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Executive Summary 
A Reno, Nevada regional team consisting of 

seven public agencies is jointly conducting a 
feasibility study to evaluate whether the State 
of Nevada’s newly adopted “A+” reclaimed 
water category offers significant water resource 
management benefits for the Truckee Meadows 
region, including improving water utilization 
efficiency, providing operating flexibility during 
periods of water scarcity, and diversifying the 
region’s water supply portfolio.  The regional 
team includes: City of Reno, City of Sparks, 
Truckee Meadows Water Authority (TMWA), 
Northern Nevada Water Planning Commission, 
Western Regional Water Commission, 
University of Nevada, Reno, and Washoe 
County. 

State of Nevada Category A+ reclaimed 
water quality requirements meet all Federal 
and State of Nevada drinking water standards 
and is intended for augmenting groundwater 
aquifers. It is anticipated A+ water quality will 
be achieved from a combination of advanced 
water treatment processes and soil-aquifer 
treatment.    

This report details a hydrogeologic 
investigation at the American Flat Road site, 
located in the West Lemmon Valley (092A) 
hydrographic basin, where injection of A+ water 
may take place in the future. All the work was 
conducted on a parcel (APN: 079-332-37) 
owned by Washoe County. 

The study included a seismic survey, 
construction of one injection well and two 
monitoring wells, an aquifer test on the 
injection well, an extended duration (4 month) 
recharge test, water quality sampling of 
injectate and local groundwater, and a water 
compatibility evaluation for the background and 
injectate water.  

Several geologic features were interpreted 
from the seismic analysis. At least seven north-
trending subvertical faults were interpreted 
between east-west trending seismic lines, a 
fractured granitic base layer was identified at an 
elevation of 3,700 feet rising toward the north 
at 4,700 feet. A granitic basement rock was 
mapped at an elevation of 3,100 feet increasing 
northward to 4,100 feet. Seismic velocities on 
the order of 1,000 – 5,000 feet per second 
(ft/sec) indicate coarse sand, clay, and silt in the 
shallower sediments. 

Three wells were installed at the American 
Flat Road site approximately 100 feet apart 
(Figure 3).  R1 is a 680-foot, eight-inch diameter 
recharge well for the long-term recharge test 
and MW1 and MW2 are a 658-foot four-inch 
diameter and a 700-foot six-inch diameter 
downgradient monitoring well, respectively. 

A 24-hour aquifer test was performed by 
pumping the recharge well at 560 gallons per 
minute while monitoring groundwater levels in 
the R1 well and the two monitoring wells (MW1 
and MW2). A confined Theis solution was used 
to estimate the local hydraulic parameters with 
the resulting transmissivity being 3,147 square 
feet per day, hydraulic conductivity of 6 feet per 
day (ft/day), and storativity of 4.95 x 10-4. 

A 124-day injection test was performed to 
determine the ability of the aquifer to store 
water over long periods. The R1 well is located 
approximately 100 feet upgradient of two 
monitoring wells, each being 100 feet apart. 
The test consisted of injecting drinking water 
from TMWA’s distribution system at an average 
rate of 472 gpm while measuring groundwater 
levels in all three wells. The test began at 1:00 
pm on January 16, 2019 and continued through 
May 20, 2019 at 5:21 pm. Maximum water level 
increases (above static) were 55 feet in the 
injection well, and 26 and 20 feet for the 
nearest (MW1) and furthest (MW2) monitoring 



American Flat Road Hydrogeologic Investigation Report 
 

ii | P a g e  
 

 

wells, respectively. The minimum depth to 
water in the injection well during the test was 
82 feet and no positive pressure was observed. 
There was no pressure response from the 
recharge test on the east side of the Airport 
Fault. 

Source water (TMWA system drinking 
water) and groundwater sampling was 
completed as per the schedule defined in the 
Underground Injection Control Permit issued by 
the NDEP - Bureau of Safe Drinking Water 
(issued January 7, 2019). Background source 
water and groundwater (R1) samples were 
collected prior to initiating active injection on 
January 16, 2019, source water samples were 
collected during weeks one and eight during 
active injection, and source water and 
groundwater (MW1) samples were collected 
just prior to shutting down active injection on 
May 20, 2019. Analytical results for each of the 
regulated and unregulated constituents 
analyzed are all within drinking water standards 
and published guidance levels.     

Water quality compatibility was assessed 
for local groundwater, source water from 
TMWA’s distribution system, and advanced 
purified reclaimed water (A+). Overall, the 
chemistries and constituent levels are relatively 
compatible between groundwater, source 
water and A+ water and hence, they are not 
likely to cause significant changes in the aquifer 
when mixed. General water chemistry 
overlapped between groundwater and source 
water and speciation calculations indicated that 
precipitation of minerals is unlikely in 
groundwater after source water and A+ water is 
injected.  

A three-dimensional groundwater flow and 
transport model was recently developed (Pohll, 
2019) for the Lemmon Valley hydrographic 
basin (092A and 092B).  The groundwater 
model was used to assess the impact of four 

Aquifer Storage and Recovery (ASR) scenarios 
using A+ water on the groundwater system. For 
the purposes of this analysis two ASR wells 
were used to inject water up to 2.0 million 
gallons per day on the County owned parcel 
(APN: 079-332-37). The primary metric to 
evaluate the successful storage of ASR fluid is a 
depth to water greater than 20 feet evaluated 
over the next 50 years (2019 – 2069).  Flow 
modeling results indicate that up 2.0 million 
gallons per day (MGD) could be recharged for 
25 to 50 years, but only if a nearly equivalent 
amount of water is pumped to ensure that 
overly shallow groundwater conditions do not 
develop. If historical pumping rates (0.1 – 
0.5 MGD) continue, then 2.0 MGD could only be 
recharged for less than five years before 
shallow groundwater becomes a concern north 
of Silver Lake. 

Transport modeling results indicate that 
relative concentrations of A+ water (A+ water 
concentration/ambient concentration) never 
exceed 25 percent at any nearby receptors 
(domestic or municipal wells) in the next 50 
years.  The most rapid arrival as defined by a 1 
percent relative concentration is in 2031 (12 
years) to a domestic well located one-half mile 
to the southwest from a second proposed 
recharge well. The same well had the largest 
simulated relative concentration of 13 percent 
after 50 years of injection. TMWA’s Silver Knolls 
well is located 1.9 miles south of proposed 
injection well and first arrival (1 percent) is 
achieved in 2053 (34 years).  Peak 
concentration at Silver Knolls is 6 percent in 
2069. 

A planning level evaluation was conducted 
to determine the ability of the existing north 
valleys water infrastructure to meet year-round 
water demands by supplying approximately 2.0 
MGD of groundwater from the West Lemmon 
Valley production wells in Stead.  A secondary 
constraint was to maintain flows from the Fish 
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Springs water supply facilities to minimize the 
potential for water quality issues caused by 
increased residence time in the transmission 
main. Existing infrastructure will allow up to 1.6 
MGD (1,600 AFY) of groundwater pumping from 
the West Lemmon Valley wells and operating 
Fish Springs at 50% of a single pump capacity.   

This hydrogeologic investigation suggests 
ASR using A+ water is promising, but additional 
investigations on other facets of the project 
(e.g. advanced treatment, economic, 
stakeholder, regulatory, geotechnical analysis) 
are required before a project of this type could 
be implemented. 
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Introduction 
Background 

A Reno, Nevada regional team consisting of 
seven public agencies is jointly conducting a 
feasibility study to evaluate whether the State 
of Nevada’s newly adopted “A+” reclaimed 
water category offers significant water resource 
management benefits for the Truckee Meadows 
region, including improving water utilization 
efficiency, providing operating flexibility during 
periods of water scarcity, and diversifying the 
region’s water supply portfolio.  The regional 
team includes: City of Reno, City of Sparks, 
Truckee Meadows Water Authority (TMWA), 
Northern Nevada Water Planning Commission, 
Western Regional Water Commission, 
University of Nevada, Reno, and Washoe 
County. 

State of Nevada Category A+ reclaimed 
water quality requirements meet all Federal 
and State of Nevada drinking water standards 
and is intended for augmenting groundwater 
aquifers. It is anticipated A+ water quality will 
be achieved from a combination of advanced 
water treatment processes and soil-aquifer 
treatment.    

A $9 million study was initiated in 2016 
and is expected to be completed in 2020.  The 
study consists of multiple elements, including:  

• Project rationale and justification 
analysis 

• Triple-bottom-line project benefits 
analysis  

• Climate variability examination 
• Regulatory formulation 
• Public engagement 
• Advanced water treatment technology 

pilot testing 
• Geotechnical and hydrological 

investigations 

• Field-scale Aquifer Storage and 
Recover (ASR) demonstration trials 

• Low energy treatment process 
evaluation 

• Water rights analysis 
• Water markets analysis 

Funding support is from each of the 
Regional Team agencies.  Grant awards have 
been received from The Water Research 
Foundation, Nevada Division of Environmental 
Protection (NDEP), and the United States 
Bureau of Reclamation.    

The overarching study is being conducted 
to provide substantive technical, 
environmental, and financial analyses to 
examine key fundamental questions: 

• What are the potential benefits and 
constraints for developing A+ water? 

• How can A+ water quality be achieved? 
• If implementing A+ water in the future 

is considered, what additional 
questions should be examined now? 

Detailed hydrogeologic investigations and 
demonstration trials are being conducted at 
three locations:  

• American Flat Road (AFR) 
• Reno-Stead Water Reclamation Facility 

(RSWRF) 
• Cold Springs Water Reclamation 

Facility 

This report details the hydrogeologic 
investigation at the American Flat Road site.  

Study Area 
The American Flat Road site (Figure 1) is 

located completely within Washoe County, 
Nevada Assessor Parcel Number (APN) 
079-332-37. This parcel is owned by Washoe 
County, and a right-of-entry and inter-local 
agreements have been granted by the County, 
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to both the TMWA and the City of Reno to 
conduct the work.   

