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Purpose of Memo 

This technical memorandum describes the hydrogeology of the Lake McMurray area with 
focus on the interaction of surface water and groundwater near the boundary between Water 
Resource Inventory Area (WRIA) 3 – Skagit to the north and WRIA 5 – Stillaguamish to the 
south. Field work for this study by RH2 Engineering, Inc., (RH2) was carried out between 
June 18, 2013, and September 24, 2013. After September 24, 2013, the Washington State 
Department of Ecology (Ecology) took over monitoring activities.  

The study area is located in southern Skagit County along State Route 9 approximately 9 
miles southeast of Mount Vernon, Washington (Figure 1). A preliminary memorandum was 
provided to Ecology in October 2013. Ecology shared the preliminary memorandum with 
representatives from the Swinomish Indian Tribal Community. Ecology and RH2 were 
provided with a memorandum dated February 3, 2014, prepared by Mr. Joel Massmann, 
Ph.D., P.E., for the Swinomish Indian Tribal Community, critiquing RH2’s preliminary 
memorandum. After reviewing the Massmann memorandum, RH2 reviewed additional well 
logs on the west side of Lake McMurray. This additional review has caused RH2 to amend 
the conceptual model of how groundwater moves from the aquifer into either Lake 
McMurray (WRIA 3) or the wetland area forming the headwaters of a tributary to the 
Pilchuck Creek (WRIA 5).  
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This revised memorandum contains the appropriate information from the preliminary 
memorandum, but includes additional information such as a longer period of water level 
data, additional well logs on the western side of the lake, additional figures, and a revised 
conceptual model and analysis of pumping impact on surface water. 

Elevation Control 

Light Detection and Ranging (LiDAR) bare earth data obtained from the Puget Sound 
LiDAR Consortium (http://pugetsoundlidar.ess.washington.edu/index.html) was used to 
determine the elevation of ground surface at the southern well sites and estimate the 
elevation at the State Route 9 wetland monitoring location. The datum used to create the 
LiDAR data is the National American Vertical Datum of 1988 (NAVD88). Elevation of 
ground surface at the western well sites was estimated using Google Earth. No site-specific 
surveys were performed. 

A sign on the Lake McMurray staff gage, located at the Washington Department of Fish and 
Wildlife (WDFW) boat launch, identifies that the top of the gage is at elevation 230 feet 
(Figure 2). However, this elevation is not the same as the NAVD88 elevation. In this 
memo, direct readings from this staff gage are identified as staff gage height. For comparison 
with groundwater levels, the lake stage readings have been converted into NAVD88 
elevation. Page (2010) provides a correlation between the staff gage reading and NAVD88. 
The correlation is as follows: the stage reading, plus 220 feet, plus 3.76 feet equals the 
elevation in NAVD88. 

Geology, Hydrogeology, and Hydrology 

Dragovich and DeOme (2006) have done the most recent surficial geologic mapping of the 
south Lake McMurray area. Prior to this, both surficial and subsurface geologic mapping had 
been performed by Rongey (1971), Grimstad (1971), and Hart Crowser and Associates 
(1983) as part of site-specific studies.  

Geology and Hydrogeology 
The valley containing Lake McMurray and continuing to the south-southeast is bounded on 
either side and below by bedrock. The bedrock at this location is referred to as the “Rocks 
of Bulson Creek”, which are Oligocene to Eocene age sedimentary rocks consisting 
primarily of sandstone with interbeds of siltstone, pebbly sandstone, coal, shale, and rare 
lenses of conglomerate. The rocks dip to the southwest at angles ranging from 7 to 
75 degrees. The normal right-lateral strike-slip McMurray Fault, which is a splay of the 
Darrington-Devils Mountain Fault Zone, runs parallel to the strike of the Rocks of Bulson 
Creek and east of the axis of the valley (Dragovich and DeOme, 2006). 

Dragovich and DeOme (2006) have mapped unconsolidated deposits from the Fraser 
Glaciation (both the Vashon Stade and Everson Interstade) as well as more recent peat 
deposits within the valley and bounded on each side by the bedrock. The valley bottom is 
generally mapped as glaciolacustrine deposits or peat. The deposits mapped adjacent to Lake 
McMurray include both glacial till and glaciolacustrine deposits. Glaciolacustrine deposits 
consist of clay, silt, silty sand, sand, and diamict with scattered dropstone (Dragovich and 
DeOme, 2006). Glacial till is composed of a mixture of clay, silt, sand, and gravel 
(diamicton) with disseminated cobbles and boulders (Dragovich and DeOme, 2006). 
Glaciolacustrine and glacial till deposits are fine-grained in nature and typically represent 
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barriers to groundwater flow or aquitards. Dragovich and DeOme’s (2006) A-A’ cross 
section runs through the study area. On that cross section, the sand and gravel aquifer is 
identified as being Vashon Advance Outwash that is underlain by either bedrock or 
glaciolacustrine deposits, interfingers with glaciolacustrine deposits, and is overlain by 
Vashon glacial till and younger glaciolacustrine and outwash units of the Everson Interstade. 
All investigators identify that the main aquifer tapped by the Tatoosh Water Company 
(Tatoosh) and other productive wells is glaciofluvial in origin consisting of either gravel or 
sand and gravel. RH2 agrees with this interpretation. Five cross sections were created using 
the southern water well reports for wells identified on Figure 2. Those cross sections are 
Figures 3 through 7. In these cross sections, sediments were lumped into either the coarse-
grained sand and gravel that forms the aquifer, or deposits that contain some fine-grained 
material such as clay and silt, which are identified on the cross sections as the clay and gravel 
unit.  

