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PURPOSE AND SCOPE 

The purpose of this subtask is to provide information regarding the groundwater 
resources potentially available to the proposed Rodeo Grounds development project.  It 
examines the possibility of deriving the water supply for the project from wells on the 
property.  The information contained within this memo is for review and discussion by 
Mono County Community Development Department (Mono County CDD). 

ORGANIZATION OF THIS REPORT 
This memo is organized into the following major sections: 

 
• Summary and Conclusions 
• Introduction 
• Hydrogeologic Setting 
• Well Drilling and Construction 
• Well Testing 
• Groundwater Chemistry 
• Groundwater Availability 
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1.0 SUMMARY AND CONCLUSIONS 

1. Two exploratory wells were drilled on the property by the owner.  Drilling was 
accomplished by air-rotary methods using down-the-hole hammers.  The first well 
(Well 1) was drilled to the target depth of 600 feet.  The second well (Well 2) was 
drilled to a depth of 387 feet.  Both wells encountered groundwater in fractured 
metamorphic rocks.  Well 1 derived groundwater from fractures in quartzite.  Well 2 
penetrated carbonaceous marble with a variable quartz sand content.  Groundwater 
from Well 2 was derived from fractures in the marble.  An estimated 175 gallons per 
minute (gpm) of groundwater was discharged from Well 1 by the time the target 
depth of 600 feet was achieved.  Well 2 discharged more than an estimated 400 gpm 
by the time a depth of 387 feet was achieved.  The large air-lift discharge from Well 2 
caused drilling to be terminated before the target depth of 600 feet was reached. 

2. Steel well casing with an outside diameter of 6 ⅝ inches was installed to a depth of 
220 feet in Well 1 and to a depth of 200 feet in Well 2.  The purpose of the casing 
was to house the test pump and prevent damage to or loss of the pump in the event 
of a borehole collapse during testing.  The casing also enabled installation of sanitary 
and annular seals in the space surrounding the casing.  Cement grout was placed in 
the annulus surrounding the well casing in each well from the land surface to a depth 
of 100 feet. 

3. The completed exploratory wells were subjected to a series of pumping tests.  The 
testing program included step-drawdown tests followed by 24-hour constant-
discharge tests.  Well 1 was pumped at rates ranging from 50 to 63 gpm during step 
testing and at 40 gpm during the constant-discharge test.  Well 2 was pumped at 
rates ranging between 57 and 195 gpm during step testing and at 180 gpm during 
constant-discharge testing. 

4. The aquifer transmissivity (the overall ability of the aquifer to transmit groundwater) 
of the fractured quartzite aquifer materials penetrated by Well 1 was calculated to be 
121 feet2/day (905 gallons per day per foot width of aquifer under a unit hydraulic 
gradient (gpd/ft)) and the coefficient of storage was estimated to range between 
approximately 0.03 to 0.05.  These values are indicative of an unconfined to semi-
confined aquifer with low transmissivity.  Although the well penetrated fractured rock, 
it appeared to be fractured to the point that it responded to the stress of pumping 
similar to a porous medium. 

5. The geologic materials penetrated by Well 2 exhibited a response to pumping that is 
referred to as “double-porosity” behavior.  Double porosity describes fractured-rock 
aquifers comprised of randomly distributed porous blocks and fractures.  
Groundwater flow is associated with the fractures and storage is associated with the 
porous blocks.  The transmissivity of the fracture portion of the porous-block-and-
fracture aquifer was calculated to be 1,980 feet2/day (14,363 gpd/ft) and the 
storativity was estimated to be approximately 0.035.  These results indicate the 
carbonaceous marble geologic unit penetrated by Well 2 is significantly more 
permeable than the quartzite penetrated by Well 1. 

6. Samples of the groundwater were collected from each well near the conclusion of the 
respective 24-hour duration aquifer stress tests.  The samples were analyzed for the 
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chemical and physical characteristics regulated under Title 22 of the California Code 
of regulations.  Overall groundwater quality is good with one notable exception; the 
concentration of arsenic in the groundwater exceeds the maximum contaminant level 
of 0.010 milligrams per liter.  The concentration of arsenic for groundwater derived 
from Well 1 was 0.024 mg/l and the concentration of arsenic for groundwater derived 
from Well 2 was 0.014 mg/l.  The water will require treatment to remove arsenic if it 
is to be used as a source of water supply. 

7. A production well completed at the location of Well 2 has the potential to yield 300 
gpm on a continual basis for several months and at least 100 gpm on a sustained 
basis (160 acre-feet per year or 52.56 million gallons per year).  A production well 
completed at the location of Well 1 has the potential to yield 33 gpm on a sustained 
basis.  Although the evidence strongly suggests the water supply for the project can 
be developed from wells on the property, production wells must be drilled and test 
pumped for an extended period of time in order to gain a consensus from the 
California Department of Health Services and Mono County Health Department 
regarding the yield rating of the subsequent production wells. 

8. A spring is located on the property approximately 1,000 feet south-southeast of 
Well 2.  The discharge from the spring was influenced by pumping Well 2 and the 
spring discharge declined from 12 gpm to 6.5 gpm during the testing of Well 2.  Upon 
conclusion of the pumping test, the spring discharge increased.  The spring-flow data 
collected during testing of the exploratory wells suggest that extended pumping is not 
expected cause the spring to cease flowing altogether. 

9. Physical and isotope geochemical fingerprinting of groundwater (Well 1, Well 2, the 
ski area well, and the spring), as well as, surface water samples collected from the 
outlet of Gull Lake and Reversed Creek, provide substantive evidence that 
groundwater within the project area is not in direct hydraulic communication with Gull 
Lake, even though lake water elevations are higher than that of groundwater.  
Additionally, Spring water is isotopically and chemically distinct from Gull Lake and 
most similar to groundwater assessed at Well 2. 

10. The physical and isotope geochemistry, together with the lack of an observation well 
response in either Well 1 or Well 2 during test pumping, the lack of a response in the 
spring during Test Well 1 Pumping, and the observed response of the spring during 
Well 2 pumping, indicates horizontal aquifer anisotropy.  Accordingly, groundwater 
flow towards the wells is likely derived from fractures, controlled by geologic 
structure, with an orientation and preferential groundwater flow (higher 
transmissivity) roughly parallel to the fold axes and towards the northwest-southeast.   

11. Stream water sampled down gradient of Gull Lake and near the Spring indicates that 
groundwater is locally discharging to Reversed Creek (gaining stream).  
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2.0 INTRODUCTION 

The proposed Rodeo Grounds project is located in Mono County approximately one mile 
southwest of the community of June Lake, California (Figure 1).  The property occupies 
approximately 90 acres within Section 15, Township 2 South, Range 26 East, M.D.B.&M. 
near the intersection of the June Lake Loop and North Shore Boulevard (Figure 2).   

The June Lake area is situated within the eastern Sierra Nevada.  The elevation of the 
property ranges between approximately 7,500 and 7,800 feet above sea level.  The Rodeo 
Grounds site is characterized by low ridges with moderate slopes.  The property is 
essentially undeveloped. 

Groundwater is one possible source of water supply to the project, the other being the June 
Lake Public Utility District.  The owner elected to drill and test pump two exploratory wells on 
the property to assess the groundwater resources potentially available to the project.  Mono 
County retained ECO:LOGIC Consulting Engineers to provide engineering and 
hydrogeologic services related to the acquisition of information and data needed to evaluate 
the groundwater resources potentially available to the project.  This work included: 

• Assisting with the planning of the drilling and testing program. 
• Reviewing the technical specifications for the drilling and testing program. 
• Monitoring the drilling and construction of the wells. 
• Preparing lithologic logs of the boreholes. 
• Orchestrating the pumping tests of the wells. 
• Analyzing the test data. 
• Assessing the water resources potentially available to the project and the likely 

performance of production wells. 

