 53.73 58.46 63.03 63.18 58.50 50.68 43.22 38.89
Alder Dam Camp 1,302 2/27 to 2/54 36.03 38.79 42.24 47.20 52.25 56.75 61.30 61.02 56.86 49.93 42.19 38.09

La Grande 961 1/54 to 4/83 39.03 42.27 43.87 48.20 54.87 59.97 64.93 64.90 60.27 52.17 44.09 40.53

January February March April May June July August September October November December TOTAL
Puyallup 2 W Exp. Sta. 5 1931-1995 0.00 0.71 1.58 2.46 3.97 4.63 5.61 4.97 2.92 1.28 0.61 0.00 28.74

January February March April May June July August September October November December
Mowich Sno-Tel 3,160 10/99-9/08 0.54 0.57 0.81 1.30 2.22 3.03 3.82 3.53 2.68 1.66 0.90 0.54 21.62

McMillan Reservoir 579 3/41-3/09 0.41 0.72 1.13 1.83 2.84 3.71 4.32 3.98 2.95 1.74 0.86 0.46 24.96
Alder Dam Camp 1,302 2/27 to 2/54 0.31 0.62 1.08 1.85 2.76 3.58 4.17 3.79 2.86 1.77 0.85 0.46 24.10

La Grande 961 1/54 to 4/83 0.44 0.79 1.07 1.75 2.88 3.83 4.52 4.14 3.08 1.81 0.87 0.53 25.70

Note:
Precipitation and temperature data from La Grande, McMillan reservoir, and Alder Dam Camp from Western Regional Climate Center http://www.wrcc.dri.edu/CLIMATEDATA.html
Precipitation and temperature data from Mowich Sno Tel from http://www.wcc.nrcs.usda.gov/snotel/Washington/washington.html 
Pan evaporation from http://www.ocs.orst.edu/page_links/comparative_climate/evap.html#washington

Station
Elevation 
(feet msl)

Period of 
Record

Average Monthly Temperature (degrees F)

Pan Evapotranspiration (inches)

Calculated Average Potential Evapotranspiration (inches)

Station
Elevation 
(feet msl)

Period of 
Record

Station
Elevation 
(feet msl)

Period of 
Record

Station
Elevation 
(feet msl)

Period of 
Record

Average Monthly Precipitation (inches)

TABLE 3-1
CLIMATE DATA SUMMARY

031110mk1_Tables.xlsx



March 2010  083-93607.005

Day
Streamflow 

(cfs) Note Day
Streamflow 

(cfs) Note
1 100 1 600
15 100 15 600
1 100 1 600
15 100 15 600
1 100 1 600
15 100 15 600
1 100 1 600
15 100 15 600
1 100 1 600
15 80 15 600
1 80 (closed) 1 500 (closed)
15 70 (closed) 15 450 (closed)
1 50 (closed) 1 400 (closed)

15 40 (closed) 15 400 (closed)
1 30 (closed) 1 370 (closed)
15 30 (closed) 15 370 (closed)
1 20 (closed) 1 370 (closed)
15 20 (closed) 15 370 (closed)
1 20 (closed) 1 550 (closed)
15 20 (closed) 15 550 (closed)
1 40 1 600
15 70 15 600
1 100 1 600
15 100 15 600

From WAC 173-511-030
Mashel River Control Station:  USGS Gage 12-0870-00 at river mile 3.25, Section 11, T16N/R4E

From mouth upstream to the headwaters including all tributaries

November

December

Mashel River at USGS Gage 
12-0870-00

June

July

August

May

Month

March

September

October

TABLE 3-2
SUMMARY OF INSTREAM FLOWS

Nisqually River at USGS Gage 
12-0895-00

January

February

April
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Month

Probability that Flow is Available 
above the Minimum Instream Flow - 
Mashel River at USGS 12087000a

Probability that Flow is Available 
above the Minimum Instream Flow 

- Nisqually River at USGS 
12089500a

November 1 to 14 86% 76%
November 15 to 30 85% 85%

December 90% 96%
January 90% 99%
February 91% 97%

March 90% 95%
April 94% 94%

May 1 to 14 86% 94%
May 15 to 31 84% 88%

Notes:

TABLE 3-3
SUMMARY OF INSTREAM FLOW EXCEEDANCES

Summarized from Golder Associates Inc., 2005, Evaluation of Mashel River Streamflow Data to Support Winter Water 
Right Application for the Town of Eatonville.

a. Indicated by the intersection of the probability curve and the minimum instream flow line (see Figures A-4 through A-
10).
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October November December January February March April May June July August September
Precipitation at Mowich Sno-Tel 3.93 7.05 6.29 6.40 3.88 5.14 3.77 4.32 3.42 0.91 1.50 2.02 48.62

Total Runoff at Mashel River at Gage 0.97 4.33 6.36 6.17 4.01 4.51 3.34 2.75 1.63 0.51 0.31 0.35 35.24
Precipitation minus Runoff 2.96 2.71 -0.07 0.23 -0.13 0.63 0.43 1.57 1.79 0.40 1.19 1.67 13.38

Snowmelt At Mowich (included in runoff) 0.40 1.00 0.40 1.80
PET at Mowich Sno-Tel 1.66 0.90 0.54 0.54 0.57 0.81 1.30 2.22 3.03 3.82 3.53 2.68 21.62

Actual Evapotranspiration 1.66 0.90 0.00 0.23 0.00 0.63 0.43 1.57 1.79 0.40 1.19 1.67 10.47
Groundwater Recharge 1.30 1.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.11

October November December January February March April May June July August September
Precipitation at McMillan Reservoir 3.90 6.79 5.90 6.46 3.82 4.56 3.00 2.66 2.20 0.80 0.99 1.19 42.26

Total Runoff at Ohop Creek at Gage 0.92 2.83 3.56 3.93 2.81 3.21 2.58 1.77 1.15 0.47 0.38 0.37 23.98
Precipitation minus Runoff 2.98 3.96 2.33 2.53 1.00 1.35 0.42 0.89 1.04 0.33 0.61 0.82 18.28
PET at McMillian Reservoir 1.68 0.86 0.50 0.53 0.70 1.52 1.74 2.78 3.72 4.44 4.04 2.89 25.41
Actual Evapotranspiration 1.68 0.86 0.50 0.53 0.70 1.35 0.42 0.89 1.04 0.33 0.61 0.82 9.74
Groundwater Recharge 1.30 3.10 1.83 2.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.53

Note:
Precipitation and temperature data from La Grande, McMillan reservoir, and Alder Dam Camp from Western Regional Climate Center http://www.wrcc.dri.edu/CLIMATEDATA.html
Precipitation and temperature data from Mowich Sno Tel from http://www.wcc.nrcs.usda.gov/snotel/Washington/washington.html 
Pan evaporation from http://www.ocs.orst.edu/page_links/comparative_climate/evap.html#washington

TABLE 3-4
WATER BALANCES FOR OHOP CREEK AND MASHEL RIVER

Total

Month
Ohop Creek WY 1998 to 2008

Mashel River WY 1998 to 2008

Total

Month
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Well Name TRS Location
Well Depth 
(feet bgs)

Depth to 
Glacial 

Sediments 
(feet bgs)

Thicknes of 
Glacial 

Sediments 
(feet)

Depth to 
Water   

(feet bgs)

Well 
Yield 
(gpm)

Drawdown 
(feet) Comment

R. Glanschneg T17N/R4E-36 SW/NW 199 75 76 162 15 19
J. Buker T16N/R4E-3 SE 124 55 69 44 7 no data

T.  Garasi T16N/R4E-3 NW/SE 95 82 13 +2 8 76
G. McGinnis T16N/R4E-10 NE/SE 51 49 2 5 10 13

T. Pruitt T16N/R4E-15 NW/NE 67 66 1 +7 17.5 28
Eatonville T16N/R4E-15 SW/NE 140 not intersected 16 not tested Ohop Valley Test Well

L. Greidanus T16N/R4E-18 NE/SE 99 96 3 14 20 4
J. Howard T16N/R4E-19 NW/SW 199 162 19 165 21 no data Completed in  Mashel Fm.  
J. McCurdy T17N/R4E-24 SE/NW 93 91 2 +2 40 35

TABLE 3-5
SUMMARY OF OHOP VALLEY WELLS
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Pumping Well 
Observation 

Well
Hydrogeologic 

Unit Test Phase
Pumping 

Rate (gpm)
Transmissivity 

(ft2/d)

Aquifer 
Thickness1 

(feet)

Hydraulic 
Conductivity 

(ft/d)
Storativity    

(-) Note/Analysis Method
TW-03-03 Alluvial Aquifer 9,730 14 695 - Cooper-Jacob
TW-03-04 13,560 14 969 1.4E-04 Cooper-Jacob

Geometric Mean 11,490 14 821
TW-03-03 39,040 14 2789 - Theis Recovery
TW-03-04 15,530 14 1109 - Theis Recovery

Geometric Mean 24,630 14 1759
TW-03-04 Alluvial Aquifer 30,330 44 689 - Cooper-Jacob
TW-03-03 43,920 44 998 2.1E-05 Cooper-Jacob

Geometric Mean 36,500 44 830
TW-03-02 - Alluvial Aquifer Pumping 32 330 20 17 Estimated from Specific Capacity

Old Town Test Well - Volcanic Aquifer Pumping 85 214 573 0.37 - Estimated from Specific Capacity
Old Town Test Well - Volcanic Aquifer Recovery 85 64 573 0.11 - Theis Recovery

R/N Test Well - Volcanic Aquifer Recovery 3 17 185 0.09 - Basalt Completion
R/N Test Well - Alluvial Aquifer Recovery 33 5,800 17 341 - Alluvial Completion

Notes:
1.  Interval of clean aquifer materials in alluvial wells or open interval in basalt wells.

230

430

TABLE 3-6
SUMAMRY OF TOWN OF EATONVILLE WELL TESTING RESULTS

Well No. 6

Well No. 7

Pumping

Recovery

Pumping
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3/7/1988 9/21/1993 1/15/2004 3/3/2004

Parameter MCL

Anti-Degradation 
Criteria

WAC 173-200 Units Well No. 1 Well No. 2 Well No. 6 Well No. 7
Result Result Result Result

Arsenic 0.01 0.05 ug/L <0.01 <0.01 <0.002 <0.002
Barium 2 1 mg/L <0.25 <0.25 <0.01 <0.1
Cadmium 0.005 0.01 mg/L <0.002 <0.002 <0.002 <0.002
Chromium 0.1 0.05 mg/L <0.01 <0.01 <0.01 <0.01
Mercury 0.002 0.002 mg/L <0.001 <0.001 <0.0005 <0.0005
Selenium 0.05 0.01 mg/L <0.005 <0.005 <0.005 <0.005
Beryllium 0.004 nc mg/L na na <0.002 <0.003
Nickel 0.1 nc mg/L na na <0.04 <0.04
Antimony 0.006 nc mg/L na na <0.002 <0.005
Thallium 0.002 nc mg/L na na <0.001 ,0.002
Cyanide 0.2 nc mg/L na na <0.05 <0.05
Fluoride 4 4 mg/L <0.2 <0.2 <0.2 <0.2
Nitrate (as N) 10 10 mg/L 0.5 0.2 0.8 <0.2
Nitrite (as N) 1 nc mg/L na na <0.2 0.5
Total Nitrate/Nitrite (as N) 10 nc mg/L na na 0.8 0.5

Iron 0.3 0.3 mg/L 0.25 0.08 0.13 0.1
Manganese 0.05 0.05 mg/L <0.01 <0.01 <0.01 <0.01
Silver 0.1 0.05 mg/L <0.01 <0.01 <0.01 <0.01
Chloride 250 250 mg/L 2 3 5 2
Sulfate 250 250 mg/L na na 3 3
Zinc 5 5 mg/L na na <0.05 <0.2

Sodium 20a nc mg/L 4 3 4 <5
Potassium nc nc mg/L na na 4.6 0.6
Hardness nc nc mg/L as CaCO3 24 22 21 18
Conductivity (25 C) 700 nc mg/L 56 61 68 52
Turbidity 1 nc NTU 3.4 1.4 2.5 2.6
Color 15 15 unit 10 5 5 5
Total Dissolved Solids 500 500 mg/L na na 41 50
Lead 0.015b 0.05 mg/L <0.01 <0.005 <0.002 <0.002
Copper 1.3b 1 mg/L na na <0.02 <0.02
Orthophosphate nc nc mg/L na na <0.01 <0.01
Silica nc nc mg/L na na 17 17
Aluminum nc nc mg/L na na 0.14 0.29
Alkalinity nc nc mg/L na na 22 18
Magnesium nc nc mg/L na na 2 1.4
Calcium nc nc mg/L na na 5 6
Ammonia nc nc mg/L na na <1.0 2.1
pH 6.5-8.5 6.5-8.5 s.u. na na 6.6 6.0

Notes
a.  Recommended level
b.  Action level
nc:  no criteria, na:  not analyzed
Shaded values exceed MCL or anti-degradation criteria.

