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1.0 SUMMARY OF FINDINGS 

Groundwater elevations in Water Resource In-
ventory Area (WRIA) 44/50 fluctuated seasonal-
ly between a high spring elevation and low late 
summer to fall elevation in most monitored 
wells. Seasonal fluctuations ranged from an ap-
parent 20 feet to less than 1 foot. In general, 
shallow wells within the alluvial aquifer or ba-
salt wells completed in recharge areas (Badger 
Mountain) displayed the largest seasonal fluc-
tuations, while deeper wells within the basalt 
aquifer away from recharge areas displayed little 
seasonal fluctuation. Groundwater within the 
basalt aquifer 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, an overall pattern of 
decline is noted in the minimum annual water 
levels of the PID and Biram wells, located in the 
Lower Moses Coulee and the Hemmer well, lo-
cated in the Foster Creek Area. A number of 
wells indicated a decline but have too short data 
records to be reliable. These wells include TNC, 
Johnson, Downes, Nystrom, and Moulton. The 
apparent decline may be due to variations in an-
nual usage and/or precipitation in those areas. 
Groundwater elevation increases are noted in the 
Matthiesen and Hanford wells. 

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 expe-
riencing 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.  

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 having potential for future 
groundwater level declines. These areas include 
Chelan Springs, Chelan Hills, Rimrock Mea-
dows, and Badger Mountain. Existing monitor-
ing wells in the Foster Creek basin and the Low-
er and Upper Moses Coulee were also added to 
the long-term monitoring program. These wells 
were instrumented during previous studies and 
continued monitoring will provide useful infor-
mation on long-term trends in groundwater ele-
vations throughout WRIA 44/50. All long-term 
groundwater monitoring areas are shown in Fig-
ure 1. 

The purpose of this report is to provide a sum-
mary of groundwater elevation trends observed 
at the monitoring sites through the end of the 
2008 water year (October 2008). Monitoring 
began as early as 2003 in some wells and as late 
as 2007 in other wells.  

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    PREVIOUS STUDIES 

To address the issue of exempt well water use, 
the WRIA 44/50 Watershed Planning Unit pro-
posed an Exempt Well Water Use Study in 
2004. Pacific Groundwater Group (PGG) per-
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formed an initial Phase 1 Exempt Well Water 
Use Study in 2005 in four areas of Douglas 
County: Chelan Springs/Chelan Hills, Rimrock 
Meadows/Sagebrush Flats, and Badger Moun-
tain (Figure 1). These areas were identified as 
high growth in exempt well water use. The 
Phase 1 Study involved 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 the 
affects of full build-out conditions on water 
quality.  

The results of the Phase 1 Study suggested 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 
quality in all areas except possibly Rimrock 
Meadows, an area that could experience relative-
ly dense development (PGG, 2006a).  

Another component of the Phase 2 Exempt Well 
Water Use Study is monitoring long-term trends 
in groundwater elevations. Wells in four areas 
were initially instrumented for long-term moni-
toring: Lower Moses Coulee, Upper Moses Cou-
lee, 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 groundwa-
ter elevations summarized monitoring up to Oc-
tober 2005 at these four monitoring areas (PGG, 
2006b). Since then three additional areas (The 
Chelan Hills, Chelan Springs, and the Badger 
Mountain areas) were added to the monitoring 
program (Figure 1). As of December 2008, the 
monitoring program for the Phase 2 Exempt 
Well Use Study consists of six areas with a total 
of 24 monitored wells and 2 lake stations (Table 
1). Well logs for all monitored wells are pro-
vided in Appendix A.  

2.3    HYDROGEOLOGY 

The hydrogeology of the study area is described 
in the WRIA 44/50 Final Phase 2 Basin Assess-
ment (PGG, 2003a) and in the WRIA 44/50 Fos-
ter Creek and Lower Moses Coulee Level 2 Hy-
drogeologic Assessment (PGG, 2003b). The fol-
lowing summary is drawn predominantly from 
those reports. 