The study site is located within the West 
Lemmon Valley hydrographic basin (092A) as 
defined by the Nevada Division of Water 
Resources (NDWR). NDWR divided the basin 
into two subbasin’s West (092A) and East 
(092B) as shown in Figure 1.  The Airport Fault 
(sometimes referred to as Fred’s Mountain 
Fault) roughly divides the West (092A) and East 
(092B). This structural feature has been mapped 
by the Nevada Bureau of Mines and Geology 
(Cordy, 1985) and the U.S. Geologic Survey 
(Harrill, 1972). Groundwater levels decline as 
much as 70 feet from the west side of the fault 
to the east side and aquifer tests near this 
structure indicate that it acts as a barrier to 
subsurface flow. The barrier effect is why 
NDWR subdivided Lemmon Valley into two 
subbasins.  

Physiographically, the study site is located 
on an alluvial apron. The elevation at the site is 
approximately 5,100 feet above mean sea level 
(amsl) and elevations rise to nearly 7,000 feet 
amsl at the peak of Fred’s Mountain, located to 
the north.  

Average annual precipitation on the valley 
floor averages 10.9 inches (WRCC, 2019) and 
increases to 14 inches at the crest of Fred’s 
Mountain (McEvoy and McCurdy, 2018).  

All streams within the basin are 
ephemeral.  Runoff does occur within a 
drainage located approximately 1,200 feet to 
the southeast of the site and regional 
groundwater flow in the basin generally flows 
north to south (from American Flat Road to 
Silver Lake). 

Scope 
The feasibility study at the American Flat 

Road site focused on estimating aquifer 
properties and groundwater geochemistry to 

determine the efficacy of ASR using A+ water. 
Specific tasks included: 

• A seismic survey to map the geometry 
of the bedrock and imaging faults that 
might cross the area of interest 

• Construction of one injection well and 
two monitoring wells 

• Implemented a 24-hour aquifer test to 
estimate the local hydraulic properties 

• Implemented an extended duration (4 
month) recharge test 

• Collection of aquifer water quality data 
• Water quality sampling of the injectate  
• Water compatibility evaluation of the 

background and injectate water 
• Groundwater flow and transport 

modeling 

Test Results 
Seismic Geophysical Analysis 

Four linear seismic arrays (lines) were 
deployed roughly east to west as shown in 
Figure 2.  A detailed report describing the 
results of the seismic analysis is provided in 
Appendix A. The following conclusions were 
developed from the seismic analysis: 

• At least seven north-trending 
subvertical faults were interpreted 
between lines 1 and 4. 

• A fractured granitic base layer was 
identified at approximately 3,700 feet 
amsl at line 1 (south) increasing in 
elevation toward the north with the 
highest elevation of 4,700 feet amsl at 
line 4 (north). 

• Similarly, granitic basement rock was 
mapped at approximately 3,100 feet 
amsl at line 1 (south) increasing in 
elevation northward to 4,100 feet amsl 
at line 4 (north). 

• Seismic velocities on the order of 1,000 
– 5,000 feet per second (ft/sec) 
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indicate coarse sand, clay, and silt in 
the shallower sediments. 

Well Construction 
Three wells were installed at the American 

Flat Road site approximately 100 feet apart 
(Figure 3). R1 is 680-foot, eight-inch diameter 
recharge well for the long-term recharge test 
and MW1 and MW2 are a 658-foot four-inch 
diameter and a 700-foot six-inch diameter 
downgradient monitoring well, respectively. 

Construction diagrams for R1, MW1, and 
MW2 are shown in Figures 4-6, respectively. 
Well drillers reports, describing the subsurface 
lithology, are provided in Figures 7 – 9 for R1, 
MW1, and MW2, respectively. 

Aquifer Test Results 
A 24-hour aquifer test was performed by 

pumping the R1 well at 560 gallons per minute 
(gpm) while monitoring groundwater levels at 
one-minute intervals in the pumping well (R1) 
and the two monitoring wells (MW1 and MW2). 
Water levels were also monitored during the 
24-hour recovery period. Groundwater levels 
were also monitored twice daily in a monitoring 
well (AFD) located 3.7 miles to the southeast of 
the injection well R1 (Figure 10).  The AFD well 
is located on the east side of the Airport Fault. 

Aquifer test results were interpreted using 
ATEQSOLV 4.0 software to estimate the aquifer 
hydraulic parameters.  The confined Theis 
solution (Theis, 1935) was used to simulate 
water levels in the three wells as shown in 
Figure 11.  There is good agreement between 
simulated and measured water levels at late 
time after well bore storage effects have 
diminished. The resulting transmissivity is 3,147 
square feet per day (ft2/day) and the hydraulic 
conductivity is 6 feet per day (ft/day), using the 
screen length of 538 feet. The resulting 
storativity was 4.95 x 10-4. 

Injection Test Results 
A 124-day injection test was performed to 

determine the ability of the aquifer to store 
water over long periods. The injection well (R1) 
is located approximately 100 feet upgradient of 
two monitoring wells, each being 100 feet 
apart. 

The test consisted of injecting drinking 
water from TMWA’s distribution system at an 
average rate of 472 gpm while measuring 
groundwater levels at five-minute intervals in 
all three wells. The test began at 1:00 pm on 
January 16, 2019 and continued through May 
20, 2019 at 5:21 pm. Actual injection rates 
varied through time due to operational 
variations and average daily injection rates are 
shown in Figure 12 and monthly injection 
volumes are provided in Table 1.  The injection 
rate was 400 gpm on the first day and then 
rapidly increased to 460 gpm on the second 
day.  Thereafter, flows increased gradually to 
approximately 500 gpm by the end of the test. 
Injection was shut down for three hours (6:45 
am – 9:45 am) on the morning of January 17, 
2019 to verify proper function of backflow 
equipment. 

Groundwater levels at the injection well 
(R1) and two monitoring wells are provided in 
Figures 13 and 14.  Figure 13 shows the increase 
in groundwater levels relative to static water 
levels.  Groundwater levels rose nearly 60 feet 
in the injection well, 25 feet in the nearest 
monitoring well (MW1), and 20 feet in the 
furthest monitoring well (MW2) after four 
months of injection. Figure 14 shows the depth 
to water throughout the test.  Rising 
groundwater levels on the order of 20 – 25 feet 
adjacent to the recharge well are expected and 
did not cause any shallow groundwater 
concerns as depth to water over 80 feet in the 
recharge well (R1) and greater than 110 feet in 
the two monitoring wells (MW1 and MW2). At 
no time during the test did groundwater levels 



American Flat Road Hydrogeologic Investigation Report 
 

4 | P a g e  
 

rise to land surface and there was no positive 
pressure in the main casing of the injection 
well. Weekly groundwater levels are provided in 
Table 2. 

Groundwater levels in the AFD well, which 
is located on the east side of the Airport Fault, 
are shown in Figure 15. Since the early 2000’s 
groundwater levels have been declining due to 
local pumping.  After 2015, groundwater levels 
began increasing in response to decreased 
pumping. Groundwater levels remained 
relatively stable during the injection period with 
random variations of approximately 0.4 feet. As 
expected, there is no response to the recharge 
test as water levels would have shown an 
increasing trend during the testing period. The 
lack of a pressure response during the recharge 
test further supports the conceptualization of 
the Airport Fault as a barrier to groundwater 
flow. 

Water Quality Data 
Source water (TMWA system water) and 

groundwater (AFR R1 and MW1) sampling was 
completed as per the schedule defined in the 
Underground Injection Control Permit issued by 
the NDEP - Bureau of Safe Drinking Water 
(issued January 7, 2019). The following bullets 
summarize the sample collection schedule for 
source water samples collected from the 
distribution system at TMWA’s Silver Knolls 
wellhouse and groundwater samples collected 
from AFR R1 and MW1: 

• Background source water and 
groundwater (R1) samples were 
collected prior to initiating active 
injection on January 16, 2019; 

• An additional background source water 
sample was collected on February 11, 
2019 when TMWA operations began 
commingling treated Truckee River 
water with groundwater from Fish 
Springs Ranch (FSR); 

• Source water samples were collected 
during weeks one and eight during 
active injection; and, 

• Source water and groundwater (MW1) 
samples were collected just prior to 
shutting down active injection on May 
20, 2019. 

It is important to note that TMWA system 
water distributed in Basin 092A can consist of 
either treated Truckee River water, 
groundwater from FSR, or a commingled blend 
of both sources. The source water type at a 
given time is dictated by operational efficiencies 
and/or issues that necessitate one or both 
sources. Source water type utilized throughout 
the injection testing period can be identified by 
disinfection by-product constituent detections 
and TDS concentrations. Lower concentrations 
of disinfection by-product constituents were 
also detected in the groundwater samples 
collected from MW1 just prior to shutting down 
active injection. These detections are a result of 
utilizing treated Truckee River water for a 
portion of the injection testing. Furthermore, 
these detections act as verification of aquifer 
connection between the wells. 

Water quality results are summarized in 
Tables 3 – 6, for background, week 1, week 8, 
and shutdown samples, respectively. A U230 
form is also provided in Appendix B for each of 
the individual datasets defined by the 
aforementioned sample collection schedule. 
Analytical results for each of the regulated and 
unregulated constituents analyzed are all within 
drinking water standards and published 
guidance levels.     

Water Compatibility Evaluation 
Water quality compatibility was assessed 

for local groundwater, source water from 
TMWA’s distribution system, and advanced 
purified reclaimed water (A+). Groundwater 
quality is based on data collected from TMWA’s 



American Flat Road Hydrogeologic Investigation Report 
 

5 | P a g e  
 

Silver Lake and Lemmon Valley 9 supply wells. 
Source water quality is based on data collected 
from TMWA’s distribution system at the Silver 
Lake supply well. A+ water quality requirements 
are compiled from Nevada Administrative Code 
(NAC 445A.27612). Currently, potable water 
from the TMWA distribution system (source 
water) is being used for groundwater injection, 
and in the future, advanced purified reclaimed 
A+ water may be used for subsurface recharge. 