Western Strata Exploration, Inc. (WESTEX) of Clarksburg, California was engaged by the 
owner to drill, construct, and test pump the wells. 

This report summarizes the drilling, construction and testing of the wells.  It provides an 
evaluation of the test data, documents the chemical quality of the groundwater derived from 
the wells, and assesses the groundwater resources potentially available to the project.  This 
assessment includes estimates of long-term performance of production wells that might be 
constructed on the property near the sites of the exploratory wells.  Obviously, the long-term 
performance of any production wells constructed on the property will need to be verified 
through a comprehensive pumping test program of those wells. 
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3.0 HYDROGEOLOGIC SETTING 

The Geologic Map of the Mono Craters Quadrangle, Mono and Tuolumne Counties, 
California (Kistler, 1966) indicates that the geologic materials in the immediate vicinity of the 
Rodeo Grounds project area are primarily comprised of metamorphosed sedimentary rocks 
of the Gull Lake roof pendant.  The metamorphic rocks formed when igneous rocks intruded 
Permian and Pennsylvanian-aged sedimentary rocks.  On the property itself, the 
metamorphic rocks are overlain by till of Tioga glaciation (see Figure 3).  The metamorphic 
rocks include quartzofeldspathic hornfels, carbonaceous marble, quartzite and calc-silicate 
hornfels.  Locally, these have been intruded by the diabase of Reversed Creek and the 
quartz monzonite of Lee Vining. 

The metamorphic rocks have been intensely deformed and folded into a northwesterly 
trending anticline west of the site and a syncline to the east.  The anticline plunges to the 
southeast and the syncline plunges to the northwest.  The beds dip steeply at more than 70 
degrees.  The deformation has resulted in large-scale fracturing and joints are visible where 
the rocks crop out at the cliffs northwest of the project. 

The Rodeo Grounds property lies within the Reversed Creek watershed down-valley and 
west of Gull Lake, which in turn is west of June Lake.  The elevation of Gull Lake is 
approximately 7,602 feet above sea level and the elevation of June Lake is approximately 
7,621 feet above sea level based on the USGS topographic quadrangle (refer to Figure 2). 

A developed spring is situated near the southeast corner of the property.  Measurements 
taken during the course of this investigation show the spring discharges approximately 12 
gpm. 

3.1 Water-bearing Characteristics of the Rocks  

Metamorphic and intrusive igneous rocks typically exhibit very little primary porosity and are 
relatively impermeable.  Consequently, they usually do not store or transmit large quantities 
of groundwater compared to alluvial deposits or certain sedimentary rocks, nor do they 
typically yield large quantities of groundwater to wells.  However, secondary porosity can 
develop if the rocks have been fractured due to deformation.  Where the fractures or joints 
are interconnected, the rocks may develop significant permeability and yield moderate 
quantities of groundwater to wells. The metamorphic rocks in this area have been intensely 
deformed to the point that well-developed joints and fractures have been created.  These 
are visible where the rocks crop out near the project.  Fractures and joints can also develop 
as a consequence of faulting.  No faults are mapped within the property boundaries, but the 
Silver Lake fault is located approximately one and one-half mile west of the property. 

Under certain circumstances, solution channels develop in carbonate rocks where fractures 
and joints have been enlarged by dissolution of the rocks by groundwater flowing through 
the fractures.  As a result, carbonate metamorphic rocks such as marble may exhibit greater 
permeability than silicate or calc-silicate rocks such as quartzite or hornfels.  If so, they may 
yield more groundwater to wells than the other rocks in the area. 

. 
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FIGURE 3:  GEOLOGIC MAP 
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Information obtained via the drilling of the two test wells on the property indicate that the 
rocks beneath the site are fractured.  Evidence of fractures includes large drill cuttings that 
exhibit obvious planar surfaces and instances where the formation material sloughed into 
the borehole causing the drill rods to bind up and chatter loudly.  Groundwater present in the 
rocks was discharged from the boreholes as a consequence of the drilling process and the 
rate of groundwater discharge increased as more fractures were encountered. 
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4.0 WELL CONSTRUCTION SUMMARY 

Western Strata Exploration, Inc. (WESTEX) of Clarksburg, California was contracted by the 
owner to drill and test pump two exploratory wells on the Rodeo Grounds property.  The 
wells were drilled using a truck-mounted Ingersol-Rand TH 60 rotary drill.  The boreholes 
were drilled by air-rotary methods using down-the-hole pneumatic hammers. The wells were 
started with a Centrex™ system that enabled drilling a 10 ¾-inch diameter borehole while 
advancing 10-inch diameter steel casing.  The 10 ¾-inch diameter borehole was drilled 
through unconsolidated material overlying the bedrock.  Once bedrock was encountered, 
the contractor switched to a conventional 8 ¼-inch diameter hammer.  Drilling by the air-
rotary method allows for relatively fast drilling rates in consolidated rocks compared to other 
methods.  It also allows for a determination as to where water is encountered and permits 
estimates of well production to be made from the air-lift discharge from the well as the 
borehole is advanced.  

Composite samples of the formation materials penetrated by the boreholes were collected 
from the air-lift discharge at least every five feet and logged by the onsite geologist.   

Water derived from the boreholes during drilling was contained and dispersed on site via 
sprinklers so that no water ran off the site during the project.  Drill cuttings (primarily chips of 
the formation material) were dispersed on the land surface at each site. 

4.1 Chronology 

June 27, 2007 The drill rig was moved on site and set up at the western well site 
(Well 1).  The 10 ¾-inch diameter borehole was drilled and 10-inch 
diameter drive casing advanced to a depth of 67 feet.  Below 67 feet, 
an 8 ¼-inch diameter borehole was drilled to 107 feet. 

June 28 The 8 ¼-inch diameter borehole was advanced to 447 feet. 

June 29 The 8 ¼-inch diameter borehole was advanced to the target depth of 
600 feet.  

June 30 6 ⅝ inch diameter well casing was installed to a depth of 220 feet 
below the land surface. 

July 1 The annular space surrounding the well casing was filled with cement 
grout and the 10-inch diameter drive casing was extracted.  The drill 
rig was moved to the eastern well site (Well 2).  The 10 ¾-inch 
diameter borehole was drilled and 10-inch diameter casing was 
advanced to a depth of 27 feet. 

July 5 The 8 ¼-inch diameter borehole was drilled to a depth of 150 feet. 

July 6 The 8 ¼-inch diameter borehole was advanced to 377 feet. 

July 7 The 8 ¼-inch diameter borehole was advanced to 387 feet.  Drilling 
was terminated due to large quantities of groundwater discharged 
from the well. 

July 9 Well 2 was air-lift pumped to clean the borehole and 6 ⅝ inch 
diameter blank well casing was installed to 200 feet. 
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July 10 The cement annular seal was installed and the 10-inch diameter drive 
casing was extracted. 

July 11 Test pumps were installed in both wells.  

July 12 Data loggers were installed in both wells and the step test of Well 1 
was performed. 

July 13 The constant-discharge test of Well 1 commenced. 

July 14 A water sample was collected. The Well 1 constant-discharge test 
was terminated and water levels in the well were allowed to recover 
overnight. 

July 15 The step test of Well 2 was performed. 

July 16 The constant-discharge test of Well 2 commenced. 

July 17 A water sample was collected. The constant-discharge test was 
terminated and water levels were allowed to recover overnight. 

July 18 Recovery data collection was terminated and data loggers were 
retrieved from the wells. 