WRIA 44/50 is underlain primarily by the Mi-
ocene basaltic rocks of the Columbia River Ba-
salt Group. The basalt sequence is generally 
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, silt-
stones, 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 underlying the Columbia 
River Basalt can be seen in outcrops. Water sa-
turated 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 
aquifer. 
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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  

The following criteria were used in selecting 
monitored wells: 
 
• 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 in each area. For exam-
ple, in the Chelan Hills and Chelan Springs area, 
the preferred number of wells (3 at each study 
area) could not be achieved because the above 
criteria could not be met. 

The monitoring system uses Solinst LT Leve-
loggers transducers to measure and record both 
groundwater levels and barometric pressure at 
six different study areas 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 Jameson Lake began in 2004. 
Monitoring in the Chelan Springs, Chelan Hills, 
and Badger Mountain areas began in 2006.  

Transducers are downloaded in the spring each 
year with a laptop computer and imported into 
an MS Access database to managed as needed. 
Water levels are corrected for barometric pres-
sure because the transducers are not vented to 
the atmosphere. 

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 
through the end of the 2008 water year (October 
1, 2008) at each site. Site maps and hydrographs 
are provided in Figures 2-33. 

3.1    PRECIPITATION RECORDS 

The Western Regional Climate Center (WRCC) 
operates a number of Remote Automated 
Weather Stations (RAW), that record daily val-
ues of total precipitation. There are RAW sta-
tions at the town of Douglas, located in the cen-
tral portion of WRIA 44/50, and at the town of 
Nespelem, just north of WRIA 44/50 (Figure 1). 
Time series plots of precipitation for both sta-
tions are presented in Appendix B. The plots 
were constructed from data available at 
http://www.raws.dri.edu/wraws/waF.html. 

The precipitation records indicate that 2008 was 
generally drier that the previous three years, at 
both locations. 

3.2    LOWER MOSES COULEE  

Lower Moses Coulee (Figure 2), from Rattle 
Snake Springs to the Columbia River, is approx-
imately 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 McCarteney 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 N, and 
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Linville S (Table 1, Figure 2). Groundwater 
elevations were monitored in the King well from 
May 2003 to December 2003, when monitoring 
in this well was terminated. Monitoring contin-
ues in the remaining wells. None of the wells are 
currently used for water supply. 

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; however, 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 aquifer. 

3.2.2    Seasonal Fluctuations 

Groundwater elevations in all monitored wells in 
the Lower Moses Coulee display distinct sea-
sonal fluctuations (Figures 3-6). In all moni-
tored wells, groundwater elevations increase 
during the wet winter months, reaching their 
peaks in March or April after the spring snow 
melt. Groundwater elevations decrease during 
the dry summer months, reaching their lows in 
September or 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 lose 
all their water to the highly permeable alluvial 
aquifer. However, during exceptionally large 
runoff events, 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. Seasonal fluctuations observed 
in these wells range from over 11 feet in the 
Linville South well to about 7 feet in the PID 
and 5 feet in the Biram well. The larger seasonal 

fluctuations observed in the Linville South well 
may be related to heterogeneities within the 
aquifer, bedrock slope, and/or irrigation with-
drawals. 

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 varia-
ble groundwater withdrawal during summer irri-
gation. 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 

Five complete years of monitoring have now 
been collected in the Lower Moses Coulee and 
preliminary long-term trends can begin to be 
assessed.  

Groundwater elevations appear to generally cor-
relate with precipitation. The decrease in eleva-
tions between the 2006 and 2007 water years is 
likely due to this correlation. Groundwater ele-
vations are stable for the duration of the record 
in the Linville wells but an overall pattern of 
decline is noted in the PID and Biram minimum 
annual water levels (Figures 4 and 5). The ap-
parent decline may be due to variations in an-
nual usage in these areas. Statistical analysis is 
required to evaluate the validity and source of 
the decline. 

