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EXECUTIVE SUMMARY  
This 2020/2021 Proactive Dust Control Plan (PDCP) was prepared for the Imperial Irrigation District (IID) 
as a requirement of the Salton Sea Air Quality Mitigation Program (SS AQMP; IID 2016). The SS AQMP was 
developed in 2016 for IID, in cooperation with the Imperial County Air Pollution Control District. It has 
three main components: 1) an annual Emissions Monitoring Program to estimate emissions and to identify 
high priority areas of exposed playa for proactive dust control, 2) an annual PDCP with recommendations 
and design for site-specific dust control measures (DCMs), and 3) implementation and monitoring of DCMs 
to mitigate potential dust source areas proactively as playa becomes exposed. The annual Emissions 
Monitoring Program is designed to work hand-in-hand with the development of the annual PDCP and 
subsequent implementation and monitoring of DCMs. An independent peer review of the 2019/2020 
Emissions Estimate was conducted in spring 2021, consistent with EPA’s peer review guidelines. Reviewers 
were charged with providing feedback on each component of the emission estimate workflow, including 
any important improvements to the methods and an overall assessment regarding the scientific 
appropriateness of the current methods to meet the goal of identifying high priority playa areas for dust 
mitigation.  As demonstrated by the comments and summary statements from each reviewer, the 
emissions estimate approach is scientifically rigorous and achieves the objectives of the program (IID 
2021). 

Implementation of the SS AQM Program, including the main components identified above, is based on a 
comprehensive, science-based, adaptive approach to proactively address the potential for increased dust 
emissions associated with the transfer of up to approximately 300,000 acre-feet per year of conserved 
water under the Quantification Settlement Agreement (QSA). The conserved water transfer reduces the 
volume of agricultural return flow to the Salton Sea, thereby increasing the potential for exposed playa 
and dust emissions that could affect communities and agriculture near and around the Sea. 

The stated goal of the SS AQMP is to keep playa emissions at low levels, even as playa exposure 
accelerates, through implementation of targeted, proactive DCMs on priority playa areas. As described 
above, the PDCP is developed based on results of the annual emissions estimate. Compared to the median 
cases of the previous three monitoring periods, the playa emissions estimates for the 2019/2020 
monitoring period decreased by about one order of magnitude (IID 2021). This is mainly due to more 
frequent and larger magnitudes of rainfall occurring in the 2019/2020 monitoring period compared to 
previous years. The 2019/2020 emissions estimates were aggregated with the previous three emissions 
estimates to develop four-year average annual emissions estimates values (IID 2021) (Figure 1). Spatially, 
the four-year average value ranges from no emissions to 55.1 tons per square kilometer (tons/km2). 
Further analysis of the data shows that a relatively small percentage of the playa is responsible for the 
majority of playa emissions. Specifically, approximately 10% of the playa is responsible for over 55% of 
playa emissions, and approximately 20% of the playa is responsible for nearly 83% of playa emissions. 
Note that these areas are not necessarily contiguous and are based on 30 x 30 m grid areas. The majority 
of these relatively high emissive grids have existing or planned DCMs, which will mitigate more than 62% 
of the annual emissions estimate. The four-year average PM10 (particulate matter less than 10 microns in 
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diameter) emissions potential for exposed playa and the locations of existing and planned DCMs are 
presented in Figure 1. 

Based on results of the 2019/2020 emissions estimate, no new areas are recommended for dust 
mitigation. Accordingly, the purpose of this fourth annual PDCP is to report progress on implementation 
of the dust control recommended in the 2019/2020 PDCP. The 2019/2020 PDCP recommended dust 
mitigation projects on approximately 7,000 acres, implemented in a series of steps over three years. 
Several of the projects and acreage include joint (or individual) efforts between IID and the State’s Salton 
Sea Management Plan. In addition, this PDCP also provides performance monitoring results of existing 
dust control areas and an update on program-level planning activities. 

