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• All equipment and work-related materials (including loose-wires, open containers, 
other supplies and materials) shall be contained in closed containers. Loose items 
(e.g., rags, hoses) shall be stored within closed containers or enclosed in vehicles.

• All exposed hoses or cords lying on the ground outside of primary work areas 
(immediate vicinity of the drilling rig) shall be covered to prevent access by condors. 
Covering can be by burying or covering with heavy mats, planks, or grating.

• All liquids shall be in closed containers.

• Any use (perching, landing) of a well site and its associated facilities by California 
condors shall be recorded and reported.

• Perching on facilities by condors will be discouraged with the use of deterrents 
such as “Daddi Long Legs” or porcupine wire.

• Barriers (such as welded wire fabric or hardware cloth) will be installed around 
well cellars and on secondary containment pans to prevent access by condors.

• Poly-chemical lines will be replaced with stainless steel lines to preclude condors 
from obtaining and ingesting pieces of poly line.

• Perimeter fencing will be installed around well pads to discourage access by condors.

• If condor use patterns change and well sites become frequented by condors, the 
project proponent and the USFWS will identify additional mitigation measures to 
help avoid impacts to condors.

• Drilling will be completed outside of the condor fledging period (generally 
October 1 through February 28). 

5.A.2. Arroyo Toad, Red-Legged Frog, and Fairy Shrimp

• Facilities and roads will be located outside of vernal pools, riparian zones, and 
other aquatic or wetland habitats.

• New drilling pads will be constructed in a manner that avoids or minimizes 
sedimentation or harmful runoff from entering aquatic or wetland habitats, and 
that avoids adversely affecting natural drainage patterns of these habitats.
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Figure 5.B-3. Well density (stimulated and unstimulated) in the Ventura Basin.
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Figure 5.B-4. Increase in well density attributable to hydraulic fracturing-enabled development 
in the Ventura Basin. Those þelds in the Ventura Basin with at least 500 hectares of natural 
habitat impacted by hydraulic-fracturing-enabled development, in descending order of number 
of impacted hectares (indicated in parentheses): Sespe (1942), Ojai (1238), Ventura (623). All 
three þelds are located in Ventura County.
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Figure 5.B-5. Well density (stimulated and unstimulated) in the Los Angeles Basin.
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Figure 5.B-7. Well density (stimulated and unstimulated) in the Santa Maria Basin and the 
northwest portion of the Ventura Basin. The area depicted had no alterations in well density 
attributable to hydraulic-fracturing enabled production, so no map of the increased density 
attributable to well stimulation is shown.
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Figure 5.B-8. Well density (stimulated and unstimulated) in the Sacramento Basin The area 
depicted had no alterations in well density attributable to hydraulic-fracturing enabled 
production, so no map of the increased density attributable to well stimulation is shown.



http://www.conservation.ca.gov/dlrp/fmmp
http://www.conservation.ca.gov/dog/maps/Pages/GISMapping2.aspx
http://www.conservation.ca.gov/dog/maps/Pages/GISMapping2.aspx
http://www.conservation.ca.gov/dog/prod_injection_db/Pages/Index.aspx
http://legacy.biogeog.ucsb.edu/projects/gap/gap_home.html
http://legacy.biogeog.ucsb.edu/projects/gap/gap_home.html
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5.C.2. Measuring the Contribution of Stimulated Wells to Well Field Density

We obtained a GIS layer of all wells and database records of oil and gas production from 
1977-2014 from the California Division of Oil, Gas and Geothermal Resources (DOGGR, 
2014a). We limited our analysis to wells that had more than one day of production 
(or injection) between 1977 and September 2014. We used the location of these wells 
to estimate the point density of present wells over the landscape and the relative 
contribution of wells identified as having stimulation applied (HF wells) to that density.

To identify known HF wells (KNOWN_WST_WELLS), we obtained a list of API numbers 
of wells identified as being hydraulically fractured. The list was created by compiling all 
reported cases of hydraulic fracturing in California in the seven data sources described 
in Volume I, Chapter 3, Section 3.5, “Data Quality, Availability, and Gaps.” We matched 
the API numbers with the master list of well locations and added an attribute identifying 
known stimulated wells.

