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Executive Summary

Continued growth and demand for finite water resources in the South Truckee Meadows

has resulted in variable water level declines throughout much of the basin. This report

documents changes in the potentiometric surface in groundwater aquifers in the South

Truckee Meadows over the last twenty years. Overall, the central and western portions

of the study area show a decline in the potentiometric surface of ten to twenty feet over

the last twenty years. Greater declines occur in the vicinity of the STMGID 2, 3, 5, and 6

municipal production wells and within the Steamboat Hills geothermal area. The eastern

portion of the study area in the Virginia Foothills shows a modest rise in the

potentiometric surface, as domestic and municipal production wells have gone off line in

recent years due to poor water quality. In the late 1980's, water levels began to decline

in the Westridge area due to municipal pumping. Water levels in that area have now

stabilized, or are showing a reduced rate of decline. Over the last ten years, the rate of

water level decline in the Galena area has accelerated. Contour maps of water level

change show a decline in water levels that is elongated in a northeasterly direction

toward Foothill Road. Production from STMGID wells 5 and 6 has resulted in an areal

water level decline of twenty to forty feet. The effects of production from recently

installed municipal wells in the ArrowCreek and Montreux area are not yet significant.

Predictions of future water levels will be aided by a South Truckee Meadows

groundwater flow model currently in progress.



Introduction

This report documents changes in the potentiometric surface in groundwater aquifers of

the Galena and Mount Rose Fans in the South Truckee'Meadows (STM) over the last

twenty years. Continued growth and demand for finite water resources has resulted in

variable water level declines throughout much of the basin. Regular water level

measurements are collected to estimate the potentiometric surface and to document

changes in the potentiometric surface over time. As groundwater is increasingly used as

the source of water for new developments in the South Truckee Meadows, monitoring of

the state of the resource is important to users, developers, and planners. Potentiometric

data will be utilized in a groundwater flow and transport model, with the goal of

determining groundwater flow volume and direction, the interaction between fresh and

geothermal waters, and the prediction of future hydrogeologic conditions.

This report revises Kanbergs' 1996 report for the Washoe County Department of Water

Resources on groundwater level status in the South Truckee Meadows. That report

documented the changes in the potentiometric surface over the study area, with

emphasis on the Foothill and Galena areas. Those same areas are discussed in this

report, with the inclusion of water level measurements over the past six years.

The South Truckee Meadows study area extends from the Carson Range in the west to

the Virginia Range in the east and from the Galena Fan in the south to the Windy

Hill/Huffaker Hills area in the north (Figure 1). Within this area, two sub areas, Foothill

and Galena, have been selected for detailed monitoring. There is a high concentration

of domestic wells in these areas, and the potential impact from municipal· wells is

important to well owners, the South Truckee Meadows. General Improvement District

(STMGID), and Washoe County. The Foothill area includes Holcomb Lane southward to

Zolezzi Lane. The Galena area encompasses portions of the Galena, Whites, and

Thomas Creeks, and includes Callahan Ranch, Fawn Lane, and the upper "Government

Lots".

This study utilizes water level measurements from domestic, municipal, geothermal, and 

monitoring wells. In 1979 the U.S. Geological Survey conducted a survey of water

level measurements over the Galena area. In 1982 the Utilities Division of the Washoe

County Department of Public Works completed a survey of water level measurements
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over the eastern and northern portions of the Mount Rose and Galena Fans extending

east to the Virginia foothills and north to Huffaker Lane. These two surveys have been

combined to form the 1979/1982 set of measurements and the baseline for this review.

In 1991 the Utilities Division resampled most of the wells from the previous two surveys

as part of a groundwater modeling study of the STM aquifer. In 1992 the Utilities

Division began routine measurements of select domestic and production wells

throughout the study area as part of an ongoing monitoring program. The 1991/1992

survey data were combined to form the second set of regional measurements and are

compared with the baseline data to generate a ten-year potentiometric surface

difference map for the interval from 1982 to 1992. The 1991/1992 combined data are

compared with 2002 data in determining water level changes over the last ten years.

Regular measurements began in 1987 in the Foothill area to monitor the impact from

nearby municipal wells. In 1989, regular measurement of wells in the Callahan Ranch

area was initiated. In 1992, the monitoring program was expanded to include

representative wells from the entire study area. Reliable water level data are available

for a total of 399 wells in the study area. For various reasons, wells being measured

change from year to year, so that the number of wells measured for any given year vary

from 100 to 200. Currently, approximately 200 wells are routinely measured in the

study area and good continuity of measurements is available for the last ten years.