Overall, the chemistries and constituent 
levels are relatively compatible between 
groundwater, source water and A+ water and 
hence, they are not likely to cause significant 
changes in the aquifer when mixed. General 
water chemistry overlapped between 
groundwater and source water. A+ water may 
have higher TDS, specific ions, and some heavy 
metals. Speciation calculations indicated that 
precipitation of minerals is unlikely in 
groundwater after source water and A+ water is 
injected. Due to lack of standard or actual 
values for alkalinity, calcium, and magnesium 
for A+ water, further analysis with actual A+ 
water characteristics will be completed to 
evaluate the potential for mineral dissolution, 
precipitation, reduction-oxidation reactions, 
etc. The demonstration study that is currently 
underway at RSWRF will produce a more 
complete characterization of A+ water 
chemistry.  Appendix C provides a more 
detailed report on the compatibility of the three 
water types. 

Groundwater Modeling 
Analysis 
Lemmon Valley Model 

A three-dimensional groundwater model 
was recently developed (Pohll, 2019) for the 
Lemmon Valley hydrographic basin (092A and 
092B).  The model was constructed with 330 
feet (100 meter) horizontal grid cell resolution 
over three layers. The top of the model is 

defined by land surface which was interpolated 
from a 98 feet (30 meter) digital elevation 
model (DEM). Layer 1 represents lacustrine 
sediments underlying the Silver Lake and Swan 
Lake playas. Layer 2 represents the 
unconsolidated alluvial sediments, and Layer 3 
represents fractured bedrock. 

The groundwater flow model was 
developed using MODFLOW-NWT (Niswonger 
et al., 2011) and the solute transport model 
utilized MT3D-USGS (Bedekar et al., 2016). 

The groundwater flow model was 
calibrated to pre-development conditions (prior 
to 1970), transient historical conditions (1970 – 
2018), and the American Flat Road injection test 
(January 16 - May 20, 2019).  Calibration for the 
pre-development (stead-state) and transient 
historical simulations is very good, with the 
steady-state model calibrated to 1.2 percent 
error and heads in the transient simulation 
closely following observed trends. In addition, 
the model was able to match measured water 
level increases in the American Flat monitoring 
wells.  

The transport model was developed to 
simulate the migration of injected water 
throughout the aquifer for 50 years into the 
future.  

Aquifer Storage and Recovery 
Scenarios Using A+ Water 

The groundwater model was used to assess 
the impact of four ASR Scenarios using A+ water 
on the groundwater system. For the purposes 
of this analysis two ASR wells were used to 
inject water as shown in Figure 16.  R1 is the 
existing recharge well used in the long-term 
injection test and R2 is a proposed site for a 
second recharge well. R2 is located on the west 
side of the County owned parcel 
(APN: 079-332-37). 
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Table 7 shows the injection and pumping 
rates for the four ASR scenarios. Note that all 
scenarios include domestic well pumping of 450 
acre-feet per year (AFY) for West Lemmon 
Valley basin (092A). Scenario #1 represents 2.0 
million gallons per day (MGD) injection of A+ 
water evenly distributed between R1 and R2 
and 2016 pumping rates (126 AFY) for TMWA 
production wells.  Scenario #2 assumes 2.0 
MGD injection and maximum historical 
pumping rates (557 AFY) for Silver Knolls and 
Army wells.  The Silver Lake well has high 
arsenic levels, so pumping is limited to only 17 
AFY.  Scenario #3 assumes 2.0 MGD of injection 
and pumping at the full demand level for West 
Lemmon Valley (2,127 AFY).  Scenario #4 
assumes 1.75 MGD injection and pumping at 
full demand levels (2,127 AFY).  

The demand values used in Scenarios #3 
and #4 have historically been met by 
distributing groundwater from the exiting 
production wells, groundwater from production 
wells at Fish Springs Ranch, treated Truckee 
River water, or a combination thereof. Current 
permitted water rights for the production wells 
in West Lemmon Valley are 236, 272, and 493 
AFY for Silver Knolls, Army, and Silver Lake, 
respectively. Although the volumes above total 
894 AFY, the total combined duty for the 
production wells is limited to 658 AFY. Should 
the AFR recharge project eventually be 
implemented at this scale, TMWA would apply 
for a water right permit to extract up to 2,127 
AFY based on injection volumes on the order of 
1.75 – 2.0 MGD (1,960 – 2,240 AFY).  

The primary metric to evaluate the 
successful storage of A+ water is a depth to 
water greater than 20 feet evaluated over the 
next 50 years (2019 – 2069).  Unacceptably 
shallow groundwater conditions are defined as 
less than or equal to 20 feet from land surface.  

The initial condition is the depth to 
groundwater in 2019 as shown in Figure 17.  

The Airport Fault is known to impede 
groundwater flow between the West (092A) 
and East (092B) hydrographic basins, so 2019 
groundwater levels in West Lemmon are 
important in terms of controlling the available 
storage while injecting at American Flat Road. 
Depth to groundwater is shallowest beneath 
Silver Lake with depth to water at 10 feet or 
less.  Depth to groundwater increases to the 
northeast with depth groundwater near 140 
feet at injection well R1.  

After injection begins at R1 and R2 a 
pressure wave is induced in the aquifer due a 
hydraulic head differential between the 
injection wells and the surrounding aquifer.  
This wave propagates over time, starting at the 
injection wells, and moves outward.  The 
hydraulic diffusivity (transmissivity/specific 
storage) controls the speed at which the wave 
propagates.  The diffusivity is relatively large in 
West Lemmon Valley because the transmissivity 
is large due to high hydraulic conductivity 
(greater than 10 ft/day) and significant depth 
(1,000 – 2,000 feet) to lower permeable 
bedrock. In addition, the specific storage is 
relatively small (0.05) for the unconfined 
aquifer which further increases the hydraulic 
diffusivity.  

Rapid wave velocities have the potential to 
impair the ability to store A+ water 
underground because these pressure waves can 
propagate to the shallow groundwater system 
near Silver Lake which already has shallow 
groundwater conditions (10 – 20 feet below 
land surface).    

The results for Scenario #1 are shown in 
Figures 18 – 22 for 1, 5, 10, 25, and 50 years 
into the future, respectively. After one year of 
injection, there are only small areas beneath 
Silver Lake where groundwater depths are less 
than 20 feet (Figure 18).  After 5 years, shallow 
groundwater begins to encroach on the 
industrial area to the northeast of Silver Lake 
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(between Lear Blvd. and Echo Ave.). After 10 
years, groundwater levels increase further 
north of Silver Lake and depth to water is less 
than 20 feet in the housing development north 
and west of Osage Rd. After 25 years 
groundwater depths are less than 20 feet at the 
Reno-Stead Airport. Injection of A+ water for 50 
years causes shallow groundwater levels to 
move northward encompassing most of the 
Reno-Stead Airport as far north as Dragstrip Rd. 
Therefore, injection of 2.0 MGD while pumping 
the West Lemmon Valley wells at 2016 levels 
(126 AFY or 0.11 MGD) would only be possible 
for a couple years before unacceptably shallow 
groundwater levels form north of Silver Lake. 

The results for Scenario #2 are shown in 
Figures 23 – 27, for 1, 5, 10, 25, and 50 years 
into the future, respectively. Like Scenario #1, 
only small areas with shallow groundwater (less 
than 20 feet) are predicted beneath Silver Lake. 
After 5 years, shallow groundwater begins to 
encroach on the industrial area to the northeast 
of Silver Lake (between Lear Blvd. and Echo 
Ave.). After 10 years, groundwater levels 
increase further north of Silver Lake and depth 
to water is less than 20 feet in the housing 
development north and west of Osage Rd. After 
25 years, groundwater depths are less than 20 
feet at the Reno-Stead Airport. Injection of A+ 
water for 50 years causes shallow groundwater 
levels to move northward encompassing most 
of the Reno-Stead Airport as far north as 
Dragstrip Rd. Therefore, injection of 2.0 MGD 
while pumping the West Lemmon Valley wells 
at maximum historical levels (557 AFY or 0.5 
MGD) would only be possible for a couple years 
before unacceptably shallow groundwater 
levels form north of Silver Lake. 

The results for Scenario #3 are shown in 
Figures 28 – 32, for 1, 5, 10, 25, and 50 years 
into the future, respectively. This scenario 
assumes 2.0 MGD injection at R1 and R2, but 
West Lemmon Valley pumping is increased to 

the full demand (2,127 AFY or 1.9 MGD).  
Shallow groundwater levels (less than 20 feet) 
are limited to small areas beneath Silver Lake 
for at least 10 years of injection.  After 25 years 
shallow groundwater levels encroach on the 
area north of Lear Blvd. and south of Echo Ave. 
but limited to the existing detention basin so 
industrial facilities would not be impacted. After 
50 years, shallow groundwater is in the same 
areas but spread laterally and begin to encroach 
on some of the industrial facilities. Therefore, 
injection at 2.0 MGD and pumping at 2,127 AFY 
or 1.9 MGD could be sustained for 
approximately 25 to 50 years. 

The results for Scenario #4 are shown in 
Figures 33 – 37, for 1, 5, 10, 25, and 50 years 
into the future, respectively. This scenario 
assumes 1.75 MGD injection at R1 and R2, and 
full demand pumping in West Lemmon Valley 
(2,127 AFY or 1.9 MGD).  The modeling results 
indicate that shallow groundwater levels (less 
than 20 feet) remain isolated to small areas 
beneath Silver Lake for at least 50 years of 
injection.   

Transport Analysis 
A solute transport model was built using 

MT3D-USGS (Bedekar et al., 2016) to simulate 
the migration of A+ water injection for Scenario 
#4 (2019 – 2069). 

It is important to note that the transport 
model simulates the physical movement of 
groundwater after it is injected in R1 and R2.  In 
contrast, the groundwater flow model simulates 
the pressure wave and associated increases in 
groundwater levels caused by injection.   

A specified concentration of 1.0 
(dimensionless) was used to tag the A+ water 
injection fluid.  This allows one to easily plot the 
relative concentration (A+ water /ambient 
groundwater) throughout the simulation.  
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Longitudinal dispersivity was set to 660 
feet and this parameter controls the lateral 
dispersion of the solute. Dispersivity is a scale-
dependent parameter and as such is typically 
set based on the maximum migration distance. 
Based on simulated groundwater velocities, the 
plume is expected to travel less than 10,000 
feet over the 50-year simulation. At this length 
scale an appropriate longitudinal dispersivity is 
on the order of 100 – 1,000 feet (Gelhar et al., 
1992).  Default values for the horizontal 
transverse dispersivity ratio (0.1) and the 
vertical transverse dispersivity ratio (0.01) were 
used.  