Secondary Inorganic Constituents

Other Inorganic Constituents

TABLE 3-7
SUMMARY OF TOWN OF EATONVILLE ALLUVIAL AQUIFER GROUNDWATER QUALITY

Sample Date

Primary Inorganic Constituents
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Glacial Aquifer 
System

Mashel 
Aquifer

Town of Eatonville 
R/N Test Well

Barneys 
Corner Pioneer Farm

Sample Date 6/3/2002 3/21/1991 6/16/1992 12/18/2007 11/14/1989
Constituent Result Result Result Result Result

Arsenic mg/L 0.01 na <0.005 <0.01 <0.002 na
Barium mg/L 2 na <0.05 <0.25 na na

Cadmium mg/L 0.005 na <0.001 <0.002 na na
Chromium mg/L 0.1 na <0.001 <0.01 na na
Mercury mg/L 0.0005 na <0.0002 <0.001 na na

Selenium mg/L 0.05 na <0.005 <0.005 na na
Beryllium mg/L 0.004 na na na na na

Nickel mg/L 0.1 na na na na na
Antimony mg/L 0.006 na na na na na
Thallium mg/L 0.002 na na na na na
Cyanide mg/L 0.2 na na na na na
Fluoride mg/L 2/4 na 0.2 0.2 na na

Nitrite as N mg/L 1 na na na na na
Nitrate as N mg/L 10 na <0.1 <0.2 <0.2 1.1

Total Nitrite+Nitrate as N mg/L 10 na na na na na
Iron mg/L 0.3 0.3 0.04 0.28 na na

Manganese mg/L 0.05 0.04 0.02 0.023 na na
Silver mg/L 0.1 na <0.001 <0.1 na na

Chloride mg/L 250 na 14 3 na na
Sulfate mg/L 250 na 9 na na na

Zinc mg/L 5 na na na na na
Sodium mg/L 20 (recommended) na 42 36 na na

Hardness mg/L nc na 16 26 na na
Conductivity mS/cm 700 145 156 217 na na

Turbidity NTU nc 5.6 0.5 2.8 na na
Color CU 15 na 5 15 na na
Lead mg/L 0.015 (action level) na <0.001 <0.002 na na

Copper mg/L 1.3 (action level) na na na na na

Note:

Secondary standards underlined.
Shaded cells exceed water quality criteria.
na:  not analyzed, nc:  no criteria

TABLE 3-8
SUMMARY OF GLACIAL AND VOLCANIC AQUIFER GROUNDWATER QUALITY

Data downloaded from Washington Department of Health Online Database http://www4.doh.wa.gov/SentryInternet/Disclaimer.aspx?Page=/SentryInternet/FindWaterSystem.aspx.)

Hope International Water 
System Source 01 Sample Location

Units MCL

Volcanic Aquifer
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Water Right 
Number Priority Date

Instantaneous 
Quantity         

(gpm)

Annual 
Quantity 

(AF) Source Note
10307 8/18/67 1,032 525 Mashel River Primary Right
5676-A 11/29/66 360 394 Wells 1 and 7 Supplemental

G2-01087C 8/18/67 250 400 Wells 2 and 6 Supplemental
1,642 525

TABLE 4-1
SUMMARY OF TOWN OF EATONVILLE WATER RIGHTS

Total
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Sample Location
WTP Pilot Plant 
Finished Water

Sample Date 9/13/2004 9/12/2005 9/11/2006 4/7/2008 3/10/2005
Constituent Result Result Result Result Result

Arsenic mg/L 0.01 0.05 0.004 <0.002 na <0.002 <0.002
Barium mg/L 2 1.0 <0.1 <0.1 na <0.1 <0.1

Cadmium mg/L 0.005 0.01 <0.002 <0.002 na <0.002 <0.002
Chromium mg/L 0.1 0.05 <0.01 <0.01 na <0.01 <0.01
Mercury mg/L 0.0005 0.00 <0.0005 <0.0005 na <0.0005 <0.0005
Selenium mg/L 0.05 0.01 <0.005 <0.005 na <0.005 <0.005
Beryllium mg/L 0.004 nc <0.003 <0.003 na <0.003 <0.003

Nickel mg/L 0.1 nc <0.04 <0.04 na <0.04 <0.04
Antimony mg/L 0.006 nc <0.005 <0.005 na <0.005 <0.005
Thallium mg/L 0.002 nc <0.002 <0.002 <0.002 <0.002 <0.002
Cyanide mg/L 0.2 nc <0.05 <0.05 na <0.05 <0.05
Fluoride mg/L 2/4 4 <0.2 <0.2 na <0.2 <0.2

Nitrite as N mg/L 1 10 <0.2 <0.2 <0.2 <0.2 <0.2
Nitrate as N mg/L 10 nc <0.2 <0.2 na 0.2 <0.2

Total Nitrite+Nitrate as N mg/L 10 nc <0.4 <0.4 na <0.4 <0.4
Iron mg/L 0.3 0.30 4.35 0.77 0.1 0.1 <0.1

Manganese mg/L 0.05 0.05 0.14 0.03 <0.01 <0.01 <0.01
Silver mg/L 0.1 0.05 <0.01 <0.01 na <0.01 <0.01

Chloride mg/L 250 250 1.0 <0.2 na 1.0 3.0
Sulfate mg/L 250 250 2.0 <0.002 na 2.0 2.0

Zinc mg/L 5 5 <0.2 <0.02 na <0.02 <0.02
Sodium mg/L 20 (recommended) nc 5.0 7.0 na <5 <5

Hardness mg/L nc nc 36 28 na 20.0 26
Conductivity S/cm 700 nc 55 75 na 42.0 60

Turbidity NTU nc nc 52 5.5 na 2.6 0.2
Color mg/L 15 15 30 20 na 25 <5
Lead mg/L 0.015 (action level) 0.05 <0.002 <0.002 na <0.002 <0.002

Copper mg/L 1.3 (action level) 1.0 <0.02 <0.02 na <0.02 <0.02

Note:
Data downloaded from Washington Department of Health Online Database (http://www4.doh.wa.gov/SentryInternet/Disclaimer.aspx?Page=/SentryInternet/FindWaterSystem.aspx.)
Secondary water quality criteria underlined.
Shaded cells exceed water quality criteria.
na:  not analyzed, nc:  no criteria

Units MCL

WAC 173-200
Anti-Degradation 

Criteria

Mashel River Raw Water

TABLE 4-2
SUMMARY OF TOWN OF EATONVILLE MASHEL RIVER DIVERSION WATER QUALITY
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Well  Number Date Drilled
Diameter 
(inches)

Depth     
(feet bgs)

Screened 
Interval 

(feet bgs)

Current 
Capacity 

(gpm)
1 1966 10 52 38.5-43.5 175
2 1969 10 45.5 38-44 200
3 1975 10 39 34-39 Not Used
4 1976 10 63 54-61 Not Used
5 1977 8 71.5 61-71 Not Used
6 2003 12 73.5 59.5-69.5 250
7 2004 12 93.5 73.5-83.5 360

985

Note:

TABLE 4-3
SUMMARY OF TOWN OF EATONVILLE WELLS

Total

The instantaneous combined water right capacity for the Town's wells is 610 gpm.  If Wells No. 6 and 7 are 
used at the full capacity, Wells No. 1 and 2 cannot be used.

031110mk1_Tables.xlsx



March 2010  083-93607.005
Page 1 of 3

Month and Year 
Total Water 

(gallons)
Wells 

(gallons)
River 

(gallons)
Total      
(gpm) Wells (gpm)

River 
(gpm) Wells% River %

1999 Total 110,282,000 No Data 210
2000 Total 117,874,000 No Data 224
2001 Total 115,711,000 No Data 220
10/15/02 9,191,000 6,349,000 2,842,000 206 142 64 69% 31%
11/15/02 8,291,000 7,287,000 1,004,000 192 169 23 88% 12%
12/15/02 8,107,000 7,604,000 503,000 182 170 11 94% 6%
1/15/03 8,201,000 8,201,000 0 184 184 0 100% 0%
2/15/03 7,156,000 7,156,000 0 177 177 0 100% 0%
3/15/03 8,137,000 8,137,000 0 182 182 0 100% 0%
4/15/03 7,740,000 7,331,000 409,000 179 170 9 95% 5%
5/15/03 8,155,000 5,060,000 3,095,000 183 113 69 62% 38%
6/15/03 13,391,000 9,153,000 4,238,000 310 212 98 68% 32%
7/15/03 17,258,000 9,178,000 8,080,000 387 206 181 53% 47%
8/15/03 13,494,000 5,919,000 7,575,000 302 133 170 44% 56%
9/15/03 11,672,000 7,434,000 4,238,000 270 172 98 64% 36%

Water Year 2003 120,793,000 88,809,000 31,984,000 230 169 61 74% 26%
10/15/03 7,988,000 6,690,000 1,298,000 179 150 29 84% 16%
11/15/03 7,570,000 7,570,000 0 175 175 0 100% 0%
12/15/03 8,074,000 8,074,000 0 181 181 0 100% 0%
1/15/04 8,135,000 8,135,000 0 182 182 0 100% 0%
2/15/04 5,793,000 5,793,000 0 139 139 0 100% 0%
3/15/04 6,488,000 6,488,000 0 145 145 0 100% 0%
4/15/04 7,072,000 4,072,350 2,999,650 164 94 69 58% 42%
5/15/04 8,017,000 4,116,000 3,901,000 180 92 87 51% 49%
6/15/04 9,810,000 5,316,000 4,494,000 227 123 104 54% 46%
7/15/04 16,208,000 8,368,000 7,840,000 363 187 176 52% 48%
8/15/04 14,129,000 9,293,000 4,836,000 317 208 108 66% 34%
9/15/04 8,628,000 8,628,000 0 200 200 0 100% 0%

Water Year 2004 107,912,000 82,543,350 25,368,650 205 157 48 76% 24%

No Data
No Data
No Data

TABLE 4-4
SUMMARY OF TOWN OF EATONVILLE WATER USE
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Month and Year 
Total Water 

(gallons)
Wells 

(gallons)
River 

(gallons)
Total      
(gpm) Wells (gpm)

River 
(gpm) Wells% River %

No Data

TABLE 4-4
SUMMARY OF TOWN OF EATONVILLE WATER USE

10/15/04 8,933,600 8,933,600 0 200 200 0 100% 0%
11/15/04 7,611,567 7,611,567 0 176 176 0 100% 0%
12/15/04 7,696,600 7,696,600 0 172 172 0 100% 0%
1/15/05 8,561,400 8,561,400 0 192 192 0 100% 0%
2/15/05 7,565,900 7,565,900 0 181 181 0 100% 0%
3/15/05 7,599,104 7,599,104 0 170 170 0 100% 0%
4/15/05 4,343,700 4,343,700 0 101 101 0 100% 0%
5/15/05 7,380,000 165
6/15/05 7,768,000 180
7/15/05 10,839,000 243
8/15/05 13,997,000 314
9/15/05 9,622,000 223

Water Year 2005 101,917,871 52,311,871 194
10/15/05 7,412,000 166
11/15/05 7,405,000 171
12/15/05 8,989,000 201
1/15/06 9,939,000 223
2/15/06 8,839,000 212
3/15/06 10,424,000 234
4/15/06 9,298,000 215
5/15/06 9,262,000 207
6/15/06 11,549,000 267
7/15/06 14,453,000 324
8/15/06 12,324,000 276
9/15/06 14,250,000 330

Water Year 2006 124,144,000 236

No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data

No Data

No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
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Month and Year 
Total Water 

(gallons)
Wells 

(gallons)
River 

(gallons)
Total      
(gpm) Wells (gpm)

River 
(gpm) Wells% River %

No Data

TABLE 4-4
SUMMARY OF TOWN OF EATONVILLE WATER USE

10/15/06 13,037,000 292
11/15/06 11,362,000 263
12/15/06 10,367,000 232
1/15/07 12,306,000 276
2/15/07 10,420,000 250
3/15/07 10,707,000 240
4/15/07 10,167,000 235
5/15/07 12,033,000 270
6/15/07 13,658,000 316
7/15/07 17,231,900 2,947,900 14,284,000 386 66 320 17% 83%
8/15/07 16,062,740 6,312,740 9,750,000 360 141 218 39% 61%
9/15/07 14,471,940 6,308,940 8,163,000 335 146 189 44% 56%

Water Year 2007 151,823,580 289
10/15/07 11,450,630 11,450,630 0 257 257 0 100% 0%
11/15/07 11,137,000 11,137,000 0 258 258 0 100% 0%
12/15/07 11,642,000 11,638,000 4,000 261 261 0 100% 0%
1/15/08 11,692,000 11,586,000 106,000 262 260 2 99% 1%
2/15/08 10,876,000 10,832,000 44,000 260 259 1 100% 0%
3/15/08 10,617,000 10,617,000 0 238 238 0 100% 0%
4/15/08 9,293,000 9,293,000 0 215 215 0 100% 0%
5/15/08 8,500,000 8,500,000 0 190 190 0 100% 0%
6/15/08 10,230,000 7,182,000 3,048,000 237 166 71 70% 30%
7/15/08 15,852,000 1,479,000 14,373,000 355 33 322 9% 91%
8/15/08 13,302,000 3,714,000 9,588,000 298 83 215 28% 72%
9/15/08 11,638,000 6,318,000 5,320,000 269 146 123 54% 46%

Water Year 2008 136,229,630 103,746,630 32,483,000 259 197 62 76% 24%
10/15/08 8,203,000 8,203,000 0 184 184 0 100% 0%
11/15/08 5,241,000 5,241,000 0 121 121 0 100% 0%

Note:  
Pumping from Wells 1, 2, and 5 through the beginning of August 2004.
Wells 6 and 7 placed into service August 2004.
New WTP placed online June 2006

No Data

No Data

No Data
No Data
No Data
No Data
No Data
No Data

No Data No Data

No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data

No Data
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2003 2004 2005 2006 2007 2008 2009 2010 2024
Actual Average Annual Demand (gpm) 230 205 194 236 289 259 no data no data no data

Estimated Average Day Demand - No Conservation (gpm) no data no data 247 256 265 274 284 293 473
Estimated Average Day Demand - Conservation (gpm) no data no data 241 248 255 262 269 278 426

Estimated Peak Day Demand - No Conservation (gpm) no data no data 593 614 636 658 682 703 1,135
Estimated Peak Day Demand - Conservation (gpm) no data no data 578 595 612 629 646 667 1,022

Source Capacity with Diversion Limitation and Well Water Rights1 1,010 1,010
Peak Day Demand Surplus or Deficiency - No Conservation (gpm) 307 -125

Peak Day Demand Surplus or Deficiency - Conservation (gpm) 343 -12

Source Capacity with Well Water Rights Only2 610 610
Peak Day Demand Surplus or Deficiency - No Conservation (gpm) -93 -525

Peak Day Demand Surplus or Deficiency - Conservation (gpm) -57 -412

Note:
1.  Assumes river limited to diversion of 400 gpm and wells pumping 610 gpm.  WTP capacity upgraded.  
2.  Assumes no river diversion  and wells pumping 610 gpm.  WTP capacity upgraded.  
Summarized from Tables 4-10, 7-3, and 7-4,  Town of Eatonville Comprehensive Water System Plan,  RH2 Engineering Inc., 2005.

not applicable
not applicable

TABLE 4-5
SUMMARY OF TOWN OF EATONVILLE FUTURE WATER USE

Year

not applicable

not applicable
not applicable
not applicable
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5/5/08 8/4/08 11/3/08 2/2/09 5/4/09 8/3/09 11/2/09
Chloroform mg/L nc 7 10.6 70.7 7.6 5.1 6.0 17.5 12.9

