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The Spanish Springs Village subdivision service area has increased beyond the current peak day
production well capacity of the Desert Springs Water system. The water system is operated by the
Washoe County Department of Water Resources, Utility Services Division. At least one 500+ .

- gallon per minute(gpm) production well is needed to increase system supply. The targeted well

capacity is obtainable, however water quality problems in the west valley area limit suitable
production. well sites. Water quality problems in the alluvial aquifer were identified as a result of
the construction and testing of monitoring wells in 1993 for the water resource ‘study
“Hydrogeology and Simulated Effects of Urban Development on Water Resources of Spanish
Springs Valley” prepared by the United States Geological Survey (USGS). Initial sampling showed
ground water in several west side monitoring wells exceeded the State of Nevada primary and
secondary drinking water maximum contaminant levels(mcl) for arsenic(As) and nitrate(NO -N).
Two monitoring wells were constructed to find a production well site which met the following
requirements; sufficient well yield with. As, NO> levels and total water quality that met drinking
water standards. Figure 1 is a map showing DSMW5, DSMW6 and nearby County monitoring and
production wells.

Lang Exploratory Drilling of Elko, NV started the drilling project on January 9, 1997 and
completed well construction on January, 21 1997. The wells were drilled by the dual tube, reverse
air method. Monitoring well DSMW5 was drilled east of Alena Way on Washoe County School
District property and DSMW6 was drilled northwest of Spanish Springs Village, Unit 7 on
HAWCO property. DSMWS5 was drilled to a depth of 680 feet and constructed to a total depth of
670 feet. DSMW6 was drilled to a depth of 610 feet and constructed to a total depth of 525 feet.
Water quality samples for As and NO*-N were collected from DSMWS5 at borehole depths of 180,
410, 580 and 680 feet. NO*-N concentrations ranged from 1-4 parts per million(ppm) and arsenic
concentrations ranged between 0.08-0.18 ppm. Water quality samples for As and NO*-N were
collected from DSMW6 at borehole depths of 200, 260, 340, 400, 460 560 and 610 feet. NO*-N
concentrations ranged from 0-0.3 parts per million(ppm) and As concentrations ranged from 0.60-
0.12 ppm. Formation water temperature ranged between 60-100 degrees Fahrenheit (°F) in both
wells. Well yield for each well ranged from 50-200 gpm per sample. :

The drilling project identified two sites that meet two of the three criteria necessary for production
well construction; satisfactory well yield and nitrate levels that meet State of Nevada drinking water
standards. Arsenic levels in both wells exceeded maximum contaminant levels throughout the
borehole. The potential yield of the wells and the urgency for increased well capacity in the Desert
Springs Water System prompted investigation of alternatives for water quality enhancement and
arsenic removal at each site. PROSYS Corporation was contacted about arsenic removal since they
are experienced in designing arsenic removal systems for high volume well systems. PROSYS
suggested implementing a pilot testing program for arsenic removal at one of the monitoring wells.
The pilot testing program was not pursued due to the program cost of approximately $22,000.00.

Monitoring well DSMWS5 has the potential for a shallow production well from 0-230 feet and a
deep production well from 0-660 feet. Estimated ‘well yield for the shallow well is 200-300 gpm
and 500+ gpm for the deep well. An advantage of a shallow production well is the temperature of
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well diséharge will be kept below 70 degrees °F, which allows better mixing with lower
temperature water in the existing Desert Springs system. DSMW6 could be completed as a 600 foot

- production well with an estimated well yield of 500+ gpm.

At the time of monitoring well completion, the potential for a long term water exchange agreement
between Westpac Utilities and the County for wholesale water purchase and delivery to Spanish -
Springs Valley is being pursued by both entities. Construction of new production wells, especially
in areas where water quality is a concern, is not a option that is currently proposed by staff.