To create the cross sections, well logs were obtained from Ecology’s water well log database 
and older hydrogeologic reports (Appendix A). Information contained on the well logs was 
used to cross reference the wells with particular parcels using parcel numbers, addresses, and 
the owner’s name (Appendix B). Permission was requested from property owners to gain 
access to their property to accurately locate the well and measure the depth to water. Twelve 
property owners on the south side of the lake voluntarily provided RH2 access to measure 
depth to water in their wells as part of this study (Appendix B). 

After the locations of the wells were determined as accurately as possible, ground surface 
elevation of the wells was obtained from LiDAR data. The sediment penetrated, as recorded 
on the water well log reports, was analyzed and compared between wells to allow for 
creation of the cross sections in Figures 3 through 7. 

Cross Section A-A’ runs generally southwest to northeast on the southeast end of Lake 
McMurray (Figures 2 and 3). The cross section shows that all wells from Martin through 
Koejche likely tap the sand and gravel aquifer. Northeast of the Koejche well, clay and gravel 
lies directly on bedrock and the sand and gravel aquifer is absent. Groundwater elevations 
are all similar and are higher than ground surface in the lowland north of the Koejche Well. 

Cross Section B-B’ runs generally southwest to northeast farther southeast from the lake 
than cross section A-A’ (Figures 2 and 4). This cross section includes the Tatoosh Wells, 
the State Route 9 wetland, and the Camp Brotherhood Well. In this cross section, 
groundwater levels are consistent for the Tatoosh Wells and Cal Buck Construction Well, 
but rise to the northeast. As with A-A’, the potentiometric surface is above ground surface at 
both the Camp Brotherhood Well and near the valley at the State Route 9 wetland. 

Cross Section C-C’ runs northwest to southeast along the southwest shore of Lake 
McMurray and extends down to the Tatoosh Wells (Figures 2 and 5). The potentiometric 
surface is relatively flat over the entire section. The northwestern extent of the aquifer is 
identified at the Erickson No. 3 well. Most domestic wells tap only the upper portion of the 
aquifer. 

Cross Section D-D’ runs northwest to southeast along the northeast shore of Lake 
McMurray and extends down to the Camp Brotherhood Well (Figures 2 and 6). The 
northern wells along this section encountered clay and gravel overlying bedrock with no 
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sand and gravel aquifer present. The sand and gravel aquifer is only present in the wells near 
the southern extent of the section. The variation in water level in the wells completed within 
the sand and gravel aquifer is related to the projection of those wells onto the cross section. 

Cross Section E-E’ runs southeast to northwest from the Tatoosh Wells into Lake 
McMurray (Figure 2 and 7). The Koejche Well represents the northeastern extent of the 
sand and gravel aquifer since Well TH-3 did not encounter the aquifer just a little farther to 
the northwest. The potentiometric surface elevation is consistent along this cross section. 
The potentiometric surface is higher than ground surface north of the Koejche Well and is 
also higher than the Lake McMurray water level.   

From the cross sections, it can be generally stated that finer-grained deposits often occur 
adjacent to the bedrock and overlying the sand and gravel aquifer.  

A review of ground surface and groundwater elevation shows that the State Route 9 wetland 
complex and, generally, the valley floor is lower in elevation than the potentiometric surface 
for the sand and gravel aquifer. As mentioned previously, if there was no confining layer, 
water from the sand and gravel aquifer would discharge into the wetland until the water level 
in the aquifer was the same as the water level in the wetland. Since this is not the case there 
must be an aquitard separating the aquifer from the wetland. The Camp Brotherhood Well 
penetrated 15 feet and Well TH-2 penetrated 20 feet of a glacial till-like material before 
encountering the sand and gravel aquifer (Appendix A). Both of these wells are located 
within the valley bottom, and it is assumed that the aquitard underlying the entire wetland is 
between 15 and 20 feet thick and is composed of sediment that is similar in nature to glacial 
till. 

Lake McMurray Hydrology 

Lake McMurray has a surface area of approximately 160 acres and is up to 52 feet deep 
(Wolcott, 1973) with a mean depth of 29 feet (First, 2002). Figure 8 shows a bathymetric 
map of the lake taken from Walcott (1973). Lake Creek is the outlet of Lake McMurray on 
the north end of the lake. Lake Creek flows to the north into Big Lake approximately 3.5 
miles downstream. If the water surface elevation is considered to be 231.65 feet NAVD88 
(average of all measurements available), then the open water at the deepest portion of the 
lake would occur from an NAVD88 elevation of 231.65 to 179.65 feet. 

Surface Water Divide 

The surface water divide between the watershed for Lake McMurray and that of the State 
Route 9 wetlands, which are tributary to Pilchuck Creek, is a very low topographic divide just 
south of the lake (Figure 2). Reports have been made that when the water level in Lake 
McMurray is high, there can be surface water flow from the lake to the south (First, 2002). 
This was discussed with long-time resident, Mr. Glenn Kensmoe, (personal communication, 
August 22, 2013) and he indicated that he has never seen the lake flow to the south. So, 
monitoring would have to be performed during periods of high lake water level to settle this 
matter. 

Throughout the study period, water was observed to be flowing south through the culvert 
under State Route 9. Continuous surface water flow was never observed during the RH2 
portion of the study period flowing between Lake McMurray and the State Route 9 wetland. 
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However, lake discharge to the south would only be anticipated in the winter months, when 
the lake is at its highest water level, and RH2’s study did not cover that time period. 

Historic Surface Water Level Monitoring 

Skagit County Public Works undertook a surface water monitoring effort on Lake McMurray 
from 2002 into 2005 related to concerns about elevated lake levels and beaver dam 
construction. Measurements were made sporadically over the 4-year period with the highest 
lake level recorded equal to 9.00 feet staff gage height (232.76 feet NAVD88 elevation) on 
November 20, 2003, and the lowest lake level recorded equal to 6.96 feet staff gage height 
(230.72 feet NAVD88 elevation) on August 20, 2004. The lake level shows a typical annual 
fluctuation with the highest water levels occurring in the winter and the lowest lake levels 
occurring in the summer or early fall (Figure 9 and Appendix C).  