Water level measurements from the Steamboat Geothermal System were collected from

monitoring data provided by SB Geo, Inc. and Caithness Power, Inc. This data is

required by and supplied to the Nevada Division of Environmental Protection. The

purpose of the data is to monitor any changes to the geothermal aquifer system and to

monitor any changes to the public water supply ("fresh") aquifers that surround the

geothermal system of Steamboat Hills.

Procedure

Well locations have been estimated by various methods over the years. The 1979

USGS survey estimated coordinates by plotting well locations on a 1:24,000 topographic

base map and by dividing the township section in which the well is located into four

quadrants four times. This result is a 2.5-acre square containing the measured well.

Elevation was estimated from the topographic map elevation contours. This results in
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horizontal accuracy to within 100 feet and vertical accuracy, dependent on the

steepness of the local terrain, generally to +/- twenty feet. The 1982 survey estimated

well coordinates by digitizing the well locations after plotting on a 1:24,000 base map.

Elevations were estimated from topographic contours. In 1996 the County utilized hand

held GPS units to estimate well locations. Horizontal accuracy is estimated to be +/- one

foot, while vertical accuracy is estimated at +/- five feet. Currently, well locations are

estimated by locating the. actual well on one-half foot pixel resolution digital

orthophotographs. Elevations are estimated from digital two-foot contours overlain on

the same image. Horizontal accuracy is within two feet in cases where the well can be

seen on the image. In cases where the well cannot be observed on the photo, accuracy

is approximately ten to twenty feet. Vertical accuracy is estimated at +/- two feet for

those well observed on the orthophotos, and to +/- five feet for those wells not visible on

the photos. Water level measurements are made with either a steel tape or an

electronic sounder and are measured from the top of the casing. These measurements

are accurate to +/- 0.01 feet.

The coordinate system used for this study is State Plane, Nevada West, NAD 83, US

Survey feet with a local scaling factor of 1.000197939, known as the Sparks Modified

.Grid ("Ground"). Previous studies used the State Plane, NAD 83 "Grid" and State Plane,

NAD 27 "Grid" coordinate systems. For the current study, prior coordinates have been

digitally translated to the NAD '83 Ground system. Several of the wells measured only in

1979, 1982, 1991, or 1992 maintain their original accuracy. All wells measured within

the last six years have coordinates determined by either of the more accurate methods:

GPS measurement or orthophotographic identification.

In order to utilize older data in comparative studies with newer measurements, it was

necessary to ensure identical coordinates were assigned to identical wells. This was

done by a rigorous process of matching homeowner and/or well names and addresses

for wells measured in the different surveys. All well coordinates were translated to the

NAD 83 "Ground" coordinate system. In this way, many of the older well coordinates

have been updated to match more recentand accurate coordinates.

Potentiometric surface maps for 1979/1982,1991/1992, and 2002 will reflect both the

accuracy of the well coordinates and the effects of digital gridding. However, variations
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in the potentiometric surface exceed the smaller error introduced by approximate

coordinates for the older data, and the maps are believed to be accurate at the scale

presented. Potentiometric surface difference maps were generated by creating contour

maps of water level changes in specific wells. Any errors in the vertical accuracy of the

coordinate are irrelevant. Horizontal coordinate error is deemed to be minimal with

respect to the scale of the maps.

Potential sources of significant error, particularly on the difference maps, are

measurements of wells that were actively pumping or recovering from pumping.

Drawdown in domestic wells on the order of 20 to 40 feet is not uncommon. Current

procedure is to record pumping status at the time of measurement. Where regularly

recorded data exist, it is not difficult to identify these anomalous data on a hydrograph.

However, where measurements were made only on ten-year intervals, it is often not

possible to determine if the well was pumping if that information was not recorded at the

time of the measurement.

All contour maps in this report were generated using Golden Software's Surfer program.

The gridding method is minimum curvature, utilizing spline smoothing, and using an

anisotropy ratio of 1. This method produces reasonable contour maps for irregularly

spaced data. All gridding programs extrapolate into areas of no data, and as a result,

the boundaries of a map may show unrealistic values. Synthetic values were inserted

selectively, particularly around the edge of the study area where no wells exist. All

synthetic values are identified as such in Appendix 1.

Data Organization

This data compilation has been built upon an earlier report completed for the Washoe

County Department of Water Resources (Kanbergs, 1996). Data are compiled and

stored in Microsoft Excel spreadsheet files. Well coordinates, elevations and APN

number are recorded for all measurements collected as part of the County's regular

monitoring program. Additional details may include well depth, pump setting, completion

date, and previous owners.

