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Groundwater MODFLOW Modeling for Assessment of Pumping Well 
Impacts –Cabin Bar Ranch Project, Olancha, California 

1. INTRODUCTION 

Geosyntec Consultants, Inc., (Geosyntec) has prepared this memorandum describing the results 
of the groundwater flow modeling used for assessing the impacts of the future pumping scenarios 
for the Cabin Ranch project, in Cartago, California.  

Numerical modeling was used to estimate the impacts of future pumping scenarios on 
groundwater level, spring flow, and other water supply wells in the area. The numerical model 
used to perform this assessment was based on an existing model developed by Geosyntec 
(Geosyntec, 2011). The model and the updates are described in this appendix.  

1.1 Purpose 

The purposes of this memorandum are to: 1) describe the numerical modeling approach used to 
assess the potential impacts from future pumping scenarios, 2) present the model simulation 
results including a quantitative estimate of potential impacts on spring flows and groundwater 
levels, and 3) provide technical support for the selection of monitoring locations.  

2. MODEL CONSTRUCTION AND CALIBRATION 

2.1 Conceptual Model and Overview 

Groundwater beneath the site is mostly derived from precipitation (rainfall) and snowmelt that 
runs off the Sierra Nevada Mountains to the west and infiltrates into the alluvial fan near the 
mountain base or enters the alluvial aquifer through fractures in the bedrock. Groundwater in the 
alluvium flows eastward, away from the Sierra Nevada Mountains and towards the central 
portion of the Owens Valley basin. In the site vicinity, the alluvium layer is divided into two 
permeable layers, separated by a fine-grained lacrustine layer that occurs at a depth of 
approximately 80 feet. The upper aquifer material is referred to as the Shallow Zone, and 
consists predominately of sand and gravel. The 80-foot deep fine-grained layer is an aquitard that 
separates the Shallow Zone from deeper sandy and gravely alluvium. This fine-grained layer 
pinches out towards the west.  

The depth to the shallow groundwater table beneath the site gradually decreases towards the east. 
In the south central portion of the site, shallow groundwater intersects the ground surface along 
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an approximate line where springs and seeps are observed. These springs and seeps occur along a 
fault called the Spring-line fault. This fault appears to act as a barrier to groundwater flow in the 
Shallow Zone, resulting in a rise of the groundwater table, and the observed springs and 
meadowlands in the central and eastern portions of the site. 

2.2 Numerical Model Domain, Grid, and Layers 

The three-dimensional model for groundwater flow was developed using MODFLOW, an 
industry standard finite-difference code. Groundwater flow in the model is assumed to be steady-
state.    

The model domain is illustrated in Figure E-1. The model domain extends from the foothills of 
the Sierra Nevada Mountains on the west to the Owens Lakebed on the east. In the north-south 
direction, the model extends to include the town of Cartago in the north and the Crystal Geyser-
Roxanne facility in the south. The trapezoidal model domain is 11,900 feet wide in the north-
south direction, 7,200 feet wide in the east-west direction at the north boundary, and 11,800 feet 
wide in the east-west direction at the south boundary.  

The model domain simulates groundwater flow in the Shallow and Deep zones and includes 
simulation of pumping in active groundwater supply wells at the Crystal Geyser-Roxanne 
facility, to the south of the Cabin Bar Ranch, and in the town of Cartago, to the north of the 
Cabin Bar Ranch. The three geological layers at the site, Shallow zone, clay/silt layer and deeper 
sandy and gravely alluvium, were simulated with three model layers. The top of the model 
domain was interpolated from a Digital Elevation Model obtained from the USGS National Map 
Viewer (USGS, 2012)1. The top of the middle layer was defined based on well logs and previous 
hydrogeological investigations (Geosyntec, 2011) and was calculated as the minimum of either 
3,550ft msl or the top of the domain minus 75ft.  The thickness of the middle layer was 10 feet 
across the model domain. The bottom of the model domain was fixed at 3,300ft MSL. This 
corresponds to a total average model thickness of 325 ft in the vicinity of the site. The sequence 
of alluvium and lacustrine deposits beneath the site is at least 750 feet thick (Geosyntec, 2011). 
The model domain focuses on the upper portion of the deposits, as it was developed to assess the 
impacts of pumping in the shallow zone and in the upper deep zone. A cross-section of the model 
domain is shown in Figure E-2. 

     

 

                                                 

1 The upper model layer is simulated as an unconfined aquifer such that the layer is not fully saturated.   
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2.3 Groundwater Flow Model 

2.3.1 Observation data – Head 

Head measurements from 1990 to 2013 are available for several wells located in the area of 
interest. The well locations and hydrographs for selected wells are shown in Figure E-3.  

The measured heads are relatively stable between 2010 and 2013; therefore groundwater flow 
was simulated under steady state conditions. The average observed heads between May 2011 and 
April 2013 were used to calibrate the model. Also the vertical gradient between the Shallow and 
Deep zones observed beneath the site, at monitoring wells OW-7M and OW-7U was used as a 
calibration target.   

2.3.2 Observation data – Spring Flows 

Flow rates at selected spring flows were measured in 2010 as part of the hydrogeological 
investigations (Geosyntec, 2011). Spring flows generally flow eastward into the main collection 
ditch and the total flow at the ditch was estimated at roughly 350 gpm (Geosyntec, 2011). This 
total spring flow rate was used to calibrate the model.  

2.3.3 Model Boundaries and Stresses 

Groundwater flow in the model domain is from east to west.   A no-flow boundary was applied 
at the northern and southern sides of the model. A constant head boundary is applied to the east 
and west sides of the model. Constant head boundaries were based on the extrapolation of a 
surface created from averaged head observations in various wells and piezometers over the time 
period of October 8th through October 15th, 2010.  This time period included representative 
pumping at the existing production wells at the facility. The constant head boundaries resulted in 
a horizontal regional gradient of approximately 0.009 ft/ft.  

The model simulated a maximum ET rate of 0.01 feet per day from the surface which equates to 
3.65 feet per year. This ET rate is consistent with an ET rate of 3.2 ft/year estimated by Duell 
(1988) for meadows in the Owens Valley and is within the range of previously published ET 
rates for the Owens Valley as presented in JMM (1993) for the site. The ET rates reported by 
JMM range from 2.6 ft/year (empirical method where groundwater is less than 8 feet bgs) 
published by Williams (1969) to 4.4 ft/year (open water or mudflats) published by Danskin 
(1988) (as cited by JMM., 1993). The ET extinction depth was setup to 10 ft bgs.  

The springs along the Spring-line fault were simulated with the drain package and the bottom 
elevation of the drains was defined 2 feet below ground elevation. Springs were defined at 
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locations ES-1A, ES-3, ES-3A, and CBS-1 to CBS-9. The spring locations are shown in Figure 
E-4.  

The Spring-line fault was simulated as a horizontal flow barrier, in both the shallow and deep 
sand zones. The modeled and observed spring flow was used to calibrate the hydraulic 
characteristics of the barrier (hydraulic conductivity divided by fault thickness). Further 
discussion of groundwater flow calibration results are presented in Section 2.4.   

There are several private active pumping wells in the model domain, located in the Cartago area. 
Average pumping rates of 650 gallons per day (gpd) were used in the model, unless reported 
otherwise by the owner. There is also one municipal water supply well in Cartago (CMW-2), 
which provides water to 43 residences. The average pumping rate at this well was estimated 
based on an estimate rate of 650 gpd per residence (27,950 gpd at the well). The production 
wells from the Crystal Geyser-Roxanne facility are also included in the model. The location of 
all pumping wells in the model is shown in Figure E-4. The model inputs of each pumping well 
(pumping rates, pumping zone) are summarized in Table E-1. 

2.3.4 Material Properties  

The shallow and deep zones were modeled with uniform hydraulic parameters (i.e., horizontal 
and vertical hydraulic conductivity). Pumping tests performed in 2010 in wells CGR-8, CGR-9 
and CGR-10 resulted in estimates of average hydraulic conductivity of the Shallow Zone 
between 230 to 550 ft/day (Geosyntec, 2011). These values were used to calibrate groundwater 
flow simulation. Further discussion of groundwater flow calibration results are presented in 
Section 2.4.  All the parameters used in the model are summarized in Table E-2. 