Bromodichloromethane mg/L nc 0.3 1.4 1.5 1.9 1.4 1.0 1.3 1.5
Total Trihalomethane mg/L 80 nc 12 72.2 9.5 6.5 7.0 18.8 14.5

Dibromochloromethane mg/L nc 0.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5
Bromoform mg/L nc 5 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Chloroform mg/L nc 7 37.1 56.9 26.1 27.4 25.2 32.2 24.5

Bromodichloromethane mg/L nc 0.3 2.3 1.8 2.4 2.6 1.9 1.8 1.8
Total Trihalomethane mg/L 80 nc 39.4 58.7 28.5 30.0 27.1 34.0 26.3

Dibromochloromethane mg/L nc 0.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5
Bromoform mg/L nc 5 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6
Chloroform mg/L nc 7 24.0 71.8 22.9 9.5 28.4 28.0 24.8

Bromodichloromethane mg/L nc 0.3 1.9 1.0 2.4 1.9 2.3 1.9 2.1
Total Trihalomethane mg/L 80 nc 25.9 72.8 25.3 11.4 30.7 29.9 26.9

Dibromochloromethane mg/L nc 0.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5
Bromoform mg/L nc 5 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6

5/5/08 8/4/08 11/3/08 2/2/09 5/4/09 8/3/09 11/2/09
Diclhloroacetic Acid mg/L nc nc 6.0 37.8 3.5 3.0 13.6 <1.0 6.2

Monochloroacetic Acid mg/L nc nc <2.0 4.9 <2.0 <2.0 <2.0 <2.0 <2.0
Monobromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Dibromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Bromochoroacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Triclhloroacetic Acid mg/L nc nc 2.5 34.3 1.5 2.3 8.5 4.1 2.6
HAA(5) mg/L 60 nc 8.5 77.0 5.0 5.3 22.1 4.1 0.8

Diclhloroacetic Acid mg/L nc nc 18.0 2.3 1.5 6.5 4.1 <1.0 1.7
Monochloroacetic Acid mg/L nc nc <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Monobromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Dibromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Bromochoroacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Triclhloroacetic Acid mg/L nc nc 6.1 2.3 3.4 7.7 3.1 5.6 2.8
HAA(5) mg/L 60 nc 24.1 5.6 4.9 14.2 7.2 5.6 4.5

Diclhloroacetic Acid mg/L nc nc 16.8 2.5 8.1 5.9 15.6 <1.0 <1.0
Monochloroacetic Acid mg/L nc nc <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Monobromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Dibromoacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Bromochoroacetic Acid mg/L nc nc <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

Triclhloroacetic Acid mg/L nc nc 4.6 26.1 6.3 4.0 9.6 6.1 <1.0
HAA(5) mg/L 60 nc 21.4 29.6 14.4 9.9 25.2 6.1 <15

Shaded cells exceed drinking water quality or anti-degradation criteria.
nc:  no criteria

TABLE 5-1
SUMMARY OF FINISHED WATER DISINFECTION BY-PRODUCTS AND HALOACENTIC ACIDS

WAC 173-
200

Criteria

Sample Date

303 Antonie Ave.

650 Joy St.

Sample 
Location Constituent Units MCL

WAC 173-
200

Criteria
Sample Date

303 Antonie Ave.

10920 Eatonville 
Highway

Data downloaded from Washington Department of Health Online Database (http://www4.doh.wa.gov/SentryInternet/Disclaimer.aspx?Page=/SentryInternet/FindWaterSystem.aspx.)

650 Joy St.

10920 Eatonville 
Highway

Sample 
Location Constituent Units MCL
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 Storage 
Concept Location

Geologic 
Unit(s)

Groundwater 
Occurrence

Aquifer 
Thickness 
and Depth 
Interval (ft)

Well Yields 
(gpm)

Transmissivity 
(ft2/d) Storativity

Available 
Data

Water Levels 
(feet bgs) Water Quality

Potential 
Storage 

Quantities                             
(AF)

Relative 
Cost 

(1=low, 
4=high) Uncertainties

Investigation 
Requirements

Shallow Aquifer 
Recharge

Eatonville 
Wellfield

Alluvial 
Deposits

Alluvial Materials, 
Unconfined

25-60 feet thick, 
50 to 100 feet 

bgs 150-350 10,000 to 40,000

 10-3 to 10-4 (from 
pumping tests Wells 6 
and 7) but connection 

with river suggests 
unconfined (0.05 to 

0.15?)

Water Quality, 
Well Logs, 

Pumping Tests, 
Groundwater and 

River Levels, 
Geophysical 

Surveys 10-20

Some alluvial water 
is GUI, native 

groundwater has 
elevated turbidity, 

low pH TBD TBD

Residence time of 
recharged water, 
available storage 

quantity
Pilot recharge facility, 

testing

Eatonville 
Wellfield Basalt Basalt, Confined

Thin Fractures 
and Fracture 
Zones within 
Unfractured 

Rock 5-10 15-20
Unknown, likely 10-3 to 

10-5

Well Logs, 
Pumping Test, 
Limited Water 

Quality, 
Geophysical 

Surveys 30-35?

Limited data suggest 
elevated Fe and Mn 
but sample turbidity 

high (>5 NTU) TBD TBD

Water Quality
Hydraulic Properties
Communication with 
Surface Water and 

Other wells
Geophysical survey?, 
test well, pilot testing

Surrounding 
Area

Glacial 
Sediments

Glacial Sediments, 
Confined or 
Unconfined

20-40 feet thick, 
70 to 150 feet 

bgs 5-100 10-20,000

Unknown, likely 10-3 to 
10-4 if confined, 0.05 
to 0.15 if unconfined

Well Logs, 
Airlift/Bail Flows 1 to 300 Unknown TBD TBD

Water quality
Hydraulic properties
Communication with 
Surface Water and 

Other wells
Geophysical survey?, 
test wells, pilot testing

Mashel 
Formation

Semi-consolidated 
Sediments, Confined 

or Unconfined?

60 to >100 feet 
thick, 100 to 250 

feet bgs 10-40 5-800

Unknown, likely 10-3 to 
10-4 if confined, 0.05 
to 0.15 if unconfined

Well Logs, 
Airlift/Bail Flows 10-350 Unknown TBD TBD

Water Quality
Hydraulic Properties
Communication with 
Surface Water and 

Other wells
Geophysical survey?, 
test wells, pilot testing

Basalt Basalt, Confined

Thin Fractures 
and Fracture 
Zones within 
Unfractured 

Rock <5-150 4-1,780
Unknown, likely 10-3 to 

10-5
Well Logs, 

Airlift/Bail Flows +1 to 300 Unknown TBD TBD

Water Quality
Hydraulic Properties
Communication with 
Surface Water and 

Other wells
Geophysical survey?, 
test wells, pilot testing

Deep 
Groundwater 
Development/ 

Storage
Ohop Creek 

Valley
Glacial 

Sediments
Glacial Sediments, 

Likely Confined
Unknown, > 140 

feet 10-100? Unknown
Unknown, likely 10-3 to 

10-4?

Well Logs, 
Airlift/Bail Flows, 

Geophysical 
Surveys +7 to 20 to 100 to 200 Unknown TBD TBD

Geological Conditions
Hydraulic Properties

Water Quality
Communication with 
Surface Water and 

Other Wells                
Basin Closed to Further 

Withdrawals
Geophysical survey, 

test well, pumping  test

Deep Aquifer 
Recharge

TABLE 6-1
CONCEPTUAL HYDROGEOLOGICAL MODEL SUMMARY
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Tranmissivity 
(ft2/d)

Recharge Rate         
(cfs)

Recharge 
Rate (gpm)

Recharge 
Volume 
(Mgal)

Recharge 
Volume 

(AF)

Buildup at 
Center of 
Infiltration 
Pond (feet)

Depth to 
Water at 
Center of 
Infiltration 

Pond                   
(feet bgs)

Depth to 
Water 1,000 

feet from 
Pond                   

(feet bgs) 
0 50 15 46 1.03 13.97 14.76

0.22 100 30 93 2.06 12.94 14.51
0.33 150 45 139 3.10 11.90 14.27
0.45 200 60 186 4.13 10.87 14.02
0.11 50 15 46 1.58 13.42 14.89
0.22 100 30 93 3.16 11.84 14.78
0.33 150 45 139 4.74 10.26 14.67

0.45 200 60 186 6.32 8.68 14.56

Note:
Recharge duration of 90 days 
Depth to water assumes pre-recharge depth to water of 15 feet bgs.

10,000

30,000

TABLE 6-2
SUMMARY OF SHALLOW AQUIFER RECHARGE MOUND HEIGHTS
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Tranmissivity 
(ft2/d)

Recharge Rate         
(cfs)

Recharge 
Rate (gpm)

Recharge 
Volume 
(Mgal)

Recharge 
Volume 

(AF)

Drawdown or 
Buildup at 
Well (feet)

Radius of 
Influence1 

(feet)
0.06 25 8 23 21.82 8,680
0.11 50 15 46 43.64 13,103
0.17 75 23 70 65.46 15,292
0.22 100 30 93 87.28 16,576
0.06 25 8 23 5.72 2,259
0.11 50 15 46 11.44 8,499
0.17 75 23 70 17.16 13,545
0.22 100 30 93 22.88 17,360

Note:
1.  Point where drawdown or buildup is less than or equal to one foot.

TABLE 6-3
SUMMARY OF BUILDUP FOR BASALT AQUIFER RECHARGE

500

2,000
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Hydrogeologic 
Unit Tranmissivity (ft2/d)

Recharge 
Rate         
(cfs)

Recharge 
Rate (gpm)

Recharge 
Volume 
(Mgal)

Recharge 
Volume 

(AF)

Drawdown or 
Buildup at Well 

(feet)

Radius of 
Influence1 

(feet)
0.06 25 7.6 23 249 5,554
0.11 50 15 46 497 5,778
0.17 75 23 70 746 5,854
0.22 100 30 93 994 5,892
0.06 25 7.6 23 14 7,085
0.11 50 15 46 28 12,846
0.17 75 23 70 42 16,089
0.22 100 30 93 55 18,159
0.06 25 7.6 23 53 9,080
0.11 50 15 46 106 11,016
0.17 75 23 70 158 11,775
0.22 100 30 93 211 12,174
0.06 25 7.6 23 0.6 <1
0.11 50 15 46 1.2 <1
0.17 75 23 70 1.8 16
0.22 100 30 93 2.5 142

Note:
1.  Point where drawdown or buildup is less than or equal to one foot.

Glacial Materials

200

20,000

TABLE 6-4
SUMMARY OF BUILDUP FOR GLACIAL MATERIALS AND MASHEL FORMATION AQUIFER RECHARGE

Mashel Formation

40

800
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Tranmissivity 
(ft2/d)

Recharge Rate         
(cfs)

Recharge 
Rate (gpm)

Recharge 
Volume 
(Mgal)

Recharge 
Volume 

(AF)

Drawdown or 
Buildup at 
Well (feet)

Radius of 
Influence1 

(feet)
0.06 25 8 23 11.18 6,010
0.11 50 15 46 22.35 12,270
0.17 75 23 70 33.53 16,032
0.22 100 30 93 44.70 18,530
0.06 25 8 23 5.72 2,259
0.11 50 15 46 11.44 8,499
0.17 75 23 70 17.16 13,539
0.22 100 30 93 22.88 17,352

Note:
1.  Point where drawdown or buildup is less than or equal to one foot.

TABLE 6-5
SUMMARY OF BUILDUP AND DRAWDOWN FOR GLACIAL MATERIAL IN OHOP VALLEY

1,000

2,000
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 Storage Concept Location

Potential to 
Meet 

Storage or 
Capacity 

Goal

Potential 
Recharge 

Rate (gpm)

Potential 
Recovery 

Rate        
(gpm)

Permitting 
Requirements

Infrastructure 
Requirements

Positive 
Implementation 

Factors Potential Limitations 
Investigative 

Requirements
Storage 
Ranking

Cost 
Ranking

Overall 
Ranking

Shallow Aquifer 
Recharge

Eatonville 
Wellfield Low 50-100 100-300

UIC Registration         
ASR Reservoir Permit                         

Start Card and Well Site 
Inspection for New wells

Infiltration 
Basin/Gallery                       
Recovery and 

Monitoring Wells                      
Pumps and Pipes                

Treatment

Close to Wellfield and WTP  
Infrastructure                                  

Known Water Quality                 
Known Aquifer Properties

Storage Volume, Surface 
Water Dischage

Pilot Recharge Facility 
and Testing 2 to 3 1 2

Eatonville 
Wellfield Basalt

Low to 
Moderate 10-50 10-50

Preliminary Permit UIC 
Registration                    

ASR Reservoir Permit         
Start Card and Well Site 
Inspection for New wells

ASR Well            
Piping and Pumps           

Treatment

Close to Wellfield and WTP  
Infrastructure                                   

Likely Limited Interaction with 
Surface Water and Alluvial 

Aquifer

Basalt Aquifer Hydraulic 
Properties                           

Storage Volume                                              
Water Quality

ASR Test Well and 
Monitoring Wells                     
Pumping Tests                          

ASR Pilot Testing 1 to 3 2 1

Surrounding Area 
(Basalt, Mashel 

Formation, Glacial 
Aquifer)

Low to 
Moderate 10-100 10-100

UIC Registration         
ASR Reservoir Permit 

Start Card and Well Site 
Inspection for New wells

Connection to 
System                      

ASR Well                                        
Piping and Pumps             

Treatment
Potential Permeable Confined 

Aquifers

Aquifer Hydraulic 
Properties                                                

Continuity with Surface 
Water                               

Storage Volume                                               
Distal from Rest of System                       

Land Ownership and 
Access

Test Well                     
Pumping Tests                          

Pilot Testing 2 to 3 3 to 5 3

Deep Groundwater 
Development/Storage

Ohop Creek 
Valley Moderate 50-200 50-200

Preliminary Permit               
UIC Registration         

ASR Reservoir Permit 
Mitigation Plan            

Start Card and Well Site 
Inspection for New wells

Connection to 
System 

Pumping/Recharge 
Well                  

Piping and Pumps              
Treatment?