The effective porosity was set to 0.05 for 
the alluvial aquifer where all the A+ water 
transport occurs. This is at the lower end of 
effective porosity for alluvial systems (Freeze 
and Cherry, 1979), but consistent with the 
specific yield value of 0.05 used in the flow 
model.  The use of the smaller effective porosity 
yields faster velocities and therefore larger 
transport distances for a given time period.  The 
transport results are conservative in the sense 
that migration distances will be near the upper 
bound given uncertainties in transport 
parameters. 

The A+ water transport results are shown 
in Figure 38 – 41 for 5, 10, 25, and 50 years into 
the future, respectively. After 5 years of 
injection, the injectate plume, as defined by a 
25 percent relative concentration, is limited to a 
circular pattern around the two injection wells 
(R1 and R2) with a maximum radius of 1,700 
feet (Figure 38). After 10 years of injection the 
injectate plume elongates in the north/south 
direction with maximum plume radius of 2,800 
feet (Figure 39).  The plumes begin to comingle 
after 25 years of injection with a maximum 
radius of 5,000 feet from injection well R2 
(Figure 40).  The plumes continue to merge 
after 50 years of injection with maximum plume 
radius of 8,200 feet (Figure 41). 

Relative concentrations of A+ water (A+ 
water concentration/ambient concentration) 
never exceed 25 percent at any nearby 
receptors (domestic or municipal wells).  
Relative breakthrough curves were calculated at 
four potential groundwater receptors as shown 
in Figure 42.  The A+ water breakthrough curves 
are shown in Figure 43.  Domestic well #1, 
which is located almost due west of R2, reaches 
a 1 percent relative concentration after 2045 
and has a maximum relative concentration of 6 
percent at 2069.  A+ water reaches Domestic 
well #2 most rapidly with a 1 percent relative 
concentration after 2031 and a peak 
concentration of 13 percent in 2069.  Domestic 
well #3 is located 1.7 miles to the southwest of 
R2.  A 1 percent relative concentration is 
reached in Domestic well #3 after 2050 and 
peak concentration is 11 percent in 2069.  
TMWA’s Silver Knolls well is located 1.9 miles 
south of R2 and first arrival (1 percent) is 
achieved in 2053.  Peak concentration at Silver 
Knolls is 0.06 in 2069.  

Distribution System 
Capacity 

A planning level evaluation was conducted 
to determine the ability of the existing north 
valleys water infrastructure to meet year-round 
water demands by supplying approximately 
2,000 acre-feet annually of groundwater from 
the West Lemmon Valley production wells in 
Stead.  A secondary constraint was to maintain 
flows from the Fish Springs water supply 
facilities to minimize the potential for water 
quality issues caused by increased residence 
time in the transmission main. 

A regional monthly water balance for Stead 
and Lemmon Valley was created utilizing 2017 
billing data from pressure zones that can 
reasonability be supplied water from the Stead 
groundwater wells and the Fish Springs facility, 
not including the Raleigh Heights Tank Zone.  
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The evaluation did not include future demands 
associated with ongoing construction and 
future development such as Stonegate.  Based 
on this water balance, it is possible to meet 
existing demands by increased pumping of up 
to 1,800 AFY (1.6 MGD) of groundwater from 
the West Lemmon Valley wells and operating 
Fish Springs at 50% of a single pump capacity.  
No other resources are required.  Hydraulic 
modeling also indicates that the existing 
infrastructure should have the ability to convey 
water supplies throughout the Stead / Lemmon 
Valley area without significant infrastructure 
improvements nor operational changes.   

In the future, there is the potential for a 
high pressure main (Terminal Tank HGL) in 
Lemmon Valley to be extended across the 
northern portion of the Reno Stead Airport 
property to serve planned future development 
located northwest of the Stead groundwater 
production wells.  At that point in time, 
extending a transmission main from the West 
Lemmon Valley groundwater wells to the high 
pressure main would provide an additional 
intertie, resulting in increased operational 
redundancy and allowing for increased 
groundwater production from the area. 

Conclusions 
The following conclusions can be drawn 

from this hydrogeologic investigation: 

• The seismic survey indicates that a 
significant package (400 – 1,400 feet) 
of coarse alluvial sediments exist 
beneath the American Flat Road site to 
store A+ water. 

• The aquifer test indicates good 
permeability (6 ft/day) for recharge 
purposes. 

• The long-term injection test verified 
the ability of the aquifer to accept 472 
gpm for 124 days with a maximum 

groundwater level increase of 55 feet 
in the recharge well (R1). 

• The minimum depth to water in the 
injection well during the test was 82 
feet and no positive pressure was 
observed. 

• There was no pressure response from 
the recharge test on the east side of 
the Airport Fault. 

• Overall, the chemistries and 
constituent levels are relatively 
compatible between groundwater, 
source water and A+ water and hence, 
they are not likely to cause significant 
changes in the aquifer when mixed.  

• Flow modeling results indicate that up 
2.0 million gallons per day could be 
recharged for 25 to 50 years, but only 
if an equivalent amount of water is 
pumped to ensure that unacceptably 
shallow groundwater levels do not 
develop. 

• If historical pumping rates continue, 
then 2.0 million gallons per day could 
only be recharged for less than five 
years before unacceptably shallow 
groundwater levels form north of Silver 
Lake.  

• Transport modeling results indicate 
that relative concentrations of A+ 
water (A+ water 
concentration/ambient concentration) 
never exceed 25 percent at any nearby 
receptors (domestic or municipal wells) 
in the next 50 years and the most rapid 
arrival (1 percent relative 
concentration) is in 2031 (12 years) to 
a domestic well located one-half mile 
to the southwest from a second 
proposed recharge well. The same well 
had the largest simulated relative 
concentration of 13 percent after 50 
years of injection. TMWA’s Silver Knolls 
well is located 1.9 miles south of 
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proposed injection well and first arrival 
(1 percent) is achieved in 2053 (34 
year).  Peak concentration at Silver 
Knolls is 6 percent in 2069. 

• Existing infrastructure will allow up to 
1,800 AFY (1.6 MGD) of groundwater 
pumping from the West Lemmon 
Valley wells and operating Fish Springs 
at 50% of a single pump capacity.   

• This hydrogeologic investigation 
suggests ASR using A+ water is 
promising, but additional 
investigations on other facets of the 
project (e.g. advanced treatment, 
economic, stakeholder, regulatory, 
geotechnical analysis) are required 
before a project of this type could be 
implemented. 
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Figure 1. Study area showing the American Flat Road site and wells, West (092A) and East (092B) Lemmon Valley subbasins, and the Airport Fault.   
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Figure 2. Seismic line locations at American Flat. 
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Figure 3. Orientation of the three wells at the American Flat Road site. R1 is the recharge well and MW1 and MW2 are the 
monitoring wells. 
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Figure 4. Construction diagram for R1 recharge well. 
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Figure 5. Construction diagram for MW1 monitoring well. 
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Appendix A 

 

Subsurface geophysical feasibility study near American Flat Road 

Figure 6. Construction diagram for MW2 monitoring well. 
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Figure 7. Well driller’s report for R1 recharge well. 
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Figure 8. Well driller’s report for MW1 monitoring well. 
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Figure 9. Well driller's report for MW2 monitoring well. 
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Figure 10. Location of the AFD monitoring well in relation to the American Flat recharge test wells.
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Figure 11. Measured and simulated groundwater levels at R1, MW1, and MW2 for the constant-rate (560 gpm) aquifer test at American Flat Road. 
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Figure 12. Daily injection rate for the American Flat Road injection test. 
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Figure 13. Groundwater levels at R1 (injection well), MW1 (monitoring well), and MW2 (monitoring well) for the American Flat Road injection test. 
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Figure 14. Depth to groundwater R1 (injection well), MW1 (monitoring well), and MW2 (monitoring well) for the American Flat Road injection test. 
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Figure 15. Groundwater levels at the AFD monitoring well located on the east side of Airport Fault.
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Figure 16. Location of Aquifer Storage and Recovery (ASR) and TMWA production wells. 

ASR Wells 
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Figure 17. Depth to water in 2019 in Lemmon Valley. 

  



American Flat Road Hydrogeologic Investigation Report 
 

 

29 | P a g e  
 

 

Figure 18. Simulated areas where depth to water is less than 20 feet for Scenario #1 after 1 year (2020). 

ASR Wells 
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Figure 19. Simulated areas where depth to water is less than 20 feet for Scenario #1 after 5 years (2024). 

ASR Wells 
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Figure 20. Simulated areas where depth to water is less than 20 feet for Scenario #1 after 10 years (2029). 

ASR Wells 
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Figure 21. Simulated areas where depth to water is less than 20 feet for Scenario #1 after 25 years (2044). 

ASR Wells 
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Figure 22. Simulated areas where depth to water is less than 20 feet for Scenario #1 after 50 years (2069). 

ASR Wells 
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Figure 23. Simulated areas where depth to water is less than 20 feet for Scenario #2 after 1 year (2020). 

ASR Wells 
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Figure 24. Simulated areas where depth to water is less than 20 feet for Scenario #2 after 5 years (2024). 
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Figure 25. Simulated areas where depth to water is less than 20 feet for Scenario #2 after 10 years (2029). 

ASR Wells 
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Figure 26. Simulated areas where depth to water is less than 20 feet for Scenario #2 after 25 years (2044). 

ASR Wells 
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Figure 27. Simulated areas where depth to water is less than 20 feet for Scenario #2 after 50 years (2069). 

ASR Wells 
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Figure 28. Simulated areas where depth to water is less than 20 feet for Scenario #3 after 1 year (2019). 

ASR Wells 
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Figure 29. Simulated areas where depth to water is less than 20 feet for Scenario #3 after 5 years (2024). 

ASR Wells 



American Flat Road Hydrogeologic Investigation Report 
 

 

41 | P a g e  
 

 

Figure 30. Simulated areas where depth to water is less than 20 feet for Scenario #3 after 10 years (2029). 