We lacked complete data on the well stimulation status of all wells and estimated that 
there were additional wells with applied stimulation beyond those confirmed (KNOWN_
HF_WELLS). To account for these potential additional wells we used a previously 
developed table identifying the estimated percentage of wells with hydraulic fracturing 
per specific sub-areas and pools within each field. The development of this table is 
described in detail in Appendix 5.E. Specifically, we used the column from the table in 
Appendix 5.E called est_%_of_frac_adj: the estimated percent of all wells in the pool 
with hydraulic fracturing We adjusted these percentages to account for wells already 
identified as hydraulically fractured wells, and used the adjusted percentages to estimate 
the percentages of remaining wells likely to have stimulation applied. We used these 
percentages to estimate the per-well probability of having applied stimulation in our 
master point layer (ALL_WELLS). These probabilities, along with known stimulated  
wells, made up our estimate of hydraulically fractured wells (HF_EST).

We added population columns to our ALL_WELLS layer to calculate point density of all 
wells (including hydraulically fractured wells), and all wells without hydraulically 
fractured wells and without factions of wells with some probability of being included  
with hydraulically fractured wells:

POP_ALL_WELLS – All wells have a population of 1

POP_WO_ EST – All wells have a population of 1 minus HF_EST, where HF_EST is 1 for 
known stimulated wells and the adjusted probability of being a stimulated well for all 
remaining wells.

Using these three population estimates we created three sets of raster GIS layers (i.e. 
grids of cells) of point density of wells within moving, circular window with a 454 m 
radius (0.65 km2), and an output cell size of 1 hectare. The 0.65 km2 area was chosen 
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to provide comparability to previous studies where density was measured over areas of 
approximately 0.25 mi2 (Fiehler and Cypher, 2011). For the first raster layer (DENSITY_
ALL), we calculated point density with all wells having a value of 1. For the 2nd raster 
layer (DENSITY_WO_MIN), we calculated point density without our minimum estimate 
of hydraulically fractured wells. For the 3rd, we calculated point density without our 
maximum estimate of hydraulically fractured wells (DENSITY_WO_MAX) without our 
maximum estimate of hydraulically fractured wells.

For each of the three raster layers, we reclassified point density into four classes 
comparable to those described by (Fiehler and Cypher, 2011): Control (< 1 well / km2), 
Low Density (1-15 wells/km2), Medium Density (15-77 wells/km2), or High Density (> 
77 wells/km2). We used a set of Map Algebra (Tomlin, 1994) statements to combine 
the results of the three raster layers into a single composite with codes representing 
the density class of all wells, the density class of wells without the minimum estimated 
hydraulically fractured wells and the density class of wells without the maximum 
estimated WST well:

POP_COMPOSITE = (POP_ALL_WELLS * 10) + (POP_WO_EST)

The resulting calculation summarized our three layers using a 2-digit density class code 
for each cell. With each 2-digit code, the left digit represents the estimated density class 
without known hydraulically fractured wells and fractions of wells with some probability 
of being hydraulically fractured, and the right digit represents the measured density class 
(including known hydraulically fractured wells). For example, a code of 34 would mean 
that cell is currently in the High Density class (4) and would be estimated as Medium 
Density class (3) without our estimate of hydraulically fractured wells.

5.C.3. Measuring the Potential Impacts of Well Stimulation on Habitats for Wildlife 
and Native Plants

To estimate the potential impact of well stimulation treatments on wildlife and native 
plant habitats we created a composite GIS layer with codes for DOGGR well fields 
(DOGGR, 2014b), California counties, and land use/land cover classes from a state-wide 
vegetation layer (UCSB Biogeography Lab, 1998) combined with a more recent layer of 
farmland and urban areas in California (DOC, 2012). Each unique combination of field 
and land use/land cover class was assigned a 4-digit numerical code. We converted the 
composite land use/land cover and field layer to a raster GIS layer aligned to our density 
class layer (FIELD_GAP_COMPOSITE) with the 4-digit numerical codes as values. We used 
a Map Algebra statement to combine the field and land use/land cover class cells with 
their spatially coincident well density classes:

POP_FIELD_GAP_COMPOSITE = (POP_COMPOSITE * 10,000) + (FIELD_GAP_COMPOSITE)
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The resulting calculation generated a new 6-digit numeric string consisting of both the 
2-digit density class codes (left 2 digits) and the 4-digit combinations of well field and 
land use/land cover map units (right 4 digits). We built an attribute table for the resulting 
raster layer (POP_FIELD_GAP_COMPOSITE) and added the following columns to the 
attribute table:

FIELD_GAP_ID = Right 4 digits of 6-digit code

DNS_EST = Density without hydraulically fractured wells, 1st digit from left of 6-digit code

DNS_ALL = Measured density, 2nd digit of 6-digit code

Area_HA = Count of 1 hectare cells

For each row of the attribute table we used FIELD_GAP_ID to join additional attributes for 
field, county, and land use/land cover class. We organized the attribute table into a table 
identifying each combination of mapped vegetation class, field, county, and measured 
density class and the total area (hectares). For each combination we identified the areas 
where the present density class was greater than the density class without hydraulically 
fractured wells.
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County and Field

Habitat types

Total
Buck Brush 
Chaparral

Venturan Coastal 
Sage Scrub

South Mountain 148 148

Torrey Canyon 24 24

Ventura 513 513

West Mountain 11 11

Grand Total 1224 3166 4390

(c) Area of non-native grassland and valley saltbush scrub habitat impacted by hydraulic-
fracturing-enabled-development by county and field. All units in hectares.

