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1.0 INTRODUCTION

This ground-water flow and solute transport model report details model
development, construction, and use for simulation of numerous wastewater facility
planning alternatives for the north Cold Spring Valley area. Model development has
been completed for the Washoe County Department of Water Resources (WCDWR) as
part of a wastewater facility planning effort being conducted by Kennedy/Jenks
Consultants (KfJ) on behalf of the WCDWR. Wastewater facility planning is required
due to increasing impact to water resources of the valley by existing commercial and
residential development and due to concern relative to potential impacts from future
development. Water levels and water quality are being impacted by existing
development and future impacts are anticipated without adequate wastewater facility
planning. A groundwater flow model was included in this project to assist in evaluating
various planning alternatives.

1.1 MODELING OBJECTIVES

Given the shallow water table condition present in Cold Spring Valley and a
declining water quality condition (rising nitrate concentrations), presumably resulting
from discharge from local septic systems, it was determined that a ground-water flow
and solute transport model would be a useful tool for assisting in evaluating multiple
wastewater facility planning alternatives. Accordingly, the purpose of the model was to
serve as a tool to evaluate: existing and future groundwater elevations; existing and
future water quality; and impacts to water levels and water quality under multiple
wastewater facility planning alternatives.

1.2 WORKING ARRANGEMENT

The WCDWR solicited competitive proposals in December, 2000 for
development of a Wastewater Facility Plan for north Cold Spring Valley. The team of
Kennedy/Jenks Consultants (KlJ) and Broadbent & Associates, Inc. (BAI) was awarded
the project in December, 2000. KlJ is the Prime Contractor and BAI is a subcontractor
to KlJ. The scope of work for BAI was construction and operation of the ground-water
flow and solute transport model and subsequent use of the model to evaluate
wastewater planning alternatives.

2.0 STUDY AREA PHYSICAL DESCRIPTION

2.1 REGIONAL GEOLOGIC SETTING

Cold Spring Valley is located within the North Valleys Planning Area, as
designated by the WCDWR, and along the western boundary of the Great Basin section
of the Basin and Range physiographic/geologic province (Figure 1). This valley, like
most all others valleys in the region, is a structurally controlled basin bounded by north
south trending mountains to the east and west. There are seven major geologic rock
units within the valley which can be grouped into two main categories: valley-fill
unconsolidated alluvial/sedimentary deposits which include the principal water bearing
units within the basin; and consolidated rocks that form the adjacent mountains and
underlie the valley-fill material (Van Denburgh, 1980). There are a number of faults
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present within the valley, most of which are found to be within the consolidated rock
materials, but some of which cut the valley-fill materials and/or form the contact between
the consolidated and unconsolidated materials (Van Denburgh, 1980). Figure 2
provides a basic geologic map of Cold Spring Valley, Nevada.

2.2 REGIONAL HYDROGEOLOGIC SETTING

Cold Spring Valley is located within the designated Cold Spring Valley
Hydrographic Basin (Basin No.1 00). It is a topographically closed basin that
encompasses an approximate 29 square mile area. The basin is elongated in a north
south orientation approximately 12 miles long and three miles wide. Altitudes range
from a high 7,940 feet above mean sea level (amsl) on Peavine Peak to the south, to a
low of 5,032 feet amsl at the low point of White Lake. The flat to moderately sloping
valley floor occupies most of the area below 5,200 feet amsl and covers approximately
7.5 square miles, of which the White Lake playa occupies almost 2.0 square miles (Van
Denburgh, 1980).

The only perennial streams within the valley drain the slopes of Peavine Peak in
the far southern part of the basin. Other ephemeral stream beds flow only during
periods of snowmelt runoff and intense rainfall. Given that this is a topographically
closed basin, all surface water generated within the basin stays within the basin and
ultimately flow towards White Lake. Furthermore, it is believed that there is a very little
inter-basin groundwater flow, either into or out of the basin (Van Denburgh, 1980).

The alluvial basin-fill materials which partially fill the structural basin depression
form the principal groundwater reservoir of the valley. Maximum depth of the basin-fill
material is unknown, however, it is suspected to be greater than 525 feet at the deepest
point as the WCDWR has installed a groundwater monitor well 525 feet deep within the
valley that did not encounter consolidated rock. As is typical with basin and range
province valleys, the unconsolidated valley-fill material of Cold Spring Valley is likely
deepest at the valley center and shallowest at the valley margins.

Intra-basin ground water flow is from areas of higher hydraulic head to areas of
lower head within the basin. For Cold Spring Valley, this means that groundwater will
flow from the areas of recharge in the adjacent mountains towards the valley floor and
the basin-fill reservoir areas. Basin-fill hydraulic properties such as transmissivity and
storage coefficient/specific yield for Cold Spring Valley are typical of basins in the region.
Transmissivity (T) is defined as the capacity of an aquifer to transmit water and it is
generally calculated as the hydraulic conductivity times the saturated aquifer thickness.
Specific yield (Sy)is a measure of water yield from an unconfined aquifer system and is
defined as the ratio of the volume of water a rock or soil will yield by gravity drainage to
the volume of the rock or soil. Storativity (S)(or coefficient of storage) is a measure of
the volume of water that a permeable unit within a confined aquifer will adsorb or expel
from storage per unit surface area per unit change in head. For Cold Spring Valley,
transmissivity generally ranges from 10 - 5,000 fe/day, while specific yield (for the
unconfined aquifer) ranges from 10 - 20% and storativity (for the confined/unconfined
aquifer) ranges from 0.01 - 0.0001, depending upon lateral location and vertical depth.
These variations are due to heterogeneous and anisotropic lithologic conditions typical
of basin-fill alluvial materials.
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2.3 CONCEPTUAL HYDROGEOLOGIC MODEL

A conceptual hydrogeologic model was generated from available data and
includes definition of hydrostratigraphic units, preparation of a water budget (water inflow
and outflow), and definition of the flow system (Anderson and Woessner, 1992). The
conceptual model for Cold Spring Valley is similar to that of many Basin and Range
systems, with most ground-water recharge occurring as recharge from adjacent
mountain ranges which migrates downward to the valley center and the basin-fill
reservoir system. Figure 3 is a simplistic representation of this system with input and
output parameters listed, while Table 1a provides a generalized ground-water budget for
these parameters for 1997. Numerous well logs were collected and interpreted to
provide an understanding of the hydrostratigraphic units and definition of the various
hydraulic parameters required for model input.

3.0 GROUND-WATER BUDGET

Components of the ground-water budget for north Cold Spring Valley include:
natural precipitation recharge; septic system recharge; treated water recharge;
irrigation/lawn watering recharge; ground-water underflow; evapotranspiration; ground
water pumpage; and ground-water outflow. A brief discussion of each component
follows below. Table 1a summarizes/tabulates an estimated budget for 1997. The
Nevada Division of Water Resources has defined the perennial yield for the Cold Spring
Valley hydrographic basin at 500 af/yr, while appropriated ground-water rights total
1,162 af/yr.

3.1 NATURAL RECHARGE

Precipitation is the primary source of natural groundwater recharge in Cold
Spring Valley. However, most of the precipitation either evaporates prior to infiltration or
is retained as soil moisture. Therefore, only a small portion of the precipitation actually
recharges the groundwater reservoir. Van Denburgh (1980) estimated groundwater
recharge to Cold Spring Valley to be approximately 1,000 acre-feeVyr (AF/yr) with
approximately 50% recharging the area south of Highway 395 and 50% recharging the
area north of Highway 395. Rush and Glancy (1967) estimated the annual recharge to
be approximately 900 AF/yr for the entire valley. For the purpose of this modeling effort,
a total annual recharge to the model domain, which occupies approximately 45% of the
overall basin area is approximately 460 AF/yr. This value was derived from review of the
aforementioned documents and consideration of the model domain within the overall
basin area, upon personal communication with Mr. Steve Van Denburgh of the United
States Geological Survey (USGS), and through model calibration.

3.2 SEPTIC SYSTEM RECHARGE

As discussed above, Cold Spring Valley currently possesses numerous individual
septic tank systems that are presumably slowly degrading local ground-water quality as
a result of nitrate loading. Understanding the relationship of volume and concentration
of septic system discharge to the local water table is crucial to determining the best
course of action for wastewater planning in the area. Regarding the daily volume of
water discharged from septic systems to the local ground water, the volume varies
depending upon the number of occupants per home. Assuming an average of
approximately 3.0 occupants per home and approximately 65 gallons per day (gpd) per
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occupant, the average usage and, therefore, discharge would be approximately 200 gpd.
A ground-water flow and solute transport model developed by Simon Hydro-Search
(1992) for north Cold Spring Valley utilized a septic system discharge rate of 205
gal/day.

Regarding a nitrate loading rate, review of available literature suggests
concentrations ranging from 18 mg/I to more than 100 mg/I nitrate-N reaching the ground
water. The Simon Hydro-Search 1992 ground-water flow and solute transport model
utilized a nitrate loading rate concentration of 354 mg/I nitrate (59 mg/I nitrate-N) based
upon work done by Mercado (1976) which looked in detail at the relationship between
the concentration of nitrate released near the surface and the concentration reaching the
ground water.

The Washoe County WCDWR was consulted on both flow and nitrate-N loading
rates from local septic systems. It was agreed that a recharge rate of 205 gpd and a
nitrate-N loading rate of 59 mg/I nitrate-N were reasonable, and so they were utilized in
the ground-water flow budget for the model.

3.3 TREATED WATER RECHARGE

The existing wastewater treatment plant is recharging treated water to the ground
water via six rapid infiltration basins (RIBs) under permit with the Nevada Division of
Environmental Protection (NDEP) - Bureau of Water Pollution Control. Discharge data
to the RIBs was provided by the treatment plant for the three-year period of 1998 
2000, at 2.606, 8.53, and 9.922 millions of gallons per year, respectively. Plant
discharge rates for the period of 2001 - 2030 were estimated based upon an estimated
number of customers and a discharge rate to the plant of 325 gallons per day per
customer, as required by the Washoe County WCDWR. Table 2 provides the estimated
number accounts and resulting volume of discharge from the plant.

3.4 LAWN WATERING LEACHATE RECHARGE

While it is recognized that there may be a measurable volume of groundwater
recharge resulting from inefficient lawn watering practices within the Cold Spring Valley
area, it was assumed that this is negligible in terms of the overall water budget for the
valley. Accordingly, a recharge component associated with lawn watering was not
assigned to the model.

3.5 SUBSURFACE GROUND-WATER INFLOW

Two general conditions must be present for inter-valley flow to exist: 1) a
hydraulic gradient from one valley towards another, and 2) presence of aquifer materials
capable of transmitting water. While there are rock materials present capable of
transmitting water, the adjacent valleys to the east and north (Lemmon and Red Rock,
respectively) appear to have floor elevations that are lower than Cold Spring Valley.
This combined with a lack of evidence for a significant inflow of ground-water from the
north and east indicates that ground-water inflow from the north and east is likely
negligible (Van Denburgh, 1980). There is potentially 100 - 200 AF/yr ground-water
recharge into Cold Spring Valley from Upper Long Valley to the west, as per Van
Denburgh (1980) and as per recent verbal correspondence with Van Denburgh.
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3.6 SURFACE WATER INFLOW/RECHARGE

No surface water enters north Cold Spring Valley as stream inflow from adjacent
basins. Therefore, a value of zero was assigned to this parameter in the ground-water
flow model.

3.7 EVAPOTRANSPIRATION (ET)

Van Denburgh (1980) estimated total ET for the 1,900 acre playa area at White
Lake to be approximately 500 AF/yr. The model domain for this project occupies
approximately 40% of the total playa area. Accordingly, an ET rate of approximately 200
AF/yr was assumed to be adequate for the model. However, recent verbal
correspondence with Van Denburgh has indicated that the ET rates that he utilized in the
1980 report were possibly only half of actual ET rates, based upon recent work
conducted by the USGS (Nichols, 2001). Accordingly, the ET rate utilized for this study
was estimated at approximately 400 AF/yr, which is roughly twice the original ET
estimate, and which also creates a better water balance for the valley. Evaporation is
assumed to be the dominant component of the ET parameter.

3.8 MUNICIPAL AND DOMESTIC PUMPING

Both municipal and domestic wells are present within the proposed model
domain. There are five municipal water supply wells operated in the area for water
supply to north Cold Spring Valley. These five wells are formerly known as Utilities, Inc.
Wells 1,2,6, 7, and 8 (also known as the Sweger Well). These wells are currently
operated by Utilities Inc. (formerly operated by the Reno Park Water Company) and their
locations are depicted on Figure 4. Wells 6 and 7 are located outside of the model
domain, and therefore, their pumpage is not reflected in ground-water withdrawal from
within the model domain. Table 3 provides pumping data for the period 1998 - 2030
(estimated for 2001 - 2030 based upon demand estimates and verbal correspondence
with Utilities, Inc.). Table 4 provides measured and estimated pumping data for the
period 1979 -1997. Well NO.1 has been off-line since November 1998 due to sanitary
seal issues. A new well has been drilled and constructed within 300 feet of the old well
and was scheduled to go on-line in September, 2001.

There are 19 active domestic wells located within the model domain area.
Pumpage from these domestic wells is estimated at 0.28 gpm per well (or 0.45 AF/yr).

3.9 GROUND-WATER OUTFLOW

According to Van Denburgh (1980) "the possibility of significant subsurface
outflow in any direction (from Cold Spring Valley) is remote." Van Denburgh came to
this conclusion after close scrutiny of work conducted by Harrill (1973) and Rush and
Glancy (1967). Therefore, it is assumed that subsurface outflow from Cold Spring Valley
is negligible and it was treated as such in the model.

3.10 SURFACE WATER OUTFLOW

As indicated above, Cold Spring Valley is a topographically closed basin.
Therefore, surface water generated within the basin stays within the basin. Therefore, it
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is assumed that surface water outflow from Cold Spring Valley is negligible and it was
treated as such in the model.

4.0 GROUND-WATER FLOW SIMULATION

4.1 MATHEMATICAL MODEL

The finite difference code MODFLOW, developed by the United States
Geological Survey (USGS) in 1988, was used to simulate three-dimensional ground
water flow. MODFLOW is a block-centered finite difference code that views a three
dimensional system as a series of layers of porous material. A horizontal grid of the
model area is sub-divided in the x and y directions to form columns and rows of
rectangular blocks. The grid is then extended in the vertical direction, or z direction, to
form layers. The code simulates the aquifer response by computing the flow between
each cell block during assigned time steps. The resulting heads then become the initial
head conditions for the next assigned time step. The process is repeated through the
last assigned time step and the predicted heads can be observed. For the purposes of
this model, Visual MODLFOW version 2.8.2 (released in 1999) was used.

The code MT3D was used to numerically simulate nitrate-N transport. MT3D is a
modular three-dimensional transport model utilized for simulation of advection,
dispersion, and chemical reactions of dissolved constituents in ground-water systems. It
is designed to be used in conjunction with any block-centered finite-difference model
such as MODFLOW.

The Cold Spring Valley model domain is depicted in Figure 5 and it includes all of
Sections 9, 16, 20, and 21, and portions of Sections 8, 10, 15, 17, and 22, all within
T21 N, R18E, MDBM. The proposed approximate six-square mile model area occupies
approximately 25% of the Cold SpringValley designated basin. The defined boundaries
were designated primarily by study area interest and physical/topographic constraints.

The model that was developed for this project consists of 33 columns and 40
rows forming 1,320 blocks, each measuring approximately 400 feet by 400 feet (160,000
ft2). No flow boundaries (inactive cells) were placed along the west, east, and north
model perimeters to represent mountain-block regions. To that end, the model grid
consists of 836 active cells. The model consists of two layers with a uniform base
elevation at the bottom of Layer 2 of 4,790 feet. A two layer model was selected as it
was felt that this best represented the hydrogeologic system of north Cold Spring Valley
(see section 6.0 Summary/Discussion for more discussion on this matter). Ground
surface elevation, or top elevation of Layer 1, varies and was input from a USGS Digital
Elevation Model (DEM) (RENO NW, 7.5 minute, 1:24000 scale). Minor adjustments to
elevations at the White Lake playa were made based on known measurements. The
contact between Layer 1 and Layer 2 also varies across the model region, but was
generated so that Layer 1 has an average thickness of approximately 160 feet. Layer 1
is designated as unconfined (Type 1), while Layer 2 is designated as
Confined/Unconfined with variable storage and transmissivity parameters (Type 3).