Because well owners, addresses, and APN numbers change over the years, it is

imperative to ensure accuracy of historical data. Data were extracted and sorted
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separately on name, address, and coordinates in an attempt to match identical wells

from different surveys. Numerous measurements from earlier surveys could not be used

in this review due to conflicting measurements with nearby regularly-measured wells,

erroneous coordinates, or suspected error in owner name and/or address.

All historical and current data for the years 1979, 1982, 1987, 1991, 1992, 1994, 1996,

1998, 2000, and 2002 are now stored in a single Excel Workbook. Separate

spreadsheets were created for each of the surveys from 1979, 1982, 1991, 1998, and

2002, and the Steamboat Hills. The data have been combined and sorted separately by

name, address, and easting. A spreadsheet for data gridding from which all suspect

data has been removed is also present. Finally, three spreadsheets tabulating water

level change for identical wells for the intervals 1982 to 1992, 1992 to 2002, and 1982 to

2002 were prepared. Pertinent spreadsheets were then saved to Excel 4.0

. spreadsheets for import to gridding software. All data used in creating the contour maps

are attached in the Appendix.

Potentiometric Surface Maps

Potentiometric surface contour maps are presented for the years 1982, 1992, and 2002.

As discussed above, 1979 and 1982 data have been combined to generate the 1982

data set. Similarly, 1991 and 1992 measurements are combined to form the 1992

database. Data for the 2002 database were collected during January to March of 2002.

Where available, January to March measurements were also used in the 1982 and 1992

compilations. The well measurements that were used to generate the contours are

posted on each of the maps.

Potentiometric measurements are the depth to standing water in a well. They represent

the potentiometric head of the aquifer in which the well has been completed. For the

shallow unconfined aquifers throughout much of the study area, the potentiometric

surface is the water table. Water in aquifers moves from areas of greater potentiometric

head to areas of lower head. In general, it flows perpendicular to potentiometric surface

contours, except where flow is deflected by low-permeability barriers such at faults or

bedrock. Aquifers at different depths will not necessarily have the same potentiometric

head, and in some cases the difference in head may be significant. A groundwater flow

model completed in 1991 shows average vertical gradients ranging from +0.15 to -0.15
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feet per vertical foot in the study area (Jamison, D.B., and Ruefer, J.M., 1991). In

unconfined aquifers, vertically oriented hydraulic gradients are the result of the vertical

component of groundwater movement. In general, vertical gradients are downward in

recharge areas, such as near the range front, and upwards at discharge areas near the

valley floor. Where an aquifer is confined by an overlying low-conductivity lithology, the

local vertical gradient between two aquifers may be significantly greater than the

average mentioned above, even though there may be little movement of groundwater

between the two aquifers. The Steamboat geothermal area also has a significant

vertical hydraulic gradient due to deep thermal water rising through cooler near-surface

groundwater. The magnitude of the vertical gradient in the Steamboat Hills geothermal

area is poorly understood. No attempt was made to delineate confined aquifers or

correct for vertical gradients in the potentiometric maps in this report.

The 2002 potentiometric surface contour map for the study area is shown in Figure 2.

Water flows from the mountains west and east of the valley towards the valley floor.

Most of the recharge to the aquifers comes from snowmelt in the Carson Range west of

the study area. In the eastern part of the study area, recharge is from precipitation in the

Virginia Range. Other recharge is derived from infiltration of surface waters along

creeks, canals, and irrigated lands. Water is lost from the aquifer by withdrawal from

wells, evapotranspiration, discharge to Steamboat Creek, and by northerly groundwater

flow out of the study area (Jamison, D. B., and Ruefer, J. M., 1991). The potentiometric

map shows that water levels are highest near the range fronts and diminish towards the

valley, mimicking the land surface.

Contour maps of the potentiometric surface of the study area for the years 1992 and

1982 are shown in Figures 3, and 4, respectively. Differences between the 1982, 1992,

and 2002 contour maps represent changes in the potentiometric surface. These.

changes are the result of natural variations in recharge, pumping, and of the

measurement data available for contouring. Potentiometric surface changes since 1982

are described below in the section on difference maps.

