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1.0 EXECUTIVE SUMMARY 

ORNI 32, LLC, a subsidiary of Ormat Nevada, Inc., (referred to herein as Ormat) engaged McGinley 
& Associates, Inc. (McGinley) as an independent contractor (Contractor) to develop this aquatic 
resource monitoring and mitigation plan (ARMMP) for Dixie Meadows in Dixie Valley, Churchill 
County, Nevada. This ARMMP document is being prepared for the US BLM, as the lead NEPA 
compliance agency for the ORNI 32, LLC Dixie Meadows Geothermal Utilization Project.  The goal 
of the ARMMP is to identify hydrologic and biologic resources, characterize hydrologic 
conditions, spring-dependent ecosystems, aquatic habitat, and special status species, and 
describe the plan that Ormat would implement to monitor and mitigate potential impacts to 
those resources and ecosystems associated with its future geothermal exploration and 
production/injection in the Dixie Meadows area.  

The Dixie Meadows are a spring-supported riparian and meadow area situated at the base of the 
Stillwater Range to the west of the Dixie Valley playa. McGinley completed a water and aquatic 
resource delineation (WARD) to inventory these resources and identify potential monitoring 
locations within Dixie Meadows. In the spring and summer of 2019 during WARD development, 
McGinley identified and quantified 117 spring and seep features and eight distinct wetland 
communities, many of which support a variety of aquatic-dependent biological resources and 
special status species (i.e., Dixie Valley toad and springsnails). During 2020 springsnail 
monitoring, an additional five springs were found totaling 122 springs within Dixie Meadows. 
Warm and hot springs that line the western perimeter of the Dixie Meadows are believed to be 
geologically young features that formed from seismic events that created new faults or 
rejuvenated existing faults, which act as permeable conduits for geothermal groundwaters to 
ascend from depth. Thermal waters migrate upwards through these fault zones, discharge into 
basin-fill sediments and mix with shallow groundwater, then flow towards the Dixie Valley playa, 
and in some cases, discharge to the surface through the springs of Dixie Meadows.  

Existing hydrology and chemistry data for surface water and groundwater resources in Dixie 
Meadows were analyzed to characterize these resources and assess the degree of connection 
between deep geothermal groundwater, basin-fill groundwater, and surface water resources. 
McGinley has monitored a subset of springs and monitoring wells since August 2018 for water 
chemistry, water levels, flow rates, and field parameters (water temperature, conductivity, and 
pH). Geothermal groundwater is characterized by elevated temperatures, high concentrations of 
silica, and low magnesium. Warm and hot springs in Dixie Meadows exhibit a chemical signature 
of mixed geothermal and shallow groundwater. Fresh groundwater and surface waters have low 
temperatures, high concentrations of magnesium, and low concentrations of silica. Water that is 
intermittently contained in two playa ponds in eastern Dixie Meadows are a sodium-chloride 
water type with elevated concentrations of lithium due to the dissolution of playa salts. 

This ARMMP includes a hydrologic budget (water balance) that describes and quantifies inflows 
and outflows of water from Dixie Meadows, which are assumed to be in a state of dynamic 
equilibrium. Total spring discharge is estimated at approximately 900 acre-feet per year (af/yr), 
which is ultimately consumed by evapotranspiration (ET) from vegetation and evaporation from 
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the two playa ponds in eastern Dixie Meadows. The playa ponds are suspected seismic-
liquefaction features that collect spring discharge during winter months when ET is low and 
spring discharge reaches the ponds, along with sporadic surface water runoff after significant 
precipitation events. Estimated annual ET of groundwater, spring discharge, and precipitation is 
2,800 af/yr, and evaporation from the playa ponds is estimated to be approximately 15 af/yr, 
which is equal to the capacity of the two ponds. During winter months, an average of 45 af/yr of 
runoff from Dixie Meadows is also interpreted to reach the Dixie Valley playa. Total annual 
outflow from the Dixie Meadows is estimated at 2,860 af/yr. 

The main source of inflow to Dixie Meadows is approximately 1,800 af/yr from direct 
precipitation, which is eventually lost to evaporation or ET. In average precipitation years, 
mountain-block runoff from the Stillwater Range to the Dixie Meadows is low and sporadic, 
estimated at approximately 20 af/yr. Runoff may not be present during dry years; however, the 
entire Dixie Meadows can be inundated following storm events (two-year and five-year flood 
discharges are approximately 30 and 340 acre-feet). Increases in spring discharge have been 
observed following storm events, suggesting an occasional input of meteoric water to the springs. 
Average groundwater recharge from infiltration in the mountain block and alluvial fan is 
estimated at approximately 270 af/yr, and geothermal inflow is estimated at 770 af/yr and may 
be in part derived from outside the tributary watershed to Dixie Meadows. The total average 
annual inflow to the Dixie Meadows equals the total outflow. 

The BLM, McGinley, Ormat, and cooperating agencies (NDOW, USFWS, USGS, and FNAS) have 
developed this ARMMP based on the conceptual hydrogeologic model, water balance, and 
results of the WARD as well as the current scientific understanding of habitat requirements for 
special status species. The ARMMP was designed to ensure long-term flexibility in the monitoring 
plan and allow for triggers and mitigation to be adaptive to potential changes in sensitive-
resource concerns throughout the life of the project. Twenty-three surface water monitoring 
locations have been established as locations where hydrologic changes may be identified and 
quantified during geothermal operations. Five of these would be equipped for continuous flow 
measurement using weirs or flumes. These locations would be monitored to quantify natural 
variations in hydrologic conditions. Four potential surface water “control sites” that are 
considered most likely to be outside the influence of geothermal operations are proposed to 
monitor natural conditions. McGinley has started collecting baseline data from 15 locations, 
while the remaining locations are yet to be established. Additional surface water monitoring 
locations may be added and/or existing monitoring locations may be changed as new information 
is gained throughout the life of the project and would be subject to approval by the BLM 
Authorized Officer (AO). A BLM approved third-party contractor (Contractor) would monitor 
surface water locations on a monthly basis for variations in flow, water stage, temperature, field 
water quality parameters, and biological parameters (habitat quality indices), and surface water 
quality samples would be collected on a quarterly basis for the life of the project (exploration, 
utilization, decommission, and reclamation phases).  

It is proposed that the approved Contractor would monitor nine groundwater monitoring wells 
for potentiometric head on a continuous basis (maintained monthly), and for chemistry, and field 
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parameters on a monthly basis, transitioning to quarterly (to be approved by the BLM AO). Of 
these wells, seven are, or would be, completed in alluvium and two in bedrock. Monitoring of the 
geothermal resource would continue at 23A-8 and 24-8 for temperature, pressure and water 
chemistry and would include additional production/injection well sites determined during 
operations. For additional monitoring of shallow water table conditions within Dixie Meadows, 
the installation of fifteen drive-point piezometers is proposed. Installation of additional 
groundwater monitoring wells and monitoring of additional production/injection well sites would 
be added to the ARMMP as necessary to further establish and define monitoring triggers and site 
appropriate mitigation. 

The health and function of the various spring-dependent ecosystems (wetland and aquatic 
habitat) and associated species will be monitored as part of the ARMMP. Several monitoring 
frameworks have been developed to monitor these sensitive biological resources for the life of 
the project. It is proposed that the approved Contractor would implement those frameworks as 
follows: 1) annually monitor the extent and composition of wetland communities (hydrophytic 
vegetation and hydric soils) throughout the WARD, 2) annually monitor wetland vegetation 
(cover and composition) and hydric soils at eight sites co-located with hydrological monitoring 
sites, and at least 13 sites elsewhere in the meadows (as determined by forthcoming data on 
special status species habitat preferences), and 3) monitor the distribution and abundance of 
special status species. Two of five springs known to harbor springsnails (Pyrgulopsis spp.), will be 
surveyed annually to monitor distribution and abundance. Surface water temperature will be 
monitored on a continual basis (summarized monthly) and water stage will be monitored 
monthly at these two springs. Dixie Valley toad (Anaxyrus williamsi) distribution and abundance 
will be monitored twice annually at locations to be determined by working groups (see below). 
Surface water temperature and stage will be monitored monthly during both the Dixie Valley 
toad reproductive season (March-May) and brumation (October-February) at eight sites co-
located with hydrological monitoring sites, and elsewhere as determined by working groups (see 
below).  

Technical working group meetings were held in September and October 2020 with the 
Contractor, BLM, Ormat, and cooperating agencies to develop and refine monitoring objectives 
and preliminary hydrologic and biologic baseline conditions and thresholds to complement the 
monitoring activities.  The hydrologic and biologic baseline conditions and thresholds would 
continue to be refined though a baseline monitoring period extending to 2022, in concert with 
the technical working group reviews that include involved federal and state cooperating 
agencies.  The ARMMP would be updated as those monitoring data are collected, and baseline 
conditions and thresholds are refined.  

This ARMMP identifies a framework of proposed adaptive management actions and mitigation 
measures based on monitoring results, baseline conditions and triggers, as well as thresholds 
based on the current understanding of the natural variability of hydrological and biological 
conditions, and the potential importance to special status species in Dixie Meadows.  Adaptive 
management and mitigation are tied to the parameter range identified for hydrologic conditions, 
special status species, and aquatic habitat sustainability.  If potential changes are detected in 
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baseline conditions and threshold values are exceeded, a proactive set of adaptive management 
actions and mitigation would be implemented with the goal of preventing any potential impacts 
to hydrologic resources, special status species, or aquatic habitat.  Management actions would 
initially concentrate on early detection of changes in baseline conditions, with concurrent 
consultations among the BLM and technical working group (cooperating agencies) for 
appropriate monitoring and tracking of conditions.  In the event that changes to baseline 
conditions are occurring or thresholds are being exceeded, adaptive management and mitigation 
measures would be implemented to minimize potential impacts to hydrologic resources, aquatic 
habitat, and special status species, including geothermal reservoir pumping and injection 
adjustments, such as redistribution of injection between shallow and deep aquifers.  If more 
aggressive actions are necessary, mitigation measures have been identified and may include 
augmenting impacted springs with geothermal fluids or fresh water at a quality and quantity 
sufficient to restore pre-production temperature, flow, stage, and water chemistry.   

Furthermore, the ARMMP adopts an adaptive management approach, whereby monitoring 
attributes, frequencies, triggers, adaptive management, and mitigation measures may be refined 
as additional data are collected and in response to monitoring observations. Maintaining an 
adaptive management approach ensures potential impacts to hydrologic resources, special 
status species, and aquatic habitat would be reduced, minimized, and/or avoided.   
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2.0 INTRODUCTION 
Ormat has proposed to construct and operate a geothermal facility within the Dixie Meadows 
lease area located approximately 45 miles northeast of Fallon, in Churchill County, Nevada. The 
Bureau of Land Management, Carson City District, Stillwater Field Office (BLM) completed a Draft 
Environmental Assessment (EA) for the Dixie Meadows Geothermal Development Project in May 
2017 (EA #DOI-BOM-NV-C010-2016-0014-EA) (BLM, 2017a), as updated in 2020. The Draft EA 
included a mitigation measure that required the preparation of an ARMMP. The purpose of the 
ARMMP is to ensure that significant adverse effects on aquatic resources (water resources, 
riparian and wetland vegetation, and aquatic dependent special status species) do not occur as 
a result of the project. The BLM did not make a final decision on the Draft EA, pending the 
development of the ARMMP. In June 2017, the BLM provided Ormat with an outline of necessary 
components required in the ARMMP, which this document follows (BLM, 2017b). 

3.0 LEASE AREA AND PROJECT INFORMATION 
3.1. Final Environmental Assessment - Dixie Meadows Geothermal 

Exploration Project (2011) 

A final EA (Dixie Meadows Geothermal Exploration Project EA [BLM 2011]) was issued to Ormat 
Technologies, Inc. in 2011 for conducting geothermal exploration activities in the Dixie Meadows. 
Under the EA, Ormat proposes to evaluate the geothermal resources that potentially exist within 
the Lease Area by constructing up to 20 well pads and drilling one of each of the three different 
types of geothermal exploration wells on each pad: temperature gradient wells, observation 
wells, and production wells. Therefore, a total of 60 geothermal exploration wells may be drilled 
as part of the Proposed Action.  

In support of the geothermal exploration drilling activities, Ormat also proposes to construct new 
gravel access roads and utilize and repair existing roads for access to the Project Area. Gravel 
would be obtained from an existing mineral material site that Ormat would expand and from a 
new mineral material site that Ormat would construct. Additionally, Ormat proposes to drill up 
to two groundwater wells on one or two of the proposed well pads or at the proposed new gravel 
source area. Therefore, a total of 62 wells may be drilled, including 60 geothermal exploration 
wells and 2 groundwater wells. All geothermal exploration activities would occur within the 
Project Area, including any disturbance necessary for construction and drilling operations. The 
Project Area is approximately 970 acres in size and consists of a 20-acre block centered on each 
proposed well pad location, a 10-acre area at the existing and proposed mineral material sites, 
and a 400-foot-wide corridor centered on all proposed access roads. The entire Project Area 
would not be disturbed; instead, only the areas where the existing and proposed gravel sources 
would be expanded or constructed and those areas ultimately developed with a well pad and 
associated access roads would be disturbed. 

Under the Dixie Meadows Geothermal Exploration Project EA (2011), Ormat has to date drilled 
eight core holes / monitoring wells / full-size wells under this EA, including 22-8B (shallow core 
hole and monitoring well, 2012), 22D-8 (slim hole, injection test well, 2012), 23-8 (deep core hole, 
monitoring well, 2012), 23A-8 (production well, 2016), 24(13)-8ST2 (injection well, 2017), 24A-8 



Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan 

R:\Projects\ORM\007 - Hydrogeologic Framework, Dixie Meadows\Report McGinley & Associates, Inc. 

6 

(shallow core hole, monitoring well, 2016), 75-4 (full-size well, monitoring well, 2017), and 86-7 
(shallow core hole, monitoring well,2012).  In 2011, Prior to the Ormat 2011 EA, Terragen Power 
completed one full size well (42[12]-9) and one small diameter monitoring well (21-9/MW-1) 
under a Utilization Plan (UP) and subsequent FONSI in 2010.  Ormat additionally conducted flow 
testing included the April-June 2017 pumping (23A-8) and injection (24-8 and 75-4) test, along 
with other short-duration flow tests.  The drilling and testing under the EA have informed the 
geologic framework and hydrogeologic interpretations presented in Sections 6 and 8, and the 
details of the 2017 flow testing are provided in Section 8.4.  Complementing these exploration 
and testing activities have been miscellaneous spring discharge and physical properties 
measurements, including monthly spring pool stage and field parameter measurements at select 
spring locations commencing in 2015, and quarterly spring chemistry and physical properties 
monitoring at select locations commencing in 2018.        

3.2. Draft Environmental Assessment - Dixie Meadows Geothermal 
Utilization Project (2017, updated October 2020) 

3.2.1. Proposed Action 

The Proposed Action for the Draft EA includes the following five components (Figure 1A): 
• Construction and operation of up to two 30-MW net rated geothermal power plant 

facilities and associates electrical substations; 
• Construction of up to 18 production and injection well pads   for proposed deep core hole 

/ full size wells (Figure 1B); 
• Construction of up to 8 core hole well pads (permitted, not drilled - see Figure 1B); 
• Construction and operation of geothermal production and injection wells, pipelines, 

access roads, and support facilities; and, 
• Construction and operation of a 120-kV gen-tie to Ormat’s Jersey Valley power plant. 

Further details of the Proposed Action can be found in Section 2.1 of the Draft Final EA ORNI 32, 
LLC Dixie Meadows Geothermal Utilization Project (DOI-BLM-NV-C010-2016-0014-EA). 

3.2.2. Alternatives 

Under Alternative 1, ORNI 32 would construct and operate the proposed project as described in 
the Proposed Action. The only differences would be a different gen-tie route and associated 
facilities. Under Alternative 1, the gen-tie would extend about 31 miles to the south from 
substations at the proposed Dixie Meadows Geothermal power plants to NV Energy’s Fort 
Churchill to Gonder 230-kV transmission line. Throughout its length, the gen-tie would run 
parallel to the existing Oxbow power line (Figure 1A). 

Two gen-tie alignments adjacent to the Oxbow line are possible. Both alignment options are 
located on BLM-administered land and Navy lands. No private property would be affected. For 
either alignment, a switching station would be required at the terminus site to connect the gen-
tie to the NV Energy line. Depending on the gen-tie alignment, this substation would be located 
on Navy lands on either the west side or east side of the Dixie Valley Road. The amount of 
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permanent ground disturbance associated with the switching station and access roads would be 
8 to 10 acres in size. 

Further details of the Proposed Action can be found in Section 2.2 of the Draft Final EA ORNI 32, 
LLC Dixie Meadows Geothermal Utilization Project (DOI-BLM-NV-C010-2016-0014-EA). 

3.3. Lease Parcel Information 

A map showing the extent of the lease area, Study Area, and project infrastructure is included as 
Figure 1A. The extent of the Study Area is defined by the Water and Aquatic Resources 
Delineation (WARD) boundary as determined by the BLM and includes mapped springs, seeps, 
and wetland community types (Figure 1B). Project infrastructure is defined by locations of 
existing and permitted wells and an existing gravel pit authorized under the Ormat Technologies, 
Inc., Dixie Meadows Geothermal Exploration Project EA (BLM 2011) and locations of proposed 
wells, power plants (phase I and II), a 120-kV generation tie line (Proposed Action), and a 230-kV 
generation tie line (Alternative I) as described under the Draft EA (BLM 2017a). As shown on 
Figure 2, land status within the Study Area includes BLM-administered land, a segment of United 
States Navy lands that have mineral rights owned by Ormat, and private parcels. 

3.4. Lease Stipulations and Conditions of Approval 

The Combined Dixie Meadows Geothermal Unit Area (NVN-89456X) was created by combining 
the Dixie Hope and Dixie Meadows geothermal lease units. It also contains mineral rights to 760 
acres of Department of Defense/United States Navy land known as the Lamb Mineral interests. 
Ormat acquired the Dixie Hope leases from Terra-Gen Power, LLC in December 2010 and on 
February 1, 2012, those portions of the Dixie Meadows and Dixie Hope lease blocks that remain 
of interest to Ormat were consolidated into the Dixie Meadows Unit Agreement NVN-89456X. 
Ormat obtained two additional geothermal lease areas (N-92479 and N-92717) on December 1, 
2013, on the western side of the lease blocks, which extend up to the boundary of the Stillwater 
Range Wilderness Study Area that is present west of the Dixie Valley road (Figure 1A). 

Stipulations are included in the federal geothermal leases issued to or acquired by Ormat in the 
Dixie Meadows Unit Agreement. Most leases in the Study Area contain a stipulation to protect 
riparian areas and threatened, endangered, or other special status species and their habitats. 
The riparian area stipulation states that no surface occupancy or disturbance would be allowed 
within either 500 or 650 feet (horizontal measurement), depending on the lease, from any 
surface water bodies, riparian areas, wetlands, playas, or 100-year floodplains. This stipulation 
would protect the integrity of these resources, which would be delineated by the presence of 
riparian vegetation and not actual water. Exceptions may be considered on a case-by-case basis 
if the BLM determines at least one of the following conditions applies:  

• Additional development is proposed in an area where current development has shown 
no adverse impacts; 

• Suitable off-site mitigation would be provided if habitat loss is expected (i.e., replacement 
of resources that are of the same type as those being impacted, replacement of resources 
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that are of equal or greater value to public lands as those being impacted, or payment of 
funds to the BLM or other appropriate organization for performance of mitigation that 
addresses impacts of the project); or, 

• The BLM determines development proposed under any plan of operations would ensure 
adequate protection of these resources. 

The endangered species act section 7 consultation stipulation states lease areas may now or 
hereafter contain plants, animals, or their habitats determined to be threatened, endangered, or 
other special status species. BLM may recommend modifications to exploration and 
development proposals to further its conservation and management objective to avoid BLM-
approved activity that will contribute to a need to list such a species or their habitat. BLM may 
require modifications to or disapprove proposed activity that is likely to result in jeopardy to the 
continued existence of a proposed or listed threatened or endangered species or result in the 
destruction or adverse modifications of a designated or proposed critical habitat. BLM will not 
approve any ground-disturbing activity that may affect any such species or critical habitat until it 
completes its obligations under applicable requirements of the Endangered Species Act, 16 USC 
Section 1531 et seq., as amended, including completion of any required procedure for 
conference or consultation. 

If future operations appear to have adverse impacts on aquatic resources or habitat, Ormat 
would implement additional adaptive management actions and/or mitigation measures to avoid, 
minimize, or reverse those potential impacts. Mitigation techniques are proposed in the 2017 
Draft EA (BLM, 2017a) Section 2.1.6, and are discussed in Section 9.7 of the ARMMP document. 

A complete list of geothermal lease stipulations can be found in Appendix A of the Draft Final EA 
ORNI 32, LLC Dixie Meadows Geothermal Utilization Project (DOI-BLM-NV-C010-2016-0014-EA). 

4.0 BASIN CHARACTERISTICS AND HYDROLOGIC SETTING 
4.1. Physiography 

Dixie Valley is located in north-central Nevada within the Great Basin Physiographic Province. 
Dixie Valley is an endorheic basin (i.e., the basin retains water and allows no outflow to other 
basins) between the Stillwater Range to the west and the Clan Alpine Range to the east. The basin 
floor consists of alluvial fans with a relatively flat valley bottom. A 70-square-mile playa with an 
internal brine pool, referred to as the Humboldt Salt Marsh, exists in the west-central segment 
of the basin, which is periodically flooded following storm events. The Humboldt Salt Marsh has 
the lowest elevation in the basin and no surface outlet. Land-surface elevations in Dixie Valley 
range from approximately 3,380 feet above mean sea level (ft amsl) at the Humboldt Salt Marsh 
to 9,900 ft amsl in the Clan Alpine Range (Huntington et al., 2014). The total area of the Dixie 
Valley hydrographic basin is approximately 1,301 square miles (NDWR, 2019). 

The Study Area is located in west-central Dixie Valley, at the base of the Stillwater Range and 
southwest of the Humboldt Salt Marsh. The Study Area is characterized by alluvial fan deposits 
in the west and lacustrine (i.e., playa) deposits in the east and a wetland area, referred to as Dixie 
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Meadows, that is fed primarily by groundwater discharge from seeps and springs and periodic 
stormwater runoff from the Stillwater Range. Discharge from seeps and springs at and near Dixie 
Meadows is a mixture of shallow alluvial groundwater and deeper derived geothermal fluid. Two 
ephemeral ponds, which are believed to be seismically created land features, exist in the 
northeast segment of the Study Area to the east of Dixie Hot Spring within the Dixie Meadows. 

4.2. Climate 

The climate of Dixie Valley is typical for valleys within the Great Basin. The basin floor is arid, 
characterized by low annual precipitation and high evaporation rates. Precipitation increases 
with elevation at Dixie Valley as a result of orographic effects. The region generally experiences 
hot summers with little precipitation and cold winters with moderate amounts of precipitation, 
which is predominantly snowfall. The majority of precipitation falls from December through May. 

Garcia et al. (2014) reported 5-8.6 inches of precipitation on the playa (elevation 3383 ft amsl) 
floor between 2010 and 2011, while the valley floor weather station at the Navy Centroid Facility 
(elevation 4235 ft amsl) reported an average of 8.97 inches per year between 2006 and 2015 
(WRCC, 2020). The Paris Ranch weather station in northern Dixie Valley reports average annual 
precipitation at this location of 8.99 inches from 1966 to 1991 (WRCC, 2020), while the 
Middlegate Lowery weather station to the southeast of Dixie Valley indicates average 
precipitation of 5.68 inches from 1988 to 2013 (WRCC, 2020). Data collected in the mountain 
ranges by Interflow (2016) from 2010-2015 indicate average annual precipitation of 18.0 inches 
at 8,210 ft amsl in the Clan Alpine Range and 15.0 inches at 6,015 ft amsl in the Stillwater Range 
(Interflow, 2016). 

4.3. Hydrology 

In Dixie Valley, most streams are ephemeral and fed by significant precipitation events or 
snowmelt (Interflow and Mahannah, 2013).  A few perennial and intermittent streams exist in 
the mountain blocks, such as Horse Creek and Cottonwood Creek, flows from which infiltrate 
rapidly and are consumed by ET at the base of mountains.  Short perennial stream flow reaches 
occur downgradient of the major spring discharges in Dixie Meadows.  These water course tend 
to be poorly defined and diffuse through wetland areas. Springs and seeps exist in the mountain-
blocks, along fault scarps at the mountain block-valley floor interface, and where shallow 
groundwater breaches the surface on the valley floor. Typically, cool and fresh water discharges 
from mountain-block springs at less than one gallon per minute (gpm) (Interflow, 2012). Valley-
floor spring discharge rates range from less than one to 300 gpm and temperatures range from 
4°C to more than 60°C (Interflow, 2012). High temperature spring discharge indicates a 
geothermal-source component. 

Sources of surface water and groundwater recharge to Dixie Valley include precipitation, 
mountain block runoff, surface water inflow from adjacent basins, and groundwater inflow from 
adjacent basins. Adjacent basins that contribute recharge in Dixie Valley include Fairview, 
Stingaree, Cowkick, and Eastgate to the south, and Pleasant and Jersey Valleys to the north 
(Interflow, 2016). The extent of these basins is indicated on Figure 3. The area of the entire Dixie 
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Valley tributary watershed is approximately 2,380 square miles (Harrill and Hines, 1995). Because 
Dixie Valley is a terminal basin, surface water and groundwater outflow to adjacent basins is 
considered negligible. 

In an average year, minimal surface water in Dixie Valley is observed to reach the playa, as the 
majority of runoff infiltrates along alluvial fans; however, major precipitation events are known 
to have the ability to cause surface water flow and flooding of ephemeral channels (Interflow and 
Mahannah, 2013). Estimated average total annual runoff to the playa was estimated by Interflow 
(2016) at 500 af/yr.  

The primary natural groundwater discharge types in the basin are ET from phreatophytic 
vegetation along the playa perimeter and evaporative discharge at the playa. Groundwater also 
discharges from springs, which exist primarily in northern and west-central Dixie Valley. Many of 
these springs have a geothermal-source component. Groundwater is also discharged by wells 
used for agricultural and geothermal pressure augmentation, primarily in the northern part of 
Dixie Valley. Artesian and pumped wells used in the Settlement Area south of the playa are now 
mostly abandoned.   

5.0 WELL AND SURFACE WATER INVENTORIES 
5.1. Well Inventory 

Information on existing wells within and adjacent to the Study Area have been compiled from 
data obtained from Ormat and the Nevada Division of Water Resources (NDWR). Locations of 
existing wells and boreholes are shown on Figure 4, and well completion details are provided in 
Table 1. Copies of available well drillers reports (well logs) from the NDWR are provided in 
Appendix A.  

5.2. Surface Water Inventory 

In accordance with the BLM-approved workplan titled Dixie Meadows Water and Aquatic 
Resource Delineation Workplan (Workplan), dated July 2018, McGinley conducted an inventory 
of springs, seeps, and previously established monitoring control sites (collectively referred to as 
the “spring inventory”) to be used for establishing baseline monitoring and control sites. The 
spring inventory was conducted in two phases; 1) a desktop inventory, and 2) field-verification. 

McGinley developed the desktop inventory using the following sources of data: 

• United States Geological Survey (USGS) Topographic Quadrangle Maps; 
• Publicly available Aerial Photographs; 
• USGS Geographic Names Information System; 
• USGS National Hydrography Dataset; and 
• Available data provided by Ormat. 

These data sources were reviewed to establish a preliminary inventory of springs and seeps. All 
springs and seeps identified from these sources were digitized in a geographic information 
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system to create a preliminary inventory. The preliminary inventory was then uploaded to a 
global positioning system (GPS) device to aid in ground-truthing. McGinley visited in the field 
each preliminary spring/seep location identified during the desktop inventory and adjusted or 
removed locations if found to be erroneous. Additional spring/seep features identified in the field 
were GPS-surveyed and added to the database, regardless of whether they were identified during 
the desktop inventory. In total, McGinley field-verified 117 spring and seep features. Locations 
of field-verified springs and seeps are presented in Figure 5. A Table summarizing spring locations 
and detailed figures of spring locations are included Appendix E. Wetland or meadow areas that 
contain multiple seeps and springs are referred to as “spring complexes.”. 

5.3. Spring-Dependent Ecosystems and Aquatic Habitat Delineation 

In accordance with the Workplan, McGinley delineated spring-dependent ecosystems and 
aquatic habitat within the Study Area to be used for establishing baseline monitoring and control 
sites. It conducted the delineation in two phases: 1) a pre-field desktop assessment and 2) field 
investigations (vegetation surveys, hydric soil pits, and wetland delineation).  

5.3.1. Pre-field Desktop Assessment 

The desktop assessment utilized available GIS data resources to describe the ecological setting in 
terms of soil associations, ecological sites, and associated vegetation communities (including 
wetlands). Pre-field assessment data are provided in Appendix B. 

5.3.2. Vegetation Surveys 

Eight distinct wetland communities were identified and quantified within the Study Area: 1) 
Wetland Boundary, 2) Bulrush Wetland, 3) Cattail Wetland, 4) Reed Canarygrass Wetland, 5) 
Saltgrass and Alkali Bulrush Wetland, 6) Wet Meadow, 7) Field Sedge Meadow, and 8) Woody 
Riparian. Each community is characterized by the dominance of one to several plant species. The 
Wet Meadow and Field Sedge Meadow wetland types were generally closely coupled, often 
occurring as large mosaics of meadow habitat. These meadow areas graded gently between both 
wetland types, resulting from the microtopography of the landscape and changes in soil 
saturation. An additional wetland type, Meadow, would occasionally be used to collectively 
reference these wetland types. For the purposes of delineating the boundary between wetlands 
and non-wetlands, three upland communities that commonly bordered wetland communities 
were characterized: 1) Shrub Upland, 2) Saltgrass Upland, and 3) Forb Upland. Summaries of the 
data gathered within each community type listed above can be found in Tables 3 and 4, with 
Table 2 providing species names and codes. Photos of each plant community can be found in 
Appendix C.  

5.3.3. Soil Pits 

To survey for hydric soils, soil pits were excavated per the protocols outlined by the ACOE (2008). 
Soil pits were excavated to a depth of approximately 50cm with a sharpshooter style shovel, and 
hand auger (when necessary). The soil was removed from the pit and photographed. Soil profiles 
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were characterized beginning immediately below the A-horizon or at a depth of 10” (whichever 
was shallower). Each layer of the profile was characterized in terms of its color (including 
redoximorphic features) and texture. Colors of moist soil were determined with a Munsell Soil 
Color Chart. Surveys for hydric soils occurred concurrently with plant surveys. As wetland plant 
communities were identified, soil pits were excavated within that community to confirm hydric 
soil. Additional soil pits were characterized within the adjacent upland community. 

A total of fifteen soil pits were characterized. Eleven of these were characterized as hydric soils, 
and four were characterized as non-hydric soils. Hydric soil indicators observed include: a positive 
reaction to alpha, alpha-dipyridyl, loamy gleyed matrix, sandy gleyed matrix, depleted matrix, 
and sandy redox. Additional pits were evaluated, but not recorded, in boundary plant 
communities to hone the wetland/non-wetland break for the purposes of delineation. Photos of 
soil pits and soil data can be found in Appendix D.  

5.3.4. Wetland Delineation 

The wetland areas in the Study Area were grouped into six spring complexes. The wetlands in 
each of these complexes were delineated as separate units, and the results are presented in 
Figures 6-12. Uplands were only delineated and mapped when present within wetland 
community map units. A summary of each plant community is below. The acreage of each 
wetland community, and the percentage of the entire delineated area represented by that 
wetland community, are also provided. Summaries of the data gathered within each community 
type can be found in Tables 3 and 4, with Table 2 providing species names and codes. Photos of 
each plant community can be found in Appendix C.  

5.3.4.1 Upland Communities  
5.3.4.1.1 Shrub Upland 

The driest community encountered in the project area was dominated by two shrub species 
tolerant of alkaline soils, Torrey’s saltbush (Atriplex torreyi) and greasewood (Sarcobatus 
vermiculatus), and the exotic annuals cheatgrass (Bromus tectorum) and fivehorn smotherweed 
(Bassia hyssopifolia).  

5.3.4.1.2 Saltgrass Upland 

Large stretches of the project area were dominated by stands of inland saltgrass, with scattered 
shrubs (A. torreyi and Chrysothamnus nauseosus). A variety of FACW species occurred in the low-
lying areas of saltgrass stands, while FACU species prevailed in drier areas. 

5.3.4.1.3 Forb Upland 

The wettest upland community was often encountered at the border with wetland communities. 
Much like the wetland boundary community (above), this community was species rich given its 
occurrence at the wetland and non-wetland boundary. A total of 13 unique species were 
identified in the forb upland community, comprised of a variety of facultative upland (FACU) and 
facultative wetland (FACW) species. This community was dominated by one FACW (Carex 
preagracilis) and one FACU (Helianthus annuus) species and is thus problematic in terms of a 
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hydrophytic vegetation determination (dominance test = 50%). A calculated prevalence index of 
2.8 (LPI method) and 3.0 (Daubenmire method) provides positive indicators of hydrophytic 
vegetation. However, this community is considered an upland community due to a negative 
hydric soil indicator.  

5.3.4.2 Wetland Communities  
5.3.4.2.1 Wetland Boundary 

The wetland boundary is a species rich community occurring at the interface between upland 
and wetland communities and shares many species in common with both. The community is 
dominated by inland saltgrass (Distichlis spicata), annual rabbitsfoot grass (Polypogon 
monspeliensis), and chairmakers bulrush (Schoenoplectus americanus). The community is also 
characterized by the presence of wetland obligates such as Eleocharis spp. and facultative 
wetland species such as clustered field sedge (Carex praegracilis) and Baltic rush (Juncus balticus). 
A total of 8.1 acres of wetland boundary occurs in the project area (representing 3.4% of all 
delineated wetland communities). Sixteen unique species were identified within this community 
(1 exotic).  

5.3.4.2.2 Bulrush Wetland 

The interior of most spring complexes was dominated by nearly impenetrable stands of bulrush 
(Schoenoplectus spp.). This community prevailed in areas with saturated soils or standing water 
and was dominated by chairmakers bulrush (Schoenoplectus americanus). Hardstem bulrush 
(Schoenoplectus acutus) was dominant in small patches, distributed widely throughout this 
community type. Indian hemp (Apocynum cannabinum) occurred in thick stands, intermixed with 
Schoenoplectus spp., at the boundary between this community and the ‘wetland boundary’ 
community. Several northern harriers (Circus hudsonius) were noted nesting in this community. 
A total of 116.7 acres of bulrush wetland occurs in the project area (representing 48.9% of all 
delineated wetland communities). Six unique plant species were identified within this 
community. 

5.3.4.2.3 Cattail Wetland 

This wetland community is characterized by nearly monotypic stands of southern cattail (Typha 
domingensis), occurring in small (<20m wide) to medium sized stands (0.5 acres). Red-winged 
blackbirds (Agelaius phoeniceus) were commonly encountered denizens of this community type. 
A total of 1.8 acres of cattail wetland occurs in the project area (representing 0.8% of all 
delineated wetland communities). Three unique species were identified within this community. 

5.3.4.2.4 Reed Canarygrass Wetland 

This community is characterized by nearly monotypic stands of reed canarygrass (Phalaris 
arundinacea), occurring in widely distributed patches. A total of 9.1 acres of reed canarygrass 
wetland occur in the project area (representing 3.8% of all delineated wetland communities). 
Two unique species were identified within this community. 

5.3.4.2.5 Saltgrass and Alkali Bulrush Wetland 

The last wetland community to occur before the unvegetated playa was a sparsely vegetated 
community dominated by inland saltgrass (Distichlis spicata). Of note was the presence of many 
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patches of alkali bulrush (Scirpus maritimus) in this community type occurring in the highly 
alkaline soils on the fringes of the Humboldt Sink. A total of 12.5 acres of saltgrass and alkali 
bulrush wetland occurs in the project area (representing 5.2% of all delineated wetland 
communities). Two unique species were identified within this community. 

5.3.4.2.6 Meadows 

Wet Meadow 
Wet Meadows occurred on the fringes of bulrush wetlands, and in other areas of standing or 
flowing water. This community was dominated by Baltic rush (Juncus balticus), common 
spikerush (Eleocharis palustris) and clustered field sedge (Carex praegracilis).  Wet meadows 
generally had a hard boundary with adjacent and drier community types. Dixie Valley toads 
(Anaxyrus williamsi) were commonly encountered in this community type. A total of 3.7 acres of 
wet meadow occurs in the project area (representing 1.6% of all delineated wetland 
communities). Seven unique species were identified within this community. 

Field Sedge Meadow 
This community type can be characterized as a drier version of the wet meadow, where clustered 
field sedge (Carex praegracilis) dominated and OBL species such as E. palustris rarely occurred. 
This community type was commonly the boundary between wetlands and non-wetlands and was 
defined by either hard boundaries or subtle gradients into meadows dominated by FACU species 
(e.g., Poa secunda). Of note was the extensive cover of common sunflower (Helianthus annuus) 
seedlings within the drier parts of this community type. Dixie Valley toads were commonly 
encountered in this community type. A total of 37.4 acres of field sedge meadow occurs in the 
project area (representing 15.7% of all delineated wetland communities). Eight unique species 
were identified within this community (1 exotic). 

Meadow 
In various parts of the project area, a heterogeneous mixture of Wet Meadow and Field Sedge 
Meadow community types occurred. These communities generally had fuzzy boundaries (unlike 
the hard boundaries between the above meadow communities), differentiated due to 
microtopographic features in the wetland. Therefore, an additional sub-habitat type (Meadow) 
was recognized for the delineation of large patches of meadows in which the Wet Meadow and 
Field Sedge Meadow community types dominated but graded indistinguishably into each other. 
A total of 46.5 acres of Meadow habitat occurs in the project area (representing 19.5% of all 
delineated wetland communities). 

5.3.4.2.7 Woody Riparian 

The last community type recognized in the project area consisted of woody species, generally 
rooted in areas adjacent to flowing water. Though this community was dominated by 
chairmakers bulrush and common sunflower, the presence of various exotic woody species such 
as saltcedar (Tamarix spp.), Russian olive (Eleaeagnus angustifolia), and native species such as 
willow (Salix spp.) resulted in a unique and structurally rich community type. Various species of 
birds were noted nesting in this community type including red-winged blackbirds (Agelaius 
phoeniceus), kingbirds (Tyrannus spp.), common yellowthroat (Geothlypis trichas), and song 
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sparrow (Melospiza lincolnii). A total of 2.8 acres of woody riparian habitat occurs in the project 
area (representing 1.2% of all delineated wetland communities). Ten unique species were 
identified within this community (4 exotics). 