4.2 Lithology 

Well 1 

The borehole for Well 1 penetrated glacial outwash comprising a mix of clay, silt, sand, 
gravel and boulders of granitic, metamorphic and volcanic rocks to a depth of 57 feet below 
the land surface.  Below 57 feet, the borehole penetrated white, grey, green, brown and 
black quartzite.  An abbreviated lithologic log is provided Figure 4.  A photograph of the chip 
trays containing cuttings from Well 1 is provided in Figure 5.  The complete lithologic log of 
the borehole is provided in Appendix A.  The quartzite appeared to be fractured on the basis 
of large (larger than 2 inches in size) drill cuttings with noticeable fracture-plane surfaces.  
Some of the fracture planes were coated with a soft yellow mineral, possibly limonite.  

Well 2 

The borehole for Well 2 penetrated glacial outwash to a depth of approximately 17 feet.  
Grey-colored calcareous quartzite or sandy marble was encountered between 17 and 70 
feet below the land surface.  No calc-silicate minerals were observed in hand specimen.  At 
a depth of 70 feet, dark grey to black carbonaceous marble was encountered.  The 
carbonaceous marble is presumed to be part of map unit PPc as map unit PPm has not 
been mapped near the wells. An abbreviated lithologic log for Well 2 is provided Figure 6.  A 
photograph of the chip trays containing cuttings from Well 2 is provided in Figure 7.  The 
marble appeared to be fractured on the basis of large (larger than 2 inches in size) drill 
cuttings with obvious fracture-plane surfaces.  Some of the fracture planes were coated with 
a soft yellow mineral, possibly limonite.  

4.3 Construction Details 

The details of well construction for the two Rodeo Grounds exploration wells are 
summarized in Table 1 and illustrated in Figures 4 and 6. 
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FIGURE 4:  RODEO GROUNDS WELL 1 CONSTRUCTION DIAGRAM

 

 



 

FIGURE 5:  PHOTOGRAPH OF WELL 1 CHIP TRAYS 
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FIGURE 6:  RODEO GROUNDS WELL 2 CONSTRUCTION DIAGRAM 
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FIGURE 7:  PHOTOGRAPH OF WELL 2 CHIP TRAYS 
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TABLE 1:  WELL CONSTRUCTION SUMMARY 

WELL 1 

Depth Interval 

(feet bgs.) 

Description 

0 to 67 10 ¾-inch diameter borehole. 

67 to 600 8 ¼-inch diameter borehole. 

+2 to 220 Blank 6 ⅝-inch outside diameter x 0.188-inch wall thickness blank steel 
well casing.  Below the well casing, the well was completed “open hole.” 

  OTHER 

0 to 67 Cement grout sanitary seal. Cement grout pumped via a tremie pipe. 

67 to 100 Cement grout annular seal. Cement grout pumped via a tremie pipe. 

100 Cement basket.  An external packer surrounding the well casing to 
prevent cement from migrating down the well bore.  Granular bentonite 
and a small amount of cement grout was placed above the cement 
basket and allowed to set overnight to ensure the placement of the 
annular seal. 

WELL 2 

Depth Interval 

(feet bgs.) 

Description 

0 to 27 10 ¾-inch diameter borehole. 

27 to 387 8 ¼-inch diameter borehole. 

+2 to 200 Blank 6 ⅝-inch outside diameter x 0.188-inch wall thickness blank steel 
well casing.  Below the well casing, the well was completed “open hole.” 

  OTHER 

0 to 27 Cement grout sanitary seal. Cement grout pumped via a tremie pipe. 

27 to 100 Cement grout annular seal. Cement grout pumped to via a tremie 
pipe. 

100 Cement basket.  An external packer surrounding the well casing to 
prevent cement from migrating down the well bore.  Granular bentonite 
and a small amount of cement grout was placed above the cement 
basket and allowed to set overnight to ensure the placement of the 
annular seal. 
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4.4 Well Development 

The purpose of well development is to remove residual drilling fluids from a well after it has 
been constructed, reverse formation damage resulting from the well construction process, 
and enhance the hydraulic conductivity of the aquifer near the borehole/formation interface.  
Formation damage includes plugging of the formation due to invasion of drilling mud or a 
buildup of a “wall cake” of drilling mud on the formation/borehole interface.  Because the 
Rodeo Grounds exploration wells were drilled in consolidated rocks by the air-rotary 
method, the potential for formation damage was minimal.  Consequently, only a small 
amount of time was required for well development.  The wells were simply air-lift pumped for 
a short period until the discharge was free of suspended material. 

4.5 Plumbness and Alignment 

No deviation surveys were performed of the completed exploratory wells because the 
plumbness and alignment criteria were very basic.  The wells merely needed to be 
sufficiently plumb and straight to enable the test pumps to be installed to depths of 
approximately 220 for Well 1 and 200 feet for Well 2.  In both cases, the wells were 
sufficiently straight and plumb for the test pumps and data loggers to be easily installed in 
both wells to the required depths.  Therefore, the criteria were met. 

 
The actual test pump depth, as indicated on the following page is 200 feet for Well 1 and 190 feet for Well 2.



 

H:\Projects-Active\2005\MONO05-001 June Lake Water Assessment\Expl Wells\Report\Final June Lakes Test Wells Report.doc 17 

5.0 WELL TESTING 

5.1 Equipment 

The wells were test pumped using submersible pumps provided by WESTEX.  The pumps 
were powered by a portable “whisper quiet” generator also provided by WESTEX.  The 
pumps were installed so that the pump intakes were positioned near the bottom of the blank 
casing; 200 feet bgs for Well 1 and 190 feet bgs for Well 2.  Water levels in the wells were 
monitored with In-Situ MiniTROLL™ data loggers.  The pumped well logger was equipped 
with a 100 p.s.i.g. pressure transducer and the observation well logger was fitted with a 30 
p.s.i.g. pressure transducer.  After the completion of Well 1 testing, the loggers were 
exchanged between wells.  The data loggers were accessed through a laptop computer.  
The data logger measurements were periodically verified with manual measurements using 
an electric water-level sounder.  The pumping rates were regulated with a gate valve and 
measured with an in-line totalizing flow meter.  The discharge from the pump was conveyed 
to a portable tank.  From the tank, centrifugal pumps were used to disperse the water on the 
land surface via sprinklers.  Periodic inspection of the sprinkler field indicated no runoff of 
water from the site during testing. 

5.2 Testing Summary 

Testing included step and constant-discharge tests.  The recovery of water levels in the 
wells following test pumping was also monitored.  The complete set of water-data from both 
wells for both tests is provided in Figure 8 and provided in Excel© format on a CD-ROM in 
Appendix B. 
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FIGURE 8:  WATER LEVEL DATA FOR WELLS 1 & 2 

 
See previous comment
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5.2.1 Step-drawdown Testing 

Step-drawdown testing entailed pumping the well at progressively higher rates while 
monitoring the water levels in the pumped well.  The purpose of the step test was to 
evaluate the performance of the well over a range of pumping rates and to assess its overall 
hydraulic efficiency.   

Well 1 

The June Lake Rodeo Grounds Well 1 step-drawdown test comprised three steps of one 
hour each.  The results are summarized below in Table 2 and Figure 9.  Four steps had 
been planned, but the generator experienced problems and the test was terminated at the 
end of the third step. 

• Pre-pumping water level: 89.2 feet below the top of the 6” casing (4.0 feet above 
land surface). 

• Pumping commenced: 07:28 hours 7/12/06. 

• Discharge rate:  50, 60 and 63 gpm. 

• Test duration: 3 hours. 

 

TABLE 2:  WELL 1 STEP-DRAWDOWN TEST SUMMARY 

Step Duration, t 
(minutes) 

Discharge, Q 
(gpm) 

Drawdown, s 
 (feet) 

Specific Capacity, 
Cs (gpm/ft) 

I 60 50 52.49 0.95 
II 60 60 76.55 0.78 
Ill 60 63 79.2 0.80 
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FIGURE 9:  WELL 1 STEP-DRAWDOWN TEST WATER LEVEL DATA 
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Well 2 

The June Lake Rodeo Grounds Well 2 step-drawdown test comprised four steps of one hour 
each.  The results are summarized below in Table 3 and Figure 10. 