During this monitoring, there was also monitoring of a water body which appears to be the 
State Route 9 wetland. The water level for this gage was similar to the lake level and 
fluctuated over a range of 230.26 feet to 231.92 feet elevation (NAVD88) during the period 
monitored. 

Equipment Utilized and Monitoring Setup 

Ecology’s Water Resources Program provided three non-vented pressure transducer data 
loggers (Micro-Diver model DI602.20m) and one non-vented pressure transducer data 
logger designed to measure barometric pressure fluctuations (Baro-Diver model DI500) for 
use during this study. Since these are non-vented pressure transducers, the data collected by 
the pressure transducer data logger recording the barometric pressure is subtracted from the 
pressure measurements taken in water to accurately calculate the actual height of the water 
surface above the transducer. Each pressure transducer data logger was synchronized with 
the same clock time and was programmed to take a measurement every 15 minutes starting 
on the hour. The location of each measurement site is described in the following sections 
and shown on Figure 2. 

Lake McMurray 

An existing Skagit County Public Works staff gage was utilized for monitoring of the water 
level in Lake McMurray. This staff gage is located near the fence adjacent to the Washington 
State Department of Fish and Wildlife (WDFW) boat launch on the south end of the lake 
(Lat 48.31297, Lon -122.22072) (Figure 10). On the staff gage, it indicates that the top of 
the gage, which correlates to a stage of 10.0 is at elevation 230 feet. So, 220 feet is added to 
the raw gage measurement to determine the staff gage height with respect to the attached 
sign. As was mentioned previously, a correction factor needs to be applied to the staff gage 
height to determine the elevation with respect to NAVD88.  

A 2-inch-diameter, acrylonitrile butadiene styrene (ABS), Schedule 40 pipe with an end cap 
was perforated and attached to the bottom portion of the staff gage. The pressure transducer 
data logger was suspended from a locking well cap with stainless steel wire rope so that it 
would hang slightly above the bottom of the pipe. This stilling well setup allows for the data 
logger to record the lake water level almost continuously while allowing for easy correlation 
with the attached staff gage.    
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State Route 9 Wetland 

As has been noted by previous investigators, there appears to be a beaver dam or debris 
partially blocking water flow through the culvert running under State Route 9. This causes 
the water level to be elevated on the upstream (north) side of the road as compared with the 
water level on the downstream (south) side of the road crossing. Since RH2 was looking for 
connection with Lake McMurray, a pressure transducer data logger was installed in a portion 
of the wetland (Lat 48.30843, Lon -122.21538 on the upstream side of the culvert). The 
monitoring point for this site involved driving a T-bar fence post into the bottom of the 
wetland and affixing a staff gage and stilling well of similar construction to the lake stilling 
well. A photo of the wetland staff gage installation is shown in Figure 11. The gage numbers 
have been approximately correlated with elevation of the roadway, based on the LiDAR 
data, in that 0 feet on the gage is assumed to be equal to 228.39 feet NAVD88 elevation. 

Tatoosh Water Company Well No. 1 

An access port on the top of Well No. 1 was utilized for manual measurement of the static 
water level using a water level probe and also for insertion of the non-vented pressure 
transducer data logger. The pressure transducer data logger was placed at a depth of 
approximately 25 feet below the top of the access port, which was approximately 8 feet 
below the static water level as measured at the time of installation. Minimal submergence 
was needed given the extremely high specific capacity of the well at the time of completion 
at 705 gallons per minute per foot (gpm/ft) drawdown. This well is located within a vault 
surrounded by a locked fence (Lat 48.30794, Lon -122.21695). 

Barometric Pressure Logger 

In order to allow for accurate correction of the data obtained from the non-vented pressure 
transducers, a barometric pressure logger was placed within the Tatoosh Well No. 1 vault 
(Lat 48.30794, Lon -122.21695). The vault contains a vent that allows for the free exchange 
of air and accurate measurement of barometric pressure. The barometric pressure logger was 
located within 0.4 miles of the other three pressure transducer data loggers, which is much 
less than the suggested maximum of 9.3 miles (15 kilometers) as suggested by the 
manufacturer, Schlumberger (Figure 2). 

Precipitation 

To obtain precipitation data over the course of the study an existing nearby weather station 
was used. The closest station available was located on the northwest shore of Big Lake 
approximately 6 miles north of the project area. The weather station is identified as 
KWAMTVER2 on the website www.wunderground.com. Daily precipitation data was 
downloaded and used in this study to compare with the water level fluctuations (Figure 12). 

Water Level Fluctuation Summary 

The pressure transducer data loggers were installed in the surface water bodies and in 
Tatoosh Well No. 1 on June 18, 2013, and the collection of data by RH2 ceased on 
September 24, 2013. Subsequent to that, Ecology took over data monitoring activities and 
provided RH2 with additional data through approximately February 2014, when the data 
loggers stopped recording. Figure 12 contains the water level elevation of each monitoring 
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point over the observation period. While RH2 was performing the data collection, each 
monitoring site was visited on a monthly basis and the data was downloaded from the data 
loggers at that time. Manual measurements were made at the time of installation and during 
each site visit for correlation (Appendix D). Minor corrections to the data logger data were 
made to better match the data to the manual observations.  