ASR Wells 
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Figure 31. Simulated areas where depth to water is less than 20 feet for Scenario #3 after 25 years (2044). 

ASR Wells 
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Figure 32. Simulated areas where depth to water is less than 20 feet for Scenario #3 after 50 years (2069). 

ASR Wells 
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Figure 33. Simulated areas where depth to water is less than 20 feet for Scenario #4 after 1 year (2020). 

ASR Wells 
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Figure 34. Simulated areas where depth to water is less than 20 feet for Scenario #4 after 5 years (2024). 

ASR Wells 
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Figure 35. Simulated areas where depth to water is less than 20 feet for Scenario #4 after 10 years (2029). 

ASR Wells 
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Figure 36. Simulated areas where depth to water is less than 20 feet for Scenario #4 after 25 years (2044). 

ASR Wells 
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Figure 37. Simulated areas where depth to water is less than 20 feet for Scenario #4 after 50 years (2069). 

ASR Wells 
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Figure 38. Simulated relative concentration of A+ water versus ambient groundwater after 5 years of A+ water injection. 
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Figure 39. Simulated relative concentration of A+ water versus ambient groundwater after 10 years of A+ water injection. 

ASR Wells 
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Figure 40. Simulated relative concentration of A+ water versus ambient groundwater after 25 years of A+ water injection. 

ASR Wells 
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Figure 41. Simulated relative concentration of A+ water versus ambient groundwater after 50 years of A+ water injection. 

ASR Wells 
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Figure 42. Potential groundwater receptors from the A+ water injection. 

ASR Wells 
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Figure 43. Simulated relative concentration for four groundwater receptors for Scenario #4. 
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Table 1. Monthly injection volumes during the injection test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Month Injection Volume Min Injection Rate Max Injection Rate
(gallons/month) (gpm) (gpm)

Jan-19 10,228,060          105 485
Feb-19 19,653,342          434 529
Mar-19 22,089,498          413 553
Apr-19 21,695,647          371 558

May-19 14,252,416          196 541

Total: 87,918,963          
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Table 2. Weekly groundwater levels in the injection well (R1), and two monitoring wells (MW1 and MW2). 

 
 

 

Week MW 1 Mounding MW 2 Mounding R1 Mounding
(ft) (ft) (ft)

1/16/2019 - 1/22/2019 13.9 10.1 34.8
1/23/2019 - 1/29/2019 16.7 12.7 40.4
1/30/2019 - 2/5/2019 18.4 14.1 43.2
2/6/2019 - 2/12/2019 19.5 15.1 45.1
2/13/2019 - 2/19/2019 20.8 16.2 47.8
2/20/2019 - 2/26/2019 21.5 16.6 48.9
2/27/2019 - 3/5/2019 22.1 17.0 49.8
3/6/2019 - 3/12/2019 22.7 17.4 51.1
3/13/2019 - 3/19/2019 23.2 17.6 52.0
3/20/2019 - 3/26/2019 23.6 18.0 52.8
3/27/2019 - 4/2/2019 23.9 18.3 53.3
4/3/2019 - 4/9/2019 24.2 18.6 53.9
4/10/2019 - 4/16/2019 24.5 18.9 54.8
4/17/2019 - 4/23/2019 24.6 19.0 53.1
4/24/2019 - 4/30/2019 24.8 19.2 53.6
5/1/2019 - 5/7/2019 25.0 19.3 53.7
5/8/2019 - 5/14/2019 25.6 19.8 54.9
5/15/2019 - 5/20/2019 25.7 20.1 47.9
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Table 3a. Background water quality results for system water (December 3, 2018 and February 11, 2019) and groundwater 
(December 3, 2018) for sample list A. 

 

Notes: 

* - System Water primarily treated Truckee River water. 
** - System Water commingled treated Truckee River water and groundwater from Fish Springs Ranch. 
 

  

Sample Name AFR System Water* AFR System Water** AFR Groundwater 
Date / Time Collected 120318 @ 1040 021119 @ 1000 120318 @ 0915

Unit Method Result Result Result
UIC Permit - Attachment 2 - Sample List A
Alkalinity mg/L CaCO3 SM 2320 B 58.00 120.00 83.00
Aluminum µg/L EPA 200.8 <50.0 <50.0 <50.0
Antimony µg/L EPA 200.8 <1.00 <1.00 <1.00
Arsenic µg/L EPA 200.8 <1.00 1.56 7.40
Barium µg/L EPA 200.8 19.10 32.60 39.70
Calcium mg/L SM 3500Ca D 14.03 12.40 29.26
Chloride mg/L EPA 300.0 8.87 21.90 6.61
Chromium µg/L EPA 200.8 <5.00 <5.00 <5.00
Color CU SM 2120 B <5 <5 <5
Copper µg/L EPA 200.8 <50.0 <50.0 <50.0
Fluoride mg/L EPA 300.0 <0.2 <0.2 <0.2
Hardness mg/L CaCO3 SM 2340 C 45.00 45.00 93.00
Iron mg/L   EPA 200.7 <0.05 <0.05 <0.05
Lead µg/L EPA 200.8 <1.00 <1.00 <1.00
Magnesium mg/L   SM 3500-Mg B 2.42 3.39 4.48
Manganese µg/L EPA 200.8 <5.00 <5.00 <5.00
Nickel µg/L EPA 200.8 <10.0 <10.0 <10.0
Nitrate (as N) mg/L   EPA 300.0 <0.3 0.58 0.61
Nitrite (as N) mg/L   EPA 300.0 <0.2 <0.2 <0.2
Potassium mg/L   EPA 200.7 <5 6.00 <5
Sodium mg/L   EPA 200.7 12.00 57.00 27.00
Sulfate mg/L   EPA 300.0 5.67 16.90 61.60
Total Dissolved Solids mg/L   SM 2540 C 79.00 231.00 200.00
Total Suspended Solids mg/L   SM 2540 D <5.0 <5.0 <5.0
Zinc µg/L EPA 200.8 19.30 23.30 40.10
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Table 3b. Background water quality results for system water (December 3, 2018 and February 11, 2019) and groundwater 
(December 3, 2018) sample list B. 

 

Notes: 

* - System Water primarily treated Truckee River water. 
** - System Water commingled treated Truckee River water and groundwater from Fish Springs Ranch. 
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Table 3c. Background water quality results for system water (December 3, 2018 and February 11, 2019) and groundwater 
(December 3, 2018) for regulated organics. 

 

Notes: 

NA – Not analyzed; lab did not run calibraton curve for analyte. 
* - System Water primarily treated Truckee River water. 
** - System Water commingled treated Truckee River water and groundwater from Fish Springs Ranch. 
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Table 3d. Background water quality results for system water and groundwater as collected on December 3, 2018 for microbial 
and unregulated constituents. 

 

Notes: 

NM – Not measured (NMOR only analyzed when NDMA is detected) 
* - System Water primarily treated Truckee River water. 
** - System Water commingled treated Truckee River water and groundwater from Fish Springs Ranch. 
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Table 4a. Week 1 water quality results for system water as collected on January 17, 2019 for sample list A. 

 

Notes: 

* - System Water primarily treated Truckee River water. 
 

  

Sample Name AFR System Water*
Date / Time Collected 011719 @ 1035

Unit Method Result
UIC Permit - Attachment 2 - Sample List A
Alkalinity mg/L CaCO3 SM 2320 B 56.00
Aluminum µg/L EPA 200.8 <50.0
Antimony µg/L EPA 200.8 <1.00
Arsenic µg/L EPA 200.8 <1.00
Barium µg/L EPA 200.8 17.60
Calcium mg/L SM 3500Ca D 22.40
Chloride mg/L EPA 300.0 9.80
Chromium µg/L EPA 200.8 <5.00
Color CU SM 2120 B <5
Copper µg/L EPA 200.8 <50.0
Fluoride mg/L EPA 300.0 <0.2
Hardness mg/L CaCO3 SM 2340 C 57.00
Iron mg/L   EPA 200.7 <0.05
Lead µg/L EPA 200.8 1.71
Magnesium mg/L   SM 3500-Mg B 0.23
Manganese µg/L EPA 200.8 <5.00
Nickel µg/L EPA 200.8 <10.0
Nitrate (as N) mg/L   EPA 300.0 <0.3
Nitrite (as N) mg/L   EPA 300.0 <0.2
Potassium mg/L   EPA 200.7 <5
Sodium mg/L   EPA 200.7 14.00
Sulfate mg/L   EPA 300.0 6.20
Total Dissolved Solids mg/L   SM 2540 C 79.00
Total Suspended Solids mg/L   SM 2540 D <5.0
Zinc µg/L EPA 200.8 <10.0

American Flat Hydrogeologic Investigation Week One Water Quality Results
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Table 4b. Week 1 water quality results for system water as collected on January 17, 2019 for sample list B. 

 

Notes: 

* - System Water primarily treated Truckee River water. 
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Table 4c. Week 1 water quality results for system water as collected on January 17, 2019 for regulated organics. 

 

Notes: 

* - System Water primarily treated Truckee River water. 
 

  



American Flat Road Hydrogeologic Investigation Report 
 

 

65 | P a g e  
 

Table 5. Week 8 water quality results for system water as collected on March 2, 2019 for sample list B. 

 

Notes: 

* - System Water primarily groundwater from Fish Springs Ranch. 
 

Sample Name AFR System Water*
Date / Time Collected 032019 @ 1545

Unit Method Result
UIC Permit -  Attachment 2 - Sample List B
Total Organic Carbon mg/L SM 5310 B <1.00
Chlorine Residual (free) mg/L SM 4500-Cl G 0.88
Total Trihalomethanes (TTHMs), Total µg/L EPA 524.2 <2.0

Bromodichloromethane µg/L EPA 524.2 <0.50
Bromoform µg/L EPA 524.2 <0.50
Chloroform µg/L EPA 524.2 <0.50
Dibromochloromethane µg/L EPA 524.2 <0.50

Haloacetic Acids (HAAs), Total µg/L EPA 552.3 <1.0
Dibromoacetic acid µg/L EPA 552.3 <1.0
Dichloroacetic acid µg/L EPA 552.3 <1.0
Monobromoacetic acid µg/L EPA 552.3 <1.0
Monochloroacetic acid µg/L EPA 552.3 <2.0
Trichloroacetic acid µg/L EPA 552.3 <1.0

Phenolics mg/L EPA 420.4 <0.01

American Flat Hydrogeologic Investigation Week Eight Water Quality Results
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Table 6a. Shutdown water quality results for system water and groundwater as collected on May 20, 2019 for sample list A. 