The aquitard-like properties of the clay/silt layer are represented in the model to extend from the 
eastern domain boundary westward to the western edge of the valley floor/HWY-395 area.  The 
remainder of the middle layer to the west was assigned the same properties as the deep sand 
layer, simulating a westward pinching out of the aquitard. The aquitard extent is based on well 
logs, which shows that the clay/silt layer is present at wells PAL-1 and CMW-2 but not at wells 
PAT-1 and HAR-1.   

2.4 Model Calibration 

The flow model was calibrated to fit the average observed head at the monitoring wells (Figure 
E-3), and the total spring flow rate estimated at the ditch (see Section 2.3.2).  

The model parameters are summarized in Table E-2. These parameters are further discussed 
below.   
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2.4.1 Groundwater Flow Model Parameters 

Significant groundwater flow model parameters are as follows:   

• The calibrated hydraulic conductivity for the Shallow Zone is 315 ft/day, which is within 
the range estimated from pumping tests (230 to 550 ft/day, Geosyntec, 2011). 

• The calibrated evaporation rate is 3.65 feet per year.  

• Figure E-5 presents a plot of observed versus simulated heads, illustrating a good model 
fit to the observed heads. The root mean squared residual is 2.5 feet, approximately 9% of 
the observed head difference at the site (27 feet). 

• The simulated total spring flow (which is assumed to include water flowing to the main 
collector ditch) is 410 gpm. This value is consistent with observed discharge (roughly 
350 gpm) from the main collection ditch (see section 2.3.2) which is considered a 
minimum discharge estimate. 

• The calibrated head contours are illustrated in Figure E-6.  

3. FUTURE SCENARIO SIMULATIONS 

The calibrated model was used to assess spring flow changes and groundwater head changes due 
to additional pumping at Crystal Geyser-Roxanne facility. In addition to a “base case” with no 
additional pumping, five scenarios were tested with incremental increases in pumping rates from 
the proposed production wells.  

3.1 Description of Future Scenarios 

Four additional pumping wells were implemented in the model CGR-8, CGR-9, CGR-10 and an 
additional domestic well D1 (see Figure E-4). In addition, it is assumed that the water pumped at 
D1 is discharged into a percolation pond (see Figure E-4). The percolation pond was modeled as 
an injection well, with the injection rate equals to D1 pumping rate. The pumping rates for the 
five scenarios are described below and summarized in Table E-1.  The scenarios including off-
site pumping in CGR’s southern facility wells and active wells in the town of Cartago including 
the Cartago Mutual Water Well (Table E-1).   Pumping rates in these off-site wells were based 
on either reported rates by the owner or estimated rates based on typical average residential use 
(650 gallons per day).   The pumping scenarios simulated are as follows:   
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• Scenario 1: One operating production line using a total of 90 AFY of groundwater. In the 
model, wells CGR-8, CGR-9 and CGR-10 were pumped at constant rate of 16.75 gpm 
and CGR-D was pumped at a constant rate of 6 gpm. 

• Scenario 2: Two operating production lines using a total of 180 AFY of groundwater. In 
the model, wells CGR-8, CGR-9 and CGR-10 were pumped at constant rate of 33.5 gpm 
and CGR-D was pumped at a constant rate of 12 gpm. 

• Scenario 3: Three operating production lines using a total of 270 AFY of groundwater. In 
the model, wells CGR-8, CGR-9 and CGR-10 were pumped at constant rate of 50.25 
gpm and CGR-D was pumped at a constant rate of 19 gpm. 

• Scenario 4: Four operating production lines using a total of 360 AFY of groundwater. In 
the model, wells CGR-8, CGR-9 and CGR-10 were pumped at constant rate of 67 gpm 
and CGR-D was pumped at a constant rate of 25 gpm. 

• Scenario 5: Maximum groundwater use during the summer months, with a total of 200 
AF of groundwater over 90 days. In the model, wells CGR-8, CGR-9 and CGR-10 were 
pumped at constant rate of 150 gpm and CGR-D was pumped at a constant rate of 50 
gpm. 

The 360 AFY groundwater use (Scenario 4) is the maximum annual amount of water use 
projected for the project, while Scenario 5 simulates the maximum pumping rate projected for 
the project (150 gpm per well over 90 days). The model simulated steady state conditions, that is, 
the pumping was simulated until groundwater levels did not change, therefore Scenario 5 
represents a worst case scenario.  

3.2 Impacts on Water Levels and Spring Flows 

The model scenarios were analyzed to determine the relative changes to: (1) total spring flow 
discharge; and, (2) water levels in key wells located adjacent to the northern and southern 
boundaries of the site.  

The results for the five pumping scenarios are summarized in Table E-3. Groundwater levels in 
Scenario 4 are predicted to be approximately 0.14 ft lower in well P-10 located adjacent to the 
northern boundary of the site, 0.22 ft lower in well P-15 located east of the Spring-Line fault, and 
0.33ft lower in well OW-7U located on the southern boundary.   Groundwater levels in Scenario 
5, the high production scenario, are predicted to be approximately 0.32 ft lower in well P-10, 
0.76 ft lower in well P-15, and 0.32ft lower in well OW-7U.      

 



Groundwater MODFLOW Modeling for   Geosyntec Consultants 
Assessment of Pumping Well Impacts               
03 June 2014 

Page E-7 
 
 
 

Figure E-7 shows the simulated head contours for Scenario 4 and 5, and Figure E-8 shows the 
simulated drawdown in the Shallow Zone for scenarios 4 and 5.  

The model results predict that the total spring flow will be decreased by 6% for each 90 AFY of 
pumping. In Scenario 4 (annual pumping rate of 360 AFY), the total spring flow discharge is 
approximately 23% from the base case.   The model predicts a short-term spring flow reduction 
of 48% for the high production scenario 5.  

3.3 Potential for Saline Water Intrusion 

The model is used to predict whether the pumping well capture zones for the highest pumping 
rate (Scenario 5) could cause intrusion of saline water from the east.  For this analysis, the 
capture zones were calculated for the four pumping wells, as shown in Figure E-9. It can be seen 
that the eastern stagnation points are more than 1,400 feet west from the eastern most monitoring 
wells (OW-8US and OW-9U). Based on these capture zones, there is no expectation of 
production wells pulling in saline water from the east.     

An extreme scenario was also developed to illustrate the maximum possible extent of the capture 
zones. This scenario does not represent a realistic pumping scenario. Maximum pumping rates 
are simulated at the four pumping wells by assigning a constant head boundary 2 feet above the 
bottom of the Shallow zone, in order to maximize the simulated drawdown. Furthermore the 
hydraulic flow barrier was removed to maximize the extent of the capture zones towards east. 
The capture zones for the four pumping wells for this extreme case are shown in Figure E-10. It 
can be seen that even under this extreme scenario the eastern stagnation points are more than 
1,200 feet west from the eastern most monitoring wells (OW-8US and OW-9U).  This extreme 
scenario indicates that there could be approximately 7 feet of drawdown in the OW-9U location 
without saline intrusion from the east occurring.   
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Shallow 
Zone

Deep 
Zone

Baseline
Scenario 

1
Scenario 

2
Scenario 

3
Scenario 

4
Scenario 

5

CMW-2 Active Well 115 150 0 100
BIL-1 Active Well 98 50 50

HAN-1 Active Well 86 50 50
HAR-1 Active Well 100 157 0 100
HUE-1 Active Well 140 50 50
LAW-1 Active Well 120 50 50
MER-1 Active Well 85 50 50
MER-2 Active Well 105 50 50
PAL-1 Active Well 100 185 0 100
PAT-1 Active Well 93.5 153.5 0 100
RIL-1 Active Well 50 50
RIL-2 Active Well 50 50
RIL-3 Active Well 50 50
SIE-1 Active Well 50 50