5.4. WARD Geodatabase 

After completion of WARD field activities, the seep and spring locations and plant communities 
were uploaded in a geographic information system and stored as a file geodatabase. The 
geodatabase has been copied to a USB hard drive and is attached to this report in Appendix E. 
The attached geodatabase contains all of the georeferenced historical aerial images and historical 
topographic maps that were used to delineate the seep/spring locations as well as the final 
inventory of seeps/springs and plant communities. The geodatabase would continue to be 
updated as needed.  

5.5. Existing Water Rights 

Active water rights within and near the Study Area are illustrated by source and manner of use 
in Figure 13. An inventory of active water rights near the Dixie Meadows study area is presented 
as Table 5 (NDWR data source, July 2019).  

The perennial yield of the Dixie Valley hydrographic area (Hydrographic Area No. 128, 
Hydrographic Region No. 10) is estimated to be 15,000 af/yr (NDWR, 2020; Cohen and Everett, 
1963).  NDWR has determined that current groundwater appropriations (November 2020) total 
15,218.28 af/yr, as differentiated by manner of use as summarized below: 

• 5,856.34 af/yr for industrial uses (geothermal energy production); 
• 8,770.38 af/yr for irrigation uses; 
• 218.00 af/yr for quasi-municipal uses; 
• 111.96 af/yr for stockwater uses; and 
• 261.60 af/yr for wildlife uses.  

Geothermal groundwater appropriations are categorized separately for appropriations listed 
above, which are consumptive in nature, as they are managed differently by NDWR with required 
return of pumped geothermal groundwater back to the aquifer (non-consumptive).  Total 
geothermal water rights appropriated in Dixie Valley are 12,704.00 af/yr (NDWR, November 
2020). 

The Dixie Valley hydrographic basin is designated for preferred uses (State Engineer Order 715), 
generally indicating that the basin is fully appropriated for consumptive groundwater uses.   

Groundwater pumpage within Dixie Valley in 2015 is estimated at 16,906 acre-feet (NDWR, 2017) 
which includes geothermal pumping, although not differentiated as consumptive and non-
consumptive, and was distributed as follows: 

• 20 af/yr for domestic use; 
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• 11,030 af/yr for industrial use (geothermal); 
• 5,341 af/yr for irrigation; 
• 218 af/yr for quasi-municipal; 
• 35 af/yr for stockwater; and 
• 262 af/yr for wildlife. 

Spring (SPR) and stream (STR) water rights differentiated from underground (UG), i.e., 
groundwater sources, for purposes of water right administration.  Occasionally, a water surface 
water source may not clearly fit into either a stream or spring source type and may be idented as 
“other surface water” (OWS).   In the Dixie Meadows study area, there are no underground water 
rights, but three water rights on spring sources (V10057, V10058, and V10065) and one OWS 
source (V10066), as shown in Figure 13.    The springs and OWS water rights are vested claims 
(claims filed for water uses that pre-date 1905) for stockwatering uses.   

5.6. Jurisdictional Waters 

Waters of the United States are defined in Title 40 Code of Federal Regulations 230.3. Based on 
a review of the United States Environmental Protection Agency Clean Water Act Approved 
Jurisdictional Determinations website and United States Army Corps of Engineers Jurisdictional 
Determinations and Permit Decisions website, approved jurisdictional determinations are not 
available within the Study Area. Dixie Valley is an endorheic basin (Cohen and Everett, 1963), and 
the surface water resources in Dixie Meadows appear to be isolated from any Waters of the 
United States; therefore, there appear to be no jurisdictional waters within the Study Area.  

5.7. Existing Authorized Land Uses 

Authorized land uses within and adjacent to the Study Area include a right-of-way associated 
with State Route 121 (Dixie Valley Road), a transmission line right-of-way operated by Terra-Gen, 
livestock grazing, geothermal leases (geothermal exploration and development), and Navy-
owned lands used for training. The Study Area lies within the Boyer Ranch Cottonwood Valley, 
Mississippi Canyon, and Dixie Valley grazing allotments. 

Other land and resource use within the Study Area includes active grazing by wildlife, cattle, and 
horses that may utilize springs, seeps, or other water resources and aquatic habitat within and 
surrounding the Study Area. 

6.0 GEOLOGIC AND HYDROGEOLOGIC SETTING 
This section discusses the regional geologic and hydrogeologic setting of Dixie Valley, with a 
particular focus on the geology of the Stillwater Range and basin, as the Study Area is located 
along the western-central periphery of Dixie Valley at the base of the Stillwater Range. Detailed 
descriptions of the geology and hydrogeology of the Study Area are included in Section 8.0. 
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6.1. Basement Geology 

The oldest units in the Stillwater Range are early Triassic pelites, quartz arenites, clastic and 
micritic limestones, and dolomites (Nimz et al., 1999). The late Triassic section of the Stillwater 
Range is a thick sequence of pelitic rocks that are overlain by Triassic-Jurassic calcareous pelites 
(Nimz et al., 1999). Deformed lower Jurassic carbonates, calcarenites, and pelitic rocks overlay 
these rocks or are in thrust fault contact. The Jurassic Humboldt Lopolith (coarse-grained 
gabbros, picrites, anorthosites) overlies the Triassic section of the Stillwater Range at a thrust-
fault contact (Speed, 1976). Cretaceous granodioritic bodies have intruded the Mesozoic 
sequence of the Stillwater Range (EGS, 2014a). Mid-Cenozoic silicic tuffs occur in both the 
Stillwater and Clan Alpine Ranges, and each range is capped by Late-Cenozoic basalts (Nimz et 
al., 1999).  

6.2. Basin Geology 

The Dixie Valley basin-fill is composed of Quaternary-Tertiary sediments derived from the 
surrounding mountain ranges, and Tertiary volcanic rocks. The thickness of the basin-fill reaches 
up to 8,200 feet towards the center of the basin (EGS, 2014a).  

The basin-fill includes coarse colluvial and alluvial fan deposits, sandy and silty eolian deposits, 
lacustrine, and playa deposits. The alluvial fans consist of near-surface deposits of 
unconsolidated silt, sand, gravel, cobbles, and boulders. The basin-fill sediment become 
progressively consolidated with increasing depth. Eastward, the basin-fill sediments thicken to 
5,000 feet at well 42-9. Basin lowlands include interbedded clay, silt, sand, and gravel 
(Huntington et al., 2014). Lacustrine and playa deposits are made up of fine-grained clays and 
silts (EGS, 2014a). 

Tertiary volcanic rocks, including rhyolitic pyroclastic deposits and basalt flows, generally underlie 
the alluvial materials except along the moderately dipping Dixie Valley Fault where the alluvial 
sediments are juxtaposed against Triassic slate and siltstone. The Oligocene rhyolitic pyroclastic 
deposits include ash flow tuffs and air-fall deposits, which correlate to welded silicic tuffs exposed 
in the Stillwater and Clan Alpine Ranges. Miocene basalt flows and lacustrine volcaniclastic 
deposits overlie the Oligocene section (EGS, 2014a). 

6.3. Structural Geology  

The Dixie Meadows area is located adjacent to and east of the northern segment of the 
northeast-striking Dixie Valley Fault Zone (DVFZ), a complex system of subparallel moderate to 
steeply dipping normal faults along the eastern flank of the Stillwater Range and western part of 
Dixie Valley. There are also several younger faults in Dixie Meadows that vary in strike from 
northeast to southeast. As discussed in greater detail in Section 8.1, data collected during recent 
exploration activities suggest that the older reactivated east-northeast trending structures are 
the conduits and primary source of geothermal fluids at the Dixie Meadows geothermal field.  
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The Dixie Valley Fault Zone is the producing reservoir at the existing Terra-Gen Dixie Valley 
geothermal power plant, located about 16 miles northeast of Dixie Meadows. At that site, the 
DVFZ ranges in width from approximately two to four kilometers and incorporates the range-
bounding Dixie Valley Fault, a piedmont fault, and associated intra-basin faults (EGS, 2014b). The 
width of the DVFZ expands to approximately five kilometers in width to the south of Dixie 
Meadows where there is a western bend in the mountain front (Bell and Katzer, 1987). The Dixie 
Valley Fault is the primary range-front normal-fault separating the bedrock of the Stillwater range 
from the Cenozoic basin-fill sediments. Results from recent drilling and geophysical surveys near 
Dixie Meadows indicates that the Dixie Valley Fault at and near Dixie Meadows has a moderate 
dip of approximately 47° southeast. This is contrary to findings along other portions of the DVFZ, 
where the fault plane is a higher angle feature normal fault (EGS, 2014a, 2014b; Blackwell, 2005). 
A vertical displacement of 3,000 meters along the Dixie Valley Fault is based on Late Miocene 
basaltic ash-flow tuffs observed in both the Stillwater Range and beneath the basin-fill alluvium 
(EGS, 2014a).  

At the Dixie Valley geothermal power plant, geophysical and drilling data suggest significant 
normal displacement along a piedmont fault plays a crucial role in the geothermal producing field 
(EGS, 2014b).  EGS (2014a) states that geothermal fluids derived from the piedmont structure 
are known to occur at deeper levels, but that the piedmont fault does not appear to contribute 
hot fluids to the shallow thermal regime.  At Dixie Meadows, geothermal reservoir exploration 
has not identified that the Dixie Valley Fault (range front fault), or piedmont fault(s) contributes 
to significant geothermal fluid flow.  Rather, the cross-cutting east-northeasterly faults (Figure 
16) constitute the primary geothermal reservoir (Omat, 2020, verbal communications).    

At Dixie Meadows, piedmont faults likely exist east of the Dixie Valley Fault Zone, also concealed 
by Quaternary alluvium.  An apparent fault scape bounding the west side to the Dixie Meadows 
may be a piedmont fault, or may be a shallow listric fault.   Ormat exploratory drilling has not, to 
date, encountered evidence of a deep-rooted piedmont fault associated with this apparent fault 
scape (Ormat, 2020, verbal communications).  For purposes of identification of the fault on the 
geologic mapping, it is labeled as a piedmont fault on Figure 15.   

The Dixie Valley Fault Zone is considered one of the most active faults in the Basin and Range 
Province (EGS, 2014a). The 1954 Dixie Valley earthquake (magnitude 6.8) created range-front 
and piedmont fault scarps extending south of the Dixie Meadows area (Bell and Katzer, 1987). 
The epicenter of the 1954 earthquake was at the mouth of Hare Canyon, directly west of the 
Dixie Meadows area (Page, 1965). The effect of the 1954 earthquake on the Dixie Meadows 
springs has not been determined; however, Smith (2001) believes that the event probably 
rejuvenated or even initiated the Dixie Meadows spring flow.  

To the west of the playa, and south of Dixie Meadows, liquefaction-induced scarps and fissures 
have been documented, including lurch and collapse features up to 3-6 feet in depth. A thin 
veneer of fine sand and silt is present in the liquefaction zones, which is believed to be related to 
expelled-water phenomena along these features (Bell and Katzer, 1987). The ponds on the east 
side Dixie Meadows are likely associated with liquefaction that is known to have occurred during 



Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan 

R:\Projects\ORM\007 - Hydrogeologic Framework, Dixie Meadows\Report McGinley & Associates, Inc. 

19 

the 1954 earthquake, or perhaps earlier tectonic events along the active fault zone (Wesnousky, 
2003). 

An earthquake with an estimated magnitude of 7.3 (Wesnousky, 2003) occurred in the area 
approximately 2,400 to 3,000 years ago (Pearthree, 1990). This event has been bracketed in age 
between 1,500 and 6,860 years by paleoseismic studies along the southern part of the Dixie 
Valley fault (Caskey et al., 2000). The mid- to late-Holocene age of this event may also be 
responsible for rejuvenation of permeability and hydrothermal fluid transport in the producing 
geothermal reservoir and at several fumaroles along the range front fault between Dixie Hot 
Springs and the north end of the Dixie Valley. The earthquake resulted in a linear zone of 
compression parallel to and east of the piedmont fault and Dixie Meadows. The compressed zone 
along the playa margin is strongly developed east of Spring Complex 2 (Wesnousky, 2003). The 
effect of the seismic events on the springs themselves, if in existence at the time, has not been 
determined; however, the compression folds east of the springs were caused by eastward, soft 
sediment slumping and low-angle imbricate thrusts (Wesnousky, 2003). Trenching completed by 
Wesnousky (2003) north of Dixie Meadows suggests a minimum of 27 meters of shortening 
across the compressed zone at this location; the amount of shortening should approximately 
equal the amount of spreading directly upslope from the playa. Although lateral spreads formed 
across the entire area between the playa margin and the large graben at the trench site, the 
greatest spreading probably occurred across the largest graben. At the trench site, the graben 
width is approximately 43 meters. The 27 meters of shortening across the playa margin suggests 
that a significant portion of the graben width was produced by down-slope movement of the 
“detached” alluvium. The areal extent of severe ground failure related to liquefaction along the 
30-kilometer-long disrupted zone is estimated at 20-30 square kilometers. Wesnousky (2003) 
believes the playa ponds to the east of Dixie Meadows likely formed this way during the seismic 
event from approximately 2,500 years ago.   

6.4. Thermal Spring Formation 

The origin of the springs in Dixie Meadows is unknown; as stated above, Smith (2001) believes 
that the 1954 Dixie Valley earthquake possibly initiated the Dixie Meadows spring flow as new 
fault movements rearranged geothermal passageways, while Interflow (2019) suggests that the 
springs may be geologically young features, forming after the recession of Pleistocene Lake Dixie. 
The warm and hot springs along the western side of the Dixie Meadows appear to originate from 
relatively shallow lateral groundwater flow of geothermal waters (mixed source or convectively 
heated), based on temperature-gradient data from exploration drilling (Ormat, 2020, verbal 
communications).  The geothermal waters are interpreted to move up the east-northeast striking 
fault structures to mix with shallower cool groundwater, which then flows laterally to the east in 
the down-gradient direction toward the valley floor and Dixie Meadows (see Figure 16).   The 
east-northeast fault structures are located within the DVFZ, but pre-date the active structural 
features of the DVFZ. Periodic fault movement along the DVFZ is interpreted to cause reactivation 
or dilation of fractures which enhances the permeability and enables permeable conduits for 
geothermal water to ascend along fault zones that would otherwise have been sealed off over 
time by mineral precipitation from the hot waters (Ormat, 2020, verbal communications). 
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As summarized by Interflow (2019), during the most recent glacial epoch, the Pleistocene Lake 
Dixie high stand peaked at an elevation of 3,600 ft amsl approximately 13,000 years before 
present. What is now the Dixie Meadows area was inundated by up to 190 feet of water. 
Inundation extended from approximately 35,000 to 8,000 years before present. Spring water 
chemistry in Dixie Meadows is similar to other thermal springs in Dixie Valley that were 
submerged by Pleistocene Lake Dixie, such as Hyder and Seven Devils Springs (Interflow, 2012); 
however, while significant tufa mounds were formed Hyder and Seven Devils Springs, they have 
not formed at Dixie Meadows. This may suggest that the Dixie Meadows springs formed post 
Pleistocene Lake Dixie, after approximately 8,000 years before present. Additionally, the 
geographical relationship between Dixie Meadows springs and the piedmont fault scarp supports 
that the springs may have been formed during the earthquake event that occurred between 
2,400 to 3,000 thousand years ago. 

6.5. Geophysics 

A variety of geophysical data have been collected throughout Dixie Valley and were detailed by 
Blackwell et al. (2005). Negative magnetic anomalies may result from the alteration of magnetic 
minerals along geothermal fluid pathways that intersect mafic-dominated sediments (EGS, 
2014a); negative magnetic anomalies are present near Dixie Meadows and Hyder Springs in 
northern Dixie Valley. A high geothermal gradient in the Study Area suggests a high temperature 
and long-standing geothermal system that has removed a large volume of magnetic minerals 
(EGS, 2014a).   

6.6. Hydrogeology 

Groundwater in Dixie Valley occurs in alluvial aquifers and bedrock fractures. Groundwater is 
most prevalent within the alluvial aquifers, where flow occurs through the pores of 
unconsolidated sediment. The thickness of the alluvium that makes up the basin-fill increases 
towards the center of the valley, reaching depths upward of 8,000 feet below ground surface (ft 
bgs). Shallow groundwater is stored in unconfined, semi-confined, and confined (i.e., artesian) 
aquifers. Artesian aquifers in Dixie Valley are pressurized from recharge occurring in higher 
elevation alluvial fans and mountains. Monitoring well MW-1, completed to a depth of 451 feet, 
is located near the alluvium-playa interface in Dixie Meadows and flows under artesian 
conditions. 

Groundwater flow in consolidated bedrock and in some instances consolidated alluvium is 
controlled by secondary permeability, or faults and fractures. Drill core data from the Study Area 
shows that the alluvium is densely consolidated or cemented at depths as shallow as 100 feet 
(Ormat, 2020, personal communications) in the Dixie Meadows geothermal area, which may be 
associated with heat and mineral deposition. The deep basin-fill in Dixie Valley is expected to be 
indurated, which is a lowering of permeability due to cementation and compaction. These 
materials have little to no remaining primary porosity and, therefore, transmit water primarily 
along fractures and fault zones.  
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Deep groundwater within consolidated rock has been located in several geothermal aquifer 
systems (Benoit, 2011) up to 20,000 ft bgs (Blackwell et al., 2003). The regional groundwater flow 
direction follows the topographic gradient from the surrounding mountains toward the 
Humboldt Salt Marsh, where groundwater levels are near the land surface.  

Geothermal aquifers are present in Dixie Valley in both the alluvium and underlying bedrock. The 
targeted high-temperature geothermal resource at the Dixie Meadows is expected to occur 
within the fractured bedrock (Jurassic shales) at depths ranging from 4,000 to 10,000 ft bgs. This 
geothermal resource is expected to be confined by low-permeability clay, shale, siltstone, and 
clay-altered volcaniclastic rocks.  Alluvial materials overlying the resource are locally clay-altered, 
carbonate cemented, or silicified and behave similar, hydraulically, to consolidated, altered 
volcanic rocks, as fluid movement is predominantly along fractures and faults. In some cases, 
geothermal groundwater migrates upward along permeable fault structures, interpreted to be 
primarily the east-northeast faults at the Dixie Meadows area, and discharging and mixing with 
cooler groundwater in the basin-fill sediments then flowing laterally towards the center of the 
basin in the shallow subsurface (EGS, 2014a; Ormat, 2020, verbal communications; refer to 
Section 6.4).  

Geothermal gradients measured in wells throughout the valley and geochemical and isotopic 
data from shallow wells indicate considerable input of geothermal fluids into shallow alluvial 
aquifers. The main chemical indicators of geothermal water in Dixie Valley identified by 
Huntington et al. (2014) are high concentrations of lithium, boron, and silica. 

7.0 BACKGROUND HYDROLOGIC INFORMATION 
7.1. Existing Monitoring Locations 

Current or recent monitoring site details are summarized in Table 6, locations are shown on 
Figure 14, and photographs of each site are provided in Appendix F. Monitoring to date has been 
focused on field parameters including temperature, height of pooled water, and chemistry for a 
select set of springs in Dixie Meadows, per monitoring requirements under the Final Dixie 
Meadows Geothermal Exploration Project EA (BLM 2011).  Periodically, spring discharge 
measurements using open channel flow measurement techniques have been made to glean 
supplemental information for development of the ARMMP.  The proposed monitoring plan for 
the ARMMP would substantially expand the hydrologic monitoring throughout the Dixie 
Meadows spring complexes, as discussed in Section 9, including monitored parameters, 
frequency, and data collection methods.    

Data collection to date for spring and monitoring well sources have included field parameters 
such as water temperature, conductivity, total dissolved solids, dissolved oxygen, pH, and 
oxidation-reduction potential.  Pooled water depths are measured using staff gages.  Chemistry 
samples have been collected and analyzed for a broad suite of minerals, ionic compounds, stable 
isotopes and geothermal tracers.  
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Ormat sampled well MW-1, and collected field parameters at three springs (NDOWSS-1, USGS-
101, and USGS-301 North) on four occasions between 2011 and 2016 (Ormat, 2012; Ormat, 
2016).  Field parameters were measured at five springs (NDOWSS-1, USGS-101, Spring 2, Spring 
4 and Spring 5A) by Ormat in 2017 associated with flow testing of geothermal test wells (see 
Section 8.4).  Pool stage and water temperature data were measured by Rubicon Environmental 
Consulting from 2015 to 2019 at spring sites USGS-101, Spring 2, NDOW-SS1, USGS-301 North, 
and West Playa Pond.  McGinley has monitored spring locations USGS-101, NDOWSS-1, USGS-
301 North, USGS-301 Salt Cedar, and monitoring well MW-1 on a quarterly basis since August 
2018, for reporting of field parameters and chemistry to the BLM per monitoring requirements 
under the final exploration EA (BLM 2011).  In 2018 and 2019, McGinley also measured field 
parameters and discharges at select spring locations to inform development of the hydrogeologic 
conceptual model (Spring 2, Spring 4, Spring 5A, Spring 5B, Spring 6, Spring 7, Spring 8, Complex 
2 Confluence and the East and West Playa Ponds).  A summary of filed parameter measurements 
can be found in Table 7 and a summary of water chemistry data can be found in Table 8. 

Other entities have occasionally measured spring discharge and chemical parameters of select 
springs in Dixie Meadows, including the USGS (Huntington et al, 2014), and Interflow Hydrology 
(2012).  

7.2. Water Chemistry and Geothermal Indicators 

Water samples are divided into three field-temperature classes based on studies performed by 
Huntington et al. (2014) and Schafer et al. (2005); a water temperature of <68°F is considered 
cold water with low potential of geothermal influence, 68-122°F is considered warm water 
indicating potential geothermal influence, and >122°F is considered hot water that is influenced 
by geothermal water. 

Analytical results for water samples collected in the Study Area are summarized in Table 8 and 
includes geothermal samples taken from wells 23A-8 and 24-8. Major ion concentrations were 
plotted in a Piper diagram, indicating a sodium-potassium-chloride water type for all surface 
water and groundwater samples (Appendix G), which is indicative of geothermal mixing (EGS, 
2014a) and evaporite-rich playa water. Chemistry data were also assessed to determine chemical 
indicators of geochemical end-members (i.e., waters that have a discrete source or evolutionary 
end point). Reported concentrations of potential geothermal indicators (identified by Goff et al., 
2002; Zehner et al., 2006; and EGS, 2014a) versus temperature (water temperature is a key 
geothermal indicator) are discussed below. Plots are included in Appendix G. 

• Concentrations of arsenic were less than the analytical detection limit in 19 of the 34 
collected spring samples. Detectable concentrations of arsenic range from 0.01 to 0.15 
milligrams/liter (mg/L). Overall, samples with the highest reported concentrations of 
arsenic were collected at locations with cool to warm water; concentrations were below 
the analytical detection limit in all but one hot water sample. 
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• Reported boron concentrations are greater than the analytical detection limit in all spring 
samples and range from 0.9 to 2.1 mg/L. Overall, boron concentrations decrease with 
increasing water temperature. 

• Reported fluoride concentrations range from 4.2 to 24 mg/L. Overall, fluoride 
concentrations increase with water temperature; however, the highest reported 
concentration of fluoride is from a cool water sample collected from USGS-301 Salt Cedar. 

• Reported lithium concentrations range from 0.20 to 0.68 mg/L. Overall, lithium 
concentrations increase with temperature.  

• Reported silica concentrations range from 29 to 180 mg/L. A direct correlation exists 
between increasing silica concentrations and increasing temperature, with exception of 
one outlier (180 mg/L in a 78.3°F sample collected from USGS-101). 

• Concentrations of antimony are less than the analytical detection limit in 25 of the 27 
collected samples. 

• There is no observed correlation between water temperature and concentrations of 
bromide or strontium. 

• Overall, concentrations of iron and aluminum are observed to decrease with increasing 
water temperature.  

• With exception to the sample collected at Spring 6, calcium, magnesium, and sodium 
concentrations appear to decrease with increasing water temperature. There is no 
observed correlation between water temperature and other major ion concentrations. 

In summary, relationships between water temperature and constituent concentrations (Table 8) 
suggest that key indicators of geothermal water include high concentrations of silica and low 
concentrations of magnesium. A summary of geochemical indicators of endmembers (i.e., 
evaporite-rich playa water, geothermal brine, fresh groundwater/surface water) and mixing is 
presented as Table 9. 

8.0 CONCEPTUAL HYDROGEOLOGIC MODEL 
McGinley developed a conceptual hydrogeologic model of the Study Area based on available data 
obtained from field research, information assimilated during a literature review, and generally 
accepted principles of groundwater and surface water flow in the Basin and Range Province. 

8.1. Hydrogeologic Conditions 

A geologic map of the Study Area is provided as Figure 15, and a hydrogeologic cross section 
through the Study Area is provided as Figure 16. The alignment of the cross section is indicated 
on Figure 15. 

The Dixie Meadows are a spring-supported riparian and meadow area situated between the toe 
of the alluvial fan from the Stillwater Range and an extensive playa that occupies the Dixie Valley 
floor. As indicated in Section 5.2, 117 springs and seeps were identified within the Study Area, 
many of which are clustered in spring complexes. Monitored discharge points and spring-
supported streams are included on Figure 14. Springs that discharge from the higher and 
intermediate elevations flow to the meadow area. During some times of the year when 
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evaporation and plant transpiration are low, spring discharge water reaches and collects in pools 
at the playa edge, approximately 0.5-mile from the meadows, notably in the topographic 
depressions (suspected seismic-liquefaction features) that constitute the playa ponds to the east 
of Spring Complex 2.  

Groundwater in the vicinity of Dixie Meadows can be characterized into two main aquifer types: 
an alluvial aquifer with shallower, mixed thermal and non-thermal groundwater, and a deeper, 
locally thermal, bedrock aquifer (Karst, 1987). Groundwater in the alluvial aquifer exists primarily 
under confined aquifer conditions, and the shallowest groundwater is unconfined. Localized 
semi-confined to confined conditions exist due to interfingering and laterally discontinuous 
layers of thin permeable layers of sand or gravel (unconsolidated alluvium) separated by thicker, 
low-permeability confining layers of silt and clay (lacustrine deposits) (BLM, 2017a). These 
conditions are represented at MW-1, which exhibits artesian flowing conditions. The upper 
boundary of the confined aquifer is defined by the extent of confining clay layers, which vary in 
depth, thickness, and lateral extent.   

The uppermost shallow groundwater in Dixie Meadows occurs as an unconfined water table, 
which is locally recharged by infiltration of spring discharge and upward vertical gradients from 
underlying confined aquifers. The shallow water table aquifer supports riparian and 
phreatophyte vegetation, with roots that tap into the shallow groundwater. The depth to the 
water is interpreted to be shallow, within 10 feet of land surface in the meadow areas and within 
30-40 feet in the surrounding phreatophyte shrub areas.    

Quaternary lacustrine sediment deposits are composed mostly of clay and minor silt and have an 
estimated hydraulic conductivity of 6.5 x 10-4 ft/day (Huntington, et al, 2014). As indicated in 
Table 1 and Appendix A, lithology logs for wells to the east of Dixie Meadows (Wells 109435, 
109491, 108770, 108771, 109574) suggest that lacustrine deposits extend to at least 50 ft bgs to 
the southeast of the Study Area. Deeper geothermal well logs document that lacustrine deposits 
extend to a depth of approximately 1,450 ft bgs near the west-central edge of the Dixie Valley 
playa and to greater depths towards the center of the playa (Huntington et al., 2014).  

The playa is the terminal boundary to the easterly flow of groundwater from the Stillwater Range 
to the Dixie Meadows and valley floor. The Stillwater Range is a regional groundwater flow divide 
that acts as the hydrographic boundary to the west. The playa deposits limit groundwater flow 
due to their low permeability and the high density of saline groundwater (brine) that is contained 
within the playa deposits (Huntington et al., 2014). A steep gradient of groundwater salinity 
concentrations beneath at the edges of the playa has the potential to produce density-driven 
convection cells, which may force fresh (i.e., low-density) basin-fill groundwater upward, forming 
perched shallow freshwater aquifers (Fan et al., 1997).  

Total groundwater discharge from the entire 35,825-acre playa in Dixie Valley is estimated at 
1,800 af/yr (Garcia et al, 2014) and from the Humboldt Salt Marsh brine area is estimated to be 
0-100 af/yr, both being a small component of the overall basin groundwater budget of 23,000 
af/yr. Most fresh groundwater derived from precipitation in watershed discharges along the 
playa edge in a zone where the depth to groundwater becomes shallow, and groundwater is 
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consumed by phreatophyte vegetation.  Delineation and characterization of the phreatophyte 
area surrounding the playa is presented in Garcia et al. (2014).   

In areas of the valley floor where playa sediments and other fine-grained, consolidated units are 
not present, generally, an unconfined aquifer exists within Quaternary alluvial sediments. The 
upper boundary of the unconfined alluvial aquifer is defined by the groundwater table. Basin-fill 
alluvium consists of unconsolidated deposits of silt, sand, gravel, cobbles, and boulders in the 
alluvial fans and interbedded clay, silt, sand, and gravel in basin lowlands (Huntington et al., 
2014). The main control on groundwater movement in the shallow unconsolidated sediments is 
the hydraulic conductivity and potentiometric gradient. Hydraulic conductivity of the 
unconsolidated alluvial deposits tends to decrease from the mountain front to the center of the 
basin as grain size reduces, with values ranging from approximately 2.2x103 ft/day to 2x10-4 
ft/day (Huntington et al., 2014). The bottom of this unconsolidated layer is poorly defined, but in 
the Study Area, the alluvium becomes consolidated, densely compacted (potentially cemented), 
and/or hydrothermally altered to clay materials at relatively shallow depth (approximately 100 
feet) in some locations. This consolidated alluvium may have fracture permeability and hydraulic 
behavior similar to the underlying tuffaceous volcanic rocks. The alluvium thickness increases 
from the Stillwater Range towards the center of the valley, with a thickness of approximately 
3,400 ft bgs in the vicinity of core holes 24-8RD2, 23-8, and 23A-8 and 4,900 ft bgs at 42-9RD 
(Figure 16).  The alluvium in these holes is reported to have virtually no primary permeability, 
and fluid flow is along fractures and fault zones predominantly. In general, the consolidated 
alluvium acts as a cap to the deeper, hotter geothermal system, although some hot fluid locally 
migrates upward through fractures and into the very shallow unconsolidated alluvium. From 
there, the water migrates laterally, mixes with shallow cold groundwater, and eventually 
discharges at the springs or is consumed by phreatophyte vegetation, with a small amount of 
bare-soil/playa evaporation. 

Groundwater movement in the consolidated aquifer (consolidated alluvium and bedrock) is 
controlled by secondary porosity from open spaces along faults and fractures. Constrained, 
inferred, and concealed faults within the Study Area are illustrated on Figure 15. The degree of 
faulting and fracturing typically decreases with depth; therefore, permeability of the bedrock 
aquifer at Dixie Meadows may decrease with depth. While the depth to bedrock varies in Dixie 
Meadows, based on exploration drilling, there is at least 3,100 feet of consolidated, low-
permeability alluvium above the geothermal reservoir in the Study Area.  

The geothermal reservoir is expected to be in fractured pre-tertiary bedrock along the DVFZ. As 
noted in Section 6.3 above, the DVFZ consists of a northeast-trending range-front fault zone that 
extends along much of the base of the Stillwater Range, a Piedmont Fault, and several younger 
faults in Dixie Meadows that vary in strike from northeast to southeast. The Dixie Meadows 
geothermal field is located at this zone of structural complexity. At Dixie Valley geothermal plant, 
the conceptual geologic model assumes the northeast-trending faults exhibit normal slip and the 
northwest-trending faults exhibit strike-slip motion (EGS, 2014a). This stress regime produces a 
dilatational zone within Dixie Meadows, which is conducive to the upward transmission of 
geothermal fluid (Faulds et al., 2011). As discussed in Section 6.3, geologically recent seismic 
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events resulted in seismically induced liquefaction in a shallow zone of lateral spreading 
beginning at the scarp immediately west of the Dixie Meadows springs. This spreading resulted 
in a down-gradient zone of compression and soft-sediment deformation near the edge of the 
playa (Wesnousky et. al, 2003). The location of the zone of extension and compression relative 
to thermal springs in Dixie Meadows is indicated on Figure 16. It is uncertain if the fault 
responsible for these features surfaces along the scarp or is located near the eastern extent of 
the wetlands.  

Based on this stress regime, existing hydrologic data, and spatial trends of gravity anomalies, 
thermal gradients, and magnetic lows (Ormat, 2019), the east-northeast trending structures of 
Dixie Meadows are largely responsible for the main permeability encountered in the system and 
are likely the conduits for geothermal fluids entering the Dixie Meadows hydrologic domain. The 
discharge of geothermal water from these east-northeast trending structures does not preclude 
the discharge of geothermal water from the same reservoir up other faults within the DVFZ, 
namely the range-front and piedmont faults; however, the piedmont fault does not appear to 
contribute geothermal fluid to the shallow thermal regime (EGS, 2014a), making it an unlikely 
source of geothermal fluid to the Dixie Meadows area.  

Geochemical and stable isotope data suggest that there is not a direct hydraulic connection 
between the geothermal reservoir and the springs, but rather, geothermal fluid migrates upward 
through permeable segments of the east-northeast trending faults and reaches the shallow 
basin-fill alluvium, where it then mixes with alluvial groundwaters and migrates laterally to the 
east and down-gradient toward Dixie Meadows.  Temperature data from exploration drilling has 
identified this shallow lateral flow path at relatively shallow depths below approximately 170 ft.   

The majority of the shallow mixed geothermal flow is eventually lost to evapotranspiration within 
and near the Dixie Meadows, with a portion discharging to the surface as hot and warm springs. 
Younger subsidiary faults related to expansion and compression of the shallow sediments near 
the playa edge produce both higher permeability conduits (expansion zone) and partial barriers 
to lateral flow (compression zone) of shallow groundwater. All significant springs in the Dixie 
Meadows up-well in the zone of expansion, with the hottest springs situated on the west side of 
the expansion zone and immediately down-gradient of an apparent piedmont fault scrap.  Of 
note, the apparent piedmont fault may be a shallow listric fault rather than a deep-rooted normal 
fault, as there has been no evidence of a deep piedmont fault at this location in geothermal 
exploration drilling that crosses the hypothetical fault plane (Ormat, 2020, verbal 
communications).    

Because the springs in Dixie Meadows are situated on an active fault/scarp zone, changes in the 
occurrence and magnitudes of discharge are likely to have occurred in geologically recent times, 
associated with earthquake events. As reviewed in Section 6.4, limited tufa or sinter deposition 
at the Dixie Meadows springs may suggest a relatively young age for the Dixie Meadows springs, 
or perhaps very little flow during the Pleistocene when the Dixie Meadows area was submerged 
by Pleistocene Lake Dixie. 
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8.2. Hydrologic Budget 

The hydrologic budget is the summation of the inflows and outflows of water from the hydrologic 
domain of the Study Area, including both groundwater and surface water. The extent of the 
hydrologic domain is defined by the watershed tributary to Dixie Meadows, which is shown on 
Figure 17. The Study Area hydrologic system is assumed to be in a state of dynamic equilibrium, 
with changes in groundwater storage (and groundwater levels) due only to short-term 
variabilities in climate. If pumping and injection occur for geothermal production, then a transient 
condition would be introduced and the change in storage in the aquifer may occur, adding or 
changing components in the water balance. However, the geothermal pumping and injection are 
intended to be balanced in magnitude.    

Assuming steady-state (equilibrium) conditions within the Study Area, total inflows equal total 
outflows, and the steady-state hydrologic budget can be expressed as: 

∑ Inflows – ∑ Outflows = ΔS (ΔS is equal to zero, no change in Storage), 

with components as follows: 

[P + SWIN + QIN] - [ET + E + SWOUT + QOUT] = 0, 

where, 

P is precipitation falling directly on the Study Area,  

SWIN is surface water inflow to the Study Area,  

QIN is subsurface inflow to the Study Area,  

ET is evapotranspiration by vegetation within the Study Area, 

E is open water and bare-soil evaporation in the Study Area,  

SWOUT is surface water discharging from the Study Area,  

QOUT is subsurface outflow from the Study Area. 

Each of these variables is discussed in the following subsections, and the estimated inputs and 
outputs are summarized in Table 10. Variables that represent an exchange of flow between 
surface and groundwater within the Study Area (i.e., spring discharge - QS) are internal to the 
water budget and are fully accounted for in other components (principally E and ET); therefore, 
they are not included in the water budget equation. However, spring discharges are important 
to the understanding of the flow system and Dixie Meadows ecology and will  be expanded upon 
in this report section.  

8.2.1. Precipitation (P)  

In the tributary watershed to the Study Area (Figure 17), precipitation increases with elevation. 
Precipitation recorded on the Dixie Valley playa at two micrometeorological stations in water 
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years (WY) 2009-2011 indicates average annual precipitation of 5.0 to 5.3 inches (Garcia et al, 
2014). Direct precipitation falling on the Study Area is assumed to be approximately 5 inches (0.4 
ft) in an average year, amounting to approximately 1,800 af/yr. This precipitation occurs 
predominately in the November to May timeframe. Generally, direct precipitation infiltrates soils 
and is consumed (returned to the atmosphere) by evaporation from bare soils or vegetation 
transpiration.  After high-intensity storm events, direct precipitation along with run-on supports 
accumulation of water in the playa ponds.  

8.2.2. Mountain-Block Runoff (SWIN) 

Estimates of mountain-block runoff within the Dixie Meadows watershed during an average year 
and storm events are provided in a technical memorandum prepared by McGinley (2020a). In 
summary, the average annual runoff tributary to the Dixie Meadows is estimated at 
approximately 20 af/yr, with 2-year and 5-year flood discharge of approximately 30 and 340 acre-
feet, respectively. The presence of surface water runoff to Dixie Meadows is sporadic and may 
not be present in dry years.   