 

Notes: 

* - System Water primarily groundwater from Fish Springs Ranch. 
** - Constituent analyzed beyond recommended hold time 

Sample Name AFR System Water* AFR Groundwater 
Date / Time Collected 052019 @ 1050 052019 1145

Unit Method Result Result
UIC Permit - Attachment 2 - Sample List A
Alkalinity mg/L CaCO3 SM 2320 B 123.00 130.00
Aluminum µg/L EPA 200.8 <50.0 <50.0
Antimony µg/L EPA 200.8 <1.00 <1.00
Arsenic µg/L EPA 200.8 2.56 5.95
Barium µg/L EPA 200.8 31.70 29.30
Calcium mg/L SM 3500Ca D 13.20 17.60
Chloride mg/L EPA 300.0 17.00 22.00
Chromium µg/L EPA 200.8 <5.00 <5.00
Color CU SM 2120 B <5 10.00
Copper µg/L EPA 200.8 <50.0 <50.0
Fluoride mg/L EPA 300.0 <0.30 <0.30
Hardness mg/L CaCO3 SM 2340 C 57.00 49.00
Iron mg/L   EPA 200.7 <0.05 7.10
Lead µg/L EPA 200.8 1.26 <1.00
Magnesium mg/L   SM 3500-Mg B 5.82 1.21
Manganese µg/L EPA 200.8 <5.00 82.80
Nickel µg/L EPA 200.8 <10.0 <10.0
Nitrate (as N) mg/L   EPA 300.0 0.69 0.62
Nitrite (as N) mg/L   EPA 300.0 <0.060 <0.060
Potassium mg/L   EPA 200.7 7.00 <5
Sodium mg/L   EPA 200.7 55.00 56.00
Sulfate mg/L   EPA 300.0 16.00 19.00
Total Dissolved Solids mg/L   SM 2540 C 231** 247**
Total Suspended Solids mg/L   SM 2540 D <5.0 21.10
Zinc µg/L EPA 200.8 26.90 <10.0
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Table 6b. Shutdown water quality results for system water and groundwater as collected on May 20, 2019 for sample list B. 

 

Notes: 

* - System Water primarily groundwater from Fish Springs Ranch. 
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Table 6c. Shutdown water quality results for system water and groundwater as collected on May 20, 2019 for regulated 
organics. 

 

Notes: 

* - System Water primarily groundwater from Fish Springs Ranch. 
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Table 6d. Shutdown water quality results for system water and groundwater as collected on May 20, 2019 for microbial and 
unregulated constituents. 

 

Notes: 

* - System Water primarily groundwater from Fish Springs Ranch. 
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Table 7. Pumping and injection rates for the four ASR  scenarios. 
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Project Description 
The project area is located north of Stead Airport and is bounded by Red Rock Rd to the west and 

Lemmon Drive to the east with the American Flat Road passing through the site (Figure A1). Location of 
existing water wells in the vicinity are also shown. None of them fall within the project area but they do 
provide some constraints on geology that could be useful when interpreting the seismic images.  

Per existing reports and geologic maps from the area shows that the site consists of Tertiary-age 
lacustrine (lake bed) and alluvial sediments.  The sediments are described as coarse to medium sand, 
granular sand, siltstone, silty to pebbly sandstone and minor sandy pebble conglomerate. Sediments are 
generally unconsolidated, and bedding is indistinct. A series of northeast and north trending faults is 
mapped in the surrounding area, which dip both east and west and have resulted in small horst and 
graben features.   

The seismic survey lines were designed to acquire data that would enable mapping the general 
geometry of the bedrock as well as image any faults that might cross the area of interest (Figure A2). 
The objective was to characterize the subsurface to assist TMWA personnel in choosing the location and 
design of future injection and water wells.  

Data Acquisition 
The scope of the services included the deployment of four strategically placed linear seismic arrays 

(lines) each consisting of from 126 channels (Line 4) to 396 channels (Line 1). All lines ran from west to 
east with the zero point (start) on the west end (Table A1) and were placed with the approval and 
direction of TMWA personnel in order to maximize the 2-D subsurface coverage over the investigation 
area 

Each channel location was occupied by a 14 Hz, 4-geophone string spaced on an average 20 ft 
apart. A geophone string rather than single geophones was used to reduce surface wave noise and 
ground roll caused by wind, human and vehicle activity. The recording instrument was iSeis cable less 
recording system (Figure A3). The seismic energy required for the refraction and reflection data was 
generated by a United Service Alliance model AF-450 nitrogen gas accelerated weight drop (Figure A4). 
This large source allowed data to be acquired along the approximately 7,000 ft long lines. The location of 
the source was spaced at 40 ft along each line. At each source location, several “hits” were recorded 
with the objective of stacking or summing them so as to further improve signal to noise ration. Data was 
recorded for 3 seconds at 2 millisecond sample interval. The locations were surveyed using LEICA 
GPS1230GG+ system to achieve sub-meter accuracy. Data was acquired between June 11th and June 
18th, 2008.  

Data Processing  
The large energy source and use of 4-string geophone helped improve the signal to noise ratio to 

some extent but there were high noise levels at the ends of the line that resulted in some of the longest 
lines (Line 1 and 2) having less useful data, especially at the east end. However, data was good quality to 
get resolution down to 2,000 ft depth and for the longer lines as deep as 3,000 ft.  The following lists the 
data processing steps: 
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1. Reformat to internal format 
2. Sum stacked shots 
3. Load geometry 
4. Refraction Statics to floating datum 
5. Long & short wavelength; 7500 ft/s replacement velocity 
6. Trace editing - kill bad traces 
7. FK Filter to suppress surface waves 
8. Spherical Divergence correction 
9. Surface Consistent Gain 
10. Surface Consistent Deconvolution: Spiking, 160 ms operator 
11. Velocity Analysis/Residual reflection statics (2 passes) 
12. Random noise attenuation on common offset gathers (Spike & noise burst detection) 
13. Random noise attenuation on common offset gathers (Time-Frequency Domain Noise 

attenuation) 
14. Automatic Gain Control - 500 ms 
15. Trim Statics - 8 ms maximum, 300 ms sliding window 
16. Migration flow 
17. Kirchoff pre-stack migration by offset sections 
18. 40 ft. offset bins 
19. Residual Velocity Analysis 
20. Front-end mute 
21. Stack 
22. Bandpass Filter 5-10-70-90 Hz 
23. Automatic Gain Control - 500 ms 

The P-wave velocity model obtained along each line are shown in Figures A5, A8, A11 and A14. The 
migrated reflection depth sections are shown in Figures A6, A9, A12 and A15. Figures A7, A10, A13 and 
A16 shows overlay of the velocity model over the reflection sections which was used for interpretation. 
For all lines the color scale in the velocity model is fixed and goes from 1,000 ft/s to 13,000 ft/s. This is 
done to facilitate consistent interpretation across the lines. 

Data Interpretation 
Figures A17, A18, A19 and A20 show interpretation based on both the velocity models and reflection 
image along Lines 1, 2, 3 and 4, respectively.  The elevation of the top of all sections has been adjusted 
to be 5,200 ft ASL.  

The velocity models exhibit strong lateral and vertical velocity variations. The vertical velocity 
gradients are caused by overburden pressure and presence of denser rocks at depth. Strong lateral 
velocity variations are caused by presence of faults, fractures or discontinuities. All velocity models show 
several common features and trends which is to be expected within a project area. Velocities higher 
than 11,000 ft/s are interpreted to be granitic basement and is indicated by a yellow dashed line in all 
the images. The green dashed line has velocities between 9,000 ft/s to 10,000 ft/s and is interpreted to 
be fractured granitic material. Velocities in the range of 1,000 ft/s to 5,000 ft/s are probably 
representative of coarse sand, clay and silt. Velocities between 5,000 ft/s and 9,000 ft/s are probably 
decomposed granite mixed in with sand and clay.  Another feature that is interesting to note is the 
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presence of an elevated velocity feature, approximately, at the center of Lines 1, 2 and 3 and to a lesser 
extend along Line 4. These are shown as bounded by faults (4 and 5) in Figures A17, A18, A19 and A20. 
This could be a possible horst feature.  

Reflection images along all lines show good reflectivity down to 2,000 ft for the shortest Line 4 and 
as deep as 3,000 ft for the other long lines. Strong reflections are observed through the sections with 
disruptions in lateral continuity correlating well with the lateral changes in the velocity model. The 
reflection sections are interpreted in conjunction with the velocity models to identify location of 
possible faults and fractures which are indicated by blue dashed lines. The numbering used in the 
images is aimed to enable interpretation across all sections. It starts at 1 on the west end of the and 
progresses sequentially to 7 on the east. Note that even though we are assuming the faults continue 
from one seismic section to the next, there is no way to know if this is indeed true since we don’t have 
data between the lines. The only support we have is the fact faults in the area do tend to trend in the 
north-northeast direction consistent with the interpretation shown in this report.  

The lateral continuity of the reflectors is more consistent below the green dashed line which is 
interpreted as the start of a fractured granitic base layer. The basement reflectors, both the granite 
basement (yellow) and fractured granite (green) have a strong reflector signal associated with it. This 
give us more confidence in our interpretation. Reflectivity below this contact indicates even harder 
material or possibly indication of layering due to basaltic flow. At some portions the amplitude of these 
reflectors varies, probably indicating them being intersected by the overlying faults or fractures. The 
basement varies in depth between 1,800 ft to 2,000 ft to the south and west and shallows to the north 
and east. It seems shallowest along Line 4, at about 600 ft depth.  

Closure 
The opinions presented herein have been derived in accordance with current standards of practice 

and no warranty is expressed or implied. Standards of practice are subject to change with time. The 
opportunity to be of service is greatly appreciated. If you have any questions concerning this report or if 
we may be of further assistance, please do not hesitate to contact us. 