ADK-1 Non-Active Well 100
BIY-1 Non-Active Well 65

CMW-1 Standby Well
DIE-1 Non-Active Well 90
HAT-1 Non-Active Well
HUG-1 Non-Active Well 100
LUN-1 Non-Active Well 100
WAL-1 Non-Active Well 94
WAL-2 Non-Active Well 90
WIC-1 Non-Active Well 320

CBR-1 Active Well 60 120 50 50
CBR-4 Active Well 60 100 0
CGR-2 Active Well 51 65 100 0
CGR-3 Active Well 56 72 100 0
CGR-4 Active Well 52 67 100 0
CGR-7 Active Well 55 70 100 0

CGR-1 Non-Active Well
CBR-2 Non-Active Well 62 166
CBR-3 Non-Active Well
CGR-5 Non-Active Well
CGR-6 Non-Active Well
PW-1 Non-Active Well 200 650

CGR-8 Future Well 53 66 100 0 0.00 16.75 33.50 50.25 67.00 150.00
CGR-9 Future Well 53 73 100 0 0.00 16.75 33.50 50.25 67.00 150.00

CGR-10 Future Well 53 73 100 0 0.00 16.75 33.50 50.25 67.00 150.00
D1 Future Well 100 0 0.00 6.00 12.00 19.00 25.00 50.00

TypeWell

Percent Pumping

0
0
0
0

0.45
0.45
0.45
0.45
0.45
0.45

Cartago Non-Active Supply Wells

0
0
0
0

Crystal Geyser-Roxanne Additional Pumping Wells

130
9
9

37

0.0

0

Crystal Geyser-Roxanne Non-Active Pumping Wells

Crystal Geyser-Roxanne Active Pumping Wells
0.3

0
0

0.45

0
0

0.0
0

19.4

Cabin Bar Ranch, Olancha, California
Table E-1 - Input Parameters for Pumping Wells

0.45
0.45
0.28
0.45
0.45
0.45
0.45

Cartago Active Supply Wells

Pumping Rate (gpm)Bottom of 
Screen (ft 

bgs)

Top of 
Screen (ft 

bgs)
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Evaporation Rate ft/year 3.65
Extinction Depth ft 10

Shallow Zone 315
Deep Zone 10

Clay/Silt Layer 0.2
Shallow Zone 3.15

Deep Zone 0.1
Clay/Silt Layer 0.002

Shallow Zone 0.225

Middle/Deep Zone 0.001

Table E-2 - Model Parameters
Cabin Bar Ranch, Olancha, California

UnitParameter Value

Horizontal Flow 
Barrier 

Characteristics
1/day

Vertical Hydraulic 
Conductivity

ft/day

Evaporation

Horizontal Hydraulic 
Conductivity

ft/day
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Well Zone Baseline
Scenario 

1
Scenario 

2
Scenario 

3
Scenario 

4
Scenario 

5
Baseline

Scenario 
1

Scenario 
2

Scenario 
3

Scenario 
4

Scenario 
5

OW-7U Shallow 3614.71 3614.63 3614.55 3614.46 3614.38 3613.94 0.08 0.16 0.25 0.33 0.77
CGR-2 Shallow 3621.78 3621.75 3621.72 3621.70 3621.67 3621.53 0.03 0.05 0.08 0.11 0.25
CGR-7 Shallow 3612.85 3612.81 3612.77 3612.74 3612.70 3612.50 0.04 0.07 0.11 0.15 0.35
P-10 Shallow 3616.76 3616.73 3616.69 3616.66 3616.62 3616.44 0.04 0.07 0.11 0.14 0.32
CMW-2 Deep 3613.00 3612.98 3612.97 3612.96 3612.94 3612.87 0.01 0.03 0.04 0.05 0.12
HAN-1 Shallow 3624.71 3624.68 3624.66 3624.63 3624.60 3624.47 0.03 0.05 0.08 0.11 0.24
P-15 Shallow 3603.51 3603.46 3603.40 3603.35 3603.29 3603.00 0.05 0.11 0.16 0.22 0.51
MW-3 Deep 3628.98 3628.96 3628.93 3628.90 3628.87 3628.73 0.03 0.06 0.08 0.11 0.26
OW-9U Shallow 3595.49 3595.46 3595.42 3595.39 3595.35 3595.16 0.03 0.07 0.10 0.14 0.33
OW-8US Shallow 3586.37 3586.35 3586.33 3586.31 3586.29 3586.19 0.02 0.04 0.06 0.08 0.18

CGR-3 Shallow 3614.91 3614.89 3614.86 3614.83 3614.80 3614.65 0.03 0.06 0.08 0.11 0.26
CGR-4 Shallow 3613.22 3613.15 3613.08 3613.02 3612.95 3612.58 0.07 0.14 0.20 0.27 0.64
CGR-6 Shallow 3613.83 3613.77 3613.71 3613.65 3613.59 3613.27 0.06 0.12 0.18 0.24 0.55
MW-2 Deep 3627.90 3627.87 3627.84 3627.81 3627.78 3627.62 0.03 0.06 0.09 0.12 0.28
OW-7M Deep 3623.48 3623.45 3623.42 3623.39 3623.36 3623.21 0.03 0.06 0.09 0.12 0.27
P-1 Shallow 3620.03 3619.94 3619.84 3619.75 3619.66 3619.16 0.09 0.19 0.28 0.37 0.87
P-2 Shallow 3616.90 3616.80 3616.69 3616.58 3616.48 3615.91 0.11 0.21 0.32 0.42 0.99
P-3 Shallow 3618.35 3618.27 3618.19 3618.11 3618.02 3617.59 0.08 0.16 0.25 0.33 0.77
P-4 Shallow 3615.29 3615.17 3615.05 3614.94 3614.82 3614.21 0.11 0.23 0.35 0.46 1.08
P-5 Shallow 3621.03 3620.93 3620.84 3620.74 3620.65 3620.16 0.09 0.19 0.28 0.38 0.87
P-6 Shallow 3618.54 3618.46 3618.38 3618.31 3618.23 3617.82 0.08 0.16 0.24 0.31 0.72
P-7 Shallow 3621.27 3621.20 3621.13 3621.06 3620.99 3620.64 0.07 0.14 0.21 0.28 0.63
P-8 Shallow 3620.07 3620.02 3619.96 3619.91 3619.86 3619.59 0.05 0.11 0.16 0.21 0.48
P-9 Shallow 3607.35 3607.27 3607.19 3607.11 3607.03 3606.65 0.08 0.16 0.25 0.33 0.71
P-11 Shallow 3616.61 3616.50 3616.39 3616.28 3616.17 3615.60 0.11 0.22 0.33 0.44 1.01
P-12 Shallow 3614.25 3614.15 3614.05 3613.95 3613.85 3613.30 0.10 0.20 0.30 0.41 0.95
P-13 Shallow 3612.05 3611.97 3611.89 3611.81 3611.73 3611.28 0.08 0.15 0.23 0.31 0.76
RP-1 Shallow 3611.97 3611.90 3611.82 3611.74 3611.67 3611.22 0.08 0.15 0.23 0.31 0.75
RP-2 Shallow 3611.87 3611.80 3611.73 3611.66 3611.59 3611.19 0.07 0.14 0.21 0.28 0.68
RP-3 Shallow 3613.15 3613.08 3613.00 3612.92 3612.84 3612.35 0.08 0.15 0.23 0.31 0.80
RP-4 Shallow 3614.98 3614.89 3614.80 3614.71 3614.62 3614.15 0.09 0.18 0.27 0.36 0.83
RP-5 Shallow 3611.79 3611.71 3611.63 3611.55 3611.47 3611.03 0.08 0.15 0.23 0.31 0.75

All Springs 410 387 364 341 318 213 6% 11% 17% 23% 48%

Spring Flow
Total Flow (gpm) % Change

Drawdown (ft)

Drawdown (ft)Head (ft msl)

Head (ft msl)

Other Monitoring Wells in Shallow Zone

Table E-3 - Summary of Model Results
Cabin Bar Ranch, Olancha, California

Key Monitoring Wells
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APPENDIX F – FIELD METHODOLOGY  

GROUNDWATER LEVEL GAUGING AND SAMPLING 

 

 

INTRODUCTION 

 

General Information and Objectives 

 

Presented in this appendix is methodology for conducting the groundwater level 

gauging and sampling work at Cabin Bar Ranch (field plan).   The field plan outlines the 

work to be conducted, field procedures details, and field quality assurance/quality 

control (QA/QC) methods.  The objective of the plan is to insure that the data and 

samples collected in the field are representative of the site conditions.   

