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Executive Summary

Continued érowth 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 (water Table) in ground
water aquifers in the South Truckee Meadows over the last twenty-five years. Overall,
the central portions of the study area show a decline in the potentiometric surface of 30
to 60 feet over the last twenty-five years. The greatest declines occur in the vicinity of
the STMGID 2, 3, 5, and 6 municipal production wells. 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 Zolezzi Lane area

‘due to municipal pumping and continue, to some degree to decline.

Contour maps of water level change show a decline in water levels that is
elongated in an easterly direction from the Carson Range mountain front to the S.
Truckee Meadows valley floor. Production from STMGID wells has resulted in an areal
water level decline of 45 to 60 feet in the regions between them. The effects of

- production from recently installed municipal wells in the ArrowCreek and Montreux area

are having less impact on water levels. Precipitation has been below average 16 out of
the last 26 years and accounts for some of the decline in ground water levels in the
region. Predictions of future water levels will be aided by modeling ground water flow in
the South Truckee Meadows region that includes representative values for precipitation
and ground water pumping.
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Introduction

As ground water is increasingly used as the source of water for new
developments in the South Truckee Meadows, monitoring of the status of the resource is
important to users, developers, and planners. Continued growth and demand for finite
water resources has resulted in variable water level declines throughout much of the
basin. This report documents changes in the potentiometric surface, or water Table, in
ground water aquifers of the Galena and Mount Rose Fans in the South Truckee
Meadows (STM) over the last twenty-five years. Semi-annual water level measurements
are collected to estimate the potentiometric surface and to document changes in the
potentiometric surface over time. This report revises Felling’s 2002 and Kanberg’s 1996
report for the Washoe County Department of Water Resources on ground water Igvel

status in the South Truckee Mgadows. Potentiometric data will be utilized in a ground

water flow and transport model, with the goal of determining ground water flow volume

and direction, the interaction between fresh and geothermal waters, and the prediction of -

future hydrogeologic conditions.

~ The South Truckee Meadows study area extends from the Carson Range in the
west to the Virginia Foothills 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 Gélena, have a high concentration of domestic wells in these areas, and the
potential impact from municipal wells is important to well owners, the Sout.h Truckee
Meadows General Improvemen"t District (STMGID), and Washoe County. The Foothill
area includes Holcomb Lane southward to Zolezzi Lane. The Galena area encompasses
mid-watershed portions of the Galeha, 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 Waéhoe County Department of Public Works completed a sur\)ey of water level
measurements over portions of the Mount Rose alluvial fan 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.
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Figure 1. Location map of the S. Truckee Meadows study area. Blue points
indicate QM wells. Some roads and geographic areas are named.
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In 1991 the Utiliifies Division re-sampled most of the wells from the previous two
surveys as part of a ground water modeling study of the STM aquifer. In 1992 the
Utilities Division began routine water level mea'surements of select domestic and
production wells throughout the study area as part of an ongoing monitoring program.
The 20~07, 2002, and 1997 measUrements along with the 1979/1982 survey data were
used to form the five, ten, and twenty-five year potentiometric difference grids and the
2007 potentiometric surface. ‘ _

Regular measurements began iﬁ 1987 in the Zolezzi Lane 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 can change from year to year, so that the number of wells measured for any
given year may vary from 100 to 200. Currently, approximately 135 wells are routinely
measured in the study area and good continuity of measurements is available for the last
ten yearé.

In examining ground water fluctuations one must also examine fluctuations in
precipitation,‘sinc;e it is the primary sourc/e of recharge in the region. Change in ground

water levels can be characterized by a simple water budget:
Inflow — Outflow = Change in Storage

Sources of inflow include precipitation, streams, irrigation ditches, septic systems, etc,
while sources of outflow can include pumping (domestic and municipal welvls), springs,
and evapotranspiration (combined term of evaporation and water use by vegetation).
| Most of the recharge (inflow) in the study area is derived from precipitation that occurs in
the Carson Range and flows towards the Eastern base of the range (Felling 2003).
Fluctuations in ground water levels are due primarily to annual variations in precipitétion
and pumping since these two factors make up the bulk of the inflow and outflow for this
system. It has also been observed that flood irrigaﬁon contributes to ground water
recharge over historic crop and grazing lands along Galena Creek and the lower valley,
but most of these lands have be'evn'ré';‘alace& Withlhodsi‘ng’. When outflow is ’g}‘eaté"r”th'an ‘
inflow a decreas_e in potentiometric surface level will be observed, while when inflow is

greater than outflow a increase in potentiometric surface will be observed.
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Procedure

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

- 1979 USGS survey estimated well location 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 quadrantslfour 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 horizontal accuracy to within 100 feet and vertical accuracy, dependent on
the steebness 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 h1ap. 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 orthdphotos, 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. Previous studies used the State Plane, NAD 83 “Ground” and State
Plane, NAD 27 “Grid” coordinate systems. All wells measured within the last six years

have coordinates determined by either of the more accurate methods: GPS -

measurement or orthophotographic identification.

Potentiometric difference and potentiometric surface maps will reflect both the
accuracy of the well coordinates, conversions of coordinates from one system to
another, and the effects of digital gridding. However variations in the potentiometric
surface exceed the smaller error introduced by apprOX|mate coordmates 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
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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 from domestic wells that were actively pumping or recovering from
pumping. Pumping drawdown in domestic wells can range from 20 to 40 feet. The
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.

All contour maps in this report were generated using Geosoft's Oasis Montaj®
gridding software. The gridding method is minimum curvature. This method produces
reasonable contour maps for irregularly spaced and small data sets. 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 the appendix.

Precipitation data was used from the Galena Park, Reno Airport, Tahoe City, and

Glenbrook gauges (source: www.wrcc.dri.edu). A five-year running average was created
to make a smoothed trend that reflects the past precipitation up to the current year. Thes
data were plotted along with hydrographs of selected wells for possible correlation of
water levels to the precipitation record. This value was created by averaging the past
five years total precipitation, then dividing this value by the average annual precipitation
for the period of record. Periods of below normal precipitation are represented by values
less than 1, while periods of above normal precipitation are represented by values

greater than 1.

Data Organization

This data compilation has been built upon earlier reports completed for the
Washoe County Department of Water Resources (Kanberg’'s 1996 and Felling’s 2002).
A database using Microsoft (MS) Access was created to store water level data, extract it
for this report, and for future work. Previous reports have used this data to create
difference maps tracking water level changes in the region. One report (Felling 2002)
recommended that a database be created with this data set. Felling pointed out that
working with the data in Excel was cumbersome and time consuming. After review of the

available data, Felling’s recommendations were heeded and the database in its current



form was created. This was done to ensure integrity of the data. Errors were found in the
data set possibly due to shifting of cells, accidental entries, previous analysis, and
sortiﬁg of the spreadsheet. These errors were corrected as data was entered into the
current database. Data can now be efficiently entered, sorted, and extracted for analysis
without affecting the integrity of it.

Well coordinates, elevations and Assessor Parcel 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 property
owners. All data used in creating the contour maps are attached in the éppendix.