8.2.3. Groundwater Inflow/Recharge (QIN) 

Subsurface inflow to the Study Area is derived from precipitation falling on the tributary 
mountain block and alluvial fan and the resultant groundwater recharge. Estimates of recharge 
can be made using relationships between precipitation magnitudes, topographic elevations of 
the mountain range, and empirical relationships. The Maxey-Eakin (Eakin et al., 1951) method 
was developed to estimated recharge on a basin scale and has been applied throughout Nevada. 
The Maxey-Eakin method produces 6,000 af/yr of estimated recharge to Dixie Valley (Cohen and 
Everett, 1963). A modified version of the method using more modern precipitation-altitude 
relationships produces 11,600 af/yr of recharge for Dixie Valley (Harrill and Hines, 1995).  On the 
smaller watershed scale, the method of Harrill and Hines (1995) produces approximately 270 
af/yr for Dixie Meadows, which represents groundwater inflow from recharge on the tributary 
mountain block and alluvial fan. It should be noted that the Maxey-Eakin method was not 
specifically developed for smaller watershed-scale estimates, and the magnitude of error by 
using the method on a watershed-scale is unknown.   

It is also likely that the deep geothermal groundwater inflow to the Study Area is occurring from 
a broader tributary area along the Dixie Valley Fault Zone and Stillwater Range. The magnitude 
of geothermal inflow from outside the watershed has not been documented but could be in the 
order of hundreds of acre-feet per year. A preliminary estimate of geothermal inflow is calculated 
by difference in the water balance. In order for the estimated inflows to equal the estimated 
outflows, a value of geothermal groundwater inflow of 770 af/yr is required.   

8.2.4. Evapotranspiration (ET) 

Evapotranspiration is a primary mechanism for water discharge from the hydrologic system.  
Evapotranspiration occurs via plants that intercept soil moisture and surface-water infiltration 
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(i.e., xerophytes) and plants that derive water in part from the saturated zone (i.e., 
phreatophytes).  

Phreatophytes in the Study Area comprise much of the vegetation, including the riparian and 
meadow areas at the springs and the surrounding greasewood and rabbitbrush shrub vegetation. 
These plants, in part, consume precipitation falling directly on the Study Area but also consume 
groundwater during the summer season when the soil moisture has been depleted. The ET of 
phreatophytes in Dixie Valley has been extensively studied by Garcia et al. (2014).  

Within the Study Area, there are approximately 350 acres of grassland vegetation, as delineated 
by Garcia et al. (2014). The mean annual groundwater ET (ETGW) rate for grasslands of Dixie 
Valley is 1.7 ft/yr (Garcia et al., 2014), equaling an average annual ETGW of 600 af/yr. As stated 
previously, the primary source of water to meadow and riparian areas, which make up a 
significant portion of the grasslands, is spring discharge. The remainder of the vegetation in the 
Study area is within the phreatophyte shrub vegetation area delineated by Garcia et al. (2014), 
occupying approximately 1,800 acres, 40 percent of which is considered sparse shrubland and 60 
percent of which is moderate to dense shrubland. Applying an average ETGW rate of 0.1 ft/yr to 
sparse shrubland and 0.3 ft/yr to moderate to dense shrubland (Garcia et al., 2014), 
approximately 400 af/yr of groundwater is consumed by phreatophyte vegetation outside the 
meadow areas within the Study Area.  

The total ET of groundwater and spring discharge (ETGW), above direct precipitation falling on 
the Study Area, is approximately 1,000 af/yr. ET of precipitation by xerophytes, phreatophytes, 
and evaporation from bare soils is estimated to be approximately equal to the average annual 
direct precipitation falling on the Study Area, or approximately 1,800 af/yr.  Total ET from the 
Study Area is estimated to be 2,800 af/yr.   

8.2.5. Evaporation (E) 

Evaporation occurs in the Study Area from open water and from bare soils.  The bare-soils 
evaporation is incorporated in the ET values above.   

Surface water in the Study Area flows towards the edge of the playa, seasonally contributing to 
two intermittent “playa” ponds (eastern pond and western pond). During the winter when ET is 
very low, spring discharge from Dixie Meadows has been observed to reach the ponds and the 
edge of the main playa. 

The NDWR shallow open-water annual evaporation rate for Dixie Valley is 4.9 feet/year. The net 
evaporation rate is 4.3 feet/year after offsetting direct precipitation. But since the “playa” ponds 
dry out each summer, the total annual evaporation from the ponds is assumed to be less than 
this rate and may be correlated with the pond depths and volume of water held. Using Lidar land 
surface topography data for the site, the east pond has an area of 4.7 acres, a maximum depth 
of 1.5 ft, and a volume of approximately 3.7 acre-feet. The west pond has an area of 11.3 acres, 
maximum depth of 2.0 ft, and an approximate volume of 10.9 acre-feet. The total estimated 
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open-water evaporation from the ponds after accounting for direct precipitation is 
approximately 15 af/yr. 

8.2.6. Spring Discharge (QS) and Surface Water Outflow (SWOUT) 

Spring discharge represents groundwater discharge within the Study Area that feeds other water 
budget components, principally E and ET. Spring discharge rates at measured locations ranged 
from 15 to 146 gpm in May 2019, as summarized in Table 11 at locations shown in Figure 14. The 
total discharge for Dixie Meadows is estimated to be between 400 and 700 gpm (Interflow, 2012). 
This equates to 645 to 1130 af/yr and equals a large portion of the total water budget outflow 
for the Study Area. A mid-range value of approximately 900 af/yr is assumed, which then 
becomes discharge by ET from vegetation and evaporation from the terminal “playa” ponds 
(spring discharge is accounted for by ET and evaporation in water balance calculations). During 
winter months, when evaporation rates are reduced, some of the runoff infiltrates back to the 
shallow water table becoming secondary recharge, and some runs off to the playa ponds or the 
Dixie Valley playa. The amount that runs off from Complex 2 is preliminarily estimated to be at 
least 25-50 af/yr (sufficient to fill the playa ponds in the winter). Small drainages and pools can 
be observed at the playa edge below the primary spring groups, but the extent of the pools is 
small, suggesting the that unconsumed or infiltrated winter runoff from the springs to the playa 
is relatively small. Surface water runoff to the main Dixie Valley playa is assumed to be about 5% 
of the total spring discharge, or approximately 45 af/yr.   

8.2.7. Subsurface Outflow (QOUT)  

The hydraulics of groundwater flow near the playa edge are examined in Huntington et al. (2014).  
Low hydraulic conductivity of playa sediments and high density of saline groundwater contained 
in the playa “aquifer” cause the fresh groundwater (both mountain-block recharge and 
geothermal) to migrate upwards and discharge at the playa periphery, with minimal subsurface 
outflow into the playa sediments. For purposes of the water balance, it is assumed the subsurface 
outflow from the Study Area to the Dixie Valley playa is effectively zero.  

8.2.8. Water Balance Summary 

Inflows to the Study Area include direct precipitation, mountain-block runoff, recharge derived 
from tributary watershed precipitation and entering as subsurface inflow, and geothermal inflow 
that may have a larger contributing area. During years of average precipitation, surface water 
runoff into and out of the Study Area is small, though, runoff is significant after infrequent storm 
events and during years of higher-than-average precipitation. Direct precipitation falling on the 
Study Area is assumed to be fully consumed by vegetation or evaporation and does not 
contribute significantly to recharge of groundwater.  

Discharge of water from the Study Area is primarily by evapotranspiration from plants, in 
particular by riparian, meadow, and phreatophyte vegetation that consumes spring discharge 
and groundwater inflow to the Study Area. Total ET is estimated at 2,800 af/yr.  
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Evaporation of spring discharge and runoff that collects in the ephemeral playa ponds comprises 
about 15 af/yr. Surface water and spring discharge runoff to the playa is assumed to be low, 
estimated at 45 af/yr. Subsurface outflow to the playa is assumed to be negligible, due to the low 
hydraulic conductivity of the playa sediments and the high density of playa groundwater (brine), 
which in effect prevents inflow of the fresh groundwater.  

Total discharge is estimated at 2,860 af/yr, which is assumed to be in balance with the total water 
inflow to the Dixie Meadows area. Groundwater inflow to the deep geothermal aquifer that is 
derived from outside the local watershed is computed by difference in the water budget to be 
approximately 770 af/yr.   

8.3. Groundwater Flow Paths 

Flow directions in the Study Area are controlled by gradients in hydraulic head including those 
created by differences in temperature and water density. Summaries of groundwater elevations 
and spring water elevations are provided in Tables 1 and 6, respectively. At wells where the static 
groundwater level is below ground surface, the groundwater elevations are calculated by 
subtracting the depth to water from the land surface elevation. Artesian flowing conditions (i.e., 
where the potentiometric surface is above ground surface) occur at well locations where 
confined aquifer conditions are present. To determine the potentiometric head at these 
locations, recorded gauge pressures at the well head were converted to hydraulic head using the 
equation:  

h = 2.31 x P/ρ 

where h equals head in feet, P equals pressure in psi units, and ρ equals density. The calculated 
hydraulic head was then added to the approximate elevation of the top of the well casing to 
determine groundwater potentiometric elevation. Spring stage elevations are set to approximate 
land surface elevation at the spring orifice, although the true potentiometric head is greater than 
land surface.  

As indicated in Table 1, groundwater elevations in bedrock wells 23-8 (3,724.8 ft amsl) and 
42(12)-9 (3,662.1 ft amsl) exceed groundwater elevations in all playa and alluvium wells. This 
suggests an upward hydraulic gradient and that the bedrock aquifer is under confined conditions, 
which is supported by artesian flowing conditions.  

Figure 18A shows groundwater elevations in bedrock wells, deep and shallow alluvium wells, and 
springs. Figure 18B illustrates the potentiometric surface of the shallow aquifer, including water 
elevations in alluvium, playa, and spring locations.  Water elevations decrease to the east overall, 
which is consistent with the regional flow direction toward the Dixie Valley playa.  

Water densities were determined using a water density calculator (McCutcheon et al., 1993), 
which takes into consideration water temperature and salinity. A summary of water densities is 
provided as Table 12. Overall, the lowest water densities are at hot spring locations due to high 
temperatures and low total dissolved solids (TDS) concentrations. Cool to warm temperature 
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springs and groundwater are characterized by relatively greater TDS concentrations and 
densities. Water at the western pond, eastern pond, and MW-1 have relatively high densities as 
a result of high salinity. TDS concentrations of 184,000 to 310,000 mg/L have been measured in 
shallow playa groundwater (Huntington et al., 2014). As examined in Huntington et al. (2014), 
the sharp density contrast between fresh basin-fill water and playa groundwater may force the 
basin-fill groundwater upward. Very little mixing is expected to occur at this density-interface. 

8.4. Flow and Injection Testing  

Ormat performed a flow and injection test from April 27 to June 11, 2017. Locations of test wells, 
observation wells, springs, and faults are shown in Figure 15.  Plots of production rates over time 
and injection rates over time are provided in Appendix H.  

Water was flowed from Well 23A-8, with discharge rates decreasing over time from 
approximately 2,075 to 1,600 gpm. Production Well 23A-8 was drilled through densely 
compacted and cemented alluvial materials extending to 3,400 ft bgs and is completed in Triassic 
slate and siltstone in the footwall of the range-front fault at 4,733 ft bgs. Permeable fractures 
associated with an east-northeast-striking fault zone were recorded in 23A-8 at depths of 
approximately 4,580 and 4,640 ft bgs (Ormat Fault Model, 2017). 

Discharge water was reinjected at Wells 24-8 and 75-4, which are completed in mineralized and 
fractured alluvium at depths 3,060 ft bgs and 2,493 ft bgs, respectively (Table 1). Injection rates 
decreased over time at Well 24-8 from approximately 2,500 to 1,300 gpm, while the injection 
rate was relatively constant at Well 75-4 at an average of 165 gpm. 

Observation wells 23-8, 24A-8, 42-9, 86-7, and 22-8B were monitored for hydraulic head 
responses during testing activities to determine the degree of hydraulic connectivity between 
bedrock and alluvial aquifers and qualitatively assess fault permeabilities. Plots of pressure head 
versus time are also included in Appendix H and a summary of hydraulic responses are 
summarized in Table 13. 

Observation wells 86-7 and 22-8B are completed in densely compacted and cemented alluvium. 
Decreases in pressure head in wells 86-7 and 22-8B during the flow test indicate a hydraulic and 
structural interconnection between the Pre-Tertiary bedrock and consolidated alluvium. The 
response observed at 86-7 suggests that the range-front fault and east-northeast trending faults 
between 86-7 and 23A-8 are permeable. With limited antecedent data at well 24A-8, it is unclear 
whether the reduction in pressure head at this observation well was a response to the flow test. 

Well 42-9 exhibited the greatest reduction in absolute pressure during the flow test, decreasing 
from 118.4 to 104.95 psi. Well 42-9 is separated from test well 23A-8 by the regional range-front 
Dixie Valley and Piedmont faults and associated intra-basin faults; the hydraulic response 
observed at 42-9 suggests that these structures have permeability across the fault plane. 

Select spring locations were monitored for temperature, electrical conductivity (EC), and spring 
pool stage during flow testing activities to further assess the degree of hydraulic connectivity 
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between groundwater and associated surface water expressions. Monitoring locations are shown 
in Figure 14.  At USGS-101, temperature and EC remained relatively constant over time, while 
water depth reduced slightly from early June to the end of August, which is likely due to 
decreased precipitation and increased evaporation during the summer months. Increased water 
temperature at Spring 2 during testing is attributed to increased ambient temperature during the 
summer months, while increased EC is attributed to enhanced evapotranspiration from elevated 
temperatures and increased vegetation cover during the monitoring period. Temperature and 
water level increases recorded in August 2017 at NDOWSS-1 are likely a response to the cessation 
of flow testing activities. At Spring 4, temperature and EC remained relatively constant during 
the monitoring period. Temperature, water levels, and EC appeared to be constant over time at 
Spring 5A. 

Return curves of tracers 2-ns and 2,6-nds—which were injected into Wells 24-8 and 75-4, 
respectively, during flow/injection testing operations—are included in Appendix H. Tracer 2-ns 
injected into Well 24-8 was injected into compacted/cemented alluvial materials up to 3,060 ft 
bgs. Tracer 2,6-nds was injected into 75-4, a well completed in both dense compacted/cemented 
alluvium up to 2,493 ft bgs and granodiorite and gabbro to 5,000 ft bgs.  

A valid tracer response typically maintains at measurable concentrations for a period of time that 
depends on the amount and duration of tracer injected and the hydrogeologic conditions. The 
observed 2-ns returns at Production Well 23A-8 indicate some injection fluid return to production 
due to a hydraulic connection between the alluvium and bedrock, which may have been induced 
during flow testing activities. Return curves of both 2-ns and 2,6-nds concentrations at Spring 2 
from May 26 to June 3 are likely the result of contamination during sampling or in the laboratory.  

In summary, it appears that there is a hydraulic connection between the bedrock and alluvium in 
the Dixie Meadows area, and that many faults and fractures in the Dixie Meadows area, including 
the regional Dixie Valley and Piedmont faults do not function as horizontal barriers to 
groundwater flow. An increase in temperature at spring NDOWSS-1 at the end of the flow test 
illustrates the connection between the bedrock aquifer and surface water expressions of Spring 
Complex 2.  Existing tracer results cannot be used to make any conclusive determination of 
hydraulic properties or connections between aquifers and surface water expressions, however 
changes to hydrologic conditions at some of the springs during production may be expected. 

8.5. Water Source Chemical Characterization and Mixing 

8.5.1. Spring Locations 

8.5.1.1 Temperature 

Water temperature is one indicator of potential geothermal input at seeps and springs. A 
summary of historical water temperatures at existing monitoring locations is presented in Table 
7. Springs with the highest water temperatures in Dixie Meadows are within Spring Complex 2, 
indicating significant geothermal input in this area. Overall, water temperature decreases to the 
north, east, and south of this location (Figure 19A and 19B). As stated in Section 6, Spring Complex 
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2 is found along strike of east-northeast trending faults that are believed to act as conduits for 
geothermal water. The geothermal water loses heat over time as it migrates through the shallow 
alluvium and/or mixes with cool basin-fill groundwater before reaching controlling faults that are 
barriers to lateral shallow groundwater flow and cause groundwater to discharge to the ground 
surface; this increase in travel time and potential mixing with cool groundwater may explain the 
spatial trend of decreasing spring water temperatures moving away from Spring Complex 2.  

8.5.1.2 Chemistry 

Results of previous water geochemistry studies in Dixie Valley (EGS, 2014a; Huntington et al., 
2014; Benoit, 2011) suggest that multiple geothermal systems exist in Dixie Valley and that each 
system is geochemically unique with groundwater chemistry evolving along distinct flow paths 
with varying rock types. A summary of water chemistry data for samples collected in Dixie 
Meadows since August 2018 is provided in Table 8. Relatively constant ratios of conservative 
chemical elements and ionic compounds, such as boron-to-chloride and lithium-to-chloride, in 
the spring samples collected in Dixie Meadows suggest that the fluids are derived from a common 
regional geothermal resource and that they interact with similar lithologies along their flow 
paths. 

As discussed in Section 7.2, concentrations of silica and magnesium, and water temperature, are 
key indicators of geothermal fluid and can be used to determine the degree of mixing between 
geothermal and other water sources, including meteoric and basin-fill groundwater. Samples 
collected from hot springs in Dixie Meadows have high concentrations of silica and low 
concentrations of magnesium, while samples from cool to warm springs have lower 
concentrations of silica and elevated magnesium (Appendix G).  

Lithium concentrations have been useful in determining geothermal-fresh water mixing ratios at 
other geothermal sites; however, elevated lithium concentrations in Dixie Meadows may result 
from mixing with geothermal waters or evaporite-rich waters from playa deposits. Due to this 
fact, it is difficult to make mixing interpretations based on lithium concentrations alone; however, 
assuming linear mixing, Huntington et al. (2014) concluded that 27 of 51 sampled basin-fill wells 
and springs in Dixie Valley have an average mixing of 13 percent, reaching up to 46 percent, and 
that, overall, mixing increases with water temperature. 

Relative mixing interpretations can be made by comparing lithium, magnesium, and silica 
concentrations. Hot spring water in the Study Area is represented by low magnesium-to-lithium 
molar ratios and high silica concentrations, while cooler waters have higher magnesium-to-
lithium molar ratios and lower silica concentrations (Appendix G). This corroborates the 
interpretation made by Huntington et al. (2014) that warm and hot springs in Dixie Valley (and in 
this case, Dixie Meadows) experience greater percentages of geothermal mixing.  

8.5.1.3 Stable Isotopes 

Stable isotopic signatures of oxygen-18 and deuterium can be used to characterize surface water 
and groundwater and assess possible sources. The mean oxygen-18 and deuterium signatures 
for samples collected from springs and seeps for this study were -15.8 and -125.8 per mil, 
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respectively. These signatures are 0.3 and 7.9 per mil lighter (more negative) in oxygen-18 and 
deuterium, respectively, than winter mountain-block precipitation signatures reported by 
Huntington et al. (2014), which may indicate that spring water in Dixie Meadows was recharged 
under cold climate conditions (Rademacher et al., 2002).  

Huntington et al. (2014) developed a local meteoric water line (LMWL) using signatures of 
oxygen-18 and deuterium from mountain-block and valley-floor precipitation samples collected 
by Interflow Hydrology and USGS personnel from May 2009 to May 2011. Isotopic signatures of 
water samples collected from cool, warm, and hot springs from the valley floor were plotted 
against the LMWL to provide insight on the extent of geothermal water mixing (Appendix G). All 
spring samples collected run parallel to the LMWL but are more enriched (approximately 1 per 
mil more positive) in oxygen-18 relative to equal deuterium values on the LMWL. The observed 
positive shift in oxygen-18 signatures of spring water from the LMWL likely indicates input of 
geothermal fluid. Oxygen-18 becomes enriched in geothermal groundwater due to isotopic 
exchange when groundwater interacts with minerals containing oxygen, such as quartz and 
calcite (Clark and Fritz, 1997). This isotopic shift has been observed in a previous study by 
Huntington et al. (2014), who found that geothermal samples and non-geothermal samples had 
similar deuterium values, but geothermal samples were enriched in oxygen-18.  

8.5.2. Western and Eastern Playa Ponds 

The extent of the local watershed that may contribute to the western and eastern playas is shown 
on Figure 20. Surface water runoff and outflow in adjacent watersheds contribute to surface 
water of the Dixie Meadows area (see Figure 17 for extent of Dixie Meadows watershed); 
however, runoff from these adjacent areas is not believed to contribute to the playa ponds. Field 
observations and a review of Landsat imagery suggest that the playas typically begin collecting 
water by October or November; the western playa collects water first because of its proximity to 
the drainage channels of Spring Complex 2. Water discharging from the spring complex continues 
migrating to the east as sheet flow, with a portion infiltrating and returning water to the shallow 
water Table aquifer and a portion reaching the playa ponds. During the warmer summer months, 
all spring discharge is consumed by ET, and there is no excess flow to the playa ponds. During the 
cooler winter months, there is little to no ET, and the spring discharge provides a source of water 
to the playa ponds. Occasional storm events produce runoff that contributes significant water to 
the Study Area and the playa ponds; however, these events are sporadic (McGinley, 2020).  

Water of the western and eastern ponds is characterized by a sodium-potassium-chloride water 
type (Appendix G) and high concentrations of total dissolved solids and lithium due to the 
dissolution of playa salts and evapo-concentration during evaporation. Water of the playas is 
enriched in oxygen-18 and deuterium as a result of evaporation (Appendix G). 

8.5.3. Alluvial Groundwater Samples 

MW-1 is located at the southwestern edge of the Humboldt Salt Marsh, and the lithology log 
indicates that it was drilled through a mixture of lacustrine (playa) and basin-fill deposits and is 
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representative of the shallow basin-fill groundwater with little to no mixing with geothermal 
fluid.  

Groundwater chemistry at MW-1 (Table 8) is more consistent with playa water quality than basin-
fill chemistry described by Huntington et al. (2014). Elevated concentrations of lithium at MW-1 
are likely the result of the dissolution of playa salts, rather than input of geothermal fluid. This is 
supported by the relatively high concentrations of total dissolved solids, ranging from 2,700 mg/L 
to 3,100 mg/L, in samples collected at MW-1 from August 2018 to May 2019.  

Temperatures of discharge water from MW-1 were relatively constant from August 2018 to May 
2019, ranging from 71.3 to 73.5°F, indicating that the groundwater is not impacted significantly 
by ambient temperature fluctuations. 

In August 2018, oxygen-18 and deuterium values were -16.2 and -129, respectively. In May 2019, 
values were -16.1 and -128, respectively. These are some of the lightest (most negative) values 
of oxygen-18 and deuterium recorded in all samples collected for this study and plot relatively 
close to the LMWL (Appendix G). This suggests that the groundwater in the vicinity of MW-1 was 
recharged under cooler climate conditions and has not been impacted significantly by 
geothermal fluids. 

8.6. Summary 

A conceptual hydrogeologic model has been constructed to represent the groundwater flow 
system in Dixie Meadows, Churchill County, Nevada and to aid in development of a monitoring 
program to establish background hydrologic conditions and determine potential hydrologic 
impacts caused by future geothermal exploration and development. There are two main aquifers 
identified in the Dixie Meadows area: a shallow unconsolidated alluvial aquifer and a deeper 
aquifer consisting of consolidated and chemically altered alluvium and bedrock. High-
temperature geothermal fluid has an origin in the deep bedrock aquifer. Hydrologic, 
geochemical, and geophysical data indicate that some of the geothermal fluid migrates upward 
through east-northeast trending fault structures discharging out into the shallow, unconsolidated 
alluvial basin-fill. The mixed groundwater then moves laterally through basin-fill deposits towards 
the Dixie Valley playa and discharges as springs along fault discontinuities in the alluvium. The 
degree of geothermal mixing appears to increase with increasing spring temperature. The 
majority of this water is then lost to evapotranspiration and evaporation.  

Groundwater movement in unconsolidated sediments is controlled by hydraulic conductivity of 
the materials, which tends to have a horizontal preference, while groundwater in consolidated 
bedrock is controlled by structures; geothermal fluid has a vertical flow preference along the 
plane of the fault. Results of flow test data suggest that faults in Dixie Meadows have varying 
degree of permeability and influence on the flow system and that there is a hydraulic connection 
between the bedrock and alluvial aquifers. Flow directions are determined by the local hydraulic 
gradient, which follows topography, but are also governed by potentiometric gradients caused 
by temperature differences (hotter water has a lower density than cool water) and TDS 
concentrations (high TDS water has a higher density than low TDS).  
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Temperature, chemistry, and isotope data suggest that spring discharge within Dixie Meadows 
consists of a mixture of modern recharge water from precipitation and geothermal water. The 
western and eastern ponds fill with a mixture of spring discharge from Spring Complex 2, mixed 
occasionally with runoff from storm events. The persistent source of water to the ponds is spring 
discharge that is not consumed by meadow vegetation in the winter. The ponds are ephemeral 
and exhibit dry conditions each summer.  

In order to preserve the natural environment of Dixie Meadows, including warm spring 
discharges and the seasonal “playa” ponds, a carefully implemented production and injection 
program would need to be developed, which could maintain the water balance of the springs 
and the shallow aquifer system. Additional exploration drilling and flow/injection tests are 
anticipated in the Project area, and as such, the production and injection program would be 
developed and refined upon completion of these activities and additional data are collected.  
Theoretically, no water would be consumed by the project as the facility would use air-cooled, 
binary technology, and therefore, the total water balance for the system would be preserved 
(geothermal production flow would equal injection return to the hydrologic system). The 
challenge to geothermal resource development would be finding an acceptable geographic 
distribution for injection that would meet reservoir requirements while maintaining the 
environmental balance. 

9.0 AQUATIC RESOURCES MONITORING AND MITIGATION PLAN 
The conceptual model and information obtained from the WARD has been used to develop this 
draft ARMMP.  The actions outlined in the ARMMP, including additional data collection and 
identification and/or refining of baseline conditions and thresholds, would begin immediately 
upon signing of the Record of Decision for the Final Dixie Meadows Geothermal Utilization Plan 
EA.  The proposed monitoring network has been developed primarily in response to the proposed 
Phase I geothermal powerplant development, and in concert with the adaptive management 
approach, and may be modified or expanded to meet monitoring objectives for subsequent 
phases or implementation of alternatives for geothermal reservoir development, subject to BLM 
approval.   

The baseline hydrologic conditions established upon implementation of the ARMMP monitoring 
network would build upon existing background data collection to define seasonal variations but 
may not be sufficient in duration to define long-term climate driven variance resulting from 
prolonged drought or wet cycles.  As discussed in Section 7.0, background monitoring has been 
ongoing for several years contributing to the baseline dataset.  As detailed in Sections 9.1 to 9.3, 
baseline data collection under the ARMMP monitoring network would take place for 1-2 years 
before production activities commence to further define the range of natural variability in 
hydrologic and biologic parameters.  Because long-term climate variance can require multiple 
decades to define, climate trends would additionally need to be factored into consideration 
during development of baseline conditions and associated thresholds for adaptive management 
actions and mitigation measures.  
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The BLM would implement this ARMMP using an adaptive management approach to 
accommodate undefined variances, and address uncertainties in hydrologic and biologic system 
responses.  Using this approach, baseline conditions, thresholds, management actions, and 
mitigation measures would be adapted throughout the life of the project to respond to the needs 
of the hydrologic and biologic resources.  In consultation with BLM, Ormat may add monitoring 
sites and/or temporarily adjust sampling parameters and durations to monitor for site-specific 
project actions. Modifications to the ARMMP may occur as additional data are collected and as 
the development and operations of the project progress. The adaptive management approach 
would follow the U.S. Department of the Interior’s Technical Guide to Adaptive Management 
(Williams et al., 2009) to the degree possible. 

To the extent practicable, the draft ARMMP was developed pursuant to the requirements 
outlined in the BLM-issued Guidance Document. The Guidance Document is still considered a 
draft and is under review by cooperating agencies. All details of the proposed ARMMP described 
below would be reviewed and finalized in coordination with the BLM and cooperating agencies. 

Proposed monitoring locations included in the ARMMP are considered locations where 
hydrologic or biologic changes may be identified and quantified during development phases of 
the project based on their location, ground conditions, and potential connectivity to the 
geothermal reservoir. Changes do not necessarily equate to negative impacts. For example, 
increases in spring flow or stage and decreases in TDS during geothermal production may be 
viewed as a positive effect for the spring-dependent ecosystem and aquatic resources.   

Control sites are defined in the Guidance Document as sites that are “within the same or similar 
hydrologic or hydrogeologic conditions as the project area,” but are “outside the influence of 
project operations,” which are established to “monitor natural and seasonal variations of water 
resources” and “to ensure potential impacts to water and aquatic resources that may be 
influenced by project operations are adequately captured.” The control sites identified herein 
are considered “most likely” control sites based on the conceptual hydrogeologic model 
presented herein. 

Proposed surface water monitoring locations and control sites were selected based on the 
following criteria: 

• representativeness of the hydrologic and geochemical conditions of the Study Area; 
• potential for measurable flow and/or water stage measurements; 
• potential to collect water quality samples and measure field parameters; 
• spatial and thermal coverage (i.e., ability to characterize multiple spring complexes that 

cover a range of water temperatures over a broad area);  
• known presence of aquatic-dependent biological resources (i.e., springsnails, based on 

past surveys) and the potential presence of aquatic-dependent biological resources (i.e., 
Dixie Valley toads, based on preferred habitat type); and 

• site access.  

Proposed groundwater monitoring locations were selected based on the following criteria: 
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• potential to monitor early evidence of hydrologic changes during power plant operations; 
• potential to use existing monitoring wells rather than drilling new monitoring wells; 
• representativeness of the hydrogeologic conditions that influence ground and surface 

water resources in the Study Area; 
• potential to measure hydraulic head; 
• potential to collect water quality samples and measure field parameters; and 
• site access.  

Proposed biological monitoring locations were selected based on the following criteria: 

• co-location of vegetation and hydric soil monitoring locations with tier 1 hydrological 
monitoring locations; 

• additional vegetation and hydric soil monitoring locations will be identified based on DVT 
habitat preference research currently underway by USGS; and 

• springs which harbor populations of springsnail populations (Pyrgulopsis spp.).  

9.1. Surface Water Monitoring  

9.1.1. Monitoring Locations 

To quantify the natural variability of hydrologic conditions in the Dixie Meadows area, 23 surface 
water monitoring locations, including four control points are proposed. Of the monitoring 
locations, 20 are seep/springs, two are channels, and one is a pond.  The surface water 
monitoring network locations are illustrated in Figure 21. The degree of natural variability in 
hydrologic parameters varies by spring and by spring complex, and as such, it is proposed that 
each spring complex be represented in the monitoring program. It is proposed that each surface 
water monitoring location be monitored for water quality, flow/stage, and field parameters 
(temperature, pH, electrical conductivity, dissolved oxygen, oxidation-reduction potential, and 
turbidity). A summary of the proposed surface water monitoring locations and control sites, 
monitoring frequencies, and monitoring parameters are provided in Table 14A. Each proposed 
surface water monitoring location and control point meet the selection criteria outlined above 
and each location has a specific monitoring objective. Characteristics and monitoring objectives 
of each location are summarized in Table 14B, and photographs illustrating site conditions are 
provided in Appendix F. Additional surface water monitoring locations may be added and/or 
existing monitoring locations may be modified as new information is gained throughout the life 
of the project.  Monitoring parameters, and the timing and frequency of data collection may also 
increase or decrease as necessary to complement objectives of the monitoring plan and adaptive 
management approach for the ARMMP, of which are subject to prior approval by the BLM 
Authorized Officer (AO). 

Of the 23 monitoring locations proposed in the monitoring network, background / preliminary 
baseline data collection has occurred at 15 locations (Table 6). Background hydrologic conditions 
at these locations is discussed in Section 7.0.  Field parameters and analytical results for these 
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locations are summarized in Table 7 and Table 8, respectively.  A summary of flow measurements 
is provided in Table 11. 

9.1.2. Water Quality Sampling  

A summary of surface water sampling locations, sampling frequency, and monitoring parameters 
is included in Table 14A. The Contractor would measure field parameters, including temperature, 
pH, electrical conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO), reduction-
oxidation (redox) potential, and turbidity at each surface water monitoring location prior to 
sample collection using a calibrated multimeter. Chemical analytes, test types, analytical 
methods, container requirements, preservation requirements, and holding times are provided in 
Table 15. Analytes include potential geothermal indicators identified from initial water sampling 
results described in Section 7.2, including major ions and select trace metals. To aid in 
quantification of mixing contributions of meteoric and geothermal input in surface water and 
groundwater at the Study Area, stable isotope samples would be collected.  

USGS and EPA sampling protocols (USGS, 2018; EPA, 2016) would be followed to the degree 
practicable. Field instruments would be calibrated per manufacturer’s recommendations to the 
degree practicable. Laboratory provided sampling bottles will be filled manually to the bottom of 
the neck (no positive meniscus – allow for a small amount of air space) from the surface water 
channel or discharge location. Containers do not need to be rinsed with sample water prior to 
sample collection, as sterile containers would be provided by the laboratory. All sampling 
equipment would be thoroughly decontaminated after each sampling event. Samples would be 
placed into appropriate containers, labeled, and preserved with acid and/or on ice pending 
delivery to the laboratory. The water samples would be delivered under chain-of-custody 
protocol to a Nevada-certified laboratory for analysis. 

9.1.3. Flow Rates 

To assess flow conditions, the Contractor would monitor flow rates, water pool stage, and 
contributions of meteoric water input at the locations indicated in Table 14A. Permit applications 
would be submitted to the appropriate landowners (US Navy) to install water discharge 
structures within Dixie Meadows. 

Continuous discharge measurements are proposed at five spring locations distributed in four 
spring complexes (USGS-101, NDOWSS-1, Complex 2 Confluence, Spring 5A/5B Confluence, and 
USGS-301 Salt Cedar). The central location at Complex 2 Confluence represents the combined 
thermal spring discharge from the Dixie Hot Spring complex, and accounts for approximately one-
half of the total spring discharge from the entire Dixie Meadows area.  In order to provide 
accurate and high-frequency flow measurement at this location, a Parshall flume is proposed to 
be installed.  A properly installed Parshall flume would have a measurement accuracy of +5%.  
This flume site would become a key monitoring location to establish thresholds and triggers.  

In addition, the discharge of thermal waters on the western side of Complex 2 is proposed to be 
monitored at NDOWSS-1, more commonly known as Dixie Hot Spring.  A V-notch weir is an 
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appropriate control structure to measure flow at this location. The USGS-301 Salt Cedar in 
Complex 5 is also suitable for a similar V-notch weir for continuous discharge monitoring.   

Two smaller spring discharge sites are proposed for V-notch weir installation and continuous flow 
measurement, at sites USGS-101 in Complex 1A, and Spring 5A/5B confluence in Complex 3.  The 
weirs would require volumetric measurements to confirm accuracy of standard rating tables, and 
if necessary, refine a rating Table for site-specific conditions.  Once the rating Table is established, 
a measurement accuracy of + 5% should be achieved.   

The Parshall flume at Complex 2 Confluence is proposed to be a pre-fabricated steel insert, 
approximately 2 ft in width at the broadest point, and 5 ft in length, that would be placed in the 
current channel with minimal disturbance.  Cement would be used to secure the insert in place 
and to prevent by-pass flow.  V-notch weirs are smaller plate steel control structures that may 
require some concrete on the wings and base to prevent by-pass flow.  Upon completion of 
installation, surface water discharge measuring structures would not alter natural surface flow 
patterns or cause increased erosion at the spring outflow point.  

These continuous spring discharge measurement sites have been selected based on the following 
criteria: 

• measurable flow quantities, 
• a reasonably straight channel with parallel stream flow lines,  
• the streambed is stable and generally free of large rocks and other obstructions,  
• the channel cross-section is parabolic, trapezoidal, or rectangular. 

   
Continuous flow measurements are collected by measurement of the height of water flowing 
through the control structure, at 15-minute measurement frequency.  A water stage recorder 
(pressure transducer or sonic water height recorder) would be used to relate to discharge rate 
by a rating table or curve.  The sensors would also record water temperature and electrical 
conductivity. 

Seven additional sites are proposed to have monthly open channel measurements of flow, using 
current-velocity methods and include the following locations: Spring 4, Spring 6, Spring 9, Spring 
10, Spring 11, Spring 12, and Spring 13 (Figure 21).  Equipment includes a top-setting wading rod, 
tag line, and velocity meter, with velocity measurements acquired along a cross-section of the 
channel to compute total discharge.  Measurement methods are detailed in the document 
prepared by the USGS in 2010 entitled Discharge Measurements at Gaging Station.  Flow 
measurement records would be made on USGS Form 9-0275-G “Discharge Measurement Notes” 
or similar.  

The remainder of spring monitoring sites are pooled water recordings, as described below in 
section 9.1.4.  
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9.1.4. Water Stage Readings 

Water stage (pool height) would be measured using a staff gage at eleven proposed locations 
where discharge cannot be directly measured due to unsuitable conditions, such as pooling, 
where flow is too low, or where access is limited by vegetation and ground conditions.  These 
sites include Spring 2, Spring 7, Spring 8, Spring 14, Spring 31, Spring 32, Spring 33, Spring 118, 
USGS-301 North, and the Western Playa Pond (Figure 21). Staff gages have one-hundredth of a 
foot increments. Manual readings of water levels via staff gages would be recorded on a form 
prepared prior to sampling/monitoring at frequencies summarized in Table 14A.   

9.1.5. Monitoring Schedule 

The Contractor would perform a monthly site visit to inspect field equipment and to 
collect/download field parameters from the surface water monitoring locations and control 
points. Water samples would be collected for chemical analysis on a monthly basis during the 
baseline period and for the first 1-2 years of power plant operation to define seasonal variability.  
Upon power plant start-up the monitoring frequency may be adjusted to weekly or biweekly at 
some locations, and for some specific parameters, to aid in providing early warning data.  
Assuming stable hydrologic conditions under plant operations, water samples then may be 
reduced to a quarterly basis, provided it is  consistent with the goals of the adaptive management 
approach, as approved by the AO. A summary of the proposed monitoring schedule and data 
logging frequencies are provided in Table 14A. 

Continuous flow and temperature data would be recorded at USGS-101, NDOWSS-1, USGS-301 
Salt Cedar, and Spring 5A/5B Confluence. These data would be downloaded during each monthly 
site visit. Manual measurements of pH, EC, DO, ORP, and turbidity would be made at these 
locations during each monthly site visit.  Field parameter measurement and flow/stage 
measurement frequency at all other surface water monitoring locations is proposed to be 
monthly. 

Baseline data collection would continue up to the time of production, which is currently 
anticipated to be early to late in 2022, dependent on obtaining all permits and scheduling of 
equipment orders (construction of power plants and well field facilities would require 12 to 24 
months). The frequency of monitoring would continue into the initial production years but may 
be adjusted in consultation with cooperating agencies based on the range of variabilities 
observed, trends observed, and potential operational responses observed, consistent with the 
proposed adaptive management approach.   