 

The field plan has been divided into five general sections which are as follows: 

 

 Introduction (this section) 

 Equipment Cleaning 

 Record Keeping 

 Groundwater Level Measurement Plan 

 Groundwater Sampling  Plan 

 

 

EQUIPMENT CLEANING 

 

Equipment to be used at more than one monitoring point (i.e., non-dedicated) and which 

will come in contact either with the groundwater directly, or indirectly through contact 

with other equipment, shall be thoroughly clean prior to use with a non-toxic detergent 

and then sanitized.   

 

RECORD KEEPING 

 

Maintaining an organized and complete set of records is an integral part of groundwater 

monitoring procedures.  This includes completing field data sheets, maintaining daily 

field reports, and retaining copies of chain-of-custody forms.  Records of past sampling 

events shall be maintained in a centralized location. 
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A field data sheet (i.e., groundwater sampling and purge log) shall be filled out 

completely for each well by the sampling personnel during the course of pre-sampling, 

sampling, and post-sampling activities.  The sampling crew shall also maintain daily 

field reports.  The daily field report sheet shall be used to record general information for 

each day of sampling.  Each daily field report shall contain the following: 

 

 Date; 

 Weather and temperature; 

 Identification of wells sampled or gauged; 

 Names of members of the sampling team; 

 Any changes in protocol dictated by field conditions; 

 A brief note referring to the field data sheets of wells for which 

additional information should be noted; 

 Calibration and other equipment information; and 

 Noteworthy occurrences. 

 

The field data sheets and daily field reports shall be filled out in indelible ink with entry 

errors crossed out with a single line.  Corrections shall be dated and initialed. The field 

records shall be reviewed for completeness and legibility upon completion of field 

activities and shall be filed in a reasonably safe location.  Chain-of-custody forms will 

be completed for each shipment of water samples sent to the laboratory.   

 

All sampling logs, daily field reports and chain-of-custody forms will be included in the 

final report. 

 

GROUNDWATER LEVEL MEASUREMENT PLAN 

 

Groundwater Level Gauging  

 

Continuous groundwater level measurement recorders/instruments (data loggers and 

transducers) will be installed in accordance with manufacture specifications and 

downloaded in the field in accordance with the GMMRP.  At the time of downloading 

the data logger systems, depth to groundwater in the monitoring wells (and other 

GMMRP wells) shall be measured manually using an electric water level indicator. 
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Groundwater levels in wells without continuous groundwater water level measurement 

devices shall also be measured with an electric water level indicator. 

Groundwater levels in GMMRP monitoring wells shall be determined by measuring the 

vertical distance from a standard reference point on the well casing to the water level 

within a groundwater well using the following procedure: 

 

1. Remove the cap from the well. 

2. Using a clean electric water level indicator tape, measure the depth to 

water to the nearest +0.01 feet (i.e., the meter or water level indicator 

shall have a sensory accuracy to 0.01 feet).   

3.  In field logs record the water level depth reading and other pertinent 

information such as whether any pump in the well is turned on or off.   

4. Perform a second water level measurement to verify first 

measurement (#2).  Note verification in field logs.   

5. Clean water level indicator tape.   

 

The data logging systems used for the GMMRP will be equipped with vented 

transducers.  The data loggers/transducers shall be installed in the monitoring wells or 

piezometer so that the transducer is at least 10 feet below the top of groundwater in the 

well, if possible
1
.  A mark on the cords or cables holding the data loggers in the well 

will be made to indicate the position of the cord/cable relative to the well casing, in 

order to assure that the loggers (transducers) have not moved in the well. 

 

Depth to groundwater shall be measured in the wells that will be monitored with the 

data loggers systems at the beginning of the monitoring period in accordance with the 

procedure outlined above.  The initial water level measurements will be used to 

calculate the groundwater elevation in the monitoring wells.  Accurate times and dates 

will be inputted into the data logging systems before operation and should be 

synchronized between monitoring locations.   

                                                 
1 This may not be possible for some piezometers.   
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GROUNDWATER SAMPLING PLAN 

 

Pre-Sampling Activities 

 

Prior to the start of the sampling event, the following activities shall be performed to 

prepare for the sampling event: 

 

 The field sampling and laboratory testing program shall be reviewed;  

 Field forms will be assembled; 

 Sampling and gauging equipment shall be assembled and cleaned. 

 

A description of each of these activities is presented below. 

 

 

Sampling Equipment and Sampling Forms Organization 

 

Prior to the start of sampling activities, the sampling personnel shall gather the sampling 

equipment, containers and forms.  Equivalent equipment may be used, where applicable.  

Prior to use, the equipment shall be clean and operational.  In summary, the field 

equipment will include the following: 

 

 A water level meter.  

 A submersible pump if dedicated pumps not installed. 

 Meter to measure pH, specific conductance (EC), temperature, and 

turbidity.  

. 

Purging and Sampling Activities 

 

Monitoring wells will be sampled in accordance with the GMMRP and the following 

procedures.   

 

 Purging and sampling equipment will be thoroughly cleaned and 

sanitized prior to and following contact with groundwater.  

 Water levels will be measured and purge volumes will be calculated. 

 Non-active monitoring wells and piezometers will be purged by 

pumping out a minimum of 3 well volumes or until stabilization of 
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water quality parameters (pH, EC, temperature and turbidity).  Active 

water supply wells can be sampled without purging if the well has 

been pumped within the proceeding 24 hours.   

 Water samples will be collected from the discharge hose.   

 Samples will be collected in appropriate containers supplied by the 

laboratory and labeled and transferred to the laboratory under chain-

of-custody protocol. 

 

 

Well Purging  

 

The purpose of well purging is to bring water from the aquifer into the well casing prior 

to sampling because the water within the well casing may not be representative of the 

surrounding aquifer.  Water purged from the groundwater wells shall be monitored for 

changes in temperature, pH, specific conductance, and turbidity, with a calibrated field 

meter.   

 

Prior to commencing purging activities, the depth to water shall be measured and the 

volume of water to be removed from the well during purging (well depth measurements 

collected in the initial well gauging task as described below will be used for well 

volume calculations).  Groundwater depth shall be determined by measuring the vertical 

distance from a standard reference point on the well casing to the nearest +0.01 ft 

(0.003 m).  If the groundwater conditions at a monitoring point are artesian (i.e., water is 

under pressure at the top of the well, or flowing from the well) this shall be noted in the 

field logs. 

 

Once the well depth has been measured, the volume of the water column within the well 

shall be calculated, using the following equation: 

 

V d H  0 041 2.  

 

where: V = approximate volume of water in the casing, in gallons; 

 d = inside diameter of the well casing, in inches; 

 H = height of the water column in the well, in feet. 

 

Note:  H TD D   

 



 

 5  

where: TD = total well depth from the standard reference point, in feet; and, 

 D = depth to water level from the standard reference point, in feet. 

 

The minimum purge volume will be calculated by multiplying the volume casing by 3: 

 

Purge Volume = V x 3 

 

 

During purging water quality parameters shall be measured periodically and recorded in 

the field during the well purging process to document changes in water quality.  

Approximately five sets of water quality parameter measurements shall be collected in 

each well during purging and at regular intervals (approximately every five minutes).   

Visual observations of the clarity and color of the pump discharge shall also be recorded 

 

Comparison between successive field parameter measurements shall be used to 

determine when purging is sufficient and sample collection may proceed.  In general, 

purging will continue until all field parameters and visual observations show no 

significant fluctuations or trends (increasing or decreasing over time).  Stabilization of 

water quality parameters shall be defined as no consistent increasing or decreasing trend 

among the previous five readings and/or changes among the previous three readings of 

no more than: 

 

 0.2 unit for pH, 

 5% for specific conductance, 

 0.5 
o
C  for temperature, 

 10% for turbidity, and 

 

The goal of purging  will be to show a decrease of turbidity below 5 NTU and 

stabilization of the water quality parameters.  However, this may not be possible in all 

wells.  The total volume purged will not exceed 5 well volumes.  The total volume 

purged and the time will be recorded at the end of each stage of purging.   
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Groundwater Sampling 

 

The groundwater sample shall be collected immediately following the purging activities.  