3.3    UPPER MOSES COULEE 

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

3.3.1    Monitoring Network 

Groundwater elevation monitoring in the Upper 
Moses Coulee was initiated in the summer of 
2004. Groundwater elevation time series plots 
are presented in Figures 8-12. Initially moni-
tored wells included Bechtol, Mayer, and The 
Nature Conservancy [TNC] (Table 1). Monitor-
ing of the Bechtol well was terminated in May 
2005. The Johnson well was added in 2006 and 
the NAAC, Downes, and Johncox wells were 
added in 2007. All of the wells are completed in 
the basalt aquifer except for the Johnson well, 
which is completed in the overlying alluvial 
aquifer. 

3.3.2    Observations 

Static groundwater levels in the Mayer well at 
the end of the 2008 water year were approx-
imately 0.5 feet lower than previously monitored 
(Figure 8). This is likely due to the relatively 
decreased precipitation in 2008. The small in-
stantaneous drops in groundwater levels in Fig-
ure 8 are in response to pumping in the well. 

The scatter evident in the Johncox groundwater 
elevation record (Figure 9) is due to pumping 
and recovery of the well. The water levels show 
a seasonal variation of approximately two feet. 
2008 groundwater elevations are down approx-
imately half a foot compared to 2005, likely due 
to decreased precipitation. Data from water year 
2007 is missing due to an equipment malfunc-
tion.  

Groundwater elevations in the TNC well (Fig-
ure 10) indicate a seasonal variation of approx-
imately two feet. Groundwater elevations de-
clined slightly between 2007 and 2008, likely 
due to the decreased precipitation. 

The groundwater elevation record for the John-
son well (Figure 11) is typical for an irrigation 

well. Groundwater elevations rise from October 
until the beginning of the irrigation season in 
April of each year. During the irrigation season, 
groundwater elevations decline in response to 
pumping. The two sets of readings for the irriga-
tion season indicate the groundwater elevations 
during pumping and non-pumping periods. Sea-
sonal groundwater elevation changes are approx-
imately three feet. As with other monitored 
wells in the Upper Moses Coulee, groundwater 
elevations have decreased by approximately half 
a foot since 2007. 

The seasonal groundwater elevation change in 
the Downes well (Figure 12) evident in 2007 
was greatly reduced in 2008. Groundwater ele-
vations did not recover during the wet season 
but continued to decline. The total measured 
decline is approximately two feet. More data is 
required to evaluate this water level record. 

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 13). Grimes Lake is ap-
proximately 2 miles upgradient of Jameson Lake 
and approximately 40 feet higher in elevation 
than Jameson Lake. Discharge to the lakes and 
the surrounding alluvial aquifer is derived main-
ly from precipitation, snow melt, runoff from 
storm events, and upward flow from the under-
lying basalt aquifer.  

Throughout the first part of the 20th century, the 
lake level in Jameson Lake rose, apparently as a 
result of agricultural practices in the surrounding 
watershed. The lake water elevation is now con-
trolled 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 Assessment Jameson 
and Grimes Lakes (Pacific Groundwater Group 
and Water Quality Engineering, 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 
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Mitigation Hydrogeologic Assessment (PGG, 
2006c). 

3.4.1    Monitoring Network 

Lake level monitoring in Jameson and Grimes 
Lakes began in May 2004. Lake levels are moni-
tored at the northern end of Jameson Lake and at 
the south-western end of Grimes Lake (Figure 
13). The transducers are housed in 2-inch diame-
ter PVC pipes attached to steel fences posts 
within the lakes.  

The Grimes Lake station was initially located at 
the southern end of the lake. The station was 
relocated to its current position in September 
2006 because the freeze and thaw movement of 
the lake at the initial location affected water lev-
el measurement. The freeze and thaw movement 
continued at the new location because flows into 
Grimes are not sufficient to keep the transducer 
ice free in the winter. The transducer will be 
reinstalled at the original location and removed 
each fall. 