Potential Permeable Confined 
Aquifer with Little Other GW 

Use                                            
Possible Limited Continuity 

with SW

Land Ownership and 
Access                    

Continuity with Surface 
Water                                            

Distal from Rest of System                                     
Closed Basin - Mitigation 

Requirements or ASR 
Permit Conditioning

Test Well                     
Pumping Tests 1 to 3 4 to 5 3

Note:
Relative Cost Ranking:  1 = Lowest, 5= Highest
Relative Storage Ranking  1 = Highest, 3= Lowest

TABLE 6-6
SUMMARY OF RECHARGE ALTERANTIVES

Deep Aquifer 
Recharge

031110mk1_Tables.xlsx



 

 

FIGURES  



")

#*

#*

A

E

B
B'

E'

A'

Test Well

Ohop Creek

Mashel River

D' C'

DC

1

1

1

1

4

1

41

1

2

2

1

33

1

1

1

1

1

1

1

1

1

2

2

1

2 2

2

1

1 1

3 1

1

1

1

1 8

2

2

1 1

1

2 3

3 3

1 1

2 5

3

4

4

1 2

1

2

1
3

1 1

2

1

1

1

1

2

1

2

4

2

1

2

1

5

1

1

1

2

1

2
2

31 1

6 33 3

1

1

1

1

1 4

4 3 8

1

1
1

1 1

5

1

11

1

1

2 1

5

2 2

6

1

1

5 1

4 5

5

1

3 7

4 5

3

4 4

1

1

4 4

6 5

2 3

5

4

12

33 10

This figure was originally produced in color. Reproduction 
in black and white may result in a loss of information.

0 2000

Map Projection:
Washington State Plane
South Zone NAD 1983

Source:
USGS (24k quadrangle map),

Golder Associates, Inc.

Scale in Feet

Golder Associates

FIGURE 3-1
LOCATION MAP
EATONVILLE/STORAGE EVALUATION/WA

LEGEND

08393607100F02R03.mxd | 12/22/09 | BVANG-JOHNSON

#* USGS Gauge Station

") Town of Eatonville 1942 Test Well

Cross Section LocationA A'

Well Location and Number of Wells
1



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow

0

1

2

3

4

5

6

7

8

9

1

10

100

1000

10/1 10/31 12/1 12/31 1/31 3/1 4/1 5/1 6/1 7/1 8/1 8/31 10/1

P
re

ci
p

it
at

io
n

 (
in

ch
e

s)

St
re

am
fl

o
w

 (
cf

s)

Date

Ohop Creek

Mashel River

Monthly Precipitation at McMillan Reservoir

Monthly Precipitation at Mowich Sno-Tel Station

Snowmelt at Mowich Sno-Tel Station

FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE 3-2

Checked

Drawn

Reviewed

MPK

MPK

DB

Mean Daily Flow for Ohop Creek and Mashel River (WY 1998-2008)

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\tables.xlsx

0

1

2

3

4

5

6

7

8

October November December January February March April May June July August September

In
ch
e
s

Month

Precipitation at McMillan Reservoir

Total Runoff at Ohop Creek at Gage

PET at McMillian Reservoir

Actual Evapotranspiration

Groundwater Recharge

FIGURE 3-3

Checked

Drawn

Reviewed

MPK

DH

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607.005

June 2009

Title

Project Name

Client Name

Project No.

Date

Ohop Creek Water Balance



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\tables.xlsx

0

1

2

3

4

5

6

7

8

October November December January February March April May June July August September

In
ch
e
s

Month

Precipitation at Mowich Sno-Tel

Total Runoff at Mashel River at Gage

PET at Mowich Sno-Tel

Actual Evapotranspiration

Groundwater Recharge

FIGURE 3-4

Checked

Drawn

Reviewed

MPK

DH

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607.005

June 2009

Title

Project Name

Client Name

Project No.

Date

Mashel River Water Balance



&<

Qap

Oev

Qp

Qgf

Qgf

Mov

Qgf

Qvl(lc)

Qap

Qal
Qal

Qgt

Qgt

Qap

Qp

Qp

Qal

Qgt

Qal

Mc(m) Qal

Mc(m)

Qgt

Oev

Oev

QpQp

Qgf

Qgf

Qp

Oev

Qp

Qgt
Qgt

QpQgp

Qal

Qal

Oev

Qap

Oev

Qp

Qp

Qp

Oev

Mc(m)

Qp
Mov

Oev
Qgp

Qgf

Qgp

Qgf

Qal

Qgf

Qgt

Qgf

Qgf

Qp

Mc(m)

Oev
Mc(m)

Qap

Oev

Qgp

Qgf Oev

Qgf

Qap

Oev

Qgf

Oev

Qgf

Mov

Qgt

Qap
Oev

Qap

Qal Qal
Qal

Mov
Mov

Qls

Mov

Mov

Qls

Qls

R04E R05E

T17E

T16E

1 6
1 6

36 31

1 6

36 3136 31

La Grande
Reservoir

Mashel                  River

La
ke 

K
ap

ow
si

n

Ta
nwax 

Lak
e

Clear 
Lake

O
hop 

Lake

Silver 
Lake

Alder Lake

¬«161

¬«161
¬«7

¬«7

¬«7

¬«7

Ohop 
Creek

Ohop

Eatonville

La Grande

Alder

Elbe

08393607100F03R01.mxd | 5/20/2009 | THAMMOND Golder Associates

FIGURE 3-5
SURFACE GEOLOGY MAP

EATONVILLE/STORAGE EVALUATION/WA

LEGEND
This figure was originally produced in color. Reproduction 

in black and white may result in a loss of information.

Map Projection:
Washington State Plane
North Zone NAD 1983

Source: Washington State Department of Natural Resources,
Washington State Department of Transportation

Scale in Feet

0 6000

Geologic Units
Qal - Quaternary alluvium
Qls - Quaternary landslide deposits
Qp - Quaternary peat deposits
Qvl(lc) - Quaternary lahar deposits
Qgt - Quaternary continental glacial till
(Fraser)
Qgp - Quaternary continental glacial drift
(pre-Fraser)

Qap - Quaternary alpine glacial drift
(pre-Frasher)
Qgf - Quaternary continental glacial drift
(Fraser)
Mov - Miocene basalt and andesite
Mc(m) - continental sedimentary deposits or rocks
Oev, Oligocene basalt, andesite and tuff

&<

USGS Ohop
Creek Gauge

Cities

Roads

Streams

Waterbodies

Township and Range

Sections36













This figure was originally produced in color. Reproduction 
in black and white may result in a loss of information.

"
"

"
"

"́

"́

"́

"́
"́

#S

#S
#S

Surface 
Water 
Intake

F

G

G'

H

F'

H'

T16-0N R4-0E S 23
T16-0N R4-0E S 24

T16-0N R4-0E S 14
T16-0N R4-0E S 13

Well 7

Well 6

Well 5

Well 4

Well 3

Well 2

Well 1

TW-03-04

TW-03-03

TW-03-01

TW-03-02

 R&N Test Well

Golder Associates

LEGEND

FIGURE 3-11
TOWN OF EATONVILLE WELL FIELD AREA

EATONVILLE/ STORAGE ASSESMENT DEVELOPMENT/ WA

Map Projection:
Washington State Plane,

South Zone, NAD 83, Feet

Scale in Feet

0 200

#S Production Wells (not in service)

"́ Test Wells

" Production Wells

Township Range Section

PLSS Quarter Section

Parcel Boundry

Source: WSDOE, WSDOT

0331531001108F01R04.mxd | 3/11/10 | THAMMOND

Cross Section LocationF F'









V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\tables.xlsx

FIGURE 5-1

Checked

Drawn

Reviewed

MPK

DH

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607.005

June 2009

Title

Project Name

Client Name

Project No.

Date

0

100

200

300

400

500

600

700

10/1 10/31 11/30 12/31 1/30 3/1 3/31 4/30 5/31 6/30 7/31 8/30 9/30

G
al

lo
n

s 
P

e
r 

M
in

u
te

Date Water Year 2008

Total Water Produced

Total Well Production

River Production

Excess Capacity

WTP Capacity (1 MGD)

Town of Eatonville Water Year 2008 Water Production



 

 

APPENDIX A 
STREAMFLOW DATA  

Caption Text 



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow

1

10

100

1000

10000

1-Oct-97 1-Oct-98 1-Oct-99 30-Sep-00 1-Oct-01 1-Oct-02 1-Oct-03 30-Sep-04 1-Oct-05 1-Oct-06 1-Oct-07 30-Sep-08

St
re

am
fl

o
w

 (
cf

s)

Date

FIGURE A-1

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE A-1

Checked

Drawn

Reviewed

MPK

MPK

DB

Ohop Creek Hydrograph  (WY 1998-2008)

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date

USGS 12088000 OHOP CREEK NEAR EATONVILLE, WA



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow

1

10

100

1000

10000

1-Oct-97 1-Oct-98 1-Oct-99 30-Sep-00 1-Oct-01 1-Oct-02 1-Oct-03 30-Sep-04 1-Oct-05 1-Oct-06 1-Oct-07 30-Sep-08

St
re

am
fl

o
w

 (
cf

s)

Date

FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE A-2

Checked

Drawn

Reviewed

MPK

MPK

DB

Mashel River Hydrograph (WY 1998-2008)

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-005

March 2010

Title

Project Name

Client Name

Project No.

Date

USGS 12087000 MASHEL RIVER NEAR LA GRANDE, WA



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

1

10

100

1000

10000

100000

1-Oct-97 1-Oct-98 1-Oct-99 30-Sep-00 1-Oct-01 1-Oct-02 1-Oct-03 30-Sep-04 1-Oct-05 1-Oct-06 1-Oct-07 30-Sep-08

St
rr

e
am

fl
o

w
 (

cf
s)

Date

FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE A-3

Checked

Drawn

Reviewed

MPK

MPK

DB

Nisqually River at McKenna (WY 1998-2008)

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date

USGS 12089500 NISQUALLY RIVER AT MCKENNA, WA



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River (Nov 1-14)

Probability Nisqually river (Nov 15-30)

Probability Mashel River (Nov 1-14)

Probability Mashel river (Nov 15-30)

MISF Nisqually River

MISF Mashel River (Nov 1-14)

MISF Mashel River (Nov 15-30)

FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE A-4

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - November

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River

Probability Mashel River

MISF Nisqually River

MISF Mashel River

FIGURE A-5

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - December

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River

Probability Mashel River

MISF Nisqually River

MISF Mashel River

FIGURE A-6

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - January

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River

Probability Mashel River

MISF Nisqually River

MISF Mashel River

FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE A-7

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - February

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River

Probability Mashel River

MISF Nisqually River

MISF Nisqually River

FIGURE A-8

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - March

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 10 100 1000 10000 100000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River

Probability Mashel River

MISF Nisqually River

MISF Mashel River

FIGURE A-9

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - April

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



V:\PROJECTS\_2008 PROJECTS\083-93607 Eatonville_Storage_Banton\Phase 500 Reporting\Revised Report Mar 10\Final Report March 2010\Appendix A Streamflow\USGS steamflow nisqually

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

10 100 1000 10000

P
ro

b
ab

ili
ty

 (
%

)

Discharge (cfs)

Probability Nisqually River (May 1-14)

Probability Nisqually River (May 15-31)

Probability Mashel River (May 1-14)

Probability Mashel River (May 15-31)

MISF Nisqually River

MISF Mashel River( May 11-14)

MISF Mashel River (May 15-31)

FIGURE A-10

Checked

Drawn

Reviewed

MPK

MPK

DBWADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date FIGURE

Checked

Drawn

Reviewed

MPK

MPK

DB

MISF Exceedance - May

WADOE/Eatonville Storage/WA

WADOE/Town of Eatonville

083-93607-500

March 2010

Title

Project Name

Client Name

Project No.

Date



 

 

APPENDIX B 
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APPENDIX C 
WELL LOG DATABASE  
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Well Tag 
Number

Well 
Depth 
(feet 
bgs)

Well 
Diameter 
(inches) Well Owner

Depth 
to 

Water    
(feet 
btc)

Pumping 
Rate       

(gpm)
Drawdown 

(feet)

Type 
of 

Test

Specific 
Capacity 
(gpm/ft)

Transmissivity 
(ft2/d)

Completion 
Material TRS Well Location

Well 
Completed 

Date
Well 
Type

AKB440 253 6 AMERICAN HOME CENTER 195 25 Air na Unconsolidated T16N/R4E-SW-NE 10 11/15/2004 W
241 6 BARRY PENN 200 6.6 Air na Unconsolidated T16N/R4E-SE-SE 10 10/25/1988 W
250 6 BILL MOBLEY 3 Bail na Unconsolidated T16N/R4E-SE-NE 10 8/12/1980 W
118 6 BOB DOUD 50 10 Air na Unconsolidated T16N/R4E-NW-NE 10 6/20/1995 W

AAZ104 6 BOBBY RICE 150 8 21 Bail 0.4 100 Unconsolidated T16N/R4E-SW-SE 10 12/2/1996 W
279 6 BRENT MICHAELSONS 212.4 10 Air na Unconsolidated T16N/R4E-NE-SW 10 8/2/1994 W

ABQ275 93 6 BRUCE HULTKRANTZ 54 15 10 Bail 1.5 400 Unconsolidated T16N/R4E--SW 10 3/13/1996 W
110 6 BW VON FASSEN 60 2 50 Bail 0.0 10 Unconsolidated T16N/R4E-NW-SE 10 1/8/1979 W

AAZ864 298 6 CARRIAGE HOUSE 188 6 Air na Unconsolidated T16N/R4E-NE-NW 10 6/2/1997 W
157 6 CHERYL SCHACTLER 122 15 9 Bail 1.7 450 Unconsolidated T16N/R4E--SW 10 11/17/1988 W
68 6 CLARENCE POTTER 2 Bail na Unconsolidated T16N/R4E-NW-SE 10 9/16/1980 W
265 6 DAN & KAREN WORTHY 222 9 Air na Unconsolidated T16N/R4E-SW-NE 10 W
278 6 DAN WORTHY 231 10 Air na Mashel Fm. T16N/R4E-NW-NW 10 2/22/1989 W

ABV261 47 6 DARYLE HOLDER 21 30 Air na Unconsolidated T16N/R4E-SW-SW 10 6/27/1995 W
6 DAVE SCHACTLER 100 15 0 Bail na Unconsolidated T16N/R4E-- 10 W