A total of 191 data points were used for the 2002 potentiometric contour map. Of this

total, 13 data points are synthetic values, estimated by a linear regression of earlier

measurements or from the elevation of surfa'ce discharge springs. A total of 226 points
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were used for the 1992 map, including 6 measurements that were estimated. The 1982

map includes 210 measurements, of which 17 were estimated. For each of the maps,

the estimated data points were necessary to provide more realistic contours around the

perimeter of the study area and near the municipal production wells, where changes in

gradient are significant.

Difference Maps

Potentiometric surface difference- maps were prepared for the study area and for the

detail areas Galena and Foothill. The difference maps indicate change in the

potentiometric surface over the last 20 years and over the ten-year intervals 1982 to

1992 and 1992 to 2002. Unlike the potentiometric surface maps described above,

there are far fewer data points with which to generate the contour maps. Only wells that

were measured in both of the endpoint years were used in calculations. The County

attempts to measure the same wells from year to year, but this is not always possible.

The monitoring program is voluntary for domestic well owners. With property ownership

changes, new owners may decide that they do not want their water level measured.

Some wells go out of production and are abandoned; others are drilled deeper, making

comparisons misleading. Also, new wells added to the program have no historical

records with which to compare.

The twenty-year difference map utilizes 64 measurements to calculate change in the

potentiometric surface for the entire STM study area. Thirteen of these data

measurements are estimated. The difference map for the time interval 1982 to 1992 has

107 measurements, of which 10 are estimated. The difference map for 1992 to 2002

incorporates 103 measurements, of which 7 are estimated.

STM Study Area Difference Maps

Potentiometric surface difference maps were prepared for the intervals 1982 to 2002,

1992 to 2002, and 1982 to 2002. Ideally, the 20-year differences would be exactly equal

to the sum of the two 10-year differences. While the 20-year differences are close to the

sum of the 1O-year differences, they are by no means exact. The reason is that different

wells were used to calculate water level changes over the time intervals. The two 1.0

year maps could have been added to create a 20-year map. However, it was felt that by

using actual measurements for identical wells, any error introduced by the gridding
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program due to insufficient or irregularly spaced data would not be compounded by

summing the 1O-year maps to create a 20-year difference map.

1982 - 2002 Difference Map

Overall, the central and western portions of the study area show a decline in the

potentiometric surface of ten to twenty feet over the last twenty years (Figure 5).

Greater declines occur in the vicinity of the STMGID 2, 3, 5, and 6 municipal production

wells and the Steamboat Hills geothermal area. The eastern portion of the study area in

the Virginia Foothills shows a modest rise in the potentiometric surface, as domestic and

municipal production wells have gone off line in recent years due to poor water quality.

STMGID wells 5 and 6 were constructed in 1988, and the change in water levels in

nearby wells was used to estimate their water level in 1982. Since there are no historic

measurements to the northwest in the new ArrowCreek development, water levels there

were also estimated to limit the areal extent of the decline around STMGID 5 and 6

estimated by the gridding program.

The Steamboat Hills have had active geothermal production since 1987, which has

resulted in the large decline shown on the map. It should be noted that there are few

wells supporting the extent of the decline. In addition, some of the Steamboat wells are

quite deep, and the effects of a significant vertical hydraulic gradient are magnified.

Geothermal wells ST-7 and ST-5 (Figure 5) are good examples of measurement data for

this area. Well ST-7 has been routinely measured, and the hydrograph (Figure 6) shows

consistent change in water level over time. The hydrograph for well ST-5 (Figure 7)

indicates a perplexing change in water levels over a short period of time. This may be

due to changes in the fractured bedrock aquifer or to problems with well construction.

Data for well ST-5 were normalized and used in the potentiometric maps (Figure 8).

The Fadda well in the Virginia Foothills (Figures 5 and 9) shows how the potentiometric

surface has risen since 1984. There has been little production from the aquifer in the

Virginia Foothills since 1985, and a 5-foot rise in water level occurred in the 18 months

after production ceased. Since 1987, water levels have changed more gradually due to

natural fluctuations in annual precipitation and recharge.
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1992 - 2002 Difference Maps

The ten-year difference map for the years 1992 to 2002 (Figure 10) is similar to the

twenty-year difference map over most of the study area. Significant divergence between

the maps occurs in the center of the study area near STMGID MW3 (Figure 11), where

there has been little overall change over the past ten years. At the northwest boundary

of the study area, the 1992 - 2002 difference map indicates a 30-foot rise in water level.

Two well measurements support this large difference; while two nearby wells show much

less change. Any errors that may exist in the database could not be resolved and the

data was presented as is. The decline in potentiometric head southeast of the

Steamboat Hills is exaggerated due to the absence of nearby measurements.