PROGRESS UPDATE ON IMPLEMENTATION OF 3-YEAR PLAN 
PLANNING, DESIGN, AND IMPLEMENTATION 
The 2019/2020 PDCP identified three steps of dust control implementation over three years based on 
analysis of current and historical emissions estimates (IID 2020) (Figure 1, Figure 2, Table 1). The steps 
include the following: Step 1a/1b, Surface Roughening; Step 2a/3a, Surface Roughening with Future 
Vegetation Enhancement; and Step 2b/3b, Plot Studies with Future Scaled Implementation. In addition, 
two benchtop studies were completed to evaluate the dust control effectiveness of surface stabilizers and 
bio-grout. Each is described below. 

• Step 1a/1b, Surface Roughening. This includes implementation of surface roughening on suitable 
playa and soil conditions. Step 1a includes areas for surface roughening only and Step 1b includes 
areas for temporary surface roughening to provide interim control within areas planned for 
stakeholder habitat projects (e.g., the State of California’s Species Conservation Habitat Project 
[SCH]). Step 1a surface roughening is planned in the Bombay Beach, Mundo, and Poe Road planning 
areas. Dust control plans for each area are included as Appendix 1, Appendix 2, and Appendix 3, 
respectively. The dust control plans include the areas identified for surface roughening, dust control 
design, modeling results from the Single Wind Event Erosion Program (SWEEP), and planned 
performance monitoring. These three areas are ready for implementation, pending receipt of the 
approved jurisdictional determinations from the US Army Corps of Engineers.  

Appendix 4 includes the temporary dust control plan for the future SCH Project area. Development 
and implementation of the plan was completed in collaboration with the California Natural Resource 
Agency (CNRA), California Department of Water Resources (DWR) and California Department of Fish 
and Wildlife (CDFW). Surface roughening was implemented by DWR in the summer of 2020, and 
performance monitoring is ongoing by IID and DWR.   

• Step 2a/3a, Surface Roughening with Future Vegetation Enhancement. This includes a combination 
of surface roughening and vegetation establishment based on site-specific suitability. Step 2a includes 
implementation of surface roughening and water development activities followed by future 
vegetation establishment on the same acreage in Step 3a. Surface roughening will not occur in the 
Step 2a areas until water development activities confirm an irrigation water supply because the soils 
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are generally not suitable for long-term surface roughening. Planning and design of the Step 2a/3a 
areas are pending development of water supply. Dust control plans for Step 2a/3a areas will be 
included in future PDCPs. 

• Step 2b/3b, Plot Studies with Future Scaled Implementation. This includes plot studies and water 
development activities in the Western domain of the Salton Sea. Plot studies are designed for the San 
Felipe and the Clubhouse planning areas. The dust control plans for each area are included Appendix 
5. The plot studies will evaluate water supply options and vegetation establishment and maintenance 
requirements. Water supply options for irrigation include deep groundwater wells and shallow 
groundwater wells. In addition, the plot studies will evaluate waterless DCMs (e.g., sand fences and 
hay bales), which can be used in areas where surface roughening is not suitable and/or water supply 
is not available for vegetation establishment. The plot studies are designed to generate data regarding 
site-specific factors affecting DCM effectiveness, implementability, operations, maintenance, and 
cost. Results of the plot studies in Step 2b will inform larger-scale implementation of dust control in 
Step 3b for each planning area. The plot studies will be implemented in early 2022. Dust control plans 
for Step 3b areas will be included in future PDCPs. 

• Surface Stabilizer and Bio-Grout Benchtop Studies. Surface stabilizers are commonly used for dust 
control on unpaved roads, construction sites, helicopter landing sites, and other disturbed lands. 
Stabilizer products may also reduce dust emission potential of exposed playa. The benchtop studies 
included: 1) a surface stabilizer study performed using five commercially available surface stabilizer 
products, and 2) a bio-grout study performed using calcite precipitate-inducing mixtures based on 
results from similar studies. Results demonstrate that there is potential for using the technologies 
from both studies to control dust. The next step for the surface stabilizer study is field implementation, 
whereas the bio-grout needs further benchtop-scale study to develop field-scale methods. Appendix 
6 documents the methods and results of the benchtop studies. 