Samples will be collected in accordance with the following guidelines:  

 

 Sample containers shall not be opened until immediately prior to 

filling; 

 The inside of sample containers shall not be touched, including with 

clean gloves; 

 Sampling containers shall be filled slowly; 

 Sampling containers shall be filled completely, but not overfilled, as 

this will result in the loss of preservative; 

 Sampling containers shall be filled as expeditiously as possible to 

minimize the time between filling the first sample container and the 

last; and, 

 Filled sample containers shall be labeled, prepared for transport, and 

stored in an ice chest or cooler.    

 

 

Analytical Procedure  

(EPA Method No.) 

Type of Container Preservative 

Metals (EPA Method 200.7/200.8) or 

comparable metal suite/methodology 

 

Per recommendation of 

Laboratory Used 

Yes 

Physical Constituents  None 

General Minerals None 

 

 

The general mineral analyses will at a minimum include the major cations (Ca, Mg, Na 

and K), major anions (Cl, HCO3, SO4, nitrate, and alkalinity), EC and Total Dissolved 

Solids (TDS).  Physical constituents shall include odor, turbidity and pH.   

 

Each sample container shall be labeled with a distinct and clearly written label.  The 

field sampling personnel shall complete the information on the sample label at the time 

of sampling using indelible ink.  The information on the sample label shall include: 

 

 Site identification; 
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 A sample number unique to each well and sampling event; 

 Date of sample collection (DD/MM/YY); 

 Time of sample collection; 

 Sample analytes or test method; 

 Type of preservative (generally completed by the laboratory); and, 

 Sampler’s initials. 

 

A note in the field activity report sheet shall be made to correlate the sample ID number 

to the well ID number.  Labels shall be affixed to a clean and dry surface of the sample 

bottle and double-checked for completeness.  Sampling containers shall be stored 

properly in an ice chest or cooler to reduce the potential for breakage, spillage, or label 

deterioration.  Sampling containers shall be stored in ice chests immediately following 

sampling. 

 

The samples shall be maintained in the cooler with ice between the time the samples are 

collected and the time the samples are analyzed in the laboratory.  The presence of solid 

ice and the temperature of the samples shall be measured and recorded upon receipt by 

the laboratory.  On hot days, the field samplers shall periodically monitor the cooler to 

remove melted ice water and add ice, as needed, to maintain the acceptable volume of 

ice. 

 

The coolers containing the groundwater sample containers shall be delivered to the 

laboratory as soon as possible and within the holding times of the analytical parameters. 

Each set of samples shall be accompanied by a chain-of-custody form which outlines the 

contents of the cooler.  Information to be included on the chain-of-custody form is 

described below.  The chain-of-custody form shall be completed and signed by the 

sampler(s) before departing the monitoring point, but after the samples have been 

packed into the cooler containing ice. The chain-of-custody should be completed with a 

carrier tracking numbers and/or shipping number.  The completed chain-of-custody 

form shall then be sealed in a Zip-Lock


-type bag and placed in the cooler.  Whenever 

the cooler is exchanged from one person to the other (including couriers and laboratory 

personnel), the persons relinquishing and receiving the cooler shall sign and date the 

chain-of-custody form.  The laboratory receptionist shall confirm the integrity of the 

signature upon receipt of the cooler. 
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Groundwater Sampling QA/QC 

 

A duplicate sample from one well will be collected during each sampling event.  The 

purpose of a duplicate sample is to evaluate the precision of both sampling techniques 

and laboratory testing.  A duplicate sample shall be labeled, packaged, and stored in the 

same manner as any other sample.  A duplicate sample set consists of a complete set of 

samples of the appropriate volume and in the appropriate containers which is the same 

as a standard set.   

 

During purging and sampling activities the sampling field data sheets will be completed 

for each sampling location.  The field data sheet will include at a minimum the 

following information: 

 

 Well identification; 

 Condition of well and surface completion; 

 Well depth; 

 Static water level depth and measurement technique; 

 Purge volume and pumping rate; 

 Time well purged; 

 Water quality parameters and water levels during purging; 

 Date and time of collection; 

 Well sampling sequence; 

 Types of sample bottles used and sample identification numbers; 

 Preservatives and pH verification; 

 Parameters requested for analysis; 

 Field observations of sampling event; 

 Name of collector; and  

 Climatic conditions, including air temperature.  

 

Completion of chain-of-custody forms is an integral part of record keeping associated 

with groundwater sampling.  For each sample shipment, a new chain-of-custody form 

shall be filled out to accompany the samples from the wells to the laboratory.  The 

chain-of-custody form shall contain the following information: 

 

 Sample number; 

 The name and signature of the sampler; 
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 Date and time for each sample; 

 Sample type; 

 Sample point identification; 

 Number and types of containers; 

 Tests to be performed and/or analytes requested; 

 Preservative information; 

 Signatures of people involved in the chain of possession with dates 

and times of possession;  

 Tracking and/or shipping number; and  

 Other notes or remarks. 
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Introduction	

Garcia and Associates (GANDA) was contracted by CG Roxane to prepare a baseline conditions 
report for the spring fault area on Cabin Bar Ranch. This report fulfills certain commitments to the 
Owens Valley Committee and Sierra Club per a settlement agreement reached during 2013 and 
further serves as a reference point for the Groundwater Monitoring, Mitigation, and Reporting Plan 
(GMMRP). 

In collaboration with the California Department of Fish and Wildlife (CDFW), Dr. Jonathan 
Baskin of San Marino Environmental Associates (“Marino Associates”) and Geosyntec, a baseline 
survey was conducted of the spring fault area.  Surveys for vegetation, fish, benthic 
macroinvertebrates and spring snails were conducted on July 29 and 30, 2013.  Surveys for spring 
flow rate and physical habitat conditions were conducted on March 18, 2014. The surveys focused 
on the springs identified as CBS-2, CBS-4, CBS-6 and CBS-9 and the associated ‘collector’ 
ditches and channels (Figure 1). Two additional springs, evidencing minimal flow rates, were 
examined by the survey team due to the fact that they were located within the defined survey area1.  
The purpose of these surveys was to determine baseline conditions for this habitat.  Specifically, 
the surveys had the following objectives: 

1. Conduct a focused survey for Owens pupfish (Cyprinodon radiosus) and Owens tui chub 
(Gila bicolor snyderi).  This effort was led by Steve Parmenter of the CDFW Bishop office 
and employed 1 night of livetrapping for fish.  As part of the survey effort, dissolved 
oxygen, conductivity and water temperature were recorded.  

2. Conduct a focused survey for Wong’s springsnail (Pyrgulopsis wongi).  Snails were 
sampled by sweeps with a dip net in the vegetation and placed into jars with stream water 
and kept on ice until returned to the lab.  At the lab, the snails were placed in small trays 
with stream water with menthol crystals added.  After several hours the snails were 
examined to see if they are relaxed.  When relaxed, they were preserved in 95% ethanol 
and sent to Edward Johannes of Deixis Consultants for identification.  This effort was be 
led by Dr. Jonathan Baskin of San Marino Environmental Associates. 

3. Conduct aquatic benthic macroinvertebrate sampling focusing on rare invertebrate 
species.  This effort was led by Dr. Jonathan Baskin of San Marino Environmental 
Associates.  At each spring, 20 sweep samples were collected with a 0.5 mm (500 micron) 
dip net.  All samples were elutriated and cleaned in the field, placed in jars, labeled, and 
preserved in 95% ethanol.  Samples were identified by invertebrate taxonomist Robert 
Wisseman with Aquatic Biology Associates, Inc. in Corvallis, Oregon 

                                                 
1 Geosyntec identified these two additional springs in its report dated February 7, 2011 entitled Test Well Installation 
and Hydrogeology Report, Cabin Bar Ranch, U.S. Highway 395, Olancha, California.; however, Geosyntec 
determined that the springs identified as CBS-2, CBS-4, CBS-6 and CBS-9 were representative of the flow and 
groundwater system along the fault line.   
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4. Conduct a detailed survey of vegetation arising from, or in the proximity of, the spring 
fault line habitat. At each of these spring locations a list of plant species was recorded, 
along with a descriptive summary of the vegetation structure and composition and an 
estimate of percent vegetation cover.  In addition, photographs were taken of each spring.  
This effort was led by GANDA Botanist Mark Bibbo.   