4.2 STEADY-STATE MODEL

Steady-state is a condition of static water levels and background contaminant
concentrations that are assumed to occur under relatively constant climatic conditions,
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prior to man-induced influence. Steady-state calibration is conducted by running the
model under these pre-influenced conditions. Model predictions are then compared to
the observed steady-state conditions. Where necessary, model parameters are
adjusted until an acceptable match between measured and model simulated conditions
is obtained. As discussed below, man's influence in north Cold Spring Valley has been
present since prior to 1979 and steady-state conditions have probably not been
experienced in the north Cold Spring Valley since well prior to 1979. Consequently, the
area has probably not been at a condition of equilibrium for a long time.

4.2.1 Boundary and Initial Conditions

In order to represent the mountain-block regions of the model area, no-flow
boundaries (inactive cells) were placed along the west, east, and north model
perimeters. Natural recharge to the modeled area was incorporated via use of recharge
wells within active cells along the west, east and north model perimeter.
Evapotranspiration (ET) boundaries along the south end of the model at White Lake
were used to represent ground-water discharge. Upon review of available information
regarding the water resources of Cold Spring Valley, these boundary conditions seem
reasonable and representative of the flow system present within north Cold Spring
Valley. Figure 5a depicts these set boundary conditions.

Water level data from 1979 provided in the 1980 Van Denburgh report was
originally thought to represent a steady-state condition (see Table 5) and was, therefore,
to be utilized to calibrate the steady-state model. However, as discussed above and
below, 1979 did not represent a steady-state condition, and therefore, could not be
utilized to calibrate the model for a steady-state condition.

4.2.2 Hydraulic Properties

The hydraulic properties used in the model were based on a review of available
literature and through the model calibration process. The mountain-block portions of the
model area were considered to be impermeable to flow and were thus marked as no
flow boundaries. The alluvium of Cold Spring Valley consists of low-transmissive clays
at the White Lake playa to gravelly sands in the central portion of the valley. During the
model calibration process, the values of hydraulic conductivity were adjusted in an
attempt to derive the best fit to observed conditions. The reSUlting horizontal hydraulic
conductivity (Kx, Ky) values for Layer 1 of the model region ranged from 0.09 ftlday at the
playa to 40 ftlday in the central portion of the valley (in the area of Utilities, Inc. Well No.
1). Generally, the vertical hydraUlic conductivity (Kz) was assumed to be 10% of the
associated horizontal conductivity. The exception to this was at the playa, in which Kz
was set at 0.05 ftlday (or approximately 56% of the Kx). Kx and Kyof Layer 2 were set at
a uniform 10 ftlday, with the exception of the central portion of the model area, which
was set at 40 ftlday (in the area of Utilities, Inc. Well No.1). Figures 6a and 6b depict
the final horizontal conductivity field generated for the base model for layers 1 and 2,
respectively.

Specific yield (Sy) for the unconfined Layer 1 ranged from 0.05 to 0.25, while
storativity (S) for the confined/unconfined Layer 2 was approximately 0.01. The effective
porosity (ne) ranged from 5% to 25% in Layer 1 and from 15% to 25% in Layer 2. Sy, S,
and ne values were also adjusted during model calibration and the aforementioned
values were the final values used in the steady-state model.
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4.2.3 Natural Recharge

Natural ground-water recharge was represented in the model by assigning
constant flow boundaries (represented by recharge wells) along the west, north, and
east model perimeter (see Figure 5a). For the purpose of this modeling effort, a total
annual recharge to the model domain of 460 AF/yr was utilized, as discussed in Section
3.1 above. The 460 AF/yr was divided into 92 cell blocks along the west, north, and east
model perimeter, with the majority of recharge occurring along the west and east
mountain-block areas.

4.2.4 Discharge

Ground-water discharge was represented in the model by assigning
evapotranspiration (ET) boundaries along the south end of the model at White Lake. The
ET rate utilized for this study was estimated at approximately 400 AF/yr, which was
divided into 196 cell blocks at the White Lake playa and extending to the north and east.
ET rates included 0.036 ftlday at White Lake playa (120 cells) and 0.055 ft/day
extending north and east of the playa (76 cells)(see Figure 5a). The ET extinction depth
in both areas was 10 feet.

4.2.5 Calibration Results/Discussion

As indicated above, the general approach to constructing this ground-water flow
model was to first develop a steady-state model under natural (non-man-influenced)
conditions and then to develop a transient-state model that was the steady-state model
subjected to the man-induced impacts (Le., pumping and septic system recharge). The
specific approach taken was to build a steady-state model based upon 1979 data
available in the Van Denburgh, 1980 USGS report, as this report provided the most
comprehensive data base available prior to 1997.

During the steady-state model construction and calibration process, it was
recognized that the 1979 condition was not truly a steady-state condition, as there were
already hundreds of septic systems and both domestic and municipal water supply wells
in use in the area. Therefore, it was determined that a steady-state model could not be
developed and calibrated with a high degree of accuracy. Accordingly, the decision was
made to first develop a transient-state model (calibrated to the 1997 data base) and then
to use that model to simulate steady-state conditions by turning off all man-induced
stresses (Le., pumping wells and septic systems). This approach was adopted so as to
provide a degree of confidence that the transient-state model (discussed below) was
reasonable and that it could produce a reasonable steady-state condition once the
stresses were turned off.

Once the transient-state model was constructed and calibrated (discussed
below), all man-induced stresses were turned off and the model was run in a steady
state mode. Results were found to be reasonable, with water levels generally within
approximately two to four feet of the 1997 condition and to within approximately five to
eight feet of observed measurements for the 1979 period (Table 5 provides the 1979
measured data). Figure 7 depicts the simulated steady-state water table condition.
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4.3 TRANSIENT-STATE MODEL

Transient simulations are utilized to analyze time-dependent conditions by
introducing man-made stresses to the modeled system and comparing observed heads
to calculated heads within a given time period. For this project, the time-dependent
conditions included the addition of septic systems and pumping from municipal and
domestic water supply wells between 1979 and 1997. The WCDWR 1997 water level
data base (Table 6) was utilized to calibrate the transient-state model. The 1979 water
level data base taken from the Van Denburgh, 1980 report (Table 5) was utilized as the
initial head condition for the transient-state model.

4.3.1 Historic Pumping

The two main sources of ground-water pumping from 1979 to 1997 were from
domestic wells and Utilities, Inc. Well NO.1. A total of 19 domestic wells in the Border
Town area, each pumping at an estimated rate of 403 gallons per day (gal/d) (53.9 fe/d),
were set in the model to pump from 1979 through 1997. Utilities, Inc. Well No.1, located
in the NW1/4, NW1/4, Sec. 21, TT21 N, R18E, MDBM, was set to pump from 1979 to
1997 between 172,778 gal/d (23,098 fe/d) and 299,358 gal/d (40,021.1 fe/d), depending
on the year. Table 4 provides pumping data for the municipal wells for this period. Data
provided in Table 4 are tabulated from various sources inclUding the Public Utilities
Commission of Nevada, the Nevada Division of Water Resources, Utilities, Inc., and
from the March 1, 2000 Water Supply and Distribution Master Plan Update for Utilities,
Inc. prepared by the Meridian Company.

4.3.2 Historic Septic System Recharge

There were a total of 1,220 septic systems input into the model region, each
discharging 205 gal/d (27.4 fe/d) into the aquifer. The injection rate per model cell block
was determined by multiplying the discharge for a single septic system (205 gal/d) by the
number of septic systems located within each model cell. The time periods in which
individual septic systems became active in the model varied between 1979 and 1997.
All systems that were in existence prior to 1979 were brought on-line in 1979 within the
model. All systems brought on-line after 1979 were done so on a five year increment
approach. That is, all systems brought on-line during the 1980 - 1985 period were
simulated as turned on in 1983. Likewise, all systems brought on-line during the 1986
1990 period were simulated as turned on in 1988, and so on. Table 9 lists the utilized
activation schedule.

4.3.3 Results/Discussion

The transient-state model was calibrated to observed water levels for 1997, using
1979 water level data as initial head conditions. Adjustments to the conductivity field
and placement of various conductivity zones were made to facilitate the best possible
match between observed and calculated heads (see Figures 6a and 6b for final
conductivity fields).

Final calibration yielded a mean absolute error value of 3.48 ft for all observation
wells located within the model domain (monitor and domestic water supply wells) and a
mean absolute error of 3.49 ft for select monitor wells CSV-1, 2, 4, and 6 and CC1
located within the main area of concern within the model domain. Figure 8 provides the
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simulated water table surface map for 1997 generated by the calibrated transient-state
model. Figure 9a provides a graph of calculated versus observed heads for 1997 for all
wells while Figure 9b provides a graph of calculated versus observed heads for 1997 for
select wells CSV-1, 2, 4, and 6 and CC1. This calibrated transient-state model was
utilized for transport model development (discussed below), for the steady-state model
with man-induced stresses turned off (discussed above), and as a tool for simUlating
wastewater facility planning alternatives (discussed below).

4.4 TRANSPORT MODEL

As indicated above, the calibrated transient-state model was used as the base
model for solute transport simulations. For this project, the time-dependent conditions
included addition of nitrate-N from septic systems and naturally-occurring nitrate-N
concentrations resulting from ground-water recharge. Nitrate-N concentration data from
1979 (Table 7) were used as the initial condition for the transport model and the model
was calibrated to 1997 data base (see Table 8) and the limited 2001 data base (Table
8a) provided by the WCDWR.

4.4.1 Boundary Conditions, Initial Conditions, and Physical Parameters

Constant-flow boundaries (via recharge wells) for the transient-state model
served as input locations for naturally-occurring nitrate-N concentrations associated with
ground-water recharge. Each recharge cell was assigned an initial nitrate-N value of
0.90 mg/L, based upon information provided in the Simon Hydro-Search, 1992 ground
water flow and solute transport model for north Cold Spring Valley (SHS, 1992). The
longitudinal dispersivity value assigned in the transport model was 10% of the estimated
plume length (Gelhar et ai, 1992). The transverse dispersivity was assigned a value of
42.9 ft (approximately 33% of the longitudinal dispersivity)(ASTM 1995) and the vertical
dispersivity was assigned a value of 6.5 ft (approximately 0.05% of the longitudinal
dispersivity)(ASTM 1995). A plume length of 1,300 feet was estimated based on
hydraulic properties established for the model and on a release period that started in
1974. Appendix A provides calculations associated with the plume length and
dispersivity. The bulk density of the porous media (silty gravel/clayey gravel below the
ground water) was assigned a value of 63 kg/fe (140 Ib/fe).

4.4.2 Septic Nitrate-N Loading

Each septic system was assigned a nitrate-N loading concentration of 59 mg/L,
based upon information provided in the SHS, 1992 ground-water model which
incorporated a retardation analysis based upon Mercado, 1976 (see page 12-13 of the
SHS, 1992 report). The amount of nitrate-N per cell block was determined by mUltiplying
the loading rate for a single septic system by the number of septic systems located
within each model cell. The time periods in which individual septic systems became
active varied between 1979 and 1997, as previously discussed (see Table 9).

4.4.3 Saturated Zone Denitrification

Review of available literature regarding nitrate-N attenuation (via sorption (kd),
decay (II), and biodegradation) in the subsurface saturated zone indicates that the ability
of nitrate-N to persist in the saturated zone is function of whether or not denitrification is
occurring. Most references seem to agree that nitrate will not sorb, so it is assumed that
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the distribution coefficient (Kd) = 0 and, therefore, the retardation factor (R) = 1.
Furthermore, the literature suggests that natural reduction in nitrate-N concentrations in
the subsurface is primarily the result biological denitrification and that the rate of
denitrification increases significantly with depth (Korum, 1992; Kinzelbach, et aI., 1991;
Postma, et. aI., 1991; Trudell, et. ai, 1986). Biological denitrification is the
transformation process of converting nitrate-N to nitrogen gas and the bacteria
responsible for this transformation are facultative anaerobes that use nitrate instead of
oxygen for their respiratory processes under anaerobic conditions (Trudell, M.R., et ai,
1986).

There are four general requirements for biological denitrification to occur: 1)
presence of N oxides (N03 , NOz, NO, and NzO) as terminal electron acceptors; 2)
presence of bacteria possessing the metabolic capability to process nitrate; 3) suitable
electron donors (organic matter/carbon); and 4) anaerobic (restricted Oz) conditions
(Korom, 1992). The denitrification process is complex and site-specific. Unfortunately,
the site-specific data necessary to evaluate this process for the Cold Spring Valley area
is not readily available.

In MT3D solute transport modeling, natural reduction in solute concentration is
addressed by use of sorption and decay rate constants. Since it is assumed that there is
no sorption, then the only parameter for variation in nitrate-N concentration is decay rate
for each model layer. Decay rate (A) is calculated as 0.693 divided by the solute's
concentration half-life. Review of the literature relative to the half-life for nitrate-N in the
shallow ground-water environment yields a range of values over several orders of
magnitude (days to years). Both Geng (1996) and Loague (1995) treat nitrate as a
conservative (Le., Decay Rate =0). Bumb (1987) reports values from 2.46 to 12.6
years, while Kolle (1985) reports a range of 1.2 -2.1 years. This wide range of reported
half-life values is a function of site specific conditions.

Given that site-specific parameter data is not available for Cold Spring Valley, a
calibration test within the transport model relative to the nitrate-N decay rate half-life was
conducted to determine what rate yielded the best fit to the available observation data
(1997 and 2001 data). Multiple simUlations were run for decay rate half lives ranging
from 0.75 years to 4.5 years for Layer 1 and 0.25 - 2.0 years for Layer 2. Figure 10
provides a plot of Layer 1 decay rate half-life (yrs) vs. mean absolute error (mg/I) for all
wells (monitor and domestic water supply) for 1997 and for select monitor wells (CSV-1 ,
2, 4, and 6, and CC1) for both 1997 and 2001. Layer 2 was set with a decay rate half
life of 0.5 years for all of the Layer 1 runs plotted on Figure 10. The use of a short half
life in Layer 2 (0.5 years) is supported by numerous publications including Korum (1992)
Kinzelbach (1991), Postma (1991), and Trudell (1986) which clearly discuss the rapid
reduction in nitrate concentration with respect depth, primarily due to the decline of
dissolved oxygen. Variation of Layer 2 half-life decay rates (ranging from 0.25 yrs to 2.0
yrs) had little to no effect on Layer 1 nitrate-N concentrations.

Review of Figure 10 indicates that a decay rate half-life of approximately 3.375
years in Layer 1 produces the best fit for the select monitor wells for both 1997 and 2001
and that a decay rate half-life of approximately 1.5 years produces the best fit for all
wells for 1997. Based upon this information, a decay rate half-life of 3.375 years (A =
0.0005626) for Layer 1 and 0.5 years (A = 0.003797) for Layer 2 was selected for use in
the wastewater planning alternatives evaluation process, as these rates produced the
best fit for the monitor wells located within the primary study area. The decay rate half-
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life of 1.5 years associated with all wells was not utilized since it includes all the
domestic water supply wells located in the Bordertown area. These domestic wells are
mostly screened to deeper depths than the select monitor wells and, therefore, are not
likely providing an accurate representation of the shallow water table condition.

4.4.4 Results/Discussion

Nitrate-N concentration data from 1979 was used as the initial condition for the
transport model. No adjustments to the transport input data were necessary during the
transient-state calibration process, with the exception of the decay rate, as discussed
above. Final calibration (using a decay rate half-life of 3.375 years) yielded an absolute
residual mean value of 4.52 mg/I for all wells for 1997, 2.57 mg/I for the select monitor
wells for 1997, and 3.19 mg/I for the select monitor wells for 2001. Figure 10 depicts
these results, as discussed above, while Figures 11 a and 11 b provide iso-concentration
maps for predicted nitrate-N concentrations for 1997 and 2001, respectively, generated
by the calibrated transient/transport model. Figures 12a, 12b, and 12c depict calculated
vs. observed nitrate-N concentrations for all wells in 1997, select wells, in 1997 , and
select wells in 2001, respectively.

This calibrated transient-state and solute transport model was utilized as the
base model for simulating wastewater facility planning alternatives which are discussed
below.

5.0 WASTEWATER PLANNING ALTERNATIVES AND MODEL SIMULATIONS

5.1 GROUP 1 ALTERNATIVES

The Group 1 Alternatives are based on conversion of none, a portion, or all of the
existing septic systems to the Cold Springs Wastewater Treatment Plant (CSWWTP).
Conversion in the model was represented by turning off the septic systems (each discharging
205 gal/day) and diverting it to the Rapid Infiltration Basins (RIBs) at a rate of 325 gal/day per
septic system diverted, as required by the WCDWR. The amount of water diverted to the
CSWWTP/RIBs under these three main conversion alternatives is provided in Table 2.