2007 Potentiometric Surface Map

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
potentiome’iric surface contours, except where flbw 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 ground water flow model completed in 1991 shows average vertical
gradients ranging from +0.15 to -0.15 vertical feet per 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 ground water movement. In general,
vertical gradients are downward in recharge areas, such as near the range front, and
upwards at discharge areas at 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 ground water 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 ground water. The magnitude of the vertical gradient in the
Steamboat Hills geothermal area is poorly understood. No attempt was Amade to
del'ineate ’cn:onfi;\hed édﬁiferé of c‘:o}rec;’lf fo} vLe'rt‘ica'i'gradiénts ih the ;;6fentioméiric mapé in
this report.
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The 2007 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 ground water flow out of the study area (Jamison, D.B., and Ruefer, J.M.,
1991). The potentiometric mép shows that water levels are highest near the range fronts
and diminish towards the valley, mimicking the land surfaée. A total of 143 data points
were used for the '2007 potentiometric contour map (Appendix, Table 8).
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Figure 2. Potentiometric surface map of Fall 2007 measurements. Well
measurements are shown as red dots. Contour interval is 50 feet and
elevations are feet above mean sea level.
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Precipitation

The connection between precipitation and ground water level fluctuations cannot
be ignored when examining changes in the potentiometric surface in the STM area.
Increased rates of ground water decline over the past five and ten years can also be
partially due to drought conditions over these periods of time. There is a good correlation
between any individual precipitation gage and another gage in the region (Figure 3). A
relative measure of drought is the trailing five year average, which when falls below
100% indicates drought conditions and when above 100% indicate a period of above
average precipitation. A trailing average is used since it incorporates the effects of
previous years precipitation and makes a good measure of relative level of drought and
its effects of limited ground water recharge. If one examines the trailing average for the
region (Figure 3) it can be seen that over the past five years, the region has been in a
drought. The gauges used for the regional precipitation calculations were the gauges at

Reno Airport, Glenbrook, and Tahoe City (source: www.wrcc.dri.edu). As measured at

the Galena precipitation gauge (Figure 4), the past five years have recorded three years
of below average precipitation and over the past ten years seven have had below
average precipitation. Over the past twenty-five years only ten years have had above
average rainfall. Figures 3 and 4 record similar patters of annual precipitation at Reno,
Glenbrook, and Tahoe City. Drought conditions will reduce ground water recharge and
therefore ground water levels will decline. Within the STM region, there is a strong
correlation between precipitation and ground water levels because precipitation is the
primary source of recharge in the region.

The First Aid Station well is a good example of the strong connection between
precipitation and ground water fluctuations. As can be seen in Figure 16 after a period of
above normal precipitation (1980-1983) the water level in the well is recorded at 123 feet
(below land surface). During the 1984-1994 drought the water level decreases to 143
feet, a 20 feet decline. Then, during the above precipitation from 1995-1998 the water
level rises 18 feet. This water level response to precipitation is repeated from 1999 to
present. The strength of connection between ground water level change and
precipitation is influenced by interactions between ground water gradients, depth of the
aquifer, permeability of the aquifer, vicinity to production wells, etc. These interactions
make it difficult to predict the future status of ground water levels in the region without
continued data collection and modeling.

13
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Study Area Pumping

The next factor to consider when examining changes in potentiometric surfaces
over time is pumping from wells, since it is one of the primary means of ground water
discharge in the region. Shown below in the Tables 1, 2, 3, 4, and 5 are annual totals of
pumping from production wells in the region. Withdrawal from production wells has
averaged 1700 million gallons annually ovér the past four years. Not included in this total
are Truckee Meadows Water Authority production wells within the study area. It should
be noted that exact Figures are not available for amounts of pumping by domestic well
owners. Demand by individual domestic wells will vary from year to year depending on
climatic conditions and individual household needs. It is estimated that there are 1200
domestic wells currently in the STM region with a total estimated withdrawal of 351
million gallons of water annually (Felling 2003). '
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Table 1 STMGID and Thomas Creek wells annual pumping totals (million gallons/year)

Year STMGID | STMGID | STMGID | STMGID | STMGID | STMGID | STMGID | STMGID STMGID | Thomas
#1 #2 #3 #4 . #5 #6 #7 #9 #11 Creek
1985 15.1 241 0 10.2
1986 41.4 111.8 5.3 22
1987 94 113.2 16.1 47.8
1988 80.8 150.2 12.2 0 0 - 41.7
1989 71.2 144.9 10.6 1.5 1.6 0 48
1990 90.4 156.6 13.9 39.2 38 24 35.3
1991 110.4 150.1 11.9 257 16 1.4 47.5
1992 106.9 143.7 10.6 42 75.2 2 80.6
1993 138.8 115.7 21 24.5 50 2 52.9
1994 148.4 87 39.1- 65.1 145.8 2.5 0
1995 162.1 92.3 51.8 41.1 971 3.3 44 4
1996 147.5 0 102.3 46.8 72.4 174.2 5.9 66.6
1997 124.7 68 113.9 40.5 71.5 202.5 10.7 0 55.5
1998 51.7 60 101.2 39.2 76 179 8.9 32.8 69.6
1999 173.1 83.1 103.9 23.6 112.4 256 7.5 10.5 61.6
2000 169.4 73.1 113.4 19 146.7 272.9 12.5 0 0 71.8
2001 172.2 61 114.6 7.6 132.8 352.5 3.7 5.6 31.3 76.2
2002 142.6 65.9 774 8.5 125.2 322.2 6.2 22 103.7 78
2003 166.1 422 65.5 10 112.4 -309.9 8.2 22.7 117.7 65.8
2004 184.18 50.18 84.6 4.26 93.5 373.37 12.92 21.63 112.4 60.38
2005 77.69 50.4 96.8 13.2 116.6 302.43 18.52 7.57 166.1 66.47
2006 150.1 66.1 101.3 27.9 97.6 293.9 20.9 19.7 120.4 76.2
Average 119.0 56.4 107.5 19.7 73.5 182.2 7.2 14.3 93.1 53.6
17




Table 2 Double Diamond, Holcomb, Patriot and Longley annual pumping totals (million

gallons/year)

Double | Double
Year |Diamond |Diamond Hc;_l:gr:b Patriot L?_r;aleey
South North

1988 9.0

1989 238.1

1990 158.5 7.7

1991 203.1 173.0

1992 0 48.8 321.3

1993 - 0.08 7.5 276.0

1994 73.9 65.1 278.1

1995 60.6 36.1 221.1

1996 47 0 55.0 180.1

1997 101 7.8 63.0 105.1

1998 90.8 69.2 138.5 95.3

1999 121.1 92.2 60.0 133.1

2000 117.5 65 0.0 64.1 69.4

2001 121.5 83 32.0 91.2 119.0

2002 90.8 71.3 -16.2 82.9 112.1

2003 132.3 65.4 -10.6 62.0 178.1

2004 - | 157.64 93.36 36.7 55.5 284.7

2005 128.4 75.3 32.8 75.0 212.2

2006 96.9 0.7 -6.4 68.6 217.5
Average . 89.3 56.7 60.6 134.7 170.4

Negative numbers for Holcomb Lane well are net result of pumping and recharge injection practices.