5. Document physical habitat at springs (i.e. depth, width and length of channels and springs 
and spring flow rate).  This effort was led by Geosyntec Hydrologist Brian Franz.  

Results of these surveys will serve as baseline conditions to evaluate potential impacts from water 
extraction.  For the vegetation surveys, the number of species and the percent cover data will be 
the values used to determine if the threshold triggers have been reached.  For the faunal survey on 
benthic macroinvertebrates and Wong’s springsnail, the baseline data values documented in this 
report well serve as a reference for evaluating the health and integrity of the spring fault line.  
Baseline conditions for these faunal groups will be assessed qualitatively using best professional 
judgment by a qualified biologist.     
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Vegetation	Survey	
 

GANDA Botanist Mark Bibbo conducted a field survey on July 30, 2013.  The focus of this 
vegetation survey was the 450 meter long by 75 meter wide area (approximately 3.4 hectares or 
8.3 acres) around four springs located along the Spring Line Fault on Cabin Bar Ranch property 
and the main collector ditch (Figure 1). The goal of the survey was to describe the vegetation 
species composition and structure of plant communities around each spring as well as the main 
collector ditch. The springs are described in order from northernmost to southernmost, and are 
referred to using a numbering system instituted by CG Roxane.  
 
Methods 
Each spring had a small flume near its origin, installed by CG Roxane to record spring flow.  At 
each spring location, the vegetation was characterized by recording percent cover of individual 
species within a 28.3 m2 circular plot (3 meter radius) with the spring flume as the center point. 
Vegetation cover was recorded as a visual estimate of foliar cover, recorded by species. Cover 
values were recorded as cover classes using the Daubenmire cover scale (Mueller-Dombois and 
Ellenberg 19742): 95 to 100% foliar cover equaled cover class 6, 75 to 95% foliar cover equaled 
cover class 5, etc.  The cover class ranges are provided in Tables 1-4.  Other species outside of the 
plot, but still within the riparian zone around the springs were also noted.  Descriptions of each 
spring are provided below.  Appendix A provides photo-documentation of the condition at each 
spring as well as the main collector ditch.  
 
CBS-9 
CBS-9 is the northernmost spring. The spring originates from the ground under a cover of red 
willow (Salix laevigata).  The spring flume is located at the edge of a red willow thicket (Photo 1 
in Appendix A).  From the flume, the water flows through a small hand-dug ditch fifteen 
centimeters wide into the main collector ditch approximately fifteen meters to the east. Vegetation 
surrounding the hand-dug ditch is dominated by herbaceous species such as American bulrush, 
water smartweed, and cut-leaved speedwell.  A full list of plant species observed around CBS-9 is 
presented in Table 1 with vegetative cover given for those species within a 28.3 m2 circular plot 
around the spring flume.  
 
Table 1: Vegetation at spring, CBS-9 
Scientific name Common name Cover class within 

plot* 
Tree cover  3 
Salix laevigata red willow 3 
Herb cover   4 
Schoenoplectus americanus American bulrush 3 

                                                 
2 Mueller-Dombois, D. & Ellenberg, H. 1974. Aims and Methods of Vegetation Ecology. New 
York: Wiley and Sons.  
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Table 1: Vegetation at spring, CBS-9 
Scientific name Common name Cover class within 

plot* 
Persicaria lapathifolium water smartweed 2 
Berula erecta cut-leaf water parsnip 2 
Veronica serpyllifolia var. humifusa thyme-leaved speedwell 2 
Mimulus guttatus seep-spring monkeyflower 2 
Nasturium officinale Watercress 1 
Phragmites australis common reed 1 

Typha latifolia broadleaf cattail 1 
Asclepias fascicularis narrow-leaved milkweed 1 
Sonchus asper prickly sow thistle 1 
Cirsium arvense bull thistle 1 
Ludwigia peploides floating water primrose 1 
Anemposis californica yerba mansa 1 
Other species outside of plot   
Rumex crispus curly dock  - 
Apocynum cannabinum indian hemp - 
Epilobium ciliatum willow herb - 
Carex praegracilis slender sedge - 
Juncus balticus Baltic rush - 
Euthamia occidentalis Western goldentop - 
Total Vegetation Cover  5 
*Foliar cover is recorded as a cover class using Daubenmire cover classes (Mueller-Dombois & Ellenberg 1974).  

Cover 
class 

Range of 
Cover 

6 95-100 
5 75-95 
4 50-75 
3 25-50 
2 5-25 
1 0-5 

 
CBS-6 
The spring, CBS-6, originates in a sump pond that is located in the shade of a mature red willow 
(see Photo 2, in Appendix A).  The pond is approximately two and a half meters in diameter and 
five square meters in area, and approximately 40-50 cm deep with a soft muck bottom. The spring 
flume is directly adjacent to the pond. From the flume the water flows into the main collector ditch 
approximately eleven meters to the east through a small hand dug ditch fifteen inches wide. 
Vegetation surrounding the hand-dug ditch is dominated by herbaceous species such as willow 
herb, common reed, western goldentop and water smartweed. A full list of plant species around 
CBS-6 is presented in Table 2, with vegetative cover given for those species within a 28.3 m2 
circular plot around the spring flume. 
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Table 2: Vegetation at spring, CBS-6 
Scientific name Common name Cover class within plot* 

Tree cover  3 
Salix laevigata red willow 3 
Eleaganus angustifolia Russian olive 1 
Shrub cover  2 
Rosa woodsii Wood rose 2 
Herb cover   5 
Euthamia occidentalis Western goldentop 3 
Epilobium ciliatum willow herb 3 
Phragmites australis common reed 2 
Persicaria lapathifolium water smartweed 2 
Mentha arvensis field mint 2 
Carex praegracilis slender sedge 1 
Anemposis californica yerba mansa 1 
Equisetum arvense common horsetail 1 
Lotus corniculatus Bird’s foot trefoil 1 
Schoenoplectus americanus American bulrush 1 
Mimulus guttatus seep-spring monkeyflower 1 
Other species outside of plot   
Berula erecta cut-leaf water parsnip - 
Veronica serpyllifolia var. humifusa thyme-leaved speedwell - 
Nasturium officinale watercress - 
Cirsium arvense bull thistle - 
Ludwigia peploides floating water primrose - 
Total Vegetation cover  6 
*Foliar cover is recorded as a cover class using Daubenmire cover classes (Mueller-Dombois & Ellenberg 1974). 

Cover 
class 

Range of 
Cover 

6 95-100 
5 75-95 
4 50-75 
3 25-50 
2 5-25 
1 0-5 

 

 
CBS-2 
The spring, CBS-2, originates under a dense stand of common reed.  The spring flume is 
surrounded by cement bags and was installed in a clearing in the reed cover (see Photo 4, in 
Appendix A).  This spring was producing very minimal flow at the time of the July 30, 2013 survey 
and flows from the flume through a 30 cm wide hand-dug feeder ditch approximately three meters 
to the main collector ditch. Vegetation surrounding the hand-dug ditch is dominated by herbaceous 
species such as common reed, water parsnip, water smartweed, and willow herb. A full list of plant 
species around CBS-2 is presented in Table 3, with vegetative cover given for those species within 
a 28.3 m2 circular plot around the spring flume. 
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Table 3: Vegetation at spring, CBS-2 
Scientific name Common name Cover class within plot* 

Tree cover  3 
Salix laevigata red willow 3 
Eleaganus angustifolia Russian olive 1 

Shrub cover  2 
Rosa woodsii Wood rose 2 
Salix exigua sandbar willow 1 
Fraxinus velutina velvet ash 1 

Herb cover   5 
Phragmites australis common reed 3 
Berula erecta cut-leaf water parsnip 3 
Epilobium ciliatum willow herb 2 
Persicaria lapathifolium water smartweed 2 
Mentha arvensis field mint 1 
Anemposis californica yerba mansa 1 
Equisetum arvense common horsetail 1 
Schoenoplectus americanus American bulrush 1 
Cirsium arvense bull thistle 1 
Mimulus guttatus seep-spring monkeyflower 1 

Other species outside of plot   
Veronica serpyllifolia var. humifusa thyme-leaved speedwell - 
Nasturium officinale watercress - 

Total Vegetation cover  5 
*Foliar cover is recorded as a cover class using Daubenmire cover classes (Mueller-Dombois & Ellenberg 1974). 