‘Production well construction can always be considered in the future when or if a wholesale

agreement reaches completlon
Drilling Operatlons
Momtormg well construction was done by Lang Exploratory Drilling of Elko, NV. A Lang

modified, top head drive, air rotary drilling rig was used for borehole drilling. 6 1/4 inch boreholes
were drilled at each well using the dual tube, reverse air rotary method. The boreholes were drilled

* with tri-cone chisel or button bits. The dual tube drilling method was selected since it allows at

point collection of formation samples with minimal circulation of borehole cuttings. The method
also allowed instantaneous well yield approximation of a selected zone of the borehole and discrete
formation water sampling with minimal mixing or circulation from previously drilled zones. Rapid
drilling rates can be achieved w1th this method with the slowest day of drilling producing 300 feet
of borehole;.

The drilling fluid consisted of potablé water from the Desert Springs Water System and Baroid
Quik-Foam foaming agents. When it became necessary to clean the borehole of accumulated

- cuttings, the density of the drilling fluid was increased using E-Z Mud synthetic organic polymer.

Twice during drilling of DSMW35 Baroid Qik-Gel high yield, bentonite clay was mixed with clean
water in a portable mud pit in order to drill through saturated, fine sand layers. A cyclone splitter
was used to discharge drilling fluid, formation water and remove borehole cuttings. All borehole
samples were collected at the discharge end of the cyclone splitter.

Formation samples were collected during borehole drilling at five foot intervals with samples
bagged and labeled a minimum of every ten feet or at a major formation change. Borehole

- geophysics logging of both wells was done by Welenco, Bakersfield, CA. A guarded resistivity,

long and short normal electric log, spontaneous potential and caliper log were originally specified
for each well. Long and short normal electric were the only logs done at DSMW6 because of
Welenco equipment failure. A natural gamma log was added to the contracted work by Welenco at
DSMWS5 as an exchange for the equipment failure at DSMW6. Water quality and formation
sampling, well design and construction supervision were done by Washoe County Utility Services
D1v181on (WCUSD) personnel

Well Construction

- The monitoring wells were constructed usmg 2-1/2 1nch black steel pipe with steel caps threaded on
the bottom. Perforated pipe with three 3/32" X 3" inch double mill slots per foot was used in each
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well. All ‘pipe joints were connected using threaded couplings. All wells were installed with a
gravel envelope consisting of well rounded, siliceous 1/4" X 1/8" gravel supplied by Silica
Resources Inc., Auburn, California. Neat cement sanitary seals were installed with a grout pump
and tremmie pipe. A six inch dlameter protectlve casing and locking cap were cemented in place at
each well head.

All monitoring wells were developed by air after the sanitary seals had hardened for a minimum of
12 hours. Well development was accomplished using the drilling rig air compressor to blow high

‘velocity air through a one inch steel development line with a five foot perforated development tool

attached to the bottom. The slotted interval of each well was developed by surging in 10-20 foot

_sections until clear discharge was produced. A well construction summary is found in Table 1.

Total Depth | Cased Depth | Blank Interval | Slotted Interval Static W. L. Seal Depth -
Well . Feet Feet Feet Feet Feet below Feet
. ) . - . mp.
DSMW35 680 672 462 210 34.46 130
DSMW6 620 - 525 273 252 77.20 ’ 100
Table 1
" Well Construction Summary

The monitoring wells were drilled in valley basin fill é_omprised of alluvium and lacustrine
sediments. Bedrock was not encountered in either well. The boreholes were continuously sampled.
and logged by WCUSD personnel. Well driller’s reports for each well are in the appendix.

DSMWS5 .

Alluvium containing sub-rounded, moderate to well sorted granitic sand with ‘intermittent small,
sub-angular to sub-rounded mafic, volcanic gravel stringers was drilled from 0 to 224 feet. Sample
volume of gravel where encountered was 10-30%. Pliable, sticky blue and gray lacustrine clay was
drilled from 225 to 450 feet. Fine to medium grained, moderately sorted and rounded andesite sand
with intermittent silty clay and volcanic gravel lenses was drilled from 450 to 680 feet. Sample

“volume of gravel was 5-15%. The andesite sand drilled from 630-680 feet became finer as drilling

progressed to borehole bottom.