Table 3 Mt. Rose, St. James and Tessa annual pumping totals (million gallons/year)

Year Mt. Rose | Mt. Rose | Mit. Rose St. St. East West
#3 #5 #6 James #1|James #2| Tessa Tessa

1985 17

1986 18

1987 19

1988 20

1989 21

1990 22

1991 23.9

1992 37.9

1993 41.4

1994 58.4

1995 55

1996 80.7 0 0 0

1997 66.4 26.7 0 9.6

1998 23.7 67.5 1.3 16.9

1999 34.4 100 12.1 16.2

2000 47 126.3 0 10 8.1

2001 45.6 162.2 0 9.9 15

2002 45.8 79.7 72.1 15.1 17.9

2003 38.1 111.2 38.5 11.8 13.4 33.6 3.7

2004 38.7 146.17 33.98 27.2 27.5 6.11 0.52

2005 37.9 162.51 18.73 23.7 21.4 83.2 9.4

2006 38.9 147.3 40.2 19.4 21.2 127.2 3.6

Average 37.8 102.7] - 29.1 11.9 15.1 62.5 4.3

Table 4 ArrowCreek annual pumping totals (million gallons/year)

Year Arrow | Arrow | Arrow
Creek #1 | Creek #2 | Creek #3

1997 0 0

1998 3.1 0.8

1999 16.3 27.6

2000 57.2 72.8 0

2001 '60.5 73.8 66.7

2002 36.3 95.6 109.7

2003 34.3 - 81.3 102.1

2004 48.9 108.2 103.2

2005- | - 25.1 75.88 119.72

2006 59 81.8 110.9
Average 34.1 61.8 87.5

1
' UNE R W S S NS G TE h E BN AN S B Tn D Em e
i .



Table 5 Truck Fill and Sunrise (Pleasant Valley) annual pumping totals (million gallons/year)

.| Sunrise | Sunrise

Year |Truck Fill #1 4213
1985 13.4 1.3

1986 2.4 2.8

1987 21.7 2.9

1988 9.4 4.4

1989 6.6 9.1

1990 15.1 7.2

1991 8 | 128

1992 8.5 15.6

1993 9.5 16.4

1994 14.1 17.1

1995 13.7 13.8

1996 9.9 17

1997 5.8 15.6

1998 5.1 16.7 0
1999 35.8 22 0
2000 17.5 206 - 0
2001 9.7 21.1 0.5
2002 5 19 0.2
2003 14.6 24.2 0.5
2004 24.3 33.42 0.23
2005 15 19.1 0.01
2006 3.7 18.7 0.02

Average 12.2 15.0 0.2

Difference Maps

Ground water level difference maps were prepared for the study area. Difference
maps represent temporal and spatial changes in potentiometric surfaces due to natural
variations in recharge (i.e. precipitation and irrigation) and withdrawal (pumping and
natural outflow). The difference maps indicate change in the potentiometric surface over
the last 25, 10 and 5 years. Unlike the potentiometric surface maps described above,
there are fewer data points with which to generate the contoured difference 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
poésible. The mohitoring prdgram is 'voiuntary for domestic well owners. With drbperiy
ownership changes, new owners may decide that they do not want thveir water level
measured. Some wells go out of production and are abandoned; others are drilled
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deeper, making comparisons misleading. Also, new wells added to the program have no
historical records with which to compare.

The reader must realize that determining the difference in water levels is highly
dependent on the state of the aquifer as it relates to periods of rising (increasing
recharge) or declining water levels (decrease in recharge). For example, an extreme
water level decline can be determined by usir]g the highest water level and the lowest. In
contrast, no change in water level can be determined as well (see any hydrograph in this
report). '

Potentiometric surface difference maps were prepared for the intervals 1982 to
2007, 1997 to 2007, and 2002 to 2007. The twenty-five-year difference map utilizes 52
measurements to calculate change in the potentiometric surface for the entire STM
study area. Twelve of these data measurements are estimated and two are synthetic
(Appendix, Table 9). The difference map for the time interval 1997 to 2007 has 83
measurements, of which 13 are estimated and two are synthetic (Appendix, Table 10).
The difference map for 2002 to 2007 incorporates 128 measurements, of which 2 are
synthetic (Appendix, Table 11).

In Tables 6 and 7, mean total amount of change and rates of change can be
seen for the entire grid and data used. For the period of 2002-2007 ground water levels
have declined approximately 5 ft on average in the regioh with the greatest decline in the
regions of the Tessa and STMGID productions wells, up to approximately 25 feet of
decline. For the period of 1997-2007 ground water levels have declined approximately 7
ft on average in the region with the greatest decline in the regions of the STMGID
productions wells, up to approximately 46 feet of decline. For the period of 1982-2007
ground water levels have declined approximately 14 ft on average in the region with the

greatest decline in the regions of the STMGID productions wells, up to approximately 61

feet of decline. The rate of ground water decline has been increasing over time (Table
7). The reader should understand that there is considerable spatial variation observed
for all years. Note that in the tables, minimum values are noted with a — sign indicating a

decrease and maximum values with a + sign, indicating an increase.
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Table 6 Difference map statistics (total).

Number of Mean Range
Years | Data Points |Data/Grid (ft) (ft)
Data -8.49 -26 11.82
2002-2007 128
Grid -5.08 -25.55 11.25
Data -15.06 -46.94 16.03
1997-2007 82
Grid -7.32 -46.23 14.22
Data -22.57 -61.02 8.93
1982-2007 52
Grid -13.95 -60.54 9.07
Table 7 Difference map statistics (rates).
Number of Mean Range
Years |Observations |Data/Grid| (ft/year) (ft/year)
Data -1.70 -5.2 2.36
2002-2007 128
Grid -1.01 -5.11 2.25
Data -1.51 -4.69 1.60
1997-2007 82
Grid -0.73 -4.62 1.42
Data -0.90 -2.44 0.36
1982-2007 52
Grid -0.56 -2.42 0.36

}
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1982 - 2007 Difference Map

Overall, the central portions of the study area show a decline in the
potentiometric surface of 20 to 60 feet during the last twenty-five years (Figure 5). The
greatest decline occurs in the vicinity of the STMGID 1,2, 3, 5, 6 and the Thomas Creek
production wells. Based upon two wells, the southeastern portion of the study area in the
Virginia Foothiils shows a modest rise in the potentiometric surface (see Figure 6)
probably due to 1) abandonment of three municipal wells and 2) abandonment of
domestic wells hooking up to the municipal system because of the native poor water
quality. The Galena area shows a more modest decline of about 10 to 35 feet over the
past twenty-five yeérs. ' '

Nineteen wells had 1982 estimated water levels for this map. These included the
ArrowCreek, St. James and some STMGID wells. Lack of data prevents better detail in
the area of the TMWA wells, north of Holcomb Lane and in the area east of S. Virginia
Street. ’




A : ,,
Figure 5. Water level changes from 1982 to 2007. Blue points indicate QM wells, red points
indicate measured data, yellow points indicate estimated data (one end point known), and Department of
green points indicate dummy data (approximated). Contour interval is 5 feet. See Figure 1

S,
for well and road names. b i %‘* \
i A S
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1997 — 2007 Difference Maps

The ten-year difference map for the years 1997 to 2007 (Figure 7) show declines
in the zone of STMGID production wells from 15 to 45 feet. Significant divergence
between the 25 and ten-year difference maps occurs in the western portion of the study
area near ArrowCreek production wells where there has been a decline of 20 feet to a

‘slight rise of 10 feet over the past ten years. This could be due to lack of data in 'the

ArrowCreek area and interpolation by the gridding program for the twenty-five year
difference map. In the Virginia range changes of —15 to 5 feet have been observed as
one proceeds from north to south, while the Steamboat Hills region varies from -15 to
+15 feet of change in water levels.