Monitoring would continue throughout the life of the project at locations and frequencies 
determined to be appropriate by the BLM, in consultation with cooperating agencies.  
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9.2. Groundwater and Geothermal Reservoir Monitoring  

9.2.1. Monitoring Locations 

Groundwater monitoring is proposed at nine wells, including two geothermal bedrock wells, one 
fresh water bedrock well, and four alluvial wells, along with two monitoring wells completed in 
alluvium between Complex 2 and 3 and the geothermal facilities (MW-2 and MW-3). Locations 
are shown in Figure 22.  Groundwater wells are proposed to be monitored for chemistry, field 
parameters, and hydraulic head; geothermal reservoir wells are proposed to be monitored for 
temperature, pressure, and water chemistry. 

Additionally, fifteen drive point piezometers are proposed to monitor the shallow water table at 
each of the spring complexes within Dixie Meadows (Figure 22).  Data collection at the drive point 
piezometers would include depth to groundwater and shallow groundwater temperature.     

A summary of the groundwater monitoring locations and control sites, monitoring frequencies, 
and monitoring parameters are provided in Table 16A. Characteristics and monitoring objectives 
of each location are summarized in Table 16B. Monitoring wells MW-1 and 75-4 are control points 
as they are considered the least likely to be impacted by future project-related activities. Field 
parameters and analytical results of samples previously collected at MW-1, 23A-8, and 24-8 are 
summarized in Table 7 and Table 8, respectively. Well details and groundwater levels at each 
groundwater monitoring location are summarized in Table 1. Additional groundwater and 
geothermal monitoring locations and control sites may be added/installed and adjusted as the 
final project design is formulated, as consistent with the adaptive management approach for the 
ARMMP and approved by the AO.    

In addition to regularly proposed monitoring sites and data collection listed above, site specific 
monitoring would also occur at identified springs and seeps during pumping tests, flow tests, 
injection tests, and tracer tests (referred collectively as “geothermal testing”). Geothermal 
testing would occur from 3 to 7 days but could last up to 29 days (see Section 3.2.6.1, Appendix 
I [BLM 2017a]). Monitoring would occur prior to, during, and after geothermal testing with timing 
and duration to be determined by the BLM and cooperating agencies. Monitoring could last from 
approximately 14 to 28 consecutive days, or longer. Standard monitoring of field parameters, 
temperature, and water flow/pond stage would occur to aid in determining if there are any 
potential changes or influences to surface waters via geothermal testing and to help refine 
baselines, thresholds, and general monitoring requirements under the ARMMP. Reporting would 
occur concurrently with monthly reporting requirements and submitted to the BLM and 
cooperating agencies as defined in Section 9.5. 

9.2.2. Water Sampling 

A summary of proposed groundwater sampling locations, sampling frequency, and monitoring 
parameters is included in Table 16A. Locations of the groundwater monitoring locations are 
indicated on Figure 22. It is proposed that the Contractor would sample monitoring wells on a 
quarterly basis, including MW-1, MW-2, MW-3, 75-4, 22-8B, 24A-8, 24-8, and 23-8.  Drive point 
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piezometers are not proposed for sampling for chemical analyses but may be added if 
determined to provide meaningful data for management objectives, under the adaptive 
management approach.   

Geothermal wells 23A-8 and 42(12)-9 would be sampled during flow/injection testing activities. 
Discharge water from geothermal wells would be routed to an approved sump and sampled 
midway through the planned discharge for chemical constituents listed in Table 15. This sampling 
would allow the Contractor to characterize geothermal fluids, compare geothermal fluid 
chemistry to shallow thermal and non-thermal water, and further understand the degree of 
mixing. In addition, temperature and pressure would be monitored as well. 

Prior to field parameter measurement and groundwater sample collection, each well would be 
purged of approximately three casing volumes using a submersible pump (if well is not flowing 
under artesian conditions) or by allowing the well to discharge (if flowing under artesian 
conditions) to ensure groundwater samples are representative of aquifer water. Purge 
equipment would be cleaned before use at each well.  

Field parameters, including temperature, pH, electrical conductivity, dissolved oxygen, oxidation-
reduction potential, and turbidity, would be measured at each groundwater monitoring location 
prior to sample collection using a calibrated multimeter.  

At non-artesian locations, groundwater samples would be collected using a stainless steel or 
disposable polyethylene bailer at each well, or pump system, applicable for conditions and 
sampling constituents (peristaltic or positive displacement pump). At flowing-artesian locations, 
samples would be collected by collecting discharge water in sample bottles.  Analytes, test types, 
analytical methods, container requirements, preservation requirements, and holding times are 
provided in Table 15. Analytes include potential geothermal indicators identified from initial 
water sampling results described in Section 7.2, including major ions and select trace metals. To 
quantify mixing contributions of meteoric input in groundwater at the Study Area, stable isotope 
samples would be collected from groundwater monitoring locations; results would be compared 
to isotope results of meteoric fluids near the Study Area.  

USGS and EPA sampling protocols (USGS, 2018; EPA, 2016), would be followed to the degree 
practicable. Field instruments would be calibrated per manufacturer’s recommendations to the 
degree practicable. Laboratory provided sampling bottles would be filled manually to the bottom 
of the neck (no positive meniscus – allow for a small amount of air space) from the monitoring 
wells. Containers do not need to be rinsed with sample water prior to sample collection, as sterile 
containers would be provided by a Nevada-certified laboratory. All sampling equipment would 
be decontaminated after each sampling event. Samples would be placed into appropriate 
containers provided by a Nevada-certified laboratory, labeled, and preserved with acid and/or 
on ice pending delivery to the laboratory. The groundwater samples would be delivered under 
chain-of-custody protocol to the laboratory for analysis. 
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9.2.3. Hydraulic Head Measurements 

The Contractor would measure hydraulic head from all proposed groundwater monitoring 
locations, including eight non-geothermal wells (MW-1, MW-2, MW-3, 75-4, 22-8B, 24A-8, 24-8, 
23-8) and fifteen drive point piezometers (DP-01 to DP-15). Locations of these groundwater 
monitoring locations are shown on Figure 22. The groundwater monitoring locations would be 
converted to continuous water level recorders during the baseline monitoring period. Hydraulic 
head measurements at the geothermal wells would be made during flow/injection testing 
activities and measured during power plant operations. At monitoring wells where the 
potentiometric surface is below ground surface, groundwater levels would also be measured 
with an electronic tape sounder prior to sample collection to calibrate pressure transducer 
readings to depth to groundwater. Depth to water measurements would be made from the 
surveyed top of the well casing. If the well is flowing artesian (i.e., the potentiometric surface is 
above ground surface), a pressure gauge and/or pressure transducer would be used to determine 
hydraulic head. The height of the measuring point above ground surface would be recorded and 
all water levels reported as depth below ground surface or elevation. Water elevations and 
pressure readings would be reported to an accuracy of one-tenth of one foot.  Pressure 
transducers would record on an hourly interval. 

9.2.4. Monitoring Schedule 

It is proposed that the Contractor conduct groundwater monitoring activities (manual 
measurements and recorder downloads) on a monthly basis for the remainder of the baseline 
monitoring period, for a minimum of the first year of power plant operation.  Monitoring would 
continue throughout the life of the project; however, the monitoring frequency and locations 
may vary depending on observed responses, in accordance with the adaptive management 
approach.  In addition, the timing, frequency, and duration of groundwater monitoring may be 
subject to temporary changes during specific project activities (e.g., increase site specific 
monitoring frequency to daily hydraulic head and temperature measurements during 
production-injection well flow testing). Any alterations to monitoring site locations and/or the 
timing, frequency, and/or duration of monitoring data collection is subject to prior approval by 
the BLM AO. 

9.2.5. Hydraulic Properties 

Upon completion of additional production or injection wells, the Contractor would estimate 
hydraulic properties of the local aquifer (hydraulic conductivity, transmissivity, storativity, etc.) 
by monitoring water levels in the new well and surrounding wells during well development or 
aquifer testing. Additional hydrogeologic conditions would be assessed, including vertical and 
horizontal boundaries and aquifer type (confined, unconfined, etc.). Vertical aquifer boundaries 
would be noted from the lithology logs. Horizonal boundaries would be noted if indicated on 
time-drawdown plots produced during testing. Borehole geophysical surveys would be 
conducted for the depth of the borehole. The temperature of penetrated aquifers would be 
noted, and when feasible, water quality would be tested. 
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9.3. Biological Monitoring  

To ensure that significant adverse effects to special status species, and the aquatic and wetland 
habitats on which they depend, do not occur as a result of geothermal testing and production 
activities, the Draft Dixie Meadows Geothermal Utilization Project EA (2017) specifies that the 
ARMMP include a monitoring framework for detecting and avoiding adverse impacts to these 
biological resources. Monitoring frameworks have been developed for several parameters 
indicative of aquatic and wetland habitat functionality and health, as follows:   

• Hydrology—hydrological conditions that foster and maintain aquatic and wetland 
habitats would be monitored during the surface water monitoring program (as described 
in Section 9.1), and at additional locations which provide habitat to special status species;  

• Extent of wetland vegetation and hydric soils; 
• The distribution and abundance of special status species throughout Dixie Meadows; and, 
• Habitat quality indices—known parameters of preferred habitat (e.g., water 

temperature) would be monitored during the surface water monitoring program (as 
described in Section 9.1), and at additional locations which provide habitat to special 
status species.  

To further refine the monitoring frameworks for these biological resources and establish 
appropriate monitoring objectives and management triggers (see Section 9.6.2), technical 
working group meetings (comprised of Ormat, BLM, FNAS, USGS, USFWS, and NDOW) were held 
in September and October 2020; with USFWS only attending the first working group meeting due 
to scheduling conflicts.  Biologic baseline conditions, thresholds and management actions would 
continue to be refined though a baseline monitoring period extending to 2022 at a minimum, in 
concert with the technical working group reviews that include involved federal and state 
agencies.  The ARMMP would be updated as those monitoring data are collected and thresholds 
are refined. Technical working group meetings would continue past the baseline monitoring 
period so as if newly collected data, technical reports, or published literature suggests 
adaptations to baseline conditions, thresholds, and/or mitigation measures are necessary, those 
would be incorporated into the ARMMP under adaptive management. 

9.3.1. Wetland Vegetation 

The Contractor would monitor wetland vegetation in terms of percent cover and species 
composition using qualitative (photo points) and quantitative (Line Point Intercept [LPI] transect) 
monitoring methods. Wetland vegetation monitoring locations are co-located with each of the 
tier-1 hydrological monitoring locations (Figure 24) and additional monitoring locations will be 
identified based on DVT habitat monitoring findings by the USGS that are currently underway. 
The Contractor would analyze and report the data per Section 9.5 (Reporting Requirements).  

9.3.1.1 Photo points (Qualitative monitoring) 

To qualitatively monitor wetland vegetation cover over time, the Contractor would identify 
permanent photo points, informed by the U.S. Department of Agriculture protocol entitled 
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Monitoring Manual for Grassland, Shrubland and Savanna Ecosystems (Herrick et al. 2005), at 
fifteen locations (Figure 21). For the life of the project, the Contractor would use quarterly 
photographs gathered at photo points to detect changes in vegetation structure (percent cover 
by functional group) and to visually document any quantifiable changes to wetland vegetation, 
should they be identified during quantitative monitoring (see below).   

9.3.1.2 Line Point Intercept transects (Quantitative monitoring) 

To quantitatively monitor wetland vegetation percent cover and plant species composition over 
time, permanent 50m LPI transects would be co-located with the tier-1 hydrological monitoring 
locations (Figure 24). In addition, 13 additional transects would be randomly placed within the 
predominant wetland habitats (e.g. bulrush and meadow) of each spring complex. Locations of 
these sites would be established with forthcoming toad distribution data from USGS and NDOW. 

Line-point intercept is a rapid, accurate method for quantifying vegetation and ground surface 
cover, including litter, soils, and water. These measurements are related to vegetation 
composition, site hydrology, soil alteration, and the ability of the site to resist and recover from 
disturbance. Field methodology would follow the LPI protocol outlined in the AIM National 
Aquatic Monitoring Framework: Field Protocol for Lentic Riparian-Wetland Systems (BLM, In 
Progress). Transects would be monitored annually during peak flowering season (June-July) for 
proper identification. The Contractor would summarize and report these data per Section 9.5 
(Reporting Requirements).  

9.3.1.3  Aerial imagery 

Drone 
Should it be approved for use, a drone would be flown annually over the wetland communities 
of Dixie Meadows (during peak productivity) to document and monitor their extent and species 
composition (using red-green-blue imagery). Prior to the initial flight, reference plots (1x1m PVC 
frames) would be placed over plant species most representative of each wetland community, as 
identified during the wetland delineation (Section 5.3.3), and visually characterized in the field. 
Reference plots would be captured in the imagery to inform interpretations of plant species 
composition in subsequent imagery. The Contractor would analyze drone imagery to monitor 
both the overall extent and species composition of the wetland plant communities available to 
spring-dependent special status species (Section 9.3.3).  

Satellite Imagery 
The wetland delineation (Section 5.3.3) represents a snapshot of a single season in terms of 
wetland vegetation extent within Dixie Meadows. In addition, the mapped extent of wetland 
vegetation may not be representative of the variability of this resource given that the delineation 
was conducted in a year with above average precipitation (2.3” above average). Additional 
analysis is therefore needed for establishing a baseline range in variability of wetland vegetation 
extent in response to climate (e.g. the degree to which wetland vegetation contracts or expands 
due to precipitation) for the development and application of appropriate triggers for corrective 
action. The variability in wetland vegetation extent in response to climate, would be determined 
through review of historical satellite imagery (i.e. Landsat). The Normalized Difference 
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Vegetation Index (NDVI) would be used as a quantitative measure of wetland vegetation extent 
for each spring complex. NDVI data would be compared to the climatic conditions when the 
imagery was collected. Climatic data would be sourced from a report recently submitted to the 
BLM (McGinley 2020a), and from Google Earth Engine. 

9.3.2. Hydric Soils 

To monitor the extent of hydric soils throughout Dixie Meadows, soils would be co-located with 
the tier-1 hydrological monitoring sites and characterized on an annual basis using the Army 
Corps of Engineers Wetland Delineation Manual (ACOE 2008) and reported per Section 9.5 
(Reporting Requirements). Proposed hydric soil monitoring locations are shown on Figure 24.  

9.3.3. Special Status Species  

Several special status species occur in the aquatic and wetland habitats of Dixie Meadows, 
including the Dixie Valley toad (Anaxyrus williamsi) and springsnails (Pyrgulopsis sp.). These 
species require stable habitat conditions and, in the case of A. williamsi, access to a variety of 
habitats throughout their lifecycle.  

Available literature sources on these species were collected and reviewed as an initial step in 
developing monitoring frameworks for these species. This literature is summarized under each 
species’ section below. In addition, on-going research on the Dixie Valley toad (USGS, NDOW) 
and springsnail monitoring (Ormat) endeavors are underway for these species. These monitoring 
frameworks are designed to complement this previous and on-going work and would be 
adaptively modified in response to the best available science (e.g., forthcoming USGS 
publications) and agency recommended best practices. The Contractor would analyze and report 
data per Section 9.5 (Reporting Requirements). Additional information on the special status 
species with potential to occur in the Dixie Meadows can be found in Section 3.8 (BLM Special 
Status Species) of the Environmental Assessment (BLM, 2017a). 

9.3.3.1  Dixie Valley Toad (DVT) 

Gordon et al. (2017) recently described, with genetic and morphological evidence, a new species 
of toad belonging to the Anaxyrus boreas species complex. The Dixie Valley toad (Anaxyrus 
williamsi) is restricted in range to the spring-dependent ecosystems of Dixie Meadows and is 
ranked as a BLM sensitive species. Forrest et al. (2013) conducted mark-recapture surveys for 
this species between 2009 and 2012 as part of a PhD dissertation. Recapture rates were not 
sufficient to accurately estimate abundance. Toads and bullfrogs (Rana catesbeiana) within Dixie 
Valley were sampled for the chytrid fungus (Batrachochytrium dendrobatidis). Chytrid was not 
found on samples taken from toads, while it was prevalent in bullfrog samples. Given the paucity 
of population and habitat preference data on this species, a monitoring protocol was developed 
by a group of stakeholders (including USGS, USFWS, BLM, NDOW, and FNAS) and implemented 
in 2018 (Halstead et al. 2019). Additional research into habitat preference for this species has 
been conducted by USGS and is set to be published by USGS in 2021. In addition to these peer-
reviewed literature, there are unpublished monitoring and distribution data previously collected 
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by NDOW. These data are currently being curated by NDOW and will be provided to BLM in the 
near future for analysis and use in the ARMMP. 

The monitoring framework proposed for the DVT in this document was informed primarily by 
technical working group discussions in September and October 2020 and by the 2019 USGS 
report (discussed above) titled Monitoring Protocol Development and Assessment for Narrowly 
Endemic Toads in Nevada (Halstead et al. 2019). The framework would be adaptively modified 
into the future in consultation with NDOW, USGS, USFWS, and BLM. 

During working group discussions, USGS and NDOW specified the need for additional data 
collection on A. williamsi towards establishing a population baseline. FNAS will fund these 
ongoing research efforts by the USGS currently underway at least through 2021. Given current 
and continued research (USGS) and monitoring (NDOW) efforts underway on the distribution and 
habitat utilization of A. williamsi within Dixie Meadows, no additional monitoring surveys are 
being proposed for this species as part of this ARMMP. Rather, agency consultation and analysis 
of forthcoming agency data and habitat quality indices collected during the surface water 
(Section 9.1) and wetland vegetation (Section 9.3.1) monitoring programs would provide the core 
of this monitoring framework.  

The USGS (Halstead et al. 2019) suggests using the proportion of wetland area cumulatively 
utilized by A. williamsi for reproduction (as evidenced by pre-metamorphic life stages) and 
occupied by adults as a metric of population health. Prior to project activities, Ormat would 
consult with BLM, NDOW, USFWS, USGS, and FNAS to develop a baseline and establish 
appropriate thresholds (Section 9.6.2, Table 19) of this metric for A. williamsi within the WARD. 
The ARMMP would be updated to reflect this agency consultation. Once project activities 
commence, quarterly (four times per year) consultation with cooperating agencies and analysis 
of their most recent data would inform whether changes over time in the proportion of area 
occupied by pre-metamorphic and adult life stages occur to an extent that corrective action is 
required (Section 9.6.2). Monitoring the extent of wetland vegetation (Section 9.3.1) would serve 
as an important component of this analysis by quantifying the amount of available habitat. 

The USGS (Halstead et al. 2019) determined the distribution of Dixie Valley toads within the 
WARD to be a function of water temperature and availability of wet habitats, and that significant 
changes in these parameters could affect the proportion of area suitable for Dixie Valley toads. 
These parameters, in addition to other habitat quality indices of importance to amphibians (e.g., 
electrical conductivity, temperature, pH, etc.), would be gathered during the surface water 
monitoring program. In addition, the extent of the wetland communities (i.e. wet habitats) would 
be monitored (as outlined in Section 9.3.1). The Contractor would analyze these data in light of 
the best available science for this species, which would inform determining thresholds and 
triggers for corrective action in consultation with NDOW, USFWS, USGS, FNAS, and BLM (Table 
19). The ARMMP would be updated to reflect this agency consultation. 

The fungal pathogen Batrachochytrium dendrobatidis (Bd) can be lethal to amphibians. This 
fungus is present in many aquatic systems and has been identified in Dixie Valley associated with 
bullfrogs (Rana catesbeiana) (Forrest et al. 2013). Bd is of growing concern to cooperating 
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agencies and the public and monitoring efforts would be discussed with the BLM, USGS, USFWS, 
NDOW, and Ormat. The USGS has collected Bd samples within the Dixie Meadows (B. Halstead, 
personal communication, November 13, 2019). The results are unavailable for inclusion into the 
ARMMP at this time. However, these data may serve as a baseline for future monitoring efforts. 
Should the agencies deem additional monitoring efforts are warranted, the ARMMP would be 
updated to reflect this agency consultation. In addition to monitoring efforts, several best 
management practices to minimize the spread of Bd within the Dixie Meadows are included 
within Table 18. 

9.3.3.2  Springsnails 

Two hot springs located within the WARD were sampled for springsnails (Pyrgulopsis spp.) by Dr. 
Don Sada in 1991 (Dr. J. Umek, personal communication, September 2020). Springsnails were not 
found to be present during this survey. As part of the baseline data collection effort for this 
ARMMP, a springsnail survey was conducted by Ormat in October 2018 (Stantec 2019; Table 24). 
Two species of springsnail, representing three populations, were identified within three small 
and isolated springs (Spring Complex 1b) (Figure 24) after an inventory of 46 springs within the 
WARD. Snail collections were submitted for deoxyribonucleic (DNA) analysis. Genetic sequences 
for two specimens were found to be most similar to three previously described species including 
the Pleasant Valley pyrg (Pyrgulopsis aurata) (no difference in base pairs), the Cortez Hills 
pebblesnail (Pyrgulopsis bryantwalkeri) (difference of two base pairs out of 658 base pairs) and 
the Ovate Cain Spring pyrg (Pyrgulopsis pictilis) (no difference in base pairs). Currently, these 
three species are not considered to be genetically unique (Liu 2018a and 2018b). Genetic 
sequences for two other specimens indicate similarity to the Surprise Valley pyrg (Pyrgulopsis 
gibba) with a difference of three base pairs out of 658 base pairs (Liu 2018a).  

During review of a preliminary ARMMP draft, BLM and USFWS requested a second springsnail 
survey throughout the WARD to collect additional baseline data on abundance, distribution, and 
habitat characteristics. A second springsnail survey was conducted in September 2020 by 
McGinley biologists to quantify abundance, distribution, and to document physical 
characteristics of occupied springs (McGinley 2020b). The 2020 survey implemented the USFWS 
recommended protocol titled: Appendix B - Springsnail Inventory, Monitoring, and Collecting 
Protocols (Sada 2019). All 117 springs identified during the surface water inventory (Section 5.2) 
were surveyed for springsnails. Pyrgulopsis spp. were encountered in the same three springs as 
in 2018, plus an additional two springs within spring complex 1B (Figures 24 and 25). Note that 
five new springs were encountered during the 2020 springsnail survey that were not identified 
during the surface water inventory, including spring 118. Detailed distribution, abundance, 
temperature, habitat, and stage data were collected at all five occupied springs (McGinley 2020b; 
Tables 25 and 26).  

Habitat quality indices of importance to springsnails that would be monitored are maintaining 
consistent water quantity (flow or pool stage) and temperature. These data (water temperature 
and flow or pool stage) would be analyzed monthly and adaptive management and mitigation 
measures would be implemented in accordance with the hydrologic thresholds outlined in 
Section 9.6. 
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The Contractor would conduct springsnail abundance and distribution surveys every year at 
Springs 14 and 32, applying protocol consistent with Sada (2019) to permit comparative analyses 
of the data. Surveys would be conducted in October. Thresholds for adaptive management 
actions and mitigation measures, based on survey findings, are outlined in Section 9.6. 

9.4. Meteorological Monitoring 

A weather station would be installed to collect meteorological data, including air temperature, 
atmospheric pressure, humidity, wind speed, solar radiation, and precipitation. The location of 
the weather station is proposed to be adjacent to Complex 6.  To the degree practicable, it would 
be installed at a secure location that is representative of natural conditions and far enough away 
from proposed project facilities to avoid microclimate conditions. The weather station would 
include soil moisture probes to the characterize the soil moisture regime of the site. The 
Contractor would maintain the station monthly and analyze collected data in parallel with surface 
water levels, spring flow rates, groundwater levels, and water chemistry to assess the degree of 
meteoric water input to surface water and groundwater resources. The weather station would 
log at a predefined frequency.  The selected site would be subject to NASF permitting for 
installation.   

9.5. Reporting Requirements 

Reporting requirements described in the Guidance Document are summarized below: 

• A BLM-approved third-party contractor would gather raw data, perform quality assurance 
and quality control tasks, analyze and interpret the compiled data, and prepare reports 
to be submitted to the BLM, CCDO-SFO and cooperating agencies; 

• The third-party contractor would submit reports to BLM and cooperating agencies at a 
duration and frequency to compliment implementation of the ARMMP and would include 
monthly data up-loads to a data sharing portal, with flags for parameters showing trends 
of values near to threshold triggers; quarterly update reports for associated quarterly 
monitored attributes, and an annual data summary and review report; 

• Reporting requirements, frequency, and/or duration may be subject to change if site-
specific monitoring or adaptive management is required.  

Provision of data to the BLM and cooperating agencies during the baseline monitoring period is 
proposed to be monthly and accomplished via database uploads to an accessible portal. The BLM 
and all cooperating agencies would have access to the portal for inspection and download of the 
data. Monthly data would be posted as provisional, to accelerate data access to the BLM and  
cooperating agencies.  The data would go through QC review, and provisional data would be 
replaced with reviewed and approved data on a quarterly frequency. Each quarter, key 
observations would be summarized in report format, and a comprehensive report would be 
prepared at the conclusion of the baseline monitoring period.  The baseline monitoring report 
would present a review of baseline conditions and thresholds and make recommendations for 
proposed updates to baseline conditions and thresholds based on the range of variances 
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observed in the flow, temperature, chemistry, and biological parameters.  Any deficiencies in 
data collection and monitoring would be highlighted, with recommendations made for changes 
or augmentation.  

Cooperating agency technical meetings would be scheduled on an as requested basis by the BLM, 
but are anticipated to a minimum of monthly meetings during power plant start-up and quarterly 
meetings during the pre-startup baseline data collection period.  The technical (working group) 
meetings would be used to vet preliminary observations and interpretations, and if needed, 
advise the BLM on changes to the ARMMP monitoring or management activities.  The technical 
working group would also advise the BLM on adequacy of thresholds and triggers that are 
implemented for monitoring objectives and for protection of hydrologic/aquatic resources and 
special status species.    

After the baseline monitoring period, monitoring and reporting is proposed to be quarterly for a 
minimum of two years, with possible reduction in frequency to semi-annual or annual once 
monitoring indicates impacts from production are negligible. Possible reduction in monitoring 
and reporting is subject to consultation with cooperating agencies and approval by the BLM AO.  
Quarterly reports would present new monitoring data from the respective quarter and updated 
data tables and plots containing all monitoring data.  An annual report would present data 
analysis and interpretations.    

9.6. Identification of Potential Changes, Impacts, Thresholds, and 
Triggers 

9.6.1. Hydrological Conditions 

9.6.1.1  Potential Impacts  

Potential impacts to water and aquatic resources within and adjacent to the Study Area may 
occur as a result of future project activities, including drilling, well development, flow/injection 
tests, tracer tests, aquifer tests, and geothermal power plant operations. There would be no 
surface disturbance in the meadows area, and the gen-tie has been relocated to the existing Dixie 
Valley road as part of the current proposed action for the power plant. The Proposed Actions 
covered under the 2017 Draft EA are discussed in Section 3.2. As described in the 2017 Draft EA 
(BLM, 2017a; updated October 2020), potential project impacts to water resources include: 

• degradation of surface water quality by increasing erosion and sedimentation or altering 
spring-discharged water chemistry; 

• alteration of groundwater or spring discharge water quality by changing the proportion 
of geothermal and fresh groundwater mixing; 

• alteration of water quantity by reducing (or augmenting) spring discharge rates, 
decreasing groundwater supply, or interfering substantially with groundwater recharge;   

• alteration of surface water temperatures; 
• alteration to surface water flow paths; and, 
• contamination of surface or groundwaters from spills or construction activities. 
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Monitoring parameters for each potential impact identified above are summarized in Table 17. 
The parameters listed in Table 17 would be monitored according to the program outlined in 
Section 9.1 and 9.2 during the continuation of the baseline monitoring period for up to 1-2 years 
before production activities commence.  Data from the baseline monitoring period would be 
used to continue to evaluate the range of natural variability. Surface water and groundwater 
monitoring locations would be monitored for the life of the project following an adaptive 
management approach to adjust frequency, locations, and attributes.  

9.6.1.2  Baseline Conditions and Thresholds 

To establish specific high and low-end hydrologic values that would trigger a specific 
management response or mitigation, the baseline data collection period would ideally span over 
dry and wet climatic conditions.  Until sufficient hydrologic data have been collected that 
accurately represent wet and dry periods, over seasonal and annual scales, the hydrologic 
baseline conditions and thresholds may be refined to best reflect hydrologic and meteorological 
conditions for the period of record.  Initially, the baseline conditions and thresholds would be 
conservatively developed to account for uncertainties. Baseline conditions and thresholds are to 
be established in concert with cooperating agencies, and preliminary values are presented in 
Section 9.8. The method of establishing thresholds would be variable-specific, would reflect the 
natural variability of hydrological and biological conditions, and would be tied to the parameter 
range identified for hydrologic resources, special status species and habitat sustainability, or 
particular sensitivities. The purpose for development of baseline conditions and thresholds is to 
have specific indicators and baselines to tie threshold values to in order to determine if a 
management response or mitigation is required. If threshold values are exceeded during a 
specific timing period, the exceedance would trigger a management action or mitigation 
response (as described in Section 9.8, Table 18, and Table 19). 

9.6.2. Biological Resources 

9.6.2.1 Potential Impacts 

Potential adverse impacts to spring-dependent biological resources (wetland and riparian areas 
and special status species), as a result of project activities and the above-mentioned potential 
hydrological impacts, as described in the 2017 Draft EA (BLM, 2017a), include: 

• Surface disturbance during construction in upland areas could increase erosion and 
sedimentation to nearby springs and decrease groundwater infiltration and recharge 
rates in these areas. This could reduce wetland vegetation coverage in affected areas.  

• The withdrawal of groundwater from the geothermal reservoir may indirectly impact 
wetland and riparian habitat by altering species composition or reducing wetland plant 
cover from reduced surface or subsurface water levels in wetland areas. Additional 
indirect impacts on wetland and riparian habitat would include potential for increased 
weed establishment and spread from soil disturbance and reduced productivity from 
fugitive dust generated during construction that settles on vegetation.  
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• Impacts on hydric soils could occur due to reductions or loss of soil saturation resulting 
from soil compaction, reduction in water quantity, or altered natural surface flow 
patterns.  

• Construction activities, such as site preparation, vegetation clearing, and grading, could 
result in direct mortality to special status species.  

• If water quality, quantity, or temperature were to be altered by geothermal utilization, 
this could reduce habitat suitability for certain special status species. 

• Temporary effects from noise, human presence, and heavy equipment present during 
construction activities may lead to displacement of special status species from suitable 
habitat.  

• Weed spread may alter habitat conditions, resulting in less suitable habitat for special 
status species. 

• Direct impacts on sensitive plants that grow in wetland and riparian habitat are not 
anticipated, because construction would not occur in these areas. Indirect impacts on 
these plants or their habitat would be possible if geothermal utilization were to decrease 
wetland vegetation extent or degrade vegetation condition in the Dixie Meadows. This 
could reduce habitat quality for sensitive plants by altering soil moisture conditions, 
community composition, and increasing competition with nonnative, invasive plants. 

• Direct impacts on the Dixie Valley toad in its terrestrial habitat could occur during 
construction of the power plants, well pads, and gen-tie line in terrestrial habitat that is 
near breeding habitat in Dixie Meadows. This is because toads may use terrestrial habitat 
to forage. They may use rodent burrows for overwintering or thermal refuge during high 
temperatures. There is a high likelihood that toads use terrestrial habitat near breeding 
habitat in Dixie Meadows; therefore, surface grading could crush or bury toads using 
burrows in the construction area. Moreover, toads dispersing into or through terrestrial 
habitat in the construction area to reach overwintering or thermal refuge areas could be 
crushed by vehicles or machinery. 

• The project could indirectly impact Dixie Valley toad and its habitat, and suitable habitat 
for Dixie Valley pyrg and northern leopard frog. This would be the case if geothermal 
utilization or consumptive groundwater extraction for construction water were to alter 
suitable aquatic habitat in the Dixie Meadows by altering spring-discharged water 
quantity or quality or degrading surface water quality. If water quality (including 
temperature) or quantity were to be altered, this could reduce habitat suitability for these 
species. If construction water resulted in reduced spring discharges during critical 
breeding or egg-laying times for Dixie Valley toad, there could be substantial disruptions 
to life history cycles. 

9.6.2.2 Baseline Conditions and Thresholds 

Baseline conditions for the extent of wetland vegetation (and associated hydric soils) would 
continue to be established through the monitoring and adaptive management plan outlined 
above. Preliminary values are described in Section 9.8.   
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Baseline conditions have been established for the distribution and abundance of springsnails 
throughout the WARD (Stantec 2019; McGinley 2020b). Threshold values for management 
actions were established during working group sessions. Preliminary values are described in 
Section 9.8.  

As described in Section 9.3.3, baseline conditions for the proportion of wetland area occupied by 
the Dixie Valley toad (pre-metamorphic and adult life stages) and hydrological parameters of 
importance (e.g. temperature and salinity) would be established by the BLM in consultation with 
NDOW, USFWS, USGS, FNAS, Ormat, and the Contractor. Baseline conditions and thresholds for 
management actions would likewise be refined from continued collection of baseline data.   
Preliminary baseline conditions and thresholds are discussed in Section 9.8.  

9.7. Potential Avoidance, Management Actions, and Mitigation 
Measures 

Table 18 lists potential avoidance, management actions and mitigation measures included in the 
2017 Draft Environmental Assessment (BLM, 2017a). All avoidance measures in Table 18 have 
been followed since the commencement of exploration activities and would continue to be 
followed during pre-project construction and throughout the life of the project. BLM and Ormat 
may identify and agree upon other avoidance and mitigation measures beyond those listed in 
Table 18. Specific mitigation and action procedures would be determined as additional baseline 
data is collected and reviewed by technical working groups consisting of the BLM, cooperating 
agencies, Ormat, and the Contractor. These procedures would be devised in a hierarchical fashion 
such that each potential impact has mitigation options identified by degree of anticipated 
effectiveness.  If, based on the established baseline conditions and thresholds, operations have 
adverse impacts on water and aquatic resources and special status species, Ormat would 
implement mitigation measures agreed upon by the BLM, Ormat, and cooperating agencies to 
reverse the impacts.  

9.8. Goals & Objectives 

In addition to the required monitoring described in Sections 9.1-9.3, avoidance, minimization, 
and mitigation measures outlined in the 2017 Draft Environmental Assessment (BLM, 2017a), the 
BLM would also require progress towards meeting associated goals and objectives created for 
the Proposed Action. Refer to Table 19 for a detailed outline of goals and objectives, baseline 
conditions, thresholds, and management actions/mitigation. Achievement of goals and 
objectives would be required to ensure project activities would not significantly impact 
hydrologic resources (groundwater, and thermal and cool springs and seeps), aquatic habitat 
(wetlands, meadows, and vegetation), or known special status species and their habitat within 
the Dixie Meadows area (Dixie Valley toad [DVT], springsnails, etc.).  Adaptive and flexible 
management approaches aimed at achieving outlined goals and objectives are necessary for 
successful project management. Outlining clear, specific objectives, and timing of monitoring and 
management responses for the associated ARMMP is imperative to determine whether project 
actions are meeting acceptable standards; and if not, modifying project activities and 
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management approaches to ensure objectives are met. 
 
Goals and objectives were formulated using multiple resources including NEPA documents (BLM 
and USFS 2008), established monitoring protocols and guides (BLM and ARS 2020), manuals (BLM 
2008, BLM 2015), interdisciplinary team (IDT) review, and professional input and expertise with 
cooperating agencies. Objectives outlined for this Proposed Action may consist of a specific 
baseline or threshold, however, flexibility to adaptively change baseline data and thresholds 
would be maintained as new information from monitoring and surveys are collected throughout 
project operations (exploration, development, decommission, and reclamation activities). The 
need for changes to project operations may stem from the results of ongoing monitoring data 
collection and surveys, or may also stem from changes in climatic conditions, resource conditions, 
or other events (grazing management, flooding, wildfire, etc.). Adaptive management within the 
monitoring plan would be utilized to allow for changes, additions, and/or modifications of 
objectives, baseline conditions, and monitoring/critical thresholds to suit the goals of the project 
and ensure compliance with the Draft EA. 
 
Monitoring sites applicable to achievement of these objectives were identified using specific 
criteria to stratify sites into two categories: tier-1 and tier-2 (Tables 20-23). Figures 24 and 25 
present the locations and monitoring types proposed for tier-1 and tier-2.  Criteria utilized for 
establishing tier-1 sites includes those sites with measurable flow, representative temperatures 
of spring complexes, areas of known DVT and/or springsnail populations and occurrence, areas 
of importance for breeding/reproduction and brumation of DVT, and dominant vegetation 
habitat representative of spring complexes and/or DVT populations. Tier-2 sites are those 
previously proposed monitoring sites described in Section 7.0 of the ARMMP as well as randomly 
generated locations that represent each spring complex (complexes 1-6) and associated wetland 
habitat types (tier-2 sites, tables 20-23).  Tier-1 sites would be used as representative spring 
complex sites to establish baseline conditions, thresholds and evaluate exceedances of 
thresholds for hydrologic objectives. Tier-1 sites for aquatic habitat and/or special status species 
objectives would further be revised based on available information of springsnail and DVT 
populations and habitat occurrence from NDOW and USGS surveys. If an objective is not being 
achieved within the established monitoring timeframe and a threshold is exceeded at a tier-1 
site, then a more detailed look at the spring complex level (tier-2 sites) would occur to determine 
if additional tier-2 monitoring sites within the same spring complex are also exceeding 
thresholds, or not achieving the objective(s). Tier-2 sites may also be revised as needed upon 
receipt of available information based on NDOW and USGS surveys. If a monitoring threshold or 
critical threshold is exceeded at a tier-1 and/or tier-2 site, then consultation between the BLM, 
Contractor, Ormat, and cooperating agencies would occur. Consultation, adaptive management, 
and mitigation would include one of three categories (see management action and critical 
mitigation in Table 19):  
 

Code A – Discuss and re-evaluate within 10 days of exceeding a threshold the monitoring 
indicators, baseline conditions, thresholds, and timing of monitoring to determine if 
additional adaptive management or mitigation is required. 
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Code B – Discuss and determine within 5 days the appropriate adaptive management or 
mitigation action to be taken. 
 
Code C – Discuss and determine within 24 to 48 hours the appropriate adaptive management 
or mitigation action to be taken immediately. 
 