AEK391 218 6 DAVE WAZBACH 160 10 Air na Basalt T16N/R4E-NE-NW 10 3/16/1999 W
50 6 DAVID REED 25 20 15 Bail 1.3 360 Unconsolidated T16N/R4E-NE-NW 10 8/20/1978 W
180 6 DON PENY 152 12 20 Bail 0.6 160 Unconsolidated T16N/R4E-NW-NW 10 8/15/1983 W
179 6 DON RAMUSON 151 10 16 Bail 0.6 170 Unconsolidated T16N/R4E-SW-NE 10 8/30/1991 W
78 6 DON RAMUSON 3 10 46 Bail 0.2 60 Unconsolidated T16N/R4E-SW-NE 10 9/3/1991 W
270 6 DOUG BROWN 1.6 Air na Unconsolidated T16N/R4E-- 10 11/12/1977 W
96 6 ERVIN KIPFER 71 20 Air na Unconsolidated T16N/R4E-SW-SW 10 W

6 EVEYLYN CHAPMAN 17 40 1 Bail 40.0 10,690 Unconsolidated T16N/R4E-SE-SE 10 2/13/1978 W
150 6 FRANCIS SOTER & PM MADDOX 115 5 Air na Unconsolidated T16N/R4E-NW-SW 10 9/26/1988 W
51 6 GARY MCGINNIS 5 10 13 Bail 0.8 210 Unconsolidated T16N/R4E-NE-SE 10 5/8/1977 W
280 6 GARY SUNDE 234 7 Air na Unconsolidated T16N/R4E--SW 10 6/19/1992 W
168 6 GEORGE BLANK 5 Bail na Unconsolidated T16N/R4E-NW-SE 10 3/6/1980 W
256 6 GEORGE HONROTH 225 15 10 Bail 1.5 400 Unconsolidated T16N/R4E-SE-SE 10 3/20/1978 W
256 6 GRAHAM REALTY 227 6 12.5 Pump 0.5 130 Unconsolidated T16N/R4E-- 10 4/10/1991 W

AEF041 176 6 HEMMING WAY DALE 134 15 Air na Unconsolidated T16N/R4E-NW-NW 10 1/13/2000 W
301 6 JAY GUTKA 244 10 23 Bail 0.4 120 Unconsolidated T16N/R4E-SW-SE 10 2/6/1992 W
179 6 JEFFREY DAVIS 156 20 38 Bail 0.5 140 Unconsolidated T16N/R4E-NW-NE 10 9/16/1981 W

AEN435 188 6 JOE STRALING 157 12 22 Bail 0.5 150 Unconsolidated T16N/R4E-NW-NE 10 10/11/1999 W
18 6 JOHN MCCARTHY 90 3.5 Air na Unconsolidated T16N/R4E-SE-SW 10 4/21/1994 W
80 6 JONATHAN SLAYTON na T16N/R4E-SE-SE 10 1/25/1984 W
120 6 KELLY MAYNE 80 10 Air na Unconsolidated T16N/R4E-NE-SE 10 7/22/1992 W

ABF490 220 6 LARRY MCNETT 180 5 0 Bail na Mashel Fm. T16N/R4E-SW-NE 10 5/1/1995 W
196 6 LAURINDA BARROW 165 8 27 Bail 0.3 80 Unconsolidated T16N/R4E-NW-NW 10 2/19/1979 W
200 6 MARK GRAHAM na T16N/R4E-NW-SW 10 7/22/1991 W
190 6 MARTY SPROUT 163 10 15 Bail 0.7 180 Unconsolidated T16N/R4E-NW-SW 10 10/18/1983 W
157 6 MARY & DAVE SCHACTLER 105 40 Air na Mashel Fm. T16N/R4E-SW-SW 10 1/12/1996 W
175 6 MELVIN COX 155 10 18 Bail 0.6 150 Unconsolidated T16N/R4E-SW-NW 10 1/30/1979 W
303 6 MICHAEL CASSIDY 200 5 Air na Mashel Fm. T16N/R4E-NW-NE 10 12/15/1994 W
152 6 MIKE DEAN 125 20 12 Bail 1.7 450 Unconsolidated T16N/R4E-- 10 6/9/1983 W

ACK554 198 6 MIKE MCGEHEE 160 20 Air na Unconsolidated T16N/R4E-NE-NW 10 8/5/1996 W
AHL759 256.6 6 MIL FEINIERA 190.6 25 Air na Unconsolidated T16N/R4E-SW-SE 10 3/2/2004 W

100 6 MILO HIBBERT 75 10 13 Bail 0.8 210 Unconsolidated T16N/R4E-SW-NW 10 7/14/1980 W
80 6 MILO HIBBERT 67 5 10 Bail 0.5 130 Unconsolidated T16N/R4E-SW-NW 10 4/23/1980 W
140 6 NANCY MCGINNIS 20 10 Air na Mashel Fm. T16N/R4E-SW-SE 10 7/7/1988 W
100 6 RANDY HILL 95 6 Air na Unconsolidated T16N/R4E-SE-SW 10 5/29/1980 W
122 6 RAY BOATMAN 80 12 Air na Unconsolidated T16N/R4E-NE-SE 10 7/20/1992 W
209 6 RAYMOND HARPER 124 13 16 Bail 0.8 220 Mashel Fm. T16N/R4E--SE 10 10/2/1991 W

ACK060 6 RICHARD PEASE 65 15 Air na Unconsolidated T16N/R4E-NW-SE 10 8/14/1996 W
190 6 ROBERT HUGHES 151 10 Air na Unconsolidated T16N/R4E-NW-SW 10 1/17/1995 W

ABF393 279 6 RONALD PIERCE 197 5 58 Bail 0.1 20 Mashel Fm. T16N/R4E-SE-SW 10 6/13/1994 W
ROY BANBUSKIRK 27 35 Air na T16N/R4E-NW-NW 10 10/8/1992 W

47 6 ROY VANBUSKIRK 27 20 2 Bail 10.0 2,670 Unconsolidated T16N/R4E-NW-NW 10 9/4/1980 W
ABE765 100 6 SCOTT GERVAIS 60 20 Air na Unconsolidated T16N/R4E-NW-NE 10 6/10/1996 W

TABLE C-1
 SUMMARY OF WELL LOG INFORMATION
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ALK901 351.3 6 SITE READY INC 301 50 Air na Basalt T16N/R4E-SW-SE 10 10/3/2006 W
AEJ137 366 6 SONYA TENFER 200 15 Air na Mashel Fm. T16N/R4E-SE-SW 10 4/8/1999 W

45 6 STAN KAMIENSKI 30 12 6 Bail 2.0 530 Unconsolidated T16N/R4E-NE-NW 10 9/27/1982 W
AFP348 340 6 TRAVIS RUSH 226.5 30 Air na Mashel Fm. T16N/R4E-SW-NW 10 1/22/2001 W
AKT671 299 6 WESPAK LAND DEVELOPERS LLC 237 5 Air na Mashel Fm. T16N/R4E-SW-SE 10 4/23/2004 W
AKT672 299 6 WESPAK LAND DEVELOPERS LLC 230 10 Air na Mashel Fm. T16N/R4E-SW-SE 10 4/23/2004 W
ACD946 6 WILLETT PALMER 209 10 Air na Mashel Fm. T16N/R4E-NE-SW 10 8/27/1996 W

120 6 ALBERT SILBERLING 72 30 20 Bail 1.5 400 Unconsolidated T16N/R4E-NW-NW 11 7/10/1978 W
60 6 ANTONIO NOVELLI 45 15 5 Bail 3.0 800 Mashel Fm. T16N/R4E-NW-SE 11 12/22/1976 W
345 6 BMC ENTERPRISES 211 5 Air na Mashel Fm. T16N/R4E-NE-SE 11 W

AHA288 363 6 BOB HENDRICKSON 280 1 Air na Basalt T16N/R4E-NE-SW 11 11/21/2002 W
BAK619 210 6 CARRIAGE HOUSE 78 15 Air na Basalt T16N/R4E-SW-SW 11 11/14/2007 W
ABS216 200 8 CEDAR CREEK CORRECTIONS CENTER 13.4 70 69.7 Pump 1.0 270 Mashel Fm. T16N/R4E-NE-SE 11 12/6/1986 W
ACK100 57 6 DARRELL HOLDEN 25 30 Air na Unconsolidated T16N/R4E-SE-SW 11 6/1/1996 W
AEF014 200 DENMARK PROP 95 7 Air na Unconsolidated T16N/R4E-SW-SW 11 7/22/1999 W
AFN607 362 6 DENMARK PROPERTIES LTD 125.6 2 Air na Basalt T16N/R4E-SW-NW 11 3/7/2001 W

80 6 ED NELSON 25 10 45 Bail 0.2 60 Unconsolidated T16N/R4E-SW-SW 11 10/6/1978 W
AES930 680 6 EDWARD MURPHY 270 10 Air na Basalt T16N/R4E-NE-NW 11 6/23/1999 W

450 6 Edward/Sandra Murphy 270 1 Air na Mashel Fm. T16N/R4E-NE-NW 11 4/1/1994 W
AKB459 377 8 GERVAIS OHOP WATER SYSTEM 240 15 Air na Basalt T16N/R4E-NE-NW 11 1/17/2005 W

GERVAIS OHOP WATER SYSTEM T16N/R4E-NE-NW 11 5/3/2005 A
ACK149 113 6 HILGA VAHN 82 10 Air na Mashel Fm. T16N/R4E-SE-SW 11 3/21/1997 W
AHM280 360 8 HOPE INTERNATIONAL 176 15 118 Pump 0.1 30 Basalt T16N/R4E-NE-NW 11 10/23/2002 W

299 6 HOPE INTERNATIONAL T16N/R4E-NW-NW 11 9/21/2001 A
265 8 HOPE INTERNATIONAL 115 20 3 Bail 6.7 1,780 Basalt T16N/R4E-SE-NW 11 9/19/1988 W

ABY024 139 6 JIM DOUD 50 10 Air na Unconsolidated T16N/R4E-NW-NW 11 6/21/1995 W
ACC044 75 6 JIM MILLER 56 7 8 Bail 0.9 230 Unconsolidated T16N/R4E-NE-SW 11 7/31/1996 W

300 6 JIM MILLER 180 10 80 Bail 0.1 30 Mashel Fm. T16N/R4E-SE-SW 11 1/24/1978 W
403 6 JIM MILLER 220 10 80 Bail 0.1 30 Mashel Fm. T16N/R4E-SE-SW 11 1/25/1978 W
43 6 JIM MILLER 19 na Unconsolidated T16N/R4E-SE-SW 11 9/3/1996 W

AGT255 53 6 KAREN HERMSTAD 20 60 Air na Unconsolidated T16N/R4E-SW-SW 11 2/28/2002 W
ALK802 300 6 KENT RUTLEDGE 14 2 Air na Basalt T16N/R4E-SE-SW 11 1/26/2007 W

303 6 KIMBERLY THOMAS 153 2 Air na Basalt T16N/R4E-NE-SW 11 10/26/1988 W
720 6 LEE GERVAIS 169 8.5 505 Bail 0.0 0 Basalt T16N/R4E-- 11 W

AEF127 107 6 MADELINE POTTS 79.11 20 Air na Unconsolidated T16N/R4E-NW-NE 11 4/13/2000 W
169 8 MT. HOLIDAY INC. 33 25 59 Pump 0.4 110 Basalt T16N/R4E-SW-SW 11 W
83 6 NOEL MARJORIE 64 na Unconsolidated T16N/R4E-NE-SE 11 10/9/1992 W

AFP218 505 6 PARAMOUNT BUILDERS INC 58.11 15 Air na Basalt T16N/R4E-NE-SE 11 5/10/2001 W
300 6 RANDY DORN +1 10 190 Pump 0.1 10 Basalt T16N/R4E-NW-NW 11 10/31/1986 W

ABW384 82 6 RON CULBERTSON 60 5 Air na Unconsolidated T16N/R4E-NW-NW 11 3/2/1995 W
ABV268 TIM BLOOM 27 10 Air na Unconsolidated T16N/R4E-NE-SE 11 W

265 6 TIM BLOOMF 7 na Mashel Fm. T16N/R4E-NE-SW 11 9/5/1982 W
180 6 WILLIAM STOVER 60 10 60 Bail 0.2 40 Mashel Fm. T16N/R4E-SW-NE 11 5/9/1977 W
220 6 WILLIAM STOVER 50 5 90 Bail 0.1 10 Basalt T16N/R4E-SW-NE 11 W

AAC967 145 6 WILLIAM TIPTON 113.2 12.5 Air na Unconsolidated T16N/R4E-SW-NW 11 W
400 6 ARNOLD COBURN 130 5 100 Bail 0.1 10 Mashel Fm. T16N/R4E-NE-NE 12 12/22/1976 W
97 6 GARY GUILES 3 5 87 Bail 0.1 20 Unconsolidated T16N/R4E-NW-NE 12 8/4/1983 W
363 6 ROBERT BORSH 185 15 125 Bail 0.1 30 Mashel Fm. T16N/R4E-SE-NW 12 6/12/1976 W

ABQ290 132 6 STEVE NELSON 61 10 15 Bail 0.7 180 Unconsolidated T16N/R4E--SE 12 1/10/1995 W
250 6 VERN BLOCK 59 60 Air na Mashel Fm. T16N/R4E-NW-NE 12 10/17/1991 W

AKJ117 422 6 CHAD BARRETT 118 1.5 Air na Basalt T16N/R4E-SE-NW 13 1/17/2005 W
395 6 FORREST COLEMAN 150 1.5 Air na Unconsolidated T16N/R4E-SE-NW 13 3/2/1998 W
380 6 GEORGE GOLLEHON 201 1 Air na Basalt T16N/R4E-SE-NW 13 9/12/1997 W
254 6 GORDON ROBERT 105 30 Air na Unconsolidated T16N/R4E-NE-NW 13 7/18/1988 W
400 6 KURT ERICKSON 354 15 Air na Mashel Fm. T16N/R4E-SE-SW 13 1/11/1993 W
64 6 MIKE BERTRAM na T16N/R4E-SE-NW 13 7/29/1993 W