For the ten-year time period from 1997 to 2007, twenty-eight same-well
measurements are available. The data indicate a water level decline of 20 to 35 feet in
the Westridge and Foothill Road areas (Figure 7). A greater decline in the southern
portions appears to be related to production at STMGID wells. In the northern portions of
the Foothill area declines range from 5 to 20 feet. | '

Over the last ten years from 1997 to 2007, the Galena area declines range from
5 to 40 feet (Figure 7). In the northern portion of this area, near STMGID production well
#6, declines of 40 feet are evident and extend into the government lots area and range
from 5 feet 30 feet of decline depending on proximity to STMGID production well #6.
Along Fawn Lane water level declines range from 20 to 10 feet as one travels from north
to south. Along Callahan Ranch Rd declines range from 25 to 20 feet. '
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4

Figure 7. Water level changes from 1997 to 2007. Blue points indicate QM wells, red points

indicate measured data, yellow points indicate estimated data (one end point known), and Department of
green points indicate dummy data (approximated). Contour interval is 5 feet. See Figure 1 4
for well names and roads. b 5 ?“;
2 et 500 Siaitt
v Water Resources
NADES/ Nevaok CS83 Westzone
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2002 — 2007 Difference Map

The five-year difference map for the interval 2002 to 2007 is shown in Figure 8.
For this time period thirty-two same-well measurements are available. This map shows
an overall water level decline of 5 to 20 feet in the central portion of the study area near
STMGID and Tessa wells. The ArrowCreek production wells indicate a 5 to 15 feet
decline during this period. In the Virginia Foothills minimal changes have occurred. In the
Steamboat and Pleasant Valley, little change has occurred and though there is'poor
data, little change in water levels have occurred in the meadows east of S. Virginia
Street.

The data indicate water level declines of 5 to 15 feet in the Westridge and
Foothill Road areas. A slightly greater decline of 15 feet in the "southern portions appears
to be related to productiqn at STMGID wells. In the northern portions of the Foothill area
declines range from 0 to -5 feet.

In the western portion of the Galena area (near the First Aid Station) water levels |

have recovered 5 feet (Figure 8). The Fawn Lane area shows 10 to 15 feet of decline in
ground water levels. The Callahan Ranch area shows up to 20 feet of decline in the
northern portions to 5 feet of decline in the southern areas. The Upper Government Lot

data indicates 10 to 20 feet of decline over the past five years.

| Foothill Area Hydrographs

The Foothill area extends from Zolezzi Lane north to the Foothill Road and
Holcomb Lane area (Figure 1). Many of the homes in this area use domestic wells.
Water level drawdown from increasing demand on the aquifer in this area has impacted
these wells. Additionally, the replacement of flood irrigated lands with housing
developments has significantly impacted water levels due to reduced recharge (CES,
1998). Regular measurements began in 1987 after the construction of the Piccolo and
STMGID 1 and 2 municipal wells. The reader should note that the Piccolo well has never
been equipped for production.

There has been a decline in water levels in the Foothill area over the last twenty-

4 five years, The data indicates that declines are greatest; near STMGID production wells

and response being varied as distance from production wells increase. Water levels
continue to decline to the southwest of Westridge Dr., where a larger percentage of

homes are serviced by municipal wells.

27
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Figure 9 is a hydrograph of a domestic well near Foothill Road. It shows an
overall drop in water level until 1992, after which the water level shows predominately
seasonal fluctuation and the effects of drought. The domestic wells off of Broili Dr. and
Westridge Dr. (Figures 10 and 11, respectively) display similar hydrographs. The
hydrograph of STMGID MW #2 (Figure 12) shows an increasing rate of water level
decline over the last seven years after sixteen years of moderate decline. This is due to
recent STMGID production well #11 pumpage that began in 2000. STMGID MW #3, 700 |
feet south of the Foothill area, shows stabilizing levels since 1992 after a drop of 30 feet
from 1982 to 1992 (Figure 13). STMGID MW #5, southwest of the Zolezze Lane (Figures
1 and 14), shows an increasing drop in water levels in recent years due to recent
STMGID production well #5 pumping that began in 1989.




Figure 8. Water level changes from 2002 to 2007. Blue points indicate QM wells, red points
indicate measured data, yellow points indicate estimated data (one end point known), and
green points indicate dummy data (approximated). Contour interval is 5 feet. See Figure 1
for well names and roads.
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Galena Area Hydrographs

The Galena area includes the Callahan Ranch area, Fawn Lane, and the “Upper

- 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 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. Periods of drought also affect all wells.

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

(Figure 5). 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 25
feet or more. Hydrographs of STMGID MW 5 and MW 6 (Figures 14 and 15,
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 decline in water levels of approximately 25 to 35 feet.
In the Callahan Ranch area, water levels have generally declined 15 to 20 feet over the
last twenty-five years.

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

basis since 1982. Municipal wells have had little impact on the water level at this
location, and changes in potentiometric head are influenced primarily by natural

~ conditions. Figure 16 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.
A domestic well off of Wintergreen Lane in Callahan Ranch shows a very similar
hydrograph (Figure 17), an indication that precipitation and recharge variations may be
the primary cause of recent declines in water levels in that area. A domestic well in the
Government lots (Figure 18) shows that water levels have declined at a fairly constant
rate since production began at STMGID 5 and 6 to the north.
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Regional Precipitation (Moving 5 yr % of Normal)
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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 méasurements that could not be used for various reasons.
These include both domestic wells and some of the geothermal wells in the Steamboat
Hills area. More data could be generated for long-term difference maps by re-measuring
some of the baseline well data from 1979 and 1982. Every effort should be made to
continue measuremgnts of wells for which there are historical data.

The influence of precipitation should be statistically studied as a driver of ground

water fluctuations. How much of the ground water level changes is due to drought

versus withdrawals remain to be answered.
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Appendix

Table 8 2007 Potentiometric Surface Data

Height above
Depthto | Mean Sea.
Free level of
Elevation | standing |Potentiometric;
# X y of well (ft) | Water (ft) | Surface (ft)
1] 2276139( 14840467 4763 65.82 4697.18
2| 2279980| 14840429 4623 86.33 _4536.67
3| 2282435| 14840202 4534 37.28 4496.72
4| 2282394| 14838398 4537 14.80 4522.20
5| 2276663| 14837157 4772 76.98 4695.02
6| 2282139| 14835877 4553 '40.15 4512.85
2284325| 14835028 4541 15.49 4525.51
2295607| 14834451 4452 -8.00 4460.00
9| 2274852| 14833809 4920 192.98 4727.02
10| 2281835| 14833478 4577 18.10 4558.90
11| 2284737| 14833340 4569 15.85 4553.15
12| 2287976| 14833293 4532 24.50 4507.50
13| 2280540| 14832719 4651 82.49 4568.51
14| 2288787| 14832473 4525 2410 4500.90
15| 2288593| 14832470 4530 22.71 4507.29
16] 2288082| 14832158 4542 38.25 4503.75
17( 2288605 14831688 4538 21.23 4516.77
18| 2278525 14831362 4850 172.81 4677.19
19[ 2288123 14831265 4564 42.54 4521.46
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Height above
Depthto | Mean Sea
Free level of
Elevation | standing |Potentiometric;
# X y of well (ft) | Water (ft) Surface (ft)
20| 2286588[ 14831194 4598 50.83 454717
21| 2291927( 14830992 4501 25.70 4475.30 _
4
22| 2280735| 14830864 4718 65.44 4652.56
23| 2287640| 14830600 4587 55.83 4531.17
24| 2287245| 14830256 4609 68.04 4540.96
25| 2292415| 14830247 4495 1.50 4493.50
26| 2286827 14829975 4623 75.61 4547.39
27| 2287334| 14829938 4612 72.97 _4539.03
28| 2287785| 14829891 4605 70.17 4534.41
29| 2287457] 14829373 4620 90.74 4529.26
30| 2281248| 14829085 4770 70.90 4699.10
31| 2287290 14829015 4635 96.50 4538.50
32| 2283629| 14828958 4?05 77.53 4627.47
33| 2293383| 14828571 4500 10.65 4489.35|
34| 2286053| 14828077 4692 92.30 4599.70
35| 2289091| 14827763 4617 98.89 4518.11
36| 2294310] 14827547 4480 -15.00 4495.00
37| 2288920| 14827354 4632 109.91 4522.09
38| 2288619 14827108 4640 . 119.09 4526.91
39| 2275703| 14827093| - 5235 145.97 5088.63
40| 2288513| 14826956, 4648 129.15 4518.85
41| 2299545| 14826820 4500 -6.00 4506.00
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Height above

