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1.0 SUMMARY OF FINDINGS 

Groundwater elevations in Water Resource In-
ventory Area (WRIA) 44/50 fluctuated season-
ally between a high spring elevation and low late 
summer to fall elevation in most monitored 
wells. Seasonal fluctuations ranged from over 11 
feet to less than 1 foot. In general, shallow wells 
within the alluvial aquifer displayed the largest 
seasonal fluctuations, while deeper wells within 
the basalt aquifer displayed little to no seasonal 
fluctuations. Groundwater within the basalt aq-
uifer is influenced by a more regional source 
and, therefore, groundwater elevations are less 
responsive to local recharge events. 

Fluctuations in groundwater elevations are gen-
erally consistent from one year to the next with 
slight variations. However, a few monitored 
wells displayed substantial increases in peak 
groundwater elevations in the 2006 water year. 
Within the Lower Moses Coulee the peak 
groundwater elevation was 1 foot higher in the 
PID well and 2 to 3 feet higher in the Linville 
South well relative to the previous two years. In 
the Foster Creek area, the peak groundwater ele-
vation in the Hammons well was also 2 to 3 feet 
higher relative to the previous two years. All 
three of these wells are completed in the alluvial 
aquifer. 

Slightly higher groundwater elevations for the 
2006 water year were also observed in many of 
the other monitored wells, including a few com-
pleted in the basalt aquifer. The Mayer well in 
Upper Moses Coulee and the Hemmer well in 
Foster Creek both monitor groundwater in the 
basalt aquifer. Groundwater elevations in both 
wells had been in decline since monitoring was 
first initiated but both wells recovered 1 to 1.5 
feet during the 2006 water year. 

The increase in peak groundwater elevations and 
recovery of declining trends observed for the 
2006 water year are likely related to the higher 
precipitation in 2006. Precipitation records for 
the area indicate the total precipitation for the 
2006 water year was about 1.5 times higher than 
the 2004 and 2005 water years. 

Three new monitoring sites were added to the 
WRIA 44/50 long term monitoring program dur-
ing the 2006 water year: the Chelan Hills, Che-
lan Springs, and the Badger Mountain areas. All 
three sites were identified in the Phase 1 Exempt 
Well Water Use Study as areas of concern in 
groundwater quantity. Four wells were instru-
mented with pressure transducers at the Chelan 
Hills and Chelan Springs area (2 at each site) 
and four wells were instrumented at the Badger 
Mountain area. However, one well in Chelan 
Hills has since been discontinued. Data analysis 
from the new sites indicates the new data log-
gers are malfunctioning. The new data loggers 
were apparently programmed with faulty soft-
ware provided by the manufacturer and will 
need to be reprogrammed. The new data loggers 
will be reprogrammed no later than the spring of 
2007. 

2.0 INTRODUCTION 

The subsequent sections provide an introductory 
discussion on the following: (1) the purpose of 
this study and this report; (2) background on the 
exempt well water use study; (3) a summary of 
the hydrogeology of the area; and (4) a descrip-
tion of the monitoring system and method of 
well selection. 

2.1    PURPOSE OF STUDY AND 
REPORT 

Many areas across Washington State are experi-
encing growth in the number of houses with ex-
empt wells and septic tanks. This growth is un-
regulated and can result in declines in ground-
water quantity and quality.  

The purpose of this study is to monitor long-
term trends in groundwater elevations in areas 
identified during the Phase 1 Exempt Well Wa-
ter Use Study as potential for future groundwater 
level declines. These areas include Chelan 
Springs, Chelan Hills, Rimrock Meadows, and 
Badger Mountain. Existing monitoring sites in 
the Foster Creek and the Lower and Upper 
Moses Coulee were also added to the long-term 
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monitoring program. These sites were instru-
mented during previous studies and continued 
monitoring will provide useful information on 
long-term trends in groundwater elevations 
throughout WRIA 44/50. All long-term ground-
water monitoring sites are shown in Figure 1. 

The purpose of this report is to provide a sum-
mary of groundwater elevation trends observed 
at the monitoring sites up to the end of the 2006 
water year (October 2006). Monitoring began as 
early as 2003 at some sites and as late as 2006 at 
other sites. Additional wells are also scheduled 
to be added to the monitoring program in 2007. 

This work was performed, and this report pre-
pared, using generally accepted hydrogeologic 
practices used at this time and in this vicinity, 
for exclusive application to the WRIA 44/50 
Watershed Planning process and for the exclu-
sive use of the Foster Creek Conservation Dis-
trict, the WRIA 44/50 Planning Unit, and their 
agents. This is in lieu of other warranties, ex-
press or implied. 

2.2    EXEMPT WELL WATER USE 
BACKGROUND 

To address the issue of exempt well water use, 
the Water Resource Inventory Area (WRIA) 
44/50 Watershed Planning Unit (Douglas 
County Watershed Planning Association, 2004) 
proposed an Exempt Well Water Use Study.  

Pacific Groundwater Group (PGG) performed an 
initial Phase 1 Exempt Well Water Use Study in 
four areas of Douglas County in 2005: Chelan 
Springs, Chelan Hills, Rimrock Mead-
ows/Sagebrush Flats, and Badger Mountain. 
These areas were identified as high growth in 
exempt well water use. The phase 1 study in-
volved the following elements: 

• A water balance calculation comparing cur-
rent and future groundwater use to recharge. 

• A groundwater level survey to compare cur-
rent groundwater levels to levels at the time 
of drilling. 

• A nitrate loading calculation to assess affects 
on water quality at full build-out conditions.  

The results of that study suggest the potential for 
groundwater level declines exists in all study 
areas except for Chelan Springs and that nitrate 
loading at full build-out conditions should have 
minimal impacts on groundwater in all areas 
except possibly Rimrock Meadows, an area that 
could experience relatively dense development 
(PGG, 2006a). 

One component of the Phase 2 Exempt Well 
Water Use Study is monitoring long-term trends 
in groundwater elevations. Four sites were ini-
tially instrumented for long-term monitoring: 
Lower Moses Coulee, Upper Moses Coulee, 
Jameson/Grimes Lake Area, and Foster Creek 
(Figure 1). Surface water elevations are also 
monitored at the Jameson/Grimes Lake site. The 
first annual report on long-term groundwater 
elevations summarized monitoring up to October 
2005 at these four sites (PGG, 2006b). Since 
then three additional sites (The Chelan Hills, 
Chelan Springs, and the Bader Mountain areas) 
were added to the monitoring program (Figure 
1). As of December 2006, the monitoring pro-
gram for the Phase 2 Exempt Well Use Study 
consists of six sites with a total of 22 monitored 
wells and 2 lake stations (Table 1). Well logs 
for each monitored well are provided in Appen-
dix B.  