The Lake McMurray water level was increasing as monitoring began and continued to 
increase until approximately July 4th when the water level started to decline until precipitation 
events in early September caused the lake level to stabilize and even rise slightly. In late 
September 2013, the lake level began to rise with the onset of the fall precipitation. Through 
the winter months the lake level rose in response to precipitation events. The highest lake 
water level elevation (NAVD88) measured was 232.67 feet on January 13, 2014, while the 
lowest was 230.60 feet on September 4, 2013 (Figure 12). The lake water level elevation 
observed during the study period was similar to the range of the historic water level 
measurements provided by Skagit County Public Works, although the low water level was 
slightly lower (0.12 feet) than had been historically observed (Figure 9).  

The State Route 9 wetland water level generally fell over much of the study period. There 
were periods where the water level appears to have risen in response to precipitation events, 
but there are other instances when the level rose for no apparent reason. There might still be 
beaver activity in this area that is influencing water levels to some extent, or localized 
precipitation events might have occurred that were not captured at the precipitation station 
monitored. The highest wetland water level elevation (NAVD88) measured was 231.00 feet 
on June 20, 2013, while the lowest was 230.45 feet on September 22, 2013 (Figure 12). The 
wetland water level elevation observed during the study period fell within the range of 
historic water level measurements provided by Skagit County Public Works (Figure 9). 

The elevation of water in Lake McMurray and the State Route 9 Wetland was similar from 
roughly August through the end of September 2013, although the elevation of the water in 
the wetland was always less than the lake level during the study period. The surface water 
bodies were more susceptible to fluctuations brought about by precipitation events than was 
the groundwater (Figure 12).  

The Tatoosh Well No. 1 data shows a decline in water level from June 2013 through most of 
September 2013. The fluctuations that lower the water level by approximately 2.5 feet or 0.2 
feet are related to pumping of the well at 930 gpm or interference drawdown caused by 
pumping of the Tatoosh Well No. 2 at 870 gpm, respectively. The groundwater monitoring 
showed a falling water level over the duration of monitoring. The static and pumping water 
level decline was approximately 0.034 feet per day in July, 0.026 feet per day in August, and 
0.015 feet per day in September. The reduction in the rate of decline suggests that the 
groundwater level in the aquifer gets closer and closer to the elevation of the water body that 
the aquifer is discharging into as the dry season progresses. The groundwater level continued 
to decline until the end of October 2013, when the water level began to rise.  

Analysis of the water level fluctuations in Tatoosh Well No. 1 show that the water level 
responds to not only Well No. 1 pumping, but also to Well No. 2 pumping (Figure 13). The 
measured interference drawdown was compared to the anticipated drawdown using the 
aquifer properties identified by previous investigators (Table 1). 
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Table 1. Past Calculated Transmissivity and Storage Coefficient 

Reference Transmissivity 
(gpd/ft) 

Storage Coefficient 
(ft/ft) 

Grimstad, 1971 340,000 0.0039 

Hart Crowser, 1983 600,000 0.005 
gpd = gallons per day 

Mr. Steve Aslanian (Tatoosh Water Company) confirmed that Tatoosh Well No. 2 typically 
pumps for 18 minutes when it operates at a rate of 870 gpm. After this period of pumping 
there is approximately 0.2 feet of interference drawdown measured in Tatoosh Well No. 1, 
which is 680 feet away.  Using the Theis equation, the transmissivity and storage coefficient 
were altered until they predicted a drawdown of 0.2 feet at a distance of 680 feet. 
Transmissivity between the values identified by the previous investigators required that the 
storage coefficient be closer to 0.002. Storage coefficients within the range identified here 
suggest a confined aquifer, which is supported by most of the water well reports. 

Analysis of water temperature as measured by the pressure transducer data loggers was 
performed. Groundwater temperature in Tatoosh Well No. 1 rose constantly from 8.7 to 
9.1 degrees Celsius over the study period and did not show any changes in water temperature 
that could be correlated to precipitation events or changes in air temperature. The air 
temperature recorded by the barometric pressure logger and the water temperature measured 
in Lake McMurray and the State Route 9 wetland all showed similar patterns to one another. 
These patterns consisted of rapid and daily fluctuations with an overall range of 
approximately 6 degrees Celsius. However, the accuracy of the temperature for these 
monitoring sites is suspect due to the shallow depth of submergence and potential for the 
water within the data logger housing to become heated differently than the overall water 
body. Therefore, water temperature data was not used when attempting to determine 
connection between ground and surface water. 

Synoptic Water Level Elevation Measurements 

On August 22, 2013, static groundwater water level measurements were made in 13 wells in 
the study area (southern wells) along with surface water level measurements of Lake 
McMurray and the State Route 9 wetland. The elevation of water at each point was 
calculated (Appendix B and D).  

The elevation of the water surface of Lake McMurray and the State Route 9 wetland were 
very similar on the day of the water level measurements. 

Contouring of the groundwater potentiometric surface from this data provides a snapshot of 
groundwater elevation across the aquifer. Figure 14 shows the calculated water level 
elevations and interpretation of the water levels with respect to creation of the 
potentiometric surface map.  

The Hirdler and Camp Brotherhood wells are the only wells completed in the sand and 
gravel aquifer that show water level elevations above 240 feet. These wells suggest that there 
is flow to the west-southwest in this portion of the aquifer. All of the other wells completed 
in the sand and gravel aquifer have water levels within a range of 2.5 feet from 237.4 to 
239.9 feet elevation with no definitive flow direction that could be determined. Conceptually, 
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the flat potentiometric surface is like a subsurface lake and it is assumed that seasonal water 
level fluctuations will be similar across the entire sand and gravel aquifer. 

The elevation of groundwater in the wells tapping the bedrock were both near 247 feet, or 
approximately 16.5 feet higher than the lake water level and 7 feet higher than the water in 
the sand and gravel aquifer. Water produced from the bedrock Tainor Well was reported to 
be very high in mineral content and of very poor quality. So, it is unlikely that the bedrock 
represents the primary reservoir that is supplying water to the sand and gravel aquifer since 
the water quality in the sand and gravel aquifer is generally considered to be good.  