Cover 
class 

Range of 
Cover 

6 95-100 
5 75-95 
4 50-75 
3 25-50 
2 5-25 
1 0-5 

 

 
CBS-4 
The spring, CBS-4, originates under a dense stand of American bulrush behind the spring flume. 
The spring flume is surrounded by cement bags and was installed in a clearing in the bulrush cover 
(see Photo 5, in Appendix A).  This spring was producing very minimal flow at the time of the 
July 30, 2013 survey and flows from the flume through a 30 cm wide hand-dug feeder ditch 
approximately four meters to the main collector ditch. Vegetation surrounding the hand-dug ditch 
is dominated by herbaceous species such as American bulrush, water parsnip, goldenrod, and 
willow herb. A full list of plant species around CBS-2 is presented in Table 3, with vegetative 
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cover given for those species within a 28.3 m2 circular plot around the spring flume. 
 
 
Table 4: Vegetation at spring, CBS-4 
Scientific name Common name Cover class within plot* 

Tree cover  3 

Salix laevigata red willow 3 

Fraxinus velutina velvet ash 1 

Shrub cover  2 

Rosa woodsii Wood rose 2 

Herb cover   5 

Schoenoplectus americanus American bulrush 3 

Phragmites australis common reed 2 

Solidago lepida Western Canada goldenrod 2 

Berula erecta cut-leaf water parsnip 2 

Epilobium ciliatum willow herb 2 

Persicaria lapathifolium water smartweed 1 

Mentha arvensis field mint 1 

Equisetum arvense common horsetail 1 

Typha angustifolia narrowleaf cattail 1 

Mimulus guttatus seep-spring monkeyflower 1 

Other species outside of plot   

Anemposis californica yerba mansa - 

Veronica serpyllifolia var. humifusa thyme-leaved speedwell - 

Total Vegetation cover  5 
*Foliar cover is recorded as a cover class using Daubenmire cover classes (Mueller-Dombois & Ellenberg 1974).   

Cover 
class 

Range of 
Cover 

6 95-100 
5 75-95 
4 50-75 
3 25-50 
2 5-25 
1 0-5 

 

 
Main Collector Ditch  
The “Main Collector Ditch” runs in a northwesterly to southeasterly orientation to the east of the 
springs along the Spring Line Fault.  When originally dug (perhaps in the 1980’s), the ditch was 
likely excavated to a width of approximately 2.5 meters wide and 2.5 meters deep.  The exact 
current width of the ditch was difficult to measure as a result of the willow and reed vegetation 
that had grown over the banks and within the ditch.  For most of the length of the ditch within the 
survey area, the ditch has standing water along its length averaging 1 meter deep.  Dense vegetation 
cover on the banks and tops of the ditch is dominated by common reed, American bulrush, and 
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cattails, with scattered red willow and Russian olive growing throughout the length of the ditch.  
The dense vegetation is growing into the ditch and forms a nearly continuous cover over the water 
surface in the ditch for most of its length. Photo 6 in Appendix A provides an illustration of a 
typical segment of the main collector ditch.  
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Fish	Surveys	
 

On July 29, 2013, the California Department of Fish and Wildlife (CDFW) conducted a focused 
survey for Owens pupfish (Cyprinodon radiosus) and Owens tui chub (Siphates bicolor snyderi) 
in aquatic habitats on Cabin Bar Ranch. The CDFW survey team consisted of Steve Parmenter, 
Heidi Sickler, Nick Buckmaster, and Veronica Holmes. Aquatic habitats surveyed included Cabin 
Bar Spring CBS-9, CBS-6, CBS-2, and CBS-4, the main collector ditch for these springs, two 
additional springs, and three artificial ponds at the north end of the property.  The complete memo 
report from CDFW presenting survey results is provided in Appendix B. 

There are no historic records of Owens pupfish in the survey area. Owens tui chubs were 
discovered on the property in 1987, along with recently introduced game fish species.  Twenty-
one adult tui chubs were salvaged from ditches and irrigation distributaries on the property in 
1989-90 and placed in the northernmost artificial pond near the guest house.  Tui chubs were last 
observed in the pond in 2002.  A survey in 2003 found the pond stagnant and devoid of both fish 
and sufficient oxygen to support such fish due to inadequate provision of water. 
 
All of the springs on Cabin Bar Ranch, as well as the three artificial ponds, were visually inspected 
for fish.  The collector ditch was surveyed using Gee traps.  Backpack electrofishing was 
impractical in all habitats due to shallow water depths and mucky substrate.  A total of 12 Gee 
traps were set overnight on July 29, 2013 at three areas in the main collector ditch chosen non-
randomly where water depth was sufficient to submerge the trap entrances.  A total of 12 bullfrogs 
(Lithobates catesbeianus), 69 red swamp crayfish (Procambarus clarki), and 10 western 
mosquitofish (Gambusia affinis) were caught.  Based upon the trap results, nature of the habitat, 
and the visual impression of the surveyors, Steve Parmenter concluded that neither Owens pupfish 
nor Owens tui chub were present in the survey area.  This conclusion is further supported by a >20 
year occupation of the habitat by largemouth bass, which by 1990 appeared to have eliminated tui 
chubs.  It is notable, however, that there was no evidence of introduced game fish remaining in the 
main collector ditch during the survey. 
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Benthic	Macroinvertebrate	Surveys	

Dr. Jonathan Baskin of San Marino Environmental Associates was contracted to conduct benthic 
macroinvertebrate surveys of the spring fault line area on Cabin Bar Ranch.  The focus of the 
survey was to determine the types of species groups with an emphasis on determining if any rare 
or sensitive species were present.  The survey also focused on determining presence of spring 
snails, and in particular Wong’s springsnail (Pyrgulopsis wongi), which serve as an indicator 
species for purposes of determining a baseline condition.  Surveys were conducted on July 29, 
2013 in conjunction with fish surveys conducted by CDFW.  The survey methodology included 
the sampling of four springs (CBS-2, CBS-4, CBS-6, and CBS-9) using a 500 micron mesh dip 
net.  At each spring a total of 20 sweep samples were collected with the dip net.  All samples were 
elutriated and cleaned in the field, placed in jars, labeled, and preserved in 95% ethanol.  Samples 
were processed by Robert Wisseman, a qualified invertebrate taxonomist with Aquatic Biology 
Associates, Inc. (Table 1, Appendix C).  In addition, all mollusk samples, including spring snails, 
were processed by Edward Johannes (Deixis Consultants) and identified to the genus level (Table 
2, Appendix C). Wong’s springsnail was found present in CBS-2, CBS-4, CBS-9, and Additional 
Spring Site #1 (CBS-1).  Results of the survey are presented in Appendix C. 
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Physical	Habitat	Conditions	
 
 
On March 18, 2014, Geosyntec Hydrologist Brian Franz surveyed the Spring Fault Line area on 
the Cabin Bar Ranch.  Springs observations and flow measurements were completed at the four 
representative spring locations (CBS-2, CBS-4, CBS-6, and CBS-9) where 1-inch Baski cutthroat 
flumes have been installed.  Spring observations included measurement of channel length, width, 
depth, and flow rate (gauge measurements).  These observations are summarized in table 5 below.  
Channel lengths are generally measured from the base of the spring to the edge of the main collector 
ditch. Flow rates were measured by reading the front and back gauges installed in the flumes.   
 