The transient-state flow and transport model was run with specified time periods,
generally in five year increments. The time periods considered were 1979 - 1997, 1997 
2002,2002 - 2007,2007 - 2012,2012 - 2017,2017 - 2022,2022 - 2027, and 2027 - 2030.
Since the water diverted to the CSWWTP will be treated before discharge to the RIBs, nitrate
N concentrations were not considered at the RIBs.

In order to evaluate model results, observation wells were chosen to represent two
main areas, the existing development area and the northern portion of the valley near the
RIBs. To that end, wells CSV1, 2, 4 and 6 and CC1 were chosen to evaluate predicted water
levels and nitrate-N concentrations at the existing development and well WW3S was chosen
to evaluate water levels near the RIBs.

5. 1. 1 Alternative 1A

Alternative 1A included conversion of all septic systems to the CSWWTP beginning in
2002 (see Table 2 for converted water volumes). Figure 13 is provided as a Hydrograph of
model predicted water levels for monitor wells CSV1, 2, 4, and 6, CC1, and WW3S under
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Alternative 1A conditions. Review of Figure 13 indicates that there is a general trend for
monitor wells CSV1, 2, 4, and 6 as follows: a slow gradual rise (on the order of 2 - 7 feet) in
water table elevation from 1979 (0 days) - 1997 (6,570 days) due to the constantly increasing
number of septic systems recharging the local ground water, followed by a 2 - 6 foot decline
in water level during the 1997 (6,570 days) - 2007 (10,220 days) period due to increased
pumping from both UI Wells No.1 and 8 and no new septic systems coming on-line. Water
levels in each well remained relatively stable from 2006 - 2030 (10,000 days -18,615 days).

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,100 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1A predicts water levels that are above ground surface
in the vicinity of the RIBs, indicating flooded condition.

Figure 14 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 14 indicates that nitrate-N
concentrations peaked around the year 2001 (8,030 days) and then rapidly declined to below
10 mgtl by 2004 (9,125 days) or so and to nearly non-detect by 2012 (12,045 days) for each
well. By the year 2017 (13,870 days), all five monitor wells were non-detect for nitrate-N and
they remained non-detect through 2030 (18,615 days).

5. 1.2 Alternative 1B

Alternative 1B included conversion of half of the septic systems to the CSWWTP, with
the remaining half of the systems operating as is (no de-nitrification)(see Table 2 for converted
water volumes). The septic systems converted to the CSWWTP were those systems located
south of the north boundary of Section 21.

Figure 15 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1B conditions. Review of Figure
15 indicates that there is a general trend for monitor wells CSV1, 2, 4, and 6 as follows: a
slow gradual rise (on the order of 2 - 7 feet) in water table elevation from 1979 (0 days)
1997 (6,570 days) due to the constantly increasing number of septic systems recharging the
local ground water, followed by a 2 - 6 foot decline in water level during the 1997 (6,570
days) - 2007 (10,220 days) period due to increased pumping from both UI Wells NO.1 and 8
and no new septic systems coming on-line. Water levels in each well remained relatively
stable from 2006 - 2030 (10,000 days -18,615 days).

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,078 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1B predicts water levels that are slightly above ground
surface in the vicinity of the RIBs, indicating flooded condition.

Figure 16 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 16 indicates that nitrate-N
concentrations peaked around the year 2001 (8,030 days) for all five wells and then began to
decline or to remain stable. For wells CSV1 and 6, located in the area where the septic
systems were converted to the CSWWTP, concentrations declined rapidly between 2002
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(8,395 days) and 2007 (10,220 days) to less than 2.0 mg/I before stabilizing at a concentration
below 2.0 mg/1. For wells CSV2 and 4 (located in the area of remaining in use septic
systems), nitrate-N concentrations experienced a slow and gradual decline from
approximately 21 mg/I to 13 mg/I for CSV-2 and from approximately 22 mg/I to 9 mg/I for CSV
4 for the period between 2007 (10,220 days) and 2030 (18,615 days). For monitor well CC1,
concentrations remained stable at approximately 11 mg/I during the 2007 (10,220 days)
2030 (18,615 days) period.

5. 1.3 Alternative 1C

Alternative 1C included leaving all existing septic systems operating but operating with
de-nitrification such that they would no longer discharge nitrate-N laden water to the
underlying ground-water. Therefore, the only water being discharged to the CSWWTP was
from existing and new sewered homes, as tabulated in Table 2.

Figure 17 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1C conditions. Review of Figure
17 indicates that there is a general trend for monitor wells CSV1, 2, 4, and 6 and CC1 as
follows: a slow gradual rise (on the order of 2 - 8 feet) in water table elevation from 1979 (0
days) -1997 (6,570 days) due to the constantly increasing number of septic systems
recharging the local ground water, followed by a 4 - 7 foot decline in water level during the
1997 (6,570 days) - 2007 (10,220 days) period due to increased pumping from both UI Wells
No.1 and 8 and no new septic systems coming on-line. Water levels in each well remained
relatively stable from 2006 - 2030 (10,000 days -18,615 days) with a minor decline in water
table elevation (1 - 2 feet) over that 23 year period.

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,069 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1C predicts water levels that are approximately six-feet
below land surface in the vicinity of the RIBs.

Figure 18 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 18 indicates that nitrate-N
concentrations peaked around the year 2001 (8,030 days) for all five wells and then began to
decline to below 10 mg/I by 2003 (8,760 days) or so and to nearly non-detect by 2012 (12,045
days) for each well. By the year 2015 (13,140 days), all five monitor wells were non-detect for
nitrate-N and they remained non-detect through 2030 (18,615 days).

5. 1.4 Alternative 10

Alternative 10 included conversion of half of the septic systems to the CSWWTP,
with the remaining half simulated with de-nitrification (see Table 2 for converted water
volumes). The septic systems converted to the CSWWTP were those systems located
south of the north boundary of Section 21.

Figure 19 is provided as a Hydrograph of model predicted water levels for
monitor wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 10 conditions.
Review of Figure 19 indicates that there is a general trend for monitor wells CSV1 , 2, 4,
and 6 as follows: a slow gradual rise (on the order of 2 - 7 feet) in water table elevation
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from 1979 (0 days) - 1997 (6,570 days) due to the constantly increasing number of
septic systems recharging the local ground water, followed by a 4 - 7 foot decline in
water level during the 1997 (6,570 days) - 2007 (10,220 days) period due to increased
pumping from both UI Wells NO.1 and 8 and no new septic systems coming on-line.
Water levels in each well remained relatively stable from 2006 - 2030 (10,000 days 
18,615 days).

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,078 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1B predicts water levels that are slightly above ground
surface in the vicinity of the RIBs, indicating flooded condition.

Figure 20 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 20 indicates that nitrate-N
concentrations peaked around the year 2001 (8,030 days) for all four wells and then began to
decline to approximately 10 mgtl by 2003 (8,760 days) and to nearly non-detect by 2012
(12,045 days) for each well. By the year 2017 (13,870 days), all five monitor wells were non
detect for nitrate-N and they remained non-detect through 2030 (18,615 days).

5. 1.5 Alternative 1E

Alternative 1E included leaving all existing septic systems operating as is with only
existing and new sewered homes discharging to the RIBs (none of the septic systems
included de-nitrification)(see Table 2 for RIB water volumes).

Figure 21 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1E conditions. Review of Figure
21 indicates that there is a general trend for monitor wells CSV1, 2,4, and 6 and CC1 as
follows: a slow gradual rise (on the order of 2 - 8 feet) in water table elevation from 1979 (0
days) - 1997 (6,570 days) due to the constantly increasing number of septic systems
recharging the local ground water, followed by a 4 - 8 foot decline in water level during the
1997 (6,570 days) - 2007 (10,220 days) period due to increased pumping from both UI Wells
No.1 and 8 and no new septic systems coming on-line. Water levels in each well remained
relatively stable from 2006 - 2030 (10,000 days -18,615 days) with a minor decline in water
table elevation (1 - 2 feet) over that 23 year period.

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,069 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1E predicts water levels that are approximately six-feet
below land surface in the vicinity of the RIBs.

Figure 22 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 22 indicates that for monitor wells
CSV1 and CC1, nitrate-N concentrations steadily increased from 1979 (0 days) to
approximately 2001 (8,030 days) before stabilizing at approximately 16.5 mgtl for CSV1 and
10 mgtl for CC1. Monitor wells CSV2 and CSV4 experienced a rising concentration during the
1979 - 2001 period followed by a gradual decline of nitrate-N concentration to approximately
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15.5 mg/I in CSV2 and 16.5 mg/I in CSV4 in 2030 (both wells experienced an approximate 2.0
mg/I decrease in concentration over the final 23 year period of 2007 (10,220 days) - 2030
(18,615 days». For monitor well CSV6, nitrate-N concentrations steadily increased from 1979
(0 days) to approximately 2001 (8,030 days) to a maximum concentration of approximately
13.5 mg/I before starting a slow and gradual decline in concentration to approximately 10 mg/I
in the year 2030 (18,615 days).

5. 1.6 Alternative 1F

Alternative 1F is the same as Alternative 1E (leaving all existing septic systems
operating as is with only existing and new sewered homes discharging to the RIBs) but with
the Nancy Gomes Elementary School septic system converted to the CSWWTP.

Figure 23 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1F conditions. Review of Figure
23 indicates results essentially identical to that of Alternative 1E. There is a general trend for
monitor wells CSV1, 2, 4, and 6 and CC1 as follows: a slow gradual rise (on the order of 2 - 8
feet) in water table elevation from 1979 (0 days) - 1997 (6,570 days) due to the constantly
increasing number of septic systems recharging the local ground water, followed by a 4 - 8
foot decline in water level during the 1997 (6,570 days) - 2007 (10,220 days) period due to
increased pumping from both UI Wells NO.1 and 8 and no new septic systems coming on
line. Water levels in each well remained relatively stable from 2006 - 2030 (10,000 days 
18,615 days) with a minor decline in water table elevation (1 - 2 feet) over that 23 year period.

Model predicted water levels at WW3S dropped between 5,045 feet in 1997 (6,570
days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8 pumping) and then
steadily recovered to approximately 5,068 feet in 2030 (18,615 days) due to ground-water
recharge from the CSWWTP RIBs. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1F predicts water levels that are approximately seven
feet below land surface in the vicinity of the RIBs.

Figure 24 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 24 indicates that results for
Alternative 1F are essentially identical to those of Alternative 1E. That is, nitrate-N
concentrations for monitor wells CSV1 and CC1 steadily increased from 1979 (0 days) to
approximately 2001 (8,030 days) before stabilizing at approximately 16.5 mg/I for CSV1 and
10 mg/I for CC1. Monitor wells CSV2 and CSV4 experienced a rising concentration during the
1979 - 2001 period followed by a gradual decline of nitrate-N concentration to approximately
15.5 mg/I in CSV2 and 16.5 mg/I in CSV4 in 2030 (both wells experienced an approximate 2.0
mg/I decrease in concentration over the final 23 year period of 2007 (10,220 days) - 2030
(18,615 days». For monitor well CSV6, nitrate-N concentrations steadily increased from 1979
(0 days) to approximately 2001 (8,030 days) to a maximum concentration of approximately
13.5 mg/I before starting a slow and gradual decline in concentration to approximately 10 mg/I
in the year 2030 (18,615 days).

5. 1.7 Alternative 1G

Alternative 1G is the same as Alternative 1E (leaving all existing septic systems
operating as is with only existing and new sewered homes discharging to the RIBs) but with
the Nancy Gomes Elementary School septic system converted to the CSWWTP and with the
dry sewered areas converted to the CSWWTP.
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Figure 25 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1G conditions. Review of Figure
25 indicates results similar to Alternatives 1E and 1F. There is a general trend for monitor
wells CSV1, 2, 4, and 6 and CC1 as follows: a slow gradual rise (on the order of 2 - 8 feet) in
water table elevation from 1979 (0 days) - 1997 (6,570 days) due to the constantly increasing
number of septic systems recharging the local ground water, followed by a 4 - 8 foot decline
in water level during the 1997 (6,570 days) - 2007 (10,220 days) period due to increased
pumping from both UI Wells NO.1 and 8 and no new septic systems coming on-line. Water
levels in each well remained relatively stable from 2006 - 2030 (10,000 days -18,615 days)
with a minor decline in water table elevation (1 - 2 feet) over that 23 year period.

The biggest difference between Alternatives 1F and 1G is the model predicted water
level in monitor well WW3S. In both Alternatives, model predicted water levels at WW3S
dropped between 5,045 feet in 1997 (6,570 days) to 5,033 feet just prior to 2002 (8,395
days)(due to UI Well #8 pumping). The model predicted water level in WW3S in 2030 for
Alternative 1G is approximately 5073, or approximately five feet higher than that predicted in
Alternative 1F. This is attributed to the greater volume of treated water discharged to the RIBs
from the converted dry sewered homes. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1G predicts water levels that are approximately two-feet
below land surface in the vicinity of the RIBs.

Figure 26 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 26 indicates that results for
Alternative 1G are essentially identical to those of Alternative 1F for wells CSV-1, 2, 4, and 6.
However, results for monitor well CC1 are quite different, as nitrate-N concentrations under
Alternative 1G reduce to less than 1.0 mg/I by approximately 2012 (12,000 days) due to the
conversion of the dry sewered septic systems to the CSWWTP.

5. 1.8 Alternative 1H

Alternative 1H is the same as Alternative 1E (leaving all existing septic systems
operating as is with only existing and new sewered homes discharging to the RIBs) but with
the Nancy Gomes Elementary School septic system converted to the CSWWTP, with the dry
sewered areas converted to the CSWWTP, and with all homes with gravity access to the
existing sewer system converted to the CSWWTP.

Figure 27 is provided as a Hydrograph of model predicted water levels for monitor
wells CSV1, 2, 4, and 6, CC1, and WW3S under Alternative 1H conditions. Review of Figure
27 indicates results similar to Alternatives 1E, 1F, and 1G. There is a general trend for
monitor wells CSV1 , 2, 4, and 6 and CC1 as follows: a slow gradual rise (on the order of 2 - 8
feet) in water table elevation from 1979 (0 days) - 1997 (6,570 days) due to the constantly
increasing number of septic systems recharging the local ground water, followed by a 4 - 8
foot decline in water level during the 1997 (6,570 days) - 2007 (10,220 days) period due to
increased pumping from both UI Wells NO.1 and 8 and no new septic systems coming on
line. Water levels in each well remained relatively stable from 2006 - 2030 (10,000 days 
18,615 days) with a minor decline in water table elevation (1 - 2 feet) over that 23 year period.

As was the case for Alternative 1G when compared to Alternative 1F, the biggest
difference between Alternatives 1G and 1H is the model predicted water level in monitor well
WW3S. In both Alternatives, model predicted water levels at WW3S dropped between 5,045



- 18 -

feet in 1997 (6,570 days) to 5,033 feet just prior to 2002 (8,395 days)(due to UI Well #8
pumping). The model predicted water level in WW3S in 2030 for Alternative 1G is
approximately 5075, or approximately two feet higher than that predicted in Alternative 1F.
This is attributed to the greater volume of treated water discharged to the RIBs from the
converted gravity access homes. Since ground elevation at the RIBs is currently at
approximately 5,075 feet, Alternative 1G predicts water levels that are approximately flush
with ground surface in the vicinity of the RIBs.

Figure 28 provides a graph of predicted nitrate-N concentrations versus time for
monitor wells CSV1, 2, 4, and 6 and CC1. Review of Figure 26 indicates that results for
Alternative 1H are essentially identical to those of Alternative 1G for wells CSV-1, 4, and 6.
And CC1. However, results for monitor well CSV-2 are different, as nitrate-N concentrations
under Alternative 1H experience a gradual decline to approximately 9.5 mg/I in 2030 due to
conversion of the gravity access homes to the CSWWTP.