Depthto | Mean-Sea

Free level of
Elevation | standing |Potentiometric

# X y of well (ft) | Water (ft) | Surface (ft)
42| 2273290[ 14826555 5382 87.71 5294.29
43| 2275675| 14826198 5287} 203.73 5083.27

44| 2287876| 14825711 4707) 172.00 4535.00

45| 2287909| 14825403 4713]  168.31 4544.69

46| 2291856| 14825363 4562 45.52 4516.48

47| 2278822 14825275 5110]  209.85 4900.23

48| 2285341| 14825216 4823|  239.04 4584.22

49| 2290159| 14825209 4624  160.10 4463.90

50| 2290439| 14824995 4610 91.96 4518.04
51| 2304833 14824000 4522 33.33 4489.14

52 2275660| 14823402 5416 194.62 5221.80

53 2291252| 14823324 4612 93.63 4518.37
54 2273176| 14822179 5628| 277.51 5350.49
65| 2293653| 14821115 4581 54.53 4526.92

56| 2281296| 14819984 5202 338.13 4864.09

57{ 2281296| 14819984 5202| 34444 4857.78

58| 2281366{ 14819970 5201 427.09 4773.46
59 2292629| 14819196 4658) - 100.27 4557.64

60[ 2277693| 14818776 5419| 218.98 5199.90

__61] 2277693 14818776 5419 219.35 5199.53
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Height above

Depthto | Mean Sea

Free level of
Elevation | standing |Potentiometric

- X y of well (ft) | Water (ft) | Surface (ft)
62| 2288694] 14818566 4830 177.00 4653.00
63| 2285889} 14818448 4962 306.00 4656.00

64| 2299617| 14817803 4588 72.41 4515.13] -
65| 2299617( 14817803 4588 72.55 4514.99
66| 2277381| 14817247 5507| 238.80 5268.20
671 2276375| 14817151 5567; 258.98 5308.02
68| 2281843| 14817045 5269 368.41 4900.17
69| 2274259 14817000 5724| 291.84 5432.16
70| 2275173| 14816957 5616] 270.65 5345.35
71| 2276505| 14816901 5570] 292.29 5277.71
72| 2276505| 14816901 5570 294.43 5275.57
73| 2278461| 14816874 5424 140.20 5283.80
74| 2278461] 14816874 5424 142.25 5281.75
75| 2276917| 14816695 5552| 273.43 5278.57
76| 2275826| 14816444 - 5626 311.94 5314.06
771 2274944| 14816434 5676) 316.29 5359.71
78| 2274885| 14816174 5691 334.35 5356.65
79| 2277989| 14816138 5472 178.20 5293.80
80| 2280261| 14815844 5381 239.40 5141.60
81| 2274084| 14815183 5745]  381.71 5363.29
82| 2303700] 14814242 4553 81.15 4471.85
83| 2304510{ 14814086 4792 53.58 4738.42
45

Bt St < e i o e+ 4 s g - 4 a8 e s
FEIEITTNITSS TR T A i




:
!

Height above
Depthto | Mean Sea
Free level of

Elevation | standing |Potentiometric|

# X y of well (ft) [ Water.(ft) | Surface (ft)
84| 2269481 14813575 6022 81.85 5940.15
85| 2279489| 14813184 5460 132.51 5327.49
86 2278702 14812834 5482 141.07 5340.93
87| 2279474| 14811709 5472 136.00 5336.00
88| 2279151| 14811557 5476 130.40 5345.60
89| 2278591| 14811208 5486 141.30 5344.70
90| 2279692| 14811124 5472 138.50 5333.50
91| 2273396| 14810888 5722 349.61 5372.67
92| 2301394| 14810754 4778 140.20 4637.80

7
93| 2273141| 14810742 5747  309.65 5437.35
94| 2270890| 14810684 5805 136.20 5668.32
95| 2272051| 14810449 5771 199.00 5572.00
96| 2279224| 14809940 5466 121.11 5344.89
97| 2278934| 14809903 5468 122.09 5345.91
98| 2271093| 14809698 5750 113.30 5636.70
99 2273249| 14809481 5691 166.19 5524.81
100] 2273270( 14809364 5685 159.88 5525.12
101 2273465 14809320{ - 5674 157.08 5516.92
102] 2275382 14809083 5542| ~ 180.55 5361.45
103| 2274266| 14809073 5604) 219.00 5385.00
46
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Height -above
Depth.to | Mean Sea
Free level of
Elevation | standing |Potentiometric
# X y of well (ft) | Water (ft) | Surface (ft)

104| 2298734| 14808889 4648 43.20 4604.80

105| 2298734| 14808889 4648 34.35 4613.65

106| 2274676| 14808808 5550/ 169.26 5380.74

107| 2276463| 14808605 5472 107.50 5364.50

108| 2275192| 14808529 5527|  166.03 5360.97|

109| 2273332( 14808312 5626|  154.50 5471.50

110] 2275273 14808072 5510 141.82] ~ 5368.18

111] 2275266( 14807654 5498] 129.75 5368.25

112| 2273478( 14807648 5590|  100.60 5489.40

113] 2274520( 14807611 5515 122.10} 5392.90

114 2276862 14807294 5437 69.50 6367.50

115] 2275544| 14807192 5472  109.20 5362.80

116 2276700} 14807107 5438 77.95 5360.05

117 2277739| 14806480 5402 65.19 5336.81

118 2275345 14805369 5470 92.40 5377.60

119] 2289974| 14804634 4812] 138.05 4673.95

120| 2287572{ 14804625 4994| 219.30 “4774.70

121] 2271088|.14804589 5732 318.62 5413.38
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Height above
Depthto | Mean Sea
Free level of
y Elevation | standing |Potentiometric
X y of well (ft) | Water (ft) | Surface (f)
122| 2275667| 14804368 5472]  118.00 5354.00
123| 2271401| 14804365 5714 292.15 - 5421.85
124| 2271890 14804357 5682 250.95 5431.05
125| 2289245| 14804308 4802  130.50 4671.50
126] 2275850| 14803860 5448 102.95 5345.05
127| 2295217| 14803605 4537 37.09 4499.91
128| 2288653| 14803484 4794 45.23 4748.77
129| 2287674| 14802718 4776 18.02 4757.98
130] 2276864] 14802215 5390 74.20 5315.80
131] 2275785] 14802162 5454 119.10 5334.90
132 2276432 14801783 5415 95.32 5319.68
133] 2272543] 14801585 5669 193.87| 5475.13
134] 2289059] 14800544, 4770 40.85 4729.15
135 2285643 | 14800027 4842 26.82 4815.18
136] 2285693| 14799062 4831 31.65 4799.35
48
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Table 9 1982-2007 Difference Map Data