Table 5.  Physical Habitat Conditions at Cabin Bar Ranch Springs (CBS-2, 4, 6, 9) 
 

 
Spring/Flume  

Front 
Gauge  
(ft)  

Back 
Gauge  
(ft)  

Flow rate 
(gpm)  

Channel 
Length  
(ft.)  

Channel 
Depth 
(inches)  

Channel 
Width 
(inches)  

CBS‐2   0.02   0.01   0.09   13   ½   8  
CBS‐4   0.04   0.01   0.36   19   1 ½   8  
CBS‐6   0.2   0.02   9   76   2 ½   12  
CBS‐9   0.14   0.02   4.4   85   3   16  

 
The following observations were recorded at each spring location: 
  
CBS-2  
CBS-2 is located adjacent to the main collector ditch and originates in an area of vegetation.  The 
spring water flows approximately 13 feet before joining with the main collection ditch.  The channel 
width is approximately 8-inches wide by ½-inch deep.  The flow rate was measured at approximately 
0.09 gpm.  
 
CBS-4  
CBS-4 originates in a broad area of vegetation located directly behind the spring flume.  The channel 
is approximately 19 feet long from the edge of the vegetation to the main collection ditch.  The channel 
is 8-inches wide by 1½ - inches deep. The flow rate was measured at approximately 0.36 gpm.  
 
CBS-6  
CBS-6 is located adjacent to the horse stables at the caretaker residence.  The spring forms an imperfect 
12 by 12 foot pond located beneath a large willow tree and spring water flows 76 feet down a 1 foot 
wide by 2½ -inch deep channel to the collector ditch.  The flow rate was measured at 9.0 gpm.  
 
CBS-9  
CBS-9 is the northernmost spring on the Cabin Bar Ranch.  The spring originates in a broad crescent 
shaped pool with dimensions of approximately 10 by 16 feet.  The spring is located at the base of a 
red willow.  The channel is approximately 85 feet long with a channel width and depth of 16-inches 
and 3-inches, respectively.  The flow rate was measured at 4.4 gpm. 
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Appendix	A:	Photo‐documentation	of	the	Springs	along	the	Spring	Line	
Fault	 	
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Photo 1: CBS–9 – the spring water originates beneath the large red willow in the center of the photo. Water flows 
through a thirty cm wide hand-dug ditch for a distance of fifteen meters to the main collector ditch.  
 

 
Photo 2: CBS-6 - the spring daylights into a small pond (2.5 m in diameter, 5 square meters in area) at the base of a 
large red willow.  The water then flows through the flume, then 11 meters along a small hand-dug feeder ditch to the 
main collector ditch. 
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Photo 3: CBS-6 – The spring shown in the previous picture is just off to the right. Photo shows the feeder ditch 
carrying water from the flume (at the stake) 11 meters to the main collector ditch (out of the image frame to the left).  
 

 
Photo 4: CBS 2 – The spring originates underneath dense common reed just to the right of the flume (surrounded by 
cement bags) in the center of the photo.  This spring was producing very minimal flow at the time of the July 30, 2013 
survey and flowed through a 30 cm wide hand-dug feeder ditch three meters to the main collector ditch.   
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Photo 5: CBS 4 - The spring originates underneath dense American bulrush behind the flume (surrounded by cement 
bags in the center of the photo).  This spring was producing very minimal flow at the time of the July 30, 2013 survey 
and flowed through a 30 cm wide hand-dug feeder ditch four meters to the main collector ditch (behind and to the left 
of the photographer).   

 
Photo 6: Main Collector Ditch – The ditch runs in a northwesterly to southeasterly orientation to the east of the 
springs along the Spring Line Fault.  The ditch averages 2.5 meters wide and has standing water along its length 
averaging 1 meter deep.  Average vegetation cover on the banks and tops of the ditch is 90 per cent. Vegetation 
(predominantly common reed, bulrush, cattails, with scattered red willow and Russian olive) is growing into the 
water within the ditch and covering the water surface.



 
GANDA  Cabin Bar Ranch Spring Fault Baseline Conditions 
March 2014 B-1 CG Roxane 
 

Appendix	B:	Fish	Survey	Memo	Report	
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Appendix	C:	Benthic	Macroinvertebrate	Survey	Results
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Table 1.  Benthic Macroinvertebrates collected from Cabin Bar Ranch springs, Owens Valley, CA, July 29, 2013

Qualitative dip-net samples, 500 micron mesh       
For San Marino Environmental Associates, Jonathan Baskin, jnbaskin@pacbell.net  
Determined by Aquatic Biology Associates, Inc., Corvallis, OR, Robert Wisseman, bob@aquaticbio.com  

 Spring name     
Taxon CBS-2 CBS-4 CBS-6 CBS-9 Common name Higher classification Family Comments 
Turbellaria  1  6 flat worms Turbellaria  common, generally tolerant 
Nemata    1 round worms Nemata  common, generally tolerant 
Oligochaeta 1 4  14 segmented worms Annelida  common, generally tolerant 
Sphaeriidae 2 2 2 259 fingernail clams Mollusca: Gastropoda Sphaeriidae common, generally tolerant 
Hydrobiidae  418  1 spring snails Mollusca: Gastropoda Hydrobiidae potential T & E taxa; CBS9 had 1 juvenile 
Physa 3   70 pond snails Mollusca: Gastropoda Physidae common, tolerant 
Menetus    23 ramshorn snails Mollusca: Gastropoda Planorbidae common, tolerant 
Ostracoda  1  8 seed shrimps Crustacea: Ostracoda  common, generally tolerant 
Hyalella    5 scuds Crustacea: Amphipoda Talitridae common, tolerant 
Procambarus clarkii   2  crayfish Custacea: Decapoda Cambaridae invasive-introduced species 
Acari    1 water mites Araneae  common 
Aeshnidae   1  dragonflies Insecta: Odonata Aeshnidae common, tolerant 
Argia   1 2 damselflies Insecta: Odonata Coenagrionidae common, tolerant 
Microvelia  2  1 broad shouldered water striders Insecta: Hemiptera Veliidae common, water surface taxa 
Hydroptila  1   caddisflies Insecta: Trichoptera Hydroptilidae common, tolerant 
Oxyethira    2 caddisflies Insecta: Trichoptera Hydroptilidae common, tolerant 
Dytiscidae  117 2 156 predaceous diving beetles Insecta: Coleoptera Dytiscidae common, tolerant 
Hydraenidae  1  1 minute moss beetles Insecta: Coleoptera Hydraenidae common 
Hydrophilidae  21  5 water scavenger beetles Insecta: Coleoptera Hydrophilidae common, tolerant 
Ceratopogoninae 3    no-see-um midges Insecta: Diptera Ceratopogonidae common, tolerant 
Dasyhelea    1 no-see-um midges Insecta: Diptera Ceratopogonidae common, tolerant 
Chironomidae 1 1 7 13 midges Insecta: Diptera Chironomidae common, generally tolerant 
Culicidae   3  mosquitoes Insecta: Diptera Culicidae common, generally tolerant 
Dixella 1    dixid midges Insecta: Diptera Dixidae common, tolerant 
Ptychoptera 1    phantom crane flies Insecta: Diptera Ptychopteridae common, tolerant 
Sciomyzidae    1 marsh flies Insecta: Diptera Sciomyzidae common, tolerant 
Caloparyphus  2   soldier flies Insecta: Diptera Stratiomyiidae common, tolerant 
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   Table 2. Mollusks found at spring sites. 

TAXON 
All UTM Coordinates in Zone 11 NAD 83 

SITES 
CBS2 
0408185E, 4019000N 

CBS4 
0408234E, 4018924N 

CBS9 
0408063E, 4019219N 

Extra Spr. Site #1 
0408160E, 4019050N 

Pyrgulopsis wongi Hershler, 1989 (Wong’s spring snail) 85 4 5 102 
Physella sp. (Pond snails; juveniles)   4  
Pisidium sp. (fingernail clams) 1  3 7 
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Appendix	D:	Physical	Habitat	Conditions	at	the	Spring	Fault	Line	Area	
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