Groundwater level monitoring of the shallow 
alluvial aquifer was initiated in March 2005 at 
the Matthiesen Resort (Matthiesen well) adja-
cent to Jameson Lake. Groundwater level moni-
toring of the deep alluvial aquifer was initiated 
in August 2006 in a deep groundwater monitor-
ing well (PGG-1) at the north end of Jameson 
Lake.  

All four monitoring stations were surveyed in 
September 2006. Hydrographs for all four sta-
tions are shown in Figures 14-17.  

3.4.2    Observations 

Water level elevations of Jamison and Grimes 
Lakes display similar seasonal fluctuations of 
about 2 feet (Figures 14 and 15). Both lakes 
reach their peak levels by early May and de-
clined to their lows by early October before the 
start of the wet winter months. Seasonal fluctua-
tions during the period of record were fairly sim-
ilar for both lakes. Lake stage elevations have 
been generally stable over the period of record. 
The increased variability (small scale fluctua-

tions of less than 0.5 feet) noted in 2006 dimi-
nished during 2007 and 2008.  

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.  

Groundwater elevations in the Mattheisen water 
supply well (Figure 16) are closely tied to the 
Jameson Lake elevation indicating a strong hy-
draulic connection between the shallow aluvial 
aquifer and the lake in this vicinity. Seasonal 
variation in the Mattheisen well is approximate-
ly two feet.  

Groundwater elevations in deep monitoring well 
PGG-1 indicate approximately one foot of sea-
sonal variation since monitoring began (Figure 
17). The groundwater elevation in PGG-1 is 
about 8.5 feet higher than the Jameson Lake and 
shallow aquifer levels 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. The Foster Creek monitoring network is 
presented in Figure 18.  

3.5.1    Monitoring Network 

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

Hydrographs for all monitored Foster Creek 
wells are shown in Figures 19 through 24. The 
barometric pressure transducer malfunctioned 
from December 2004 to February 2005. The ba-
rometric pressure transducer was subsequently 
replaced in June of 2005. The following data 
gaps occur in the Hunt, Hanford, Henton, and 
Hammons wells: 

• The transducer in the Hunt monitoring well 
malfunctioned in April 2004 and was subse-
quently replaced in June 2005 when monitor-
ing resumed.  

• October 2005 to May 2006 data from the 
Hanford well was inadvertently overwritten 
during the May 2006 download. The logger 
was temporarily removed and was reinstalled 
in late June 2006.  

• Data from the Henton well is missing from 
October 2007 to March 2008 when the trans-
ducer was removed for well head mainten-
ance. 

3.5.2    Valley Observations 

Groundwater elevations in monitored wells in 
the Foster Creek valley (Hanford, Henton, and 
Malone) display variable amounts of seasonal 
fluctuations (Figures 19, 20, and 21).. Fluctua-
tions are generally between 1 and 2 feet, al-
though higher fluctuations are apparent in the 
Henton well due to pumping of the well. Peak 
water level elevations are highly variable and 
range from December to April. Groundwater 
lows occur between July and October. In gener-
al, seasonal peaks and lows in the Malone well 
occur about two months later than the Hanford 
and Henton wells. 

The 2008 peak groundwater elevation is slightly 
lower (about 0.2 feet) in the Malone well com-
pared to 2007, likely a result of reduced precipi-
tation. The 2008 peak groundwater elevation in 
the Henton well is lower by about 1 foot com-
pared to 2007; however, water level changes in 
the Henton well are difficult to discern because 

of frequent pumping and the winter 2007-2008 
data gap. The 2008 peak groundwater elevation 
in the Hanford well was approximately 0.5 feet 
higher than in 2007.  