AAX025 240 6 MIKE BERTRAM 53 10 Air na Unconsolidated T16N/R4E-SE-NW 13 9/14/1994 W
87 6 PAUL GOOD 67 20 Air na Unconsolidated T16N/R4E-NW-NE 13 10/12/1994 W

Decommissioning

Decommissioning
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ACT049 440 6 RON SIMONSEN 112 5 305 Pump 0.0 0 Basalt T16N/R4E-NW-SE 13 8/27/1998 W
WEYERHAEUSER TIMBER CO. 65 10 5 Pump 2.0 530 Unconsolidated T16N/R4E-SW-SW 13 W

101 WASHINGTON AVE. EATONVILLE na T16N/R4E-NE-SW 14 R
101 WASHINGTON AVE. EATONVILLE na T16N/R4E-NE-SW 14 R
101 WASHINGTON AVE. EATONVILLE na T16N/R4E-NE-SW 14 R

AEM088 20 ASSOCIATED PETROLEUM PROD INC na T16N/R4E-NW-SE 14 1/25/1999 R
AEM087 20 ASSOCIATED PETROLEUM PROD INC na T16N/R4E-NW-SE 14 1/25/1999 R
AEM075 20 ASSOCIATED PETROLEUM PROD INC na T16N/R4E-NW-SE 14 1/25/1999 R
AEM052 20 ASSOCIATED PETROLEUM PROD INC na T16N/R4E-NW-SE 14 1/25/1999 R
ACT047 38 6 BRIAN WORKMAN 15 10 Air na Unconsolidated T16N/R4E-NE-SE 14 7/6/1998 W
AKJ152 75.6 6 BRYAN BRIGHT 45.4 37 Air na Unconsolidated T16N/R4E-NE-NW 14 4/25/2005 W

260 6 CANCADE WATERS 20 37 145 Bail 0.3 70 Mashel Fm. T16N/R4E-- 14 5/31/1983 W
73 6 CHARLES POOLE 45 15 60 Bail 0.3 70 Unconsolidated T16N/R4E-NE-NE 14 4/13/1976 W

ABA476 56 8 CHARLES SLEAD 37 15 Air na Unconsolidated T16N/R4E-SE-NE 14 12/27/1995 W
180 6 DALE SWANSON 140 20 Air na Mashel Fm. T16N/R4E-NE-NE 14 11/1/1977 W

ABA477 100 6 DAN & CAROL ARNESTAD 58 10 Air na Unconsolidated T16N/R4E-SE-NE 14 12/28/1985 W
AES902 32 6 DEE RAUBLITZ 21 25 Air na Unconsolidated T16N/R4E-SW-NE 14 4/26/1999 W

54 6 DON ARNESTAD 48.5 10 9 Bail 1.1 300 Unconsolidated T16N/R4E-NE-NE 14 12/21/1992 W
300 6 DONOVAN RULIEN na Mashel Fm. T16N/R4E-SW-SW 14 8/15/1986 W
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 A
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 A
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 A
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 R
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 R
15 7 EATONVILLE SCHOOL DIST | ASSOCIATED EARTH SCIENCES na T16N/R4E-NE-SE 14 2/13/2008 R

26.5 EATONVILLE SCHOOL DISTRICT | CDM na T16N/R4E-NW-SE 14 10/10/2008 R
26.5 EATONVILLE SCHOOL DISTRICT | CDM na T16N/R4E-NW-SE 14 10/10/2008 R
26.5 EATONVILLE SCHOOL DISTRICT | CDM na T16N/R4E-NW-SE 14 10/10/2008 R
26.5 EATONVILLE SCHOOL DISTRICT | CDM na T16N/R4E-NW-SE 14 10/10/2008 R
31.5 EATONVILLE SCHOOL DISTRICT | CDM na T16N/R4E-NW-SE 14 10/10/2008 R

AAD261 38 6 EDWARD TILTON 28 20 Air na Unconsolidated T16N/R4E-NE-NE 14 11/2/1994 W
AKB493 70 6 EDWARD TILTON 27 20 Air na Unconsolidated T16N/R4E-NE-NE 14 4/20/2005 W

145 6 FRANK ASHBY 82.5 12 Air na Basalt T16N/R4E-NE-NE 14 8/19/1987 W
80 6 GEORGE RICHARDS 47 5 Air na Unconsolidated T16N/R4E-SE-NE 14 7/8/1991 W
220 6 GRAG ROGERS 53 60 Air na Unconsolidated T16N/R4E-NE-NW 14 W
79 6 HAL BURLINGAME 66.5 16 Air na T16N/R4E-NE-NE 14 8/18/1987 W
172 6 HERMANN CLEMENS 95 45 40 Bail 1.1 300 Mashel Fm. T16N/R4E-NE-NW 14 1/24/1984 W
80 6 HOWARD BLANCHER 50 40 10 Bail 4.0 1,070 Unconsolidated T16N/R4E-NE-NE 14 3/20/1979 W

14.5 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
16 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
15 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
15 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
16 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
16 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
16 2 JEAN ANN MILLER na T16N/R4E-NW-SE 14 10/11/2005 A
162 6 JIM METTLER Dry na T16N/R4E-NE-SE 14 5/6/1998 W
79 6 JIM METTLER Dry na T16N/R4E-NE-SE 14 5/5/1998 A
79 6 JIM METTLER Dry na T16N/R4E-NE-SE 14 5/5/1998 W
155 6 JOHN TERRIL 10 10 62 Bail 0.2 40 Mashel Fm. T16N/R4E--NE 14 3/29/1976 W
38 6 KAREL NESTEGARD 20 20 3 Bail 6.7 1,780 Unconsolidated T16N/R4E-NW-NW 14 7/16/1976 W
58 6 KEITH RICHARDS 52.4 10 0.3 Pump 33.3 8,910 Unconsolidated T16N/R4E-SE-NE 14 W
80 8 MASHELL TELEPHONE na Unconsolidated T16N/R4E-NW-SE 14 W

ACD931 75 6 MIKE MCGINNIS 21 8 Air na Unconsolidated T16N/R4E-NW-NW 14 10/25/1996 W
14.5 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
16 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
15 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
15 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
16 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
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16 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
16 2 MILLER JEAN ANN na T16N/R4E-NW-SE 14 10/11/2005 R
196 8 MOUNTAIN PUMP & DRILLING CO. 49 20 133 Pump 0.2 40 Basalt T16N/R4E-NW-NW 14 W

O.E. HAYNES & SONS 80 60 10 Pump 6.0 1,600 T16N/R4E-SE-NW 14 12/14/1951 W
56 6 ROBERT GAYEG 28 10 15 Bail 0.7 180 Unconsolidated T16N/R4E-NW-NW 14 7/20/1976 W
750 6 THE CITY OF EATONVILLE 30 50 Bail na Basalt T16N/R4E-SE-SW 14 W

APB687 13 8.5 VENTURA BANK na T16N/R4E-SW-SE 14 1/6/2006 R
13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 R
14 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 R
15 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 R
12 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 R

13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 A
13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 A
13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 A
13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 A
13.5 2 VENTURE BANK na T16N/R4E-NW-SE 14 5/20/2004 A
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
12 2 VENTURE BANK na T16N/R4E-SW-SE 14 1/18/2006 R
8.6 8.5 VENTURE BANK na T16N/R4E-SW-SE 14 1/6/2006 R
8 8.5 VENTURE BANK na T16N/R4E-SW-SE 14 1/6/2006 R
8 8.5 VENTURE BANK na T16N/R4E-SW-SE 14 1/6/2006 R

AHL797 108 6 A AND J DEVELOPMENT 82.5 18 Air na Unconsolidated T16N/R4E-SW-SW 15 4/23/2004 W
239 6 ANDREW ALBAND 168 15 35 Pump 0.4 110 Unconsolidated T16N/R4E-NE-NW 15 1/29/1992 W
113 6 BILLY WEEKS 28 6 Bail na Unconsolidated T16N/R4E-NE-NE 15 8/15/1988 W

AKJ224 54.3 6 CARRIAGE HOUSE 8 20 Air na Unconsolidated T16N/R4E-NW-NE 15 4/5/2005 W
AKT274 68 6 CARRIAGE HOUSE 14 30 Air na Unconsolidated T16N/R4E-NW-NE 15 2/17/2006 W
AKJ144 50 6 CARRIAGE HOUSE INC 11.5 60 Air na Unconsolidated T16N/R4E-NW-NE 15 3/18/2005 W
AEC927 400 6 CARRIAGE HOUSE INC 17 20 Air na Mashel Fm. T16N/R4E-SW-NE 15 6/20/2002 W
AEC927 140 12 CITY OF EATONVILLE 16 na Unconsolidated T16N/R4E-SW-NE 15 3/25/2002 W
AFR809 158 6 DENMARK PROPERTIES LLC 62 20 Air na Unconsolidated T16N/R4E-NW-NW 15 7/18/2001 W
AFR810 197 6 DENMARK PROPERTIES LLC 89 10 Air na Mashel Fm. T16N/R4E-NW-NW 15 7/16/2001 W
AFR808 158.67 6 DENMARK PROPERTIES LLC 163 20 Air na Mashel Fm. T16N/R4E-NW-NW 15 7/19/2001 W
AEN239 227 6 DENMARK PROPERTIES LTD. 41 10 Air na Basalt T16N/R4E-SE-NE 15 7/18/2000 W
AFS659 179 6 ELTON ROTH 126 5 Air na Unconsolidated T16N/R4E-NE-NE 15 9/1/2000 W

192 6 ELTON ROTH 166 7 16 Bail 0.4 120 Unconsolidated T16N/R4E-NW-NW 15 8/19/1981 W
298 6 GARY DISCH 246 20 8 Bail 2.5 670 Unconsolidated T16N/R4E-NW-NW 15 8/30/1979 W
60 6 GARY MCGINNIS 30 Air na Unconsolidated T16N/R4E-- 15 12/7/1987 W
60 6 JACK ELMS 1 150 2 Bail 75.0 20,050 Unconsolidated T16N/R4E-SW-NE 15 9/17/1979 W
40 6 JAVAINE JOHNSON 5 40 8 Bail 5.0 1,340 Unconsolidated T16N/R4E-NE-NW 15 8/15/1984 W
99 6 JOAN BEGALLIA 51 9 Air na Basalt T16N/R4E-NE-NE 15 3/19/1993 W

ABF493 196 8 LARRY MCNUTT 135 7 10 Bail 0.7 190 Unconsolidated T16N/R4E-SW-NW 15 8/7/1996 W
AES135 258 6 MATTHEW KOFF 180 10 Air na Unconsolidated T16N/R4E-NW-NW 15 8/9/1999 W

52 6 MICHAL KILTS 19 20 11 Bail 1.8 490 Unconsolidated T16N/R4E-NE-NW 15 8/14/1992 W
160 6 PETE WHITTACKER 96 3 27 Bail 0.1 30 Basalt T16N/R4E-SE-NW 15 5/14/1992 W
77 6 V. WEPPLER 100 Bail na Unconsolidated T16N/R4E-SW-NW 15 9/17/1979 W

AAZ116 416 6 ALEX & PAT FORD 333 4 Air na Mashel Fm. T16N/R4E-SW-SW 16 3/29/1997 W
AAD284 171 6 ANN CLAY 96 11 Air na Unconsolidated T16N/R4E-SE-NW 16 9/23/1994 W
AAD284 117 6 ANNE CLAY 83 32 Air na Unconsolidated T16N/R4E-SE-NW 16 8/15/1994 W
APP630 155 6 ANTHONY FORD 103 30 Air na Unconsolidated T16N/R4E-NE-NW 16 9/19/2006 W
AHA269 305 6 CARL ROTTER 256 25 Air na Unconsolidated T16N/R4E-SW-SW 16 8/27/2002 W

55 6 CARL WEATHERBEE 7.7 13 Air na Unconsolidated T16N/R4E-NE-SW 16 2/28/1995 W
ACW432 175 6 DAN BRUNO 86 25 Air na Unconsolidated T16N/R4E-NW-NE 16 6/3/1998 W
AAD285 130 6 DEBRA BOSTON 93 12 Air na Unconsolidated T16N/R4E-SE-SW 16 8/17/1994 W

250 6 DEWEY BAITER 190 5 Air na Unconsolidated T16N/R4E-NE-NE 16 10/22/1996 W
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120 6 DICK LUSINK 60 9 18 Bail 0.5 130 Unconsolidated T16N/R4E-NE-NE 16 10/19/1992 W
AAD260 202 6 DON PAINTER 157 12 Air na Unconsolidated T16N/R4E-NE-NE 16 11/21/1994 W
AAD267 150 6 DON PAINTER 105 25 Air na Unconsolidated T16N/R4E-NE-NE 16 11/9/1994 W
AAD268 155 6 DON PAINTER 127 20 Air na Unconsolidated T16N/R4E-NE-NE 16 11/7/1994 W
APB833 148.1 6 DUANE WALTERS 52 40 Air na Unconsolidated T16N/R4E-SW-NE 16 4/25/2006 W

325 8 FLORENCE ANDERSON 266 6 15 Bail 0.4 110 Unconsolidated T16N/R4E-SW-SW 16 8/23/1996 W
120 6 FRANCIS FULLER 85 10 20 Bail 0.5 130 Unconsolidated T16N/R4E-NE-NW 16 12/15/1982 W
38 6 GARY MCINNIS & OHOP VALLEY SUPPLY 20 20 7 Bail 2.9 760 Unconsolidated T16N/R4E-NE-SE 16 1/2/1992 W

AKT001 174 6 HELEN AND GLEN GILBERT 130 25 Air na Unconsolidated T16N/R4E-NW-NW 16 4/8/2005 W
87 6 JAMES RAY 46 12 16 Bail 0.8 200 Unconsolidated T16N/R4E--NE 16 4/28/1992 W

ACD944 160 6 STEVEN NELSON 110 20 Air na Unconsolidated T16N/R4E-NW-NW 16 8/16/1996 W
403 8 TOM BOARDMAN 326 3 Air na Unconsolidated T16N/R4E-SW-SW 16 3/10/1997 W
44 6 VICKIE & SHANE LANTZ 18 14 17 Bail 0.8 220 Unconsolidated T16N/R4E-NE-SE 16 9/19/1991 W