Data collected for all objectives would occur on a continuous, monthly, or quarterly basis as 
described in Table 19 for the life of the project. Objectives would be evaluated concurrently with 
the timing of monitoring data collection and reporting of results (monthly, quarterly, and/or 
annually). The frequency, duration and timing of monitoring and reporting may increase or 
decrease dependent upon exceedances of thresholds as a result of meeting or not meeting 
monitoring objectives as determined by BLM. Monitoring objectives, indicators, baseline 
conditions, thresholds, and other aspects of data collection (e.g. monitoring locations), as well as 
management actions and mitigation measures, may be subject to modifications at any time 
during project operations, including exploration, utilization, decommissioning, and reclamation 
phases. Any changes to monitoring objectives, indicators, baselines, thresholds, locations, or the 
ARMMP would require prior approval from the BLM Authorized Officer (AO). 
 
The following hydrology, aquatic habitat, and SSS goals and objectives are further delineated in 
Table 19.  Each objective has been assigned tier-1 and tier-2 monitoring sites with representative 
baseline conditions, monitoring and/or critical thresholds, adaptive management, and mitigation 
measures.  Thresholds have been established with consideration of values and ranges within the 
natural variation of each site during baseline data collection. Some monitoring sites do not have 
established baseline indicator conditions and are identified in Table 19 as “currently unknown”. 
Baseline conditions labeled “currently unknown” would be established upon further data 
collection as previously described in Section 9. In addition, critical thresholds have been 
established with specific consideration to SSS (springsnail and DVT thermal tolerances and 
populations/habitat occurrence). Adaptive management and mitigation reflect the above-
mentioned categories (codes A, B, and C) and include those described in section 9.9 (Adaptive 
Management & Mitigation Measures).  
 
Hydrologic, aquatic habitat, and SSS objectives are as follows: 
 
9.8.1. Hydrology (Ground/Surface Water) 

Goal 1 – Gain a clear understanding of the local hydrogeology, including areas of 
groundwater discharge and recharge and their potential relationships with surface water 
bodies, to maintain water quantity at Dixie Meadows. 
 

Objective 1 – Maintain surface water flow and stage within ±10% or ±15gpm/20mm 
(whichever is less) outside the natural range of baseline conditions for 90% of tier-1 
monitoring sites. 
 
Objective 2 – Maintain hydraulic head within ±15% outside the natural range of baseline 
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conditions for 90% of tier-1 groundwater monitoring wells. 
 
Goal 2 – Maintain current groundwater and surface water quality conditions at Dixie 
Meadows. 
 

Objective 3 – Maintain water temperatures within ±10% or ±10oF (whichever is less) 
outside the natural range of baseline conditions at all tier-1 monitoring sites. 

Objective 4 – Maintain field parameters within ±10% outside the natural range of baseline 
conditions at 85% of tier-1 monitoring sites. 

Objective 5 – Maintain key geothermal indicator values* within ±15% outside the natural 
range of baseline concentrations at 85% tier-1 monitoring sites. 

*Key geothermal indicators: SiO2 and Mg (other geothermal constituents may apply as 
appropriate for site-specific locations). 

9.8.2. Aquatic Habitat/Special Status Species 

 
Goal 3 – Maintain special status species populations and life cycle diversity within Dixie 
Meadows. 
 

Objective 6 – Maintain Dixie Valley toad populations (all life stages) at a minimum of >80% 
from baseline for 85% of USGS monitoring areas. 
 
Objective 7 – Maintain seasonal distribution of Dixie Valley toad populations (of all life 
stages) at ±10% from baseline within 85% of occupied habitat of Dixie Meadows. 
 
Objective 8 – Maintain springsnail populations (average abundance within springbrook) at 
>80% from baseline for tier-1 monitoring sites.  
 

Goal 4 – Maintain appropriate hydrologic conditions (habitat quality indicators) at surface 
water locations occupied by springsnails and Dixie Valley toad. 
 

Objective 9 – Maintain surface water temperature within ±1.0°C outside the natural range 
of springsnail thermal tolerance (as defined by the range of temperatures measured 
throughout the occupied spring brook at Dixie Meadows) at all springsnail occupied sites. 
 
Objective 10 – Maintain surface water stage within ±10% outside the natural range of 
baseline conditions at springsnail occupied springs. 
 
Objective 11 – Maintain surface water temperature within ±2.0°C outside the natural range 
of Dixie Valley toad thermal tolerance (as defined by the range of temperatures measured 
during population/HQI surveys at Dixie Meadows) at 85% of Dixie Valley toad occupied 
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springs. 
 
Objective 12 – Maintain surface water stage within ±10% or 20mm (whichever is less) 
outside the natural range of baseline conditions at 85% of Dixie Valley toad occupied 
habitat (USGS monitoring sites). 
 

Goal 5 – Ensure the continuity of aquatic habitats is maintained, with respect to vegetative 
composition, cover, hydric soils, and habitat extent.  
 

Objective 13 – Maintain total vegetative cover and species composition (key riparian 
indicator species*) within ±10% outside the natural range of baseline ecological (aquatic 
habitat) potential for 85% of tier-1 monitoring sites. 
 
Objective 14 – Maintain aquatic habitat extent (sum of all wetland communities in the 
WARD by acreage) within natural climatic variations for all habitat types within Dixie 
Meadows. 
 
Objective 15 – Maintain hydric soil indicators at 85% of tier-1 monitoring sites (Table 22). 
 

*Key riparian indicator species include those from Army Corps of Engineers (ACOE) wetland 
survey indicators listed in Table 2. 

 

9.9. Adaptive Management & Mitigation Measures  

Adaptive management or mitigation measures may be triggered if an indicator has exceeded a 
monitoring/critical threshold. The following is a general list of proposed adaptive management 
actions and mitigation measures that may implemented during, or following, project operations. 
This is not a complete list and additional adaptive management actions, or mitigation measures 
may be developed by the BLM, Ormat, Contractor, and/or cooperating agencies as needed to 
ensure goals and objectives are being achieved. Additional management actions and/or 
mitigation measures may be proposed throughout the life of the project (exploration, utilization, 
decommissioning, and reclamation phases) and would require prior approval from the BLM AO 
before implementation. 
 
9.9.1. Mitigation Measures Outlined in the Proposed Action 

1. Providing geothermal fluids to the affected hot springs of a quality and quantity to 
approximately restore the pre-production temperature; flow, stage or equivalent; and 
basic thermal water chemistry of the hot springs; and/or 
 

2. Implementing appropriate geothermal reservoir management techniques to adjust the 
geothermal reservoir pressure regime and reduce and/or reverse these adverse effects 
to the springs. Such geothermal reservoir management techniques may include: 
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a. Modifying the volume (and/or pressure) of geothermal fluids produced from one 

or more production wells within the geothermal unit area field and monitor the 
reservoir and hot spring response; and/or 
 

b. Modifying the volume (and/or pressure) of geothermal fluids injected into one or 
more injection wells within the geothermal unit area field to balance injection 
throughout the system either vertically or laterally and monitor the reservoir and 
hot spring response; and/or 
 

c. Relocating one or more injection well(s) within the geothermal unit area*. 
 

3. Any other measure as directed by the BLM AO which, pursuant to the lease stipulations, 
may include shutting down the operation. 

 
*Relocation of production wells could prove to be difficult and not feasible/plausible; however 
new injection wells could also be drilled in other areas to supplement additional areas of injected 
water. 
 
9.9.2. Additional Proposed Adaptive Management Actions and Mitigation Measures 

Hydrology (Ground/Surface Water): 

 
1. Increase the frequency, duration and/or timing of monitoring specific parameters at 

defined monitoring locations to determine if other applicable adaptive management 
actions or mitigation measures need to be implemented. 

 
2. Modify (increase and/or decrease) pumping and/or injection rates of geothermal fluid 

until maintenance of pre-operation conditions is achieved. 
 
3. Alter the location(s) of pumping and/or injection of geothermal fluid (into specific 

geological units) until maintenance of pre-operation conditions is achieved. 
 
4. Install spring boxes and pipeline to pipe spring water directly to a discharge point while 

controlling flow rates.  
 
5. Install a temporary injection pipeline from injection well(s) to spring(s) to supplement 

losses in water volume. 
 
6. Install a temporary pipeline from production well(s) to spring(s) to supplement losses in 

water temperature. 
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7. Install shallow injection wells to maintain shallow groundwater levels, and indirectly 
support spring flows. 

 
8. Temporary cessation of pumping and/or injection at site-specific well locations until 

maintenance of pre-operation conditions is achieved. 
 
Aquatic Habitat/Special Status Species: 

 
9. Work with cooperating agencies/partners to develop a Conservation 

Agreement/Conservation Strategy to assist in the management and conservation of the 
Dixie Valley toad (See Relict Leopard frog and Amargosa toad examples). This should be 
completed prior to USFWS species status review for listing under the Endangered Species 
Act.  

 
10. Continue population monitoring program to better establish a population baseline and 

initial population trends where there are existing data research gaps. Studies could also 
allow for a better understanding of life history, genetics, and ecological requirements for 
the Dixie Valley toad. Funding would allow for a minimum of 2 additional years of baseline 
surveys. 

 
11. Implement habitat manipulation and improvement projects for Dixie Valley toad as 

needed by direction from the NDOW and USFWS. Experimental habitat manipulation and 
improvement projects (e.g. modifying breeding pools, vegetation thinning, re-seeding, 
etc.) would be developed and implemented to enhance reproduction, recruitment, 
survival, and dispersal of the Dixie Valley toad.  

 
12. Work with the BLM and the Navy to reduce the threats of grazing and/or grazing during 

critical periods for Special Status Species. Examples could include changes to grazing 
rotation, additional water troughs or supplements away from wetland habitats, and 
additional fencing. 

 
13. Work with the Navy to determine if fencing of springsnail populations and associated 

spring sources is feasible to reduce impacts from grazing within Dixie Meadows.  
 
14. Conduct tamarisk and other noxious and non-native weed treatments in 

conformance with the BLM and Navy and approved aquatic methods in the Project Weeds 
Management Plan to improve habitat for Special Status Species within Dixie Meadows. 

 
15. In coordination with the NDOW, investigate predation and disease threats from non-

native species (e.g. bullfrogs, crayfish, fish, etc.) for the Dixie Valley toad and springsnails 
and develop a program to reduce these threats within Dixie Meadows. 
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16. Work with the Navy to develop a public outreach and education program for Dixie Valley 
toad. 
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Well ID** Well Owner Completion Date Easting (m) Northing (m)
TOC Elevation (ft 

amsl)
Borehole 

Depth (ft bgs)
Cased Depth 

(ft bgs)
Borehole 

Diameter (in.)
Well Diameter (in.) Top of screen (ft bgs)

Bottom of Screen (ft 
bgs)

Well Completion Geology SWL (ft bgs)
GW Elevation (ft 

amsl)
333 343
385 395
410 430

108770 USGS 9/15/2009 410,472.9 4,400,461.4 3,383.4 50 50 6.625 2 45 50 Quaternary playa 14.4 3,369.0

108771 USGS 9/16/2009 410,472.9 4,400,461.4 3,383.4 15 15 6.625 2 10 15 Quaternary playa 7.4 3,376.0

109435 USGS 3/19/2009 412,051.3 4,402,339.5 3,383.1 9.625 9.625 4 1 5.625 9.625 Quaternary playa 2.8 3,380.3

109491 USGS 3/17/2009 410,176.1 4,400,776.2 3,384.4 10 10 4 1 5 10 Quaternary playa 4 3,380.4

109574 USGS 3/10/2009 408,538.8 4,398,347.5 3,384.4 24.5 24.5 6.625 2 19.5 24.5 Quaternary alluvium and playa 0 3,384.4

21832
Phillips Petroleum 

Company
4/15/1978 ‐ ‐ ‐ 200 200 4.75 1 N/A N/A Quaternary alluvium and playa UNK ‐

21833
Phillips Petroleum 

Company
4/1/1978 ‐ ‐ ‐ 200 200 5.125 1 N/A N/A Quaternary alluvium and playa UNK ‐

23087 Nufuels Corps. 6/30/1981 ‐ ‐ ‐ 1,460 151 UNK UNK N/A N/A Quaternary alluvium 105 ‐

23748 Nufuels Corps. 7/19/1981 ‐ ‐ ‐ 500 160 8.75 6.625 N/A N/A Quaternary alluvium and playa 8 ‐
21834 BLM n/a ‐ ‐ ‐ 300 300 5.625 1.25 N/A N/A Quaternary alluvium UNK ‐
22‐8B Ormat 7/27/2012 407,743.9 4,405,476.7 3,473.0 1,000 274 3.895 4.5 ‐ ‐ Quaternary alluvium 8.75 3,464.3
22D‐8 Ormat 8/1/2019 407,755.0 4,405,482.0 3,481.6 4,010 1,342 8.5 7 N/A N/A Quaternary alluvium 40 3,441.6

23‐8 Ormat 10/20/2015 407,916.9 4,405,313.3 3,462.8 4,700 829 3.895 4.5 ‐ ‐ Triassic siltstone 262.0* 3,724.8

23A‐8 Ormat 3/2/2016 407,890.7 4,405,290.2 3,458.1 4,758 2,095 14.75 16 ‐ ‐ Triassic slate and siltstone 139 3,331.0

24(13)‐8ST2 Ormat 9/21/2017 407,734.1 4,404,987.9 3,477.2 4,800 3,394 8.5‐13 9.625‐13.375 ‐ ‐
Triassic slate and Jurassic 
granodiorite

92 3,404.0

24A‐8 Ormat 04/2016 407,729.0 4,404,984.4 3,483.1 750 151 3.895 4.5 ‐ ‐ Quaternary alluvium 142.9* 3,626.0
86‐7 Ormat 8/9/2012 407,325.9 4,404,624.4 3,535.6 1,000 293 3.895 4.5 ‐ ‐ Quaternary alluvium 174.1* 3,709.7

42(12)‐9 Ormat 10/26/2011 410,009.1 4,405,383.9 3,388.6 7,442 3,721 12.25 13.375 ‐ ‐ Tertiary tuff 273.5* 3,662.1
75‐4 Ormat 1/21/2017 410,548.9 4,406,436.8 3433.0 5,476 2,493 12.25 13.375 ‐ ‐ Jurassic granodiorite and gabbro 142 3291

Data Source for well completion information:  Nevada Division of Water Resources, Well Logs and Well Log Database, 2019; and Ormat (2019)
Coordinates in NAD 1983 UTM Zone 11N
* Indicate water level in feet above ground surface. Calculated from gauge pressure.

** NDWR Well Log ID Number, or Ormat ID Numaber
ft amsl feet above mean sea level
ft bgs feet below ground surface
in. inches
m meters
N/A  No screened interval or information not provided in Driller's Report
SWL static water level
TOC top of casing
UNK Information not provided in Driller's Report

Table 1. Details for Existing Wells Near Dixie Meadows

24.9*49.875472
MW‐1
(21‐9)

Quaternary alluvium and playa451‐ 7/27/2011 3,421.2409,583.8 4,405,672.2 3,396.3
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Species Code Species name Common name Functional Group
ACOE Wetland
Indicator Status

Status

APCA Apocynum cannabimum Indian hemp Forb FAC Native

ATTO Atriplex torreyi Torrey's saltbush Shrub FACU Native

BAHY Bassia hyssopifolia Fivehorn smotherweed Forb FACU Exotic

BEER Berula erecta Cutleaf water parsnip Forb OBL Native

BRTE Bromus tectorum Cheatgrass Graminoid UPL Exotic

CAMI Castilleja minor Alkali Indian paintbrush Forb OBL Native

CAPR Carex praegracilis Clustered field sedge Graminoid FACW Native

CAPU Cardaria pubescens Hairy whitetop Forb UPL Exotic

CHNA Chrysothamnus nauseosus Rubber rabbitbrush Shrub UPL Native

CRRU Crepis runcinata Fiddleleaf hawksbeard Forb FACU Native

DEPI Descurainia pinnata Tansy mustard Forb UPL Native

DISP Distichlis spicata Inland saltgrass Graminoid FAC Native

ELPA Eleocharis palustris Common spikerush Graminoid OBL Native

ELRO Eleocharia rostellata Beaked spikerush Graminoid OBL Native

HEAN Helianthus annuus Common sunflower Forb FACU Native

HOJU Hordeum jubatum Fox‐tail barley Graminoid FAC Native

JUBA Juncus balticus Baltic rush Graminoid FACW Native

LASE Lactuca serriola Prickly lettuce Forb FACU Exotic

MELI Melilotus spp. Sweet clover Forb FACU Exotic

MIGU Mimulus guttatus Seep monkey flower Forb OBL Native

NIOC Nitrophila occidentalis Boraxweed Forb FACW Native

PHAR Phalaris arundinacea Reed canarygrass Graminoid FACW Native

POMO Polypogon monspeliensis Annual rabbitsfoot grass Graminoid FACW Exotic

POSE Poa secunda Sandberg bluegrass Graminoid FACU Native

SAVE Sarcobatus vermiculatus Greasewood Shrub FACU Native

SCAC Schoenoplectus acutus Hardstem bulrush Graminoid OBL Native

SCAM Schoenoplectus americanus Chairmakers bulrush Graminoid OBL Native

SCMA Schoenoplectus maritimus Alkali bulrush Graminoid OBL Native

SOSP Solidago spectabilis Nevada goldenrod Forb FACW Native

SPER Spergularia spp. Sandspurry Forb ? Native

TRMA Triglochin maritima Seaside arrowgrass Graminoid OBL Native

TYDO Typha domingensis Southern cattail Forb OBL Native

Army Corp of Engineers (ACOE) Wetland Indicator Status codes:

OBL Obligate Wetland Species (almost always occur in wetlands)
FACW Facultative Wetland (usually occurs in wetlands, but may occur in non‐wetlands)
FAC Facultative (occurs in wetlands and non‐wetlands)
FACU Facultative Upland (usually occurs in non‐wetlands, but may occur in wetlands)

Table 2: Plant Species Encountered During Vegetation Surveys 
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Habitat Type

Bulrush Wetland

Reed Canarygrass 
Wetland

Saltgrass and Alkali 
Bulrush Wetland

Army Corp of Engineers (ACOE) Wetland Indicator Status codes:

OBL Obligate Wetland Species (almost always occur in wetlands)
FACW Facultative Wetland (usually occurs in wetlands, but may occur in non‐wetlands)
FAC Facultative (occurs in wetlands and non‐wetlands)
FACU Facultative Upland (usually occurs in non‐wetlands, but may occur in wetland  

UPL Obligate Upland (almost never occurs in wetlands)

Table 3: Summary of the data collected at the eight wetland plant communities identified at Dixie Meadows. The calculation in the dominance test column is as follows: total number of dominant species across all strata / number of dominant species 
that are FAC or wetter. A prevalence index value was calculated only for problematic communities. An ‘e’ next to a species code indicates it as an exotic species to the region. See Table 2 for plant species codes.        

1/2 = 50% 2.2 Yes

Field Sedge Meadow 0 10
CAPR 66.5 FACW

1/2 = 50%
HEAN 33.9 FACU

10
POMO (7.2 [e]), TACH (4.4 [e]), BAHY (2.6
[e]), APCA (0.8), TRMA (0.6), MELI (0.2 [e]), SOSP (0.2), TYDO 
(0.2)HEAN 11.9 FACU

Woody Riparian 0 6

SCAM 23.8

2 SCMA (5.8)

7
DISP (8.0), HEAN (2.4), SCAM (0.9), HOJU
(0.1)

2.7 Yes

15

JUBA 19.5 FACW

3/3 = 100% NA YesELPA

8
DISP (6.7), JUBA (3.0), ELPA (2.0), HOJU
(2.0), POMO (0.9 [e]), POSE (0.4)

18.1 OBL

CAPR 13.3 FACW

YesNA

OBL

0 10 DISP 36.0

Wet Meadow 0

FAC 1/1 = 100%

0 5 PHAR 55.0 FACW 1/1 = 100% NA Yes

3 SCAM (4.0)
DISP 10.0 FAC

Yes

2 SCAM (2.6)

13.8 OBL

1/1 = 100% NA
SCAC (15.8), APCA (9.2), BEER (5.7), MIGU
(1.4), SOSP (1.1)

Cattail Wetland 0 5
TYDO 31.0 OBL

2/2 = 100% NA

0 18 SCAM 70.6 OBL

Wetland boundary 0 20

POMO (e) 31.5 FACW

2/2 = 100%

Yes 6

Table 3. Summary of Vegetation Surveys ‐ Wetlands

# of Line Point 
Intercept
transects

# of Daubenmire 
plots

Dominant 
Species

%
Cover

NA Yes

DISP 15.8 FAC

Wetland boundary 4 0

DISP 24.0

15

SCAM (15.2), CAPR (8), HEAN (6.7), ELPA
(4), JUBA (3.5), ATTO (1.9), ELRO (1.8),
CHNA (1.5), HOJU (1.4), BEER (1.1), POSE
(0.9), MIGU (0.8), SOSP (0.3)

13
ELPA (10.2), CAPR (9), JUBA (7.5), HEAN
(5.7), ELRO (2.7), BEER (1.5), SOSP (1.5),
HOJU (1.5), ATTO (1.2), SPER (0.3)

POMO (e) 21.3 FACW

SCAM

ACOE
Indicator

Dominance test Prevalence Index
Hydrophytic 
Vegetation?

Species 
Richness

Other Species (% cover)

FAC

3/3 = 100% NA Yes
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Habitat Type

Army Corp of Engineers (ACOE) Wetland Indicator Status codes:

OBL Obligate Wetland Species (almost always occur in wetlands)
FACW Facultative Wetland (usually occurs in wetlands, but may occur in non‐wetlands)
FAC Facultative (occurs in wetlands and non‐wetlands)
FACU Facultative Upland (usually occurs in non‐wetlands, but may occur in wetlands)
UPL Obligate Upland (almost never occurs in wetlands)

Table 4: Summary of the data collected at the three upland plant communities identified at Dixie Meadows. The calculation in the dominance test column is as follows: total number of dominant species across all strata / number of dominant 
species that are FAC or wetter. A prevalence index value was calculated only for problematic communities. An ‘e’ next to a species code indicates it as an exotic species to the region. See Table 2 for plant species codes.        

1/2 = 50% 3.0 Yes 13

POMO (8.0 [e]), SOSP (4.6), MELI (3.0 [e]),
CRRU (2.4), CAPU (1.6 [e]), BRTE (1.4 [e]),
LASE (1.4 [e]), DISP (1.0), CAMI (0.6), DEPI
(0.2), JUBA (0.2)CAPR 15.6 FACW

Forb Upland 0 5

HEAN 19.4 FACU

FACW

2.8 Yes 11
SOSP (8.9), POMO (8.9 [e]), JUBA (6.7), MELI (4.4 [e]), BRTE 
(4.4 [e]), CAPU (2.2 [e]), CRRU (2.2), DEPI (2.2), LASE (2.2 
[e])FACU

1/2 = 50%Forb Upland 1 0

CAPR 40.0

HEAN 17.8

12
NIOC (7.3), POSE (2.1), CRRU (1.7), BAHY
(0.3 [e]), CAPR (0.3), CAMI (0.2), JUBA (0.2),
TRMA (0.2)

Saltgrass 
Upland

0 15

DISP 51.3

CHNA 5.7 UPL

FACU
1/4 = 25%

ATTO 7.0

SAVE 6.7

FAC

FACU

NoATTO 5.5 FACU

CHNA 5.0

NA No

12
JUBA (4.5), POSE (4.5), CRRU (2.0), CAPR
(2.0), HEAN (1.5), SAVE (1.5), TRMA (1.0),
PHAR (0.5), POMO (0.5 [e])

FAC

UPL

NA1/3 = 33%

DISP (9.7), CHNA (6.5)
BAHY (e) 19.4 FACU

BRTE (e) 16.1 UPL

SAVE 16.1 FACU

0/4 = 0% NA No 6

Saltgrass 
Upland

4 0

DISP 71.6

Table 4: Summary of Vegetation Surveys ‐ Uplands

# of Line Point 
Intercept
transects

# of Daubenmire 
plots

Dominant 
Species

%
Cover

ACOE
Indicator

Dominance test Prevalence Index
Hydrophytic 
Vegetation?

Species 
Richness

Other Species (% cover)

Shrub Upland 1 0

ATTO FACU32.3
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Basin App
App 
Status

Src
Qtr‐
Qtr

Qtr Sec Twn Rng
Div Rate 
(CFS)

Type of 
Use

Priority Date
Duty 
(AFA)

Owner of Record

128 13267 CER UG NE SW 14 22N 36E 0.00 STK 2/16/1950 1.1 ROSENLUND, JUDY

128 13269 CER UG NE NE 24 21N 35E 0.00 STK 2/16/1950 1.1 ROSENLUND, JUDY

128 17272 CER UG SW SW 1 21N 34E 0.10 IRR 5/14/1957 18.4 NAVAL AIR STATION ‐FALLON

128 21690 CER UG SW NE 8 21N 35E 1.78 IRR 12/17/1963 360 NAVAL AIR STATION‐FALLON

128 34303 CER UG NW SW 9 21N 35E 0.13 IRR 11/29/1971 52 BARTLETT, WILLIAM S.

101 3859 CER STR SW SE 2 23N 34E 0.00 STK 4/4/1916 1.44 JAMES C. ESTILL

101 52786 PER UG SW SE 6 22N 34E 0.45 MM 12/20/1988 72.8 FISK/ROBERTSON MINING

128 72059 PER UG SW NE 36 21N 34E 1.53 IRR 3/5/1982 1107.7 NAVAL AIR STATION‐FALLON

128 72061 PER UG SW SW 36 21N 34E 1.08 IRR 2/3/1955 620 NAVAL AIR STATION‐FALLON

128 72062 CER UG SE SE 9 21N 35E 0.04 WLD 2/3/1955 20 NAVAL AIR STATION‐FALLON

128 7553 CER STR NW SW 35 21N 36E 0.02 IRR 10/22/1925 6.7 STARK, CLYDE B.

128 80652 CER UG SE SW 9 21N 35E 0.06 WLD 5/5/1949 29.2 NAVAL AIR STATION FALLON

128 80653 CER UG NE NE 17 21N 35E 0.00 WLD 5/5/1949 0.8 NAVAL AIR STATION FALLON

128 80654 CER UG NE SE 17 21N 35E 0.00 WLD 5/5/1949 2 NAVAL AIR STATION FALLON

128 80655 CER UG SW SW 18 21N 35E 0.08 WLD 5/5/1949 38.4 NAVAL AIR STATION FALLON

128 80656 CER UG NW NE 19 21N 35E 0.01 WLD 5/5/1949 2.4 NAVAL AIR STATION FALLON

128 80657 CER UG NW NE 19 21N 35E 0.02 WLD 5/5/1949 7.6 NAVAL AIR STATION FALLON

128 80658 CER UG SW NE 20 21N 35E 0.06 WLD 5/5/1949 27.6 NAVAL AIR STATION FALLON

128 80659 CER UG NE NE 8 21N 35E 0.29 WLD 3/5/1982 11.2 NAVAL AIR STATION FALLON

128 80660 CER UG SW NW 9 21N 35E 0.19 WLD 3/5/1982 7.2 NAVAL AIR STATION FALLON

128 80661 CER UG NW NW 16 21N 35E 1.88 WLD 3/5/1982 72.8 NAVAL AIR STATION FALLON

128 80662 CER UG SW NE 17 21N 35E 0.18 WLD 3/5/1982 6.8 NAVAL AIR STATION FALLON

128 80663 CER UG SE NE 17 21N 35E 0.50 WLD 3/5/1982 19.2 NAVAL AIR STATION FALLON

128 80664 CER UG NW NE 20 21N 35E 0.22 WLD 3/5/1982 8.4 NAVAL AIR STATION FALLON

128 80665 CER UG SW NW 8 21N 35E 0.21 WLD 3/5/1982 8 NAVAL AIR STATION FALLON

128 8673 CER SPR NW SW 12 23N 34E 0.00 STK 8/24/1928 1.26 MCKAY, CHARLES A.

128 8674 CER SPR NW SE 11 23N 34E 0.00 STK 8/24/1928 2.88 MCKAY, CHARLES A.

128 87877 PER SPR NE SE 31 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87878 PER SPR NW SW 6 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87879 PER SPR SW NW 7 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87881 PER SPR SW SE 1 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87882 PER SPR SW SE 2 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87883 PER SPR SW NE 10 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87884 PER SPR NE SW 20 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87885 PER SPR NE SW 20 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87886 PER SPR NE SW 31 22N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87887 PER SPR SW NW 18 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87888 PER SPR NW SW 18 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87889 PER SPR NW NW 19 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87890 PER SPR NW NW 29 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 87891 PER SPR SE SE 30 21N 34E 0.02 STK 4/24/2018 11.96 BENCH CREEK RANCH CO, LLC

128 8896 CER SPR SE NE 1 21N 34E 0.03 STK 4/3/1929 20.25 KENT LAND & LIVESTOCK CO

101 9594 CER SPR SW NE 8 22N 34E 0.01 STK 6/1/1932 2.98 FISK, WILLIAM L.

101 9804 CER SPR SE NE 6 22N 34E 0.03 DOM 9/17/1934 18.81 FONDAWAY GOLD MINING COMPANY

128 V04587 VST UG W2 SW 5 21N 35E 1.50 IRR 12/31/1904 0 TSCHETTER, RODNEY L.

101 V09823 VST SPR SW SW 9 23N 34E 0.00 STK 1/1/1881 0 ESTILL, JIM

101 V09825 VST SPR SE NE 8 23N 34E 0.00 STK 1/1/1881 0 ESTILL, JIM

101 V09829 VST SPR SW NE 14 23N 34E 0.00 STK 1/1/1881 0 ESTILL, JIM

128 V10057 VST SPR SW SE 5 22N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10058 VST SPR NE SW 4 22N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10059 VST STR NW NE 33 23N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10060 VST OSW SE SW 14 23N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10061 VST STR NW NW 2 23N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10065 VST SPR SW NW 17 22N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10066 VST OSW NW NE 19 22N 35E 0.01 STK 1/1/1880 0 STREMLER, MIKE AND BARBARA

128 V10206 VST UG SW SE 16 21N 35E 0.05 STK 1/1/1878 0 CASEY, MICHAEL A AND CLAUDIA C

Source: Nevada division of Water Resources, Water Rights Database, July 2019.
Abbreviations:
APP = application, CER = certificated, DEC = decreed, PER = permitted, RES = reserved, RFA = ready for action, RFP = ready for action ‐ protested, VST = claim of vested right
OSW = other surface water, SPR = spring, STR = stream, UG = underground
COM = commercial, DEC = decreed, DOM = domestic, IND = industrial, IRR = irrigation, MM = mining & milling, MMD = mining, milling & dewatering, STK = livestock watering
SUP = corresponding water right is supplemental, in whole or in part, to other water right(s)
AFA = acre‐feet annually
Src Water source
Qtr Quarter
Sec Section
Twn Township
Rng Range
Div RateDiversion Rate
CFS Cubic feet per second

Table 5. Summary of Active Water Rights near Dixie Meadows
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Site ID Type Easting (m) Northing (m) Elevation (ft amsl)
MW‐1 Monitoring Well 409,584.8 4,405,671.6 3,396.3

USGS‐101 Spring 409,863.0 4,406,470.0 3,421.2
Spring 2 Spring 409,871.0 4,406,306.0 3,407.5

NDOWSS‐1 Spring 408,476.0 4,405,816.0 3,422.5
Spring 4 Spring 408,480.0 4,405,694.0 3,421.8
Spring 5A Spring 408,362.0 4,405,027.0 3,424.6
Spring 5B Spring 408,372.0 4,404,969.0 3,422.5
Spring 6 Spring 408,703.0 4,406,020.0 3,419.8
Spring 7 Spring 408,336.0 4,404,172.0 3,411.3
Spring 8  Spring 408,080.0 4,403,234.0 3,408.0

USGS‐301 North Spring 407,910.2 4,403,440.4 3,413.5
USGS‐301 Salt Cedar Spring 407,867.0 4,403,375.0 3,413.1

Western Playa Pond 409,494.0 4,405,645.0 3,397.8
Eastern Playa Pond 409,604.0 4,405,499.0 3,395.3

Complex 2 Confluence Channel 408,594.0 4,405,627.0 3,415.6
Coordinates in NAD 1983 UTM Zone 11N
m meters
ft amsl feet above mean sea level

Table 6. Current Monitoring Sites in Dixie Meadows
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

USGS‐101 6/24/2015 0900 90 67.10 ‐ ‐ ‐ ‐ ‐
USGS‐101 6/30/2015 ‐ 100 66.56 ‐ ‐ ‐ ‐ ‐
USGS‐101 7/21/2015 1008 90 68.72 ‐ ‐ ‐ ‐ ‐
USGS‐101 7/27/2015 0947 90 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/6/2015 1058 90 70.70 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/13/2015 1202 90 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/27/2015 1215 96 69.98 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/3/2015 1103 94 70.16 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/10/2015 1045 94 70.16 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/17/2015 1205 87 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/24/2015 1132 85 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/1/2015 1138 88 71.24 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/8/2015 1147 90 70.88 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/15/2015 1144 84 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/22/2015 1315 85 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/29/2015 1238 81 70.52 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/4/2015 1217 85 71.24 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/12/2015 1411 85 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/19/2015 1150 86 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/24/2015 1010 83 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/5/2015 1307 82 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/13/2015 1152 80 72.14 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/17/2015 1305 85 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/22/2015 1100 82 71.60 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/31/2015 1300 82 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 1/14/2016 1132 70 71.78 ‐ ‐ ‐ ‐ ‐
USGS‐101 2/12/2016 1202 65 72.14 ‐ ‐ ‐ ‐ ‐
USGS‐101 3/11/2016 1308 60 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 4/19/2016 1211 65 71.42 ‐ ‐ ‐ ‐ ‐
USGS‐101 5/11/2016 1227 55 70.16 ‐ ‐ ‐ ‐ ‐
USGS‐101 6/19/2016 1118 55 69.08 ‐ ‐ ‐ ‐ ‐
USGS‐101 7/15/2016 1427 55 69.62 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/14/2016 1251 55 69.44 ‐ ‐ ‐ ‐ ‐

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐101 9/18/2016 1219 50 71.24 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/27/2016 ‐ ‐ 67.20 860 ‐ ‐ ‐ 8.1
USGS‐101 10/20/2016 1138 60 71.24 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/18/2016 1038 63 70.34 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/21/2016 1045 64 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 1/19/2017 1055 52 70.84 ‐ ‐ ‐ ‐ ‐
USGS‐101 2/17/2017 1226 58 70.92 ‐ ‐ ‐ ‐ ‐
USGS‐101 3/21/2017 1153 60 70.45 ‐ ‐ ‐ ‐ ‐
USGS‐101 4/12/2017 1117 62 69.90 996 ‐ ‐ ‐ ‐
USGS‐101 4/13/2017 1230 62 69.60 1003 ‐ ‐ ‐ ‐
USGS‐101 4/21/2017 1221 60 69.55 ‐ ‐ ‐ ‐ ‐
USGS‐101 5/26/2017 1155 50 69.30 ‐ ‐ ‐ ‐ ‐
USGS‐101 6/24/2017 1013 49 71.24 ‐ ‐ ‐ ‐ ‐
USGS‐101 7/12/2017 1240 50 68.90 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/31/2017 1303 50 ‐ ‐ ‐ ‐ ‐ ‐
USGS‐101 9/30/2017 1245 45 76.82 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/29/2017 1252 48 70.88 ‐ ‐ ‐ ‐ ‐
USGS‐101 11/30/2017 1313 48 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/15/2017 1343 49 71.42 ‐ ‐ ‐ ‐ ‐
USGS‐101 1/25/2018 1310 52 71.60 ‐ ‐ ‐ ‐ ‐
USGS‐101 2/20/2018 1127 54 72.68 ‐ ‐ ‐ ‐ ‐
USGS‐101 3/31/2018 1305 51 70.70 ‐ ‐ ‐ ‐ ‐
USGS‐101 4/30/2018 1152 49 69.98 ‐ ‐ ‐ ‐ ‐
USGS‐101 5/28/2018 0:00 0:00 71.42 ‐ ‐ ‐ ‐ ‐
USGS‐101 6/25/2018 0:00 65 69.98 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/1/2018 0:00 63 70.34 ‐ ‐ ‐ ‐ ‐
USGS‐101 8/28/2018 10:20 68.70 965 688 53.5 4.81 7.83
USGS‐101 8/28/2018 10:20 0:00 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 9/25/2018 0.454861111 104 70.70 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/30/2018 0.576388889 96 71.42 ‐ ‐ ‐ ‐ ‐
USGS‐101 10/30/2018 0.576388889 71.42 752 374 NM NM 8.01
USGS‐101 11/30/2018 0:00 0:00 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 12/11/2018 0:00 61 70.88 ‐ ‐ ‐ ‐ ‐
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐101 1/23/2019 0:00 0:00 71.06 ‐ ‐ ‐ ‐ ‐
USGS‐101 2/22/2019 11:02 78.30 715 358 NM NM 8.03
USGS‐101 2/22/2019 10:35 0:00 71.78 ‐ ‐ ‐ ‐ ‐
USGS‐101 5/29/2019 13:00 70.20 815 408 NM NM 8.18
USGS‐101 8/23/2019 11:11 ‐ 68.99 985 640 NM NM 8.06
USGS‐101 12/18/2019 0 ‐ 64.22 993 683 NM NM 8.36
USGS‐101 3/12/2020 0.479166667 ‐ 70.40 1024 512 NM NM 7.91
USGS‐101 6/29/2020 0.489583333 ‐ 68.30 1151 576 NM NM 7.83
USGS‐101 8/28/2020 1010 ‐ 68.80 1001 501 NM NM 8.03
Spring 2 6/24/2015 0915 75 67.10 ‐ ‐ ‐ ‐ ‐
Spring 2 6/30/2015 ‐ 100 66.56 ‐ ‐ ‐ ‐ ‐
Spring 2 7/21/2015 1013 75 67.64 ‐ ‐ ‐ ‐ ‐
Spring 2 7/27/2015 0953 68 69.26 ‐ ‐ ‐ ‐ ‐
Spring 2 8/6/2015 1103 73 70.16 ‐ ‐ ‐ ‐ ‐
Spring 2 8/13/2015 1211 71 78.80 ‐ ‐ ‐ ‐ ‐
Spring 2 8/27/2015 1220 80 73.94 ‐ ‐ ‐ ‐ ‐
Spring 2 9/3/2015 1108 81 69.08 ‐ ‐ ‐ ‐ ‐
Spring 2 9/10/2015 1050 84 62.96 ‐ ‐ ‐ ‐ ‐
Spring 2 9/17/2015 1210 84 66.56 ‐ ‐ ‐ ‐ ‐
Spring 2 9/24/2015 1138 88 61.34 ‐ ‐ ‐ ‐ ‐
Spring 2 10/1/2015 1142 89 62.78 ‐ ‐ ‐ ‐ ‐
Spring 2 10/8/2015 1150 91 61.34 ‐ ‐ ‐ ‐ ‐
Spring 2 10/15/2015 1150 90 60.44 ‐ ‐ ‐ ‐ ‐
Spring 2 10/22/2015 1320 93 57.38 ‐ ‐ ‐ ‐ ‐
Spring 2 10/29/2015 1240 91 54.86 ‐ ‐ ‐ ‐ ‐
Spring 2 11/4/2015 1221 93 48.02 ‐ ‐ ‐ ‐ ‐
Spring 2 11/12/2015 1416 95 45.86 ‐ ‐ ‐ ‐ ‐
Spring 2 11/19/2015 1154 96 45.68 ‐ ‐ ‐ ‐ ‐
Spring 2 11/24/2015 1015 97 38.84 ‐ ‐ ‐ ‐ ‐
Spring 2 12/5/2015 1313 95 37.04 ‐ ‐ ‐ ‐ ‐
Spring 2 12/13/2015 1154 92 42.62 ‐ ‐ ‐ ‐ ‐
Spring 2 12/17/2015 1310 95 33.80 ‐ ‐ ‐ ‐ ‐
Spring 2 12/22/2015 1106 96 42.80 ‐ ‐ ‐ ‐ ‐
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