• Pre-pumping water level: 48.2 feet below the top of the 6” casing (2.0 feet above 
land surface). 

• Pumping commenced: 09:00 hours 7/15/06. 

• Discharge rate:  57, 107, 165 and 195 gpm. 

• Test duration: 4 hours. 

Comparison of Tables 2 and 3 and Figures 9 and 10 show a significant difference in the 
performance of Wells 1 and 2.  The performance of Well 2 as measured by specific capacity 
is more than 20 times that of Well 1.  The variation is a result of the different hydrologic 
properties of the dissimilar geologic materials penetrated by the two wells. 

 

TABLE 3:  WELL 2 STEP-DRAWDOWN TEST SUMMARY 

Step Duration, t 
(minutes) 

Discharge, Q 
(gpm) 

Drawdown, s 
 (feet) 

Specific Capacity, 
Cs (gpm/ft) 

I 60 57 2.03 28.08 
II 60 107 4.72 22.67 
Ill 60 165 8.31 19.98 
IV 60 195 10.96 17.79 
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FIGURE 10:  WELL 2 STEP-DRAWDOWN TEST WATER LEVEL DATA 
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5.2.2 Constant-Discharge Testing 

The purpose of a constant-discharge test is to evaluate the hydraulic characteristics of the 
aquifer.  These properties have a major influence over the long-term performance of a well.  
As the name implies, the constant-discharge test entails pumping the well at a uniform rate 
while monitoring water levels in the well and observation wells, if present.  Water levels are 
also typically monitored for a period after pumping ceases. 

Well 1 
Water levels were monitored in the pumped well (Well 1) and one observation well (Well 2).  
The Well 1 constant-discharge test is summarized below: 

• Well 1 pre-pumping water level: 90.11 feet below the top of the 6” casing (4 feet 
above land surface). 

• Pumping commenced: 07:00 hours 01/13/06. 

• Discharge rate:  40 gpm. 

• Test duration: 24 hours. 

• Pumping level at the conclusion of the pumping test: 151.27 feet below the 
measuring point (147.27 feet bgs). 

• Drawdown in the pumped well at the conclusion of the pumping test: 61.16 feet. 

• No response to the testing of Well 1 was observed in Well 2 

The field data plot for the drawdown data is provided in Figure 11.  All of the test data are 
provided in Excel© format on a CD-ROM in Appendix B. 
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FIGURE 11:  WELL 1 CONSTANT-DISCHARGE TEST DATA 
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Well 2 
Water levels were monitored in the pumped well (Well 2) and one observation well (Well 1).  
The discharge from the nearby spring was also monitored.  The Well 2 constant-discharge 
test is summarized below: 

• Well 2 pre-pumping water level: 48.2 feet below the top of the 6” casing (2 feet above 
land surface). 

• Pumping commenced: 07:00 hours 01/13/06. 

• Discharge rate:  180 gpm. 

• Test duration: 24 hours. 

• Pumping level at the conclusion of the pumping test: 61.39 feet below the measuring 
point (59.39 feet bgs). 

• Drawdown in the pumped well at the conclusion of the pumping test: 13.19 feet. 

• No response to the testing of Well 2 was observed in Well 1. 

• Spring discharge prior to the start of the test: 12 gpm. 

• Spring discharge at the end of the test:  6.5 gpm. 

The field data plot for the drawdown data is provided in Figure 12.  All of the test data are 
provided in Excel© format on a CD-ROM in Appendix B. 
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FIGURE 12:  WELL 2 CONSTANT-DISCHARGE TEST DATA 
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5.3   Pumping-Test Data Analysis 

Analysis of the test data was accomplished in two phases.  The first phase entailed a 
graphical analysis of the data in the field as testing progressed utilizing classical methods 
(Driscoll, 1989) based on the Theis equation and its derivatives.  The graphical field 
analyses are depicted in Figures 11 and 12 for Wells 1 and 2, respectively.  The Theis 
equation and its offshoots were derived for wells discharging groundwater from a uniform, 
isotropic porous medium.  Experience shows it can be applied to fractured-rock aquifers that 
are sufficiently fractured to behave as an equivalent porous medium.  The second phase 
entailed numerical Laplace inversion of the test data using the computer program WHIP 
(Well Hydraulics Interpretation Package ver. 3.22: Hydro-Geo Chem, Inc., 1988).  The 
program applies the Stehfest algorithm of the Laplace transform inversion to a range of 
problems pertinent to anlysis of well test data (Moench and Ogata, 1984).  The field values 
for transmissivity were utilized as “seed values” for the numerical analysis. 

5.3.1 Step-Drawdown Testing Results 

Well 1 
The results of analysis of the step-drawdown data are illustrated in Figure 13.  These results 
suggest the presence of wellbore skin and very high turbulent flow losses.  The wellbore 
skin may relate to plugging of fractures by mineral deposits.  Drill cuttings showed the 
presence of mineral coatings on some fracture surfaces and it is possible these deposits 
may be restricting the flow of groundwater into the well.  High turbulent-flow well losses in 
fractured rocks may relate to high ground-water velocities in very small aperture-width 
fractures. The simulated drawdown depicted in Figure 13 suggests the well is approximately 
85% efficient at 63 gpm. 

Well 2 
The results of analysis of the step-drawdown data from Well 2 are illustrated in Figure 14.  
These results suggest the presence of a negative skin factor.  A negative skin is normally 
associated with increased permeability in the vicinity of the well bore.  In this case it is 
possible that the negative skin relates to the enlargement of fractures due to dissolution of 
the carbonate rocks or additional fracturing of the rocks due to the drilling process.  
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FIGURE 13:  WELL 1 STEP-DRAWDOWN TEST ANALYSIS RESULTS 
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FIGURE 14:  WELL 2 STEP-DRAWDOWN TEST ANALYSIS RESULTS 
 



 

H:\Projects-Active\2005\MONO05-001 June Lake Water Assessment\Expl Wells\Report\Final June Lakes Test Wells Report.doc 24 

5.3.2 Constant-Discharge Testing Results 

Well 1 
The field analysis of Well 1 drawdown data illustrated in Figure 11 resulted in a value for 
transmissivity of 88.8 feet2/day from early-time data.  The value was utilized as an initial 
estimate of transmissivity for the subsequent numerical analysis.  Results of the numerical 
analysis are: 

 

Transmissivity:  121 feet2/day (905 gallons per day per foot width of aquifer under a 
unit hydraulic gradient. 

Coefficient of storage:  0.021 (dimensionless) 

Well radius, rw = 0.34 feet 

Well effective radius, re = 0.26 feet 

Wellbore skin = 0.2 

Well loss coefficient, C = 0.49e-5 

Well loss coefficient, n = 3.5 

 

Note that the observation well (Well 2) did not respond to pumping of Well 1.  Consequently, 
storage coefficient could not be solved directly and was estimated using a method of 
successive approximations. 

Observed and simulated drawdown for Well 1 are compared in Figure 15.  A correlation 
coefficient of 0.99 suggests the simulated drawdown matches the observed drawdown 
reasonably well so there is a high level of confidence in the results. 

Well 2 

A plot of drawdown versus logarithm of time for an idealized aquifer generates a straight 
line.  The field data plot for the Well 2 test (Figure 12) produces a line that can be broken 
down into three segments, which suggests the nature of the aquifer differs from the 
idealized aquifer described by the Theis equation.  The shape of the drawdown plot 
suggests a characteristic of many fractured rock aquifers referred to as “double porosity.”  
Because it is not as common as the response observed in porous media, a discussion of 
double porosity is warranted.  The discussion below is an excerpt from Walton [1991]. 