MAINTENANCE OF EXISTING DUST CONTROL  
DCM maintenance is essential for ensuring dust control effectiveness over time. Maintenance activities 
generally include augmenting vegetation to gap-fill hedgerows and expanding surface roughening. 
Maintenance activities are identified through routine performance monitoring. Based on performance 
monitoring results, several maintenance activities were recommended in the 2019/2020 PDCP for the 
Alamo South area. Performance monitoring data indicated that sources upwind of the dust control area 
are depositing sediment during high wind events in the furrows along the periphery of the site. While this 
indicates that surface roughening is working, as the furrows fill with coarse sediment, vegetation is 
necessary to augment control. Implemented maintenance activities in 2020 include the following: new 
surface roughening, new vegetation enhancements (direct seeding and transplanting), irrigation of 
existing vegetation, and general site clean-up. 

PERFORMANCE MONITORING  
Development and continuous refinement of performance monitoring techniques and appropriate 
maintenance criteria remained a focus of the PDCP. Effective performance monitoring includes multiple 
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lines of evidence to balance the strengths and weaknesses of individual methodologies. By pursuing 
multiple lines of evidence, a clear and readily interpretable assessment of dust control performance can 
be achieved. Results are used to guide operations and maintenance activities including management, 
augmentation, or replacement of DCMs in order to maintain a stabilized surface. Activities related to 
refinement of performance monitoring methods include the following:  

• Expansion of the visual surveillance network. In the fall of 2020, the network of visual surveillance 
with Roundshot cameras was expanded by two additional stationary sites at Bombay Beach and New 
River East. A portable Roundshot camera was also deployed in 2021 and is currently located at Alamo 
South. 

• Continued high wind event upwind-downwind monitoring. Upwind-downwind PM10 monitors (i.e., 
BGIs) were strategically positioned upwind and downwind from installed dust control areas to 
determine dust control effectiveness. Continued use of high wind event upwind-downwind 
monitoring for each dust control area is recommended, and three additional PM10 monitors will be 
available for upwind-downwind monitoring in the fall of 2021. 

• Testing of new surface motion monitoring equipment. A new and potentially improved surface 
motion monitor was evaluated in the spring of 2020: the “Standalone AeoliaN Transport Real-time 
Instrument,” or SANTRI. Based on results of a side-by-side comparison of the SANTRI with the 
currently employed Sensit Sand Catch system, six SANTRI units were deployed during the winter and 
spring of 2021 as part of the sand monitoring network. Eight SANTRI units total are planned to be 
deployed for the 2021-2022 dust season. 

• Continued development of saltation flux mapping methods. Further development, testing, and 
validation of the saltation flux methods occurred in 2020, leading to expedited analysis and 
subsequent decision-making regarding dust control performance and maintenance 
recommendations throughout the dust season. 

Detailed performance monitoring results for the Alamo River South, New River, and Coachella Playa 
planning areas are included in Appendix 7. Results from the 2019-2020 dust season indicate that no 
additional maintenance is recommended. 

PROGRAM-LEVEL PLANNING ACTIVITIES 
Program-level planning activities included groundwater development, wet and dry soil sampling, and 
acquisition of LiDAR imagery. These data provide IID and stakeholders with basic data, analysis, and 
information to facilitate broader playa-wide dust control planning efforts. Progress on each is described 
below.  

GROUNDWATER CHARACTERIZATION AND DEVELOPMENT 
Groundwater development is important because surface water resources around the Salton Sea are 
limited, especially along the west and east shores, and irrigation is necessary for the initial establishment 
of vegetation-based dust control. In addition, the long-term survivability of playa vegetation is often 



2020/2021 Proactive Dust Control Plan 

5 

dependent on its interaction with groundwater. The primary objectives of the groundwater program are 
to: 

• Characterize groundwater levels and trends and salinity trends in the uppermost groundwater-
bearing zone that may interact with the vegetation root zone. 

• Investigate and test the shallow groundwater-bearing zones (about the upper 100 feet) on the 
western and eastern shores to assess their suitability as an irrigation water supply. 

• Investigate and test the deeper groundwater-bearing zones (deeper than about 100 feet) on the 
western shore to assess its suitability as an irrigation water supply. 

Accordingly, the groundwater program includes three main components: 1) a groundwater 
characterization and monitoring program, including a shallow piezometer program, 2) a shallow supply 
test well program, and 3) a deep supply test well program. Each is summarized below and detailed in 
Appendix 8. 