The sediment described on the water well logs suggests that the sand and gravel aquifer is 
surrounded by fine-grained aquitards both laterally and vertically. The very flat 
potentiometric surface combined with the high transmissivity support that the aquifer is not 
directly connected to the lake or wetland. If there was direct connection, the groundwater 
would quickly discharge from the aquifer and stabilize at the level of the connected surface 
water body. Recharge to the aquifer is from direct infiltration of precipitation and likely also 
from infiltration into the aquifer along the top of the contact between the bedrock and 
unconsolidated sediments. Discharge is to wells and to surface water bodies (likely both Lake 
McMurray and the State Route 9 Wetland) through the aquitards.  

Inclusion of Western Well Data 

Subsequent to the preliminary memorandum, 12 additional water well logs were reviewed for 
wells located along the western edge of Lake McMurray (Figure 15). The location of these 
wells was determined through the use of well site addresses (both current and historic) and 
parcel numbers. Approximate groundwater level elevation was calculated using Google 
Earth to calculate the ground surface elevation and subtract the depth to water obtained 
from the water well report. This method is much less accurate than for the southern wells 
since the western wells were not field located, a less accurate elevation estimate is used, water 
levels were measured at the time the well was drilled as opposed to on the same day, and 
there was no correction made for casing stickup. Groundwater elevation in these wells 
generally also appeared to be above the lake elevation and most often fell in the range of 230 
to 240 feet (Figure 16). Based on this information, it is suspected that the wells all tap the 
same sand and gravel aquifer, the aquifer water level is above the lake level, and that the 
thickness and transmissivity of the aquifer varies spatially. 

With the western wells appearing to tap the same sand and gravel aquifer tapped at the south 
end of the lake, it was reasonable to conclude that the aquifer likely extends under Lake 
McMurray. The Jonson Well tapped a 1-foot-thick sand and gravel aquifer before 
penetrating bedrock. The Dragovich and DeOme (2006) geologic map shows that bedrock 
forms the ridge to the north of the Jonson Well and also forms the linear ridge on the 
eastern side of the lake, including the peninsula that juts out into the lake, roughly lining up 
with the ridge north of the Jonson Well (Figure 16). The Lake McMurray Resort and 
McHaven, Inc., wells penetrate aquitard material before encountering bedrock suggesting 
that the sand and gravel aquifer might not underlie the southeastern corner of the lake. 
Figure 17 shows RH2’s interpretation of the maximum extent of the sand and gravel 
aquifer, which is tapped by the Tatoosh Water Company Wells, beneath Lake McMurray.    
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The depth to the top of the sand and gravel aquifer in each well is shown on Figure 17 in 
addition to the elevation of the lake bottom. As can be seen, the top of the sand and gravel 
aquifer appears to drop toward the lake. If the top of the sand and gravel aquifer was equal 
to its elevation at the shoreline (approximately 150 feet) under the entire lake, this would put 
the average separation between the top of the aquifer and the bottom of the lake at 
approximately 60 feet. This assumption is likely conservative toward assuming connection 
with the lake since the elevation of the top of the sand and gravel is dropping steeply moving 
toward the lakeshore, which suggests it might continue to do that farther east.  

Aquifer Discharge Calculations 

Due to the geology of the area and the conceptual model of the hydrogeology of the sand 
and gravel aquifer and surrounding aquitards, it is possible to calculate the relative impact of 
pumping from this aquifer on surface water bodies. The assumptions for these calculations 
are laid out as follows.  

General Assumptions 

1. The aquifer water level measured at Tatoosh Well No. 1 is considered to be 
consistent across the entire sand and gravel aquifer. 

2. The extent of the sand and gravel is as shown on Figure 17. 

3. The clay and gravel sediments that form the aquitards have the same vertical 
hydraulic conductivity whether underlying the wetland or Lake McMurray. 

4. Continuous pumping from the aquifer will lead to a reduction in aquifer discharge 
that is proportionate to the natural discharge to the lake and wetland. 

5. Vertical seepage is how water moves from the sand and gravel aquifer to both the 
lake and the wetland. 

6. Impacts will be calculated for the late summer when the wetland and lake water 
levels are the closest. This assumption is conservative and likely overestimates the 
discharge from the sand and gravel aquifer to the lake than if the average lake and 
wetland water level elevations were used.  

Assumptions Related to Discharge to the State Route 9 Wetland 

1. The average elevation of water in the wetland complex is represented by the 
elevation at the monitoring location.  

2. The area of the valley floor that is below the potentiometric surface and within a 
reasonable distance of the Tatoosh Wells is 50 acres in size and is shown on Figure 
14. The extent of the valley floor to include was truncated at a distance 
approximately equal to the distance from the Tatoosh Wells to the lake. 

3. The thickness of the aquitard separating the sand and gravel aquifer from the 
wetland complex is on average 17.5 feet. 

Assumptions Related to Discharge to Lake McMurray 

1. The elevation of water in Lake McMurray is accurately represented by the 
measurements at the monitoring location. 
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2. The sand and gravel aquifer underlies 95 acres of the lake. 

3. The thickness of the aquitard separating the sand and gravel aquifer from the lake is 
on average 60 feet. 

Darcy Solution 

Based on the assumptions above, it is possible to determine the percentage of natural 
groundwater discharge, and impact from continuous pumping, from the sand and gravel 
aquifer into either Lake McMurray and WRIA 3, or into the State Route 9 wetland complex 
and WRIA 5.   