Long term monitoring in the Upper Moses Cou-
lee area will also provide observations in 
groundwater elevations for the Rimrock Mead-
ows area, an area within the Upper Moses Cou-
lee which may experience a substantial increase 
in the number of unregulated exempt water sup-
ply wells. An assessment of potential groundwa-
ter impacts in the Rimrock Meadows area at full 
build-out conditions was recently performed as 
part of the Phase 2 Exempt Well use study. The 
result of the Rimrock Meadows assessment was 
summarized in a technical memorandum and is 
attached in Appendix A of this document. 
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2.3    HYDROGEOLOGY 

The hydrogeology of the study area is described 
in the WRIA 44/50 Final Phase 2 Basin Assess-
ment April 2003 (PGG, 2003a) and in the WRIA 
44/50 Foster Creek and Lower Moses Coulee 
Level 2 Hydrogeologic Assessment September 
2003 (PGG, 2003b). The following summary is 
drawn predominantly from those reports. 

WRIAs 44 and 50 are underlain predominantly 
by the Miocene basaltic rocks of the Columbia 
River Basalt Group. The basalt sequence is gen-
erally 2,000 to 3,000 feet thick in the area and is 
made up of numerous individual basalt flows 
ranging from a few tens of feet to about 300 feet 
thick; the average thickness is about 100 feet. 
Interbed deposits, often consisting of mudstones, 
siltstones, and sandstones, separate many of the 
individual basalt flows. The tops and bottoms of 
the flows are typically more permeable than 
flow interiors because of rubble zones, vesicles, 
and fractures. These zones form the principal 
aquifers within the basalt. Flow interiors are 
generally dense and less permeable. Openings 
caused by minor vertical cooling fractures pro-
vide some limited, primarily vertical, permeabil-
ity in the central part of the flows. 

In the Chelan Hills and Chelan Springs area, the 
Columbia River Basalt Group thins in the direc-
tion of the Cascades Mountains. In this area 
along the Columbia River valley, older, light-
colored granitic rocks can be seen in outcrops 
underlying the Columbia River Basalt. Water 
saturated fractures in these older rocks provide 
some water supply to wells in this area. 

The Ellensburg formation and other unconsoli-
dated deposits, consisting of sand and gravel 
with varying amounts of clay and silt, overlie the 
basalts in many areas. These deposits are gener-
ally less than 50 feet thick on the plateau but 
may be as much as 300 feet thick on the banks 
of the Columbia River and in Moses Coulee. In 
these areas the unconsolidated deposits form a 
productive aquifer referred to as the alluvial aq-
uifer. 

All wells included in this analysis are completed 
in either the basalt aquifer or alluvial aquifer, 
except for the Corcoran and Nystrom wells in 
the Chelan Hills and Chelan Springs area, which 
are completed in the older fractured granitic 
rocks (Table 1).  

2.4    MONITORING SYSTEM  

Selection of monitored wells at each site in-
cludes the following criteria: 
 
• Favorable location in study area. 

• Permission granted by well owner. 

• Well head accessibility (pitless adaptor ver-
sus top seal). Instrumenting wells with pitless 
adaptors is preferred, but modifications to in-
strument top seals is possible with owner’s 
permission. 

• Water levels in well recover to static condi-
tions between pumping periods. 

These criteria limit the number of potential wells 
available for monitoring at each site. For exam-
ple, in the Chelan Hills and Chelan Springs area, 
the preferred number of wells (3 at each site) 
could not be achieved because the above criteria 
could not be met. 

The monitoring system at each site uses Solinst 
LT Leveloggers transducers to measure and re-
cord both groundwater levels and barometric 
pressure at six different sites within WRIA 
44/50 (Figure 1). The wells are all privately 
owned domestic, irrigation, or stock watering 
wells. Monitoring in Lower Moses Coulee and 
Foster Creek area began in 2003. Monitoring in 
Upper Moses Coulee and Jamison Lake began in 
2004. Monitoring in the Chelan Springs, Chelan 
Hills, and Badger Mountain areas began in 2006.  

Data are downloaded in the spring and fall each 
year with a laptop computer and imported into 
an MS Excel workbook so they can be stored, 
modified, and managed as needed. Water levels 
are corrected for barometric pressure because 
the transducers are not vented to the atmosphere. 
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3.0 RESULTS OF LONG-TERM 
GROUNDWATER ELEVA-
TION MONITORING  

The following subsections provide a brief sum-
mary of annual precipitation records during the 
monitoring period followed by results of the 
long-term groundwater elevation monitoring up 
to the end of the 2006 water year (October 1, 
2006) at each site. Site maps and hydrographs 
are provided in Figures 2-24. 

3.1    PRECIPITATION RECORDS 

The Western Regional Climate Center (WRCC) 
operates a number of Remote Automated 
Weather Stations (RAW), providing daily values 
of total precipitation. The WRCC operates a 
RAW station at the town of Douglas, located in 
the central portion of WRIA 44/50, and at the 
town of Nespelem, just north of WRIA 44/50 
(Figure 1).  

The precipitation records indicate that the 2006 
water year was a substantially wetter year than 
the 2004 or 2005 water years. The total annual 
precipitation reported at the Douglas RAW sta-
tion for water years 2004, 2005 and 2006 were 
5.88, 8.89 and 10.89 inches respectively. The 
total annual precipitation reported at the Nespe-
lem RAW station for water years 2004, 2005 
and 2006 were 10.44, 10.99 and 16.3 inches re-
spectively. 

3.2    LOWER MOSES COULEE  

Lower Moses Coulee (Figure 2), from Rattle 
Snake Springs to the Columbia River, is ap-
proximately 20 miles long and 1 mile wide with 
steep basalt cliffs rising up to 1500 feet above 
the valley floor. The surface elevation of the 
valley floor ranges from 1100 feet (relative to 
mean sea level, msl) near McCartney Creek to 
850 feet msl near the Columbia River. 

3.2.1    Monitoring Network 

Groundwater elevation monitoring in the Lower 
Moses Coulee commenced in late spring of 
2003. Monitored wells include: Palisades Irriga-
tion District (PID), King, Biram, Linville North, 
and Linville South (Table 1). Groundwater ele-
vations were monitored in the King well from 
May 2003 to December 2003, after which moni-
toring in this well was terminated and therefore 
not included in this report. Monitoring continues 
in the remaining wells. None of the wells are 
currently used for water supply. 

3.2.2    Seasonal Fluctuations 

Groundwater elevations in all monitored wells 
display distinct seasonal fluctuations (Figures 3-
6). In all wells, groundwater elevations increase 
during the wet winter months reaching their 
peaks in April after the spring snow melt and 
decrease during the dry summer months reach-
ing their low in early October before the start of 
the wet winter months.  

Seasonal fluctuations in groundwater elevations 
result from seasonal cycles in local groundwater 
recharge. Local recharge in the Lower Moses 
Coulee is derived from infiltrating precipitation 
and snow melt within the coulee itself and from 
infiltrating surface water sources, both of which 
contribute more recharge during the wet winter 
and spring months. Surface water sources in-
clude Douglas and McCarteney Creeks, which 
enter the coulee near its upper reaches and loose 
all their water to the highly permeable alluvial 
aquifer, except during exceptionally large runoff 
events when Douglas Creek has been known to 
flow all the way to the Columbia River.  