Spring 2 12/31/2015 1305 105 32.18 ‐ ‐ ‐ ‐ ‐
Spring 2 1/14/2016 1136 104 34.16 ‐ ‐ ‐ ‐ ‐
Spring 2 2/12/2016 1206 100 44.96 ‐ ‐ ‐ ‐ ‐
Spring 2 3/11/2016 1314 105 56.48 ‐ ‐ ‐ ‐ ‐
Spring 2 4/19/2016 1216 107 64.04 ‐ ‐ ‐ ‐ ‐
Spring 2 5/11/2016 1232 105 61.34 ‐ ‐ ‐ ‐ ‐
Spring 2 6/19/2016 1124 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 7/15/2016 1431 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 8/14/2016 1257 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 9/18/2016 1223 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 10/20/2016 1140 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 11/18/2016 1045 85 36.79 ‐ ‐ ‐ ‐ ‐
Spring 2 12/21/2016 1050 95 31.98 ‐ ‐ ‐ ‐ ‐
Spring 2 1/19/2017 1103 85 32.50 ‐ ‐ ‐ ‐ ‐
Spring 2 2/17/2017 1230 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 3/21/2017 1158 0 ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 4/12/2017 1145 89 50.00 1150 ‐ ‐ ‐ ‐
Spring 2 4/13/2017 1247 95 47.10 1169 ‐ ‐ ‐ ‐
Spring 2 4/21/2017 1225 90 54.03 ‐ ‐ ‐ ‐ ‐
Spring 2 5/26/2017 1200 94 61.52 ‐ ‐ ‐ ‐ ‐
Spring 2 6/24/2017 1020 90 67.28 ‐ ‐ ‐ ‐ ‐
Spring 2 7/12/2017 1251 75 78.44 ‐ ‐ ‐ ‐ ‐
Spring 2 8/31/2017 1309 85 111.38 ‐ ‐ ‐ ‐ ‐
Spring 2 9/30/2017 1252 93 76.28 ‐ ‐ ‐ ‐ ‐
Spring 2 10/29/2017 1300 98 46.22 ‐ ‐ ‐ ‐ ‐
Spring 2 11/30/2017 1319 100 40.28 ‐ ‐ ‐ ‐ ‐
Spring 2 12/15/2017 1348 ‐ ‐ ‐ ‐ ‐ ‐ ‐
Spring 2 1/25/2018 1315 95 35.78 ‐ ‐ ‐ ‐ ‐
Spring 2 2/20/2018 1134 109 34.34 ‐ ‐ ‐ ‐ ‐
Spring 2 3/31/2018 1309 102 45.68 ‐ ‐ ‐ ‐ ‐
Spring 2 4/30/2018 1155 103 47.84 ‐ ‐ ‐ ‐ ‐
Spring 2 5/28/2018 1215 150 59.72 ‐ ‐ ‐ ‐ ‐
Spring 2 6/25/2018 1255 125 67.10 ‐ ‐ ‐ ‐ ‐
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

Spring 2 8/1/2018 1255 126 75.02 ‐ ‐ ‐ ‐ ‐
Spring 2 8/28/2018 1040 135 66.02 ‐ ‐ ‐ ‐ ‐
Spring 2 9/25/2018 1100 175 60.62 ‐ ‐ ‐ ‐ ‐
Spring 2 10/30/2018 0:00 0:00 56.48 ‐ ‐ ‐ ‐ ‐
Spring 2 11/30/2018 0:00 0:00 39.56 ‐ ‐ ‐ ‐ ‐
Spring 2 12/11/2018 0:00 0:00 38.48 ‐ ‐ ‐ ‐ ‐
Spring 2 1/23/2019 1050 180 34.34 ‐ ‐ ‐ ‐ ‐
Spring 2 2/22/2019 1040 182 34.34 ‐ ‐ ‐ ‐ ‐
Spring 2 8/28/2018 0.444444444 ‐ 63.28 1728 1313 17.2 1.54 6.34
Spring 2 2/22/2019 0.451388889 ‐ 32.90 921 461 NM NM 8.02
Spring 2 5/29/2019 0.574305556 ‐ 80.90 928 NM NM NM 7.81

NDOW‐SS1 6/24/2015 1002 64 143.60 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 6/30/2015 ‐ 67 142.52 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 7/21/2015 1030 71 141.26 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 7/27/2015 1013 71 142.16 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/6/2015 1050 72 142.70 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/13/2015 1225 72 143.24 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/27/2015 1238 70 147.56 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/3/2015 1122 74 144.14 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/10/2015 1108 75 145.94 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/17/2015 1226 73 142.16 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/24/2015 1157 75 145.76 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/1/2015 1153 75 143.96 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/8/2015 1202 75 144.14 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/15/2015 1203 74 143.96 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/22/2015 1331 38 142.52 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/29/2015 1310 39 141.44 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/4/2015 1300 30 140.18 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/12/2015 1433 34 138.56 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/19/2015 1234 37 138.56 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/24/2015 1028 40 138.20 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/5/2015 1332 40 137.12 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/13/2015 1210 44 130.82 ‐ ‐ ‐ ‐ ‐
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

NDOW‐SS1 12/17/2015 1341 44 135.68 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/22/2015 1125 43 132.98 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/31/2015 1327 44 132.26 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 1/14/2016 1149 45 134.78 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 2/12/2016 1223 45 136.94 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 3/11/2016 1404 55 136.58 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 4/19/2016 1231 41 140.00 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 5/11/2016 1250 41 140.36 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 6/19/2016 1137 44 141.62 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 7/15/2016 1444 51 142.34 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/14/2016 1315 49 147.02 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/18/2016 1240 48 145.94 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/27/2016 ‐ ‐ >120 1320 ‐ ‐ ‐ ‐
NDOW‐SS1 10/20/2016 1200 41 142.13 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/18/2016 1105 40 138.33 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/21/2016 1112 40 135.82 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 1/19/2017 1120 45 135.43 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 2/17/2017 1216 45 136.71 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 3/21/2017 1145 45 137.91 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 4/12/2017 1239 65 140.40 1196 ‐ ‐ ‐ ‐
NDOW‐SS1 4/13/2017 1312 65 139.20 1201 ‐ ‐ ‐ ‐
NDOW‐SS1 4/21/2017 1210 67 139.28 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 5/26/2017 1145 70 140.25 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 6/24/2017 1036 70 144.14 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 7/12/2017 1234 75 145.22 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/31/2017 1328 75 147.38 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/30/2017 1307 75 142.70 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/29/2017 1315 88 145.94 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/30/2017 1334 90 140.36 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/15/2017 0:00 0:00 138.02 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 1/25/2018 1325 91 136.94 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 2/20/2018 1157 95 137.66 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 3/31/2018 0:00 0:00 134.60 ‐ ‐ ‐ ‐ ‐
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

NDOW‐SS1 4/30/2018 1258 110 141.26 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 5/28/2018 1306 80 147.02 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 6/25/2018 1310 95 145.04 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/1/2018 1345 95 148.10 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 8/28/2018 0.486111111 ‐ 160.54 2,717 937 4.7 0.18 8.52
NDOW‐SS1 8/28/2018 0:00 0:00 148.46 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 9/25/2018 0:00 0:00 145.76 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/30/2018 10:40 ‐ 143.24 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 10/30/2018 0:00 0:00 143.24 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 11/30/2018 0:00 0:00 139.46 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 12/11/2018 0:00 0:00 137.84 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 1/23/2019 1215 0:00 136.76 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 2/22/2019 0:00 0:00 136.04 ‐ ‐ ‐ ‐ ‐
NDOW‐SS1 2/22/2019 13:00 ‐ 134.80 976 487 ‐ ‐ 7.85
NDOW‐SS1 5/29/2019 14:55 ‐ 138.70 1,020 510 ‐ ‐ 8.19
NDOW‐SS1 8/23/2019 11:40 ‐ 159.71 1,399 909 ‐ ‐ 7.87
NDOW‐SS1 12/18/2019 11:35 ‐ 133.30 1,313 908 ‐ ‐ 8.33
NDOW‐SS1 3/12/2020 12:00 ‐ 156.20 2,888 1444 ‐ ‐ 7.55
NDOW‐SS1 6/29/2020 12:10 ‐ 159.30 3,376 1,688 ‐ ‐ 7.52
NDOW‐SS1 8/28/2020 0915 ‐ 158.20 2,896 1,448 ‐ ‐ 7.68
Spring 4 4/12/2017 1300 0:00 165.20 954 ‐ ‐ ‐ ‐
Spring 4 4/13/2017 1331 0:00 164.70 956 ‐ ‐ ‐ ‐
Spring 4 8/28/2018 12:43 ‐ 163.61 2,147 727 1.4 0.05 9.17
Spring 4 2/22/2019 12:30 ‐ 163.76 939 469 ‐ ‐ 7.97
Spring 4 5/29/2019 15:40 ‐ 158.70 920 ‐ ‐ ‐ 8.47
Spring 5A 4/12/2017 0:00 448 129.10 1,007 ‐ ‐ ‐ ‐
Spring 5A 4/13/2017 0:00 450 125.60 1,012 ‐ ‐ ‐ ‐
Spring 5A 8/28/2018 13:28 ‐ 139.77 1,089 425 17.9 0.78 9.18
Spring 5A 2/22/2019 13:28 ‐ 114.00 924 465 ‐ ‐ 7.9
Spring 5A 5/30/2019 10:09 ‐ 129.56 1,106 ‐ ‐ ‐ 9.03
Spring 5B 8/28/2018 0.572916667 ‐ 123.99 1,820 787 107 6 9
Spring 5B 2/22/2019 0.566666667 ‐ 104.80 867 433 ‐ ‐ 8
Spring 5B 5/30/2019 0.409722222 ‐ 112.64 1,126 ‐ ‐ ‐ 9
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Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

Spring 6 8/28/2018 0.511111111 ‐ 140.55 4,985 1,936 50 2 8
Spring 6 2/22/2019 0.509027778 ‐ 105.10 1,870 917 ‐ ‐ 7
Spring 6 5/29/2019 0.607638889 ‐ 126.00 1,760 ‐ ‐ ‐ 8
Spring 7 8/28/2018 0.5875 ‐ 115.19 2,785 1,291 22 1 8
Spring 7 2/22/2019 0.579861111 ‐ 108.20 1,113 568 ‐ ‐ 8
Spring 7 5/30/2019 0.545833333 ‐ 112.46 1,475 ‐ ‐ ‐ 8
Spring 8  8/28/2018 0.625 ‐ 69.57 1,539 1,085 11 1 7
Spring 8  2/22/2019 0.614583333 ‐ 34.30 1,391 677 ‐ ‐ 7
Spring 8  5/30/2019 0.48125 ‐ 60.80 1,481 ‐ ‐ ‐ 8
USGS‐301 
North

6/24/2015 1015 1124 86.90 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

6/30/2015 ‐ 1127 86.90 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

7/21/2015 1110 1118 88.52 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

7/27/2015 1045 1095 88.88 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/6/2015 1128 1095 88.70 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/13/2015 1256 1095 90.86 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/27/2015 1308 1090 90.68 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/3/2015 1150 1089 89.96 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/10/2015 1132 1089 89.60 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/17/2015 1255 1080 89.42 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/24/2015 1223 1080 90.14 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/1/2015 1215 1080 89.78 ‐ ‐ ‐ ‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐301 
North

10/8/2015 1224 1080 89.96 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/15/2015 1421 1080 90.14 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/22/2015 1400 1074 89.42 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/29/2015 1339 1074 89.78 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/4/2015 1336 1080 89.06 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/12/2015 1502 1067 89.06 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/19/2015 1304 1054 89.24 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/24/2015 1053 1060 88.16 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/5/2015 1417 1054 89.24 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/13/2015 1302 1054 88.16 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/17/2015 1517 1060 88.52 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/31/2015 1422 1060 87.98 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

1/14/2016 1225 1060 88.34 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

2/12/2016 1258 1048 88.52 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

3/11/2016 1444 1060 89.78 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

4/19/2016 1327 1092 88.34 ‐ ‐ ‐ ‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐301 
North

5/11/2016 1330 1092 88.16 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

6/19/2016 1221 1092 89.24 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

7/15/2016 1515 1073 89.78 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/14/2016 1352 1066 90.50 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/18/2016 1329 1066 90.14 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/27/2016 ‐ ‐ 77.10 1,240 ‐ ‐ ‐ 8

USGS‐301 
North

9/27/2016 ‐ ‐ 86.70 1,280 ‐ ‐ ‐ 8

USGS‐301 
North

10/20/2016 1245 1066 87.08 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/18/2016 1147 1066 86.72 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

2/17/2017 1055 1048 86.16 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

3/21/2017 1102 1035 87.37 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

4/21/2017 1055 1035 86.76 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

5/26/2017 1046 1041 87.40 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

6/24/2017 0:00 1041 89.06 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

7/12/2017 1128 1041 90.86 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/31/2017 1406 1105 90.32 ‐ ‐ ‐ ‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐301 
North

9/30/2017 1433 1143 88.88 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/29/2017 0:00 0:00 89.06 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

11/30/2017 1443 1137 80.96 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/15/2017 1520 1118 87.44 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

1/25/2018 1414 1143 84.92 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

2/20/2018 1320 1105 82.04 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

3/31/2018 0:00 2:24 88.88 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

4/30/2018 0:00 2:24 88.34 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

5/28/2018 1345 0:00 90.32 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

6/25/2018 1401 19:12 90.14 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/1/2018 1427 1:12 91.22 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

8/28/2018 0.614583333 ‐ 87.99 1,621 944 44 3.25 7.78

USGS‐301 
North

8/28/2018 1451 9:36 90.86 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

9/25/2018 0:00 0:00 90.86 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/26/2018 0:00 0:00 89.96 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

10/30/2018 12:00 ‐ 89.40 1,010 500 NM NM 8.14
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐301 
North

11/30/2018 0:00 0:00 90.68 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

12/11/2018 0:00 0:00 90.32 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

1/23/2019 0:00 0:00 90.14 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

  0:00 0:00 89.24 ‐ ‐ ‐ ‐ ‐

USGS‐301 
North

2/22/2019 14:10 ‐ 87.70 1,040 520 NM NM 7.89

USGS‐301 
North

5/30/2019 0.459027778 ‐ 88.34 1,342 671 NM NM 8.74

USGS‐301 
North

8/23/2019 12:45 ‐ 89.55 1,363 885 NM NM 8.16

USGS‐301 
North

12/18/2020 13:05 ‐ 66.56 1,335 934 NM NM 8.5

USGS‐301 
North

3/12/2020 12:55 ‐ 89.50 1,744 872 NM NM 7.89

USGS‐301 
North

6/29/2020 13:40 ‐ 89.90 1,991 996 NM NM 7.91

USGS‐301 
North

8/28/2020 0:00 ‐ 87.20 1,594 797 NM NM 7.88

USGS‐301 Salt 
Cedar

8/28/2018 14:00 ‐ 76.55 1,505 983 74.2 6.14 8.15

USGS‐301 Salt 
Cedar

10/30/2018 12:35 ‐ 90.32 1,060 530 NM NM 7.73

USGS‐301 Salt 
Cedar

2/22/2019 14:21 ‐ 74.20 1,090 545 NM NM 7.33

USGS‐301 Salt 
Cedar

5/30/2019 0.488194444 ‐ 77.18 1,442 721 NM NM 7.99

USGS‐301 Salt 
Cedar

8/23/2019 0.541666667 ‐ 76.80 1,419 922 NM NM 7
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

USGS‐301 Salt 
Cedar

12/18/2019 0.545138889 ‐ 66.56 1,442 1,029 NM NM 8

USGS‐301 Salt 
Cedar

3/12/2020 0.545138889 ‐ 75.10 1,520 760 NM NM 7

USGS‐301 Salt 
Cedar

6/29/2020 0.5625 ‐ 62.30 1,666 833 NM NM 7

USGS‐301 Salt 
Cedar

8/28/2020 1100 ‐ 66.50 1,433 717 NM NM 7

MW‐1 8/28/2018 0.463194444 ‐ 73.24 5,988 4,054 51 4 8
MW‐1 10/30/2018 0.458333333 ‐ 71.30 >3999 >2000 NM NM 8
MW‐1 2/22/2019 0.477083333 ‐ 72.10 >3999 >2000 NM NM 8
MW‐1 5/29/2019 0.496527778 ‐ 73.50 3,040 1,520 NM NM 8
MW‐1 8/23/2019 0.506944444 ‐ 73.71 5,786 3,764 NM NM 8
MW‐1 12/18/2019 0.5 ‐ 68.00 5,684 4,588 NM NM 8
MW‐1 3/12/2020 0.513888889 ‐ 73.20 6,129 3,065 NM NM 8
MW‐1 6/29/2020 0.527777778 ‐ 72.80 7,045 3,523 NM NM 8
MW‐1 8/28/2020 1150 ‐ 73.30 6,129 3,065 NM NM 8

Western Playa 6/24/2015 1215 91 79.16 ‐ ‐ ‐ ‐ ‐
Western Playa 6/30/2015 ‐ 29 78.62 ‐ ‐ ‐ ‐ ‐
Western Playa 7/21/2015 1055 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 7/27/2015 1029 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 8/6/2015 1230 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 8/13/2015 1243 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 8/27/2015 1256 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/3/2015 1142 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/10/2015 1123 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/17/2015 1239 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/24/2015 1210 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/1/2015 1210 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/8/2015 1206 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/15/2015 1210 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/22/2015 1335 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/29/2015 1325 0 ‐ ‐ ‐ ‐ ‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

Western Playa 11/4/2015 1320 210 49.46 ‐ ‐ ‐ ‐ ‐
Western Playa 11/12/2015 1450 255 51.80 ‐ ‐ ‐ ‐ ‐
Western Playa 11/19/2015 1248 284 48.56 ‐ ‐ ‐ ‐ ‐
Western Playa 11/24/2015 1040 288 40.64 ‐ ‐ ‐ ‐ ‐
Western Playa 12/5/2015 1356 299 41.18 ‐ ‐ ‐ ‐ ‐
Western Playa 12/13/2015 1227 297 43.52 ‐ ‐ ‐ ‐ ‐
Western Playa 12/17/2015 1410 308 34.88 ‐ ‐ ‐ ‐ ‐
Western Playa 12/22/2015 1151 337 43.88 ‐ ‐ ‐ ‐ ‐
Western Playa 12/31/2015 1357 330 33.62 ‐ ‐ ‐ ‐ ‐
Western Playa 1/14/2016 1203 ‐ ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 2/12/2016 1237 334 50.18 ‐ ‐ ‐ ‐ ‐
Western Playa 3/11/2016 1426 339 57.38 ‐ ‐ ‐ ‐ ‐
Western Playa 4/19/2016 1248 332 69.26 ‐ ‐ ‐ ‐ ‐
Western Playa 5/11/2016 1309 335 73.04 ‐ ‐ ‐ ‐ ‐
Western Playa 6/19/2016 1205 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 7/15/2016 1500 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 8/14/2016 1336 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/18/2016 1310 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/20/2016 1230 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 11/18/2016 1128 278 42.49 ‐ ‐ ‐ ‐ ‐
Western Playa 12/21/2016 1138 320 37.76 ‐ ‐ ‐ ‐ ‐
Western Playa 1/19/2017 1142 345 41.25 ‐ ‐ ‐ ‐ ‐
Western Playa 2/17/2017 1152 334 53.31 ‐ ‐ ‐ ‐ ‐
Western Playa 3/21/2017 1127 340 59.83 ‐ ‐ ‐ ‐ ‐
Western Playa 4/21/2017 1145 350 62.67 ‐ ‐ ‐ ‐ ‐
Western Playa 5/26/2017 1125 285 69.40 ‐ ‐ ‐ ‐ ‐
Western Playa 6/24/2017 1130 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 7/12/2017 1215 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 8/31/2017 1350 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 9/30/2017 1400 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 10/29/2017 1315 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 11/30/2017 1356 190 49.64 ‐ ‐ ‐ ‐ ‐
Western Playa 12/15/2017 1505 320 38.84 ‐ ‐ ‐ ‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Site ID Date Time
Water Depth 

(mm)
Temp (°F) EC (uS/cm) TDS (mg/L) DO (%) DO (mg/L) pH

Table 7. Summary of Field Parameter Measurements at Current Monitoring Sites

Western Playa 1/25/2018 0:00 0:00 45.14 ‐ ‐ ‐ ‐ ‐
Western Playa 2/20/2018 0:00 0:00 44.24 ‐ ‐ ‐ ‐ ‐
Western Playa 3/31/2018 0:00 0:00 67.46 ‐ ‐ ‐ ‐ ‐
Western Playa 43220 1327 338 64.76 ‐ ‐ ‐ ‐ ‐
Western Playa 43248 1333 338 82.04 ‐ ‐ ‐ ‐ ‐
Western Playa 43276 1330 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 43313 1412 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 43340 1135 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 43368 1205 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 43403 1125 0 ‐ ‐ ‐ ‐ ‐ ‐
Western Playa 43434 1135 309 42.98 ‐ ‐ ‐ ‐ ‐
Western Playa 43445 1140 336 40.64 ‐ ‐ ‐ ‐ ‐
Western Playa 43488 1150 352 41.72 ‐ ‐ ‐ ‐ ‐
Western Playa 43518 1230 354 44.06 ‐ ‐ ‐ ‐ ‐
Western Playa 43614 0.482638889 ‐ 73.50 2300 NM NM NM 9.56
Eastern Playa 43614 0.506944444 ‐ 76.00 3450 NM NM NM 9.2
Dixie Spring 
Complex 

Confluence
43614 0.680555556 ‐ 117.90 880 NM NM NM 8.52

°F degrees fahrenheit EC electircal conductivity
uS/cm microsiemens per centimeter TDS total dissolved solids
mg/L milligrams per liter mm millimeters
% percentage
ORP oxidation‐reduction potential
> greater than
Data sources:
McGinley Data collected by McGinley & Associates, Inc.
Rubicon Data collected and reported by Rubicon Environmental Consulting (Rubicon, 2018)
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ORP Data source
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ORP Data source
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ORP Data source
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

ORP Data source
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ORP Data source
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ORP Data source
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

ORP Data source

‐ Rubicon
‐ Rubicon
‐ Rubicon
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‐311 McGinley
‐ Rubicon
‐ Rubicon
‐ McGinley
‐ Rubicon
‐ Rubicon
‐ Rubicon
‐ Rubicon
‐ Rubicon
‐ McGinley
‐ McGinley
‐ McGinley

‐194 McGinley
‐ McGinley
‐ McGinley
‐ McGinley
‐ Ormat
‐ Ormat

‐287.8 McGinley
NM McGinley
NM McGinley
‐ Ormat
‐ Ormat

‐259.2 McGinley
NM McGinley
NM McGinley
‐108 McGinley
NM McGinley
NM McGinley
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ORP Data source
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ORP Data source
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ORP Data source

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Ormat

‐ Ormat

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

‐ Rubicon

R:\Projects\ORM\007 - Hydrogeologic Framework, Dixie Meadows\Report McGinley & Associates, Inc.
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ORP Data source
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ORP Data source

‐ Rubicon
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‐ Rubicon
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61 McGinley
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NM McGinley
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NM McGinley

R:\Projects\ORM\007 - Hydrogeologic Framework, Dixie Meadows\Report McGinley & Associates, Inc.



Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

ORP Data source
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Site ID Sample Date TDS Aluminum Antimony Arsenic Boron Bromide Iron Lithium Strontium Silica Calcium Magnesium Sodium Potassium Fluoride Sulfate Chloride
Bicarbonate 

(HCO3)
Source

8/28/2018 520 <0.050 <0.0025 0.0210 0.94 <0.50 D 0.02 0.21 0.26 46 20 4.2 180 1.4 12 120 150 110 Mcginley
10/30/2018 550 0.14 <0.0025 0.0230 1.1 N/A 0.15 0.24 0.28 52 21 4.8 250 1.6 9.4 110 140 110 Mcginley
2/22/2019 540 66 0.0075 0.1500 1.4 N/A 77 0.55 1.1 180 57 40 210 15 11 99 130 110 Mcginley
5/30/2019 540 <0.050 <0.0025 0.0210 0.92 N/A <0.10 0.20 0.25 44 17 4 160 1.3 10 110 150 110 Mcginley
8/23/2019 570 0.09 <0.0025 0.022 0.96 N/A <0.10 0.21 0.25 43 18 3.9 170 1.5 11 120 150 110 Mcginley
12/18/2019 580 <0.050 NA 0.022 0.96 NA <0.10 0.21 0.26 44 19 3.9 210 1.4 11 110 140 110 Mcginley
3/12/2020 590 <0.050 <0.0025 0.021 0.98 NA <0.10 0.19 0.25 41 19 4 150 1.4 10 120 140 110 Mcginley
6/29/2020 640 0.062 <0.0025 0.021 0.92 NA <0.10 0.2 0.27 42 19 4 160 1.3 11 130 150 110 Mcginley
8/28/2020 540 <0.050 <0.0025 0.022 0.99 NA <0.10 0.23 0.28 46 20 4.2 180 1.5 9.2 110 140 110 Mcginley
8/28/2018 1,200 6.10 <0.0025 0.0480 2.1 0.71 9.9 0.58 N/A 90 52 15 530 6.3 24 160 380 310 Mcginley
5/29/2019 600 4.7 <0.0025 0.0530 1.5 <0.75 3.8 0.26 0.39 29 26 6.6 250 2.7 11 120 160 140 Mcginley
8/28/2018 760 0.99 M 0.0028 <0.0050 0.91 <1.0 D 0.98 0.45 0.52 100 17 0.73 270 SC 7.9 13 110 260 77 Mcginley
10/30/2018 670 0.78 <0.0025 <0.0050 0.92 N/A 0.73 0.49 0.54 110 17 0.81 270 8 10 95 240 76 Mcginley
2/22/2019 690 <0.050 <0.0025 <0.0050 0.9 N/A <0.020 0.43 0.26 96 13 <0.50 210 5.8 11 110 200 57 Mcginley
5/29/2019 630 0.053 <0.0025 <0.0050 0.89 N/A <0.10 0.40 0.25 97 11 <0.50 190 5.7 11 110 210 65 Mcginley
8/23/2019 760 0.85 <0.0025 <0.0050 0.92 N/A 0.67 0.45 0.38 98 14 0.59 260 7.8 13 130 240 79 Mcginley
12/18/2019 750 0.14 NA <0.0050 0.85 NA <0.10 0.41 0.48 79 16 <0.50 270 7 11 130 250 73 Mcginley
3/12/2020 890 <0.050 <0.0025 <0.0050 0.9 NA <0.10 0.41 0.47 87 16 <0.50 220 7.1 4 170 230 72 Mcginley
6/29/2020 770 0.089 <0.0025 <0.0050 0.83 NA <0.10 0.40 0.49 88 15 <0.50 270 7 12 140 270 69 Mcginley
8/28/2020 780 0.095 <0.0025 <0.0050 0.94 NA <0.10 0.49 0.54 99 17 <0.50 250 8.3 10 130 250 73 Mcginley
11/30/2011 560 <0.045 0.00 <0.0050 0.96 <0.50 <0.01 0.34 <0.10 100 4 <0.50 170 6.1 11 86 130 66 Ormat
8/28/2018 600 0.12 <0.0025 <0.0050 0.92 0.26 0.08 0.39 N/A 89 4.1 <0.25 240 SC 6.1 14 110 150 64 Mcginley
5/29/2019 570 0.35 <0.0025 <0.0050 0.87 <0.75 0.33 0.37 <0.10 110 3.9 <0.50 170 5.8 11 95 150 56 Mcginley
8/28/2018 560 QD 0.17 <0.0025 <0.0050 0.93 0.31 0.14 0.40 N/A 100 5.0 <0.25 240 2.7 13 130 160 45 Mcginley
5/30/2019 570 0.47 <0.0025 <0.0050 1.1 <0.75 0.20 0.39 <0.10 88 7.4 0.52 260 2.8 13 120 160 52 Mcginley
8/28/2018 670 0.62 <0.0025 <0.0050 0.95 <0.50 D 0.41 0.40 N/A 120 8.0 <0.25 280 4.7 13 130 180 56 Mcginley
5/30/2019 640 0.24 <0.0025 <0.0050 0.88 <1.5 0.12 0.32 <0.10 110 6.3 <0.50 170 3.9 12 110 180 50 Mcginley
11/30/2011 1400 <0.045 <0.0025 <0.025 0.98 0.96 <0.01 0.53 4.9 61 70.0 0.80 420 10 6.7 140 670 56 Ormat
8/28/2018 1,300 <0.25 D <0.0025 0.0058 1.20 0.94 0.05 0.68 N/A 88 87 <1.2 D 550 12 9 160 720 54 Mcginley
5/29/2019 1,300 0.15 <0.0025 <0.0050 0.96 <1.5 <0.10 0.62 5.7 66 70 0.85 620 11 7 140 630 50 Mcginley
8/23/2019 790 <0.045 <0.0025 <0.0050 1.0 <0.5 <0.01 0.44 <0.1 90 15 <0.5 250 6.3 9.6 98 300 77 Mcginley
8/28/2018 900 1.10 <0.0025 <0.0050 1.0 0.52 0.92 0.57 N/A 100 22 0.58 290 8.9 11 130 360 78 Mcginley
5/30/2019 760 0.60 <0.0025 <0.0050 1 <0.75 0.29 0.50 0.10 85 15 <0.50 330 7.3 11 110 290 67 Mcginley

Spring 7 Duplicate 5/30/2019 780 0.86 <0.0025 <0.0050 1.1 <0.75 0.42 0.50 0.11 86 16 <0.50 330 7.2 10 110 290 73 Mcginley
8/28/2018 850 <0.10 D <0.0025 0.0120 1.0 0.63 0.49 0.42 N/A 63 62 3.5 280 4.8 9 130 280 180 Mcginley
5/30/2019 790 0.22 <0.0025 <0.0050 1.2 <0.75 0.30 0.40 0.33 45 40 2.4 320 4.3 7.6 120 240 140 Mcginley
8/28/2018 790 0.12 <0.0025 <0.0050 0.91 <1.0 0.11 0.31 0.51 44 62 3.5 290 2.9 5 160 240 140 Mcginley
10/30/2018 740 <0.050 <0.0025 0.0053 0.99 N/A <0.04 0.52 0.13 67 19 <0.50 250 4.1 7.3 78 210 77 Mcginley
2/22/2019 800 0.2 <0.0025 <0.0050 0.93 N/A 0.18 0.28 0.48 45 58 3.4 220 3.1 4.4 160 240 150 Mcginley
5/30/2019 800 <0.050 <0.0025 <0.0050 0.90 N/A <0.10 0.28 0.44 43 52 2.6 200 2.7 4.2 150 240 130 Mcginley
8/23/2019 760 0.17 <0.0025 <0.0050 0.87 N/A 0.20 0.28 0.43 41 54 2.8 270 2.8 5.0 170 250 130 Mcginley
12/18/2019 800 0.10 <0.0025 <0.0050 0.88 NA <0.10 0.25 0.5 38 55 2.7 220 2.5 4.5 160 230 140 Mcginley
3/12/2020 790 0.40 <0.0025 <0.0050 0.90 NA 0.37 0.25 0.43 41 59 3.4 240 2.6 10.0 140 230 140 Mcginley

Site ID Sample Date TDS Aluminum Antimony Arsenic Boron Bromide Iron Lithium Strontium Silica Calcium Magnesium Sodium Potassium Fluoride Sulfate Chloride
Bicarbonate 

(HCO3)
Source

6/29/2020 800 <0.050 <0.0025 <0.0050 0.86 NA <0.10 0.27 0.45 39 55 2.9 240 2.5 4.7 180 250 130 Mcginley
8/28/2020 810 <0.050 <0.0025 <0.0050 0.94 NA <0.10 0.33 0.46 46 56 2.9 230 2.7 4.3 170 240 130 Mcginley

Western Playa 5/29/2019 1,900 0.31 <0.0025 0.0064 3.1 <1.5 0.2 1.2 0.7 86 19 2 840 18 17 240 770 89 Mcginley
Eastern Playa 5/29/2019 3,100 0.068 0.0031 0.0097 7.5 <1.5 <0.10 2.4 0.83 120 12 0.67 1,600 44 33 550 1,500 290 Mcginley

Dixie Spring Complex 
Confluence

5/29/2019 590 0.16 <0.0025 <0.0050 0.93 <1.5 0.16 0.39 <0.10 100 6.6 <0.50 170 5.2 12 110 150 80 Mcginley

8/23/2011 3,000 0.17 <0.0025 <0.0050 1.90 N/A 3.00 0.59 0.84 20 25.00 2.1 1,200 11.0 10.0 230 1,700 160 Ormat
8/23/2011 2,800 0.07 <0.0025 <0.0050 2.00 N/A 1.50 0.58 0.82 31 24.00 2.2 1,200 11.0 10.0 240 1,600 170 Ormat
5/22/2012 2,900 0.19 <0.0025 0.0110 N/A N/A 0.57 N/A N/A N/A N/A 2.1 1,200 N/A 8.8 220 1,600 160 Ormat
9/27/2016 3,100 0.085 <0.0025 0.0140 1.70 N/A 0.25 0.48 N/A 41 27.00 2.2 1,300 7.1 6.2 170 1,600 130 Ormat
8/28/2018 2,800 <0.10 D <0.0025 0.01 1.60 2.10 0.13 0.58 N/A 46 32 2.4 1,700 9.5 9.7 250 1,700 120 Mcginley
10/30/2018 3,100 <0.10 <0.0025 0.012 1.9 N/A 0.17 <2.0 N/A 60 38 <10 1,500 13 7.7 210 1,600 120 Mcginley
2/22/2019 3,100 <0.10 <0.0025 0.018 1.7 N/A 0.13 0.58 N/A 47 30 2.3 1,400 8.6 8 230 1,500 130 Mcginley
5/29/2019 2,700 <0.050 <0.0025 0.011 1.6 N/A 0.11 0.54 N/A 43 28 2.1 1,200 9 8.3 240 1,700 120 Mcginley
8/23/2019 3,000 <0.10 <0.0050 0.016 1.8 N/A <0.20 0.60 1.1 46 28 2.2 1,400 8.8 9.5 240 1,600 120 Mcginley
12/18/2019 2,900 <0.10 <0.0050 0.016 1.6 NA <0.20 0.48 NA 40 27 2.2 1,100 7.1 8.7 240 1,600 120 Mcginley
3/12/2020 3,100 <0.10 <0.0025 0.013 1.8 NA <0.20 0.57 NA 48 30 2.4 1,100 8.7 8 240 1,600 120 Mcginley
6/29/2020 3,200 <0.10 <0.0025 0.013 1.8 NA <0.20 0.58 NA 46.1 31 2.4 1,400 7.8 8 240 1,600 120 Mcginley
8/28/2020 2,800 <0.10 <0.0025 0.013 1.8 NA <0.20 0.67 1.2 51.2 32 2.3 1,200 9 7.6 240 1,700 120 Mcginley
5/1/2017 960 0.28 0.0058 N/A 0.96 N/A <0.02 0.53 2.6 180 22 0.1 350 17 <1.0 98 390 73 Ormat
5/1/2017 960 0.28 0.01 <0.0050 0.96 0.56 <0.02 0.53 2.60 180 22 0.10 350 17 <1.0 98 390 73 Ormat
6/2/2017 930 0.34 0.00 <0.0050 1.0 ‐0.50 <0.02 0.46 3.00 190 23 0.14 310 15 11 87 340 66 Ormat

24‐8 1/3/2016 7,000 ND N/A N/A 2.5 N/A N/A 1.9 N/A 188.21 800 6.3 2,200 64 12 140 3,800 160 Ormat
All units are milligrams/liter (mg/L), except bicarbonate is units of mg/L of calcium carbonate.
TDS Total Dissolved Solids
N/A  Not analyzed
QD The sample duplicate or matrix spike duplicate analysis demonstrated sample imprecision. The reported result should considered an estimate.
D Due to the sample matrix dilution was required in order to properly detect and report the analyte. The reporting limit has been adjusted. 
M The matrix spike/matrix spike duplicate (MS/MSD) values for the analysis of this parameter were outside acceptance criteria due to probable matrix interference. The reported result should be considered an estimate. 
SC Spike recovery not calculated. Sample concentration >4X the spike amount; therefore, the spike could not be adequately recovered.
< Concentration is less than detection limit. Value after "<" is the detection limit.
ND Concentration is less than detection limit.

Ponds

Stream Channel

Groundwater

MW‐1

23A‐8

Table 8. Summary of Water Chemistry Data

Valley‐Floor Springs, cont.