5.1.9 Summary ofAlternatives 1A - 1H

The eight Group 1 Alternatives (1A -1 H) evaluated conversion of a combination of
none, some, or all of the septic systems to the CSWWTP and/or to denitrifying systems.
Figure 37 summarizes nitrate-N concentration results for monitor well CSV4 for all eight
alternatives. Monitor well CSV4 was selected for this discussion since it is relatively centrally
located within the older developed area of north Cold Spring Valley. Review of Figure 27
indicates that Alternatives 1A, 1C, and 1D result in reduction in nitrate-N concentrations to
less than the 10 mg/I state action level by the year 2004 and to near non-detect status by
2014. Alternatives 1A, 1C, and 10 may be acceptable solutions for Cold Spring Valley,
however, all three of these alternatives require complete conversion of all septic systems to
either the CSWWTP or to denitrifying systems. Under each alternative, nitrate-N
concentrations are reduced to non-detect rather quickly and water levels are maintained at
acceptable levels within the development area. Under Alternative 1A and 1D, some water
would be required to be re-used since there would be a surplus of water at the RIBs, while
under 1C there would be no re-use water available. If additional RIBs were developed, the
surplus water available under the 1A and 1D alternatives might possibly be accommodated
without surface flooding, however, some additional model runs would be necessary to fUlly
evaluate this possibility. Table 14 provides a summary of water level and nitrate-N
concentration results for each alternative for the year 2030.

The remaining five alternatives (1 B, 1E, 1F, 1G , and 1H) behave similarly in that they
all experience a gradual and steady decline in nitrate-N concentrations over time. The
gradual declining trend is attributed to the increasing volume of recharge water being
discharged at the RIBs which results in a dilution effect (over time) in the area of the existing
older development. Under all five alternatives, nitrate-N concentrations will decline to below
10.0 mg/I at some point in the future, with 1B reaching that point first (in approximately 2025),
followed by 1H, 1G, 1F, and 1E. Alternative 1H may worthy of serious consideration for the
Cold Springs area. Under this alternative, nitrate-N concentrations are projected to decline to
below 10.0 mg/I in approximately 2041 (see Figure 37) with a minimal number of septic
systems to the CSWWTP (Nancy Gomes Elementary School, the dry sewered homes, and
the gravity access homes).
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5.2 GROUP 2 ALTERNATIVES

The purpose of the Group 2 Alternatives was to evaluate the possibility of utilizing a
portion of the CSWWTP effluent to be discharged at the RIBs as potential re-use water for
green belt areas within the new development. Accordingly, under each Group 2 Alternative,
estimated re-use water was subtracted from the RIB discharge in the flow and transport model
(representing a net loss of water to the ground-water system). The model was run with the
same specified time periods detailed in Section 5.1 for the Group 1 Alternatives.

5.2. 1 Alternative 2A

Alternative 2A included conversion of all septic systems to the CSWWTP and it is
essentially the same as Alternative 1A but including applied re-use of some of the RIB
discharge water. The amount of water diverted to the RIBs and the proposed volume of water
to be utilized for re-use are provided in Table 10. Under the re-use schedule provided in
Table 10 and according to model predictions, water levels declined significantly such that by
the year 2020 water levels were at an elevation below the bottom of both domestic wells and
municipal wells. Accordingly, the net loss of recharge from the RIBs significantly impacted
water levels both in the development area and in the Vicinity of the RIBs.

5.2.2 Alternatives 28 - 2E

Based on the results of Alternative 2A, it was decided not to evaluate the remaining
Group 2 Alternatives (Alternatives 2B - 2H) due to anticipation of similar results. After initial
review of Alternative 1A - 1H and Alternative 2A model run results, K/J requested evaluation
of additional alternatives that would define a range of re-use water volumes that could be
considered without adversely affecting overall water resources of the valley. The additional
alternatives are the Group 3 and 4 Alternatives discussed below.

5.3 GROUP 3 ALTERNATIVES

The Group 3 Alternatives were based on conversion of all of septic systems to the
CSWWTP, with some volume of water utilized for re-use, as was the case with the original
Group 2 Alternatives. However, the goal of the Group 3 Alternatives was to define a range in
the volume of water that could be directed for re-use such that resulting water levels below the
RIBs (in the area of WW3S) would be at five, ten, and fifteen feet below the current RIB
elevation. These alternatives are 3A, 3B, and 3C, respectively, each of which are discussed
below.

5.3.1 Alternatives 3A - 3C

Set-up of Alternatives 3A - 3C was similar to that of Alternative 1A, that is, all of the
septic system effluent and water from new development was diverted to the CSWWTP. In
determining the range of water volume considered for re-use, the RIB effluent was reduced
until specified target water levels at WW3S in the year 2030 were achieved or the predicted
water levels were within a few feet of the target water levels. Target water level elevations for
the Group 3 Alternatives were 5,070 for Alternative 3A (minimum volume for re-use), 5,065
feet for Alternative 3B (optimum volume for re-use), and 5,060 for Alternative 3C (maximum
volume for re-use). For the purposes of the model, water re-use began in 2002.
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Model results indicated the range of volume of water for re-use in 2002 - 2007 period
to be 51,614.2 gal/day (57.8 AF/yr), 77,423.2 gal/day (86.7 AF/yr), and 116,136.7 gal/day (130
AF/yr) for alternatives 3A, 3B, and 3C, respectively. This range in values was then increased
through 2030 to 285,491.4 gal/day (319.6 AF/yr), 322,469.5 gal/day (361 AF/yr), and
331,373.7 gal/day (371 AF/yr), respectively. Table 11 provides the recommended range of
water volumes for the Group 3 Alternatives. It should be noted that the more water diverted
for re-use, the greater the impact to water levels in the currently developed area. For
example, by implementing Alternative 3A, the most conservative of the re-use scenarios (least
water utilized for re-use), water levels in wells

CSV1, CSV2, CSV4, CSV6, and in 2030 are predicted to be at elevations of
approximately 5,026, 5,024, 5,022, 5,021, 5035 feet, respectively. These water elevations
range from 12 to 16 feet below the predicted elevations in these wells in 2002. Conversely, by
implementing Alternative 3C, water levels in wells CSV1, CSV2, CSV4, CSV6, and CC1 are
predicted at elevations of 5,019,5,017,5,015,5,014, and 5,028 feet respectively. These
water elevations range from 19 to 23 feet below the predicted elevations in these wells in
2002. Figures 29, 30, and 31 are Hydrographs for alternatives 3A, 3B, and 3C, respectively.

Peak Nitrate-N concentrations in CSV1, CSV2, CSV4, CSV6, and CC1 for each of the
Group 3 Alternatives occurred approximately in 2001 and ranged from 9 mg/L to 20 mg/L.
Nitrate-N concentrations decreased in each well to less than 2.0 mg/L by 2010 (11,315 days)
and remained at near non-detect in each well through 2030. Figure 32 provides a graph of
these predicted nitrate-N concentrations versus time for each well.

5.4 GROUP 4 ALTERNATIVES

The Group 4 Alternatives are based upon the 1C alternative (all existing septic
systems converted to denitrifying) but with treated water re-use. The goal of these
alternatives was to determine if there would be any re-use water available under the 1C
alternative, and if so, to identify a range in the volume of water available under the three
defined target water levels (5,10, and 15 feet below land surface at the RIBs). As described
below, model predictions were within a few feet of these target water levels.

5.4.1 Alternatives 4A - 4C

Set-up of Alternatives 4A - 4C was similar to that of Alternative 1C, with all existing
septic system converted to denitrifying. The methodology of determining the range of water
volume considered for re-use was the same as that of the Group 3 alternatives. Target water
level elevations for the Group 4 Alternatives were 5,070 for Alternative 4A (minimum volume
for re-use), 5,065 feet for Alternative 4B (optimum volume for re-use), and 5,060 for
Alternative 3C (maximum volume for re-use). While running model predictions, it was
discovered that re-use water was not available until the year 2027 for all three Alternatives
(4A, 4B, and 4C)(Le., the full volume of water discharged to the RIBs was needed as recharge
up to that point in time to minimize impact to the overall water resources of the valley).

Model results indicated the range in volume of water available for re-use in 2027 
2030 period to be 0 gal/day (Alternative 4A) to 10,330.8 gal/day (Alternative 4C), with an
optimum value (Alternative 4B) of 4,304.4 gal/day (4.8 AF/yr). Table 12 provides the
recommended range of water volumes for the Group 4 Alternatives. Model results indicate
the Group 4 Alternatives are less taxing on the water levels at CSV1, CSV2, CSV4, CSV6,
and CC1 than the Group 3 Alternatives. For Alternatives 4A, water levels in wells CSV1,
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CSV2, CSV4, CSV6, and CC1 in 2030 are predicted to be at elevations of 5,037,5,032,
5,029, 5,028, and 5049 feet, respectively. These water elevations are approximately 3 - 6 feet
below the predicted elevations in these wells in 2002 (versus 12 - 16 feet for Alternative 3A).
For Alternative 4C, water levels in wells CSV1, CSV2, CSV4, CSV6, and CC1 are predicted at
elevations of 5,034, 5,028, 5,026, 5,025, and 5043 feet, respectively. These water elevations
are approximately 6 - 9 feet below the predicted elevations in these wells in 2002 (versus 19 
23 feet for Alternative 3A). These water elevations are also approximately 3.0 feet below the
predicted elevations in these wells relative to 2027 when re-use was initiated for Alternative
4C. Figures 33, 34, and 35 are Hydrographs for alternatives 4A, 4B, and 4C, respectively.

Peak Nitrate-N concentrations in CSV1, CSV2, CSV4, CSV6, and CC1 for each of the
Group 4 Alternatives occurred approximately in 2001 and ranged from approximately 10 mg/L
to 22 mg/L. Nitrate-N concentrations decreased in each of the wells to less than 2.0 mg/L by
2009 (10,950 days) and remained at near non-detect through 2030. Figure 36 provides a
graph of these predicted nitrate-N concentrations for each well.

6.0 SUMMARY

The overall objective of this investigation was to develop a ground-water flow and
solute transport model that could be utilized as a tool to help evaluate various wastewater
planning alternatives for Cold Spring Valley out to the year 2030. The investigation approach
was to study the valley's hydrogeology, develop a steady- and transient-state ground-water
flow model, and then to develop a solute transport model to simulate nitrate-N contamination
resulting from local septic system operation.

Base model results (simulating the period of 1979 - 1997) produced a good match to
measured conditions with an absolute mean error value of 3.48 ft for water levels and 4.52
mg/I for nitrate-N concentrations for all wells (2.57 mg/I for select monitor wells) relative to
measured 1997 data. This base model was utilized to simulate a total 15 simulations
(Alternatives 1A - 1H, 2A, 3A - 3C, and 4A - 4C).

The 15 alternatives evaluated a combination of septic system conversions to the
CSWWTP and/or to denitrifying systems, and they evaluated a combination of recharge and
re-use alternatives for wastewater disposal. The best solutions appear to be with complete
removal of septic system nitrate-N contribution to the local ground-water by either complete
conversion to the CSWWTP, by complete conversion to denitrifying septic systems, or by a
combination of the two conversion options (Alternatives 1A, 1C, and 1D, respectively). Under
each of these alternatives, a combination of recharge and re-use of CSWWTP effluent was
evaluated to define a range of re-use water that may be available for watering green belt
areas within the north Cold Spring Valley area without impacting overall water resources
(alternatives 3A - 3C and 4A - 4C).

Alternative 1H (conversion of Nancy Gomes Elementary School, the dry sewered
homes, and the gravity access to sewer line homes to the CSWWTP) offers a possible long
term solution with nitrate-N concentrations declining to below the state action level of 10.0
mg/I by approximately 2041 with minimal septic system conversion.

7.0 DISCUSSION

In order to build a model of this type and then to use it to predict conditions out to
the year 2030, adjustments were made to model input parameters during calibration and
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a number of assumptions had to be made. Regarding the input parameters, the
parameter that appeared to be the most sensitive and that required the most adjustment
was the hydraulic conductivity. Figures 6a and 6b provide the final horizontal
conductivity fields for Layers 1 and 2, respectively. Those resulting fields were based
upon well log interpretation and subsequent adjustments during the calibration process,
as is typical in construction of any ground-water flow model. The assumed vertical
conductivity in all areas with the exception of the playa area was 10% of the horizontal
conductivity, which is typical for model construction. In the playa area, a vertical
conductivity of 56% of the horizontal conductivity was utilized (approximately 2:1). This
horizontal to vertical conductivity relationship was necessary to get the flow model to
converge (using a kh of 0.09 ft/day and a kv of 0.05 ft/day). According to Freeze and
Cherry (1979, page 32), "The primary cause of anisotropy on a small scale is the
orientation of clay minerals in sedimentary rocks and unconsolidated sediments. Core
samples of clays and shales seldom show horizontal to vertical anisotropy greater than
10:1, and it is usually less than 3: 1." Wirganowicz, 1997 utilized a 1:1 ratio of horizontal
to vertical conductivity in a ground-water flow model for the Owens Lake basin in the
area of the Owens lake playa. Therefore, there is support for use of a 2:1 relationship
within the literature.

Regarding significant assumptions made in model development, the main assumptions
included: recharge and ET rates; two layer system; septic system loading (water volume and
nitrate-N concentration); nitrate-N decay rate; pumping rates from 1979 - 1997 and from
2001 - 2030; and the utilized septic system activation schedule. A brief discussion of each
assumption follows below.

As discussed in sections 3.1 and 3.7 above, natural recharge and evapotranspiration
rates were adjusted based upon recent verbal correspondence with Steve Van Denburgh of
the USGS. The reader is referred to these sections for discussion of these parameters.

The model was set up with a two layer system, as discussed in Section 4.1. Review of
numerous well logs for the entire north Cold Spring Valley area indicates that a clearly
discernable confining layer separating upper and lower aquifer systems does not exist.
However, clay layers are found to be present throughout the valley but at varying depths and
horizontal locations. While there does not appear to be a clear cut confining clay layer
throughout the valley, there does appear to be enough clay present to create a semi-confining
effect resulting in some separation of influence between the shallow and deeper water.
Accordingly, it was decided that a two layer model would be beneficial in simulating the flow
system by creating an ability to control the degree of influence. The three Utilities, Inc.
municipal water supply wells present within the model area (Utilities, Inc. Wells #1, 2, and 8)
vary relative to total depth and screened interval. Well #1 has a total depth of 203 feet with a
screened interval from 150 - 203 feet (milled slot). Well #2 has a total depth of 242 feet with a
screened interval from 50 - 242 feet (milled slot). Well #8 (Sweger Well) has a total depth of
350 feet with a screened interval from 100 - 350 feet (milled slot). Therefore, Well#1, which is
located in the development area, taps primarily the lower layer (Layer 2), while Wells 2 and 8
tap both the upper and lower layers (Layers 1 & 2)(see Figure 4 for well locations).
Historically, Well #2 was lightly pumped (generally <20 gpm when in use), and it is not likely
that this well will be used in the future. Well #8 is located approximately 1.0 mile north and
up-gradient of the existing development/septic tank area and it likely has little influence on
nitrate-N concentrations in the development area.
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As discussed in section 3.2, daily discharge from the individual septic systems was
estimated at 205 gal/day with a nitrate-N concentration of 59 mg/1. These are the same
values utilized by Simon Hydro-Search in their 1992 ground-water flow and solute transport
model of Cold Spring Valley and they have been approved by the WCDWR.

As discussed in Section 4.4.3 (Saturated Zone Denitrification), nitrate-N decay rate
half-life values vary by several orders of magnitude (days to years). This wide range of
reported half-life values is a function of site-specific conditions. No site-specific data was
available relative to denitrification rates within Cold Spring Valley at the time this investigation
was conducted. This led to the use of a calibration test approach within the model to
determine the decay rates for nitrate-No A decay rate half-life of 3.375 years in Layer 1 and
0.5 years in Layer 2 was utilized in the solute transport model. A sensitivity analysis of half
life values indicated that use of a more conservative decay rate (longer half-life) does have a
significant effect on the models predicted nitrate-N concentrations over time. For example, if
the model is run with no nitrate-N decay, resulting concentrations range from approximately
1.5 - 3.0 times those generated by the model with 3.375 year half-life decay rate.
Accordingly, it should be noted that the predictive capabilities of the transport model may be
limited due to: 1) the sensitivity of the nitrate-N decay rate half-life used within the model; and
2) the lack of data available to determine a site-specific decay rate half-life for Cold Spring
Valley.

Tables 3 and 4 provide pumping rate data for the periods of 1998 -2030 and 1979 
1997. Portions of the data within each table are estimated and portions are measured. The
reader is referred to the tables and to section 4.3.1 for a discussion of these pumping
estimates. Pumping from 1979 - 1984 had to be estimated as no records could be found for
pumping during that time period. Wells to be pumped and their pumping rates had to be
assumed for the period of 2001 - 2030, and the assumptions made were based upon recent
correspondence with Utilities, Inc. and upon estimated future demand.