 

“Flow behavior in fractured rock aquifers differs from that in uniformly porous 
aquifers such as sand and gravel deposits.  Fractured rock aquifers possess, 
in addition to void spaces between mineral grains of rock and vesicular 
openings, fissures (cracks, crevices, joints, etc.) which make the pattern of 
porosity and hydraulic conductivity complex (Streltsova, 1988, pp. 357-364). 

 

In the double-porosity model, flow in a fractured rock aquifer is due almost 
entirely to the presence of fissures, while porosity and therefore storativity is 
mainly associated with the porous blocks.  Fissures have an immediate 
elastic response to a sudden change in water levels, while porous blocks 
have an induced subsequent elastic response.  Commonly, the actual 
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irregular network of interconnected blocks and fissures is simulated by a 
regular network of interconnected horizontal block and fissure units.  Due to 
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FIGURE 15:  WELL 1 CONSTANT-DISCHARGE TEST ANALYSIS 
RESULTS 
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vertical symmetry, the fractured rock aquifer may be further simplified to [a] 
two layered model.  The block unit has a thickness equal to the average 
thickness of the individual blocks in the actual fractured rock aquifer and the 
fissure has a thickness equal to the average thickness of the fissures in the 
actual fractured rock aquifer.  Both the block and fissure average thicknesses 
and hydraulic characteristics are assumed to be constant in space. 

 

Three time-drawdown segments in fractured rock aquifers have been 
identified.  The first segment, representing the response of fractures to 
pumping, exists only at very early times and is often masked by wellbore 
storage impacts.  The effective storativity during the first segment is the 
storativity of the fissure.  The second segment represents the period during 
which the cone of depression slows in its rate of expansion (a quasi-steady 
state) as water stored in blocks reaches fractures.  Block contribution is 
delayed because of low hydraulic conductivity.  The third segment, 
approached asymptotically, represents the combined response of fractures 
and blocks to pumping as the cone of depression continues to expand.  The 
effective storativity during the third segment is the fissure storativity plus the 
block storativity.” 

 

The field analysis provided in Figure 12 yielded a value for transmissivity of 1,985 feet2/day 
from late-time data found in the third line segment.  Subsequent numerical analysis of the 
Well 2 drawdown and recovery data yielded:  

 

Fracture hydraulic conductivity x aquifer thickness, Kf  x b = 1,980 feet2/day 

Fracture specific storage x aquifer thickness, Sf x b = 0.035 

Fracture skin = 5 

Matrix-fracture storativity ratio = 99 

Matrix-fracture transfer coefficient = 0.044 

Well radius, rw = 0.34 ft 

Effective radius, re = 0.26 ft 

Well loss exponent, n = 2 

 

Note that no response to the pumping of Well 1 was observed in the data for Well 2.  
Consequently, storage coefficient could not be solved directly.  Consequently, storage 
coefficient was estimated by a method of successive approximations. 

Observed and simulated drawdown for Well 2 are compared in Figure 16.  A correlation 
coefficient of 0.97 suggests the simulated drawdown matches the observed drawdown very 
well providing a high level of confidence in the aquifer properties. 
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FIGURE 16:  WELL 2 CONSTANT-DISCHARGE TEST ANALYSIS RESULTS 
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5.3.3 Discussion of Constant-Discharge Testing Results 

In the vicinity of the Rodeo Grounds project, groundwater is present in fractures within 
metamorphic rocks.  The occurrence and movement of groundwater in fractured-rock 
aquifers are inherently more complex than alluvial aquifers.  The pumping tests conducted in 
the two exploration wells yielded results that allowed the observed changes in water level 
during testing to be simulated with a good level of confidence so that the calculated values 
for transmissivity are within the realm of possibilities.  The test results indicate that the 
carbonate rocks penetrated by Well 2 are more transmissive than the quartzite penetrated 
by Well 1.  Dissolution of the carbonate rocks along fractures in the marble may be 
responsible for the higher values for transmissivity compared to the quartzite.   

The values for coefficient of storage should be viewed as estimates because storage 
coefficient can only be rigorously calculated from observation well data.  No response was 
observed in the observation wells during either test, so storativity was estimated from the 
pumped well data using a method of successive approximations.  The values of storage 
coefficient, however, are consistent with the lack of observation well response.  In other 
words, the wells are close enough that a relatively large storage coefficient is one way to 
explain why pumping one well did not influence water levels in the other well.  Alternatively, 
there may be some type of barrier boundary between the marble and the quartzite.   

Alternatively, the lack of an observation well response for either test coupled with a 
response observed in a nearby spring during the Well 2 test may be indicative of horizontal 
anisotropy in the rocks in this area.  That is, transmissivity is not uniform and is higher in one 
direction than it is in the other.  For the Rodeo Grounds area, the major transmissivity tensor 
would be expected to be oriented roughly parallel the the axis of the folds because 
deformation, in this case folding, often causes fractures parallel to the axis of the fold 
(Compton, 1962).  The axes of the anticline and syncline trend in a northwesterly direction, 
so that the transmissivity in a northwesterly-southeasterly direction may be greater than the 
transmissibity in an east-west direction.  Consequently, the cone of depression that 
develops as a consequence of pumping a well would be expected to be elongated in a 
northwesterly-southeasterly direction.  Conversely, the minor transmissivity tensor would be 
expected to be oriented in a roughly east-west direction, so that drawdown would be small 
to the east and west.  This may explain why the spring south of Well 2 responded to 
pumping Well 2 and not pumping of Well 1.  
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6.0 WATER QUALITY 

Water samples were collected from each exploration well’s discharge near the conclusion of 
their respective pumping tests and submitted for analysis to Sierra Environmental Monitoring 
(SEM), of Reno, Nevada, a State of California certified laboratory.  The samples were 
analyzed for physical characteristics and chemical constituents regulated under Title 22 of 
the California Code of Regulations (CCR) to determine the quality of the groundwater and to 
quantify the concentration of specific components of the groundwater.  Additional analyses 
were performed for unregulated constituents in order to fully characterize the waters.  The 
results of the chemical analysis are summarized in Table 4.  The complete laboratory report 
is provided in Appendix C. 

  TABLE 4:  EXPLORATION WELL WATER CHEMISTRY DATA SUMMARY 

Analyte Concentration 
(mg/l unless noted otherwise) 

MCL  
(mg/l unless noted otherwise) 

Source Well 1 Well 2 
Date 07/14/06 07/17/06 

 

Time 05:30 05:30  
Temperature (°F) 49 52  
pH, lab (Std. Units) 7.57 8.05 6.5-8.5 (2)

Total Dissolved Solids 130 160 500/1,000(2)

Electrical Conductivity 
(µmhos/cm) 130 160 900/1,600(2)

Color (color units) <5 <5 15(2)

Turbidity (ntu) 0.2 0.7 5(2)

Odor (ton) 0 0 3.0(2))

Major Cations 

Calcium 19 30  

Magnesium 2.8 2.4 125/150(2)

Sodium 6.2 6.8  

Potassium 2.5 1.9  

Major Anions 

Alkalinity (mg/L as CaCO3) 63 91  

Sulfate 10 8.7 250/500(2)

Chloride 1.5 1.6 250/500(2)

Fluoride 0.3 0.4 2.0 (1)

Cyanide <0.003 <0.005 0.2(1)

Nitrate <0.5 <0.5 10 as (N) (1)

Nitrite <0.5 <0.5 1 as (N) (1)

Metals 

Aluminum <0.05 <0.05 1(1)  0.2(2)

Antimony <0.001 <0.002 0.006(1)

Arsenic 0.024 0.014 0.010(1)

Barium 0.001 0.002 1(1)

Beryllium <0.001 <0.001 0.004(1)

Cadmium <0.001 <0.001 0.005(1)

Chromium <0.001 <0.001 0.05(1)
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Analyte Concentration 
(mg/l unless noted otherwise) 