Since this investigation explores the relative pumping impact attributable to the lake and 
wetland, and due to the assumptions above, the area underlying each feature as well as the 
vertical thickness of the aquitard separating the aquifer from each feature are the controlling 
factors. An arbitrary vertical hydraulic conductivity was chosen and no attempt was made to 
try to correlate the calculated discharge with measured surface water flow.   

The Darcy Equation is used for both the groundwater discharge to the wetland and Lake 
McMurray.  
 

Q = KA(dh/dl) 
 
Where, 

Q = Discharge in cubic feet per second 
K = Vertical hydraulic conductivity of the aquitard (arbitrarily chosen to be 0.05 feet 
per day) 
A = Discharge area 
dh/dl = gradient (head difference divided by the flow length through the aquitard) 

 
Table 2. Variables Used in the Calculations 

 

Variable Lake Wetland Notes 

K 0.05 feet per day 0.05 feet per day Same for both, so value does not 
matter. 

A 95 acres 50 acres Aquifer underlying two 
hydrologic features. A 4,138,200 square feet 2,178,000 square feet 

dh 7.66 feet 7.73 feet Difference between aquifer water 
level and surface water level 
elevation. 

dl 60 feet 17.5 feet Thickness of the fine-grained 
material between the sand and 
gravel aquifer and the open 
surface water. 
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Lake: 
Q = 0.05 feet/day * 4,138,200 square feet * (7.66 feet/60 feet) 
Q = 26,416 cubic feet/day 
Q = 137 gpm 

 
Wetland: 

Q = 0.05 feet/day * 2,178,000 square feet * (7.73 feet/17.5 feet) 
Q = 48,103 cubic feet/day 
Q = 250 gpm 

 
Total discharge to both sources is 387 gpm, which suggests that 35 percent of the discharge 
is to Lake McMurray in WRIA 3 while 65 percent of the discharge is to the WRIA 5 wetland 
complex. 

CONCLUSIONS 

There is a prolific sand and gravel aquifer located in the vicinity of the west and south side of 
Lake McMurray. This aquifer is hydraulically connected to surface water bodies in both 
WRIA 3 and 5. However, connection is not direct but is instead through aquitard material 
that bounds the aquifer both laterally and vertically. The elevation of groundwater in the 
sand and gravel aquifer is approximately 8 feet higher than the water level elevation in either 
Lake McMurray, or the State Route 9 wetland. 

Contouring of groundwater levels measured on August 22, 2013, suggests that there is flow 
into the aquifer from the eastern side near Camp Brotherhood but the potentiometric 
surface is essentially flat over the remainder of the aquifer. The very high transmissivity of 
the aquifer, as identified by previous investigators, was confirmed with interference 
drawdown calculations based on data collected from the pressure transducer data loggers. 
The high transmissivity helps to support that the groundwater is pooled in the aquifer by 
surrounding aquitards and the groundwater level will change in a uniform pattern across the 
aquifer. 

It is assumed that continuous pumping from the Tatoosh Wells will lead to an overall 
lowering of the potentiometric surface within the sand and gravel aquifer, which in turn will 
lead to a proportional reduction in aquifer discharge to the surface water bodies. Calculations 
made suggest that the proportion of natural discharge to the State Route 9 Wetland within 
WRIA 5 is approximately 65 percent of the natural aquifer discharge while approximately 35 
percent of the natural aquifer discharge is to Lake McMurray. Continuous pumping of a well 
tapping the sand and gravel aquifer will result in a proportional reduction in discharge from 
the sand and gravel aquifer into both the wetland and lake. 

If water from the Tatoosh Water Company, which is produced from Tatoosh Well Nos. 1 
and 2, was to be pumped directly into Lake McMurray, the pumping of 100 gpm would only 
increase the rate of water entering Lake McMurray by 65 gpm due to the reduction in natural 
discharge that would be brought about by pumping of the Tatoosh Water Company wells.  
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Figure 8. Lake McMurray Bathymetry (Wolcott, 1973) 
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Figure 9. Historic Lake and Wetland Water Levels 

(Skagit County Public Works) 

Lake McMurray (Boat Launch) 

State Route 9 Beaver Dam 



 

 

Figure 10. Photo of Lake McMurray Staff Gage and Data Logger Housing. 

Logger housing secured behind staff gage by zip ties. Photo taken on July 23, 2013. 

 



 

 

Figure 11. Photo of State Route 9 Staff Gage and Data Logger Housing. 

Logger housing and locking cap visible behind staff gage. Photo taken on July 23, 2013. 
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Figure 12. Water Levels and Precipitation Over the Course of the Study

Tatoosh Well No. 1 (data logger) State Route 9 Wetland (data logger)

Lake McMurray (data logger) Lake McMurray - Manual

State Route 9 Wetland - Manual Tatoosh Well No. 1 - Manual

Precipitation
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Pumping Water Level
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Figure 13. Tatoosh Well No. 1 Water Level Compared to 
Tatoosh Water Company Well Starts 

Tatoosh Well No. 1 (data logger) Tatoosh Well No. 1 - Manual

Precipitation Well 1 Start

Well 2 Start

Well No. 1 Pumping 

Well No. 2 Pumping 
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Appendix A  

Water Well Reports 

  

















































































 

 

 

Appendix B 
Well Information 

  



LiDAR Google Earth

Well Log Name Current Owner Parcel Number Site Address DTW (ft) DTW Date Stickup of MP (ft) GS Elevation (ft) Elevation (ft)

Ronald Martin Henry G. Baumgartner 18348 23142 SR 9, Mount Vernon, WA 98274 63.54 8/22/2013 1.35 301.16 300

Foothills Investment Well 1 Tatoosh Water Company 18362 NA 18.6 8/22/2013 -3.5 260.42 261

Tatoosh Water Well 2 Tatoosh Water Company 18362 NA 60 5/30/1979 Unknown 297.89 298