1982 - 1992 Difference Map

The ten-year difference map for the interval from 1982 to 1992 is shown in Figure 12.

This map shows an overall decline in head of 10 to 30 feet in the central portion of the

study area near STMGID wells 1, 2, and 3. The western portion of the study area shows

little change over the time period. The northern portion of the map shows a lot of

scatter, with 10-year differences on the order of +20 to -20 feet over short distances.

There is probably some measurement error in this area, but specific errors could not be

resolved. Rather than bias the contour map in the wrong direction by inappropriate

editing, the data was not altered. A large drop in water levels in the Steamboat Hills is

probably due to geothermal well production.

Detailed potentiometric surface difference maps for Foothill and Galena areas are

described below. These maps utilize the entire study area data set and contour maps,

with the selected areas shown in greater detail with five-foot contours.

Foothill Area Difference Maps

The Foothill area extend.s from just south of Zolezzi Lane through the Westridge

Subdivision and Foothill Road to north of Holcomb Lane (Figure 1). Many of the homes

in this area are on domestic wells. Water level drawdown from increasing demand on

the aquifer in this area has impacted these well owners. Regular measurements began

in 1987 after the construction of the Piccolo and STMGID 1 and 2 municipal wells.
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While there are abundant measurements within the Foothill area, relatively few of the

1982 measurements were repeated in 2002. Only ten duplicate measurements are

available for the 20-year difference map in this area (Figure 13). Nevertheless, the data

are consistent and are believed to reasonably represent relative change over the time

interval. A drop of approximately 30 feet extends over the southern half of the area.

The decline is centered on the STMGID 1, 2, and 11 production wells and extends

northeasterly toward the Double Diamond 1 production well and southwest towards

STMGID 5 and 6, and the Thomas Creek well. To the north, near Holcomb Lane, the

decline over the period is five to ten feet.

For the ten-year time period from 1992 to 2002, thirty duplicate measurements are

available.. The data indicate a head drop of 0 to 5 feet over the Westridge and Foothill

Road areas (Figure 14). A slightly greater decline of 10 to 15 feet in the southwest

corner appears to be related to production at STMGID wells 5 and 6 and the Thomas

Creek well.

In the interval from 1982 to 1992, sixteen duplicate measurements indicate a water level

decline in a north-south dual lobe zone through the center of the area (Figure 15). A

drop of 10 to 30 feet in the southern lobe is attributed to STMGID 1, 2, 3, the Thomas

Creek well, and domestic production. A similar decline in the northern lobe is centered

on the Holcomb municipal well.

While there has been a significant decline in water levels in the Foothill area over the

last twenty years, the data indicate that continuing declines have shifted away from

Foothill Road and the Westridge subdivision. Water levels continue to decline to the

southwest of Westridge Dr., where a larger percentage of homes are serviced by

municipal wells.

Figure 16 is ahydrograph of the Williams domestic wells on Foothill Road. It shows an

overall drop in water level until 1992, after which the water level shows only seasonal

fluctuation and the effects of drought. The Pepple and Hinton domestic wells on

Westridge (Figures 17 and 18, respectively) display similar hydrographs. The

hydrograph of STMGID MW2 (Figure 19) shows an increasing rate of water level decline

over the last two years after sixteen years of moderate decline. This is due to recent
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STMGID production well #11 pumpage that began in 2000. STMGID MW3, 700 feet

south of the Foothill area, shows stabilizing levels since 1992 after a drop of 30 feet from

1982 to 1992 (Figure 11). STMGID MW5, southwest of the Foothill area (Figures 1 and

20), shows an increasing drop in water levels in recent years due to recent STMGID

production well #5 pumping that began in 1989.

Galena Area Difference Maps

The Galena area includes the Callahan Ranch subdivision, Fawn Lane, and the

"Government Lots" north of the Mount Rose Highway (Figure 1). A number of housing

developments have been built in this area in recent years, and these developments are

generally served by the larger municipal wells. Many of the older homes are on

domestic wells. The combination of overall' increase in demand on the aquifer and the

accentuated drawdown of water levels in the vicinity of· the municipal. wells have

impacted many of the domestic well owners.