In general the seasonal fluctuations in ground-
water elevations are most pronounced in the 
shallow alluvial aquifer where recharge lag 
times are short. Driller’s logs indicate that the 
Linville South and PID wells are completed 
within the alluvial aquifer. A driller’s log is not 
available for the Biram monitored well; how-
ever, based on its depth and a driller’s log for 
Biram’s second well 50 feet away, the Biram 
well is likely completed within the alluvial aqui-



 

GROUND WATER ELEVATION MONITORING REPORT 5  
FEBRUARY 19, 2007 

fer. Seasonal fluctuations observed in these 
wells range from over 11 feet in the Linville 
South well to about 6 feet in the PID and 5 feet 
in the Biram well. The larger seasonal fluctua-
tions observed in the Linville South well may be 
related to heterogeneities within the aquifer, 
bedrock slope, and/or irrigation withdrawals. 

Groundwater elevations in two alluvial aquifer 
wells (Linville South and PID) displayed a no-
ticeably higher peak for the 2006 water year 
relative to the previous two years (Figures 3 
and 4). Peak groundwater elevations were 2 to 3 
feet higher in the Linville South well and about 
1 foot higher in the PID well. The peak ground-
water elevations in the Biram well increased to a 
much smaller degree (Figure 5). 

The higher peak for the 2006 water year ob-
served in the alluvial aquifer was not observed 
in the basalt aquifer. Driller’s logs indicate the 
Linville North well is completed in the basalt 
aquifer and the seasonal fluctuations have been 
fairly consistent at 1 to 2 feet each water year 
(Figure 6). The seasonal fluctuations in the ba-
salt aquifer are less pronounced because it is a 
deeper regional source and, therefore, less influ-
enced by seasonal cycles in local recharge.  

3.2.3    Summer Fluctuations 

Groundwater elevations in the Linville North, 
Linville South, and Biram wells also display 
smaller, shorter time-scale fluctuations during 
the summer months in addition to the seasonal 
fluctuations described above. These smaller 
fluctuations are not observed in the PID well, 
which is located in the upper reaches of the cou-
lee. 

The smaller fluctuations observed during the 
summer months are likely in response to vari-
able groundwater withdrawal during summer 
irrigation. The Palisades Irrigation District near 
Palisades in the upper reaches of the coulee uses 
surface water from Douglas Creek for irrigation 
and may explain the lack of summer fluctuations 
observed in that well.  

3.2.4    Long Term Trends 

Only three complete water years of monitoring 
has taken place in the Lower Moses Coulee 
(2004, 2005, and 2006); therefore, long term 
trends in groundwater elevations can not be ac-
curately assessed. Groundwater elevations were 
lowest in the 2005 water year and highest in the 
2006 water year, but generally the seasonal fluc-
tuations have been consistent and do not display 
any long-term trends. 

3.3    UPPER MOSES COULEE 

Upper Moses Coulee from Jameson Lake to 
Lower Moses Coulee is approximately 20 miles 
long and follows McCarteney Creek (Figure 7). 
The surface elevation along the Upper Moses 
Coulee ranges from 1800 feet msl near Jameson 
Lake to 850 feet msl near the upper reaches of 
Lower Moses Coulee.  

3.3.1    Monitoring Network 

Groundwater elevation monitoring in the Upper 
Moses Coulee was initiated in the summer of 
2004. Initial wells included Bechtol, Mayer, and 
The Nature Conservancy [TNC] (Table 1). 
Monitoring of the Bechtol well was terminated 
in May 2005 and is therefore no longer pre-
sented. The data was included in the 2005 Water 
Year report. Data analysis of the TNC well indi-
cates the transducer has either malfunctioned or 
is still above the water level and needs to be 
lowered. Data for the TNC well is therefore not 
presented.  

A new monitoring well was added to the Upper 
Moses Coulee site in late 2006. The Johnson 
irrigation well, owned by Pete Muslin and oper-
ated by Rod and Russell Peterson, was added in 
September 2006. The Johnson well is completed 
in the alluvial aquifer. An aquifer pump test was 
performed on the Johnson well as part of the 
Flood Mitigation Assessment (PGG, 2006c). 
The results of the aquifer test indicated a highly 
transmissive aquifer (Transmissivity [T] = 1.6 
million gallons per day per foot of drawdown 
gpd/ft). Monitoring of the Johnson well will 
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provide information on groundwater elevation 
trends in the alluvial aquifer between Jameson 
Lake and the Rimrock Meadows area. 

Three additional wells are scheduled to be added 
to the Upper Moses Coulee long term groundwa-
ter monitoring program in 2007; the NAAC 
Rimrock Meadows deep irrigation well, the PK 
& T domestic well, and the Johncox domestic 
well (Figure 7).  

The NAAC Rimrock Meadows irrigation well is 
a deep basalt aquifer well (738-ft deep). Moni-
toring of the NAAC deep well will provide in-
formation on long term groundwater trends in 
deeper portions of the basalt aquifer. The PK & 
T domestic well, owned by Pete Muslin, is com-
pleted in the upper most portions of the basalt 
aquifer near Camel Springs where McCartney 
Creek first gains water south of Jameson Lake. 
Monitoring in this location will provide informa-
tion on groundwater trends and their influence 
on surface water flow in McCartney Creek.  

The Johncox well, completed in the basalt aqui-
fer in the Rimrock Meadows area, was part of 
the initial long term monitoring program for the 
Upper Moses Coulee, but obstructions in the 
well head led to instrumentation problems. Jim 
Johncox has granted permission for the well 
head to be modified to accommodate data in-
strumentation. Modification and instrumentation 
will take place in 2007. 

Continued monitoring in the Upper Moses Cou-
lee area will also provide observations in 
groundwater elevations for the Rimrock Mead-
ows area, an area within the Upper Moses Cou-
lee which may experience a substantial increase 
in the number of unregulated exempt water sup-
ply wells. An assessment of potential groundwa-
ter impacts in the Rimrock Meadows area at full 
build-out conditions was recently performed as 
part of the Phase 2 Exempt Well use study. The 
result of the Rimrock Meadows assessment was 
summarized in a technical memorandum and is 
attached in Appendix A of this document. 

All new and future monitoring wells in the Up-
per Moses Coulee will be included in subsequent 

reports. Only data for the Mayer well is pre-
sented in this report. 

3.3.2    Observations 

Groundwater levels in the Mayer well showed a 
slow decline of about 0.6-ft throughout the 2005 
water year, with no apparent seasonal fluctua-
tion; groundwater levels have since recovered by 
about 0.5-ft during the wet season of 2006 (Fig-
ure 8). The declining levels during the 2005 wa-
ter year may have been due to the low precipita-
tion years of 2004 and 2005. The wetter 2006 
water year may have brought some recovery 
back. The small instantaneous drops in ground-
water levels in Figure 8 are in response to 
pumping in the well. 

3.4    JAMESON AND GRIMES 
LAKE  

Jameson and Grimes Lake are contained behind 
a glacial moraine in the upper most reaches of 
Moses Coulee (Figure 9). Grimes Lake is about 
2 miles upgradient of Jameson Lake and ap-
proximately 40 feet higher in elevation than 
Jameson Lake. Discharge to the lakes and the 
surrounding alluvial aquifer is derived mainly 
from precipitation, snow melt, runoff from storm 
events, and upward flow from the underlying 
basalt aquifer.  