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 lower 2008 peak 
groundwater elevations in the Malone and Hen-
ton wells are likely due to the dryer 2008 water 
year. Groundwater elevations in the Hanford 
well have increased every year since monitoring 
began in 2003. The source of the increased 
groundwater elevations in the Hanford well is 
unknown.  

3.5.3    Upland Observations 

Trends in groundwater elevations along the upl-
and wells (Hammons, Hunt, and Hemmer) are 
variable. Unlike the monitored wells in the Fos-
ter 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 gradually decline during the summer 
and fall before leveling off during the winter 
months. Rapid changes in groundwater eleva-
tions are common in uplands which are typically 
considered recharge areas for aquifer systems. 

In the Hammons well, seasonal fluctuations 
range from 2 feet to over 9 feet (Figure 22). The 
2008 groundwater elevations were approximate-
ly 1 to 2 feet lower than in 2007.  

Seasonal variability in the Hunt well (Figure 23) 
is approximately 2 to 4 feet. Groundwater eleva-
tions during the 2008 water year were compara-
ble to previous years.  

Groundwater elevations in the Hemmer well 
(Figure 24) have declined since monitoring be-
gan in 2003 except for spring of 2006 through 
spring 2007. The total decline is approximately 
7 feet.  
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3.6    CHELAN HILLS / CHELAN 
SPRINGS 

Chelan Hills and Chelan Springs were added to 
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 Canyon area and 
Chelan Hills is a 7,637 acre area immediately 
south and adjacent to the Chelan Springs (Fig-
ure 25). Both sites occur along the eastern 
slopes of the Columbia River valley. Many 
springs emanate within the study area indicating 
it is a groundwater discharge area fed by more 
than water recharging directly within it, likely 
from upland recharge. Both areas have expe-
rienced relatively consistent population 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 the Chelan Hills area, 
the Luce and Sandum wells were instrumented 
on May 9, 2006. Monitoring of the Sandum well 
was discontinued because the water level did not 
recover between pumping periods. In the Chelan 
Springs area, the Nystrom well was instru-
mented on May 9, 2006 and the Cocoran well 
was instrumented on November 8, 2006 (Table 
1).  

All monitored wells except the Luce well are 
completed in fractured granite. The Luce well is 
completed in the basalt aquifer.  

3.6.2    Observations 

Time series plots of groundwater elevations for 
the Chelan Hills/Chelan Springs wells are pre-
sented in Figures 26-28. Groundwater eleva-
tions in the Luce well (Figure 26) indicate a 3-
foot annual variation with the highest water le-
vels in March or April and lowest in October. 
The data dispersion evident in the first half of 
water year 2007 is likely due to instrument error. 

Groundwater elevations were consistent between 
the 2007 and 2008 water years. 

Groundwater elevations in the Nystrom well 
(Figure 27) indicate a decline of approximately 
2 feet during the two year monitoring period. 
The Nystrom well hydrograph reflects the influ-
ence of pumping. 

Groundwater elevations in the Cocoran well 
(Figure 28) show high seasonal variability.  
During the fall of 2008 the water level dropped 
over 20 feet and apparently below the data log-
ger, causing the flat-line effect.  

3.7    BADGER MOUNTAIN 

Badger Mountain was added to the long term 
groundwater monitoring program in 2006. The 
site is located northeast of East Wenatchee, be-
tween East Wenatchee and Waterville (Figure 
1). Badger Mountain is located on a local topo-
graphic 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, Robins 
and Wilcox wells (Figure 29 and Table 1). The 
Murray, Moulton, and Robins wells are current-
ly used for domestic water supply. The Wilcox 
well is a domestic water supply well that is cur-
rently unused. All wells are completed within 
the basalt aquifer. 

3.7.2    Observations 

Time series plots of groundwater elevations for 
the Badger Mountain wells are presented in Fig-
ures 30-33. Peak groundwater elevations occur 
in April to June while annual minimums occur 
in October to February. Groundwater elevations 
in the Moulton well (Figure 30) vary by 15 to 
20 feet annually. Groundwater elevations have 
declined approximately three feet since 2007. 
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The groundwater level may have dropped below 
the bottom of the transducer at the end of 2008, 
causing the flat effect seen in Figure 30. 