• Shallow piezometer program. Declining groundwater-level trends are evident in the shallow 
groundwater systems around the Salton Sea. Based on the groundwater monitoring data collected 
from 2015 to present, near-surface groundwater is generally found between 5 and 15 feet below 
ground surface (bgs), and the average rate of groundwater-level decline ranges from approximately 
0.5 feet to 1.5 feet per year. Shallow piezometers will be used to identify and characterize shallow 
groundwater in the uppermost water-bearing zones that potentially interact with the root zones of 
plants used for vegetation-based dust control and of naturally occurring vegetation on the playa. 
Piezometers will be installed at six planning areas around the Sea, which are generally co-located 
with vegetation-based dust control. After installation and testing, the piezometers will be monitored 
to assess longer-term groundwater-level and salinity conditions as the Salton Sea water level 
declines. It is anticipated that at each piezometer location, a shallow (15 feet bgs) and deep (30 feet 
bgs) piezometer pair will be installed for a total of up to 58 piezometers. Implementation of the 
shallow piezometers is anticipated in early 2022. 
 

• Shallow and deep supply test well program. Although data are generally limited, available data 
suggest that groundwater in the West Salton Sea Groundwater Basin and the East Salton Sea 
Groundwater Basin could be developed as a limited water supply source for irrigation of vegetation-
based dust control. Shallow test wells are currently planned as a part of plot studies at the Clubhouse 
(three shallow test wells and one deep test well) and San Felipe (four shallow test wells) study areas. 
Additional shallow wells are being planned at Bombay Beach. The shallow and deep groundwater 
systems will be investigated in four general phases: 1) drilling, logging, and sampling a pilot boring; 
2) completing a test well, contingent on the results obtained during drilling of the pilot boring; 3) 
performing aquifer tests; and 4) converting the test wells into long-term production wells, contingent 
on the results obtained during the aquifer tests. Implementation of the test well program is 
anticipated to commence in early 2022. 
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TERRESTRIAL AND SUB-AQUEOUS SOIL SAMPLING 
Understanding soil properties of the exposed and future exposed Salton Sea playa surfaces is critical for 
dust control planning activities. These data are important to: 1) determine potential emissivity of an area 
(e.g., as an input to SWEEP model and in the annual emissions estimates methodology), 2) estimate water 
infiltration and redistribution (for irrigation and drainage for vegetation), 3) recommend suitable DCMs, 
4) recommend appropriate inputs for vegetation enhancement, 5) support irrigation water management, 
and 6) provide program-level information on sites with native vegetation. 

Terrestrial soil sampling on recently exposed playa began in 2016 to estimate soil texture fractions, 
characterize soil structure and quality (e.g., noting soil aggregates, signs of redox conditions, submission 
to a soils lab for nutrient analyses, etc.), and develop soil texture maps. Approximately 1,300 undisturbed 
soil cores have been collected using a Giddings Machine Company direct push soil probe with an average 
sampling density of one sample per nine acres and a range of one core per three acres to one core per 20 
acres across the planning domains. At each sampling location, intact soil samples were taken to a depth 
of five feet. Spectroradiometer readings were then collected at five-centimeter intervals to determine soil 
texture by depth. These spectral measurements were processed and correlated with a subset of soil 
samples analyzed for particle size distribution using a standardized methodology. Results demonstrate 
that a wide variety of soil textural classes can be found on the recently exposed Salton Sea playa. 

Sub-aqueous sampling, or what is commonly referred to as wet coring (i.e., the collection of sediment 
samples from inundated portions of the Salton Sea), occurred in January 2021. Samples were collected 
from the five-year (2022) and ten-year (2028) playa exposure planning horizons. Samples were 5-foot by 
3.85-inch diameter. Samples were collected using an air-boat-mounted vibracore machine to ensure 
continuity in the profile. In total, 168 sub-aqueous samples were collected across approximately 25,000 
acres. In addition, water column data were recorded at sample locations, including pH, specific 
conductivity, dissolved oxygen, oxidation reduction potential, turbidity, and water column depth. 