Throughout the first part of the 20th century, the 
lake level in Jameson Lake continued to rise, 
apparently as a result of agricultural practices in 
the surrounding watershed. The lake water ele-
vation is now controlled by ditch and culvert 
structures at the south end of the lake. Details on 
the historical and current lake water quality can 
be found in WRIA 44/50 Water Quality Assess-
ment Jameson and Grimes Lakes (Pacific 
Groundwater Group and Water Quality Engi-
neering, 2004) and a more detailed discussion on 
the hydrogeology of the Jameson Lake area can 
be found in WRIA 44/50 Jameson Lake and 
Moses Coulee Flood Mitigation Hydrogeologic 
Assessment (PGG, 2006c). 
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3.4.1    Monitoring Network 

Lake level monitoring in Grimes and Jameson 
Lake was initiated in May 2004. Lake levels are 
monitored at the northern end of Jameson Lake 
and along the southern portion of the western 
shoreline of Grimes Lake (Figure 9). The 
Grimes lake station was initially located at the 
southern end of the lake but was relocated to its 
current position in September 2006 because of 
freeze and thaw movement at its old location. 
The transducers are housed in 2” PVC pipes at-
tached to a steel fence post within the lake.  

Groundwater level monitoring of the shallow 
alluvial aquifer was initiated in March 2005 at 
the Matthiesen Resort (Matthiesen well) adja-
cent to Jameson Lake (Figure 9). Groundwater 
level monitoring of the deep alluvial aquifer was 
initiated in late August 2006 with the installation 
of a deep groundwater monitoring well (PGG-1) 
on the north end of Jameson Lake (Figure 9).  

All four monitoring stations were professionally 
surveyed for their northing (y), easting (x), and 
elevation (z) positions in September 2006. Hy-
drographs for all four stations are shown in Fig-
ures 10-13. The Grimes Lake data was 
downloaded September 12, 2006; the last two 
weeks of the 2006 water year will be presented 
in subsequent reports.  

3.4.2    Observations 

The water level in Grimes Lake is about 40 ft 
higher than Jameson Lake throughout the year 
indicating a hydraulic gradient (slope) of 0.004 
ft/ft between the two lakes. Water level eleva-
tions of both lakes display similar seasonal fluc-
tuations of about 1.5 to 2.0 feet (Figures 10 and 
11). Both lakes reach their peak levels by early 
May and declined to their lows by early October 
before the start of the wet winter months. Sea-
sonal fluctuations during the 2005 and 2006 wa-
ter years were fairly similar for both lakes; how-
ever, water levels in Jameson Lake were ap-
proximately 0.35 feet higher during the 2006 
water year compared to the 2005 water year. 
Both lakes also display greater variability 
throughout the 2006 water year compared to the 

2005 water year (small scale fluctuations of less 
than 0.5 feet). The slightly higher levels and 
greater variability are likely due to the wetter 
2006 water year. Peak water levels in both lakes 
are likely dampened by the ditch and culvert 
control structures at the outlet of Jameson Lake.  

Groundwater elevations in the Mattheisen water 
supply well (Figure 12) are closely tied to the 
Jameson Lake elevation indicating a strong hy-
draulic connection between the aquifer and the 
lake in this vicinity. Groundwater elevations in 
deep monitoring well PGG-1 have been fairly 
constant since monitoring was initiated in late 
August 2006 (Figure 13). The groundwater ele-
vation in PGG-1 is about 8.5-ft higher than the 
Jameson Lake level indicating an upward 
groundwater gradient at the north end of the 
lake. The upward vertical gradient between 
PGG-1 and Jameson Lake is 0.05 ft/ft. Contin-
ued monitoring will indicate if there are any sea-
sonal or long term trends. 

3.5    FOSTER CREEK  

Foster Creek drains approximately 660 square 
miles and lies north of Jameson and Grimes 
Lake (Figure 14).  

3.5.1    Monitoring Network 

Groundwater monitoring of six wells in the Fos-
ter Creek area was initiated in the summer of 
2003 (Table 1). Three monitored wells, com-
pleted within the alluvial aquifer, are located 
within the valley of Foster Creek (Malone, Hen-
ton and Handford) and three monitored wells are 
located along the uplands above Foster Creek 
(Hammons, Hemmer, and Hunt); the Hunt and 
Hemmer wells are completed within the basalt 
aquifer and the Hammons well is completed 
within the alluvial aquifer. Upland elevations are 
approximately 1000 feet higher than the valley.  

Hydrographs for all monitored wells are shown 
in Figures 15 through 20. The barometric pres-
sure transducer malfunctioned from December 
2004 to February 2005; data values jump spo-
radically on all hydrographs for this period. The 
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barometric pressure transducer was subsequently 
replaced in June of 2005. A data gap for May 
2005 occurs on all hydrographs during the time 
the barometric transducer was removed from the 
site. The barometric pressure transducer again 
recorded a few anomalies (zero readings) during 
the months of December 2005 and January 
2006, but appears to have resumed its function-
ality after January 2006. The functionality of the 
barometer will be investigated in during the 
spring 2007 download.  

The following data gaps occur in the Hunt, 
Handford and Hammons wells: 

• The transducer in the Hunt monitoring well 
malfunctioned and was subsequently re-
placed between April 2004 and June 2005.  

• October 2005 to May 2006 data from the 
Handford well was inadvertently overwritten 
during the May 2006 download. The logger 
was removed to attempt data retrieval but 
was unsuccessful. The logger was subse-
quently replaced in late June 2006.  

• Data from the Hammons well from June 
2006 to October 2006 is unreliable because 
the recorded data was off by about 2-ft from 
the hand measured data and could therefore 
not be correlated to groundwater elevations. 

3.5.2    Valley Observations 

Groundwater elevations in monitored wells 
within the Foster Creek valley display variable 
amounts of seasonal fluctuations. Fluctuations 
range from about 1 foot in the Malone well to 
over 3 feet in the Henton well (Figures 15, 16 
and 17). Groundwater elevations in the Henton 
and Hanford wells begin to rise in September 
reaching their peak in February or March and 
then gradually decline reaching their low in Au-
gust. In comparison, the seasonal peaks and lows 
in the Malone well occur about two months 
later.  

The 2006 peak groundwater elevation is slightly 
higher by about 0.5 feet in the Malone well 
compared to 2004 and 2005. The 2006 peak 
groundwater elevation in the Henton well is also 

higher by about 0.75 feet compared to 2005 but 
is similar to 2004; however, water level changes 
in the Henton well are harder to discern because 
of frequent pumping. Data for the 2006 peak 
groundwater elevation in the Handford is not 
available.  

The seasonal fluctuations in the valley moni-
tored wells result from cycles in local recharge 
derived from infiltrating precipitation, snow 
melt, and storm runoff. The higher 2006 peak 
groundwater elevations are likely due to the wet-
ter 2006 water year. 

3.5.3    Upland Observations 

Trends in groundwater elevations along the up-
land wells are variable. Within the Hammons 
well, seasonal fluctuations of about 3 feet were 
observed during the 2004 and 2005 water years 
reaching its lowest observed level during the fall 
of 2005 (Figure 18). Water levels then increased 
over 6 feet during the spring 2006 season. Water 
levels also increased over 4 feet during the 
spring 2006 season in the Hunt well. Unlike the 
monitored wells in the Foster Creek valley, the 
groundwater elevations in the Hammons and 
Hunt wells increase rapidly in the early spring, 
likely in response to snow melt, and then gradu-
ally decline during the summer and fall before 
leveling off during the winter months. Rapid 
changes in groundwater elevations are common 
in uplands which are typically considered re-
charge areas for aquifer systems.  