Table 9 provides the utilized septic system activation schedule for transient model
development. As discussed in section 4.3.2, generally speaking a five year increment
schedule was utilized to activate the septic systems from 1979 - 2000. The number of septic
systems and year of activation was based upon a parcel data base provided by the Washoe
County Recorders office. That data base provided an "Original Year of Construction" date
which is what was utilized as the year that each septic system began use. In reality, the
actual beginning use date may have been different, but for the purpose of the model, the
"Original Year of Construction" year was utilized and then incorporated into the five year
activation schedule. The five year schedule was felt to be the most efficient way to represent
the septic systems, as activating each system during each year would have been an
excessively laborious task since there are 1220 septic systems to be considered.

Additional issues to be addressed include: solute transport flow model nitrate-N
concentration averaging across the full cell thickness; water level differences between
Alternatives 1A and 1C; effect of water levels in the model area by the pumping and Utilities
Inc. Wells 6 and 7 which supply water to north Cold Springs but are located outside the north
Cold Springs area; percolation rates in the area of the CSWWTP RIBs; and effects of storm
water detention basins on local ground-water conditions. A brief discussion of each follows
below.

The solute transport flow model produces nitrate-N concentrations for each cell within
the model. This means that the resulting concentration is an average concentration for the
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entire cell volume. In the case of Layer 1 for the model, this means that the resulting
concentration is the average for a cell with a thickness of approximately 150 feet. This can be
a problem, given the fact that dissolved nitrate-N is believed to persist in the upper water
column area of the water table (in the top 10 - 20 feet of the water table). It should be noted,
however, that the water quality data base provided by the WCDWR represents water samples
that were collected from wells that were screened below the top 10 - 20 feet of the water table
(mostly domestic water supply wells with some monitor wells, however, the monitor wells were
generally not constructed with well screen in upper 10 - 20 feet of the water table). Therefore,
the measured data also represents a condition of water quality that may be averaged over a
certain thickness of the water table, as the samples were not collected from the depth at which
the highest nitrate-N concentrations exist. Therefore, it is believed that the simulated results,
which adequately reproduce measured data, are reasonable and usable when comparing to
the measured data.

Review of results generated by model runs for Alternatives 1A and 1C has raised
some question relative to resulting water levels in the development area (CSV4 monitor well
area). What has been observed is that water levels for the 1A alternative (converting all septic
systems to the CSWWTP) are higher than water levels under the 1C alternative (all septic
systems operating with de-nitrification). These results appear to be opposite of what might be
expected, that is, one would expect water levels to drop under the 1A alternative, since the
septic systems are no longer recharging the ground water in this area. However, what
appears to be happening is that under the 1A alternative, when a septic system is converted
to the CSWWTP, the discharge water from the home goes from 205 gal/day under septic
system operation to 325 gal/day under sewered operation (as required by the WCDWR). This
results in an additional 120 gal/day of recharge to the ground-water system for each converted
septic system. In order to numerically evaluate this situation, the 1A alternative was run with a
discharge rate of 205 gal/day/home to the CSWWTP (not 325 gal/day/home). Results of that
run yielded water levels nearly identical to that of the 1C alternative. Therefore, the model
clearly indicates that the reason for the raised water levels under that the 1A alternative (with
a discharge rate of 325 gal/day/home) is the increased discharge relative to the 205
gal/day/home under septic system operation.

Review of results generated by model runs for Alternatives 3A and 3C has raised
some question relative to resulting water levels in the area of domestic and municipal water
supply wells. The domestic wells are primarily restricted to the Bordertown area. In that area,
water levels drop approximately 11, 15, and 18 feet for the 3A, 3B, and 3C alternatives,
respectively, relative to 1997 water level conditions (see Table 13). These water level drops
mayor may not significantly impact the domestic water supply wells in the Bordertown area,
depending upon well depth and construction for each individual well. Water level in the
Utilities Inc. Well #1 area declines approximately 15, 19, and 22 feet for alternatives 3A, 3B,
and 3C, respectively, relative to 1997 conditions (see Table 13). Since this well has a total
depth of 203 feet with a screened interval of 150 - 203 feet, these drops in water level should
not significantly impact this well. Water level in the Utilities Inc. Well #8 (Sweger Well) area
declines approximately 6, 11, and 14 feet for alternatives 3A, 3B, and 3C, respectively,
relative to 1997 conditions (see Table 13). Since this well has a total depth of 350 feet with a
screened interval of 100 - 350 feet, these drops in water level should not significantly impact
this well.

A question has been asked about the effect on water levels as a result of Utilities, Inc
providing water supply to the north Cold Spring Valley area with water that is pumped from
Wells NO.6 and 7 which are located outside of the north Cold Spring Valley area. Review of
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Figure 13 for the time period of 1988 - 1993 (3285 days - 511 0 days) indicates a rise in water
table elevation of approximately three feet. This model simulated rise in water table elevation
can be attributed to a reduction in pumping from Utilities, Inc. Well No.1, while septic system
recharge continued at a rate of 205 gal/day/home, and to the fact that new homes/septic
systems were being put into operation (approximately 300 new systems were put into
operation between 1988 and 1993). Wells 6 and 7 were utilized as a supplemental water
supply to all of the water users during this time period. Therefore, the combination of reduced
pumping from Well No.1 and the increased number of septic system recharge points
(supplamentally supplied by Wells 6 and 7) is the reason for the water table rise during this
period. The water table slightly declines during the 1993 -1997 (5110 days - 6570 days)
period due to slight increases in pumping of Well #1 before dropping 2 - 5 feet during the
1998 - 2002 (6935 days - 8395 days) due to the on-set of pumping from the Sweger Well
(Well #8) and the new Utilities, Inc. Well #1 (estimated).

Regarding percolation rates at the CSWWTP RIBs, Pezonella Associates, Inc.,
working as a sub-consultant to DeWante and Stowell, conducted a 1991 geotechnical
investigation in the area of the RIBs which included infiltration rate testing of the soils
underlying the RIBs. That investigation concluded that the infiltration for these soils was 1.33
inches/hour (20 gallons/day). However, the 1.33 inch/hour rate was based upon a clear water
test, and it was recognized by DeWante and Stowell that the infiltration rate would likely
diminish over time due to continual flooding and soilds build up. The rate simulated in the
ground-water flow model provided herein was 0.5 inches/hour, based upon a vertical
conductivity of 1.0 ft/day, which was 10% of the horizontal conductivity for this area.
Accordingly, the rate utilized in the model is likely a reasonable representation of what will
occur over time and use of the RIBs.

A question has been raised concerning potential effects of storm water detention
basins to be installed as part of the proposed Cold Springs 2000 development in north Cold
Spring Valley. The primary concern is relative to potential impacts to local ground-water
levels as a result of collection of storm water (generated from increased local impervious
surface) in detention basins and subsequent percolation/recharge to the local ground water.
Nimbus Engineers in a May, 2001 Report (Nimbus, 2001) provided specific locations and
design criteria for the proposed 19 detention basins for the Cold Springs 2000 development
(Plate 3 of that Report). Review of Plate 3 indicates that these basins are distributed
throughout the proposed development and that the total maximum storage capacity of the
basins is approximately 147 acre-feet. These basins were designed for a 1OO-year storm
event and they are to be unlined "detention" basins meaning they are designed to collect and
temporarily hold storm water so as to minimize downstream flash flooding. They are to be
constructed with drain culverts installed at the base of the down-slope end of each basin such
that storm water collects in these basins at a controlled rate until the basins are drained,
generally within 24 hours (the basins are drained into a channel that is routed down to the
playa). During that 24 hour period, some of the storm water infiltrates through the bottom of
the unlined basins and becomes local ground-water recharge. However, this volume of water
is assumed to be negligible in the overall ground-water recharge analysis for north Cold
Spring Valley, primarily because it is an infrequent short term event, because most of the
collected water will drain to the playa, and because any ground-water mounding that might
occur in direct proximity to individual detention basins will likely be minor and temporary.
Furthermore, most of the proposed basin locations are not in current septic tank locations,
therefore, temporary ground-water mounding would have negligible effect on existing septic
systems. Accordingly, there was no assigned input to the ground-water flow model for
ground-water recharge from these detention basins.
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8.0 CONCLUSIONS

The north Cold Spring Valley area can be successfully modeled for steady, transient,
and solute transport simulation. The transient-state and solute transport models were
calibrated with a mean absolute error of 3.48 ft for water levels and 4.52 mg/I for nitrate-N
concentrations, respectively, for all wells (2.57 mg/I for select monitor wells) relative to
measured 1997 data.

The best solutions appear to be with complete removal of septic system nitrate-N
contribution to the local ground-water by either complete conversion to the CSWWTP, by
complete conversion to denitrifying septic systems, or by a combination of the two conversion
options (Alternatives 1A, 1C, and 10, respectively). Table 14 provides a summary of water
level and nitrate-N changes with respect to time for each alternative. Under the 1A
alternative, some treated water applied to surface re-use would be required to avoid flooding
conditions at the RIBs. However, if additional analysis indicated that additional RIBs might
solve the high water table condition, then it may be possible to recharge all effluent without the
need for re-use under the 1A Alternative. Nitrate-N concentrations appear to dissipate in a
relatively short time period (10 years or less) when the source of nitrate-N is removed (Le.,
nitrate-N loading from the septic systems is removed), assuming that the ground-water
continues to be recharged with treated water from either the RIBs or denitrifying septic
systems.

Alternative 1H (conversion of Nancy Gomes Elementary School, the dry sewered
homes, and the gravity access to sewer line homes to the CSWWTP) offers a possible long
term solution with nitrate-N concentrations declining to below the state action level of 10.0
mg/I by approximately 2041 with minimal septic system conversion.

However, as stated above, the rate at which nitrate-N concentrations dissipate is a
function of the decay rate half-life used within the model. Because site-specific data was not
available to quantify this parameter, a calibration process was used to determine the decay
rate half-life of nitrate-N for use in the model. A sensitivity analysis of various decay rate half
lives indicates that predicted nitrate-N concentrations are sensitive to the decay rate half-life.
Therefore, the predictive capabilities of the transport portion of the model may be limited.

9.0 RECOMMENDATIONS

As discussed above, there is some uncertainty related the vertical conductivity present
within the playa area of the basin and with both measured and simulated nitrate-N
concentrations. Accordingly, it is recommended, should the financial resources become
available to conduct new field activities, that test drilling and detailed lithologic logging be
conducted within the playa area to better understand the subsurface materials and the
potential horizontal to vertical conductivity relationship. It is also recommended that additional
monitor wells be drilled and installed through the existing development area that are completed
with well screen throughout the upper 20 feet of water column and that these wells be
developed and sampled for nitrate-No If the new monitor wells are constructed and sampled,
then the ground-water flow model should be revised to include a thin layer (20 - 30 feet thick)
at the top of the model to be utilized for simulating nitrate-N concentrations in the upper water
column. Lastly, it is recommended that site-specific data be collected from the existing and/or
new monitor wells relative to denitrification indicator parameters to better facilitate use of decay
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rates with the transport model. Specific data to be collected should include, at a minimum, the
following: denitrifying bacteria; dissolved oxygen (or lack thereof); organic carbon; and
presence of nitrogen oxides.
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Table 1a: Estimated 1997 Ground-Water Budget for North Cold Spring
Valley, Nevada.

Budqet Component

INFLOW

Natural Ground-Water Recharge
(Based upon Recent Correspondence with Steve Van Denburgh with the USGS)

Septic System Recharge
(Assuming 1,200 septic systems and discharge of 205 gailday)

CSWWTP RIB Discharge/Recharge (-10 mgal/yr)
(As measured at 2.606 mgai for 1997 by the CSWWTP operetors)

Subsurface Ground-Water Inflow
(Based upon Recent Correspondence with Steve Van Denburgh with the USGS)

Surface Water Inflow
. (Takenfrom Van Denburgh,1980).

Totfll0f1ow (r"~U'2c1f}cI):.

OUTFLOW

Evapotranspiration (ET)
(Based upon Recent Correspondence with Steve Van Denburgh with the USGS)

Municipal Pumping (RPWC Well NO.1 &2)
(Taken from Nimbus Engineers, 1999)

Domestic Pumping
(Assuming a use rate of 0.45 AFlYrlweii)

Subsurface Ground-Water Outflow
(Taken from Van Denburgh, 1980)

Surface Water Outflow
_ (Taken from Van Denburgh, 1.980)

TotaIOLitflCJ...V!(rounded): .

Estimated Imbalance (rounded):

Estimated Quantity
(AF/yr)

460

275

8

100

o

850

400

335

9

o

o

750

100



Table 1b: Estimated 2017 and 2030 Ground-Water Budgets for North Cold Spring Valley
under Aiternative1A conditions (all septic systems converted to the CSWWTP),
Washoe County, Nevada.

Estimated Quantitv
2017 2030

Budqet Component

INFLOW

Natural Ground-Water Recharge
(Based upon Recent Correspondence with steve Van Denburgh with the USGS)

Septic System Recharge
(Assuming all septic systems are converted to the CSWWTP)

CSWWTP RIB Discharge/Recharge
(Assuming a discharge rate of 325 gal/day to the CSWWTP per customer and a 6.8% growth rate)

Subsurface Ground-Water Inflow
(Based upon Recent Correspondence with steve Van Denburgh with the USGS)

Surface Water Inflow
_iTaken from VanDenburgh, 1980)

EeJl?llnfl0l/J!Jt'o}!nded):

OUTFLOW

Evapotranspiration (ET)
(Based upon modei results)

Municipal Pumping (RPWC Well No.1 & 2)
(Based upon pumping/demand projections)

Domestic Pumping
(Assuming a use rate of 0.45 AFlYr/well)

Subsurface Ground-Water Outflow
(Taken from Van Denburgh, 1980)

Surface Water Outflow
tTai<en from\lan~nbur!Jh, 19~~'- __

Total Outflow (rounded):
1--- --------------

Estimated Imbalance (rounded):

(AF/vr) (AF/vr)

460 460

0 0

456 725

100 100

0 0
---_._--

1,000
---- I-

1,300

335 292

898 1,371

9 9

0 0

0 0
1-- -

_L?-QQ 1,700

-200 -400



Table 2: Estimated Number of Accounts and Resulting Discharge Volume for the Cold Spring Valley Waste Water Treatment Plant (CSWWTP)
under three operating alternatives: none, half, and all septic systems converted to the CSWWTP.

. dicatedthYifGall1Mil/,'All fli...... - -- -_._ ..._- _. - -------_ ..- _. -_.. _.. - _.. -_. _... _-- --.._....-- ... _._----

Flow from
Flow from Septic Conversions subdivisions** CSWWTP Effluent/Ground-Water Recharge***

Pop.based RTC Number of
on WaCo Population Sewered

Year Standard' Projection None Half All Bordertown Homes none half all
2001 5135 3100 0 0 0 0 334 39.6 39.6 39.6 39.6
2002 5211 3255 0 0 0 0 356 42.2 42.2 42.2 42.2
2003 5293 3418 0 73.0 137.1 2.1 379 45.0 47.1 120.0 184.2
2004 5380 3589 0 73.0 137.1 5.4 404 47.9 53.3 126.3 190.5
2005 5473 3768 0 73.0 137.1 8.6 431 51.1 59.7 132.6 196.8
2006 5572 3956 0 73.0 137.1 11.9 459 54.4 66.3 139.3 203.5
2007 5677 4154 0 73.0 137.1 15.2 489 58.0 73.2 146.2 210.3
2008 5789 4362 0 73.0 137.1 15.2 521 61.8 77.0 150.0 214.1
2009 5909 4580 0 73.0 137.1 15.2 555 65.9 81.1 154.0 218.2
2010 6036 4809 0 73.0 137.1 15.2 592 70.2 85.4 158.3 222.5
2011 6172 5050 0 73.0 137.1 15.2 631 74.8 90.0 162.9 227.1
2012 6317 5302 0 73.0 137.1 15.2 672 79.7 94.9 167.9 232.0
2013 6471 5567 0 73.0 137.1 15.2 716 84.9 100.1 173.1 237.3
2014 6636 5846 0 73.0 137.1 15.2 763 90.5 105.7 178.7 242.8
2015 6811 6138 0 73.0 137.1 15.2 813 96.4 111.6 184.6 248.8
2016 6997 6445 0 73.0 137.1 15.2 866 102.8 118.0 190.9 255.1
2017 7196 6767 0 73.0 137.1 15.2 923 109.5 124.7 197.7 261.8
2018 7408 7105 0 73.0 137.1 15.2 984 116.7 131.9 204.8 269.0
2019 7634 7461 0 73.0 137.1 15.2 1048 124.3 139.5 212.5 276.7
2020 7875 7834 0 73.0 137.1 15.2 1117 132.5 147.7 220.7 284.8
2021 8131 8225 0 73.0 137.1 15.2 1190 141.2 156.4 229.3 293.5
2022 8405 8636 0 73.0 137.1 15.2 1268 150.5 165.7 238.6 302.8
2023 8696 9068 0 73.0 137.1 15.2 1352 160.3 175.5 248.5 312.7
2024 9006 9522 0 73.0 137.1 15.2 1440 170.8 186.0 259.0 323.2
2025 9337 9998 0 73.0 137.1 15.2 1535 182.0 197.2 270.2 334.4
2026 9689 10498 0 73.0 137.1 15.2 1635 194.0 209.2 282.1 346.3
2027 10065 11023 0 73.0 137.1 15.2 1743 206.7 221.9 294.9 359.0
2028 10465 11574 0 73.0 137.1 15.2 1857 220.3 235.5 308.4 372.6
2029 10891 12152 0 73.0 137.1 15.2 1979 234.7 249.9 322.9 387.1
2030 11345 12760 0 73.0 136.4 15.2 2109 250.1 265.3 338.3 401.7

'Includes 1133 Older homes
•• Flow increases at 6.8% per year until max population is reached
"'Flow to the CSWWTP is calculated as 325 gal/day/home

Note: Total number of septic systems =1156; half converted to the CSWWTP means 615 converted and 541 left as is.