1- 1-
# X y Expr1 |2_b.obs_1.Date|2._b.obs_2.Date| Notes
1| 2301274| 14842344 -5.00 15-Jun-82 15-Jun-07| _ Synthetic
2| 2279980 14840429 -14.31 15-Jun-82 17-Apr-07
3| 2282435 14840202| -8.28 15-Jun-82 11-Sep-07
4] 2269551 14839313 -10.00 15-Jun-82 15-Jun-07|  Synthetic
5| 2282304 14838398| -1.26 15-Jun-82 17-Apr-07
6| 2276663 14837157 -13.09 15-Jun-82 20-Apr07
7] 2282139] 14835877| -8.05 15-Jun-82 17-Apr-07
8| 2284325 14835028 -6.17 15-Jun-82 17-Apr-07
9| 2281835 14833478] -8.07 15-Jun-82 17-Apr-07
10| 2284737| 14833340 -7.50 15-Jun-82 20-Apr-07
11| 2280540| 14832719 -10.66 15-Jun-82 17-Apr-07
12| 2288593| 14832470| -9.45 15-Jun-82 20-Apr-07
13| 2280735 14830864] -1.34 15-Jun-82 17-Apr-07
14| 2283629| 14828958 -21.53 15-Jun-82 11-Sep-07
15| 2289001| 14827763 -32.38 15-Jun-82 24-Apr-07
16| 2288619] 14827108 -33.20 15-Jun-82 24-Apr-07
17| 2275703| 14827093 -10.00 , Estimate
18| 2305649) 14825586 -7.16 15-Jun-82 10-May-07
19| 2291856| 14825363 -23.60 15-Jun-82 24-Apr-07
20| 2285341| 14825216| -60.65 15-Jun-82 03-May-07| Estimate
21| 2291252 14823324| -32.25 15-Jun-82 24-Apr-07
22| 2288965 14823233] -38.30| ©  15-Jun-82 06-Apr-06
23| 2287250 "14822370| -61.02 15-Jun-82 21-Aug-06
24| 2288925 14821223| -45.00 15-Jun-82 01-May-07| Estimate
25| 2293653| 14821115 -34.79 15-Jun-82 10-May-07
26| 2281296| 14819984| -53.59 15-Jun-82 25-Jun-07|  Estimate
27| 2277693 14818776| -50.49 Estimate
28| 2299617 14817803 -12.77 Estimate
29| 2276375 14817151| -36.62 10-May-79 10-Aug-06
30| 2272549 14816688 -1.00 - Estimate
31| 2284059 14816564] -8.23 15-Jun-82 29-Aug-06]
32| 2275826 14816444| -41.62 15-Jun-82 01-May-07
33| 2274885 14816174| -35.85 15-Jun-82 01-May-07
34| 2304510] 14814086|  4.02 15-Jun-79 14-Apr-06
49
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1- 1-
X y Expr1 |2_b.obs_1.Datef2 b.obs 2.Date] Notes

35 2279489| 14813184 -15.96 08-May-79 22-Mar-06

36| 2278702 14812834]  -7.71 15-Jun-82 17-Apr-07

37| 2279474| 14811709] -44.00 15-Jun-82 11-Jul-07

38| 2279151 14811557 -28.40 15-Jun-82 11-Jul-07

39] 2304821] 14811194 8.93 15-Jun-82 14-Apr-06

40] 2270890| 14810684] -11.85 15-Jun-82 23-Apr-07

41| 2272051 14810449 -18.67 15-Jun-82 03-May-07

42| 2295626| 14808537 -11.66

43| 2275273] 14808072 -24.30 15-Jun-82 20-Apr-07

44| 2273478| 14807648| -15.86 15-Jun-82 20-Apr-07

45| 2276862 14807294 -24.04 15-Jun-82 19-Apr-07

46| 2290411 14805445] -30.00

47| 2271401 14804365 i -30.21 15-Jun-82 27-Apr-07

48| 2275785| 14802162 -9.10 Estimate
49| 2271668 14799785 -26.83 15-Jun-82 03-May-07| Estimate
50| 2285693 14799062 -0.65

51| 2276183| 14798927 -4.07 15-Jun-82 03-May-07| Estimate
52| 2273196| 14798181| -47.71 15-Jun-82 03-May-07| Estimate
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Table 10 1997-2007 Difference Map Data

1997 2007
observation | Observation )
# X y 9707difference Date Date Notes'
1] 2301274] 14842344 -5.00 Synthetic
2| 2279980| 14840429 -11.45| 15-Jun-82| 17-Apr-07|Estimate
3| 2282435| 14840202 6.62] 15-Jun-82| 11-Sep-07|Estimate
4| 2269551| 14839313 -5.00 Synthetic
5| 2282394 14838398 -1.01]  15-Jun-82[ 17-Apr-07|Estimate
6| 2276663| 14837157 -10.47| 15-Jun-82| 20-Apr-07|Estimate
7| 2282139| 14835877 -6.44| 15-Jun-82| 17-Apr-07|Estimate
8| 2284325| 14835028 -4.94| 15-Jun-82| 17-Apr-07|Estimate
o 2281835| 14833478 -6.46| 15-Jun-82| 17-Apr-07|Estimate
10 2284737 14833340 -6.00] 15-Jun-82| 20-Apr-07|Estimate
11| 2287976] 14833293 -0.13| 22-Aug-97| 12-Sep-07
12| 2280540] 14832719 -8.53|  15-Jun-82| 17-Apr-07|Estimate
13| 2288593| 14832470 -8.98| 17-Oct-97| 12-Sep-07
14| 2288593| 14832470 -7.56|  15-Jun-82| 20-Apr-07|Estimate
15| 2288082| 14832158 -37.87| 04-Mar-97| 20-Apr-07
16| 2288605| 14831688 7.02| 11-Mar-97|  20-Apr-07
17| 2288123 14831265 -12.51| 17-Aug-97| 12-Sep-07
18| 2286588| 14831194 -20.29| 08-Aug-97| 12-Sep-07
19| 2280735| 14830864] = -1.07| 15-Jun-82| 17-Apr-07|Estimate
20| 2287640| 14830600 -15.52| 06-Aug-97| 12-Sep-07
21| 2287245 14830256 -21.35| 07-Aug-97| 12-Sep-07
22| 2286827| 14829975 -26.23| 06-Aug-97| 12-Sep-07,
23| 2287334 14829938 -21.25| 07-Aug-97| 12-Sep-07,
24| 2287785 14829891 -18.26| 07-Aug-97| 12-Sep-07
25| 2287457| 14829373 -19.56| 07-Aug-97| 11-Sep-07,
26| 2287290] 14829015 -20.89| 17-Aug-97| 11-Sep-07
27| 2289091| 14827763 -8.78] 13-Mar-97| 24-Apr-07
28| 2288920| 14827354 -12.32]  31-Julk97| 12-Sep-07
20| 2288619| 14827108 -10.54] 13-Mar-97| 24-Apr-07
30| 2275703| 14827093 -2.05| 09-Dec-97| 24-Sep-07
31| 2288513| 14826956 -11.14} 13-Mar-97| 24-Apr-07
32| 2288503| 14826587 -11.04] 13-Mar-97| 24-Apr-07
33| 2273200| 14826555 3.46| 09-Dec-97| 24-Sep-07
34| 2287876| 14825711 -8.23|  14-Mar-97| 24-Apr-07
35| 2305649| 14825586 -6.16| _15-Jun-82| 10-May-07|Estimate \
36| 2287341| 14825409 -19.14| 14-Mar-97| 08-May-07
37| 2287909| 14825403] ~  "-6.63| 14-Mar-97| 24-Apr:07