The Murray well (Figure 31) indicates up to 9 
feet of annual water level variation. The spring 
freshet in 2008 resulted in about half as much 
elevation rise as in 2007. 

The Robins well (Figure 32) indicates over 10 
feet of water level change annually, with the 
peak water levels occurring in June.  

Groundwater elevations in the Wilcox well 
(Figure 33) remained essentially constant 
throughout the 2007 and 2008 water years, al-
though they showed much higher variability dur-
ing the winter months. Much of the variability 
appears to be associates with barometric changes 
more than water level variation. 

4.0 REFERENCES 

Douglas County Watershed Planning Associa-
tions, 2004. Watershed Management Plan, 
Moses Coulee and Foster Creek Watershed, 
WRIA 44&50 

Pacific Groundwater Group, 2003a. WRIA 44/50 
Final Phase 2 Basin Assessment April 2003. 
Prepared for Foster Creek Conservation Dis-
trict. 

Pacific Groundwater Group, 2003b. WRIA 44/50 
Foster Creek and Lower Moses Coulee Level 
2 Hydrogeologic Assessment September 2003 
Draft. Prepared for Foster Creek Conserva-
tion District. 

Pacific Groundwater Group and Water Quality 
Engineering, 2004. WRIA 44/50 Water 
Quality Assessment Jameson and Grimes 
Lakes. Prepared for Foster Creek Conserva-
tion District. 

Pacific Groundwater Group, 2006a. WRIA 44/50 
Exempt Well Water Use Study. Prepared for 
Foster Creek Conservation District 

Pacific Groundwater Group, 2006b. WRIA 44/50 
Groundwater Elevation Monitoring Report 
Exempt Well Water Use Phase 2. Prepared 
for Foster Creek Conservation District. 

Pacific Groundwater Group, 2006c. Jameson 
Lake and Moses Coulee Flood Mitigation 
Hydrogeologic Assessment Review Draft. 
Prepared for Foster Creek Conservation Dis-
trict. 

Pacific Groundwater Group, 2007. WRIA 44/50 
Rimrock Basin Assessment. Technical Me-
morandum prepared for Foster Creek Con-
servation District.  

 

 

 



 

APPENDIX A 
MONITORED WELL LOGS 

 

GROUNDWATER ELEVATION MONITORING REPORT B-1 
FEBRUARY 2009 



Jameson & 
Grimes Lakes

C
ol

um
bia

 River

Ba
nk

s 
La

ke

17
155

Foster Creek

Lower
Moses
Coulee

Upper
Moses
Coulee

Badger
Mountain

Chelan
Hills

Chelan
Springs 172

2

97

153

17

174

28

17

Ephrata

W
en

at
ch

ee

Chelan

Quincy

Entiat

Brewster

Soap
Lake

Bridgeport

Grand
Coulee

Waterville

Coulee
City

Pateros

Mansfield

East
Wenatchee

Rock
Island

Douglas

Nespelem

K:\S
teve\D

ouglasC
ountyE

xem
ptU

seP
hase2\gis\m

xd\2006\D
ouglas_C

ounty_E
U

_P
2_V

icinity.m
xd - 01/8/2007

Monitoring Site Map

0 10
Miles

FIGURE 1

1:600,000

Preciptation RAW Stations 

WRIAs 44 & 50 Boundaries

Lakes

State Routes

County Line

Rivers & Streams

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

0 50,000
Feet



Biram

Linville S

Linville N

King (Discontinued)