 We wish to thank you for the opportunity to conduct this exploration and will be available to 
discuss any related questions. 
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Figure A1. Map showing general location of the project area (green polygon) north of Stead Airport and near American Flat 
Road. Water wells in the vicinity are also shown (pins with numbers).  
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Figure A2. Map of seismic profiles (red) with the location of water wells (yellow pin) in the vicinity. Profiles lengths vary from 
about 7,000 ft to 2,500 ft with endpoints shown in Table A1. 
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Figure A3. Cableless iSeis recorders were used to record data from the 4-geophone string at each location spaced 20ft apart. 
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Figure A4. Photo showing side view of the AF-450 accelerated weight drop source used to record data and (b) view of the heavy 
hammer. 



 
 
Appendix A – Seismic Geophysical Analysis  
 
  

81 | P a g e   

 

 

Figure A5. P-wave velocity model along Line 1. Section goes from west to east, with the zero being starting coordinates shown in Table A1. 
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Figure A6. Seismic reflection image along Line 1. Section goes from west to east, with the zero being starting coordinates shown in Table A1. 
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Figure A7.  Velocity model overlain on the reflection image along Line 1. Section goes from west to east, with the zero being starting coordinates shown in Table A1. 
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Figure A8. P-wave velocity model along Line 2. Section goes from northwest to southeast, with the zero being starting coordinates shown in Table A1. 
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Figure A9.  Seismic reflection image along Line 2. Section goes from northwest to southeast, with the zero being starting coordinates shown in Table A1. 
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Figure A10.  Velocity model overlain on the reflection image along Line 2. Section goes from west to east, with the zero being starting coordinates shown in Table A1. 
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Figure A11. P-wave velocity model along Line 3. Section goes from northwest to southeast, with the zero being starting coordinates shown in Table A1. 
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Figure A12. Seismic reflection image along Line 3. Section goes from northwest to southeast, with the zero being starting coordinates shown in Table A1. 
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Figure A13. Velocity model overlain on the reflection image along Line 3. Section goes from west to east, with the zero being starting coordinates shown in Table A1. 
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Figure A14. P-wave velocity model along Line 4. Section goes from northwest to southeast, with the zero being starting 
coordinates shown in Table A1. 
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Figure A15. Seismic reflection image along Line 4. Section goes from northwest to southeast, with the zero being starting 
coordinates shown in Table A1. 
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Figure A16.  Velocity model overlain on the reflection image along Line 4. Section goes from west to east, with the zero being 
starting coordinates shown in Table A1. 
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Figure A17. Interpretation of the seismic section and velocity model along Line 1. The yellow line dashed line represents a velocity of over 11,000 ft/s and is interpreted here as the 
top of granitic basement. There is also a strong reflector that follows this horizon providing more confidence in our interpretation. Layering beneath this contact could be caused 
by basaltic flows. The green line represents velocities between 8,500 ft/s – 10,000 ft/s and could be a fractured granitic layer. Once again reflections tend to follow this horizon. 
Above this horizon the reflector are less continuous indicative of faulting and fracturing. The numbered blue dashed lines are interpreted faults. Note the uplifted velocity zone 
bounded by faults 4 and 5. 
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Figure A18. Interpretation of the seismic section and velocity model along Line 2. The yellow line dashed line represents a velocity of over 11,000 ft/s and is interpreted here as the 
top of granitic basement. There is also a strong reflector that follows this horizon providing more confidence in our interpretation. Layering beneath this contact could be caused 
by basaltic flows. The green line represents velocities between 8,500 ft/s – 10,000 ft/s and could be a fractured granitic layer. Once again reflections tend to follow this horizon. 
Above this horizon the reflector are less continuous indicative of faulting and fracturing. The numbered blue dashed lines are interpreted faults. Note the uplifted velocity zone 
bounded by faults 4 and 5. 
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Figure A19. Interpretation of the seismic section and velocity model along Line 3. The yellow line dashed line represents a velocity of over 11,000 ft/s and is interpreted here as the 
top of granitic basement. There is also a strong reflector that follows this horizon providing more confidence in our interpretation. Layering beneath this contact could be caused 
by basaltic flows. The green line represents velocities between 8,500 ft/s – 10,000 ft/s and could be a fractured granitic layer. Once again reflections tend to follow this horizon. 
Above this horizon the reflector are less continuous indicative of faulting and fracturing. The numbered blue dashed lines are interpreted faults. Note the uplifted velocity zone 
bounded by faults 4 and 5. 
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Figure A20. Interpretation of the seismic section and velocity model along Line 4. The yellow line dashed line represents a 
velocity of over 11,000 ft/s and is interpreted here as the top of granitic basement. There is also a strong reflector that follows 
this horizon providing more confidence in our interpretation. Layering beneath this contact could be caused by basaltic flows. 
The green line represents velocities between 8,500 ft/s – 10,000 ft/s and could be a fractured granitic layer. Once again 
reflections tend to follow this horizon. Above this horizon the reflector are less continuous indicative of faulting and fracturing. 
The numbered blue dashed lines are interpreted faults. Note the uplifted velocity zone bounded by faults 4 and 5. 
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Figure A21.  Google Earth map showing surface projection of the faults and fractures identified in Figures A17, A18, A19 and A20 along the four seismic profiles. The blue line is 
the interpreted strike of faults assuming the numbered features are the same between the seismic lines. The yellow line is the axis of the horst feature that is bounded by faults 4 
and 5 that dip in opposite directions. 
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Table A1. Start and end coordinates of the seismic profiles. The west end was the starting point (0) in the images shown in the 
report. 

 

Line # Start Coordinates (West end) 

 

End Coordinates (East end) 

Line 1 Easting:    823950.1086 ft 

Northing: 14431148.8236 ft 

 

Latitude: 39° 42' 04.32827" N 

Longitude: 119° 54' 09.28068" W 

 

Easting: 831845.0968 

Northing: 14430797.1671 

 

  Latitude: 39° 42' 03.36860" N 

Longitude: 119° 52' 28.21522" W 

Line 2 Easting:    825697.1003 ft 

Northing: 14434529.9241 ft 

 

Latitude: 39° 42' 38.27183" N 

Longitude: 119° 53' 48.34643" W 

 

Easting:    832115.1384 ft 

Northing: 14431593.5 ft 

 

Latitude: 39° 42' 11.31738" N 

Longitude: 119° 52' 25.08968" W 

 

Line 3 Easting:    827025.124 ft 

Northing: 14435663.8429 ft 

 

Latitude:  39° 42' 49.89193" N 

Longitude: 119° 53' 31.83616" W 

 

Easting:   832655.8415 ft 

Northing: 14433590.6746 ft 

 

Latitude:  39° 42' 31.20933" N 

Longitude: 119° 52' 18.99588" W 

 

Line 4 Easting:  830013.534 ft 

Northing: 14436236.8591 ft 

 

Latitude:  39° 42' 56.50083" N 

Longitude: 119° 52' 53.86417" W 

 

Easting:  832361.4975 ft 

Northing: 14435375.8092 ft 

 

Latitude:  39° 42' 48.74317" N 

Longitude: 119° 52' 23.49073" W 
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Table A2. Coordinates of the fault traces shown in Figure A21. 

Line # and Feature # Latitude Longitude 

Line 1, 1 39.701405° -119.901329° 

Line 1, 2 39.701181° -119.895048° 

Line 1, 3 39.701173° -119.893144° 

Line 1, 4-5 (axis) 39.701181° -119.892119° 

Line 1, 6 39.701027° -119.879698° 

Line 1, 7 39.700978° -119.876524° 

 

Line 2, 1 39.709283° -119.892560° 

Line 2, 2 39.708913° -119.891248° 

Line 2, 3 39.707836° -119.888033° 

Line 2, 4-5 (axis) 39.707029° -119.885649° 

Line 2, 6 39.704408° -119.877626° 

Line 2, 7 39.703764° -119.875415° 

   

Line 3, 1 39.713422° -119.890387° 

Line 3, 2 39.713090° -119.889074° 

Line 3, 3 39.712253° -119.885757° 

Line 3, 4-5 (axis) 39.711416° -119.882666° 

Line 3, 6 39.709971° -119.876988° 

Line 3, 7 39.709367° -119.874582° 

 

Line 4, 4-5 (axis) 39.715184° -119.879608° 

Line 4, 6 39.713986° -119.874869° 

Line 4, 7 39.713806° -119.874234° 
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Introduction 
Water quality compatibility was assessed among groundwater, source water from TMWA’s 

distribution system and highly reclaimed water (A+). Groundwater quality is based on data collected from 
TMWA’s Silver Lake and Lemmon Valley 9 supply wells. Source water quality is based on data collected 
from TMWA’s distribution system at the Silver Lake supply well. A+ water quality requirements are 
compiled from NAC 445A.27612. Currently, potable water from the TMWA distribution system (source 
water) is being used for groundwater injection, and in the future, highly reclaimed A+ water will be 
potentially used for subsurface recharge. 

Geochemical model Visual MiniTEQ 3.1 was used to evaluate the metal speciation and potential 
geochemical reactions in different waters and also during the mixing processes (Gustafsson 2010; Yang et 
al., 2013). We focused on the precipitation and dissolution of normally occurring carbonate minerals 
(calcite (CaCO3), magnesite (MgCO3), dolomite (CaMg(CO3)2)). 

General Water Chemistry Compatibility 
The major water quality parameters (water chemistry, common ions, heavy metals, radionuclides, 

disinfectant, disinfection byproducts) were compared among three water types, namely, groundwater, 
source water, and category A+ reclaimed water (Table 1). The quality of groundwater and source water is 
compatible with respect to water chemistry and inorganic ions present. A range of critical water quality 
parameters overlapped for groundwater and source water. Source water is slightly more basic than 
groundwater as expected with a pH difference of about units. Therefore, changes in geochemical 
processes such as dissolution, adsorption, and precipitation in the subsurface due to mixing of 
groundwater and source water are likely to be insignificant. 