Short and long normal el‘ectric, guarded resistivity, spontaneous potential, six foot lateral and
natural gamma logs were done at DSMWS. Figure 2 is a borehole log and well construction -
diagram for DSMWS5. A shallow, uniform sand aquifer was drilled from 0 to 224 feet that has a
resistivity ranging from 30-60 ohmeters’/meter. Logging shows the large clay zone from 225 to 450
feet has a consistent 10-15 ohmeters¥meter resistivity that separates a shallow and deep aquifer.
The deep aquifer from 450 to 680 feet is primarily composed of fine, mafic sand with a 10-20
ohmeters>/meter resistivity. The deep aquifer formation had higher water production during drilling
than the higher resistivity, shallow aquifer formation found above 230 feet(see Borehole Samples,
Table 2). Overall, aquifer formations in DSMWS have a slightly higher resistivity and higher at
point formation discharge than the formations drilled at DSMWG6.
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DSMW6

Alluvium containing coarse granitic and felsic volcanic sand with intermittent clay layers from 5 to
20 feet thick, was drilled from 0 to 150 feet. Pliable, sticky to hard, brown and blue /gray clay was
drilled from 150 to 250 feet. Medium to coarse grained sub-round volcanic and granitic sand, with .
intermittent clay zones was drilled from 250 to 480 feet. Small to coarse gravel with a sample

- volume between 10-30% was drilled in this section between 250 and 300 feet. Moderately sorted,

mafic volcanic sand with stringers of sandy clay and small gravel was drilled from 480 to 620 feet
Sample volume of gravel ranged between 10-25%.

Short and long normal electric, single point and spontaneous potential logs were done at DSMW6.
A guarded resistivity log was not conducted at this site due to logging equipment failure. Figure 3 is
a borehole log and well construction diagram for DSMW6. The resistivity logs showed large clay
zones with 5-10 ohmeters’/meter resistivity from 150 to 230 feet and 300 to 332 feet. Thinner,
intermittent clay beds with a similar low resistivity were found throughout the borehole. The
primary water bearing formations from 330 to 520 feet have a resistivity of 10-15 ohmetersz/meter
The finer volcanic sand and sandy clay formation from 520 to 620 feet have a resistivity of 5-10
ohmeters®/meter. The water bearing formations identified in DSMW6 by the borehole geophysics,
have an overall low formation resistivity however the high discharge samples collected during
drilling suggest a reasonably high formation permeability(Borehole Samples, Table 2).

Five borehole samples were collected from each well for sieve analysis so a screen slot size and -
appropriate gravel filter pack could be selected for production well construction. Sieve analysis
were performed by Roscoe Moss Company, Sacramento, CA. A screen size of 50 slot (0.05) was
recommended for DSMW5 with a gravel filter pack of #6 x #8 and a screen size of 80 slot (0.08”)
was recommended for DSMW6 with a 1/8" x 1/4" gravel filter pack. Screen size was selected to
allow 90% filter pack retention. Complete sieve analyses are found in the appendix.

Borehole Samples

The primary goal of drilling the monitoring wells by the dual tube reverse method was the ability to .
collect a water sample from a discrete portion of the aquifer with minimal delays in operation and
few equipment changes. Water samples were collected from various borehole depths in order to
verify if arsenic or Nitrate-N concentrations were located in isolated formations or continuous
throughout the borehole. Water quality samples were collected at points specified by the
supervising geologist with selection criteria for sampling based on adequate formation discharge,
discharge clarity and hthology At point formation discharge rate, formation water temperature and
a field measurement for NO*-N were also collected at each sampling.