Over the last twenty years, water levels have generally declined in the Galena area

(Figure 21). In the Government Lots in the northern portion of the area, production from

STMGID wells 5 and 6 have contributed to a lowering of the potentiometric surface of 15

to 40 feet. Hydrographs of STMGID MW 5 and MW 6 (Figures 20 and 22, respectively)

show decline in the potentiometric surface adjacent to the production wells. Large

changes in depth to water over short time intervals reflect active well production. The

Fawn Lane area has seen a drop in water levels of approximately 10 to 20 feet. In the

Callahan Ranch subdivision, water levels have generally dropped. An exception is the

Dundas well, which shows a rise of 13 feet over the period (Figure 21, hydrograph

Figure 23). Measurements from this well appear to be accurate, however, since there

are no data points between this well and the Government Lots, it exerts a large influence

on the contour map. In general, water levels have dropped 5 to 15 feet in Callahan

Ranch over the last twenty years.

Over the last ten years from 1992 to 2002, similar declines to the twenty-year period are

noted for the Callahan Ranch, Fawn Lane, and Government Lots areas (Figure 24). In

the western portion of this area, north of the Mount Rose Highway, a small rise in water

level is evident. There is less development in this area, and it is up gradient from the

municipal wells. The rise may be attributable to changes in precipitation and recharge.
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From 1982 to 1992, there was little change the potentiometric surface in the Galena area

(Figure 25). STMGID production wl?lIs 5 and 6 were put into production in 1989, and the

effects of withdrawal from those wells was negligible over the first few years. The

decline in the western portion of the area, north of the Mount Rose Highway, is again

probably the result of variations in precipitation and recharge.

The Mt. Rose First Aid Station domestic well has been monitored on a regular basis

since 1982. Municipal production wells have had little impact on the potentiometric

surface at this location, and changes in potentiometric head are influenced primarily by

natural conditions. Figure 26 shows how water levels have responded to wet and dry

years over the time period. Fluctuations of 15 to 18 feet are observed between wet and

dry periods. The Olsen domestic well in Callahan Ranch shows a very similar

hydrograph (Figure 27), an indication that precipitation and recharge variations may be

the primary cause of recent declines in water levels in that area. The Kitchen domestic

well in the Government lots (Figure 28) shows that water levels have declined at a fairly

constant rate since production began at STMGID 5 and 6 to the north..

Recommendations for Future Work

Every effort was made in this review to not only ensure the accuracy of the data used in

this report,but to use as much of the available data as possible. Nevertheless, there

remain numerous older measurements that could not be used for various reasons.

These include both domestic wells and some of the geothermal holes in the Steamboat

Hills area. More data could be generated for the twenty-year difference maps by

remeasuring some of the baseline well data from 1979 and 1982. Every effort should be

made to continue measurements of wells for which there are historical data.

The data are currently compiled in Excel Workbook format. Comparison studies require

the repeated extraction and review of selected data. Multiple well owners, and

sometimes multiple addresses, often exist for a single well. Working with the data in this

format is cumbersome and time consuming. A more appropriate database management

program such as Microsoft Access would allow for much greater efficiency in evaluating

and extracting data. Extraction of any subset of the data based on date, coordinates,
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parcel number, or any other defined field would be a one-step process that leaves the

original data unaffected.
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Figure 1. Location Map - South Truckee Meadows study area
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Figure 2. South Truckee Meadows - 2002 Potentiometric Surface Contour Map
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Figure 3. South Truckee Meadows - 1992 Potentiometric Surface Contour Map
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Figure 5. South Truckee Meadows - Change in the potentiometric surface between 1982 and 2002 Department of
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Figure 6. Hydrograph of ST·7 geothermal well, Steamboat Hills
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Figure 11. Hydrograph of STMGID MW 3
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Figure 13. Foothill Area - Change in the potentiometric surface between 1982 and 2002 Department of
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Figure 14. Foothill Area - Change in the potentiometric surface between 1992 and 2002
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Figure 15. Foothill Area - Change in the potentiometric surface between 1982 and 1992 Department of
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Figure 17. Hydrograph of Pepple domestic well, Foothill Area
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Figure 20. Hydrograph of STMGID MW 5, Galena Area



Figure 21. Galena Area - Change in the potentiometric surface between 1982 and 2002 Department of

o Current monitor well

+ Well measurements used in this difference map

• Municipal production well

Municipal well - not currently producing

Contour interval 5 feet 2000
E_

N

A
o

Water Resources

2000 Feet
i



Date

Oct-OOOct-98Oct-96Oct-94Oct-92Oct-90Oct-88
90 I ! ! ! I ! ! I I I I

190 I +

170 I "', T .,

110 I '< f '< ,. ~( !

_ 130....
:t:...
"-
Ol....
ra
3
0....
.!: 150....
C-
Ol
0

Figure 22. Hydrograph of STMGID MW 6, Galena Area

--- T" ~L-r:: ~_



t\ ;\

/ V\."\

. I \
--~ J

. ~
r-

~)I

140.00

Date

May-79 May-81 May-83 May-85 May-87 May-89 May-91 May-93 May-95 May-97 May-99 May-01

130.00

165.00

135.00

145.00

J:.....
a.
~ 160.00

g 150.00
....
Q).....
l'I:l

:s: 155.00o.....