38| 2278822| 14825275 16.03] 13-Mar-97| 01-May-07
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1997 2007
observation | Observation
X y_ 9707difference) Date Date _ Notes
2285341| 14825216 -46.06 2/6/1997 5/3/2007
2288441{ 14825214 -39.99| 7/31/1997 5/3/2007
2290159| 14825209 -20.53| 13-Mar-97| 24-Apr-07
2290439| 14824995 -20.99] 17-Oct-97| 1 3-Sep-07
2275660] 14823402 -35.00 11-Jan-96] 30-Mar-06
2288925| 14821223 -27.10| 06-Feb-97| 01-May-07
2281296| 14819984 -30.63| 13-Mar-97| 27-Mar-07
2292629| 148191 96 -10.23| 01-May-97{ 30-Apr-07
2277693| 14818776 -46.94| 13-Mar-97| 27-Mar-07
2299617| 14817803 -29.83| 17-Oct-97| 24-Sep-07
2276375| 14817151 -41.28| 07-Mar-97| 24-Apr-07
2272549| 14816688 -1.00 Estimate
2284059| 14816564 6.95] 24-Apr-96| 27-Mar-06
2274885| 14816174 -24.98; 12-Feb-96| 24-Mar-06
2277989| 14816138 -38.33[ 03-Oct-97| 31-Aug-07
2280261| 14815844 -7.43| 03-Mar-97| 25-Apr-07
2278734| 14815588 -28.67| 12-Feb-96 27-Mar-_06
2296549| 14813998 -10.41[ 01-Dec-96| 01-Dec-06
2278702 14812834 -24.00[ 03-Oct-97| 04-Sep-07
2304821| 14811194 6.27| 26-Apr-96| 14-Apr-06
2270576| 14811023 -8.90| 11-Mar-97] 23-Apr-07
2270890| 14810684 -6.60| 03-Mar-97| 23-Apr-07
2272051| 14810449 -11.37| 05-Mar-97| 03-May-07,
2273249| 14809481 -2.76] 02-May-97| 20-Apr-07
2277899| 14809386 -13.92| 16-Sep-96| 27-Sep-06
2273270| 14809364 -4.05 19-Mar-97] 20-Apr-07
2273465| 14809320 -10.54| 01-Aug-97| 06-Sep-07
2275382| 14809083 -20.34| 14-Mar-97| 20-Apr-07
2295626| 14808537 -3.05| 04-Feb-97] 13-Feb-07
2075192| 14808520]  -20.60| 01-Aug-97| 04-Sep-07
2273332| 14808312 -36.94| 02-May-97| 20-Apr-07
2275273| 14808072 -24.07| 01-Aug-97| 04-Sep-07
52
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1997 2007
observation | Observation
X y 9707difference Date - Date Notes

2275266| 14807654 -24.93 01-Aug-97| 04-Sep-07
2273478} 14807648| ° -16.24; 03-Oct-97| 06-Sep-07
2274520( 14807611 -27.43| 01-Aug-97| 05-Sep-07
2276862 14807294 -20.09| 01-Aug-97| 05-Sep-07
2275544| 14807192 -30.97| 03-Oct-97] 05-Sep-07
2276700| 14807107 -13.69| 01-Aug-97[ 05-Sep-07
2290411| 14805445 -4.65| 04-Feb-97] 13-Feb-07
2275667| 14804368 -11.00] 27-Aug-97| 27-Jul-07
2275785| 14802162 -4.45( 05-May-97f 19-Apr-07
2271668| 14799785 -24.71| 06-Mar-97| 03-May-07
2285693| 14799062 9.52| 20-May-96| 30-Mar-06
2276183| 14798927 -3.45[ 06-Mar-97( 03-May-07
2273196] 14798181 -39.62| 06-Mar-97| 03-May-07
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Table 11 2002-2007 Difference Map Data