Palisades Irrigation District

K:\S
teve\D

ouglasC
ountyE

xem
ptU

seP
hase2\gis\m

xd\D
ouglas_C

ounty_E
U

_P
2_Low

er_M
C

_M
onitoring_S

ites.m
xd - 04/14/2006

Lower Moses Coulee
Monitoring Locations

0 2
Miles

FIGURE 2

1:120,000

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

0 10,000
Feet

Groundwater Level 
Monitored Well 



592

593

594

595

596

597

598

599

600
nd

w
at

er
 E

le
va

tio
n 

(fe
et

)

587

588

589

590

591

Oct-02 Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Sep-08

G
ro

un

Figure 3
Linville South Well Hydrograph

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

Note: Scale modified from standard report scale



887

888

889

890

891

892

893
dw

at
er

 E
le

va
tio

n 
(fe

et
)

883

884

885

886

Oct-02 Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Sep-08

G
ro

un
d

Figure 4
Palisades Irrigation District (PID) Well 
Hydrograph

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



794

795

796

797

798

799

800
dw

at
er

 E
le

va
tio

n 
(fe

et
)

790

791

792

793

Oct-02 Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Sep-08

G
ro

un
d

Figure 5
Biram Well Hydrograph

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



736

737

738

739

740

741

742
un

dw
at

er
 E

le
va

tio
n 

(fe
et

)

732

733

734

735

Oct-02 Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Oct-08

G
ro

u

Figure 6
Linville North Well Hydrograph

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



TNC

Mayer

Downes

Johncox Rimrock (NAAC)

PK & T (Future)

Johnson (aka Peterson)

Bechtol (Discontinued)

K:\S
teve\D

ouglasC
oD

ata\gis\m
xd\D

ouglas_C
ounty_E

U
_P

2_U
_M

C
_M

onitoring_S
ites.m

xd - 02/28/2008

Upper Moses Coulee
Monitoring Well Locations

0 2
Miles

FIGURE 7

1:120,000

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

0 10,000
Feet

Groundwater Level 
Monitored Well 



1534

1535

1536

1537

1538

1539

1540
nd

w
at

er
 E

le
va

tio
n 

(fe
et

)

1530

1531

1532

1533

Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Oct-08

G
ro

un

Figure 8
Mayer Well Hydrograph

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



1517

1518

1519

1520

1521

1522

1523

nd
w

at
er

 E
le

va
tio

n 
(fe

et
)

1513

1514

1515

1516

1517

Oct-03 Oct-04 Oct-05 Oct-06 Oct-07 Oct-08

G
ro

un

Figure 9
Johncox Well Hydrograph

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

No data is available for October 2006 - October 2007 due to well head maintenance.
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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. = 1837.5715
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Spurious data variability is related to barometer malfunction.
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Henton Well Hydrograph
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Data gap between 10/07 and 3/08 due to wellhead maintenence.
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)
Irrigation season fluctuations due to pumping of monitored well
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Figure 21
Hanford Well Hydrograph

WRIA 44/50
Groundwater Elevation Monitoring
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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 22
Hammons Well Hydrograph

WRIA 44/50
Groundwater Elevation Monitoring
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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 23
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 24
Hemmer Well Hydrograph

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

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.
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Figure 26
Luce Well Hydrograph
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Nystrom Well Hydrograph
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Figure 28
Cocoran Well Hydrograph
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Faulty logger in Fall 2007
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Figure 30
Moulton Well Hydrograph

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

Note: Scale modified from standard report scale

Pre-October 2006 data is unreliable due to faulty firmware
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Figure 31
Murray Well Hydrograph
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Groundwater Elevation Monitoring
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April 2006 to October 2006 - unable to reteive logger
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Figure 32
Robins Well Hydrograph
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Note: Scale modified from standard report scale
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Figure 33
Wilcox Well Hydrograph

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

Pre-October 2006 data is unreliable due to faulty firmware
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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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BADGER MOUNTAIN 
MONITORED WELL LOGS 
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Figure B‐1. Precipitation, Douglas RAWS Station, 2005‐2008
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Figure B‐2. Precipitation, Nespelum RAWS Station, 2005‐2008
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