Highly reclaimed A+ water may have higher TDS, specific ions, and some heavy metals as compared to 
groundwater, although their concentrations are still below the standards for drinking water. Similarly, 
although hardness, exact TDS and alkalinity values are not available at the present time for A+ water, the 
likely concentrations of these constituents will be slightly higher than the source water and hence pose no 
adverse water chemistry implications for recharge of A+ water with groundwater. The standard for most of 
the ions and heavy metals in A+ water is higher than their current concentration in groundwater. In order to 
further investigate the water quality compatibility during aquifer recharge, MiniTEQ 3.1 was used and the 
analysis is described below. 

Speciation Model 
The water chemistry data was used for speciation and geochemical reaction calculation with Visual 

MiniTEQ 3.1. As there is a range for the water quality and inorganic ion concentration, the median value (1/2 
(minimal + maximum value)) was used for the model calculation. For A+ water, there is no standard for 
certain parameters, including total alkalinity, sodium, potassium, calcium, magnesium, phosphate, and 
nickel. For these parameters, the value for groundwater was used, assuming A+ water would be treated to 
similar level as groundwater. Based on the calculation, CaCO3, MgCO3 and CaMg (CO3)2 were under 
saturation (saturation index < 0) for groundwater, source water and A+ water. CaCO3 was close to 
saturation in source water, and the potential dissolution of relevant minerals during its injection is unlikely. 
However, there is no standard for alkalinity, calcium, and magnesium in A+ water, and their real 
concentration will possibly be higher than our assumption. Potential precipitation of minerals can be 
induced, if higher residual level occurs. Evaluation and in situ testing may be required for the injection of A+ 
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water if the inorganic ion concentration is significantly higher than that in source water to avoid possible 
precipitation in the aquifer. 

Mixing Model 
For the mixing calculation, we assume that the source water and A+ water will be mixed with 

groundwater in the ratio of 10%, 20%, and 40%. The saturation index was calculated for CaCO3, MgCO3 and 
CaMg(CO3)2. Based on the calculation, CaCO3, MgCO3 and CaMg (CO3)2 were under saturation (saturation 
index < 0) for each of the scenarios. The likelihood of precipitation during mixing is minimal. As the 
saturation indices are relatively away from saturation (saturation index: < -1 for CaCO3, < -2 for MgCO3 and 
CaMg(CO3)2), potential dissolution of minerals may occur depending on the on-site geochemical conditions 
and mineral compositions of bedrock, which can affect the water quality. As stated above, there is larger 
uncertainty with A+ water, depending on the real water quality, especially concentrations of alkalinity, 
calcium, and magnesium. If the A+ water actual concentrations of these constituents is relatively close to 
the values in source water, no water quality implications are likely to occur. Additional caution is needed 
for the impact of redox conditions, as there is no data for the reduction potential, or dissolved oxygen in 
groundwater aquifer. The possible redox geochemical reactions can lead to the redox dissolution of 
relevant minerals, such as iron and manganese minerals. 

Organic Constituents 
Source water has slightly higher concentrations of disinfection byproducts and residual chlorine which 

may react with geomedia (subsurface materials). However, the concentrations of the residual disinfectant 
and disinfection byproducts in the source water are below the action levels. The likely concentration of 
disinfection byproducts concentration due to mixing of TMWA water and groundwater is also not 
significant due to low chlorine availability for reactions with mostly recalcitrant natural organics in the 
geomedia. 

The disinfectant and disinfection byproducts are also potentially higher in A+ water than groundwater, 
if chlorine is used as disinfectant prior to aquifer recharge of A+ water. There were no detected trace 
organic pollutants in groundwater, and some trace organic pollutants may be detected in highly reclaimed 
A+ water but significantly lower than levels that pose any health risk due to advanced treatment of 
reclaimed water. 

Conclusions 
Overall, the chemistries and constituent levels are relatively compatible between groundwater, source 

water and A+ water and hence, they are not likely to cause significant changes in the aquifer when mixed. 
General water chemistry overlapped between groundwater and source water. A+ water may have higher 
TDS, specific ions, and some heavy metals. Speciation calculations indicated that precipitation of minerals 
is unlikely in groundwater or source water/A+ water and during the mixing of them. Due to lack of 
standard or actual values for alkalinity, calcium, and magnesium for A+ water, further analysis with actual 
A+ water characteristics may be useful for evaluation of possible mineral precipitation during injection of 
specific A+ water. Possible mineral dissolution and redox reactions should also be evaluated for specific case 
of injection. Careful monitoring and control through advanced treatment should be practiced to limit trace 
organics and disinfection byproducts in A+ water for groundwater recharge. 
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Table A1. Summary of major water quality parameters in three water types. Data for groundwater and recharged source water 
are based on TMWA survey. A+ water is based on the standard (NAC 445A.27612, National Primary Drinking Water Regulations, 
Secondary Drinking Water Standards). 

 
 Groundwater Source water A+ water 

standard 

General Water Chemistry 

TEMPERATURE, ºC 15.3-15.6 9.3 NA 

pH, Standard Unit 7.55-7.8 8.05-8.56 6.5-8.5 

TOTAL ALKALINITY, mg/L 50-110 53-58 NA 

COLOR 1.0-5.0 1 15 

HARDNESS, mg/L 41-120 36-45 NA 

TDS (180C), mg/L 127-259 95-154 500 

TSS, mg/L 0.5-16.5 0.5-<1 NA 
TURBIDITY, NTU 0.34-4.73 <0.1-0.18 <0.3 

Common Ions 

SODIUM mg/L 11.3-27.7 13.1-20 NA 

POTASSIUM mg/L 1.62-3.82 1.65-2.9 NA 

CALCIUM mg/L 23.0-32.0 10.0-12.0 NA 

CHLORIDE mg/L 5.8-28.3 11.9-15 250 
FLUORIDE mg/L 0.1-0.219 <0.1 4 

MAGNESIUM mg/L 1.8-9.7 2.7-3.2 NA 

BERYLLIUM mg/L <0.0005 <0.0005 0.004 

SULFATE mg/L 6.1-38.4 4.6-7.86 250 

NITRATE-N mg/L <0.1-1.49 <0.1-0.14 10 

NITRITE-N mg/L <0.2 <0.05 1 
PHOSPHATE-P mg/L <0.1-0.33 <0.1 NA 

Heavy Metals 

ARSENIC mg/L 0.0042-0.011 <0.003-0.0019 0.01 

ANTIMONY mg/L <0.001 <0.001 0.006 

BARIUM mg/L 0.024-0.098 0.018-0.02 2 
CADMIUM mg/L <0.0005 <0.0005 0.005 

CHROMIUM mg/L <0.003 <0.003 0.1 

COPPER mg/L ≤0.01 0.01 1.3 

IRON mg/L <0.02-0.046 <0.02 0.3 
LEAD mg/L <0.003 <0.001-0.006 0.015 

MANGANESE mg/L <0.02-0.04 <0.01 0.05 

MERCURY mg/L <0.0005 <0.0005 0.002 

NICKEL mg/L <0.005 <0.005 NA 

SELENIUM mg/L <0.003 <0.003 0.05 

ZINC mg/L <0.005 <0.005-0.052 5 
THALLIUM mg/L <0.001 <0.001 0.002 

Other Toxics 
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TOTAL CYANIDE mg/L <0.005 <0.005 0.2 

Radionuclides 

U mg/L 0.0025  0.03 

Gross alpha pCi/L 3  15 

Gross beta pCi/L <3  4 

Rdium-226 pCi/L <1  5 
Radium-228 pCi/L <1   

Disinfectant 

FREE CHLORINE mg/L <0.1 0.5 4 

Disinfection byproducts 

Chloroform mg/L 0.0049 0.028 0.07 
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Table A2. Summary of major water chemistry data used for speciation model and saturation index for relevant minerals. 
 

 Groundwater Source water A+ water 

General Water Chemistry 

TEMPERATURE, ºC 15.45 9.3 11.75 

pH, Standard Unit 7.675 8.305 7.5 
TOTAL ALKALINITY, mg/L 80 55.5 80 

Common Ions 

SODIUM mg/L 19.5 16.55 19.5 

POTASSIUM mg/L 2.72 2.275 2.72 

CALCIUM mg/L 27.5 11 27.5 

CHLORIDE mg/L 17.05 13.45 250 

FLUORIDE mg/L 0.1595 0.05 4 
MAGNESIUM mg/L 5.75 2.95 5.75 

BERYLLIUM mg/L 0.00025 0.00025 0.004 

SULFATE mg/L 22.25 6.23 250 

NITRATE-N mg/L 0.795 0.12 10 

NITRITE-N mg/L 0.1 #DIV/0! 1 
PHOSPHATE-P mg/L 0.215 0.05 0.215 

Heavy Metals 

ARSENIC mg/L 0.0076 0.00245 0.01 

ANTIMONY mg/L 0.0005 0.0005 0.006 
BARIUM mg/L 0.061 0.019 2 

CADMIUM mg/L 0.00025 0.00025 0.005 

CHROMIUM mg/L 0.0015 0.0015 0.1 

COPPER mg/L 0.005 0.01 1.3 

IRON mg/L 0.033 0.01 0.3 
LEAD mg/L 0.0015 0.0035 0.015 

MANGANESE mg/L 0.03 0.005 0.05 

MERCURY mg/L 0.00275 0.00025 0.002 

NICKEL mg/L 0.0025 0.0025 0.0025 

SELENIUM mg/L 0.0015 0.0015 0.05 

ZINC mg/L 0.0025 0.0285 5 
THALLIUM mg/L 0.0005 0.0005 0.002 

Saturation index 

CaCO3 -1.28 -0.31 -1.79 
MgCO3 -5.63 -1.41 -2.89 
CaMg(CO3)2 -3.03 -1.07 -3.81 
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Table A3. Mineral saturation index for different scenarios of mixing between source water, A+ water and groundwater. 
 

TMWA/groundwater 10% 20% 40% 

CaCO3 -1.13 -1.15 -1.18 
MgCO3 -2.44 -2.45 -2.48 
CaMg(CO3)2 -2.71 -2.73 -2.81 

 
 

A+ 
water/groundwater 

10% 20% 40% 

CaCO3 -1.13 -1.14 -1.16 
MgCO3 -2.51 -2.52 -2.54 
CaMg(CO3)2 -2.78 -2.81 -2.85 
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