MCL  
(mg/l unless noted otherwise) 

Copper 0.003 <0.002 1(2)

Iron <0.05 <0.05 0.3(2)

Lead 0.001 <0.001 0.015(3)

Manganese <0.01 <0.01 0.05(2)

Mercury <0.0002 <0.0002 0.002(1)

Nickel <0.006 <0.001 0.1(1)

Selenium <0.005 <0.005 0.05(1)

Silver <0.001 <0.001 0.1(2)

Thallium <0.0005 <0.0005 0.002(1)

Zinc 0.05 0.04 5(2)

Radionuclides 

Gross α activity (pCi/l) 0.874 ± 0.885 1.08 ± 1.06 15 pCi/l 

Radium226 (pCi/l) 0.409 ± 0.491 0.748 ± 0.475 20 pCi/l 

Uranium (mg/l) <0.001 0.004 0.03 

Gross β activity (pCi/l) 1.87 ± 1.90 1.94 ± 1.62 50 pCi/l 

Other 

Silica 51 52  

Langlier Index  -0.79 0.4  

Surfactants (MBAS) <0.05 <0.05 0.5(2)

Asbestos (fibers longer than 10 
µm/liter) 

<0.02 <0.02 7 million (fibers longer than 10 
µm/liter) (1)  

Organic Compounds 

(see lab report for complete listing and detection limits 

EPA 548.1 Endothal <5    

EPA 547 Glyphosphate <6   

EPA 525 Semivolatiles 

(see lab report for listing) 

n.d n.d  

EPA 531.2 Aldicarbs 

(see lab report for listing) 

n.d. n.d.  

EPA 549.2 Diquat & Paraquat n.d. n.d.  

EPA 504.1 DBCP & EDB n.d.. n.d..  

EPA 515.4 Herbicides 

(see lab report for listing) 

n.d. n.d.  

EPA 505 Pesticides 

(see lab report for listing) 

n.d. n.d.  

EPA 524.2 Regulated VOCs plus 
Lists 1 & 3 

(see lab report for listing) 

n.d. n.d.  

 

 

Table 4 Notes:  nd signifies not detected. 
(1) Primary Drinking Water Standard 
(2) Secondary Drinking Water Standard (recommended/maximum concentration). 
(3) Action level 
(4) All results in mg/l unless otherwise indicated. 
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Groundwater assessed at these two locations is of calcium bicarbonate type, with relatively 
low total dissolved solids.  No organic contaminants were detected and overall groundwater 
quality is good with one notable exception; the concentration of arsenic in the groundwater 
exceeds the maximum contaminant level of 0.010 milligrams per liter in both Well 1 and Well 
2.  The concentration of arsenic for groundwater derived from Well 1 was 0.024 mg/l and the 
concentration of arsenic for groundwater derived from Well 2 was 0.014 mg/l. 

Arsenic removal is required if the water is to be used as a source of water supply.  A 
discussion of water treatment options is beyond the scope of this report.  However, the 
water appears to be treatable, but the elevated concentration of silica will likely complicate 
some treatment processes (Mike Wilkin, 2006).  
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7.0 WATER SUPPLY AVAILABILITY 

7.1 Long-Term Production Well Yield 

The probable performance of production wells at the each of the exploratory well sites was 
evaluated by calculating drawdown using the computer program WHIP (the same program 
used to analyze the test data).  The simulated response to pumping each hypothetical 
production well is discussed below.  

Well 2 

The calculations assumed pumping rates of 33, 100, 200 and 300 gpm 

The principal assumptions for the calculations include: 

The well is constructed with 10 ¾-inch outside diameter casing within an 18-inch 
diameter borehole.  

The well is 100 per cent efficient.  

No recharge to the aquifer occurs during the pumping period. 

The aquifer is represented by a 2,500 feet wide strip of fractured rocks.  This is 
based on the mapped width of map unit PPc, in which the observed carbonaceous 
marble appears to be located.  The aquifer has the following properties: 

Fracture hydraulic conductivity x aquifer thickness, Kf  x b is 1,980 feet2/day. 

Fracture specific storage x aquifer thickness, Sf x b is 0.035. 

Fracture skin is 5. 

Matrix-fracture storativity ratio is 99. 

Matrix-fracture transfer coefficient is 0.044. 

 

The results of the simulation are illustrated in Figure 17.  At the end of one year of pumping 
at a constant rate of 33 gpm, a production well constructed near Test Well 2 may be 
expected to experience approximately 3.5 feet of drawdown, which is minor compared the 
thickness of the aquifer penetrated by Well 2.  Assuming a static water level of 
approximately 46 feet below the land surface, the pumping level would be expected to 
approach 49.5 feet below the land surface.   

After continuously pumping for a period of one year at a rate of 100 gpm (52.56 million 
gallons per year or 160 acre-feet per year),a production well at this site is expected to 
experience approximately 10.5 feet of drawdown.  This translates to a pumping level of 
approximately of 56.5 feet below the land surface.  The simulation also suggests that a 
production well at this site might be capable of pumping at higher rates, as much as 300 
gpm, for shorter periods of time.  For example, after 90 days of continuous pumping at 300 
gpm, the drawdown would be expected to approach 28 feet, a pumping level of 74 feet 
below the land surface.  The advantage of pumping at a higher rate is faster filling of water 
storage tanks following periods of high demand. 

In all likelihood, the well will not be 100% efficient, so the pumping levels are expected to be 
lower than the simulated levels.  However, because Well 2 was terminated at a depth of 387 
feet, a deeper production well may be even more productive.  Furthermore, because some 
recharge to the aquifer is certain to occur, the long-term yield of a well may be better than  
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JUNE LAKE RODEO GROUNDS WELL 2 
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FIGURE 17:  PREDICTED PERFORMANCE OF A PRODUCTION WELL AT THE 
LOCATION OF JUNE LAKE RODEO GROUNDS WELL 2 

the simulation suggests.  However, the exact performance of a production well must await 
the construction of the well and extended-duration testing to demonstrate the reliable yield 
of the production well to the satisfaction of the State of California Department of Health 
Services and Mono County. 

Well 1 

The quartzite aquifer materials near Well 1 are not as transmissive as the carbonaceous 
marble aquifer materials near Well 2.  Consequently, a production well at this site is 
expected to yield less water than a production well at the Well 2 site.   

The computer program WHIP (the same program used to analyze the test data) was used to 
calculate the long-term performance of a production well constructed near Test Well 1. 

The principal assumptions for the calculations include: 

The well is constructed with 6 ⅝ -inch outside diameter casing within an 8 ¼-inch 
diameter borehole.  

No recharge to the aquifer occurs during the pumping period 

The aquifer has the following properties: 

Transmissivity is 121 feet2/day  

Coefficient of storage:  0.013 (dimensionless) 

 
It appears that the legend needs to be revised (green dot should likely be labeled 200 gpm and the seires4 labeled 300 gpm.
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Wellbore skin is 0.2 

Well loss coefficient, C is 0.49e-5 

Well loss coefficient, n is 3.5 

 

The results of the simulation, illustrated in Figure 18, indicate that at the end of one year of 
pumping at a constant rate of 33 gpm a production well constructed near Test Well 1 may 
be expected to experience approximately 75 feet of drawdown.  Assuming a static water 
level of approximately 84 feet below the land surface, the pumping level would be expected 
to approach 159 feet below the land surface.  Consequently, a production well at this locale 
might be used to provide the water supply during periods of low water demand.  Because 
the yield of a production well will be relatively small, there is little reason to construct a large 
diameter well. 
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FIGURE 18:  PREDICTED PERFORMANCE OF A PRODUCTION WELL AT THE 
LOCATION OF JUNE LAKE RODEO GROUNDS WELL 1 

 

7.2 Potential Impacts 

The elevation of the land surface at the Well 2 site is approximately 7,612 feet above mean 
sea level.  The water level in the well was measured at approximately 46 feet below the land 
surface, so that the elevation of the piezometric level in Well 2 is approximately 7,566 feet 
above sea level.  The depth to water in Well 1 is approximately 85 feet below the land 
surface and the elevation of the land surface is approximately 7,641 feet.  This yields an 
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elevation of the piezometric level in Well 1 of approximately 7,556 feet.  By comparison, the 
elevation of Gull Lake is approximately 7,602 feet above sea level.  Because the elevation of 
groundwater at the site is lower than the elevation of Gull Lake, there is no potential for 
groundwater extractions from wells at the test well sites to intercept groundwater flow 
moving toward Gull Lake.  Furthermore, it is not possible to determine the precise 
groundwater gradient beneath the project because there are only two wells on the property.   