Table 3: Pumping Data (measured and estimated) for 1998·2030 for Cold Spring Valley, Nevada.

Utilities, Inc. Well #1 Utilities, Inc. Well #2 Utilities, Inc. Well #6 Utiiities, Inc. Well #7 Sweger (Utilities, Inc. #8) Totai Total Demand
Year (qpm) (qpm) (qpm) (qpm) (qpm) (qpm) (AF/vr)

1998 73.8 11.7 158.5 0.6
-----------

193.0 437.6 706.4
----------- ---- ---------

22.1 342.3 466.7 753.41999 0.0 15.8 86.5
2000 0.0 19.4 91.5 ____ 11.3 417.6 539.8 871.4

- -----------------

2001 205.7 0.0 117.6 58.8 205.7 587.9 949.0
2002 208.6 0.0 119.2 59.6

------- --
208.6 595.9 962.0

2003 211.4 0.0 120.8 60.4 211.4 604.0 975.0
.... ------_.._-- _.-

2004 214.4 0.0 122.5 61.3 214.4 612.6 989.0
2005

--------_..-

124.4
..

62.2 217.7 621.9 1,004.0217.7 0.0
2006 221.4 0.0 126.5

---
63.2 221.4 632.5 1,021.0

-----_._-_.__ ...._ ..-

2007
----

225.0 0.0 128.6 64.3 225.0 643.0 1,038.0
2008

1---
228.9

--

0.0 130.8 65.4 228.9 654.1 1,056.0
2009 233.3 0.0 133.3 66.7 233.3 666.5 1,076.0
2010 237.6 0.0 135.8 67.9 237.6 678.9 1,096.0

------_ .. _-

2011 242.4 0.0 138.5 69.3 1-- 242.4 692.5 1,118.0
-- - - -_.._-----_ .._- - _ ...._--

2012 247.6 0.0 141.5 70.7 247.6 707.4 1,142.0
-- - ------------ - -------_.._------

2013 253.0 0.0 144.6 72.3 253.0 722.9 1,167.0
2014 258.9 0.0 147.9 74.0 258.9 739.6 1,194.0

---- -- -- -------_ .._ ..-

2015 264.9 0.0 151.4 75.7 264.9 757.0 1,222.0
2016 271.7 0.0 155.2 77.6 271.7 776.2

....
1,253.0

------- ---_ .._--

2017 278.6 0.0 159.2 79.6 278.6 796.0 1,285.0
----------_ .._------------ - - - - ----------- --------------_ ...-

2018 286.2 0.0 163.5 81.8 286.2 817.7 1,320.0_ .._----_ ......_- ------_ .._-- ------ - -_.._ .._-----_ .._- -------- -----------

2019 294.0 0.0 168.0 84.0 294.0 840.0 1,356.0
--------- ----- ----_.._- --

2020 302.7 0.0 172.9 86.5 302.7 864.7 1,396.0
2021 311.6 0.0 178.0 89.0 311.6 890.1 1,437.0

- --- -------------

2022 321.3 0.0 183.6 91.8 321.3 918.0 1,482.0
2023 331.5 0.0 189.4 94.7 331.5 947.1 1,529.0
~024__1_ 342.6

-----_..._...._-- -- --------_..._----

0.0 195.7 97.9 342.6 978.7 1,580.0
----- - _...._- - --------------- -----_..-

2025 354.3 0.0 202.4 101.2 354.3 1,012.2 1,634.0
2026 366.6 0.0 209.5 104.7 366.6 1,047.5 1,691.0
2027 379.8 0.0 217.1 108.5

--

379.8 1,085.3 1,752.0
2028 393.9 225.1 112.6 393.9 1,125.5 1,817.0
2029 409.1 233.8 116.9 409.1 1,168.9 1,887.0

--------- ---

2030
----

425.2 242.9 121.5 425.2 1,214.7 1,961.01--- --

Notes:

Part of 1998 data is estimated based on data provided in Appendix B of Cold Spring Valley Groundwater Investigation, Nimbus Engineers, Oct.. 1999.

Totai Demand is based upon demand/population estimates assuming a 0.57 ac-fVERU as per NDEP protocol.

Per well pumping rates are estimated based upon recent verbal correspondence with Utllities, Inc. and their plans for providing future water supply.



Table 4: Measured and Estimated Pumping Data for 1979 - 1997 for
North Cold Spring Valley, Nevada.

Year North Cold Springs Well # 1 Well #2
Pumpinq (AF) (AF) (AF)

1997 335.2 298.328 36.872
1996 345.7 307.673 38.027
1995 357.2 317.908 39.292
1994 360.2 320.578 39.622
1993 349.6 311.144 38.456
1992 266 236.74 29.26
1991 353.3 314.437 38.863
1990 232.2 206.658 25.542
1989 48.7 43.343 5.357
1988 290.5 258.545 31.955
1987 340.6 303.134 37.466
1986 289.5 257.655 31.845
1985 272.5 242.525 29.975
1984* 260.6 231.934 28.666
1983* 251.2 223.6 27.6
1982* 244.4 217.516 26.884
1981* 238.2 211.998 26.202
1980* 220 195.8 24.2
1979* 217.1 193.219 23.881

* Estimated from Washoe County Residentiai Data Base and 0.2 AF/residence average.



Table 5: Measured Water Level Data for 1979, north Cold Spring Valley,
Washoe County, Nevada.

Well Date Well Land Surface Depth to Measuring Point Water-Level
Location Measured Depth (ft) Elev. (ft) Water (ft) Adjustment (ft) Elev. (ft)

9CDAA1 5/3/79 143.5 5095 54.45 0.50 5040.05
9CDAD1 5/3/79 68.4 5095 53.41 1.80 5039.79
16AAAB1 5/3/79 109 5135 95.10 1.42 5041.32
16BBBA1 5/3/79 58.6 5075 38.43 1.44 5038.01
16BDBB1 5/3/79 165 5070 36.12 1.20 5035.08
16CACD1 5/3/79 212 5061 28.65 1.80 5034.15
16CACD2 5/3/79 49.4 5061 26.93 1.73 5035.8
16CBCC1 5/3/79 51 5068 34.59 0.90 5034.31
20ABDD1 5/3/79 29.1 5043 11.57 2.86 5034.29
20BABD1 5/3/79 110 5060 26.42 0.30 5033.88
20BBBB1 5/3/79 121 5085 45.62 0.60 5039.98
20BBCC1 5/3/79 80 5070 30.64 0.90 5040.26
20BCCC1 5/3/79 121 5080 28.95 3.00 5054.05
20BCCC2 5/3/79 60 5070 26.68 0.80 5044.12
20BDDD1 5/3/79 30 5040 6.61 0.10 5033.49
20CDAB1 5/3/79 22.7 5036.53 7.11 2.03 5031.45
20CDAB2 5/3/79 124.2 5036.53 2.33 3.23 5037.43
21ADBB1 5/3/79 204 5070 35.97 1.60 5035.63
21ADBB2 5/3/79 48.4 5070 35.67 1.60 5035.93
21DDBD1 5/3/79 21 5045 9.18 3.53 5039.35
21DDBD2 5/3/79 94.9 5045 8.80 2.44 5038.64



Table 6: 1997 Water Level Data, north Cold Spring Valley, Nevada.

Well Head Depth to Water Table Well Depth Screened
Well Name Sample Date Elev. (ft amsl) Water (ft) Elev. (ft amsl) (ft) Interval

ADELMAN 07/03/1997 5118.37 49.1 5069.27 ---- -- - -
ANDERSON 07/15/1997 5184.72 102.44 5082.28 ---- - - - -
BOARDMAN 07/03/1997 5133.23 61.6 5071.63 -- - - - - - -

BROWN 07/02/1997 5108.25 52.93 5055.32 --- - - - - -
CALL 07/02/1997 5084.98 18.14 5066.84 - - - - - - --

CASEY 06/30/1997 5051.44 20.74 5030.7 185 135 -175
CASEY 06/30/1997 5047.66 8.66 5039 --- - - -- -

CC1 06/18/1997 5087.22 43.31 5043.91 90 59 - 84
CC2 06/18/1997 5103.61 60.32 5043.29 163 59 - 84
CC3 08/05/1997 5205.36 161.66 5043.7 223 185-210

COWAN 06/30/1997 5053.28 ---- ---- ---- ----
CSV1 06/23/1997 5071 26.56 5044.44 50 40 - 50
CSV2 06/23/1997 5068.17 24.44 5043.73 45 35 -45
CSV4 06/27/1997 5052.63 13.96 5038.67 40 31 - 36
CSV5 08/05/1997 5063.55 24.54 5039.01 50 10 - 50
CSV6 06/27/1997 5039.02 3.06 5035.96 15 5 - 15
CSV8 06/23/1997 5037.76 3.52 5034.24 30 18 - 28

DANCER 07/02/1997 5077.01 25.24 5051.77 - -- - --- -
DROWN 07/15/1997 5134.69 80.04 5054.65 - - - - - - - -

DULANEY 06/25/1997 5043.14 6.84 5036.3 -- -- --- -
ELLENA 07/15/1997 5093.48 31.14 5062.34 - - - - - - - -

FLADAGER 06/25/1997 ---- - - - - ---- - --- - - - -
FRIEDLANDER 07/03/1997 5079.32 27.62 5051.7 - - - - - - - -

FULLER 06/30/1997 5045.94 17.54 5028.4 - - - - --- -
GARCIA 06/25/1997 5052.73 --- - ---- - -- - ----
GOMES 07/15/1997 5107.72 25.7 5082.02 ---- ----
GREEN 06/24/1997 5049.76 14.41 5035.35 ---- - ---

HEINEMAN 06/25/1997 5072.26 23.85 5048.41 ---- ----
HELM 06/30/1997 5070.76 30.22 5040.54 -- - - ----

HEPNER 07/15/1997 5057.58 25.7 5031.88 - - - - ----
HOLST 07/15/1997 5082.87 32.84 5050.03 - -- - ----

JACKSON 06/20/1997 5084.22 - - - - ---- --- - ----
JAMES 06/20/1997 5060.75 23.23 5037.52 --- - - ---

JORDAN 08/19/1997 5057 -- -- ---- - - - - ----
KNOWLES 07/15/1997 5060.92 ---- - - - - - - -- - - - -

LEFFINGWELL 07/02/1997 5078..98 28.01 5050.97 ---- - - - -
LESSARD 06/20/1997 5068 24.54 5043.46 - - -- ----
LINKER 07/03/1997 5097.92 34.92 5063 - - - - --- -

MCBRIDE 06/25/1997 5040.19 10.91 5029.28 - - - - --- -
MORNEAU 08/19/1997 5165.96 115.96 5050 - --- -- - -

MOTT 06/20/1997 5059.65 24.75 5034.9 ---- - - - -
MUNOZ 06/25/1997 5050 14.18 5035.82 ---- --- -

MURPHY 07/01/1997 5037.1 7.76 5029.34 140 100 - 130
MURPHY 07/02/1997 5107.43 52.55 5054.88 140 100 - 130
NELSON 08/01/1997 5072.94 ---- ---- ---- - -- -
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Table 6: 1997 Water Level Data, north Cold Spring Valley, Nevada.

Well Head Depth to Water Table Well Depth Screened
Well Name Sample Date Elev. (ft amsl) Water (ft) Elev. (ft amsl) (ft) Interval

OJEDA 06/30/1997 5049.07 14.57 5034.5 - - - - - - --
PEREZ 06/20/1997 5062.78 26.72 5036.06 - --- ----

PRIEWE 07/03/1997 5140.8 ---- ---- ---- - - --
REIMER 06/20/1997 5063.04 25.7 5037.34 ---- --- -

RUDElBACH 06/20/1997 5055.15 17.28 5037.87 ---- --- -
SCOTT 07/02/1997 5111.95 ---- ---- ---- ----
SilVA 07/03/1997 5196.79 121.96 5074.83 ---- ----
SIMS 06/25/1997 5061.25 ---- ---- ---- ----

SLATTON 06/30/1997 5042.05 13.2 5028.85 ---- ----
SMITH 06/23/1997 -- - - - - - - ---- ---- -- - -
TODD 06/20/1997 5064.44 ---- ---- - - - - - - - -
WEST 07/15/1997 5161.42 80.04 5081.38 - - - - - - - -

WHEATLEY 07/02/1997 5164.34 -- - - ---- - - - - - - --
WHEATLEY 07/03/1997 5177.69 103.3 5074.39 -- - - - - --

WilSON 06/25/1997 5055.44 16.97 5038.47 - - - - - - - -
WOODS 06/20/1997 5055.42 16.82 5038.6 - - -- --- -
WW1D 06/18/1997 5128.22 82.83 5045.39 263 171 - 221
WW1S 08/12/1997 5090.36 50.07 5040.29 59 44 - 59
WW2D 06/18/1997 ·5082.33 45.52 5036.81 525 466 - 516
WW2S 08/04/1997 5085.48 45.84 5039.64 54 37 - 54
WW3S 08/04/1997 5078.59 38.82 5039.77 53 36 - 51
ZEBAl 06/20/1997 5060.88 21.97 5038.91 ---- - ---
ZEBAl 06/20/1997 5056.21 17.78 5038.43 ---- ----
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Table 7: Historic Water Quality Data, Cold Spring Valley, Washoe County, Nevada.