Nitrate and arsenic samples were analyzed by Sierra Environmental Monitoring (SEM) of Reno

.Nevada. Field measurements for nitrate were made using a LaMotte Field Testing Kit for NO*-N

with a range of 0-18 ppm. Discharge measurements were estimated by bucket test at the discharge
end of the cyclone splitter. Temperature was measured using a standard glass thermometer. Table 2

~shows a summary of field parameters measured and SEM laboratory results for the borehole water

samples collected from each site. -
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Sample Depth  NO*-NField = NO’ -N(SEM) Arsenic Temperature At Point Discharge
Well Feet ppm’ - mg/lL mg/L. - °F : gpm
DSMW5 180 2-3 2.1 0.085 65 60
410 6-7 42 0.098 60 100
580 24 24 0.11 75 200
680 1-2 <1 0.18 : 92 180-200
DSMW6 200 0-1 0.3 0.088 - nla 25-30
260 0-1 : <0.1 0.12 80 50-60
340 0-1 <0.1 0.068 90 85
, 400 0-1 <0.1 0.061 90 100
460 0-1 <0.1 . 0.065 93 : 150
560 - 01 <01 0 - 0076 95 150
610 0-1 - <0.1 0.078 n/a 150+
Table 2 : ‘
Formation Water Samples -

Borehole sampling, at DSMW5 and DSMW6 did not identify a specific formation or borehole

section that is the primary source for nitrate and arsenic. Arsenic concentrations in DSMW6
remained relatively consistent and appear to be associated with the elevated thermal water gradient
throughout the borehole. This suggests that the well is located near a lineament that conveys
hydrothermal formation water along a structure that could range from an isolated basin feature to
inter-basin in size. A convenient structure for water movement is the regional Warms Springs fault
zone that trends north along Hungry Ridge at the western edge of Spanish Springs Valley (Bell,
1969), approximately 1/2-1 mile away from DSMW&6. Nitrate concentration did not exceed 0.3
mg/L throughout the borehole, indicating the well penetrates an aquifer which is not in contact with
nitrate bearing lacustrine sediments seen in existing monitoring wells to the north. Nitrate
contamination in DSMW6 from domestic septic systems in the HAWCO and Sky Ranch
subdivisions should be minimized by the well’s upgradient location.

DSMWS5 had nitrate levels that did not exceed drinking water maximum contaminant levels and
decreased with drilling depth. The clay unit provides a natural vertical.barrier that restricts
downward migration of nitrate between the shallow and deep aquifer. Nitrate levels in the clay
aquitard penetrated by DSMWS5 were measured at 4 mg/L(Table 2, sample DSMW5-410). The
nitrate value measured in the clay unit can be considered a baseline or natural value so a nitrate
increase above this level in the shallow aquifer could be attributed to man made sources such as
septic tank and leach field discharge. The final sample taken at DSMW5 (680 feet) showed the
nitrate level had dropped to a similar concentration level measured in DSMWS6, indicating that a
common formation between the two wells exists. Arsenic levels increased as borehole depth
increased, but stayed within a range of 0.10 mg/L. The uniformity of the arsenic concentration and
sample water temperature throughout the borehole show DSMWS is affected by the same geologic
structure and thermal setting responsible for high arsenic levels in DSMWG6.

Water Quality

Water quality samples for inorganic compounds, which included testing for trace metals and routine
mineral analysis, were collected at both monitoring wells. Samples were collected from both wells
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upon completion of air development. Water samples for inorgémic compounds were collected in
one gallon plastic milk bottles and 60 milliliter(ml) plastic bottles preserved with nitric and sulfuric
acid. Water samples were analyzed by the Nevada State Health Lab in Reno, Nevada.

DSMWS5 and DSMW6 meet State of Nevada primary and secondary drinking water standards for
all parameters tested except arsenic and nitrate-N. The current(5/97) State of Nevada maximum
contaminant level for arsenic is 0.05 mg/L and 10 mg/L for nitrate-N. Complete water quality
analyses for each well are found in the appendix. A general water quality summary for each well is
found in Table 2. Constituents that do not meet primary drinking water standards are shaded.
Overall water quality is better at DSMW6 than DSMWS5 which is presumably caused by the pamal
penetratlon of lacustrine sedlments by DSMWS.