LIDAR ACQUISITION 
Light Detection and Ranging (LiDAR) data and aerial imagery data were co-collected for the majority of 
the exposed playa. The total area of data collection during the May 2020 acquisition was approximately 
12,650 acres (~20 square miles), in addition to the approximately 17,929 acres (~28 square miles) 
previously collected between May 2018 to March 2019. Appendix 8 describes the acquisition, ground 
control survey, LiDAR and imagery data processing, and the LiDAR accuracy results of the May 2020 LiDAR 
campaign. 

Airborne LiDAR and imagery were also collected in support of monitoring the performance of surface 
roughening arrays and vegetation on the playa. These acquisitions were specifically designed to collect 
very-high-density LiDAR data (~150 points per square meter) and very-high-resolution imagery (~3 cm) to 
facilitate detailed characterization of surface roughening and vegetation. These data are typically 
collected three times per year over four performance monitoring sites including Alamo South, New River, 
Poe Road, and Coachella Playa. These four sites have a combined area of approximately 3,655 acres (~6 
square miles).  
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FIGURE 1. STEP IMPLEMENTATION FLOWCHART 
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FIGURE 2. PM10 EMISSIONS POTENTIAL (FOUR-YEAR AVERAGE) AND EXISTING AND PLANNED DUST CONTROL 
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TABLE 1. PLANNING AND IMPLEMENTATION STATUS OF DUST CONTROL AREAS IDENTIFIED IN SALTON SEA AIR QUALITY MITIGATION PROGRAM (SS AQMP) PROACTIVE DUST CONTROL PLANS (PDCPS) 

As a part of the SS AQMP, an annual PDCP is prepared with recommendations and design for site-specific DCMs. The 2017/2018 PDCP and the 2018/2019 PDCP recommended implementation actions on an annual basis. The 2019/2020 PDCP recommended dust mitigation projects on approximately 
7,000 acres, implemented in a series of steps over three years. Based on results of the 2019/2020 emissions estimates, no new areas are recommended for dust mitigation. Accordingly, this 2020/2021 PDCP reports progress on implementation of the dust control recommended in the 2019/2020 
PDCP. Several of the recommended projects and acreage include joint (or individual) efforts between IID and the State’s Salton Sea Management Plan.  
 

Planning Area 
Acres  

2020-2023 
Implementation 

Step(s) Dust Mitigation Measure(s) 
Planning and Implementation Status 

PDCP Progress (Figure 1) 
 ID Common Name 1 2 3 Site 

Identification 
Site 

Characterization 
Conceptual 

Layout Field Layout Implementation 
and Monitoring 

Dust Control Areas Identified in the 2019/2020 PDCP 

S_01_A Bombay Beach 149 1a   Surface Roughening ✓ ✓ ✓ ✓  Implement <1 year  
S_01_B Bombay Beach 408  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_01_C Bombay Beach 137  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_03_A Mundo 120 1a   Surface Roughening ✓ ✓ ✓ ✓  Implement <1 year 
S_05_C Alamo South 71 1a   Surface Roughening ✓ ✓ ✓ ✓ ✓ Implemented 
S_05_D Alamo South 604 - - - Best Available Control Measure (BACM) ✓ ✓ ✓   Implement >1 year 
S_05_E Alamo South 211  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓ ✓ ✓ ✓ Implemented 
S_06_B New East 379 1b   Surface Roughening & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented* 
S_06_C New East 157 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ SCH Watch Area* 
S_06_D New East 389 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ SCH Watch Area* 

S_07_G New West 112 1b   Surface Roughening & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented* 
S_07_H New West 107 1b   Surface Roughening & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented* 
S_07_I New West 27 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ SCH Watch Area* 
S_07_J New West 29 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ SCH Watch Area* 
S_07_K New West 18 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ SCH Watch Area* 
S_07_L New West 83 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 
S_07_M New West 86 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 
S_07_N New West 50 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 
S_07_O New West 122 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 
S_07_P New West 222 1b   Surface Roughening & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

Implemented* 
S_07_Q New West 122 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 
S_07_R New West 163 1b   Watch Area & Future SCH Project ✓ ✓ ✓ ✓ ✓ 