l 2002 2007
- observation | Observation
# X y 0207difference Date Date Notes
1 2301274| 14842344 -5.00 15-Jun-02 15-Jun-07|Synthetic
l 2 2276139 14840467 -4.42| . 06-Sep-02 11-Sep-07
3 2279980| 14840429 -2.08 06-Sep-02[  11-Sep-07|
' 4 2282435 14840202 -1.00 06-Sep-02[  11-Sep-07
5 2269551) 14839313 -5.00 15-Jun-02 15-Jun-07|Synthetic
6 2282394 14838398 -1.74 06-Sep-02|  11-Sep-07 '
l 7 2280286 14837472 1.68 21-May-02 ’ 17-Apr-07
8 2276663 14837157 -0.80 06-Sep-02| ~ 11-Sep-07
9 2282139 14835877 -0.45
l 10 2284325 14835028 -2.75 10-Sep-02|  11-Sep-07
11 2281835 14833478 -0.76 11-Sep-02|  11-Sep-07
12 2284737| 14833340 -0.41 11-Sep-02 11-Sep-07
l 13 2287976 14833293 -5.22 06-Sep-02[  12-Sep-07
14 2280540) 14832719 2.77 11-Sep-02|  11-Sep-07
15 2288593| 14832470 -3.04 06-Sep-02[  12-Sep-07
I 16 2288082) 14832158 -9.75 06-Sep-02|  12-Sep-07
17 2288605 14831688 - 3.54 22-May-02 20-Apr-07
18 2278525 14831362 -2.98 11-Sep-02|  11-Sep-07
I 19 2288123| 14831265 -5.73 06-Sep-02|  12-Sep-07
20 2286588 14831194 -7.90 06-Sep-02|  12-Sep-07
21 2280735 14830864 6.91 11-Sep-02|  11-Sep-07
' 22 2287640| 14830600 -6.73 09-Sep-02|  12-Sep-07
23 2287245 14830256 -7.30 06-Sep-02|  12-Sep-07
24 2286827 14829975 -7.31 09-Sep-02|  12-Sep-07
' 25 2287334 14829938 -7.36 06-Sep-02|  12-Sep-07
26 2287785 14829891 -7.02 10-Sep-02|  12-Sep-07
' 27 2287457| 14829373 -9.68 06-Sep-02|  11-Sep-07
I 28 2281248 14829085 -2.90 11-Sep-02|  11-Sep-07
29 2287290 14829015 -8.40 06-Sep-02[  11-Sep-07|
30 2283629 14828958 0.59 11-Sep-02|  11-Sep-07
. 31 2286053 14828077 -7.35 06-Sep-02|  11-Sep-07|
32 2289091 14827763 -6.99 20-Aug-02|  12-Sep-07
33 2288920 14827354 -5.71 17-Sep-02|  12-Sep-07
l 34 2288619 14827108 -1.90 17-Sep-02|  12-Sep-07
35 2275703 14827093 2.73 04-Oct-02|  24-Sep-07
: 36 2288513 14826956 -6.22 17-Sep-02|  12-Sep-07
' 37 2288503 14826587 -5.21 23-May-02 24-Apr-07
, . 38 2287876 14825711 . -8.66 17-Sep-02|  12-Sep-07
39 2305649| 14825586 -1.26 24-May-02|  10-May-07
I 40 2287341] 14825409] -5.07| " 24-May-02 08-May-07
41 2287909| 14825403 -4.86 17-Sep-02|  12-Sep-07
' 42 2291856| 14825363 -5.15 17-Sep-02]  13-Sep-07
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2002 2007
observation | Observation
X y 0207difference) Date Date-
43| 2278822] 14825275 0.10]  04-Oct-02|  24-Sep-07
44| . 2285341) 14825216 -19.26|  24-May-02|  03-May-07
45| 2200159] 14825209 -6.00|  23-May-02|  24-Apr-07
46| 2200439] 14824995 -5.38]  17-Sep-02|  13-Sep-07
47| 2304833| 14824000 -3.200  11-Oct-02|  24-Sep-07
48| 2275660 14823402 17.79]  11-Oct-02|  24-Sep-07
49| 2201252| 14823324 7.22|  11-Oct-02|  13-Sep-07
50| 2088925 14821223 '13.47]  24-May-02]  01-May-07
51| 2281296 14819984 -5.64| - 26-Jun-02|  25-Jun-07
52| 2292629 14819196 -6.00|  01-May-02|  30-Apr-07
53| 2277693 14818776 -22.44|  26-Jun-02|  25-Jun-07
54| 2285889 14818448| 1.30]  11-Oct-02|  24-Sep-07
55| 2299617| 14817803 -4.00]  17-Sep-02|  24-Sep-07
56|  2277381] 14817247 20.23|  09-May-02|  24-Apr-07
57| 2281843| 14817045 751 04-Oct-02|  10-Sep-07
58| 2274259 14817000 -22.54]  09-May-02| 01-May-07
50|  2275173| 14816957 -21.38]  09-May-02|  01-May-07
60| 2276505 14816901 -2429|  09-May-02| _ 17-May-07
61| 2278461 14816874 18.95|  09-May-02|  29-May-07
62|  2276917| 14816695 -22.14| _ 09-May-02|  27-Apr-07
63| 2272549| 14816688 -0.36]  31-May-02|  01-May-07
64| 2275826 14816444 -22.84]  09-May-02|  01-May-07
65| 2274944] 14816434 22.80|  04-Oct-02|  31-Aug-07
66|  2274885| 14816174 -20.87]  07-Jun-02|  01-May-07
67|  2277989| 14816138 -17.20]  09-May-02|  24-Apr-07
68|  2280261| 14815844 -5.30|  13-Sep-02|  04-Sep-07
69| 2274084 14815183 -21.60]  31-May-02|  01-May-07
70| 2276039 14815072 -20.43|  09-May-02|  01-May-07
71| 2296549 14813998 -3.28
72| 2069481| 14813575 0.34]  20-Sep-02|  07-Sep-07
73| 2271677] 14813532 11.82|  24-May-02|  25-Apr-07
74| 2279489 14813184 -16.56]  10-Sep-02|  04-Sep-07
75| 2278702 14812834 -16.52]  10-Sep-02|  04-Sep-07
76| 2279474 14811709 15.65|  23-May-02]  11-Jul07
77| 2279151 14811557 -20.34]  24-May-02|  11-Jul07
78| 2278591 14811208 18.55|  10-Sep-02]  04-Sep-07
79|  2279692| 14811124 -16.65|  10-Sep-02|  04-Sep-07
80| 2270576 14811023 2.73|  24-May-02|  23-Apr-07
81|  2273306] 14810888 -24.55|  30-May-02|  23-Apr-07
82| 2301394 14810754 -8.67]  17-Sep-02|  10-Sep-07
83| 2273141 14810742 -22.50|  27-Sep-02|  07-Sep-07
84| 2270800 14810684 1.25|  20-Sep-02| _ 07-Sep-07
85| 2272051 14810449 -8.28]  27-Sep-02|  07-Sep-07
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2002 2007
. ‘ observation | Observation
# X y 0207difference Date Date Notes
86 2273040 14810345 * -11.35 27-Sep-02 01-May-07
87| 2279224 14809940 -14.48 10-Sep-02|  04-Sep-07
88| 2278934| 148089903 -14.24 10-Sep-02|  04-Sep-07
89 2271093| 14809698 -10.37 27-Sep-02 07-Sep-07
90 2273249 14809481 -5.57 27-Sep-02 06-Sep-07
9 2273270 14809364 2.82 27-Sep-02 06-Sep-07
92 2273465) 14809320 -8.20 28-May-02 20-Apr-07
93| 2275382| 14809083 -17.37 1 3-Sep-62 04-Sep-07
94|  2274266| 14809073 -26.00 13-Sep-02|  05-Sep-07
95 2298734| 14808889 -0.17 11-Oct-02 24-Sep-07
96 2274676] 14808808 -14.09 01-Apr-02 20-Apr-07
97 2295626| 14808537 -0.09 24-Jun-02 11-Jun-07
98] 2275192 14808529 -19.36 13-Sep-02|  04-Sep-07
99 2275273| 14808072 -10.92 13-Sep-02 04-Sep-07
100 2275266| 14807654 -13.33 13-Sep-02 04-Sep-07
101 2273478 14807648 -5.20 13-Sep-02|  06-Sep-07
102 2274520 14807611 -13.36 13-Sep-02 05-Sep-07
103 2276862 14807294 -10.38 06-Sep-02 05-Sep-07
104] 2275544 14807192 -19.92 13-Sep-02|  05-Sep-07
105] - 2276700| 14807107 -9.96 06-Sep-02|  05-Sep-07
106 2277739] 14806480 -14.07 06-Sep-02 06-Sep-07
107 2290411} 14805445 -2.88 24-Jun-02 11-Jun-07
108f 2275345 14805369 - -10.56 06-Sep-02[  05-Sep-07
100  2289974| 14804634 6.97 15-Nov-02|  24-Sep-07
110 2270857| 14804629 -17.87 21-Jan-02 26-Jan-07
111 2287572| 14804625 -1.05 19-Nov-02 24-Sep-07
112| 2271088 14804589 -23.41 21-Jan-02  26-Jan-07
113 2271401 14804365 -19.75 21-Jan-02 26-Jan-07
114|  2271890] 14804357 -19.76 21-Jan-02 26-Jan-07
115]  2287895] 14804339 -1.02 15-Nov-02|  01-May-07
116 2289245, 14804308 -1.94 15-Nov-02 24-Sep-07
117 2275850] 14803860 -3.86 13-Sep-02 07-Sep-07
118 2288653| 14803484 -4.00 15-Nov-02 10-Sep-07
119] 2287674 14802718 -1.80 19-Nov-02|  24-Sep-07
120 2276864 14802215 -4.95 29-May-02 19-Apr-07
121 2275785| 14802162 -5.41 06-Sep-02 06-Sep-07
122 2276432) 14801783 -6.83 06-Sep-02 06-Sep-07
123 2272543 14801585 -8.74 20-Sep-02|  10-Sep-07
124 2288278 14801280| -0.41] _ 15-Nov-02| ~ 01-May-07
125(  2289059| 14800544 -11.56 15-Nov-02|  25-Sep-07
126| . 2271668 14799785 -15.58 30-May-02|  03-May-07,
127 2285693 14799062 -0.15 17-Sep-02 10-Sep-07
128| 2276183 14798927 -4.83 30-May-02|  03-May-07
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