County and field

Habitat types

Total
Non-native 
grassland

Valley saltbush 
scrub

Fresno  14 14

Coalinga 14 14

Kern 3305 10035 13340

Antelope Hills 1 16 17

Asphalto 100 100

Beer Nose 1 1

Belgian Anticline 7 7

Belridge, North 438 438

Belridge, South 126 328 454

Buena Vista 1032 1032

Cal Canal Gas 29 29

Chico Martinez 70 70

Cienaga Canyon 158 158

Coles Levee, North 98 98

Coles Levee, South 13 13

Cymric 9 44 53

Devils Den 356 356

Edison 3 3

Elk Hills 5 5261 5266

Kern Front 3 3

Kern River 2 2

Lost Hills 560 560

Lost Hills, Northwest 5 5

McKittrick 271 271

Midway - Sunset 33 607 640

Monument Junction 305 305

Mount Poso 1786 1786

outside field boundaries 301 517 818





http://ccst.us/projects/hydraulic_fracturing_public/SB4.php
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fracturing occurred if records for all the wells were searched. For pools in Kern County, 
the percentage of records searched is less than 100 by design, as explained in Volume 1, 
Chapter 3. For pools outside Kern County for which fewer than 100% of the records were 
searched, this occurred because scanned records were unavailable for some wells.

Because the well record sampling for Kern County was random at the county rather 
than the pool level, the proportion of records searched for pools in the county varies 
considerably. Uncertainty bounds for these pools, and others with less than 100% of the 
records searched, are not included, but could be calculated from the data provided. The 
reader should be aware that the uncertainty varies from pool to pool when using these 
results. Specifically, the further the percentage of records searched is from 100, and the 
fewer the records searched in absolute terms, the greater the uncertainty. Consequently it 
may be inappropriate to use the values provided for any particular pool without noting  
the uncertainty involved.

Following is a description of the data fields in this appendix:

Field: Name of the oil or gas field assigned to a well by DOGGR

Area: Name of the oil or gas field area assigned to a well by DOGGR. Note that unlike  
the name DOGGR uses for fields and pools in its databases, the names it uses for area end 
with the generic term, in this case “Area.”

Pool: Name of the oil or gas field pool assigned to a well by DOGGR

#_of_1st_pro_or_inj_wells: The number of wells that were first produced or injected 
during the sampling frame.

#_of_records_searched: The number of wells that were first produced or injected during 
the sampling frame.

%_searched: The percent of wells in the sampling frame whose records were searched 
(#_of_records_searched/#_of_1st_pro_or_inj_wells*100).

#_of_frac_records: The number of well records confirmed as indicating a hydraulic 
fracturing operation occurred in the well.

%_frac_records: The percent of well records search indicating a hydraulic fracturing 
operation occurred (#_of_frac_records/#_of_records_searched*100).

est_#_of_frac: The estimated number of all wells in the pool with hydraulic fracturing 
during the sampling frame as indicated by the well record search results (%_frac_
records*#_of_1st_pro_or_inj_wells).
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est_#_of_frac_adj: The estimated number of all wells in the pool with hydraulic fracturing 
(est_#_of_frac*1.63; see Volume I, Appendix N cover sheet for explanation of this factor).

est_%_of_frac_adj: The estimated percent of all wells in the pool with hydraulic fracturing 
(est_#_of_frac_adj/#_of_1st_pro_or_inj_wells*100).

est_%_of_all_frac: The estimated percentage of all hydraulic fracturing operations in the 
state that occurred in a pool in the sampling frame (est_#_of_frac*1.63; see Volume I, 
Appendix N cover sheet for explanation of this factor).

est_annual_#_of_frac: The estimated number of average annual number of hydraulic 
fracturing operations occurring in a pool during the sampling frame period (est_%_of_
all_frac*12 months/year*150 operations/month; see Volume I, Chapter 3 for explanation 
of the estimate of the number of hydraulic fracturing operations per month in the state).