BAA030 63.9 6 CHRIS BIVINS 34.7 16 Air na Unconsolidated T16N/R4E-NW-SW 17 4/29/2008 W
66 6 DOUG WALLOWER 10 30 25 Bail 1.2 320 Unconsolidated T16N/R4E-SW-SW 17 9/30/1976 W
153 6 JACK DOLMAN 100 20 43 Bail 0.5 120 Mashel Fm. T16N/R4E-NW-SW 17 9/18/1979 W
164 6 KEITH MALCOMS 97 10 4 Bail 2.5 670 Unconsolidated T16N/R4E--NE 17 10/20/1986 W

AEF157 215 6 MARCIA BERGER 164 30 Air na Unconsolidated T16N/R4E-NW-NE 17 7/20/1999 W
AEH977 154 6 MARCUS PRUITT 80 15 Air na Unconsolidated T16N/R4E-SW-NW 17 8/24/1998 W

158 6 PIONEER FARM 68 40 21 Bail 1.9 510 Unconsolidated T16N/R4E-- 17 2/26/1990 W
79 6 ROD PRUITT 38 20 16 Bail 1.3 330 Unconsolidated T16N/R4E--SW 17 12/20/1991 W

AFG686 63 6 TIM PRUITT 7 17.5 28 Pump 0.6 170 Unconsolidated T16N/R4E-NW-NE 17 7/20/2000 W
101 6 FRANK MILWARD 49 10 Bail na Unconsolidated T16N/R4E-NE-NE 20 1/24/1992 W
236 6 FRANK MUMANN 174 15 Bail na Unconsolidated T16N/R4E-SE-NW 20 W

AEF029 100 6 HAMMOND MILAND 78 3 Air na Unconsolidated T16N/R4E-NW-NE 20 9/13/1999 W
AFE610 100 6 HAZENBALG, CHARLES & AMY 81 15 Air na Mashel Fm. T16N/R4E-SE-NW 20 1/20/2000 W

173 6 MARTIN MILLER 70 1 Air na Mashel Fm. T16N/R4E-SE-NW 20 5/26/1994 W
AEJ183 57 6 AMY FALLIN 168 15 35 Pump 0.4 110 Unconsolidated T16N/R4E-NE-SW 21 3/29/1999 W

40 6 ANTONE BASKETT 4 20 29 Bail 0.7 180 Unconsolidated T16N/R4E-NE-SE 21 1/3/1979 W
AAZ865 178 6 BRUCE & LINDA BEMENT 122 40 Air na Unconsolidated T16N/R4E-NW-NE 21 6/5/1997 W
AGN200 198 6 CALEB BERNT 158 12 Air na Unconsolidated T16N/R4E-NW-NE 21 8/10/2002 W

60 6 CARRIAGE HOUSE 44 14 Air na Unconsolidated T16N/R4E-SW-NE 21 3/17/1998 W
AEJ484 178 6 GUTH GEORGE 111 20 Air na Unconsolidated T16N/R4E-NE-SW 21 3/31/1999 W
ABB059 21 6 HW HIGHRAM 9 2 Air na Unconsolidated T16N/R4E-SE-NE 21 9/30/1993 W

199 6 I. SWANSON 106 10 0 Bail na Unconsolidated T16N/R4E--NW 21 8/7/1970 W
AEF195 114 6 JEFF NESTAR 62 30 Air na Unconsolidated T16N/R4E-NE-NE 21 2/5/1999 W
AHA227 256 6 LARRY AND MARY ROBERTS 177 60 Air na Unconsolidated T16N/R4E-NE-NE 21 5/15/2002 W
AGF833 241 6 LOREN SUEDINE 187 2 Air na Unconsolidated T16N/R4E-NE-NE 21 10/2/2001 W

M.P. 28.3 SLIDE SR-7 na T16N/R4E-NW-SE 21 3/12/1996 A
ACK059 218.5 MIKE NOEL 20 7 Air na Basalt T16N/R4E-NE-SE 21 8/22/1996 W

67 6 MILAND HAMMOND 20 30 35 Bail 0.9 230 Unconsolidated T16N/R4E-NW-SW 21 10/11/1984 W
ACT037 98 6 MITCH BRISBAVE 50 25 Air na Unconsolidated T16N/R4E-NE-NE 21 6/4/1998 W
ACW405 280 6 NORMAN & JOAN HOFER 188 30 Air na Mashel Fm. T16N/R4E-NW-NE 21 8/27/1997 W

263 6 PAM BUCKINGHAM 216 8 Air na Mashel Fm. T16N/R4E-NE-NE 21 7/29/1997 W
AFR943 117 6 RICHARD GUARDON 94 20 Air na Unconsolidated T16N/R4E-SE-NE 21 2/19/2001 W
ACK057 96 6 RICHARD HAGEK 31 10 Air na Unconsolidated T16N/R4E-NE-NE 21 7/22/1996 W

169 6 RICHARD SKAGETT 139 15 Air na Unconsolidated T16N/R4E-NE-NE 21 6/18/2007 W
RICHARD SKANGSET T16N/R4E-NE-NE 21 6/18/2007 A

ACK085 128 6 SCOTT HOLSTON 90 5 20 Bail 0.3 70 Unconsolidated T16N/R4E-NE-NE 21 12/30/1996 W
AEF484 225 6 SCOTT NELSON 190 12 Air na Unconsolidated T16N/R4E-NW-NE 21 12/4/1999 W
AEF184 138 6 STEVE ANDERSON 116 15 Air na Unconsolidated T16N/R4E-NE-NE 21 4/6/1999 W
AEF487 118 6 TERRY SODEN 87.8 50 Air na Unconsolidated T16N/R4E-SE-NE 21 10/19/1999 W
ABA484 146 6 TERRY WAGNER 96 21 10 Pump 2.1 560 Unconsolidated T16N/R4E-SE-NE 21 4/1/1996 W
AES121 117 6 TIM HOLSTEN 40 25 Air na Unconsolidated T16N/R4E-NE-NE 21 6/28/2000 W
AGF830 118 6 TIM HOLSTEN 96 15 Air na Unconsolidated T16N/R4E-NE-NE 21 9/26/2001 W

na T16N/R4E-NW-SE 21 A
280 6 ALLEN BUSH 170 5 280 Bail 0.0 0 Mashel Fm. T16N/R4E-NE-SE 22 9/11/1981 W

AGP472 199 6 BERNARD SCHENIK 38 10 Air na Mashel Fm. T16N/R4E-SW-NE 22 6/3/2002 W
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TABLE C-1
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350 6 CAREY FORESTER 44 3.5 Air na Mashel Fm. T16N/R4E-NE-NE 22 W
88 6 CARRAGE HOUSE 22 40 Air na Unconsolidated T16N/R4E-SW-NW 22 9/1/1998 W
46 6 CHRISTINE GLOUDERMAN 8 11 Air na Unconsolidated T16N/R4E-NW-SE 22 2/8/1978 W

ABV278 120 6 CHUCK POOL 48 6 Air na Basalt T16N/R4E-SE-NE 22 9/7/1995 W
AFC633 66 6 COOLIDGE JANE 9 20 Air na Unconsolidated T16N/R4E-NW-SE 22 3/2/2000 W

53 6 DAVE COLLINS 45 20 Air na Unconsolidated T16N/R4E-NE-SE 22 8/26/1992 W
6 GENE CEARLEY dry na Unconsolidated T16N/R4E-NE-SE 22 2/15/1978 W

40 6 GENE CEARLY 8 15 22 Bail 0.7 180 Unconsolidated T16N/R4E-NE-SE 22 2/17/1978 W
400 6 HARRY JONES 25 9 325 Bail 0.0 10 Basalt T16N/R4E-NE-SW 22 10/31/1979 W

ABF362 79 6 HUGH HIGHAM 60.5 15 Air na Unconsolidated T16N/R4E-NW-NE 22 9/10/1998 W
6 HUGHIE HIGHMAN T16N/R4E-SE-NE 22 2/9/1995 A

AEH969 200 6 JOHN & JOANNA TWEET 47 5 Air na Basalt T16N/R4E-SE-NE 22 9/17/1998 W
110 6 JOHN CARNEY 3 Bail na Mashel Fm. T16N/R4E-SW-SW 22 8/29/1980 W
140 6 JOHN MILLER 50 10 Air na Basalt T16N/R4E-NE-NE 22 W
200 6 JOHN PETERS 30 na Mashel Fm. T16N/R4E-NW-SE 22 8/7/1985 W

ABE555 262 6 KARL SCHENK 72 4 Air na Mashel Fm. T16N/R4E-NE-SW 22 8/28/2007 W
ABG712 76 6 LAKEPOINTE CONSTRUCTION 56 12 Air na Unconsolidated T16N/R4E-SW-SW 22 12/3/1996 W

100 6 LARRY MAGILL Dry na T16N/R4E-NE-SE 22 6/8/1982 W
AAD410 350 6 LITTLE MASHEL WATER SYSTEM na T16N/R4E-NE-NE 22 6/9/2005 W
AHA260 23.8 6 LLOYD EMERY 15 15 6.6 Pump 2.3 610 Unconsolidated T16N/R4E-NW-SW 22 9/16/2002 W
ABV263 94 6 MARK GUENTHER 50 25 Air na Unconsolidated T16N/R4E-SE-NW 22 W
AEK379 129 6 ROBERTA KELLY 93 60 Air na Unconsolidated T16N/R4E-SE-NW 22 1/19/1999 W
ABB124 138 6 SCHUNK / BILL HAKE 60 15 Air na Unconsolidated T16N/R4E-NW-SW 22 5/13/1999 W
AEN225 34 6 SMITH HENRY & KATHY 8 60 Air na Unconsolidated T16N/R4E-NW-SW 22 2/3/2000 W
AEN223 38 6 SMITH HENRY & KATHY 18.75 20 Air na Unconsolidated T16N/R4E--SW 22 1/29/2000 W
ACW402 138 6 TED SCHLOSSER 96 50 Air na Unconsolidated T16N/R4E-NW-NW 22 7/24/1997 W

223 6 ALLAN & INA PAPP 80 1 Air na Mashel Fm. T16N/R4E-SW-NW 23 7/25/1990 W
62 6 DANA TOOTEN 8.6 150 Air na Basalt T16N/R4E-NE-SE 23 3/18/1995 W
205 6 DAVE BABCOCK 68 6 165 Bail 0.0 10 Mashel Fm. T16N/R4E-- 23 12/9/1988 W
35 6 DUWAYNE BLOCK 8 55 Air na Unconsolidated T16N/R4E-NW-SW 23 3/7/1983 W

45.5 10 EATONVILLE 23 240 12.5 Pump 19.2 5,130 Unconsolidated T16N/R4E-NE-NE 23 7/1/1969 W
52 12 EATONVILLE 19 352 10.7 Pump 32.9 8,790 Unconsolidated T16N/R4E-NE-NE 23 W
138 6 JOHN ERHART 20.4 15 Air na Unconsolidated T16N/R4E-SW-SW 23 9/7/1990 W

AKT623 221 6 LORENE PETITT 1.5 2 Air na Basalt T16N/R4E-SW-NE 23 5/5/2004 W
134 6 MARTHA PIERCE 27 2.5 Air na Mashel Fm. T16N/R4E-SW-NW 23 7/27/1990 W

AGT264 98 6 MELVIN COX 52 5 Air na Unconsolidated T16N/R4E-SW-SE 23 3/29/2002 W
38 6 RICHARD COLLINS 18 20 5 Bail 4.0 1,070 Unconsolidated T16N/R4E-SW-NW 23 7/11/1978 W
52 6 ROBERT COLLINS 34 20 11 Bail 1.8 490 Unconsolidated T16N/R4E-- 23 6/23/1983 W
38 6 ROY VANBUSKIRK 22 9 14 Bail 0.6 170 Unconsolidated T16N/R4E-NE-NW 23 3/21/1985 W
35 6 TED OBERLANDER 6 20 12 Bail 1.7 450 Unconsolidated T16N/R4E--NW 23 10/9/1990 W

12 TOWN OF EATONVILLE 30 125 15 Pump 8.3 2,230 Unconsolidated T16N/R4E-NE-NE 23 W
AHG945 75 TOWN OF EATONVILLE 35 na Unconsolidated T16N/R4E-NE-NE 23 10/14/2003 R
AHG846 70.5 TOWN OF EATONVILLE 27 na Unconsolidated T16N/R4E-NE-NE 23 10/14/2003 R
AHG947 71.3 TOWN OF EATONVILLE 23 na Unconsolidated T16N/R4E-NE-NE 23 10/15/2003 R
AKT667 93.5 12 TOWN OF EATONVILLE 16.5 430 16.5 Pump 26.1 6,970 Unconsolidated T16N/R4E-NE-NE 23 3/4/2004 W
AHG991 73.5 12 TOWN OF EATONVILLE 19.4 230 25 Pump 9.2 2,460 Unconsolidated T16N/R4E-NE-NE 23 1/20/2004 W
AEH970 85 6 DAVE LOITE 50 5 Air na Unconsolidated T16N/R4E-SW-SW 24 9/28/1998 W

127 6 JOHN MARLING 60 12 Air na Mashel Fm. T16N/R4E-SW-SE 24 6/12/1996 W
50 6 JOHN PHELAN 13 10 40 Bail 0.3 70 Unconsolidated T16N/R4E-SW-SE 24 11/23/1973 W

ACY800 95 6 MAJESTIC MOBILE HOMES/ TOM QUINE 53 20 Air na Unconsolidated T16N/R4E-SW-SW 24 4/4/2000 W
280 6 MARTIN OLSON 80 1.5 Bail na Basalt T16N/R4E--SE 24 6/3/1985 W
106 6 MORTON OLSON 76 15 14 Bail 1.1 290 Unconsolidated T16N/R4E--SE 24 7/30/1987 W
100 6 RICHARD SUMEY 42 20 46 Bail 0.4 120 Unconsolidated T16N/R4E-- 24 9/4/1984 W

AHG983 87.5 6 TOWN OF EATONVILLE 27 60 Air na Unconsolidated T16N/R4E-NW-NW 24 11/26/2003 R
AHG983 87.5 6 TOWN OF EATONVILLE 27 60 Air na Unconsolidated T16N/R4E-NW-NW 24 11/26/2003 R