In contrast to the Hammons and Hunt well, 
groundwater elevations in the Hemmer well had 
been in decline at a rate of about 1 foot-per-year 
during the 2004 and 2005 water years but recov-
ered about 1.5 feet during the spring 2006 sea-
son (Figure 20). This change in trend observed 
in the Hemmer well is similar to what was ob-
served in the Mayer well in the Upper Moses 
Coulee (Figure 8). 
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3.6    CHELAN HILLS / CHELAN 
SPRINGS 

Chelan Hills and Chelan Springs were incorpo-
rated into the long term groundwater monitoring 
program in 2006. The sites are located about 30 
miles north of Wenatchee along the Columbia 
River near Chelan Falls (Figure 1). Chelan 
Springs is a 6,731 acre area in the McNeil Can-
yon area and Chelan Hills is a 7,637 acre area 
immediately south and adjacent to the Chelan 
Springs (Figure 21). Both sites occur along the 
eastern slopes of the Columbia River valley. 
Many springs emanate within the study area in-
dicating a groundwater discharge area fed by 
more than water recharging directly within it; 
likely from upland recharge. Both areas have 
experienced relatively consistent growth since 
1988. 

3.6.1    Monitoring Network 

Four domestic wells were instrumented with 
pressure transducers in the Chelan Hills and 
Chelan Springs area in 2006. In the Chelan Hills 
area, the Luce and Sandum wells were instru-
mented on May 9, 2006. In the Chelan Springs 
area, the Nystrom well was instrumented on 
May 9, 2006 and the Cocoran well was instru-
mented on November 8, 2006 (Table 1). All 
wells except the Luce well are completed in 
fractured granite. The Luce well is completed in 
the basalt aquifer. Data from the Corcoran well 
will not be reported until the 2007 water year 
report. 

3.6.2    Observations 

Data collected from the Sandum well indicates 
water levels fail to recover to static conditions 
between pumping periods. As a result, water 
levels measured in the Sandum well do not re-
flect ambient groundwater levels in the aquifer. 
Data collected from the Sandum well is there-
fore not reported and monitoring has been dis-
continued.  

Data collected from the Luce and Nystrom wells 
are unreliable because of logger malfunction and 

therefore not presented. The new data loggers 
were apparently programmed with faulty soft-
ware provided by the manufacturer and will 
need to be reprogrammed. Field mobilization to 
reprogram the data loggers (including the Cor-
coran well) will occur during the scheduled 
spring 2007 download. 

3.7    BADGER MOUNTAIN 

Badger Mountain was incorporated into the long 
term groundwater monitoring program in 2006. 
The site is located northeast of East Wenatchee, 
between East Wenatchee and Waterville (Figure 
1). Badger Mountain is located on a local topog-
raphic high and therefore has no up-gradient 
recharge area. As such, it may be susceptible to 
groundwater declines if development of the area 
continues. 

3.7.1    Monitoring Network 

Four domestic wells were instrumented with 
pressure transducers at the Badger Mountain site 
on May 9, 2006: the Murray, Mouton, Robbins 
and Wilcox wells (Figure 22 and Table 1). The 
Murray, Moulton, and Robins wells are cur-
rently used for domestic water supply. The Wil-
cox well is a domestic water supply well cur-
rently unused. All wells are completed within 
the basalt aquifer. 

3.7.2    Observations 

Data collected from all Badger Mountain wells 
are unreliable because of logger malfunction and 
therefore not presented. As with the Chelan Hills 
and Chelan Springs monitored wells, the new 
data loggers were apparently programmed with 
faulty software provided by the manufacturer 
and will also need reprogramming. Field mobili-
zation to reprogram the data loggers will occur 
during the scheduled spring 2007 download. 
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TABLE 1: Groundwater and Surface Water Monitoring Sites (WRIA 44/50)
Site Monitoring ID Well Use MP Elevation1 (ft) Aquifer Well Depth (feet) Start of Data Collection
Lower Moses Coulee Biram Unused 920.3 Alluvial 135 5/6/2003
Lower Moses Coulee Linville N Unused 906.5 Basalt 240 5/6/2003
Lower Moses Coulee Linville S Unused 849.0 Alluvial 251 6/25/2003
Lower Moses Coulee PID Unused 1029.4 Alluvial 160 5/7/2003
Lower Moses Coulee King (discontinued 12/3/03) Unused 981.7 Basalt 139 5/6/2003
Upper Moses Coulee Mayer Domestic 1569 Basalt 80 8/10/2004
Upper Moses Coulee TNC Unused 1888 Basalt 705 2/9/2005
Upper Moses Coulee Johnson (aka Peterson) Irrigation 1554 Alluvial 191 9/19/2006
Upper Moses Coulee Bechtol (discontinued 5/31/05) Livestock 2050 Unknown >195 8/10/2004
Jameson Lake Matthiesen Domestic 1800.86 Alluvial 41 3/2/2005
Jameson Lake PGG-1 Monitoring Well 1805.41 Alluvial 152 8/31/2006
Jameson Lake Jameson Lake NA 1797.71 NA NA 4/28/2004
Jameson Lake Grimes Lake NA 1837.57 NA NA 4/28/2004
Foster Creek Hammons Unused 2126 Alluvial 57 7/9/2003
Foster Creek Handford Unused 896 Alluvial 45 7/9/2003
Foster Creek Hemmer Livestock 2178 Basalt 200 7/9/2003
Foster Creek Henton Irrigation 971 Alluvial 90 7/9/2003
Foster Creek Hunt Old Domestic 2087 Basalt 290 8/5/2003
Foster Creek Malone Unused 1663 Alluvial 64 7/9/2003
Chelan Hills-Chelan Springs Nystrom Domestic 2247 Granite 205 5/9/2006
Chelan Hills-Chelan Springs Corcoran Domestic 1978 Granite 165 11/8/2006
Chelan Hills-Chelan Springs Luce Domestic 1913 Basalt 59 5/9/2006
Chelan Hills-Chelan Springs Sandum (discontinued 10/20/06) Domestic 967 Granite 485 5/9/2006
Badger Mountain Wilcox Unused 4053 Basalt 210 5/9/2006
Badger Mountain Murray Domestic 3659 Basalt 140 5/9/2006
Badger Mountain Moulton Domestic 3881 Basalt 299 5/10/2006
Badger Mountain Robins Domestic 4078 Basalt 125 5/11/2006

NA = Not Applicable
NM = Not Measured
1 Measuring Point Elevations  (execpt Jameson Lake Area) survyed with GPS hand held reciever (vertical accuracy estimated to be +/- 10-ft).
  Jameson Lake Stations professionally surveys (vertical accuracy +/- 0.10-ft)
  Grimes Lake Station Moved in Sept. 2006 (elevation in table is for new station site)
  Datum: NAVD88
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History of Grimes Station:

Originally 7.87' below Bench Mark (BM) = 1836.6
Spring 05 moved up 0.25 (7.62' below BM) = 1836.9
Spring 06 moved up anoth 0.47' (7.15' below BM) = 1837.4
Station Moved 9/12/06 to new location where less ice expected.
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Figure 15  
Malone Well Hydrograph
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Jumps in data related to barometer malfunction.
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Henton Well Hydrograph
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Jumps between 12/04 and 2/05  due to the barometer logger malfunctioning.
Small gap in data (5/4/05 to 6/10/05) while logger was replaced.
Possible logger malfunction 6/15/06 to 6/28/06 (data not included)

Summer fluctuations due to pumping of monitored well

2005 Water Year2004 Water Year2003 Water Year 2006 Water Year



875

876

877

878

879

880

881

882

883

884

885

Oct-02 Oct-03 Oct-04 Oct-05 Oct-06

G
ro

un
dw

at
er

 E
le

va
tio

n 
(fe

et
)

Figure 17
Handford Well Hydrograph
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Jumps between 12/04 and 2/05  due to the barometer logger malfunctioning.
Small gap in data (5/4/05 to 6/10/05) while logger was replaced.
Data collected June 06 to Oct. 06 lost.
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Figure 18
Hammons Well Hydrograph
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Jumps between 12/04 and 2/05  due to the barometer logger malfunctioning.
Small gap in data (5/4/05 to 6/10/05) while logger was replaced.
This well has no pump in it.
Data collected June 22, 2006 to October 1, 2006 unreliable.
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Figure 19
Hunt Well Hydrograph
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Data from April 2004 to June 2005 is unreliable because of logger malfunction and is 
therefore not displayed.  The logger was replaced in June 2005.
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Figure 20
Hemmer Well Hydrograph
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Jumps between 12/04 and 2/05  due to the barometer logger malfunctioning.
Small gap in data (5/4/05 to 6/10/05) while logger was replaced.

Late summer declines due to pumping of monitored well.

2005 Water Year2004 Water Year2003 Water Year 2006 Water Year



Chelan Springs

Chelan Hills

LUCE

NYSTROM
CORCORAN (New)

SANDUM (Discontinued)

K:\S
teve\D

ouglasC
ountyE

xem
ptU

seP
hase2\gis\m

xd\2006\D
ouglas_C

ounty_E
U

_P
2_C

helan_M
onitoring_Sites.m

xd- 01/08/2007

Chelan Hills and Chelan 
Springs Monitoring Sites

0 2
Miles

FIGURE 21

1:100,000

WRIA 44/50 
Groundwater Elevation Monitoring
Exempt Well Water Use Phase 2

0 10,000
Feet

Groundwater Level 
Monitored Well 

Project Boundaries



Murray

Wilcox

Robins

Moulton

K:\S
teve\D

ouglasC
ountyE

xem
ptU

seP
hase2\gis\m

xd\2006\D
ouglas_C

ounty_E
U

_P
2_B

adger_M
tn_S

ites.m
xd- 01/08/2007

Badger Mountain
Monitoring Sites

0 2
Miles

FIGURE 22

1:100,000

WRIA 44/50 
Groundwater Elevation Monitoring
Exempt Well Water Use Phase 2

0 10,000
Feet

Groundwater Level 
Monitored Well 



 

Groundwater Elevation Monitoring Report A-1 
FEBRUARY 19, 2007 

APPENDIX A 
WRIA 44/50 RIMROCK BASIN ASSESSMENT 



Technical Memorandum 

To: Foster Creek Conservation District 

From: Steve Swope (Pacific Groundwater Group) 

Re: Rimrock Meadows Groundwater Assessment (Exempt Well Use Phase 2) 

Date: February 19, 2007 

There is concern that increases in exempt well use in the Rimrock Meadows area of cen-
tral Douglas County may lead to aquifer depletion and significant declines in groundwa-
ter elevations. Groundwater elevation declines in the Rimrock Meadows area could im-
pact existing domestic wells, reduce discharge to springs in McCartney Creek, and even-
tually reduce groundwater elevations in the Lower Moses Coulee. To address these con-
cerns, an assessment of aquifer response to pumpage at full build-out conditions was per-
formed. This assessment uses a computer model to simulate pumpage effects at full 
build-out conditions assuming year-round residency. These conditions represent a worse-
case scenario.  

An aquifer test was also performed on an existing domestic well in the Rimrock Mead-
ows area to evaluate aquifer properties and response to pumping. 

The results of the model simulation indicate that, at full build-out conditions, groundwa-
ter elevations may decline by about 100 feet below present conditions. However, the re-
sults are very sensitive to the transmissivity of the aquifer, which is not well known and 
likely variable across the site. The assessment suggests existing wells would likely be 
impacted at full build-out conditions since most are less than 150 feet deep with less than 
100-ft of available drawdown. Additional aquifer tests would improve estimates of aqui-
fer transmissivity across the site. The tests are fairly inexpensive and easy to perform. 
Future development of the area could require or at least recommend that new homeown-
ers grant access to perform one day pump tests as part of the monitoring program of the 
site. 

Significant declines in groundwater elevations over time could eventually impact many 
of the existing domestic wells, reduce discharge to springs in McCartney Creek, and 
eventually reduce groundwater elevations in the Lower Moses Coulee. Options to miti-
gate impacts could include drilling of deeper private wells to increase available draw-
down, switching to the use of a single community well, and conservation measures to 
minimize water use. 

The following sections provide (1) a brief description of the site; (2) background on the 
exempt well water use concerns; (2) a summary of the methods and results of our as-
sessment; and (3) recommendations for mitigation and monitoring. 
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SITE DESCRIPTION 

Rimrock Meadows is a residential development located in central Douglas County, near 
McCarteney Creek (Figure 1). The area is arid with an annual precipitation of about nine 
inches per year and an estimated recharge of less than one inch per year. The site is un-
derlain by thick Miocene basaltic rocks of the Columbia River Basalt Group (generally 
2,000 to 3,000 feet thick). The sequence is made up of numerous individual basalt flows 
with an average thickness of about 100 feet. The zones between the basalt flows are gen-
erally more permeable than basalt flow interiors. These interflow zones form the princi-
pal aquifers within the basalt. All water supply wells in the Rimrock Meadows area draw 
water from the basalt aquifer. 

Most of the current lots in the Rimrock Meadows area are used as summer recreational 
homes and do not have water supply wells. There are currently 37 water supply wells in 
the Rimrock Meadows area, many of which are not used. Only 3 are used year round 
(personal communication with Kevin Danby, Rimrock Meadows manager). The average 
rate of lot sales is currently about 35 per year and the average rate of new wells installed 
at the site is about 1 per year (personal communication with Kevin Danby, Rimrock 
Meadows manager). 

EXEMPT WELL USE CONCERNS 

Many areas across Washington State are experiencing growth in the number of houses 
with exempt wells and septic tanks. This growth is unregulated and can result in declines 
in groundwater quantity and quality. Pacific Groundwater Group (PGG) performed an 
initial Phase 1 Exempt Well Water Use Study in four areas of Douglas County1: Chelan 
Springs, Chelan Hills, Rimrock Meadows, and Badger Mountain. These areas were iden-
tified as high growth in exempt well water use. The results of that study suggest the 
greatest potential for groundwater level declines exists at Rimrock Meadows. A water 
balance analysis also showed that groundwater use in the Rimrock Meadows area at full 
build-out conditions could be as much as 400 percent of the estimated natural groundwa-
ter recharge to the immediate area. 