USGS‐301 Salt Cedar

Spring 5A

Spring 5B

Spring 6

Spring 7

Spring 8

USGS‐301 Salt Cedar

Spring 4

Table 8. Summary of Water Chemistry Data

Valley‐Floor Springs

USGS‐101

Spring 2

NDOWSS‐1
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End‐member
Representative Sampling 

Locations
Elevated Value Mixed Value Low Value

Geothermal brine 23A‐8 SiO2, Temp ‐ Mg

Fresh groundwater/surface water North Complex 1 Mg F Cl, Li, SO4, SiO2, B, Temp

Fresh groundwater/surface water South Complex 5 Mg Li SO4, F, SiO2, B, Temp

Playa/evaporite‐rich waters
MW‐1, Eastern and Western 

Playa
Cl, Na, B, Li SiO2 Temp

Mixed/modified Geothermal hot springs Complex 2, 3, 4 SiO2, Temp SO4, Cl, Li, B, F Mg

Mixed playa + Geothermal + Freshwater
Complex 2 (after storm 

events)
‐ Na, Cl, B, Li ‐

Table 9. Chemical Indicators of Geochemical End‐members
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Water Balance Component
Estimated Average Annual 

Amount (af/yr)
Notes and References

Direct Precipitation 1,800
Direct precipitation is lost to evaporation and evapotranspiration.
Precipitation data from Garcia et al., 2014.

Runoff 20
Estimated using methods by Hedman and Osterkamp (1982), Riggs and 
Moore (1965), and data from Interflow Hydrology (2013, 2016), Garcia 
et al. (2014), and Oregon State University PRISM Climate Group.

Groundwater Recharge (mountain block 
and alluvial fan)

270 Esimated using method by Harrill and Hines, 1995. 

Groundwater Recharge (geothermal 
inflow)

770 Estimated by difference.

TOTAL ANNUAL INFLOW 2,860 Sum of all inflows.

Evapotranspiration 2,800
Total estimated for grassland vegetation, phreatophytes, xerophytes, 
and evporation from bare soil. ET values from Garcia et al., 2014.

Evaporation (open water) 15
Includes evaporation from open water after accounting for direct 
precipitation, using evaporation values from the Nevada Division of 
Water Resources and playa pond depths and volumes from Lidar data. 

Runoff to playa 45
During winter months, runoff that does not infiltrate soils or impound in
the playa ponds.

Groundwater Outflow to Playa 0
Outflow of fresh groundwater is negligible due to low hydraulic 
conductivity of playa sediments and high density playa groundwater.

TOTAL ANNUAL OUTFLOW 2,860 Sum of all outflows. 
af/yr acre‐feet per year

Table 10. Water Balance Summary for Dixie Meadows

Inflows

Outflows
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Site ID Type Date Discharge (gpm)
USGS‐101 Spring 29‐May‐19 15.3

Spring 23‐Oct‐09 191a

8‐Mar‐11 177a

24‐Jun‐11 107a

29‐May‐19 146

Spring 4 Spring 29‐May‐19 40.7

Spring 6 Spring 29‐May‐19 26.2

Western Playa Pond 29‐May‐19 132

26‐Oct‐11 162a

4‐May‐12 237a

29‐May‐19 144

gpm gallons per minute
a Source: Interflow Hydrology, 2013

Table 11. Discharge Measurements at Select Monitoring Locations

Dixie Spring 
Complex Confluence

Channel

NDOWSS‐1
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Location ID
Water Temperature 
at Land Surface (°F)

TDS 
(mg/L)* Water Density (kg/m3)

USGS‐101 70.2 540 1.0019
Spring 2 80.9 600 1.0004

NDOWSS‐1 138.7 630 0.9859
Spring 4 158.7 570 0.9784
Spring 5A 129.6 570 0.9888
Spring 5B 112.6 640 0.9937
Spring 6 126.0 1,300 0.9906
Spring 7 112.5 760 0.9939
Spring 8  60.8 780 1.0032

USGS‐301 North 88.3 790 0.9993
USGS‐301 Salt Cedar 77.2 800 1.0012

Western Playa 73.5 1,900 1.0028
Eastern Playa 76.0 3,100 1.0037
Dixie Spring 

Complex Confluence
117.9 590 0.9923

MW‐1 73.5 2,700 1.0037
°F degrees fahrenheit
mg/L milligram per liter
kg/m3 kilogram per cubic meter
TDS total dissolved solids
*TDS concentrations used to calculate water density are from analytical results of samples collected in May 2019.

Table 12. Summary of Water Densities
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Well ID
PO Min P ΔP PF SWL Max DTW ΔDTW DTWF

23‐8 113.4 105 8.4 112.85 ‐ ‐ ‐
24A‐8 61.8 59.65 2.15 61.1 ‐ ‐ ‐
42‐9 118.49 104.95 13.54 116.2 ‐ ‐ ‐
86‐7 75.35 67.15 8.2 68.5 ‐ ‐ ‐
22‐8B ‐ ‐ ‐ 8.75 16 7.25 14.15

PO Original pressure = pressure recorded prior to flow testing
Min P Minimum pressure recorded during flow testing
ΔP Difference between Po and Min P
PF Final pressure = pressure recorded after completion of flow testing
SWL Static water level = water level recorded prior to flow testing
Max DTW Maximum depth to water measured during flow testing
ΔDTW SWL ‐ Max DTW
DTWF Final DTW = depth to water recorded after completion of flow testing

Pressure (psi) Depth to Water (fbgs)
Table 13. Summary of Hydraulic Responses during Flow Testing

R:\Projects\ORM\007 - Hydrogeologic Framework, Dixie Meadows\Report McGinley & Associates, Inc.



Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Water Chemistry

Site ID Easting (m) Northing (m) Feature Tier Monitoring/Control
Measurement 
Frequency

Field parameters Flow Stage Sampling Frequency

USGS‐101 409,863 4,406,470 Spring 1 Monitoring Site Continuousa Xb Xb ‐ Quarterly
Spring 2 409,871 4,406,306 Spring 2 Monitoring Site Monthly X X Quarterly

NDOWSS‐1 408,476 4,405,816 Spring 1 Monitoring Site Continuousa X X ‐ Quarterly
Spring 4 408,480 4,405,694 Spring 2 Monitoring Site Monthly X X ‐ Quarterly

 Complex 2 Confluence 408,594 4,405,627 Channel 1 Monitoring Site Continuousa Xb Xb ‐ Quarterly
Spring 5A 408,362 4,405,027 Spring 2 Monitoring Site Monthly X ‐ ‐ No Samplingc

Spring 5B 408,372 4,404,969 Spring 2 Monitoring Site Monthly X ‐ ‐ No Samplingc

Spring 5A/5B Confluence 408,407 4,404,981 Channel 1 Monitoring Site Continuousa Xb Xb ‐ Quarterly
Spring 6 408,703 4,406,020 Spring 2 Monitoring Site Monthly X X ‐ Quarterly
Spring 7 408,336 4,404,172 Spring 2 Monitoring Site Monthly X ‐ X Quarterly
Spring 8  408,080 4,403,234 Spring 2 Control Site Monthly X ‐ X Quarterly
Spring 9  408,217 4,403,818 Spring 2 Monitoring Site Monthly X X ‐ Quarterly
Spring 10 408,370 4,404,236 Spring 1 Monitoring Site Monthly X X ‐ Quarterly
Spring 11 408,549 4,404,575 Spring 2 Monitoring Site Monthly X X ‐ Quarterly
Spring 12 408,469 4,404,625 Spring 2 Monitoring Site Monthly X X ‐ Quarterly
Spring 13 408,410 4,404,691 Spring 2 Monitoring Site Monthly X X ‐ Quarterly
Spring 14 409,080 4,406,124 Spring 1 Monitoring Site Monthly X ‐ X Quarterly
Spring 31 409,144 4,406,111 Spring 2 Monitoring Site Monthly X ‐ X Quarterly
Spring 32 409,157 4,406,140 Spring 1 Monitoring Site Monthly X ‐ X Quarterly
Spring 33 409,209 4,406,127 Spring 2 Monitoring Site Monthly X ‐ X Quarterly
Spring 118 409,292 4,406,173 Spring 2 Monitoring Site Monthly X ‐ X Quarterly
Spring 15 406,965 4,402,276 Spring  1 Control Site Monthly X ‐ X Quarterly 

USGS‐301 North 407,910 4,403,440 Spring 2 Control Site Monthly X ‐ X Quarterly
USGS‐301 Salt Cedar 407,867 4,403,375 Spring 1 Control Site Continuousa X Xb ‐ Quarterly

Western Playa 409,494 4,405,645 Pond N/A Monitoring Site Monthly X ‐ X Quarterly
Coordinates in NAD 1983 UTM Zone 11N
a Continuous measurement frequency for surface water flow measurement is every 15‐minutes to one hour

c Samping to be conducted at Spring 5A/5B Confluence
‐ equals not measured

Table 14A. Proposed Surface Water Monitoring Program
Field ParametersMonitoring Location Details

b Field parameters collected continuously include temperature and flow. Remaining field parameters are measured monthly (pH, EC, DO, ORP, and turbidity)
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Complex
No. of discharge points 
identified in complex

Estimated cumulative 
spring discharge (gpm)

Site ID
Geochemical end‐

member
Location description Flow description Water temperature Location Objective

USGS‐101 Fresh water
Located within a meadow outside of of eastern fence of a corral; 
subject to trampling from livestock; aquatic‐dependent biological 
resources have been identified

Flow emerges into an open pool of water and becomes 
channelized; low discharge

Cool to warm
Identify triggers in spring likely fed by shallow alluvial 
aquifer and where aquatic‐dependent biological 
resources have been identified.

Spring 2 Fresh water Marshy and wet meadow  No discrete source of water; diffuse and neglibible flow Cool to warm
Identify triggers in spring likely fed by shallow alluvial 
aquifer.

Spring 14 Fresh water Marshy and wet meadow  Open pool of water, minimal outflow Cool to warm
Identify pooled water and temperature, springsnail 
habitat

Spring 31 Fresh water Marshy and wet meadow  Open pool of water, minimal outflow Cool to warm
Identify pooled water and temperature, springsnail 
habitat

Spring 32 Fresh water Marshy and wet meadow  Open pool of water, minimal outflow Cool to warm
Identify pooled water and temperature, springsnail 
habitat

Spring 33 Fresh water Marshy and wet meadow  Open pool of water, minimal outflow Cool to warm
Identify pooled water and temperature, springsnail 
habitat

Spring 118 Fresh water Marshy and wet meadow  Open pool of water, minimal outflow Cool to warm
Identify pooled water and temperature, springsnail 
habitat

NDOWSS‐1
Mixed/modified hot 
spring

Accessible from Dixie Valley Road; aquatic‐dependent biological 
resources are prevalent in the area; downstream area becomes 
heavily vegetated

Flow emerges into a defined channel; high discharge Hot
Identify triggers in spring complex with most significant 
geothermal input and where aquatic‐dependent 
biological resources have been identified.

Spring 4
Mixed/modified hot 
spring

Located beneath a tree; aquatic‐dependent biological resources 
are prevalent in the area; downstream area becomes heavily 
vegetated

Flow emerges into a defined channel; moderate 
discharge

Hot
Identify triggers in spring complex with most significant 
geothermal input and where aquatic‐dependent 
biological resources have been identified.

Complex 2 
Confluence

Mixed/modified 
water

A stream channel, not a discharge point; aquatic‐dependent 
biological resources are prevalent in the area; heavily vegetated

Channelized flow from NDOW‐SS1, Spring 4, and other 
Complex 2 springs merge and form a channel; high 
discharge

Warm to hot
Identify flow triggers in spring complex with most 
significant geothermal input and where aquatic‐
dependent biological resources have been identified.

Spring 6
Mixed/modified hot 
spring

Accessible from Dixie Valley Road; aquatic‐dependent biological 
resources are prevalent in the area; downstream area becomes 
heavily vegetated

Flow emerges into a defined channel; low to moderate 
discharge

Warm to hot
Identify triggers in spring complex with most significant 
geothermal input and where aquatic‐dependent 
biological resources have been identified.

Western and 
Eastern Playas

Evaporite‐rich water
Playas are terminus for spring discharge and runoff in vicinity of 
Complex 2; typically fill with water during late fall and winter when 
ET is low and after storm events, attracts wildlife

No flow Cool to warm
Identify triggers by monitoring water stage in ponds 
where biological resources have been identified.

Spring 5A
Mixed/modified hot 
spring

Discharge point surrounded by thick grass and shrubs; 
downstream area becomes heavily vegetated

Dischage is pooled at discharge point and then forms a 
defined channel; low discharge

Warm to hot
Identify triggers at hot spring location with significant 
geothermal input.

Spring 5B
Mixed/modified hot 
spring

Minimal vegetation at spring; downstream area becomes heavily 
vegetated

Moderate velocity with minimal water depth at 
discharge point; flow becomes channelized

Warm to hot
Identify triggers at hot spring location with significant 
geothermal input.

Spring 5A/5B 
Confluence

Mixed/modified 
water

Stream channel; heavily vegetated.
Channelized flow from Spring 5A, Spring 5B, and other 
Complex 3 springs merge and form a channel; high 
discharge

Warm to hot
Identify flow triggers in spring complex with significant 
geothermal input.

Spring 11 Mixed/modified Heavily vegetated  Discrete source with channelized flow Warm2 Identify triggers at hot spring location with  geothermal 
input.

Spring 12 Mixed/modified Heavily vegetated  Discrete source with channelized flow Warm to hot3
Identify triggers at hot spring location with  geothermal 
input.

Spring 13 Mixed/modified Heavily vegetated 
Discharge is pooled at surface, then flows through 
defined channel Warm to hot3

Identify triggers at hot spring location with  geothermal 
input.

Spring 7 Mixed/modified Heavily vegetated  Discharge is pooled at surface; low discharge Warm
Identify triggers at hot spring location with  geothermal 
input.

Spring 9  Mixed/modified Low‐lying area with moderate vegetation
Discharge is pooled at surface, then flows through 
defined channel, then disprses through low‐lying 
vegetation; moderate discharge

Warm2 Identify triggers at hot spring location with geothermal 
input.

Spring 10 Mixed/modified
Heavy vegetation; immediately north of elevated and dry strip of 
land

Discrete source with channelized flow through heavy 
vegetation; high discharge Hot2

Identify triggers at hot spring location with  geothermal 
input.

Spring 8  Fresh water Marshy and wet meadow  No discrete source; diffuse flow; minimal discharge Cool to warm
Identify triggers in cold spring location with little to no 
geothermal input. 

USGS‐301 North Fresh water
Relatively deep water in channel; aquatic‐dependent biological 
resources identified

Channelized flow; moderate discharge Cool to warm
Identify triggers in cold spring location with little to no 
geothermal input where aquatic‐dependent biological 
resources have been identified.

USGS‐301 Salt 
Cedar

Fresh water
Located beneath a Salt Cedar tree and surrounded by heavy 
vegetation, discharge location on southeast side of reed filled 
pond (proposed wier location)

Channelized flow; minimal discharge; flow can be 
heard beneath surrounding reeds

Cool to warm
Identify triggers in cold spring location with little to no 
geothermal input. 

6 10 n/a Spring 15 n/a
Located in the southern‐most spring complex within the Dixie 
Meadows project area. 

Discharge is standing and flow is very diffuse.  Cool to warm
Identify triggers at cold spring location with little to no 
geothermal input at periphery of project area. 

n/a n/a n/a Spring 14 Fresh water
Located between Spring Compex 1 and 2; aquatic‐dependent 
biological resources identified; heavily vegetated

Discrete source; diffuse flow Cool to warm
Identify triggers in cold to warm spring location with 
little to no geothermal input where aquatic‐dependent 
biological resources have been identified.

1 Interflow, 2012.
2 Schwering et al., 2013
3 Based on qualitative field observations (i.e., steam)
n/a Indicates that a spring is not a part of spring complex or that the cumulative spring discharge of a complex is unknown.

5 7 n/a

Table 14B. Characteristics of Proposed Surface Water Monitoring Locations

3 25 n/a

n/a334

400‐7001212

1a and 1b 15 n/a
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Analyte Test Type Analytical Method
Volume (mL)/
Container

Preservation  Holding Time

Temperature Field NA NA NA NA
pH Field/Laboratory EPA 150.1 NA NA NA

Electrical conductivity (EC) Field NA NA NA NA

Dissolved oxygen Field NA NA NA NA
Oxidation‐reduction 

potential
Field NA NA NA NA

Turbidity Field NA NA NA NA

Total Dissolved Solids (TDS) Laboratory SM 23540C 500/poly 6 °C 7 days

Calcium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Magnesium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Sodium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months

Potassium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Bicarbonate Laboratory SM 2320B 250/Poly 6 °C 14 days

Sulfate Laboratory EPA 300 250/Poly 6 °C 28 days
Chloride Laboratory EPA 300 250/Poly 6 °C 28 days
Fluoride Laboratory EPA 300 500/Poly None 28 days
Silica Laboratory EPA 200.7 500/Poly 6 °C 7 days
Boron Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Lithium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months

Strontium Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Iron Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months

Aluminum Laboratory EPA 200.7 250/Poly HNO3, pH <2 6 months
Arsenic Laboratory EPA 200.8 250/Poly HNO3, pH <2 6 months

Stable Isotopes (oxygen‐18 
and deuterium)

Laboratory NA 10* NA NA

NA not applicable
Poly polyethylene container
SM  standard method
mL  milliliter
°C degrees celsius
* Any bottle that can be tightly capped to prevent evaporation

Table 15. Proposed Analytes and Sampling Requirements
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Site ID Easting (m) Northing (m) Geology
Monitoring/

Control
Temperature

Other Field 
Parameters

Chemistry Hydraulic Head

MW‐1 409,584.8 4,405,671.6 Shallow alluvium Control Daily Quarterly Quarterly Daily

MW‐2 408,078.0 4,405,558.0 Shallow alluvium Monitoring Daily Quarterly Quarterly Daily

MW‐3 408,078.0 4,405,035.0 Shallow alluvium Monitoring Daily Quarterly Quarterly Daily

75‐4 410,548.9 4,406,436.8 Bedrock Control Daily Quarterly Quarterly Daily

22‐8B 407,743.9 4,405,476.7 Shallow alluvium Monitoring Daily Quarterly Quarterly Daily

24A‐8 407,729.0 4,404,984.4 Shallow alluvium Monitoring Daily Quarterly Quarterly Daily

24‐8 407,734.1 4,404,987.9 Deep alluvium Monitoring Daily Quarterly Quarterly Daily

23‐8 407,916.9 4,405,313.3 Bedrock Monitoring Daily Quarterly Quarterly Daily

23A‐8 407,890.7 4,405,290.2 Bedrock (geothermal) Monitoring
During 

drilling/testing
During 

drilling/testing
During 

drilling/testing
During drilling/testing

42(12)‐9 410,009.1 4,405,383.9 Bedrock (geothermal) Monitoring
During 

drilling/testing
During 

drilling/testing
During 

drilling/testing
During drilling/testing

DP‐01 409,904.0 4,406,390.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐02 408,821.0 4,405,940.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐03 408,510.0 4,405,714.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐04 409,262.0 4,405,505.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐05 408,368.0 4,405,033.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐06 408,407.0 4,404,661.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐07 408,853.0 4,404,737.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐08 408,363.0 4,404,218.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐09 408,700.0 4,404,117.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐10 408,226.0 4,403,815.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐11 407,892.0 4,403,423.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐12 407,863.0 4,403,376.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐13 408,582.0 4,403,112.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

DP‐14 406,975.0 4,402,179.0 Shallow alluvium  Control Daily ‐ ‐ Daily

DP‐15 409,051.0 4,406,109.0 Shallow alluvium  Monitoring Daily ‐ ‐ Daily

Coordinates in NAD 1983 UTM Zone 11N. 

Other Field Parameters include pH, EC, DO, ORP, and turbidity.
m meters

Table 16A. Proposed Groundwater Monitoring Locations
Coordinates

Wells and piezometers to be equipped with pressure transducers for daily  head and temperature measurements.

Monitoring Frequency
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Site ID Geology Type Geochemical end‐member Location description Location objective

MW‐1 Shallow alluvium Monitoring Well Non‐geothermal
Downgradient of main spring discharge area and 
potential future production zone

Monitor natural variability if outside area of influence. If inside 
area of influence, identify triggers downgradient of potential 
future production zone within shallow alluvial aquifer.

MW‐2 Shallow alluvium Monitoring Well
Anticipated to be mixed 

thermal
Mid‐distance between proposed power plant 
facilities and spring Complex 2

Identify early triggers upgradient of spring discharge area 
within shallow alluvial aquifer.

MW‐3 Shallow alluvium Monitoring Well
Anticipated to be mixed 

thermal
Mid‐distance between proposed power plant 
facilities and spring Complex 2

Identify early triggers upgradient of spring discharge area 
within shallow alluvial aquifer.

75‐4 Bedrock Monitoring Well Non‐geothermal
Crossgradient/downgradient of main spring 
discharge area and potential future production zone

Monitor natural variability if outside area of influence. If inside 
area of influence, identify triggers crossgradient/downgradient 
of potential future production zone in bedrock aquifer.

22‐8B Shallow alluvium Monitoring Well Non‐geothermal  Upgradient of main spring discharge area
Identify early triggers upgradient of spring discharge area 
within shallow alluvial aquifer.

24A‐8 Shallow alluvium Monitoring Well Non‐geothermal Upgradient of main spring discharge area
Identify early triggers upgradient of spring discharge area 
within shallow alluvial aquifer.

24‐8 Deep alluvium Monitoring Well Non‐geothermal
Upgradient of main spring discharge area; potential 
future injection well

Identify early triggers upgradient of spring discharge area 
within alluvial aquifer.

23‐8 Bedrock Monitoring Well Non‐geothermal Upgradient of main spring discharge area
Identify early triggers upgradient of spring discharge area 
within bedrock aquifer.

23A‐8 Bedrock Geothermal Geothermal
High temperature bedrock well; potential future 
production well; located upgradient of main spring 
discharge area

Identify early triggers upgradient of spring discharge area 
within deep bedrock aquifer.

42(12)‐9 Bedrock Geothermal Geothermal
Warm to high temperature well intersecting 
multiple faaults;  Downgradient of main spring 
discharge area

Identify triggers downgradient of potential future production 
zone within deep bedrock aquifer.

DP‐01 to DP‐15 Shallow alluvium
Drive Point 
Piezometer

Non‐geothermal
Located in the meadows area, downgradient of 
spring discharge points. 

Monitor shallow alluvial water table and identfy triggers 
downgradient of potential future production zone. 

Table 16B. Characteristics of Proposed Groundwater Monitoring Locations
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Potential Impact Primary Measurement  Parameter
Erosion/Sedimentation Water Turbidity
Water Chemistry Change TDS, EC

Discharge Rate
Water Pool Stage
Depth to Water

Pressure Head (Artesian)
Temperature Change Water Temperature

Table 17. Hydrologic Trigger Parameters

Surface Water Discharge Change

Groundwater Level Change
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Mitigation/Avoidance Measure Comment/Recommendation
Feasibility 

Level

Providing geothermal fluids or fresh water (depending on mitigation objectives) to the affected 
springs of a quality and quantity sufficient to restore pre‐production temperature, flow stage or 
equivalent, and basic water chemistry of the springs

It is anticipated that geothermal production would potentially affect hot springs, while
cooler springs and groundwater would remain unaffected. If spring flow reduction occurs 
or water chemistry is impacted, spring discharge would be augmented with cooled 
geothermal fluid or fresh water. This could be accomplished by surface discharge, rapid 
infiltration basins, or shallow injection wells. 

High

Modifying the volume or pressure of geothermal fluids injected into one or more injection wells
within the geothermal unit area field and monitoring the reservoir, surface water, and 
groundwater response

This could be accomplished through shallow injection wells. High

Modifying the volume or pressure of geothermal fluids produced from one or more production
wells within the geothermal unit area field and monitoring the reservoir, surface water, and 
groundwater response

Affected water and aquatic resources would be augmented with cooled geothermal fluid
via surface discharge, rapid infiltration basins, or shallow injection wells before exercising 
this mitigation option.

Low

Relocating one or more production or injection wells within the geothermal unit area
Affected water and aquatic resources would be augmented with cooled geothermal fluid
via surface discharge, rapid infiltration basins, or shallow injection wells before exercising 
this mitigation option.

Low

Changing the depth of geothermal fluid injection in one or more geothermal unit area injection 
wells

Affected water and aquatic resources would be augmented with cooled geothermal fluid
via surface discharge, rapid infiltration basins, or shallow injection wells before exercising 
this mitigation option.

Low

Temporarily suspending geothermal reservoir utilization or reinjection until the adverse impacts
on water quality, quantity, and/or temperature are no longer observed or return to pre‐
production conditions.

Affected water and aquatic resources would be augmented with cooled geothermal fluid
via surface discharge, rapid infiltration basins, or shallow injection wells before exercising 
this mitigation option.

Low

The 500 or 650‐foot buffer outlined in the lease stipulation (Section 2.2) would ensure adequate
protection of Wetlands and Riparian sources

‐ ‐

Transmission towers would be sited to span identified hydric soils and Wetland and Riparian
areas identified by the delineation. String sites and other temporary work areas would be sited 
outside of identified hydric soils and Wetland and Riparian areas

‐ ‐

Surface grading or vegetation clearing would not occur on specific hydric soils, near springs, 
seeps, or sensitive resource areas as identified by the BLM from the wetland delineation

‐ ‐

If surface grading or vegetation removal is necessary within pre‐identified hydric soils or Wetland
and Riparian areas, Ormat would notify and acquire authorization from the BLM Authorized 
Officer prior to project activity

‐ ‐

If overland travel is necessary within pre‐identified hydric soils and Wetland and Riparian areas,
Ormat would notify and acquire authorization from the BLM Authorized Officer prior to project 
activity

‐ ‐

If overland travel were required on hydric soils and Wetland and Riparian areas, every effort
would be made to limit overland travel to the late fall or early winter. This is when most plant and
wildlife species are dormant and water levels are low

‐ ‐

ROW construction activities would be designed to not inhibit natural surface water flow patterns.

To mitigate the impacts of fugitive dust on plant productivity, dust control measures during
construction would be implemented

‐ ‐

Table 18. Mitigation and Avoidance Measures
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Mitigation/Avoidance Measure Comment/Recommendation
Feasibility 

Level

Table 18. Mitigation and Avoidance Measures

To minimize weed establishment and spread, environmental protection measure outlined in 
Section 2.1.6 of the EA would be implemented. In addition, an invasive plant management plan 
would be developed prior to construction, noxious weed infestations would be reported to the 
BLM, and certified weed‐free seed would be used during reclamation activities

‐ ‐

The Bird and Bat Conservation Strategy (BBCS) described in the EA would be followed to reduce 
potential of injury or mortality to migratory birds from project construction and operation, to 
ensure adequate monitoring is in place to determine if mortalities are occurring, and to provide a 
mechanism to implement adaptive management as needed to reduce injury or mortality

‐ ‐

The spread of Batrachochytrium dendrobatidis (Bd) as a result of project activities and operation 
will be avoided by implementing the following best management practices: 1) Any equipment 
used for conducting work within wetland habitats (i.e. hand tools, scientific equipment, etc.) will 
be cleaned of all organic matter and sanitized (with quaternary ammonium or bleach solution), at 
least 100 feet from the edge of any water sources, prior to and after use within a wetland, 2) 
employees and contractors will receive instruction on the threats of Bd to amphibians and the 
need to minimize its spread, and 3) employees and contractors will not be permitted to handle or 
translocate amphibians, except by permission from the appropriate agencies. In addition, a 
written plan outlining specific cleaning and sanitizing measures will be produced and provided to 
contractors and employees. 

‐ ‐

Full preconstruction surveys for all known and potential occurrence of BLM Sensitive and NNHP
plant species would be conducted within suitable habitat of the Project Area footprint by 
qualified botanists and protocols approved by the BLM

‐ ‐

If sensitive plant species are identified within the project work area, impacts would be avoided by
flagging/fencing and by applying an appropriate buffer determined by the qualified botanist and 
the BLM. If avoidance is not feasible, mitigation would be determined by the BLM to ensure no 
net loss of sensitive plants

‐ ‐

Potential impacts to Special Status invertebrate species would be minimized by using existing 
routes for construction access in sensitive meadow vegetation and by avoiding and minimizing 
ground disturbance and vegetation removal in this area to the extent possible

‐ ‐

Exclusion fencing approved by the BLM would be installed around all work areas near habitat for
wetland dependent Special Status aquatic Species, as defined by the wetland delineation. Areas 
within the exclusion fencing would be cleared of Special Status aquatic Species (i.e. Dixie Valley 
toad) prior to construction activities to avoid direct impacts to those species (e.g. crushing, 
burying, etc.).

‐ ‐
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Objective Monitoring Indicators Baseline Conditions Monitoring Site Monitoring Timing
Objective 
Threshold

Threshold Period Management Action  Critical Timing
Critical 

Threshold
Critical Period Critical Mitigation

15.3 gpm USGS‐101 
107 ‐ 237 gpm Complex 2 Confluence 

Spring 5A/5B Confluence 
USGS‐301 Salt Cedar 

15.3 gpm (30 ‐ 110mm) NDOWSS‐1 

Flow (Current‐Velocity) Currently unknown Spring 10 

Spring 14 
Spring 32 

Currently unknown Spring 15 
MW‐1 (75‐4)

MW‐2
MW‐3
DP‐01
DP‐03
DP‐05
DP‐10
DP‐12
DP‐14

66 ‐ 78 F USGS‐101 
117.9 F Complex 2 Confluence 

Currently unknown Spring 5A/5B Confluence 
74 ‐ 90 F USGS‐301 Salt Cedar 

130 ‐ 148 F NDOWSS‐1 
Currently unknown Spring 10

Spring 14 
Spring 32
Spring 15 
DP‐01
DP‐03
DP‐05
DP‐10
DP‐12
DP‐14

Objective Monitoring Indicators Baseline Conditions Monitoring Site Monitoring Timing
Objective 
Threshold

Threshold Period Management Action  Critical Timing
Critical 

Threshold
Critical Period Critical Mitigation

USGS‐101                               

Complex 2 Confluence 

Spring 5A/5B Confluence 
USGS‐301 Salt Cedar 

NDOWSS‐1 
Spring 10 
Spring 14 
Spring 32 
Spring 15 

MW‐1 (75‐4)
MW‐2
MW‐3
DP‐01
DP‐03
DP‐05
DP‐10
DP‐12
DP‐14

USGS‐101                               

Complex 2 Confluence 

Spring 5A/5B Confluence 
USGS‐301 Salt Cedar 

NDOWSS‐1 
Spring 10 
Spring 14 
Spring 32 
Spring 15 

MW‐1 (75‐4)
MW‐2
MW‐3
DP‐01
DP‐03
DP‐05
DP‐10
DP‐12
DP‐14

Objective Monitoring Indicators Baseline Conditions Monitoring Site Monitoring Timing
Objective 
Threshold

Threshold Period Management Action  Critical Timing
Critical 

Threshold
Critical Period Critical Mitigation

Objective 6  ‐ Maintain Dixie Valley toad populations (all life stages) at
a minimum of >80% from baseline for 85% of USGS monitoring areas.

Population Abundance ‐20%

Objective 7  – Maintain seasonal distribution of Dixie Valley toad 
populations (of all life stages) at ±10% from baseline within 85% of 
occupied habitat of Dixie Meadows.

Population 
Distribution

‐10%

Spring 14

Spring 32

17.8 ‐ 20.1°C (2020: 17.8 ‐ 18.7) 
(2018: 20.1)

Spring 14

17.7 ‐ 19.7°C (2020: 17.8 ‐ 18.8) 
(2018: 17.7 ‐ 19.7)

Spring 32

5mm (2020) ‐ 19mm (2018) Spring 14

15mm (2020) ‐ 22mm (2018) Spring 32

Monthly, March‐May 
(reproduction)

Monthly, October‐
February (brumation)

Monthly, March‐May 
(reproduction)

Monthly, October‐
February (brumation)

Objective 13  – Maintain total vegetative cover and species 
composition (key riparian indicator species*) within ±10% outside the 
natural range of baseline ecological (aquatic habitat) potential for 
85% of tier‐1 monitoring sites.

Total Vegetation Cover 
and Species 
Composition

Currently unknown (will be 
established during summer 2021 

surveys)
Tier‐1 monitoring sites Annually (June‐July) ±10%

1 monitoring event (annual 
evaluation)

Code A

Objective Monitoring Indicators Baseline Conditions Monitoring Site Monitoring Timing
Objective 
Threshold

Threshold Period Management Action  Critical Timing
Critical 

Threshold
Critical Period Critical Mitigation

Objective 14  – Maintain aquatic habitat extent (sum of all wetland 
communities in the WARD by acrage) within natural climatic 
variations for all habitat types within Dixie Meadows.

Wetland Habitat 
Extent (Acres)

Currently unknown (the baseline # of
acres will be established from review

of historical satellite imagery)

Co‐located with Objective 13 
monitoring sites; and all habitat 

areas identified in WARD
Annually (June‐July) ±5%

1 monitoring event (annual 
evaluation)

Code A

Objective 15  – Maintain hydric soil indicators at 85% of tier‐1 
monitoring sites.

Hydric Soil Indicators
Currently unknown (will be 

established during 2021 surveys)
Co‐located with Objective 13 

monitoring sites.
Annually (June‐July) ±15%

1 monitoring event (annual 
evaluation)

Code A

Currently unknown or N/A

*Biannual qualitative photo points will be collected for reference and have have no associated trigger or management actio

Currently unknown or N/A

Currently unknown or N/A

Table 19. Monitoring Goals and Objectives

Code B or C
During project activities which may 

influence water stage or 
temperature at Spring Complex 1b. 

Currently 
unknown

1  monitoring event 
(two‐week 
evaluation)

Code B or C

Objective 12  – Maintain surface water stage within ±10% or 
10gpm/15mm (whichever is less) outside the natural range of 
baseline conditions at 85% of Dixie Valley toad occupied habitat 
(USGS monitoring sites).

Water Stage 
±5% or 

10gpm/15mm

Objective 11  – Maintain surface water temperature within ±2.0°C 
outside the natural range of Dixie Valley toad thermal tolerance (as 
defined by the range of temperatures measured during 
population/HQI surveys) at 85% of Dixie Valley toad occupied springs.

Water Temperature 

Currently unknown
Tier‐1 surface water monitoring 
sites; and USGS monitoring sites

±2.0°C

2 consecutive monitoring 
events (monthly  

evaluation)

During project activities which may 
influence water stage or 

temperature at Spring Complex 1b. 

±1.0°C

1 monitoring event 
(two‐week 
evaluation)

Code B or C

Objective 10  – Maintain surface water stage within ±10% outside the 
natural range of baseline conditions at springsnail occupied springs.

Water Stage Monthly (staff gauge) ±10% ±10%

Objective 9  – Maintain surface water temperature within ±1.0°C 
outside the natural range of springsnail thermal tolerance (as defined 
by the range of temperatures measured throughout the occupied 
spring brook) at all springsnail occupied sites.

Water Temperature
Continuous (HOBO 

temp loggers)
±1.0°C

2 consecutive monitoring 
events (monthly  

evaluation)
Code B or C

Code A
Weekly ‐ during project activities 

which may influence water stage or
temperature at Spring Complex 1b. 

‐10%
1 monitoring event 

(one‐week 
evaluation)

Code B or C

*Springsnail abundance categories (per FWS protocol); abundant (>20); common (6‐20); scarce (<6); or based on forthcoming data

Objective 8  – Maintain springsnail populations (average abundance* 
within spring brook) at >80% from baseline for tier‐1 monitoring 
sites. 

Population Abundance
Currently unknown (will be 

determined in consultation with 
Working Groups) 

Annually   ‐20%
1 monitoring event (annual 

evaluation)

*Key geothermal indicators: SiO2 and Mg (other geothermal constituents may apply as appropriate for site‐specific locations

Aquatic Habitat and Special Status Species 

Currently unknown (will be 
determined in consultation with 

Working Groups) 
USGS monitoring sites

Biannual (spring and 
fall)

2 monitoring events 
(biannual evaluation)

Code A Currently unknown or N/A

2 consecutive monitoring 
events (monthly evaluation)

Re‐evaluate monitoring 
indicators, benchmarks, 

and timing; and/or 
Code A

Currently Unknown or N/A

Monthly

3 consecutive monitoring 
events (monthly evaluation)

Code B or C

Re‐evaluate monitoring 
indicators, benchmarks, 

and timing; and/or 
Code A

Currently Unknown or N/A

Monthly

3 consecutive monitoring 
events (monthly evaluation)

Code B or C

Objective 5  ‐ Maintain key geothermal indicator values* within ±15% 
outside the natural range of baseline concentrations at 85% tier‐1 
monitoring sites.

SiO2, Mg Currently unknown

Continuous

±15%

Objective 4  ‐ Maintain field parameters within ±10% outside the 
natural range of baseline conditions at 85% of tier‐1 monitoring sites.

pH, EC, TDS, DO, redox 
potential, turbidity

Currently unknown

Continuous

±10%

2 consecutive monitoring 
events (monthly evaluation)

See Objective 10

Objective 2  ‐ Maintain hydraulic head within ±15% outside the 
natural range of baseline conditions for 90% of tier‐1 groundwater 
monitoring wells.

Hydraulic Head Currently unknown Monthly ±15%

2 consecutive monitoring 
events (monthly evaluation)

See Objectives 9‐12

Monthly
3 consecutive monitoring 

events (monthly evaluation)
Code B or C

See Objective 12

Currently unknown

Code A

Currently Unknown or N/A

3 consecutive monitoring 
events (monthly evaluation)

Code B or C

Table 19. Monitoring Goals and Objectives

Hydrology (Ground/Surface Water), continued

Table 19. Monitoring Goals and Objectives

Table 19. Monitoring Goals and Objectives

Aquatic Habitat and Special Status Species, continued

Hydrology (Ground/Surface Water)

Objective 1  ‐ Maintain surface water flow and stage within ±10% or 
±15gpm/20mm (whichever is less) outside the natural range of 
baseline conditions for 90% of tier‐1 monitoring sites.

Flow (Continuous)
Continuous, year‐

round

±10% or ±15 gpm

2 consecutive monitoring 
events (monthly evaluation)

Code A

See Objectives 9‐12

Currently unknown

3 consecutive monitoring 
events (monthly evaluation)

Objective 3  ‐ Maintain water temperatures within ±10% or ±10oF 
(whichever is less) outside the natural range of baseline conditions at 
all tier‐1 monitoring sites.