170.00

175.00

180.00

Figure 23. Hydrograph of Dundas domestic well, Galena Area



Figure 24. Galena Area - Change in the potentiometric surface between 1992 and 2002
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Figure 25. Galena Area - Change in the potentiometric surface between 1982 and 1992 Department of
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Figure 26. Hydrograph of the Mt. Rose First Aid Station well, Galena Area
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Figure 27. Hydrograph of the Olsen domestic well, Galena Area
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Appendix 1 Potentiometric Surface Grid Database

10 No. ~ X('83qround) i Y ('83qround) i Z (83qround) i 02Date ~ 02wl i 02ps i 91Date ~ 91wl i 91 ps ~ 82Date i 82wl 1 82ps
5611 2287293 1 14832031 1 4651 1 1 1 1 5/29/19921 83.371 4567.631 1 1

:::::::::::::::§'@::::::::??ft:?I§.:::::I::::E~Q§'1~§:::::L::::::::§~gQ::::::::::L:::?!.1§!.?QQ*1::::~~;:§:§L§'~?Q§§1:::::::::::::::::::::::::::1::::::::::::::::1:::::::::::::::::::1:::::::::::::::::::::::::::::::::1::::::::::::::::L:::::::::::::::::
5631 2288358 1 14822815 i 4842 j 1 i j i i ~ j i

···············564T"···..·228S·042·..··T..···T4832272···--r..········4623·········T·····1"/25/2002T"···76·:7ST"4546·:Z·2T"·······3i9/1992r....73":22T"·454l1":7sT"·············..················T··..··....·····T··········..······
:::::::::::::::~~~r:::::~~~~:~~f:::::F:::~:1~:~:~~~~:::::F::::::::~r~~::::::::::F::::Y.1~!~QQ?r:::g~:;§:~F~§§.fI*r:::::::::::::::::::::::::::r:::::::::::::::r:::::::::::::::::::F::::::::::::::::::::::::::::::::F::~~~:~~F~~~:~::~~
···············567T"·····22S·9046······T····1"4·835·4·06····"!""········4530·········T·..··1"729/200ZT"···1·S:·2·2T451Ti8T..···2120/1·992r-..·1·ii":1"oT·45To·:90T··..·· ..··················..····r·..·..········T···...····..··..··

:::::::::::::::~~:~r:::::~~~~:~~F::I:::+~~I;,f:~~:::::F:::::::~~~~:::::::::F:::::::::::::::::::::::::r:::::::::::::::r::::::::::::::::::r::~:~~~~~~~~[::~:~~~~r:~~~:~:~~~r::::::::::::::::::::::::::::::::I;,~§;:§:§[;,~~:t.:.:§§
5701 2279800 1 14813504 1 5474 1 1 1 1 1 Iii 1

:::::::::::::::~m:::::::~~;,~~~f:::::F:::~:~~~~;J[T:::::::::~~~:~:::::::::I:::::::;,;~1.~§§.~r:;:}:t.:.:~:~r~;,~~;.;,~I::::::;,~:~6;;.;,[;::;:~:;~~r:~;,~~::;.~[:::::::::::::::::::::::::::::::1::::::::::::::::[:::::::::::::::::
5731 2287047 1 14834124 i 4598 i 1/25/20021 .41.8214556.181 2/25/19921 40.2414557.761 1 1

:::::::::::::::~t~:r:::::~~~~~~~:::::::F:::~:1~~~~~f::F:::::::1~~~::::::::::F::::::::::::::::::::::::::F::::::::::::::r:::::::::::::::::l:::I?!.f?b:~gQ:F::~~:;§.tr:1§.§.f1~:F::::::::::::::::::::::::::::::::F::~~:.:~:~r~~~:~:.:~:~

5791 2287683 1 14834198 1 4582 1 1 1 1 2/24/19921 41.301 4540.701 1 i
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Appendix 3 1992 to 2002 Potentiometric Surface Difference