Subsequent to the Phase 1 Exempt Well Water Use Study, a Phase 2 study was initiated. 
A major component of the Phase 2 study includes establishing a long-term groundwater 
level monitoring program in the areas identified in the Phase 1 study. Results to date of 
the long-term groundwater level monitoring are reported in the Groundwater Elevation 
Monitoring Report2. A second component of the Phase 2 study includes this current in-
vestigation of the Rimrock Meadows groundwater basin. This assessment uses a com-
puter model to simulate groundwater impacts at full build-out conditions.  

                                                      
1 Pacific Groundwater Group, 2006. WRIA 44/50 Exempt Well Water Use Study. Prepared for Foster Creek Conserva-
tion District. 
 
2 Pacific Groundwater Group, 2007. WRIA 44/50 Groundwater Elevation Monitoring Report (2006 Water Year) Ex-
empt Well Water Use Phase 2. Prepared for Foster Creek Conservation District. 
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MODEL SIMULATION  

A two-dimensional, steady-state, finite-difference, groundwater-flow model was con-
structed to simulate the long term aquifer drawdown under full build-out conditions in the 
Rimrock meadows area. The model simulates changes in groundwater levels relative to a 
baseline starting condition, not actual elevations.  

The model domain was constructed to extend approximately 70 miles in all directions 
from the Rimrock Meadows area and is bounded by constant heads. The constant head 
boundaries are used to establish a starting condition of a flat water table arbitrarily set at 
1500 feet. The constant head boundaries are located far enough from the project area to 
have minimal influence on the simulated drawdown. A constant cell spacing of 500 by 
500 feet was used.  

The aquifer was simulated as confined. A confined aquifer maintains a constant transmis-
sivity value regardless of the change in groundwater level. The transmissivity was varied 
over a range of values to assess the sensitivity of the model. Recharge was not simulated 
because the simulation only models the changes to the system and recharge is assumed to 
be the same both before and after full build-out conditions. The only stress imposed on 
the aquifer was groundwater withdrawal. 

Groundwater Withdrawal  

Groundwater withdrawal under full build-out conditions was simulated using nine wells 
spaced uniformly throughout the Rimrock Meadows area. The difference between using 
nine wells spaced uniformly versus simulating each individual lot at full build-out condi-
tions has minimal effect on the simulated drawdown in the basin and, using a smaller 
number of wells simplifies the model construction. 

The private domestic groundwater use was estimated in the Phase 1 Exempt Well Water 
Use Study as 460 gallons per day per well. This value is based on the average water use 
per connection for the nearby Town of Waterville community system. The groundwater 
use is conservatively assumed to be entirely consumptive, although a certain percent of 
the water could be returned to the aquifer via septic and irrigation return flow. There are 
currently 37 private water supply wells in the Rimrock Meadows area (Figure 1). The 
full build-out conditions consists of 2,614 lots. At full build-out, and assuming all plots 
have wells installed, the total domestic groundwater use would be 1.2 million gallons per 
day (1,360 acre feet per year). This value was evenly distributed to the nine wells in the 
model simulation. 

Many of the current lots are used as summer recreational homes and existing groundwa-
ter use for each lot is likely much less than the average water use per connection in Wa-
terville. Of the currently installed 37 water supply wells in the Rimrock Meadows area 
only 3 are used year round (personal communication with Kevin Danby, Rimrock Mead-
ows manager). However, the domestic water use in the area is currently unregulated, and 
many of the future lots could be developed into permanent residences. Economic growth 
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in the area of Wenatchee, the City of Ephrata and Quincy are likely to continue, making 
the affordable lots in the Rimrock Meadows area attractive as permanent residences. 
Therefore, a worse-case condition of year round use at full build-out was assumed for the 
simulation. 

MODEL RESULTS 

The results of the simulation indicate the predicted drawdown under full build-out condi-
tions could be as little as 25-ft to over 2000-ft depending on the aquifer transmissivity. A 
graph of simulated drawdown versus transmissivity is shown in Figure 2. As the value of 
transmissivity decreases, the simulated drawdown increases substantially. Typical values 
of transmissivity for the basalt aquifer range from 200 to 5000 ft2/day with an average of 
about 1000 ft2/day, though individual values at specific locations can be much higher or 
lower. The typical values are based on estimates from numerous specific capacity data 
presented in U.S. Geological Survey (2000)3 and typical values for basalt aquifers re-
ported in Freeze and Cherry (1979)4. The results suggest the average drawdown under 
full build-out conditions at Rimrock Meadows would be about 100 feet.  

The assessment indicates existing wells would likely be impacted under full build-out 
conditions since most are less than 150 feet deep and have less than 100 feet available 
drawdown. Figures 3 and 4 show the number of existing wells versus well depth and 
available drawdown in the Rimrock Meadows area. The assessment also suggests dis-
charge to nearby springs in McCartney Creek would also be impacted. Little Rattle 
Snake, Rattle Snake, and Mineral Springs are located less than 1 mile downgradient of 
the Rimrock Meadows area at an elevation of about 1450 feet. The average groundwater 
elevation in the Rimrock Meadows area is about 1525 feet (based on static water levels 
reported on driller’s well logs and surface elevations provided by Gerald Cox). A 100 
foot groundwater elevation decline could lower groundwater levels below the current dis-
charge elevation of these spring systems. Significant declines in groundwater elevations 
over time could also eventually reduce groundwater elevations in the Lower Moses Cou-
lee, which is a significant discharge point of upgradient groundwater sources in the sur-
rounding area.  

As previously noted, the results of the simulation are sensitive to the transmissivity of the 
basalt aquifer. The basalt aquifer is composed of numerous permeable interflow zones at 
depth with variable degrees of transmissivity and vertical hydraulic connection. The vari-
ability in aquifer transmissivity across the site is not well known. Aquifer pump tests are 
useful for quantifying aquifer transmissivity at a particular location and depth. Access to 
a private domestic well was granted to perform an aquifer pump test in the Rimrock 
Meadows area. The test methods and results are presented in the following section. 

                                                      
3 U.S. Geological Survey, 2000. Hydrology of the Columbia Plateau Regional Aquifer System, Washington, Oregon, 
and Idaho. USGS Water Resource Investigation Report 96-4106. 
 
4 Freeze and Cherry, 1979. Groundwater. Prentice-Hall, Inc. Englewood Cliffs, New Jersey. 



RIMROCK ASSESSMENT / PHASE 2 EXEMPT WELL 5  
FEBRUARY 19, 2007 

AQUIFER PUMP TEST 

Access to perform an aquifer pump test in a private domestic well in the Rimrock Mead-
ows area was granted by Roy Downes. The location of the Downes well is shown in Fig-
ure 1. The 6-inch diameter well, constructed in 2005, is cased to a depth of 200 feet be-
low ground surface (bgs) and perforated from 160 to 200 feet bgs. The well log indicates 
30 feet of basalt followed by 15 feet of basalt with light brown silt (possibly an interflow 
zone) followed by another 150 feet of basalt before encountering 5 feet of green clay at 
the very bottom (well log attached). The static water level at time of drilling was 83 feet 
below ground surface (bgs). The static water level prior to the aquifer pump test was also 
about 83 feet bgs. The well is fitted with a submersible ½ horse-power Grundfos pump. 