Mark Youngs Mark L. Youngs 77793 23179 SR 9, Mount Vernon, WA 98274 39.4 12/2/2010 Unknown 278

Harriett Hassell Johnny L. Tate 18349 23190 SR 9, Mount Vernon, WA 98274 63 1/3/1974 Unknown 304

Lake McMurray Resort McHaven, Inc. 18301 22989 Lake McMurray Ln, Mount Vernon, WA 98274 8.67 8/22/2013 2.86 253.08 255

McHaven Inc, Joe Zipp McHaven, Inc. 18301 22989 Lake McMurray Ln, Mount Vernon, WA 98274 11 10/1/1992 2.83 247.75 248

Glenn Wilson Richard D. and Shelley M. Rondeau 61933 23103 SR 9, Mount Vernon, WA 98274 54.24 8/22/2013 2.57 290.24 290

Travis McCool Evan R. Evans 119152 23100 SR 9, Mount Vernon, WA 98274 71.43 8/22/2013 2 307.49 306

Cal Buck/C&K Construction Virginia A. and Jesse Elves 18358 23483 SR 9, Mount Vernon, WA 98274 19.33 8/22/2013 1.8 256.7 259

Dave and Kathy Hirdler David W. Hirdler 18361 24797 Brotherhood Rd, Mount Vernon, WA 98274 9.69 8/22/2013 0.92 264.79 265

Doug Trainor Ron and Cris Jilk 18347 23054 Lake McMurray Ln, Mount Vernon, WA 98274 2.2 8/22/2013 2.87 246.39 247

Camp Brotherhood Camp Brotherhood Inc. 18359 24880 Brotherhood Rd Apt A., Mount Vernon, Wa 98274 -6.9 5/12/1971 0 245.4 245

Jim Koejche Glenn W. Kensmoe 18354 23243 SR 9, Mount Vernon, WA 98274 7.22 8/22/2013 2.05 245 242

Unknown Glenn W. Kensmoe 18353 23243 SR 9, Mount Vernon, WA 98274 16.3 8/22/2013 1.32 251.38 243

John Stiehl John and Marie A. Stiehl 61953 23225 SR 9, Mount Vernon, WA 98274 36.97 8/22/2013 2.57 273.07 272

Chub Lomsdalen Donald L. Lomsdalen 61949 or 18335 23217 or 23221 SR 9, Mount Vernon, WA 98274 34 12/22/1992 Unknown 269

Edgar Borbe Borbe Family Trust (Ed Borbe) 61954 23229 SR 9, Mount Vernon, WA 98274 1 8/21/1991 Unknown 246

Rod Peterson Roderick K. and Stacy L. Peterson 18321 23320 SR 9, Mount Vernon, WA 98274 47 4/10/1981 Unknown 287.66

Maurice Erickson Well 1 Ivan and Sandra Rasmussen 17863 23008 SR 9, Mount Vernon, WA 98274 Dry hole 10/13/1997 Unknown 307.59 308

Maurice Erickson Well 3 Ivan and Sandra Rasmussen 17863 23008 SR 9, Mount Vernon, WA 98274 55.8 8/22/2013 1.45 291.72 291

Raymond Hazen Steve and Lauralie Dundin 17858 23033 SR 9, Mount Vernon, WA 98274 28 4/8/1976 Unknown 270

Western Wells

Joe Davis 22853 Lakeside Lane 17 10/1/2007 Unknown 250

Robert Cheney 17253 2255 Hull Road (22565 Hull Road) 0.5 7/7/1973 Unknown 233

Pat Wickstrom 66165 22721 Hull Road 0.33 11/5/2007 Unknown 239

Doug and Judy Overturf 22957 Lakeside Lane 16 8/2/2006 Unknown 243

James Johnson 75142 22897 Front Street 48 5/30/2006 Unknown 280

Mike Smith 75139 22913 Front Street 50 11/19/1999 Unknown 282

Rob Exelby 95670 Holyoke St & Commercial 59.5 1/25/1994 Unknown 307

Jeanette DiBase 2265 Highway 9 33.5 8/31/1978 Unknown 270

George Gamble 66154 2271 Hull Road (approx 22607 Hull Road) 1 7/19/1982 Unknown 234

Bill Cederberg 66159 2283 Hull Road (22669 Hull Road) 1 3/8/1990 Unknown 235

Lowell Jonson 17245 2239 Highway 9 5 8/24/1988 Unknown 237

Larry Allan 75115 2272 Highway 9 (22848 Highway 9) 55 11/15/1988 Unknown 275

TWN: Township

RGE: Range

SEC: Section

Qtr-Qtr: Quarter Quarter Section

Qtr: Quarter Section

LAT: Latitude

LON: Longitude

DTW: Depth to water

MP: Measurement point

GS: Ground surface

Negative depth to water values indicate that the static water level is above the measurement point.



Well Log Name

Ronald Martin

Foothills Investment Well 1

Tatoosh Water Well 2

Mark Youngs

Harriett Hassell

Lake McMurray Resort

McHaven Inc, Joe Zipp

Glenn Wilson

Travis McCool

Cal Buck/C&K Construction

Dave and Kathy Hirdler

Doug Trainor

Camp Brotherhood

Jim Koejche

Unknown

John Stiehl

Chub Lomsdalen

Edgar Borbe

Rod Peterson

Maurice Erickson Well 1

Maurice Erickson Well 3

Raymond Hazen

Western Wells

Joe Davis

Robert Cheney

Pat Wickstrom

Doug and Judy Overturf

James Johnson

Mike Smith

Rob Exelby

Jeanette DiBase

George Gamble

Bill Cederberg

Lowell Jonson

Larry Allan

TWN: Township

RGE: Range

SEC: Section

Qtr-Qtr: Quarter Quarter Section

Qtr: Quarter Section

LAT: Latitude

LON: Longitude

DTW: Depth to water

MP: Measurement point

GS: Ground surface

Negative depth to water values indicate that the static water level is above the measurement point.