Higher lake water elevations may however indicate a potential for groundwater extraction to 
induce flow from Gull Lake.  However elevations alone only indicate a potential, based on 
limited data, not that actual transmission of groundwater along a particularly vector exist.  In 
order to evaluate the potential for hydraulic communication between Gull Lake and 
groundwater/spring resources in the immediate area, physical and isotopic chemistry data 
were evaluated.  

Pumping Well 2 at 180 gpm reduced the flow of the spring on the property from 12 gpm to 
6.5 gpm after 24 hours of pumping (see Figure 19).  The reduction in flow is probably due to 
a reduction in the piezometric head in the aquifer in the vicinity of the spring.  All else being 
equal, spring flow reduction will be proportional to the decrease in head, so that the greater 
the drawdown near the spring, the greater the head reduction.  Because drawdown in the 
aquifer due to pumping a well increases with the logarithm of time, and spring discharge will 
decrease in proportion to the drawdown in the vicinity of the spring, a plot of spring 
discharge versus logarithm of time (Figure 19) can be used to estimate reductions in spring 
flow due to pumping a well near the site of exploration Well 2.  Extrapolating the observed 
trend into the future suggests it would take several years of continuous pumping at 180 gpm 
to cause the spring to cease flowing, if no recharge were to occur during that period.  At 
lower pumping rates, the potential effect would be less. 

JUNE LAKE RODEO GROUNDS WELL 2 
CONSTANT-DISCHARGE TEST  7/16-17/06
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FIGURE 19:  SPRING FLOW REDUCTIONS ASSOCIATED WITH JUNE LAKE 
RODEO GROUNDS WELL 2 TESTING 

 
I would not infer flow direction based only on two well point measurements, so I removed that discussion.
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7.3 Fingerprinting Groundwater and Surface Water 

The elevation of groundwater measured in Well 1 and Well 2 is lower than the water levels 
of Gull Lake, indicating a potential for groundwater at these sites to be derived from, or in 
hydraulic communication with, Gull Lake.  However, as stated above, water elevation alone, 
only indicates a potential for groundwater movement and does not provide any information 
on whether actual transmission along an interpolated vector is occurring.  In order to 
evaluate whether Gull Lake is indeed a source of groundwater at Well 1 and Well 2 and if 
subsequent pumping will have a potential influence on lake levels, both physical (major 
cations and anions) and isotope chemistry were evaluated (Table 5).  Groundwater samples 
from the Ski Area well, the on-site spring, as well as, surface water from Reversed Creek 
were also collected and assessed as part of this analysis.  The sample locations are 
illustrated in Figure 20 for reference. 

TABLE 5:  SUMMARY OF SELECT GENERAL CHEMISTRY, MAJOR CATIONS/ANIONS, 
AND STABLE ISOTOPES OF WATER 

Sample 
Location Well 1 Well 2 Ski Area 

Well Spring 
Reversed 
Creek/Gull 

Lake 

Reversed 
Creek 

(downstream) 

pH 7.57 8.05 7.59 8.01 7.72 7.70 

TDS (mg/L) 130 160 120 150 120 110 

Ca 

(mg/L) 
19 30 23 30 22 21 

Mg 

(mg/L) 
2.8 2.4 2.1 2.0 1.5 1.5 

Na 

(mg/L) 
6.2 6.8 4.7 6.4 8.5 7.3 

K 

(mg/L) 
2.5 1.9 1.9 2.0 2.9 2.5 

Total Alkalinity 
as CaCO3 

(mg/L) 
63 91 64 89 74 71 

SO4 

(mg/L) 
10 8.7 8.0 8.0 6.2 6.47 

Cl 

(mg/L) 
1.5 1.6 1.2 1.2 2.6 2.2 

δ18O 

(‰, VSMOW) 
-16.63 -17.05 -16.76 -16.94 -12.19 -13.92 

δ2H 

(‰, VSMOW) 
-124.5 -126.8 -126.6 -126.6 -104.5 -111.4 
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FIGURE 20:  IDENTIFICATION OF GROUNDWATER AND SURFACE WATER 
SAMPLES COLLECTED FOR GEOFORENSIC ANALYSIS 
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7.3.1 Major Cations and Anions 

A Piper Diagram, which graphically displays the percent relative composition of major 
cations (Ca, Mg, Na, K) and anions (Cl, SO4, HCO3, CO3) in solution, was prepared to 
initially evaluate the water chemistry at the site (Figure 21).  In constructing such a diagram, 
the miliequivalents of major cations and anions are first plotted on the lower left and right 
hand trilinear diagrams, respectively.  A line is then projected from each of these trilinear 
plots from the corresponding sample and parallel to the Mg and SO4 axes.  The intersection 
of these two lines defines the sample location on the diamond shaped field.  The chemical 
composition of the water sample is a reflection of water-rock interactions and/or 
anthropogenic contamination and indicates the hydrochemical facies (dominant ions, water 
type).  In this case, it is clear that the dominant ions in both surface and groundwater are 
calcium and bicarbonate (Ca-HCO3 type water), typical of geochemically “young” water. 
Furthermore, there appears to be some indication of groundwater mixing with Gull Lake 
water within Reversed Creek, suggesting groundwater discharge to the stream (gaining 
stream).  This is not surprising considering the presence of the nearby spring and the fact 
that the potentiometric surfaces at Well 1 and Well 2 are higher than the elevation of the 
creek.  The preliminary assessment of major cations and anions alone however does not 
provide conclusive evidence as to whether Gull Lake is a source of water at the Rodeo 
Grounds.  In order to better understand the source of Rodeo Grounds groundwater, the 
stable isotopes of water were also investigated.   

 

Reversed Creek – Upstream of Ski 
Gull Lake 

Well 1 
Well 2 

Ski Area Well 
Spring Across from Ski Area 

FIGURE 21:  PIPER DIAGRAM ILLUSTRATING MAJOR WATER CHEMISTRY 
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7.3.2 Stable Isotope of Water 

The stable isotopic ratios of the water molecule (18O/16O and 2H/1H) were assessed at the 
University of California at Davis, Geology Stable Isotope Lab and compared to the reference 
standard Vienna Surface Mean Ocean Water (VSMOW) and reported in the conventional 
delta (δ) notation with the units permil (‰) via the following relationship: 

δR = (Rsample
/RVSMOW – 1) x 1000  

were Rsample and RVSMOW are the isotopic ratios of 18O/16O and 2H/1H of the sample and the 
standard, respectively.  δR values are typically used when discussing isotope ratios as 
measuring absolute isotope ratios or abundances is not easily accomplished and can result 
in significant problems when comparing data sets from different laboratories, instruments, or 
sample runs on the same instrument (instrument drift).  These issues are overcome by 
simply measuring a known reference standard at the same time as the sample, thereby 
allowing precise comparison between samples, analytical instruments, and laboratories.  
The results of the isotope analysis of groundwater and surface water samples collected 
within and nearby the Rodeo Grounds project area are graphically illustrated in Figure 22 
and summarized in Table 5. 