SCH Watch Area* 

S_08_B Poe Road 300 1a   Surface Roughening ✓ ✓ ✓ ✓  Implement <1 year  
S_08_C Poe Road 100 1a   Surface Roughening ✓ ✓ ✓ ✓  Implement <1 year  
S_08_D Poe Road 130 1a   Surface Roughening ✓ ✓ ✓ ✓  Implement <1 year  
S_08_E Poe Road 474 - - - Poe Road Multi-Benefit Project (habitat and dust control) ✓ ✓ ✓   Implement >1 year 
S_08_G Poe Road 229  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
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Planning Area 
Acres  

2020-2023 
Implementation 

Step(s) Dust Mitigation Measure(s) 
Planning and Implementation Status 

PDCP Progress (Figure 1) 
 ID Common Name 1 2 3 Site 

Identification 
Site 

Characterization 
Conceptual 

Layout Field Layout Implementation 
and Monitoring 

S_08_H Poe Road 73  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_08_I Poe Road 35  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_09_A San Felipe 183  2b 3b Plot Study ✓ ✓ ✓ ✓  Implement <1 year 
S_09_B San Felipe 497  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_09_C San Felipe 33  2b 3b Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 
S_09_D San Felipe 162  2b 3b Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 

W_11_A Tule Fan 167  2b 3b Surface Roughening & Vegetation Enhancement ✓ ✓ ✓   Implement >1 year 
W_11_B Tule Fan 226  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓ ✓   Implement >1 year 
W_11_C Tule Fan 150  2b 3b Surface Roughening & Vegetation Enhancement ✓ ✓ ✓   Implement >1 year 
W_12_A Clubhouse 129  2b 3b Plot Study ✓ ✓ ✓ ✓  Implement <1 year 
W_12_B Clubhouse 46  2b 3b Vegetation Enhancement & Future Scaled Implementation ✓ ✓    Implement >1 year 
W_12_C Clubhouse 387  2b 3b Vegetation Enhancement & Future Scaled Implementation ✓ ✓    Implement >1 year 

W_13_A Travertine 86  2b 3b Vegetation Enhancement & Future Scaled Implementation ✓ ✓ ✓   Implement >1 year 

Dust Control Areas Identified in the 2017/2018 PDCP and 2018/2019 PDCP 

S_05_B Alamo South 125 - - - Existing Plot / Field Study ✓ ✓ ✓ ✓ ✓ Implemented 
S_05_A Alamo South 200 - - - Existing Plot / Field Study ✓ ✓ ✓ ✓ ✓ Implemented 
S_04_A Alamo North 410 - - - Existing Plot / Field Study ✓ ✓ ✓ ✓ ✓ Implemented 
S_06_A New East 196 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_A New West 24 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_B New West 109 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_C New West 35 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_D New West 60 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_E New West 153 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_07_F New West 183 - - - Existing Plot / Field Study & Future SCH Project ✓ ✓ ✓ ✓ ✓ Implemented 
S_08_A Poe Road 99 - - - Existing Plot / Field Study ✓ ✓ ✓ ✓ ✓ Implemented 
N_14_A Whitewater West 121 - - - Existing Plot / Field Study ✓ ✓ ✓ ✓ ✓ Implemented 

*Development and implementation of the Temporary Dust Control Plan for the SCH Project Area was completed in collaboration with the California Natural Resource Agency (CNRA), California Department of Water Resources (DWR) and California Department of Fish and Wildlife (CDFW). 
 



2020/2021 Proactive Dust Control Plan 

11 

REFERENCES 
Imperial Irrigation District (IID). 2016. Salton Sea Air Quality Mitigation Program. Prepared by the Salton 

Sea Air Quality Team. July. 

IID. 2020. Proactive Dust Control Plan: 2019/2020 Annual Plan. Prepared for Imperial Irrigation District by 
Formation Environmental as part of the Salton Sea Air Quality Mitigation Program. April. 

IID. 2021. Annual Report and Emissions Estimates for 2019/2020, Salton Sea Emissions Monitoring 
Program. Prepared for Imperial Irrigation District by Formation Environmental as part of the 
Salton Sea Air Quality Mitigation Program. September. 