Well TDS Nit-N  SO* Cl HCO® Fe Na K Ca

DSMWS5 337. 01 69 14 - 144 17~ 108 1 4

DSMW6 199 0.0 18 7 95 0.13 72 0 1
- Table3 -Values in mg/L »

Water Quality Summary ’

Figure 4 is a Piper diagram used to categorize the water analyses collected from the new monitoring
wells and selected nearby wells. The diagram shows DSMWS5 & 6 are considered to be in a aquifer
containing potassium-bicarbonate waters. Bicarbonate geothermal waters can be generally
associated with geothermal waters that have migrated some distance from a thermal fracture flow
source and mixed with groundwater(Nicholson, 1993). Nicholson also states that higher ratios of
sodium(Na) to potassium(K) are indicative of lateral flow, near surface reactions. A shallow,
moderately warm, geothermal setting that is located close to a fracture zone could be applied to the
area where the new monitoring wells are constructed. -

- L

" The general trend of monitoring well water classification in Figure 4 indicates water quality is

changing as wells transgress across the valley to the northwest. The linear anion trend from Na+K

-to Ca for the wells plotted probably reflect ground water percolation through different lithologic

units, such as andesite sand versus granitic sand. The northeastern Spanish Springs Valley area
could provide a target location for production well drilling or investigation of existing agricultural
wells (Donovan Well, Figure 5) for potential purchase and use. '

Figure 5 is a potentiometric surface map in feet above sea level for the Spanish Springs Valley that
was generated using March, 1997 static water level measurements from 27 wells. The map shows a
general flow from high elevation in the south and southwest to lower elevation in the north and
northeast valley area. A steep gradient develops between DSMWS5 and 6 and continues in a
stretched “3” shape by DS4 and continues south to DS1. The steep contour levels suggest a
structural uplift caused by faulting. The skewed “3” shape also suggests that a small depression or
graben, with uplifted flanks to the north and south may enclose DS4. This is a limited interpretation
based on interpolation without any static water level data or drilling information upgradient or west-
southwest from DS4. Figure 5 may identify a geologic structure that isolates DS4 from poorer
quality formation water observed in monitoring wells to the north and northeast. A faulted basin -
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~ could alter groundwater flow paths and provide a ground water barrier which isolates DS4 from

geothermal influence. Conversely, faulting could act as a groundwater barrier in one direction while
providing a.mechanism for geothermal fluid transport from a larger geologic structure into another
area. ‘

Conclusions ' ' ‘ ' '

Production wells can be constructed at either DSMWS or DSMWE6 if the arsenic concentration in
the wells can be reduced by on site treatment. Elevated formation water temperature may further
restrict the value of production well construction if mixing higher temperature groundwater in the
existing Desert Springs Water System is considered undesirable by the WCUSD. Production well

- construction may be viable in the future as service areas expand since the wells have high potential

well yield and low nitrate concentrations when compared to existing wells in the area.
Recommendatlons for productlon well constructlon are found in Table 4.

Cased Depth |  Diameter Blank Intefval - Screened Interval Seal Depth Screen Size
Well Feet Inch Feet Feet Feet Slot #
DSMW5 660 12 460 200 130 - 50
DSMW6 620 12 360 260 100 80
Table 4 : '

Production Well Recommendations

At the time of monitoring well completion, the potential for a long term agreement between
Westpac Utilities and the County for wholesale water purchase and delivery to Spanish Springs
Valley is viable and being actively pursued by both entities. Staff does not advocate production well
construction because of the high arsenic content in the aquifer formations. Production well
construction can always be reconsidered in the future when a wholesale agreement reaches
completion or if water treatment technology has progressed to where arsenic removal is economical
and applicable to municipal water wells. If production well construction becomes an option, the

DSMWEG site is the preferred choice based upon water quality and upgradient location from existing

development.
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