ID No. 1 X('830round) 1 Y ('83ground) 1 Z (83groundl 1 02Dale 1 02wl 1 02ps 1 91Date 1 91wl 1 91ps 1 02-91 Difference
701 . 2285189 1 14836276 1 4569 1 1/25/20021 13.031 4555.971 1 1 1 3.80

::::::::::::::::::nF::::::~~:~~}~:~:::::::::F::::::~:1~~~~~~:::::::F::::::::::1~~r:::::::::F:::::::~;~:;;~:~;F::~:~~~:~~F:::~~~~:.:~:~r:::::::J:~:~:~~:~~~F::~:~:~::~~F::1~~~~}rF:::::::::::::~:;:~~~~::::::::::::::

:::::::::::::::::j~F::::::~~~~~~i:::::::::F:::::}~~:~}~~I::::::r::::::::::;~~~::::::::::::F:3i~Ji~~:~~F:::::~:H~r:::;~~~:~~r:::::::::~~:~~~:~:~:~~F:::::~~~~:!:r::::~~~~~~:~F::::::::::::::~~~.~::::::::::::::::
751 2286505 1 14831012 1 4692 1 1 1 1 2/27/19921 75.401 4616.601

::::::::::::::::::~~F::::::~~~~~:~::::::::T:::::::~:1~~~I~~:::::::F::::::::::i~~~::::::::::::F::::~:~~~~g~~F:::::~}:~~F::i~~~:~In::::::::::~~~~~:~~~F:::::~~::~~F::i~~H~T:::::::::::::::I~f::::::::::::::
··········......··7Sr·······228774T····..T..······1"48·3463"7'"····T···..······4566""··..··..T····· ·······..·····r·············..··"'!"··············..······r·....····zi2411·g·9zT..·····3cnior··..453if20r·· ·······..·O:65..····....·· ..··
.......................~ ······1·······..·····..····.·················,········· ~ 0) ) •••••••••••••••••••••••• ) ••••• •••••••••••••••••••••••••••••~ •••••••••••••••••••••) •• •• ..••••••••..••••..··1····· ···········..····..·········· .

79i 2287741 i 14834637 1 4566 1 1/29/2002i 30.15i 4535.85i iii
::::::::::::::::::?9.L::::::????I1?::::::::r::::::Ii@:!:g1:~:::::::L:::::::::::1~~§:::::::::::I:::::j2?§!.?g:Q~L:::::E:~:n:::::1§~g:;g:?:r:::::::::}m'i.Ig:@::::::::?:~;:?~H::::::1§~§:I~r::::::::::::::::.§:;9.~::::::::::::::::

811 2287784 : 14832616 1 4620 1. 1/25/20021 66.521 4553.481 . 2/26/19921 61.851 4558.151 -4.67

::::::::::::::::::~~F::::::~~~~~~~::::::::T:::::::~:1~:~~~~r::::F::::::::::1~~F:::::::::F:::::;:%~~g~~F::I~~::~:~F::i~~f~~P~f.~:~~~;:;:~~~F::It~~~~F:::i~~~:~~~r:::::::::::::::I~f::::::::::::::
..........· ·s4r· z28S096 T ·..·1"483·3537·..· i · ·45S'7" T..·..·1'i2sizoozr 4·S:TF 4538·:S·9T ·..·..zizsi'i'g·9zT ·4'i]:·10T'..·4540·:90r ·..:ii':oT..· ·..· ..
..· ·85r ·22·8·S23·4" ·..!" ·1·4S·2·SZ81· ·!"· · ·4724..· ·T ·z7i'3i200'2r i·s·9·:4'or·..4564:60r · 271·8iTg·gzr i·so·:o·or..·..4574:ooT :g·:40 ..
::::::::::::::::::?§L::::::???:?~~:$.::::::::r:::::::m}?Hf:::I::::::::::AZ9.f::::::::::L::::~n:~!.?;g:Q?L::I§§.;:~:1r::::1§~§:;t.:§r:::::::::?!.:!:gHg:~?L::I§:QIQ:r:A§~t.:.:?Qr::::::::::::::::'?;:1£::::::::::::::
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911 2288756 i 14829233 i 4676 i 2/13/20021 131.7Oi 4544.30i iii
::::::::::::::::::~?[::::::?~:?§.g~?::::::::r:::::::E§:?~~I~::::::I::::::::::::1§~g::::::::::::L:::::::~!.~!.gg9.~L::ItL1~:r::A§1~:;§:~I~:~Mt;y'g:~::::::::::I:::n:?§§r::::1§i§:;g:1r::::::::::::::::'1)fi::::::::::::::::
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