 

 



Appendix 1: Step 1a Dust Control Plan for the 
Bombay Beach Planning Area 

at the Salton Sea 
 

 

 

Prepared for: 
Imperial Irrigation District 

 

 
 

Prepared by: 
Formation Environmental, LLC 

 

 

 

SEPTEMBER 2021 



Appendix 1: Step 1a Dust Control Plan for the Bombay Beach Planning Area at the Salton Sea 

ii 

TABLE OF CONTENTS 
1 Introduction ............................................................................................................................................... 1 

2 Surface Roughening ................................................................................................................................... 3 

2.1 Dust Control Planning ......................................................................................................................... 3 

2.2 Dust Control Layout ............................................................................................................................ 9 

2.2.1 SWEEP Setup ................................................................................................................................ 9 

2.2.2 SWEEP Results .............................................................................................................................. 9 

2.2.3 Dust Control Layout ..................................................................................................................... 9 

2.3 Performance Monitoring .................................................................................................................. 11 

3 Implementation Schedule ........................................................................................................................ 14 

4 References ............................................................................................................................................... 14 

 

Figures 

Figure 1. Step 1A Surface Roughening at Bombay Beach ............................................................................. 2 

Figure 2. Visible Dust Plumes Observed at the Bombay Beach Planning Area (December 5, 2017) ............ 4 

Figure 3. Wind Speed Profile Used for the SWEEP Runs (5-year return interval wind event, Bombay Beach 
Station) and Wind Roses for All Data and for the 99.9th Percentile Wind Speed ................................. 5 

Figure 4. Soil Particle Size in Plow Depth (Bombay Beach, Step 1a) ............................................................. 6 

Figure 5. Vegetation and Soil Surface Wetness ............................................................................................ 8 

Figure 6. Surface Roughening Layout for Step 1A at Bombay Beach ......................................................... 10 

Figure 7. Performance Monitoring at Bombay Beach (Step 1A)................................................................. 13 

 

 

 

 



Appendix 1: Step 1a Dust Control Plan for the Bombay Beach Planning Area at the Salton Sea 

1 

1 INTRODUCTION 
This document was prepared for the Imperial Irrigation District (IID) as part of its Salton Sea Air Quality 
Mitigation Program. The purpose of this document is to provide site-specific details on dust control design 
for surface roughening in Step 1a areas at the Bombay Beach Planning Area (S_01_A) (Figure 1). Proactive 
dust control was recommended in the 2019/2020 Proactive Dust Control Plan (PDCP) (IID 2020b). 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the 
approved jurisdictional delineation from the US Army Corps of Engineers. This dust control plan is not a 
construction dust control plan as defined under ICAPCD Rule 801.

The plan is described in the following sections: 

• Section 1, Introduction, describes the purpose of the dust control plan for the Bombay Beach Step
1a area.

• Section 2, Surface Roughening, describes the areas identified for Surface Roughening, dust control
design, and modeling results from the Single Wind Event Erosion Program (SWEEP). Planned
performance monitoring tasks are also described.

• Section 3, Implementation Schedule, describes the project schedule for implementation and
performance monitoring.

• Section 4, References, includes the references cited herein.
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2 SURFACE ROUGHENING 
This section includes details about the dust control planning and design completed for Step 1a areas at 
the Bombay Beach Planning Area, as well as planned performance monitoring tasks. 

2.1 DUST CONTROL PLANNING 

Dust control planning was completed using the Single-event Wind Erosion Evaluation Program (SWEEP). 
SWEEP is a module of the Wind Erosion Prediction System (WEPS), a physically based model developed 
by the United States Department of Agriculture (USDA), Agricultural Research Service (ARS), to assess soil 
erosion and the effectiveness of control measures in reducing PM10 (particulate matter less than 10 
microns in diameter) emissions. WEPS is used to evaluate annual erosion potentials for specific 
combinations of soils, surfaces, crops, climate, and roughness. SWEEP applies the same soil and erosion 
modules from WEPS to simulate the erosion and PM10 emissions potential over user-specified, “design,” 
24-hour wind events. Although SWEEP originates from an agricultural context, it has been successfully
applied in the design of pilot studies for dust control measures (DCMs) on disturbed lands (Tatarko et al.
2016), playa surfaces (Schaaf and Schreuder 2014), and at the Salton Sea (IID 2018b). Methods for using
SWEEP as a dust control design tool at the Salton Sea are described in detail in the PDCP for 2017/2018
(IID 2018b). Detailed inputs and assumptions in the SWEEP design for Step 1a Surface Roughening are
described below.