 

FIGURE 22:  PLOT OF THE STABLE ISOTOPES OF GROUNDWATER AND 
SURFACE WATER, THE GLOBAL METEORIC WATER LINE, AND MODELED 
EVAPORATION TREND 
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As can be seen from Figure 22, all of the groundwater/spring samples plot near/on the 
Global Meteoric Water Line (GMWL), reflecting the average isotopic composition of 
infiltrated precipitation (recharge).  Furthermore, surface water collected from the Gull Lake 
outlet to Reversed Creek is isotopically distinct from groundwater/spring samples, attributed 
to evaporation, which fractionates isotopes, preferentially retaining the heavier isotope in 
liquid water relative to the vapor phase, a fractionation process typical of open bodies of 
water, such as lakes.  It should be noted that the spring sample is most similar to, both with 
regards to its isotopic composition as well as major cations and anions, Well 2 water.  

7.3.3 Evaporative Origin of Gull Lake and Source of Rodeo Grounds Groundwater 

As previously stated, evaporation is a fractionating process, in contrast to plant transpiration, 
which is a net non-fractionating process, and therefore does not modify the isotopic 
composition of the residual water in the soil/aquifer.  So where evaporation will modify both 
the solute concentration and the isotopic signature, transpiration will only influence the 
concentration of solutes.  Additionally, evaporative fractionation can be an equilibrium 
process at humidity values approaching 100% and dependent on temperature.  Assuming 
either a closed (vapor and water are in contact for the entire phase change) or open (vapor 
is continuously removed) system, evaporative fractionation may be estimated.  As all of the 
groundwater samples plot very close to one another, and on the GMWL, it can be assumed 
that the average of these samples reasonably reflects the average initial isotopic 
composition of precipitation, and groundwater recharged by precipitation, entering Gull 
Lake.  Additionally, by knowing the average annual temperature, in this case recorded for 
the nearby community of Lee Vining (Weather Underground, 2007), a model of estimated 
open system evaporative fractionation can be constructed.  As humidity within the project 
area is far less than 100% (Weather Underground, 2007), kinetic fractionation also needs to 
be considered.  While equilibrium fractionation near 100% humidity approaches a slope 
similar to the GMWL, progressively lower humidity values result in a reduction of the 
evaporative trend line slope (Figure 22).  Successive values for humidity can then be 
modeled until the evaporative trend aligns the source water samples (groundwater) and 
evaporated (Gull Lake) samples.  In this case, an average estimated humidity value of 
around 38%, for an open system, results in a slope of the evaporative trend line that 
intersects the isotopic composition of Gull Lake.  It is interesting to note that this modeled 
humidity value corresponds to the measured average humidity at Lee Vining of 49% 
(Weather Underground, 2007).  The difference from the modeled humidity and the average 
annual humidity may be explained through spatial differences in humidity at Lee Vining, 
compared to Gull Lake, as well as significant seasonal differences in humidity and 
evaporation potential from that of the annual averages.   

It should be noted, however, that chloride mass balance of groundwater and Gull Lake 
indicates more evaporation likely occurs within the lake than that predicted based simply on 
the open system model (Rayleigh equation) assumption.  For instance, under a closed 
model scenario, isotopic fractionation is much less than in an open system and therefore 
more evaporation needs to take place in order to arrive at a given isotopic composition, in 
this case, Gull Lake.  In reality, most systems are not truly open or closed and in fact are 
“partially” open/closed, which is likely true in this case as well.  Additionally, transpiration will 
concentrate solutes such as chloride along the shallow (root zone) groundwater/soil flow 
paths, increasing chloride concentrations as they enter the lake, without modifying the 
isotopic composition.  Regardless of the particular model (open, closed, partially 
open/closed), the isotopic composition of Gull Lake can be obtained through simple 
evaporation of water similar in isotopic composition to that measured locally in groundwater.   
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Together, the significant differences in the isotopic composition of Gull Lake (water 
isotopically heavier in Gull Lake due to evaporation than groundwater) and groundwater 
provides substantive evidence that Gull Lake is not a current source of water to the 
wells/springs assessed as part of this analysis, including the Rodeo Grounds, Ski Area, and 
unnamed spring.  If Gull Lake were a significant source of groundwater for the Rodeo 
Grounds, groundwater assessed at Well 1 and Well 2 would reflect the isotopic composition 
of this lake source, which it does not.  As one would expect, the evaporative model also 
suggest that, although Gull Lake is not a source of recharge water to the Rodeo Grounds 
project area, its isotopic composition can be derived through simple evaporation of local 
meteoric water and exfiltration of groundwater, recharged by precipitation, to the lake.   

It is important to note that the source of groundwater recharge to the lake cannot however 
be derived from the Rodeo Grounds project area as the potentiometric surface at Well 1 and 
Well 2 is between approximately 36 to 46 feet lower than Gull Lake (water will not flow 
uphill).  Accordingly, analysis of these data support the conclusion stated in Section 5.3.3 
that the dominant mode of groundwater transmission is along preferential fractures 
controlled by geologic structure, that is the fractures are likely aligned parallel to the fold axis 
of anticlines and synclines located within/near the project area and along a northwesterly – 
southeasterly trend.  This is further supported by the fact that neither Well 1 nor Well 2 had 
an observed response during pumping of the other respective well, regardless of the 
relatively close proximity of the two test wells.  Additionally, the spring discharge was only 
affected by pumping of Well 2, not well 1, further supporting the preferential transmission of 
groundwater along a northwesterly-southeasterly trend.  These data provide evidence that  
recharge of Rodeo Grounds groundwater is likely derived from the hills towards the 
northwest and not Gull Lake.   

7.3.4 Gull Lake and Groundwater Mixing – Reversed Creek 

The stable isotopes of water can also be used to conservatively evaluate mixing between 
two isotopically distinct sources.  In Figure 22, this was accomplished by assuming a simple 
two component mixing model with end members indicative of Gull Lake and the average 
isotopic composition of groundwater dominated by meteoric recharge.  This mixing analysis 
indicates that, at the time of sampling, the Reversed Creek sample, collected downstream of 
Gull Lake and upstream of the Ski Area, was composed of a computed 68% Gull Lake water 
and 32% groundwater discharge to the stream.  This corresponds very well to the mixing 
analysis using chloride as a conservative ion tracer, which indicates approximately 67% Gull 
Lake and 33% groundwater discharge at this location.  These data indicate that Reversed 
Creek is a gaining stream in the vicinity of the Rodeo Grounds project area, at least during 
the period of sampling (January), which is again supported by the observation that the creek 
elevation is lower than the groundwater elevations in Well 1 and Well 2 as well as the 
presence of a surface spring.   
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APPENDIX A 

 

WELL CONSTRUCTION SUMMARY & FIELD LITHOLOGIC LOG 

 















































 

 

 

 

 

 

 

 

APPENDIX B 

 

PUMPING TEST DATA AND ANALYSIS RESULTS 

(CD-ROM in Excel©  format) 

 

 

 

APPENDIX C 

 

LABORATORY REPORT OF WATER ANALYSES 

(CD-ROM in PDF format) 

 



JUNE LAKES RODEO GROUNDS WELL 2 
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Step I
Q = 57 gpm

Step II
Q = 107 gpm

Step III
Q = 166 gpm

Step IV
Q = 195 gpm

Fracture hydraulic conductivity x aquifer thickness, 
Kf  x b = 1,980 feet2/day
Fracture specific storage x aquifer thickness, S f x b = 0.035
Fracture skin = 5.23
Matrix-fracture storativity ratio = 99
Matrix-fracture transfer coefficient = 0.072
Well radius, rw = 0.34 ft
Effective radius, re = 0.26 ft
Wellbore skin = -1.2
Well loss coefficient, C = .00011
Well loss exponent, n = 2










































































