Temperature

Continuous

±10% or ±10oF

2 consecutive monitoring 
events (monthly evaluation)

Code A

Code B or C
MonthlyWater Stage/Pool 

Height (Staff Guage)
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Complex 1A/1B Complex 2 Complex 3 Complex 4 Complex 5 Complex 6

USGS‐101
Complex 2 
Confluence

Spring 5A/5B 
Confluence

Spring 10 USGS‐301 Salt Cedar Spring 15

Spring 14 NDOWSS‐1

Spring 32

Spring 2 Spring 4 Spring 5A Spring 7 USGS‐301 North None Present

Spring 31 Spring 6 Spring 5B Spring 9 Spring 8

Spring 33 Spring 11

Spring 118 Spring 12

Spring 13

Tier‐1

Tier‐2

Table 20. Tier‐1 and Tier‐2 Surface Water Monitoring Locations  
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Complex 1A/1B Complex 2 Complex 3 Complex 4 Complex 5 Complex 6

DP‐01 DP‐03 MW‐3

DP‐05

DP‐08 DP‐11 None Present

DP‐09 DP‐13

DP‐02 24A‐8

DP‐04 24‐8

DP‐06

DP‐07

Tier‐2
22‐8B

23‐8

Table 21. Tier‐1 and Tier‐2 Groundwater Monitoring Wells   

Tier‐1

MW‐1 (75‐4) MW‐2 DP‐10 DP‐12 DP‐14
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Complex 1A/1B Complex 2 Complex 3 Complex 4 Complex 5 Complex 6

USGS‐101
Complex 2 
Confluence

Spring 5A/5B 
Confluence

Spring 10 USGS‐301 Salt Cedar Spring 15

Spring 14 NDOWSS‐1

Table 22. Tier‐1 and Tier‐2 Vegetation and Hydric Soil Monitoring Sites   

Tier‐1

Tier‐2

Tier‐2 sites would be determined prior to summer 2021 surveys; 13 sites will be randomly placed within the predominant 
wetland habitats (e.g. bulrush and meadow) of each spring complex. Locations of these sites will be established with 
forthcoming toad distribution data from USGS and NDOW.  
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Complex 1A/1B Complex 2 Complex 3 Complex 4 Complex 5 Complex 6

Spring 14

Spring 32

Spring 31

Spring 33

Spring 118

Table 23. Tier‐1 and Tier‐2 Springsnail and DVT Monitoring Sites  

Tier‐1

Springsnails currently not present within these spring complexes. Tier‐1 Dixie Valley toad
monitoring sites would be determined based on forthcoming USGS and NDOW
data/protocol.

Tier‐2

Springsnails currently not present within these spring complexes. Tier‐2 Dixie Valley toad
monitoring sites would be determined based on forthcoming USGS and NDOW
data/protocol.
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Spring ID Easting Northing Type1
Spring Run Wetted Length 

(meters)2
Average Width 

(meters)
Average Depth 
(centimeters) Flow (est.)3 Temperature (ºC) pH

Conductivity 
(µS/cm) Dominant Vegetation (% Cover)4 Substrate Composition (% Cover)5

DM20 409079 4406122 L
23.0 (Total)
<0.20 (Occ.)

2.0 1.9 Low 20.1 8.27 1345.0 35 (watercress) 100 (silt)

DM21 409114 4406107 H
1.0 (Total)
1.0 (Occ.)

3.0 1.4 Low 17.7 8.54 552.0 85 (common threesquare) 100 (silt)

L (SH) 3.0 2.2 Low 19.3 8.58 1129.0 30 (watercress) 100 (silt)

MID 0.5 3.8 Low 19.7 7.97 1085.0 5 (watercress) 100 (silt)

EOL 0.6 0.7 Low 18.7 7.51 1093.0 25 (artic rush) 100 (silt)
+25 6.8 3.5 Low 10.0 6.21 1152.0 60 (artic rush) 100 (silt)

Coordinates: NAD 1983 UTM Zone 11N

Table 24. 2018 Springsnail Survey Data

DM22
43.6 (Total)
15.9 (Occ.)

1H = Helocrene spring (pool); L = Limnocrene spring (pool which flows into a channel). SH = Springhead; MID = midpoint of occupied length; EOL = End of occupied length; +25 = point which is 25 m below EOL.
2Total = total length of wetted run; Occ. = Length of wetted run determined to be occupied by springsnails.
3Low = Little/no flow, mostly stagnant.
4Ocular estimate of canopy cover of dominant vegetation across transect.
5Ocular estimate of dominant substrate type across transect. Silt/clay = <0.1mm.

409159 4406137
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Spring ID Transect Number
Distance from spring source 

(m)
Water temperature (°C)

Catch Per Unit Effort 
(CPUE)

Substrate Composition
Wetted width of 
springbrook (m)

Water depth (cm)
Water column velocity 

(m/sec)
Emergent vegetation cover (%) Vegetated bank cover (%)

1 24.4 14.6 0 100% fines (<1mm) 8.9 0.1 0 100 100
2 17.0 15.1 0 100% fines (<1mm) 0.1 0.1 0 100 100
3 10.6 20.2 0 100% fines (<1mm) 0.1 2.0 0 90 10
4 6.1 23.7 0 100% fines (<1mm) 4.7 3.0 0 70 10
5 2.3 22.9 0 100% fines (<1mm) 4.3 3.0 0 70 10
6 1.8 22.6 1 100% fines (<1mm) 3.6 3.0 0 70 10
7 0.9 23.6 2 100% fines (<1mm) 3.2 3.0 0 60 10
1 8.5 20.2 0 100% fines (<1mm) 1.5 3.0 0 90 50
2 8.0 20.8 0 100% fines (<1mm) 1.0 0.5 0 90 50
3 6.0 17.8 10 100% fines (<1mm) 0.9 3.0 0 90 70
4 3.0 18.4 13 100% fines (<1mm) 3.3 0.5 0 100 80
5 1.5 18.7 21 100% fines (<1mm) 1.3 0.5 0 100 100
1 42.4 14.6 1 100% fines (<1mm) 4.2 2.6 0 100 100
2 37.9 16.3 1 100% fines (<1mm) 10.6 3.5 0 100 90
3 26.4 18.2 0 100% fines (<1mm) 14.1 2.9 0 70 80
4 16.0 23.6 0 100% fines (<1mm) 5.5 3.2 0.01 100 100
5 7.0 22.0 0 100% fines (<1mm) 2.0 4.8 0.02 90 80
6 2.0 20.7 0 100% fines (<1mm) 4.4 5.0 0.02 40 50
1 13.4 21.8 0 100% fines (<1mm) 2.4 7.3 0 60 50
2 8.5 18.1 11 100% fines (<1mm) 5.6 4.5 0.01 100 100
3 2.2 18.8 6 100% fines (<1mm) 1.1 1.9 0 60 50
4 1.3 18.8 12 100% fines (<1mm) 0.9 0.9 0 50 50
5 0.0 17.8 21 100% fines (<1mm) 0.7 1.5 0 50 50
1 10.4 18.3 0 100% fines (<1mm) 7.5 0.4 0 100 100
2 8.5 20.2 0 100% fines (<1mm) 7.2 1.7 0 100 100
3 5.3 20.4 0 100% fines (<1mm) 4.6 2.5 0 100 100
4 2.7 19.9 14 100% fines (<1mm) 0.5 2.0 0 100 100
5 0.0 19.9 21 100% fines (<1mm) 0.6 0.8 0 90 100

°C degrees celsius
cm centimeter
CPUE Catch Per Unit Effort
m  meter
m/sec meters per second
mm millimeter

Table 25: Summary of springsnail (Pyrgulopsis  spp.) abundance and distribution data at occupied springs, as calculated via tier 3 transects. Transects are oriented perpendicular to the springbrook, and begin at the furthest downstream location of springsnails (as determined during tier 2 sampling). Habitat parameters
collected along each transect are also included. Catch per unit effort (CPUE) is calculated here as the average number of individuals encountered along the occupied springbrook length. 

Table 25. 2020 Springsnail Survey Data ‐ Tier 3 Transect Data Summary

29

31

32

33

118
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Dixie Meadows Geothermal Project - Aquatic Resources Monitoring and Mitigation Plan

Spring ID
Alternate 
Spring ID

Easting  Northing
New Springsnail 

Locality?
Mean 
CPUE

Abundance 
Category3

Springbrook 
Length (m)

Occupied 
Springbrook Length 

(m)

Temp along occupied 
length (min‐max, °C)

Depth along occupied 
length (min‐max, cm)

Temp at Spring 
Source (°C)

DO (%) DO (mg/L)
Conductivity 
(µS/cm)

pH
Turbidity 
(NTU)

Spring Type Disturbance

29
Spring 141, 
DM202

409082 4406125 No 1.5 Scarce 27.0 1.8 22.6 ‐ 23.6 3.0 23.3 9.1 0.77 1723 7.17 65.4 Helocrene Moderate

31 N/A 409145 4406110 Yes 14.7 Common 9.9 6.0 17.8 ‐ 18.7 0.5 ‐ 3.0 18.4 25.1 2.34 1508 7.75 108.4 Helocrene Moderate
32 DM222 409159 4406139 No 0.3 Scarce 43.5 42.4 14.6 ‐ 23.6 2.6 ‐ 5.0 21.5 13.1 1.14 1354 8.11 31.0 Helocrene High
33 N/A 409210 4406126 Yes 12.5 Common 16.6 8.5 17.8 ‐ 18.8 0.9 ‐ 4.5 17.6 73.5 7.00 1361 7.84 12.5 Rheocrene Moderate
118 N/A 409293 4406172 Yes 17.5 Common 15.5 2.7 19.9 0.8 ‐ 2.0 21.5 67.1 5.90 1329 8.08 25.8 Rheocrene Moderate

Table 26: Summary of springsnail (Pyrgulopsis  spp.) abundance and distribution data at occupied springs. Water quality parameters collected at the spring source are also included.

1ARMMP Surface Water Monitoring Spring ID (McGinley)
22018 Springsnail Survey Spring ID (Ormat)
3Abundance Categories:
Abundant: > 20 CPUE  
Common: 6‐20 CPUE  
Scarce: <6 CPUE

°C degrees celsius
µS/cm microsiemens per centimeter
cm centimeter
CPUE Catch Per Unit Effort
DO Dissolved Oxygen  
m  meter  
mg/L milligrams per liter
mL  milliliter

Coordinates: NAD 1983 UTM Zone 11N

Table 26. 2020 Springsnail Survey Data ‐ Springsnail Location Summary
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Fig 17 - Dixie Meadows Watershed
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Fig 19A - 2012 Water Temperatures
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Fig 20 - Playa Watershed Boundary
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Fig 21 - Proposed Surface Water Monitoring Sites

NAD 1983 UTM Zone 11N
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Fig 22 - Proposed Groundwater Monitoring Sites
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Fig 23 - Aquatic Habitat - Special Status Species Monitoring Sites
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APPENDIX A 
Well Driller's Reports and Lithology Logs















































































APPENDIX B 
Pre-Field Assessment Data - Spring Dependent Ecosystems 
and Aquatic Habitat



311

184

960

343

960

343

330

960

184

960

900

900

160

Elko

Reno

Las Vegas

N e v a d a U t a h

C a l i f o r n i a

SITE MAP
-SHOWING-

NWI WETLANDS AND NRCS SOIL TYPES
ORMAT TECHNOLOGIES INC.

DIXIE MEADOWS GEOTHERMAL 
DEVELOPMENT PROJECT
CHURCHILL COUNTY, NV

R
EF

. DESIGNED
DRAWN

CHECKED
APPROVED

GB
GB

BP
BP

Wetlands and Soils Map

NAD 1983 UTM Zone 11N

FILE:

COORDINATE SYSTEM:

7/22/2019

TITLE:

REVISION:
ORM008
JOB NO.: DATE:

-

±

0 3,000

Feet

NWI Wetland Type
Freshwater Emergent Wetland
Freshwater Forested/Shrub Wetland
Freshwater Pond
Lake
Riverine

R:\Projects\GIS Data\ORM\008\Biological\Wetlands and Soils Map.mxd

NRCS Soil Types
160: Singatse-Rock Outcrop
184: Bluewing-Pineval
311: Rednik-Trocken-Genegraf
330: Settlement-Louderback-Rustigate (H)
343: Slaw-Trocken-Chuckles
900: Playas
960: Pelic-Turupah (H)



311

184

960

343

960

343

330

960

184

960

900

900

900

160
160

Elko

Reno

Las Vegas

N e v a d a U t a h

C a l i f o r n i a

SITE MAP
-SHOWING-

SWReGAP VEGETATION 
AND NRCS SOIL TYPES

ORMAT TECHNOLOGIES INC.
DIXIE MEADOWS GEOTHERMAL 

DEVELOPMENT PROJECT
CHURCHILL COUNTY, NV

R
EF

. DESIGNED
DRAWN

CHECKED
APPROVED

GB
GB

BP
BP

Vegetation and Soils Map

NAD 1983 UTM Zone 11N

FILE:

COORDINATE SYSTEM:

7/22/2019

TITLE:

REVISION:
ORM008
JOB NO.: DATE:

-

±

0 3,000

Feet

SW GAP Vegetation
Inter-Mountain Basins Big Sagebrush Shrubland
Inter-Mountain Basins Cliff and Canyon
Inter-Mountain Basins Greasewood Flat
Inter-Mountain Basins Mixed Salt Desert Scrub
Inter-Mountain Basins Playa
North American Arid West Emergent Marsh

R:\Projects\GIS Data\ORM\008\Biological\Vegetation and Soils Map.mxd

NRCS Soil Types
160: Singatse-Rock Outcrop
184: Bluewing-Pineval
311: Rednik-Trocken-Genegraf
330: Settlement-Louderback-Rustigate (H)
343: Slaw-Trocken-Chuckles
900: Playas
960: Pelic-Turupah (H)



All Ecological Sites -- Rangeland—Churchill County Area, Nevada, Parts of Churchill and Lyon Counties
(Ward_boundary)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/30/2019
Page 1 of 5

44
00

60
0

44
01

50
0

44
02

40
0

44
03

30
0

44
04

20
0

44
05

10
0

44
06

00
0

44
06

90
0

44
07

80
0

44
00

60
0

44
01

50
0

44
02

40
0

44
03

30
0

44
04

20
0

44
05

10
0

44
06

00
0

44
06

90
0

44
07

80
0

405700 406600 407500 408400 409300 410200 411100

405700 406600 407500 408400 409300 410200 411100

39°  49' 5'' N
11

8°
  6

' 1
8'

' W
39°  49' 5'' N

11
8°

  2
' 7

'' W

39°  44' 49'' N

11
8°

  6
' 1

8'
' W

39°  44' 49'' N

11
8°

  2
' 7

'' W

N

Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 11N WGS84
0 1500 3000 6000 9000

Feet
0 500 1000 2000 3000

Meters
Map Scale: 1:38,500 if printed on A portrait (8.5" x 11") sheet.



MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

R027XY001NV

R027XY005NV

R027XY018NV

R027XY022NV

R027XY027NV

R027XY041NV

Not rated or not available

Soil Rating Lines
R027XY001NV

R027XY005NV

R027XY018NV

R027XY022NV

R027XY027NV

R027XY041NV

Not rated or not available

Soil Rating Points
R027XY001NV

R027XY005NV

R027XY018NV

R027XY022NV

R027XY027NV

R027XY041NV

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Please rely on the bar scale on each map sheet for map 
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Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
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accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
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Soil Survey Area: Churchill County Area, Nevada, Parts of 
Churchill and Lyon Counties
Survey Area Data: Version 13, Sep 13, 2018

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Feb 11, 2015—Oct 6, 
2017

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
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All Ecological Sites — Rangeland

Map unit symbol Map unit name Component name 
(percent)

Ecological site Acres in AOI Percent of AOI

160 Singatse-Rock 
outcrop 
association, very 
steep

Singatse (65%) R027XY027NV — 
BARREN 
GRAVELLY 
SLOPE 4-8 P.Z.

47.6 1.0%

Rock outcrop (25%)

Theon (5%) R027XY019NV — 
STONY SLOPE 
4-8 P.Z.

Old camp (3%) R027XY007NV — 
LOAMY SLOPE 
8-10 P.Z.

Theon (2%) R027XY017NV — 
SOUTH SLOPE 
4-8 P.Z.

184 Bluewing-Pineval 
association

Bluewing (50%) R027XY022NV — 
VALLEY WASH

1,636.8 35.3%

Bluewing (20%) R027XY050NV — 
COARSE 
GRAVELLY 
LOAM 4-8 P.Z.

Pineval (15%) R027XY008NV — 
DROUGHTY 
LOAM 8-10 P.Z.

Isolde (8%) R027XY016NV — 
SODIC DUNES

Trocken (5%) R027XY024NV — 
SODIC 
TERRACE

Defler (2%) R027XY014NV — 
COARSE SILTY 
4-8 P.Z.

311 Rednik-Trocken-
Genegraf 
association

Rednik (45%) R027XY018NV — 
GRAVELLY 
LOAM 4-8 P.Z.

217.2 4.7%

Trocken (25%) R027XY050NV — 
COARSE 
GRAVELLY 
LOAM 4-8 P.Z.

Genegraf (15%) R027XY018NV — 
GRAVELLY 
LOAM 4-8 P.Z.

Bluewing (6%) R027XY022NV — 
VALLEY WASH
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Map unit symbol Map unit name Component name 
(percent)

Ecological site Acres in AOI Percent of AOI

Bluewing (6%) R027XY050NV — 
COARSE 
GRAVELLY 
LOAM 4-8 P.Z.

Xeric Torriorthents 
(3%)

R027XY029NV — 
GRAVELLY FAN 
8-10 P.Z.

330 Settlement-
Louderback-
Rustigate 
association

Settlement (40%) R027XY006NV — 
SALINE 
BOTTOM

1,051.9 22.7%

Louderback (30%) R027XY005NV — 
SALINE 
MEADOW

Rustigate (15%) R027XY005NV — 
SALINE 
MEADOW

Slaw (6%) R027XY041NV — 
DEEP SODIC 
FAN

Kolda (5%) R027XY001NV — 
WETLAND

Water (4%)

343 Slaw-Trocken-
Chuckles 
association

Slaw (40%) R027XY041NV — 
DEEP SODIC 
FAN

1,089.4 23.5%

Trocken (30%) R027XY041NV — 
DEEP SODIC 
FAN

Chuckles (20%) R027XY025NV — 
SODIC FLAT

Bluewing (6%) R027XY022NV — 
VALLEY WASH

Bluewing (2%) R027XY050NV — 
COARSE 
GRAVELLY 
LOAM 4-8 P.Z.

Mazuma (2%) R027XY025NV — 
SODIC FLAT

900 Playas Playas (95%) 330.4 7.1%

Parran (5%) R027XY025NV — 
SODIC FLAT

960 Pelic-Turupah 
complex, 0 to 1 
percent slopes

Pelic (50%) R027XY001NV — 
WETLAND

268.5 5.8%

Turupah (35%) R027XY090NV — 
DRY SALINE 
MEADOW

Water (8%)

Parran (7%) R027XY025NV — 
SODIC FLAT
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Map unit symbol Map unit name Component name 
(percent)

Ecological site Acres in AOI Percent of AOI

Totals for Area of Interest 4,641.9 100.0%
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Hydric Soil List - All Components

This table lists the map unit components and their hydric status in the survey 
area. This list can help in planning land uses; however, onsite investigation is 
recommended to determine the hydric soils on a specific site (National Research 
Council, 1995; Hurt and others, 2002).

The three essential characteristics of wetlands are hydrophytic vegetation, hydric 
soils, and wetland hydrology (Cowardin and others, 1979; U.S. Army Corps of 
Engineers, 1987; National Research Council, 1995; Tiner, 1985). Criteria for all of 
the characteristics must be met for areas to be identified as wetlands. Undrained 
hydric soils that have natural vegetation should support a dominant population of 
ecological wetland plant species. Hydric soils that have been converted to other 
uses should be capable of being restored to wetlands.

Hydric soils are defined by the National Technical Committee for Hydric Soils 
(NTCHS) as soils that formed under conditions of saturation, flooding, or ponding 
long enough during the growing season to develop anaerobic conditions in the 
upper part (Federal Register, 1994). These soils, under natural conditions, are 
either saturated or inundated long enough during the growing season to support 
the growth and reproduction of hydrophytic vegetation.

The NTCHS definition identifies general soil properties that are associated with 
wetness. In order to determine whether a specific soil is a hydric soil or nonhydric 
soil, however, more specific information, such as information about the depth and 
duration of the water table, is needed. Thus, criteria that identify those estimated 
soil properties unique to hydric soils have been established (Federal Register, 
2002). These criteria are used to identify map unit components that normally are 
associated with wetlands. The criteria used are selected estimated soil properties 
that are described in "Soil Taxonomy" (Soil Survey Staff, 1999) and "Keys to Soil 
Taxonomy" (Soil Survey Staff, 2006) and in the "Soil Survey Manual" (Soil Survey 
Division Staff, 1993).

If soils are wet enough for a long enough period of time to be considered hydric, 
they should exhibit certain properties that can be easily observed in the field. 
These visible properties are indicators of hydric soils. The indicators used to 
make onsite determinations of hydric soils are specified in "Field Indicators of 
Hydric Soils in the United States" (Hurt and Vasilas, 2006).

Hydric soils are identified by examining and describing the soil to a depth of 
about 20 inches. This depth may be greater if determination of an appropriate 
indicator so requires. It is always recommended that soils be excavated and 
described to the depth necessary for an understanding of the redoximorphic 
processes. Then, using the completed soil descriptions, soil scientists can 
compare the soil features required by each indicator and specify which indicators 
have been matched with the conditions observed in the soil. The soil can be 
identified as a hydric soil if at least one of the approved indicators is present.

Map units that are dominantly made up of hydric soils may have small areas, or 
inclusions, of nonhydric soils in the higher positions on the landform, and map 
units dominantly made up of nonhydric soils may have inclusions of hydric soils 
in the lower positions on the landform.

The criteria for hydric soils are represented by codes in the table (for example, 
2). Definitions for the codes are as follows:
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1. All Histels except for Folistels, and Histosols except for Folists.
2. Soils in Aquic suborders, great groups, or subgroups, Albolls suborder, 

Historthels great group, Histoturbels great group, Pachic subgroups, or 
Cumulic subgroups that:
A. Based on the range of characteristics for the soil series, will at least in 

part meet one or more Field Indicators of Hydric Soils in the United 
States, or

B. Show evidence that the soil meets the definition of a hydric soil;
3. Soils that are frequently ponded for long or very long duration during the 

growing season.
A. Based on the range of characteristics for the soil series, will at least in 

part meet one or more Field Indicators of Hydric Soils in the United 
States, or

B. Show evidence that the soil meets the definition of a hydric soil;
4. Map unit components that are frequently flooded for long duration or very 

long duration during the growing season that:
A. Based on the range of characteristics for the soil series, will at least in 

part meet one or more Field Indicators of Hydric Soils in the United 
States, or

B. Show evidence that the soil meets the definition of a hydric soil;

Hydric Condition: Food Security Act information regarding the ability to grow a 
commodity crop without removing woody vegetation or manipulating hydrology.

References:
Federal Register. July 13, 1994. Changes in hydric soils of the United States. 
Federal Register. Doc. 2012-4733 Filed 2-28-12. February, 28, 2012. Hydric soils 

of the United States. 
Soil Survey Division Staff. 1993. Soil survey manual. Soil Conservation Service. 

U.S. Department of Agriculture Handbook 18. 
Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classification for 

making and interpreting soil surveys. 2nd edition. Natural Resources 
Conservation Service. U.S. Department of Agriculture Handbook 436. 

Soil Survey Staff. 2010. Keys to soil taxonomy. 11th edition. U.S. Department of 
Agriculture, Natural Resources Conservation Service. 

Vasilas, L.M., G.W. Hurt, and C.V. Noble, editors. Version 7.0, 2010. Field 
indicators of hydric soils in the United States. 

Hydric Soil List - All Components---Churchill County Area, Nevada, Parts of Churchill and Lyon 
Counties

Ward_boundary

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/30/2019
Page 2 of 4



Report—Hydric Soil List - All Components

Hydric Soil List - All Components–NV770-Churchill County Area, Nevada, Parts of Churchill and Lyon Counties

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

160: Singatse-Rock outcrop 
association, very steep

Singatse 65 Hills No —

Rock outcrop 25 Ridges No —

Theon 5 Hills No —

Old camp 3 Hills No —

Theon 2 Hills No —

184: Bluewing-Pineval association Bluewing 50 Drainageways No —

Bluewing 20 Inset fans No —

Pineval 15 Fan remnants No —

Isolde 8 Dunes No —

Trocken 5 Beach terraces No —

Defler 2 Inset fans No —

311: Rednik-Trocken-Genegraf 
association

Rednik 45 Fan remnants No —

Trocken 25 Beach terraces No —

Genegraf 15 Fan remnants No —

Bluewing 6 Drainageways No —

Bluewing 6 Inset fans No —

Xeric Torriorthents 3 Channels No —

330: Settlement-Louderback-
Rustigate association

Settlement 40 Lake terraces Yes 2

Louderback 30 Lake terraces No —

Rustigate 15 Lake terraces No —

Slaw 6 Lake terraces No —

Kolda 5 Lake terraces Yes 2,3

Water 4 Depressions No —

343: Slaw-Trocken-Chuckles 
association

Slaw 40 Stream terraces No —

Trocken 30 Inset fans No —

Chuckles 20 Lake terraces No —

Bluewing 6 Drainageways No —

Mazuma 2 Lake terraces No —

Bluewing 2 Inset fans No —

900: Playas Playas 95 Playas No —

Parran 5 Lake plains No —
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Hydric Soil List - All Components–NV770-Churchill County Area, Nevada, Parts of Churchill and Lyon Counties

Map symbol and map unit name Component/Local 
Phase

Comp. 
pct.

Landform Hydric 
status

Hydric criteria met 
(code)

960: Pelic-Turupah complex, 0 to 
1 percent slopes

Pelic 50 Flood plains Yes 2,3,4

Turupah 35 Flood plains No —

Water 8 Streams No —

Parran 7 Lake plains No —

Data Source Information

Soil Survey Area: Churchill County Area, Nevada, Parts of Churchill and Lyon 
Counties
Survey Area Data: Version 13, Sep 13, 2018
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APPENDIX C 
Plant Community Photographs



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 1: 
Wetland boundary plant community. 

Photograph 2: 
Bulrush wetland community. 



Photograph 3: 
Cattail wetland. 

Photograph 4:  
Reed canarygrass wetland. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 5: 
Saltgrass and alkali bulrush wetland. 

Photograph 6: 
Wet meadow. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 7: 
Field sedge meadow. 

Photograph 8: 
Woody riparian community. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 9: 
Shrub upland community. 

Photograph 10: 
Saltgrass upland community. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 11: 
Forb upland community. 



APPENDIX D 
Soil Pit Photographs and Data
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Photograph 1: 
Wetland boundary soil pit. 

Photograph 2: 
Bulrush wetland soil pit. 



Photograph 3: 
Cattail wetland soil pit. 

Photograph 4: 
Reed canarygrass wetland soil pit. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 5: 
Saltgrass and alkali bulrush wetland. 

Photograph 6: 
Wet meadow soil pit. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 7: 
Field sedge meadow soil pit. 

Photograph 8: 
Woody riparian soil pit. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Photograph 9: 
Shrub upland soil pit. 

Photograph 10: 
Saltgrass upland soil pit. 



Soil Profile Description     Plant Community: Shrub upland   

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-7  10YR 4/2           Sandy loam   

7-14  2.5Y 2.5/1        Silty loam   

              

Hydric Soil Indicator: None         

            

Soil Profile Description     Plant Community: Forb upland   

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-22  2.5Y 5/2           Sandy clay loam   

              

Hydric Soil Indicator: None         

            

Soil Profile Description     Plant Community: Saltgrass upland  

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-16  2.5Y 5/2           Sandy clay loam   

16-24  10YR 4/2        Sandy clay loam   

              

              

Hydric Soil Indicator: None         

            

Soil Profile Description     Plant Community: Saltgrass upland 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-5  2.5Y 4/1           Sandy clay loam Effervescent 

5-12  10YR 5/3        Clay loam Effervescent 

12-28  2.5Y 6/2        Silty clay Effervescent 

              

Hydric Soil Indicator: None             

  



Soil Profile Description     Plant Community: Wetland boundary 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-4  2.5Y 3/1           Silty clay loam   

4-6  5Y 2.5/1        Silty loam   

6-7  2.5Y 3/1        Silty clay   

7-14  2.5Y 2.5/1        Silty clay loam   

              

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl      

            

Soil Profile Description     Plant Community: Wetland boundary 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-4  10YR 4/1           Clay loam   

4-5  10YR 2/1        Loam   

5-6  5Y 3/1        Sandy clay loam   

6-12  Gley 1 4/N        Loam   

12-16  5Y 4/1        Sandy loam   

16-24  5Y 5/2 85  10YR 6/8 15 C M  Sandy loam   

              

Hydric Soil Indicator: F2 - Loamy gleyed matrix; Positive reaction to alpha, alpha-dipyridyl  

Type: C = Concentration.     Location: M = Matrix.         

            

Soil Profile Description     Plant Community: Bulrush wetland 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-2  2.5Y 2.5/1           Sandy loam Effervescent 

2-12  Gley 1 5/10GY        Sandy clay loam   

12-20  Peat           

              

Hydric Soil Indicator: S4 - Sandy gleyed matrix; Positive reaction to alpha, alpha-dipyridyl  
            

Soil Profile Description     Plant Community: Bulrush wetland 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-6  10YR 2/1           Sandy loam   

6-7  Peat           

7-14  10YR 2/1        Sandy loam   

              

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl      



Soil Profile Description Plant Community: Cattail wetland 

Matrix Redox Features 

Depth (in) Color (moist) % Color (moist) % Type Loc Texture Remarks 

0-6 5Y 3/1 Sandy clay loam 

6-8 2.5Y 3/1 Sandy loam Effervescent 

8-12 5Y 5/2 Loamy sand 

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl 

Soil Profile Description 

Matrix 

Plant Community: Reed canarygrass wetland 

Redox Features 

Depth (in) Color (moist) % Color (moist) % Type Loc Texture Remarks 

0-5 5Y 3/1 Sandy clay loam 

6-12 Peat 

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl 

Soil Profile Description Plant Community: Saltgrass and alkali bulrush wetland 

Matrix Redox Features 

Depth (in) Color (moist) % Color (moist) % Type Loc Texture Remarks 

0-4 10YR 2/1 Sandy loam Effervescent 

4-14 2.5Y 5/2 Loamy sand Effervescent 

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl 

Soil Profile Description Plant Community: Wet meadow 

Matrix Redox Features 

Depth (in) Color (moist) % Color (moist) % Type Loc Texture Remarks 

0-4 10YR 2/1 Clay loam 

4-5 5Y 5/1 Clay loam 

5-14 Gley 2 2.5/5B Sandy clay loam 

Hydric Soil Indicator: Positive reaction to alpha, alpha-dipyridyl 



Soil Profile Description     Plant Community: Field sedge meadow 

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-1  2.5Y 2.5/1           Clay loam   

1-10  2.5Y 5/1 98  7.5YR 5/8 2 C M  Sandy clay loam Effervescent 

10-20  10YR 3/1        Clay loam Effervescent 

20-28  2.5Y 5/2 96  7.5YR 5/8 4 C M  Sandy clay loam   

              

Hydric Soil Indicator: F3 - Depleted matrix      

Type: C = Concentration.     Location: M = Matrix.         

            

Soil Profile Description     Plant Community: Woody riparian   

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-8  2.5Y 4/2           Loamy sand Effervescent 

8-13  Gley 1 3/N        Sandy clay loam Effervescent 

13-20  5Y 4/1        Sandy loam Effervescent 

              

Hydric Soil Indicator:  Positive reaction to alpha, alpha-dipyridyl      

            

Soil Profile Description     Plant Community: Woody riparian   

              

   Matrix  Redox Features     

Depth (in)  Color (moist) %  Color (moist) % Type Loc  Texture Remarks 

0-9  2.5Y 5/2 90  10YR 6/8 10 C M  Loamy sand Effervescent 

9-13  5Y 5/2         Effervescent 

              

Hydric Soil Indicator: S5 - Sandy redox      

Type: C = Concentration.     Location: M = Matrix.         

 



APPENDIX E 
WARD Geodatabase



Site ID Easting (m) Northing (m)

USGS-101 409864.78 4406468.57

NDOWSS-1 408475.30 4405816.01

USGS-301 407857.19 4403376.22

Spring 1 409865.45 4406475.08

Spring 2 409871.49 4406308.55

Spring 3 409839.19 4406470.53

Spring 4 408479.20 4405695.30

Spring 5A 408361.16 4405027.70

Spring 5B 408373.77 4404965.13

Spring 6 408701.84 4406021.70

Spring 7 408336.40 4404171.58

Spring 9 408216.53 4403817.92

Spring 10 408369.58 4404236.39

Spring 11 408550.04 4404576.16

Spring 12 408469.08 4404625.86

Spring 13 408409.62 4404690.02

Spring 14 409080.47 4406124.08

Spring 15 408517.89 4405693.89

Spring 16 408521.99 4405702.91

Spring 17 408524.78 4405714.88

Spring 18 408490.64 4405759.73

Spring 19 408487.21 4405764.98

Spring 20 408498.08 4405771.32

Spring 21 408498.79 4405767.24

Spring 22 408488.51 4405791.97

Spring 23 408465.47 4405818.20

Spring 24 406911.82 4402192.89

Spring 25 408570.90 4405791.04

Spring 26 408673.30 4405881.56

Spring 27 408711.62 4406023.89

Spring 28 409899.38 4406288.89

Spring 29 408523.85 4405600.65

Spring 30 409100.45 4406051.34

Spring 31 409142.93 4406105.77

Spring 32 409154.56 4406138.52

Spring 33 409205.96 4406138.46

Spring 34 409212.83 4406148.90

Spring 35 409270.04 4406177.99

Spring 36 409306.35 4406179.35

Spring 37 409325.61 4406180.04

Spring 38 408344.70 4405257.42

Spring 39 408445.04 4405153.97

Spring 40 408628.55 4405009.27

Spring 41 408589.04 4405039.50

Spring 42 408601.41 4405070.07

Appendix E. Surface Water Inventory



Site ID Easting (m) Northing (m)

Appendix E. Surface Water Inventory

Spring 43 408518.81 4405067.75

Spring 44 408411.78 4405035.38

Spring 45 408500.32 4405676.66

Spring 46 408352.70 4405018.61

Spring 47 406895.81 4402236.32

Spring 48 408364.68 4404916.83

Spring 49 408371.51 4405043.91

Spring 50 408532.90 4405724.23

Spring 51 408530.19 4405719.81

Spring 52 408530.30 4405704.62

Spring 53 409604.78 4406167.32

Spring 54 408490.11 4405684.63

Spring 55 409556.55 4406115.08

Spring 56 408331.37 4404282.12

Spring 57 406915.64 4402182.25

Spring 58 408392.95 4404236.86

Spring 59 408418.43 4404245.24

Spring 60 408286.53 4404739.12

Spring 61 408341.43 4404742.49

Spring 62 408334.03 4404671.30

Spring 63 408337.39 4404646.40

Spring 64 408413.84 4404653.06

Spring 65 408422.20 4404649.60

Spring 66 408432.38 4404630.65

Spring 67 408409.85 4404522.47

Spring 68 408573.24 4404480.75

Spring 69 408436.46 4404458.24

Spring 70 408503.43 4404296.42

Spring 71 408388.03 4404316.17

Spring 72 408277.13 4404212.13

Spring 73 408296.00 4404192.53

Spring 74 408258.57 4404145.57

Spring 75 408330.50 4404190.56

Spring 76 409923.37 4406297.54

Spring 77 408366.83 4404190.13

Spring 78 408352.05 4404184.00

Spring 79 408272.89 4404094.25

Spring 80 408269.83 4404111.04

Spring 81 408296.61 4404046.77

Spring 82 408318.86 4404016.03

Spring 83 408291.47 4403997.19

Spring 84 408305.24 4404000.44

Spring 85 408268.92 4403987.77

Spring 86 408323.85 4403947.79

Spring 87 408279.20 4403917.16



Site ID Easting (m) Northing (m)

Appendix E. Surface Water Inventory

Spring 88 408284.25 4403909.25

Spring 89 408292.17 4403916.99

Spring 90 408302.61 4403895.64

Spring 91 408266.56 4403899.26

Spring 92 409852.18 4406193.49

Spring 93 408228.56 4403822.57

Spring 94 408226.33 4403726.04

Spring 95 408174.80 4403708.87

Spring 96 408147.04 4403681.95

Spring 97 408070.29 4403636.84

Spring 98 408162.56 4403646.66

Spring 99 407932.84 4403449.64

Spring 100 407934.71 4403459.51

Spring 101 406910.34 4402253.37

Spring 102 407860.81 4403382.83

Spring 103 407882.31 4403408.09

Spring 104 407883.83 4403418.83

Spring 105 407844.81 4403339.20

Spring 106 407275.05 4402739.89

Spring 107 407277.44 4402597.79

Spring 108 406737.26 4402026.78

Spring 109 407139.63 4402025.11

Spring 110 406968.43 4402217.41

Spring 111 406953.37 4402211.92

Spring 112 406966.36 4402247.32

Spring 113 406964.64 4402276.20

Spring 114 409771.93 4406101.67

Coordinates in NAD 1983 UTM Zone 11N
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APPENDIX F 
Photographs of Proposed Monitoring Locations



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 2: 
View of the proposed monitoring location USGS-101. 

Photograph 1: 
View of the proposed monitoring location MW-1. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 4: 
View of channelized flow from proposed monitoring location NDOWSS-1. 

 

Photograph 3: 
View of the proposed monitoring location Spring 2. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 6: 
View of the proposed monitoring location Spring 4. 

 

Photograph 5: 
Additional view of the proposed monitoring location NDOWSS-1. 

 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 8: 
Additional view of the proposed monitoring location Spring 5A. 

Photograph 7: 
View of the proposed monitoring location Spring 5A. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 10: 
View of the proposed monitoring location Spring 6. 

 

Photograph 9: 
View of the proposed monitoring location Spring 5B. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 12: 
View of the proposed monitoring location Spring 8. 

Photograph 11: 
View of the proposed monitoring location Spring 7. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 14: 
Additional view of the proposed monitoring location USGS-301 North. 

Photograph 13: 
View of the proposed monitoring location USGS-301 North. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 16: 
View of the proposed monitoring location Western Playa Pond on May 29, 2019. 

 

Photograph 15: 
View of the proposed monitoring location USGS-301 Salt Cedar. 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Photograph 18: 
View of the proposed monitoring location Complex 2 confluence. 

 

Photograph 17: 
View of the proposed monitoring location Eastern Playa Pond on May 29, 2019. 



APPENDIX G 
Chemistry and Isotope Plots
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Silica vs Magnesium Concentrations for Spring Samples and Geothermal Endmember 
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Oxygen-18 vs Deuterium Plot 

Dixie Meadows ORM007 
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APPENDIX H 
Flow/Injection Test Plots
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