Approximate Well Depth Well Diameter

Water Level Elevation (ft) (ft) (inches) Depth (ft) Elevation (ft)

238.97 83 6 74 227.16

238.32 160 12 0 260.42

237.89 113 8 68 229.89

238.6 48.5 6 Unknown Unknown

241 88 6 69 235

247.27 265 6 None None

239.58 204 6 None None

238.57 69 6 59 231.24

238.06 92.5 6 34 273.49

239.17 52 6 31 225.7

256.02 42 6 23 241.79

247.06 261.5 6 None None

252.3 75 8 15 230.4

239.83 50 6 30 215

236.4 Unknown 6 Unknown Unknown

238.67 57 6 18 255.07

235 58 6 0 269

245 44 6 40 206

240.66 60 6 55 232.66

NA 160 6 15 292.59

237.37 79 6 65 226.72

242 45 6 37 233

233 100 6 85 165

232.5 88 6 86 147

238.67 152 6 90 149

227 100 6 90 153

232 78 6 47 233

232 65 6 54 228

247.5 77 6 65 242

236.5 69 6 60 210

233 113 6 107 127

234 124 6 110 125

232 45 6 39 198

220 61 6 61 214

Top of Sand and Gravel Aquifer



 

 

 

Appendix C 
Historic Lake and  

Wetland Water Level 
Measurements (Skagit 
County Public Works)  



Date Lake McMurray (Boat Launch) State Route 9 Beaver Dam Lake McMurray (Boat Launch) State Route 9 Beaver Dam

7/31/2002 228.10 227.65 231.86 231.41

8/14/2002

8/8/2002 227.85 231.61

8/23/2002 227.80 231.56

8/26/2002 227.60 231.36

8/30/2002 227.63 227.47 231.39 231.23

9/4/2002 227.58 227.48 231.34 231.24

9/26/2002 227.50 227.45 231.26 231.21

10/2/2002 227.41 227.50 231.17 231.26

10/15/2002 227.36 231.12

11/6/2002 227.36 227.10 231.12 230.86

12/2/2002 227.65 227.82 231.41 231.58

12/16/2002 227.60 227.40 231.36 231.16

1/2/2003 228.20 226.50 231.96 230.26

1/16/2003 228.35 232.11

1/29/2003 228.40 232.16

2/19/2003 228.38 232.14

3/14/2003 228.45 232.21

3/24/2003 228.58 226.98 232.34 230.74

4/18/2003 228.45 227.30 232.21 231.06

5/3/2003 227.60 231.36

5/23/2003 228.37 232.13

6/24/2003 227.80 231.56

8/6/2003 227.40 231.16

9/24/2003 227.20 230.96

11/13/2003 228.32 228.10 232.08 231.86

11/20/2003 229.00 232.76

12/12/2003 228.30 232.06

12/30/2003 228.27 232.03

1/23/2004 228.24 228.00 232 231.76

1/29/2004 228.75 232.51

3/13/2004 227.75 231.51

5/13/2004 227.85 231.61

5/21/2004 227.50 231.26

6/7/2004 228.06 231.82

6/14/2004 228.06 231.82

7/1/2004 227.40 231.16

7/16/2004 227.26 231.02

7/30/2004 227.14 228.00 230.9 231.76

8/20/2004 226.96 227.98 230.72 231.74

9/13/2004 227.75 228.16 231.51 231.92

10/8/2004 227.68 228.15 231.44 231.91

11/19/2004 228.14 231.9

12/3/2004 228.20 231.96

12/17/2004 228.20 231.96

1/14/2005 227.79 231.55

1/19/2005 228.37 232.13

1/28/2005 228.07 231.83

2/11/2005 227.77 231.53

2/25/2005 227.66 231.42

3/11/2005 227.46 231.22

4/28/2005 227.74 231.5

5/24/2005 227.42 231.18

6/24/2005 227.62 231.38

Correction for NAVD88 is performed by adding 3.76 feet to raw data (Page, 2010)

NAVD88 Corrected ElevationRaw Data from Skagit County Public Works



 

 

 

Appendix D  
Manual Water Level 

Measurements 
 
 



Date and Time Staff gage  reading (ft) NGVD88 Elevation (ft) Date and Time Staff gage reading (ft) NGVD88 Elevation (ft) Date and Time Depth to water from MP (ft) NGVD88 Elevation (ft)

6/18/2013 11:01 7.94 231.7 6/18/2013 11:43 2.5 230.89 6/18/2013 9:41 16.62 240.3

7/23/2013 8:37 7.31 231.07 7/23/2013 8:50 2.37 230.76 7/23/2013 9:45 17.82 239.1

8/22/2013 13:43 6.9 230.66 8/22/2013 13:52 2.21 230.6 8/22/2013 14:06 18.6 238.32

9/18/2013 15:32 7.01 230.77 9/18/2013 15:39 2.2 230.59 9/24/2013 8:46 19.1 237.82

9/24/2013 8:07 7.03 230.79 9/24/2013 8:23 2.13 230.52

4/7/2014 14:00 8.2 231.96 4/7/2014 13:00 2.09 230.48

Elevation correction is based on: Elevation correction is based on: Elevation correction is based on:

Adding 220 feet to staff gage reading Adding 228.39 feet to staff gage reading Ground surface from LiDAR is 260.42

Then adding 3.76 feet to correct for NAVD88 Top of access port (MP) is 3.5 feet below ground surface

Lake McMurray - Manual State Route 9 Wetland - Manual Tatoosh Well No. 1 - Manual
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