Well Sample Well TDS Sulfate Chloride Nitrate Fluoride
Name Date Depth (ft) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

20BBAB1 1971 135 202 4 9 3.1 0.3
20BBBB1 1971 121 208 3 7 1.9 0
20BADD1 1972 56 194 13 7 0.7 0

9CDAC1 1974 350 175 7 9 0.8 0.2
5/8/90 350 172 8 5 0.93 0.19

21BBDD1 Nov-72 197 170 11 7 0.5 0.3
May-75 197 200 14 5.7 0.87 0.2
Nov-75 197 200 ---- - - - - 0.81 - -- -
Nov-76 197 ---- ---- - - -- 0.8 - - - -
Dec-77 197 210 ---- 6.5 1.5 --- -
May-79 197 240 ---- 8.3 2.2 ----
Jul-80 197 334 25 9.6 3.4 0.15

20BAAB+ 1980 202 188 8.1 4.9 0.98 0.26
20BACA+ 1980 191 203 10 5.9 1.8 0.28
20BBDC+ 1980 94 243 6.6 7.1 2.1 0.21
20BBAD 10/21/88 - --- 148 4 3 1.85 0.2
20BACC 9/28/88 -- - - 251 9 15 2.12 0.12

20BCCB 7/3/89 - - - - 150 10 6 1.6 0.28
20BBBA 12/12/89 - - -- 208 4 3 1.85 0.13
19DAAC 5/31189 - - -- 202 7 5 2.3 0.33

21BBDD 9/20/88 197 239 22 11 3.77 0.18
5/14/90 197 215 -- - - 8.5 3.16
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Table 8: Measured Water Quality Data for 1997, north Cold Spring Valley, Nevada
(provide by the WCDWR)

Well Sample Well TDS Sulfate Chloride Nitrate Fluoride
Name Date Depth (ft) (mg/I) (mg/I) (mg/I) (mg/I) (mgll)

ADELMAN 7/3/97 - --- 234 7 4 2.9 0.1
ANDERSON 7/15/97 ---- 201 3 3 2.6 0.12

BACON ---- - - - - 256 18 9 1.9 0.18
BOARDMAN 7/3/97 - - - - 187 3 3 2.1 0.11

BROWN 7/2/97 -- - - 103 6 2 0 0.12
CALL 7/2/97 - - - - 183 5 4 2.2 0.11

CASEY 6/30/97 185 179 11 5 1.6 0.15
CASEY 6/30/97 --- - 207 10 5 2.5 0.13

CC1 6/18/97 90 838 181 88 7.2 0.1
CC2 6/18/97 163 308 38 25 4.2 0.12
CC3 8/5/97 223 313 30 14 4.1 0.12

COWAN 6/30/97 - -- - 205 10 5 2.1 0.09
CSV1 6/23/97 50 988 280 38 13.3 0.09
CSV2 6/23/97 45 482 29 21 10.5 0.12
CSV4 6/27/97 40 432 40 42 18.3 0.15
CSV5 8/5/97 50 362 55 29 0 0.16
CSV6 6/27/97 15 642 53 29 16.7 0.33
CSV7 ---- - - -- 323 22 13 8.1 0.09
CSV8 6/23/97 30 230 9 7 1 0.23

DANCER 7/2/97 --- - 137 6 2 0.7 0.07
DROWN 7/15/97 - -- - 124 6 2 0 0.08

DULANEY 6/25/97 - - - - 813 252 66 9.3 0.14
ELLENA 7/15/97 - - - - 265 11 7 4.4 0.09

FLADAGER 6/25/97 - - -- 249 10 10 2.6 0.08
FRIEDLANDER 7/3/97 - --- 247 7 10 4.3 0.08

FULLER 6/30/97 ---- 238 5 5 3.1 0.09
GARCIA 6/25/97 - - - - 216 8 6 2.5 0.31
GOMES 7/15/97 - --- 221 13 4 1.6 0.19
GREEN 6/24/97 -- -- 171 6 5 2.3 0.31

HEINEMAN 6/25/97 - - -- 203 4 4 2.4 0.06
HELM 6/30/97 ---- 422 18 29 7.1 0.07

HEPNER 7/15/97 ---- 434 29 13 3.5 0.15
HOLST 7/15/97 ---- 142 5 2 0.8 0.08

JACKSON 6/20/97 ---- 260 11 17 2.8 0.07
JAMES 6/20/97 ---- 162 5 4 1.3 0.15

JORDAN 8/19/97 ---- 116 11 5 1.1 0.27
KNOWLES 7/15/97 --- - 257 8 6 5 0.08

LEFFINGWELL 7/2/97 -- -- 204 7 6 2.6 0.09
LESSARD 6/20/97 ---- 220 4 4 1.6 0.08

LINKER 7/3/97 - -- - 214 12 4 1.7 0.11
MCBRIDE 6/25/97 ---- 182 7 4 0.8 0.17
MORNEAU 8/19/97 ---- 223 17 13 4.5 0.18

MOTT 6/20/97 -- -- 247 9 7 2.7 0.26
MUNOZ 6/25/97 ---- 160 8 5 1 0.22

MURPHY 7/1/97 140 141 7 4 0 0.22

Page 1 of 2



Table 8: Measured Water Quality Data for 1997, north Cold Spring Valley, Nevada
(provide by the WCDWR).

Well Sample Well TDS Sulfate Chloride Nitrate Fluoride
Name Date Depth (ft) (mg/I) (mg/I) (mg/I) (mg/I) (mg/I)

MURPHY 7/2/97 140 194 6 5 3.6 0.08
NELSON 8/1/97 --- - 270 14 19 4.9 0.23
OJEDA 6/30/97 ---- 177 7 5 2.1 0.18
PEREZ 6/20/97 ---- 339 15 18 4.8 0.23

PRIEWE 7/3/97 ---- 212 5 3 3 0.08
REIMER 6/20/97 ---- 213 8 6 2.3 0.28

RUDELBACH 6/20/97 --- - 1072 308 105 24.5 0.23
SCOTT 7/2/97 --- - 136 5 2 1 0.1
SILVA 7/3/97 -- - - 202 8 4 2.4 0.09
SIMS 6/25/97 ---- 237 7 7 4.4 0.06

SLATTON 6/30/97 ---- 213 6 5 2.2 0.18
SMITH 6/23/97 -- - - 144 6 4 2 0.24
TODD 6/20/97 ---- 222 9 7 2.7 0.33
WEST 7/15/97 - - - - 288 8 11 5.4 0.21

WHEATLEY 7/2/97 ---- 194 3 4 2.5 0.11
WHEATLEY 7/3/97 ---- 195 5 5 2.4 0.11

WILSON 6/25/97 ---- 301 11 11 10.4 0.05
WOODS 6/20/97 - --- 234 10 8 3.2 0.27
WW1D 6/18/97 263 142 7 4 1.4 0.15
WW1S 8/12/97 59 372 28 17 0.8 0.47
WW2D 6/18/97 525 166 45 4 0.8 0.18
WW2S 8/4/97 54 342 35 14 3.2 0.72
WW3D ---- ---- 182 41 5 1.1 0.15
WW3S 8/4/97 53 311 31 16 3.7 0.18
ZEBAL 6/20/97 ---- 239 5 14 2.5 0.08
ZEBAL 6/20/97 - - - - 246 6 7 4.6 0.07
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Measured Water Quality Data for 2001, north Cold Spring Valley, Nevada
(provide by the WCDWR)

Table 8a:

Well Sample Well TDS Sulfate Chloride Nitrate Fluoride
Name Date Depth (ft) (mg/I) (mg/I) (mg/I) (mg/I) (mg/I)

3551 James Dean 8/11/01 - - -- ---- ---- ---- 36.00 - - --
3556 James Dean 8/11/01 ---- - --- ---- -- -- 4.60 - ---

CC1 8/23/01 --- - - --- ---- ---- 9.60 - ---
CC2 8/23/01 - - -- ---- ---- ---- 5.80 - ---
CC3 8/23/01 -- - - ---- ---- ---- 5.70 ----

CSV1 8/8/01 ---- ---- -- -- ---- 9.10 -- - -
CSV2 8/8/01 --- - -- - - -- -- ---- 29.00 -- - -
CSV2 8/11/01 -- - - ---- ---- ---- 32.00 - ---
CSV4 8/8/01 - - - - ---- ---- ---- 19.00 - - - -
CSV5 8/8/01 -- -- - - -- ---- --- - 0.12 - - --

CSV6A 8/8/01 ---- ---- ---- - - - - 15.00 - - - -

Page 1 of 1



Table 9: Ground-Water Flow Model Septic System Activation
Schedule for north Cold Spring Valley, Nevada

Construction Number of Model Activation Number of Units
Year Units Year Activated

1979 & older 506 1979 506

1980 14 1980 14

1981 87
1982 28
1983 33 1983 249
1984 45
1985 56

1986 59
1987 93
1988 147 1988 400
1989 65
1990 36

-----------

1991 11
1992 25
1993 32 1993 191
1994 87
1995 36

1996 7 1996 7

1997 19 1997 19

1998 3 1998 3
._--,_._,,--_._--

1999 2 1999 2

2000 2000



Table 10: Multiple Waste Water Planning Data Spreadsheet, Cold Spring Valley, Washoe County, Nevada.

, '" ........ ~ '-', ..... , It.., ... .... , ..... IV ..""..... , ......... , ................... ..... • ................................, •• , ... .., .....................

Number of Flow from Flow to CSWWTP From Seotics 3 Bordertown Total CSWWTP Influent Flow Potential Required Total Effluent Dischar, edto RIBs Septic System Discharge
Sewered Sewered None Half All Flow to None Half All Re-Use Re-Use None Half All None Half All

Year Homes (1) Homes (2) Converted (4) Converted (4 Converted (4) CSWWTP Converted Converted Converted Areas (5) Water (6) Converted Converted Converted Converted Converted Converted
2001 334 39.6 0 0 0 0 39.6 39.6 39.6 1,19,20 18.8 20.8 20.8 20.8 86.5 86.5 86.5
2002 356 42.2 0 0 0 0 42.2 42.2 42.2 add 2,3 28.8 13.4 13.4 13.4 86.5 86.5 73.3
2003 379 45.0 0 73.0 137.1 2.1 47.1 120.0 184.2 add4 39.9 7.2 80.1 144.3 86.5 40.5 0
2004 404 47.9 0 73.0 137.1 5.4 53.3 126.3 190.5 add 13,14 53.3 0.0 73.0 137.2 86.5 40.5 0
2005 431 51.1 0 73.0 137.1 8.6 59.7 132.6 196.8 add 5,8 59.9 -0.2 72.7 136.9 86.5 40.5 0
2006 459 54.4 0 73.0 137.1 11.9 66.3 139.3 203.5 add 9,6 68.8 -2.5 70.5 134.7 86.5 40.5 0
2007 489 58.0 0 73.0 137.1 15.2 73.2 146.2 210.3 add 7,11 75.4 -2.2 70.8 I 134.9 86.5 40.5 0
2008 521 61.8 0 73.0 137.1 15.2 77.0 150.0 214.1 add 12,15 106.5 -29.5 43.5 107.6 86.5 40.5 0
2009 555 65.9 0 73.0 137.1 15.2 81.1 154.0 218.2 add 10,16 134.2 -53.1 19.8 84.0 86.5 40.5 0
2010 592 70.2 0 73.0 137.1 15.2 85.4 158.3 222.5 add 17 204.1 -118.7 -45.8 18.4 86.5 40.5 0
2011 631 74.8 0 73.0 137.1 15.2 90.0 162.9 227.1 all 255.9 -165.9 -93.0 -28.8 86.5 40.5 0
2012 672 79.7 0 73.0 137.1 15.2 94.9 167.9 232.0 255.9 -161.0 -88.0 -23.9 86.5 40.5 0
2013 716 84.9 0 73.0 137.1 15.2 100.1 173.1 237.3 255.9 -155.8 -82.8 -18.6 86.5 40.5 I 0
2014 763 90.5 0 73.0 137.1 15.2 105.7 178.7 242.8 255.9 -150.2 -77.2 -13.1 86.5 I 40.5 0
2015 813 96.4 0 73.0 137.1 15.2 111.6 184.6 248.8 255.9 -144.3 I -71.3 -7.1 86.5 40.5 0
2016 866 102.8 0 73.0 137.1 15.2 118.0 190.9 255.1 255.9 -137.9 -65.0 -0.8 86.5 40.5 0
2017 923 109.5 0 73.0 137.1 15.2 124.7 197.7 261.8 255.9 -131.2 -58.2 5.9 86.5 40.5 0
2018 984 116.7 0 73.0 137.1 15.2 131.9 204.8 269.0 255.9 -124.0 -51.1 13.1 86.5 40.5 0
2019 1048 124.3 0 73.0 137.1 15.2 139.5 212.5 276.7 255.9 -116.4 -43.4 20.8 86.5 40.5 0
2020 1117 132.5 0 73.0 137.1 15.2 147.7 220.7 284.8 255.9 -108.2 -35.2 28.9 86.5 40.5 0
2021 1190 141.2 0 73.0 I 137.1 15.2 156.4 229.3 293.5 255.9 -99.5 -26.6 37.6 86.5 40.5 0
2022 1268 150.5 0 73.0 137.1 15.2 165.7 238.6 302.8 255.9 -90.2 -17.3 46.9 86.5 40.5 0
2023 1352 160.3 0 73.0 137.1 15.2 175.5 248.5 312.7 255.9 -80.4 -7.4 56.8 86.5 40.5 0
2024 1440 170.8 0 73.0 137.1 15.2 186.0 259.0 323.2 255.9 -69.9 3.1 , 67.3 86.5 40.5 0
2025 1535 182.0 0 73.0 137.1 15.2 197.2 270.2 334.4 255.9 -58.7 14.3 78.5 86.5 40.5 0
2026 1635 194.0 0 73.0 137.1 15.2 209.2 282.1 346.3 255.9 -46.7 26.2 90.4 86.5 40.5 I 0
2027 1743 206.7 0 73.0 137.1 15.2 221.9 294.9 359.0 255.9 -34.0 39.0 103.1 86.5 40.5 I 0
2028 1857 220.3 0 73.0 137.1 15.2 235.5 308.4

,
372.6 255.9 -20.4 52.5 116.7 86.5 40.5 I 0

2029 1979 234.7 0 73.0 137.1 15.2 249.9 322.9 I 387.1 255.9 -6.0 67.0 131.2 86.5 40.5 0
2030 2109 250.1 0 73.0 137.1 15.2 265.3 338.3 402.5 255.9 9.4 82.4 146.6 86.5 40.5 0

(1) Based on a 6.8% growth rate per year until the maximum popUlation is reached.
(2) Based on a 6.8% growth rate per year until the maximum population is reached and on an assumed discharge rate of 325 gal/day/home.
(3) Based on a discharge rate of 205 gal/day/septic system.
(4) None Converted = no septic systems converted to the CSWWTP, Half Converted = half of the septic systems converted to the CSWWTP (615 systems converted, 541 systems left as is),
and All Converted =all of the septic systems converted to the CSWWTP.
(5) Potentiai reuse areas are as deflned by Kennedy/Jenks in Technical Memorandum #3.
(6) Assumes a 1.11 million gal/yr/acre (3.4 aflyr/ac) water application rate.



Table 11: Recommended Re-Use Water Volume Range for Group 3 Alternatives, north Cold Spring Valley, Nevada.
(Alternative 1A data are provided for reference)

Alternative 1A
RIB TREATMENT RE-U5E

Years ft3/day gal/day ft3/day gal/day
1979-1997 0.0 0.0 0.0 0.0
1997-2002 7,537.6 56,381.2 0.0 0.0
2002-2007 69,005.5 516,161.1 0.0 0.0
2007-2012 76,034.6 568,738.8 0.0 0.0
2012-2017 85,679.1 640,879.7 0.0 0.0
2017-2022 98,938.0 740,056.2 0.0 0.0
2022-2027 117,166.8 876,407.7 0.0 0.0
2027-2030 136,310.9 1,019,605.5 0.0 0.0

Alternative 3A Alternative 3B Alternative 3C
RIB TREATMENT RE-U5E RIB TREATMENT RE-U5E RIB TREATMENT RE-U5E

Years ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day
1979-1997 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997-2002 7,537.6 56,381.2 0.0 0.0 7,537.6 56,381.2 0.0 0.0 7,537.6 56,381.2 0.0 0.0
2002-2007 62,105.2 464,546.9 6,900.3 51,614.2 58,654.8 438,737.9 10,350.7 77,423.2 53,479.2 400,024.4 15,526.3 116,136.7
2007-2012 68,431.2 511,865.4 7,603.4 56,873.4 63,108.8 472,053.8 12,925.8 96,685.0 57,026.0 426,554.5 19,008.6 142,184.3
2012-2017 68,543.2 512,703.1 17,135.9 128,176.5 64,259.6 480,661.8 21,419.5 160,217.9 59,975.6 448,617.5 25,703.5 192,262.2
2017-2022 79,150.4 592,045.0 19,787.6 148,011.2 74,203.6 555,042.9 24,734.4 185,013.3 66,783.2 499,538.3 32,154.8 240,517.9
2022-2027 87,875.2 657,306.5 29,291.6 219,101.2 82,016.8 613,485.7 35,150.0 262,922.0 79,087.6 591,575.2 38,079.2 284,832.4
2027-2030 98,143.6 734,114.1 38,167.3 285,491.4 93,200.0 697,136.0 43,110.9 322,469.5 92,009.6 688,231.8 44,301.3 331,373.7



Table 12: Recommended Re-Use Water Volume Range for Group 4 Alternatives, north Cold Spring Valley, Nevada.
(Alternative 1C data are provided for reference)

Alternative 1C
RIB TREATMENT RE·USE

Years ft3/day gal/day ft3/day gal/day
1979-1997 0.0 0.0 0.0 0.0
1997-2002 7,537.6 56,381.2 0.0 0.0
2002-2007 18,784.8 140,510.3 0.0 0.0
2007-2012 25,814.0 193,088.7 0.0 0.0
2012-2017 35,458.4 265,228.8 0.0 0.0
2017-2022 48,717.6 364,407.6 0.0 0.0
2022-2027 66,946.4 500,759.1 0.0 0.0
2027-2030 86,090.4 643,956.2 0.0 0.0

Alternative 4A Alternative 4B Alternative 4C
RIB TREATMENT RE-USE RIB TREATMENT RE-USE RIB TREATMENT RE·USE

Years ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day ft3/day gal/day

1979-1997 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1997-2002 7,537.6 56,381.2 0.0 0.0 7,537.6 56,381.2 0.0 0.0 7,537.6 56,381.2 0.0 0.0
2002-2007 18,784.8 140,510.3 0.0 0.0 18,784.8 140,510.3 0.0 0.0 18,784.8 140,510.3 0.0 0.0
2007-2012 25,814.0 193,088.7 0.0 0.0 25,814.0 193,088.7 0.0 0.0 25,814.0 193,088.7 0.0 0.0
2012-2017 35,458.4 265,228.8 0.0 0.0 35,458.4 265,228.8 0.0 0.0 35,458.4 265,228.8 0.0 0.0
2017-2022 48,717.6 364,407.6 0.0 0.0 48,717.6 364,407.6 0.0 0.0 48,717.6 364,407.6 0.0 0.0
2022-2027 66,946.4 500,759.1 0.0 0.0 66,946.4 500,759.1 0.0 0.0 66,946.4 500,759.1 0.0 0.0
2027-2030 86,090.4 643,956.2 0.0 0.0 81,786.0 611,759.3 4,304.4 32,196.9 75,759.6 566,681.8 10,330.8 77,274.4



Table 13: Water table fluctuations as a result of Alternatives 3A, 3B, and 3C, as predicted by the Ground-Water Flow Model for
north Cold Spring Valley, Nevada.