78 6 BARBRA GIBSON 31 12 14 Bail 0.9 230 Unconsolidated T16N/R4E-- 25 8/27/1992 W
ABW627 340 6 BOB MILLER 60 8 Air na Basalt T16N/R4E-NE-SW 25 1/17/1996 W

59 6 DENNIS & PAULA HOESEL 30 30 Air na Unconsolidated T16N/R4E-NW-NW 25 W
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45 6 ROGER MCKOWN 6.5 Bail na Unconsolidated T16N/R4E-NW-NW 25 10/16/1979 W
AET450 58 6 RON WILLIS 46.1 0.67 8.9 Pump 0.1 20 Basalt T16N/R4E-NE-SW 25 2/23/2000 W

160 6 W.W. HAVILAND 49 60 60 Bail 1.0 270 Mashel Fm. T16N/R4E--NW 25 8/8/1977 W
42 6 WALTER WESTLING 8 20 5 Bail 4.0 1,070 Unconsolidated T16N/R4E-SW-SW 25 7/9/1996 W
62 6 DICK LUND 19 5 36 Bail 0.1 40 Basalt T16N/R4E-- 26 6/21/1983 W
200 6 STEVE KVAVLE & FLOYD BROWN 25 8 Air na Mashel Fm. T16N/R4E-NW-SE 26 4/7/1997 W

UNIVERSITY OF WASHINGTON 53.2 100 2.8 Pump 35.7 9,550 Unconsolidated T16N/R4E-SW-NW 26 12/17/1963 W
AEF047 133 6 DYCKMAN RODGER 111 10 Air na Unconsolidated T16N/R4E-NW-NE 28 5/3/2000 W
AHG998 122.4 8 PACK FOREST 78 25 89.6 Pump 0.3 70 Unconsolidated T16N/R4E-SE-NW 28 10/16/2002 W
ABB513 160 6 CHARLES BENSINGER 83 8 Air na Basalt T16N/R5E-SW-NE 19 W
AGJ603 76 6 CHRISTINE REIDINGER 30 30 Air na Unconsolidated T16N/R5E-SW-SE 19 3/26/2001 W

98 6 ED SMITH 81 2 Air na Unconsolidated T16N/R5E-SE-SW 19 12/18/1991 W
AFP341 124 6 GRETCHEN FOSTER 28.7 8 Air na Basalt T16N/R5E-SW-SE 19 12/6/2000 W

310 6 HUCK ARNOLD Dry na T16N/R5E-SE-SW 19 6/28/1994 W
ACT192 125 6 JACKIE HOLLINGSWORTH 17 20 Air na Basalt T16N/R5E-NW-SE 19 12/8/1998 W

65 6 MARK JOHNSON 41 14 60 Bail 0.2 60 Unconsolidated T16N/R5E-SE-SW 19 7/24/1985 W
AKT700 130 6 MELISSA MCLEAN 100 10 127 Bail 0.1 20 Basalt T16N/R5E-SE-SE 19 8/5/2004 W
AEK376 115 6 RICHARD EVANS 75 3 Air 0.0 Unconsolidated T16N/R5E-SW-SE 19 1/12/1999 W

300 6 STEPHAN SCHMIDT 18.7 5 Air na Basalt T16N/R5E--SE 19 3/18/1992 W
180 6 Thomas Roulier 143 16.5 Air na Unconsolidated T16N/R5E-SE-SE 19 4/5/1994 W
260 6 TIM AFDEM T16N/R5E-SE-NW 19 4/7/1999 A

AEP188 140 6 TIM AFDEM 0 10 Air na Basalt T16N/R5E-SE-NW 19 6/7/1999 W
AFT238 196 6 DAVID PECK 81.4 6 65.5 Pump 0.1 20 Basalt T16N/R5E-NE-SE 30 9/14/2001 W
AFT237 120 6 DAVID PECK Dry na T16N/R5E-NE-SE 30 9/11/2001 W
AFT237 120 6 DAVID PECK T16N/R5E-NE-SE 30 9/13/2001 A
AEA177 160 6 GERALD PETERSEN 109 16 Air na Unconsolidated T16N/R5E-SE-NW 30 10/8/1998 W
ALL862 258 6 JEFF WELK 160 2 Air na Mashel Fm. T16N/R5E-NE-SW 30 11/21/2005 W
APP642 156 6 JIM AND SHEILA THRONE 80 20 Air na Mashel Fm. T16N/R5E-NE-SE 30 5/3/2007 W

51 6 JOE WALCH 21 10 Air na Unconsolidated T16N/R5E-NE-NE 30 9/12/1991 W
AGF827 259 6 KAREN WOODCOCK 102 1 Air na Basalt T16N/R5E-SW-NE 30 10/31/2001 W
AFR950 117 6 RANDY HOOD 100 0.25 Air na Unconsolidated T16N/R5E-SW-NE 30 12/12/2000 W
AFR950 117 6 RANDY HOOD T16N/R5E-SW-NE 30 12/12/2000 A
AFS695 119 6 RANDY HOOD 53 5 Air na Unconsolidated T16N/R5E-SW-NE 30 12/27/2000 W
ACD943 100 6 RICK ROEHR 61 3 Air na Unconsolidated T16N/R5E--SE 30 8/26/1996 W
ACA241 80 6 ROBERT BENSON 37 20 Air na Unconsolidated T16N/R5E-NW-NE 30 10/24/1995 W
ACM656 60 6 SCOTT & BECKI SADOWSKI 30 3 8 Bail 0.4 100 Unconsolidated T16N/R5E-SE-NE 30 8/22/1997 W
ABA839 243 6 SUE GRISWOLD 117.2 3 Air na Basalt T16N/R5E-NW-SE 30 8/16/1996 W

Note:
Well Type:  A - Decommisioning;  W- Water;  R - Resource Protection
Source of Information:  Washington State Department of Ecology Online Well Log Database, http://apps.ecy.wa.gov/welllog/index.asp
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SCOPE OF WORK FOR PHASE II STORAGE EVALUATIONS, TOWN OF 
EATONVILLE 
The following scope of work is for the Phase II evaluation of the preferred storage option for the Town of 
Eatonville, identified in the Phase I report1: 
 

 Aquifer Storage and Recovery (ASR) in the volcanic aquifer materials that underlie the 
Town of Eatonville. 

 
The purpose of the Phase II work is to evaluate the feasibility of the preferred alternative.  The Phase II 
work is subdivided into two sub-phases.  Phase IIa involves the installation and testing of test well to 
evaluate the hydrogeological and hydro-chemical conditions in the volcanic aquifer in area of the Town of 
Eatonville wellfield.  If the results of the Phase IIa indicate ASR pilot testing is feasible, ASR infrastructure 
will be designed and an ASR pilot test will be completed under Phase IIb.   

The scope of work for the Phase II work has the following phases: 
 
Phase IIa – Test Well Drilling 

Task 1- Quality Assurance Project Plan and Additional Data Collection 

Task 2 – Test Well Drilling 

Task 3 – Pumping Test and Groundwater Quality Sampling 

Task 4 – Phase IIa Technical Memorandum and Recommendations 

Task 5- Meetings and Management 

Phase IIb – ASR Pilot Test Design and Completion 

Task 6 – ASR Engineering  

Task 7 - Permit Application(s) 

Task 8 – ASR Pilot Testing 

Task 9 - Phase IIb Technical Memorandum and Recommendations 

Task 10 – ASR Reservoir Permit Application Package 

Task 10- Meetings and Management 

  

                                                      

1 Golder Associates Inc, 2010, Phase I Storage Evaluation, Town of Eatonville, Eatonville, Washington, 
March 2010. 
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Phase IIa – Test Well Drilling 
 
Task 1 – Quality Assurance Plan 
 
A Quality Assurance Project Plan (QAPP) will be prepared for the work.  The QAPP will include 
procedures used to collect and evaluate environmental data that will be completed as part of the Phase II 
work.  This could include: 
 

 Groundwater levels in new or existing wells; 

 River stage; 

 Groundwater and surface water quality; 

 Hydraulic testing programs (pumping tests or other means); and 

 Drilling and construction of monitoring wells, piezometers or pilot recharge well. 

The QAPP will be prepared in accordance with Ecology’s guidelines.  A project database will be 
developed for the new and existing data that is compatible with Ecology’s EIM data reporting forms and 
database to facilitate data uploading and retrieval.   
 
A limited data collection program would be implemented.  This program would most likely collect 
groundwater level data of yield data from existing domestic wells in the Eatonville area and installation of 
dedicated groundwater level monitoring equipment in selected wells. 

Task 2 – Test Well Drilling 

A test well would be drilled into the volcanic aquifer materials that underlie the Town of Eatonville.  The 
well will be drilled to provide hydrogeologic information on the volcanic aquifer materials and serve as a 
pilot ASR Well if conditions are favorable. 
 
A preliminary permit will be requested to drill and test the well.  Specifications will be prepared for the well 
and sent to qualified contractors.  The preliminary well design is for an 8-inch diameter open well 
completed to depths of 500 to 700 feet and sealed through the alluvial aquifer.  The geologic units 
encountered in the well will be logged and a well log prepared.  Short air-lift tests will be performed during 
drilling to estimate groundwater production.  Following completion of drilling, the data from the test well 
will be evaluated in order to determine subsequent phases of the investigation.   
 
A brief technical memorandum will be prepared following the completion of drilling.  The memorandum will 
contain recommendations for subsequent phases of work if the airlift testing data indicates moderate 
permeability (airlift rates greater than 50 gpm). 

Task 3 - Pumping Test and Groundwater Quality Sampling 

If the airlift testing results are favorable (greater than 50 gpm), a temporary pump will be installed in the 
well and pumping tests completed.  A 4-hour step-pumping test will be performed to evaluate the well 
performance.  A 24-hour constant rate test will be performed to evaluate the aquifer hydraulic properties 
and aquifer boundaries, and to evaluate groundwater quality. 
 
Field water quality parameters (pH, specific conductance, dissolved oxygen, turbidity, and temperature) 
and field chemistry (iron and manganese) will be monitored throughout the pumping test.  At the end of 
the constant rate test, a groundwater quality sample will be collected and analyzed for a complete set of 
regulated constituents, major anions and cations, and other parameters that could affect ASR.   
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Task 4 – Phase IIa Technical Memorandum and Recommendations 
 

A technical memorandum will be prepared documenting the results of the Phase IIa activities.  The 
memorandum will include: 

 Details of the test well drilling and construction 

 Evaluation of the aquifer hydraulic properties and aquifer boundaries 

 Groundwater flow directions and rates 

 Evaluation of continuity with the alluvial aquifer and Mashel River 

 Evaluation of native groundwater quality 

 Evaluation of ASR feasibility including: 

 Estimated recharge and recovery rates 

 Estimated storage volume 

 Estimated water level rise during recharge and drawdown during pumping 

 Groundwater and recharge water compatibility 

 Radius of influence during recharge, storage, and recovery 

 Evaluation of regulatory requirements for an ASR pilot test 

 Identification of water source for pilot testing and modifications to the water treatment 
plant to meet engineering and regulatory requirements 

 Recommendations for Phase IIb 

Task 5- Meetings and Management 

Three meetings will be held during the project:  1.) Project kickoff meeting; and 2.) A meeting held to 
review the results of the Phase IIa evaluations, and 3) Meeting with Ecology to discuss findings and the 
design, regulatory requirements and permitting of an ASR pilot test  

Monthly and quarterly progress reports and budget updates will be provided. 

Phase IIb – ASR Pilot Test Design and Completion 

Task 6 – ASR Engineering  

Engineering design will be completed for ASR pilot testing.  This could include: 

 Modifications to the Town’s Water Treatment Plant to allow recharge of treated  water 
consistent with regulatory requirements 

 Piping from the water treatment plant to the recharge well  

 Well pump and piping  to allow recharge and pumping 

 Pump to waste connection and discharge of the water produced during ASR pilot testing 

An engineering design memorandum will be prepared that includes design drawings and 
specifications. 
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Task 7 - Permit Application(s) 

Permits will be prepared and submitted for: 

 ASR reservoir permit application for pilot testing 

 UIC well registration 

 Any other permits required for pilot testing such as JARPA for pumping to waste, if 
needed 

Task 8 – ASR Pilot Testing 

An ASR pilot test will be completed to evaluate ASR feasibility.  The pilot test would consist of a short (4 
to 8 hours) shakedown test to evaluate system performance, determine long-term recharge rates, and 
evaluate initial water level buildup.  A longer pilot test would be completed involving multiple recharge, 
storage and recovery periods from as short as one day to as long as several months.  The design of the 
test would consider the overall data needs – hydraulic properties, water quality, and water balance to 
complete an assessment of ASR feasibility.  The test would include: 

 Recharge and pumping rate and volume monitoring 

 Recharge water suspended sediment monitoring 

 Groundwater level monitoring in the recharge well and nearby observation wells in the 
alluvial aquifer and other basalt wells (if available) 

 Monitoring of field water quality parameters and chemistry in the recharge water, stored 
water, and recovered water  

 Water quality sampling of the recharge water, stored water, and recovered water 

 Stage monitoring in the Mashel River 

Task 9 - Phase IIb Technical Memorandum and Recommendations 

A technical memorandum will be prepared documenting the results of the pilot testing.  The memorandum 
will include evaluations of: 

 Hydrogeological conceptual model of the volcanic aquifer system 

 Evaluation of ASR performance including: 

 Aquifer hydraulic properties and boundaries 

 Water level buildup and radius of influence during recharge 

 Residual water level during storage 

 Drawdown and radius of influence during pumping 

 Hydraulic continuity with the Mashel River and alluvial aquifer 

 Changes in groundwater flow and migration of recharge water 

 Physio-chemical changes in the recharge water during storage and recovery 

 Evaluation of full scale ASR storage capacity and recharge and recovery rates 

 Recommendations for ASR system development and operations 
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Task 10 - ASR Reservoir Permit Application Package 

A complete ASR reservoir permit application package meeting all of the requirements of WAC 173-157 
will be prepared for submission to Ecology.  The ASR Pilot Test will provide a significant amount of 
information needed to complete the reservoir permit application package. 

Task 11- Meetings and Management 

Three meetings will be held during the project:  1.)  Meeting prior to the start of ASR pilot testing; and 2.) 
Two meetings held to review the results of the Phase IIb evaluations.   

Monthly and quarterly progress reports and budget updates will be provided over an estimated nine-to 
twelve-month duration. 

 