The test consisted of two phases: 

• An initial phase pumping at the maximum pump rate of the well (8.8 gallon-per-
minute) followed by recovery. 

• A second phase pumping at a reduced rate of 2.7 gallons-per-minute for approxi-
mately one hour followed by about one hour of observed recovery. 

Pumping rates were measured using a discharge hose, a graduated five-gallon bucket, and 
a stop watch. Discharge rates were measured periodically to confirm a constant rate. Wa-
ter levels in the well were recorded every second using a pressure transducer.  

The initial phase was used to select the optimal pump rate to conduct the test. The initial 
phase resulted in over 45-ft of drawdown, well below the pressure transducer, within 15 
minutes of turning on the pump. Adjustments were made to the pumping rate with a 
check valve to establish a suitable lower rate to observe drawdown during the second 
phase. A rate of 2.7 gallons-per-minute was used for the second phase. 

AQUIFER TEST RESULTS 

Graphs of logarithmic elapsed time versus drawdown were used to compute the aquifer 
transmissivity (T). For the pumping phase the elapsed time (t) represents time since 
pumping began and for the recovery phase the elapsed time is calculated as t/t’, where t’ 
is the elapsed time since the pump shut off. 

The following Cooper and Jacob (1946) equation was selected for the analysis: 

T = 264Q/∆s 

Where: 

T= transmissivity, in gallons per day per foot (gpd/ft) 

Q= pumping rate, in gallons per minute (gpm) 
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∆s=drawdown over one log cycle  

The results of the pumping are shown in Figure 5. Drawdown data is plotted against 
elapsed time for both the pumping and recovery phase. The transmissivity was calculated 
to be 23 gpd/ft for the pumping phase and 14 gpd/ft for the recovery phase, with an aver-
age of 18.5 gpd/ft (2.5 ft2/day). The transmissivity at the depth and location of the Dow-
nes well is extremely low and not likely to be representative of the site. A site-wide value 
of 2.5 ft2/day would result in well over 2000 feet of drawdown in the model simulation at 
full build-out conditions (Figure 2). A review of driller’s logs for existing private domes-
tic wells in the Rimrock Meadow area indicate well yields range from less than 1 to 50 
gpm, with an average of about 15 gpm, well above the yield of the Downes well, suggest-
ing a lower than average value. 

RECOMMENDATIONS 

The results of the model simulation indicate that, at full build-out conditions, groundwa-
ter elevations may decline by about 100 feet below present conditions, which would 
likely impact existing wells, reduce discharge to nearby springs, and over time eventually 
lower groundwater elevations in the Lower Moses Coulee. However, the simulated de-
clines in groundwater assumes a worse-case scenario of year round, 100% consumptive, 
groundwater use by every lot at full build-out conditions (2,614 lots). Currently most lots 
are used for summer recreation and only 3 out of the 37 existing water supply wells are 
used year round.  

The results are also very sensitive to the transmissivity of the aquifer, which is not well 
known and likely variable across the site. Additional one-day aquifer tests of domestic 
wells across the site would be necessary to reduce this uncertainty. The tests are fairly 
inexpensive and easy to perform. Acquiring permission to perform tests from private 
owners has been difficult. Future development of the area could require or at least rec-
ommend that new homeowners grant access to perform one day aquifer tests as part of 
the monitoring program of the site. It would also be beneficial to require all wells be me-
tered for water use and to install data loggers in additional wells for long-term groundwa-
ter level monitoring.  

Options to mitigate future impacts from declines in groundwater levels could include the 
following: 

• Drilling of deeper wells to increase the available drawdown.  

• Switching to using a single community well such as the already existing club house 
irrigation well (NAAC-Deep). The driller’s log of the NAAC-Deep well indicates a 
water bearing interflow zone at 700 feet depth with a yield of 1150 gpm (well log at-
tached). This option would involve constructing a distribution system. Also, the water 
quality of this well is unknown. 

• Conservation measures to reduce water use such as restricting lawns and other large 
consumptive activities. 
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Future groundwater monitoring of the site is also included in the long-term groundwater 
monitoring program. The NAAC-Deep well was recently instrumented with a pressure 
transducer and two more domestic wells in the Rimrock Meadows area are scheduled to 
be instrumented in 2007.  
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Available drawdown was estimated from driller's well logs as the difference 
between static water level and well depth.  
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APPENDIX B 
MONITORED WELL LOGS 
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LOWER MOSES COULEE 
MONITORED WELL LOGS 
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UPPER MOSES COULEE 
MONITORED WELL LOGS 
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JAMESON LAKE AREA 
MONITORED WELL LOGS 
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Installed:
Datum: NAVD88
MP Elevation: 1805.4059
UWID:
Well Name:

Location:
Logged by:
Consulting Firm:
Firm:
Driller:
Drilling Method:
Project Name: Figure

GEOLOGIC LOG AND AS-BUILT
FOR MONITORING WELL PGG-1

Douglas County Recharge
JS0604, PGG-1.ldf, 9/2006

D
ep

th
 (f

t)

Log Well Construction

Douglas County Recharge
Air Rotary

Roy Sink
Environmental West Explorations

PGG
Dawn Chapel

Jameson Lake, Douglas County

PGG-1
APK319

7/18/2006

S
am

pl
e

G
eo

lo
g

y
8 inch steel monument
stickup 3 ft
well 0.5 ft below monument

Top of seal: 2 ft below ground
surface (bgs)

3/8 inch bentonite chips  (2-6 ft)

Concrete (0-2 ft)

Borehole diameter 8 inch

Bentonite Grout (6-133 ft)

Top of filter pack: 136 ft bgs

Riser 4 inch PVC schd 40

Top of screen: 139 ft bgs

Colorado silica sand #10x20

Water Level (8/31/06):
2.71 ft from top of well

Screen 4 inch, PVC schd 40
(10 slot)

3/8 inch bentonite pellets
(133-136 ft)

Bottom of screen: 149 ft bgs
Tail Pipe PVC schd 40
4 inch diameter (3 inch length)

Bottom of hole: 152 ft bgs
Collapsed Native (149-152 ft)

dry, brown, fine sandy SILT

Damp to wet, brown, F-M SAND, trace gravel and
silt.
Hole making water

Wet, brown-gray, very silty fine SAND

Hole making little to no water

Wet, gray-brown, very fine sandy SILT with trace
gray clay
Hole making little to no water

Wet, gray-brown, very silty fine SAND with trace
gray clay.
Hole making a little water

Wet, gray-brown, very fine sandy SILT with trace
gray clay
Hole making little to no water

Wet, gray-brown, very silty fine SAND with trace
gray clay
Hole making little to no water

Wet, gray-brown very fine sandy SILT to very silty
fine SAND interbedded with gray-green CLAY
Hole making some water
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FOSTER CREEK 
MONITORED WELL LOGS 
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CHELAN HILLS AND CHELAN SPRINGS 
MONITORED WELL LOGS 
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BADGER MOUNTAIN 
MONITORED WELL LOGS 

 


