Alternative 3A Alternative 3B Alternative 3C
Water Table Water Table I Water Table Water Table I Water Table Water Table

I

Elevation in Elevation in ' Elevation in Elevation in Elevation in Elevation in
Area 1997 2030 Ditt. 1997 2030 I Ditt. 1997 2030 Ditt.

Bordertown Area 5036 5025 -11 5036 5021 -15 5036 5018 -18

Utilities, Inc. Well #1 5035 5020 -15 5035 5016 -19 5035 I 5013 -22

Utilities, Inc. Well #8 5044 5038 -6 5044 5033 -11 5044 I 5030 -14I

I I
Note: Water Table Elevation is in feet above mean sea level.



Table 14: Summary of Flow and Transport Model Results for Alternatives 1A - 1H, 3A - 3C, and 4A - 4C for the year 2030,
versus the 1997 condition for north Cold Spring Valley, Nevada.

1997 Alternative (Year 2030)
Parameter Condition 1A 1B 1C 10 1E 1F 1G 1H 3A 3B 3C 4A 4B 4C

CSV1 Water Level 5044 5038 5036 5037 5036 5037 5037 5037 5037 5026 5022 5019 5037 5035 5034
CSV1 Nitrate-N Cone. 15.8 0.0 0.5 0.0 0.0 16.6 16.6 16.7 16.7 0.0 0.0 0.0 0.0 0.0 0.0

CSV2 Water Level 5039 5038 5035 5032 5035 5032 5032 5032 5033 5024 5020 5017 5032 5030 5028
CSV2 Nitrate-N Cone. 15.8 0.0 12.7 0.0 0.0 16.5 16.4 14.9 9.6 0.2 0.2 0.1 0.0 0.0 0.0

CSV4 Water Level 5037 5035 5032 5029 5032 5029 5029 5030 5030 5022 5018 5015 5029 I 5028 5026
CSV4 Nitrate-N Cone. 16.4 0.2 9.6 0.0 0.0 15.5 15.2 I 13.5 12.4 0.4 0.4 0.4 0.0 0.0 0.0I

I
CSV6 Water Level 5034 5032 5030 5028 5030 5028 5028 5028 5029 5021 5017 5014 5028 5027 5025

CSV6 Nitrate-N Cone. 14.5 0.1 1.8 0.0 0.0 10.3 10.3 10.9 11.1 0.0 0.0 0.0 0.0 0.0 0.0

CC1 Water Level 5053 5049 5050 5046 5049 5046 5046 I 5043 5043 5035 5031.0 5028.0 5046.0 5045.0 5043.0
CC1 Nitrate-N Cone. 8.3 0.2 11.4 0.2 0.1 10.0 10.0 0.8 0.3 0.2 0.2 0.2 0.2 0.2 0.2

WW3S Water Level 5044 5099 I 5079 5069 5079 5069 5069 5073 5075 5070 5064 5061 5069 5066 5061
I

UI Well #1 Pumping Level 5035 5033 5030 5027 I 5030 5027 5027 5028 5029 5020 5016 I 5013 5027 5026 5024
I

UI Well #8 Pumping Level 5044 5062 5051 5041 5051 5041 5041 5044 5045 5038 5033 5030 5041 5038 5035



APPENDIX A

ESTIMATED NITRATE-N PLUME LENGTH AND DISPERSIVITY CALCULATIONS



APPENDIX A
Estimated Nitrate Plume Length and Dispersivity Calculations

Longitudinal Dispersivity:

Dispersivity refers to the process whereby a plume will spread out in a longitudinal direction (along the
direction of ground-water flow), in a transverse direction (perpendicular to ground-water flow), and in a
vertically downward direction due to mechanical mixing in the aquifer and chemical diffusion. Selection
of Dispersivity values is a difficult process, given the impracticability of measuring dispersion in the
field. However, simple estimation techniques have been developed utilizing plume length or distance
to measuring point (scale) observations. Typical dispersivity relationships as a function of plume length
are provided below:

Longitudinal Dispersivity:

Alpha x = 10% of the estimated Plume Length (PL)

Transverse Dispersivity:

Alpha y =0.33 Alpha x

Vertical Dispersivity:

Alpha z =0.05 Alpha x

(Gelhar, 1992)

(ASTM, 1995)

(ASTM, 1995)

Plume length estimation is difficult for Cold Springs Valley since there are over 1,200 point source
(septic system) locations. Therefore, the best means of estimation may be via evaluation of ground
water flow velocity, potential retardation, and temporal considerations. To calculate this estimate, the
following information is needed: hydraulic conductivity, hydraulic gradient, effective porosity, and the
degree of nitrate retardation to be experienced. For Cold Springs Valley, a hydraulic conductivity of 40.0
ftIday was utilized in the area of most of the septic systems in the ground-water flow model.
Accordingly, that value was utilized in this calculation. Hydraulic gradient through this area for the 1979
period is estimated at 0.001, based upon review of Van Denburgh, 1980 and the ground-water flow
model generated as part of this project. Effective porosity for this area is estimated at approximately
30%, which is typical for this type of alluvial material. The retardation factor for nitrate in this alluvial
material was considered negligible. Given this information, the following plume length estimate was
calculated:

PL = q*R where q = seepage velocity and R = Retardation factor

for Cold Springs Valley, R = 1 since retardation is consider negligible.
R = 1 since retardation is considered negligible
k = 40.0 ftIday
i = 0.001 ftIft
n = 0.3

Therefore, PL =
=

«40.0 ftIday*0.001 )/0.3)*1
0.1333 ft/d = 48.67 ft/yr



If it is assume that septic system nitrate contributions to the ground-water flow system initiated in 1970
and that the evaluation period is from 1970 to 1997 (because we have an extensive water quality data
base for 1997), then the simulation period covers a 27 year period. Therefore, the plume length (PL)
and associated dispersivity values are estimated as calculated below:

PL = 48.67 ftlyr * 27 years = 1,314.09 = 1,300.00 feet

If PL =1,300 ft, then,

Alpha x = 1,300' * .10 = 130 feet

Alpha y= 0.33 alpha x = 42.9 feet

Alpha z = 0.05 alpha x = 6.5 feet
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Figure 1

Cold Spring Valley Location Map

Washoe County, Nevada Project No. 00-2-160
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EXPLANATION

Adapted from Van Denburgh, 1980

Fan, sheetwash,
and flood-plain
alluvial deposits
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CRETACEOUS ~

Base from U.S. Geological Survey 1:24,000
Reno NW, 1967 (photorevised 1974)

Quaternary geology modified from E.C.
Bingler (Bingler and Trexler, 1975).
Bedrock geology modified from RL.
Nielsen (unpublished Nev. Bur. Mines
and Geology map, 1965).

{D Sedimentary
rocks

TERTIARY
Andesitic vol
canicrocks

JURASSIC(?) JiD Metavolcanic
AND TRIASSIC 1] and metasedi

mentary rocks

•- -.-.-.-.-.- Fault. Dashed where
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o
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DATUM IS SEALEVEL

FIGURE 2: Geologic Map ofCold Spring Valley.
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Figure 4

Utilities Inc. Water Supply Well Location Map

Cold Spring Valley, Nevada Project No. 00-2-160

BROADBENT & ASSOCIATES. INC.Prepared by:~ Approved by: DGG Date: a/9/01 C
ENGINEERING, WATER RESOURCES & ENVIRONMENTAL



L
I

r

[

r

I
[

[

I

[

[

I

I

BROADBENT & ASSOCIATES. INC.Prepared by:~ Approved by:....IllL- Date: 10/1 /01

Project No. 00-2-160

f~
ENGINEERING, WATER RESOURCES & ENVIRONMENTAL

Ground-Water Flow Model Domain

Cold Spring Valley. Nevada
Figure 5



L

I
242972 243600 244000 244600 246000 246600 246000 246600 246960

Recharge Well Location II ET Cell = 0.036 ftlday ET Cell = 0.055 ftlday

Model Boundary Conditions for north Cold
Spring Valley, Nevada.

Fi ure 5a
Prepared by: DOG Approved by: DOG Date: 5/20/02



Kx,Ky=l ft/d
Kz=O.1 Hid
$5=0.0001 11ft
Sy=O.1
ne=O.1
nt=O.4

KX,Ky=2 Hid
Kz=0.2 ft/d
$5=0.0 11ft
$y=0.125
ne=O.125
nt=0.35

11ft

INACTIVE
CELLS

~-r-----~------=~-~--------------------~---'

(Y)
0'>
0'>
(Y)
~

0'>
~ Kx,Ky=O.09 ft/el $5=0.0001
~ Kz=O.05 ft/el Sy=0.05
0'> ne=0.05
(Y) nt=0.45
~-f---.L----.-----.----------.-----....-----------.-----....-------=-----------tlI I I I I

242972243500 244000 244500 245000 245500 246000 246950

o
o
o
~-
(Y)
~

o
o
ex>
(R-
(Y)
~

o
o
C\J

(R-
(Y)
~ Kx,Ky=10 Hid

Kz=l Hid
S5=0,0001 11H

o Sy=0,15
~ ne=0.15
~_ nt=0.25

(Y)
~

L
[

I
[

[

I

I

I

[

I

BROADBENT & ASSOCIATES, INC.Prepared by: -MIL- Approved by:...IHl...- Date: B/9/Ql

Model Layer 1 Hydraulic Parameters

Figure 6a Cold Spring Valley, Nevada p' t N 00 2 160........ I!!!!!!!!!!!!III!!!!!!!II!!!!!!!II!!!!!!!II!!!!!!!II!!!!!!!II!!!!!!!!!i!r!!!!!oJec 0. --

f..
FNGINFFRING WATFR RF!'lOIJRr.F!'l1l. FNVIRONMFNTAI



L
If)-O'
(Y)
O'
O'
(Y)
"¢

0
0
\D

~-
(Y)
"¢

0
0
0

~-
(Y)
"¢

0
0
"¢
i'
(J\-

(Y)
"¢

0
0
ex>
~-
(Y)
"¢

0
0
(\J
\D_
O'
(Y)
"¢

0
0
\D
If)
(J\-

(Y)
"¢

(J\
(Y)
\D
"¢
O'
(Y)
"¢-

I I I I I I
242972243500 244000 244500 245000 245500 246000 246950

Prepared by:....MIL- Approved by:...J1L Dete: 819101 BROADBENT & ASSOCIATES, INC.



Prepared by: DOG Approved by: DOG

m
M
'0
't'
m
M
't'

2...2972

Fi ure 7

I
2...6000

Simulated Steady-State Water Table Elevation Map,
Cold S rin Valle , Nevada.

Date: 4/25102

2...6500 2...6950



L

2i29?2

Fi ure 8
Prepared by: DOG Approved by: DOG



r-

5035 " ',~ 5045
bbserve~ W~ter Table 8evation (ft)

,
l I:~ .,? "ill , ~

I " ~, " ". JI
I
I, • 1/Ir.· ' .' ~.
~,

fl
.•...~ .••...1/ ...•.•..••• I;

........•..'V......•..... ~,
III. 10'.. r/ .......... *.....••..• II

III • V~ .. I•

~
........•

) • ..........
~.

) • .•........ 11
:':"J

V ......•..
[I.,

~ .......... . ..'
It

\i ~
III

I' ...•......1/ .........
~~:~rJ I-.-

W'" ··t~······· - a
'II

~
t

) ,.) "
~

) .') .•...
...• ..' ..

1/
I!i
~

"
V

~.
.11 ."

ftfr~ 1/
)

1/~
)

r '
II ' .. "'~,I .j "''to "-

'J!'
~ - " ,I ' *'I<~' ,

Fi2Ure 9a
Prepared by: OOG

Calculated vs. Observed Heads for 1997 using All Wells,
Cold SDrio2 Valley, Nevada.

Approved by: OOG Date: 4/25/02



I'

Fimre9b
Prepared by: DGG

Calculated vs. Observed Heads Map for 1997 using Select
Monitor Wells, Cold Spring Valley, Nevada.

Approved by: DGG Date: 4125/02



Figure 10: N03-N Decay Rate Half-Life vs. Mean Absolute Error,
Cold Spring Valley, Nevada.
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Figure .14: Nitrate-N Concentration vs Time, Alternative 1A,
(All Septic Systems Converted to CSWWTP)
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Figure 18: Nitrate-N Concentration vs. Time, Alternative 1C
(All Septic Systems Converted to Denitrifying Systems)
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Figure 19: Water Table Elevation ·"s. Time, Alternative 10
(So. Half~fSeptic Systems Converted to C.SWWTP,

, No.·Half of Septic Systems Converted to ,Denitrifying)
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Fi,gu,re 23: "W~ter Table Elevation vs. Time, Altern,ative 1F
(All Septic Systems operating as is with Nancy Go~mes

_ ., _ ' '~>, ~onverted tQ,'.C~W'W:rp,},.,
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" Figure 24: Nitrate-N Concentration vs. Time, Alternative 1F
" (All systems operating as is with Nancy Gomes

... converted to CSWWTP),
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Figure 25: Water Table Elevation vs. Time, Alternative 1G
(All systems operating as is with Nancy Gomes and
existing dry sewered homes converted to CSWnWTP)
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Figure 26: Nitrate-N Concentration vs. Time, Alternative 1G
(All systems operating as is with Nancy Gomes and existing

0
, '"

dry sewered homes converted to CSWWTP)
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Figure 27: Water Table Elevation (ft) vs. Time, Alternative 1H
(All systems o~erating as is with Nancy Gomes, all existing
dry sewered homes, and all homes with gravity access to

sewer lines converted to CSWWTP),. ," , c', ,.' " , ~··m ~. III ~
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,''' Figure 28: N it~a'te~N Concentratjon Ys. Time, Alternative 1H
i?·· (All systems o,p,e~atingJ,as'is with ,Nancy Gomes, all existing '~I~

I~ dry se,wered homes, an,d all homes with gravity access
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" Figure 29: Water Table Elevation vs. Time, Alternative 3A
;;, " (~II Septic S'ystems Cgnverted to CSWW,T~ w'.ith min·imal Wate~ Re-Use) pc,
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Figure 30: Water Table Elevation vs. Time, Alternative 38
(All Septic Systems Converted to CSWWTP with Optimal Water Re-Use)
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-
, Figure 31: Water Table Elevation vs. 'tIme, Alternative 3C

(All ~eptic" Systems Con,verted to C$WWTR wit~ .maximum Water Re-Use)
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Figure 32: Nitrate-N Concentration vs. Time, Alternatives 3A - 3C
(All Septic Systems Converted to CSWWTP with Water Re-Use)
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Figure 33: Water Table Elevation vs. Time, Alternative 4A
" I (All ~eptic Systems Converted to Denitrifying with minimcil Wat~r Re-Use);!
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I'"' I Figure .34: Water Table Elevation vs. Ti~e, Alternative 48
I;i, I": (All ,Septi~Systems Conv.erted to Denitrifying with Qptim'al Water Re-Use)! ~"
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Figure 35: Water Table Elevation vs. Time, Alternative 4C Ii

(All Sept.c,System~ Converted, to .Denltrifying wjth maximum Water Re-Use)
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Figure 36: Nitrate-N Concentration vs. Time, Alternatives 4A - 4C
(All Septic Systems Converted to Denitrifying with Water Re-Use)
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Figure 37: Model Simulated Monitor Well CSV4 Data for Alternatives 1A • 1H,
Cold Spring Valley, Nevada.
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