Current Surface Conditions: Data from the annual Emissions Estimates (IID 2018a, 2019, 2020a), as well 
as data collected during the spring of 2018 and 2019, were analyzed to determine current playa surface 
conditions where surface roughening is recommended. Plume observations during high wind events 
dating back to fall 2017 indicate that the project area can be periodically emissive. For example, visual 
dust plumes were observed on December 5, 2017, with northerly sustained winds up to 11 meters per 
second (m/s) (~22 miles per hour [mph]) (Figure 2). The area was further sampled with a PI-SWERL 
(Portable In-Situ Wind Erosion Laboratory) device for emissions potential in the spring of area. These data 
were collected consistent with the methods outlined in the Salton Sea Air Quality Mitigation Program. 
Results from these evaluations indicate that portions of the site are prone to erosion and can create visible 
dust emissions. 
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FIGURE 2. VISIBLE DUST PLUMES OBSERVED AT THE BOMBAY BEACH PLANNING AREA (DECEMBER 5, 2017) 

Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 PDCP documents the 
approach for characterizing shoreline wind events for dust control planning (IID 2020b). In general, wind 
conditions for events with 0.5- to 20-year return periods were characterized based on approximately nine 
years of measurements from the IID meteorological and air quality monitoring shoreline deployment 
network. Characteristic wind speeds and wind directions differ across the Sea. Conditions for a 1-in-5-year 
wind event at the Bombay Beach station, located approximately three miles west of the project area, were 
used to drive subsequent saltation flux simulations performed with the SWEEP model (Figure 3).  

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur across the project area. Two broad soil texture classes occur within 
the project area, area S_01A: 1) the western section consisting of more sandy, coarse soil textures (clay 
and silt fraction up to 40 percent), and 2) the eastern section, characterized by more fine-textured soils 
(clay and silt fraction 40 to 80 percent). Figure 4 shows the soil textural class for the top 60 centimeters 
(cm) (roughly two feet) of soil depth for the project area. For each of these soil classes, SWEEP simulations
were performed to evaluate baseline conditions for exposed playa as well as surface roughening scenarios 
to reduce emissions potential. The surface roughening scenarios included only directional surface
roughness (i.e., the creation of ridges and furrows perpendicular to the primary high winds). Roughening
alternatives considered included use of bull plow and switch plow (with alternating moldboard shanks
removed) to construct directional ridges and furrows. Random roughness, not evaluated as an alternative,
is non-directional and can be implemented using the switch plow with all moldboard shanks installed.
Simulations also explored the expected minimum and maximum ranges for soil crust conditions and the
resulting sand flux and associated dust emissions.
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FIGURE 3. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, BOMBAY BEACH 
STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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Surface Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize 
soil texture and assess the suitability for surface roughening (Figure 4). Soil cores were then taken to a 
depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention focused 
on the % silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the top 60 cm (two 
feet), a depth equivalent to the maximum depth of bull plow disturbance. Based on performance 
monitoring results of field-scale pilot studies, soils suitable for surface roughening are defined as having 
a minimum of 35-45% silt and clay (Figure 4). Soils in the 20-35% silt and clay range can still be roughened 
but will likely need augmentation (e.g., vegetation enhancement) within one to two years due to 
degradation of ridges.  

Avoidance Areas: The site layout avoids aquatic resources anticipated to be under the jurisdiction of the 
United States Army Corps of Engineers (USACE). This includes areas with wetland soil and vegetation. 
Avoidance areas were identified in IID’s Aquatic Resources Delineation (Figure 6). IID’s request for an 
Approved Jurisdictional Delineation is currently under review by the USACE. Aquatic resource avoidance 
areas may be refined pending USACE review.  

Even though these areas will not be roughened, wetland and vegetated surface features provide adequate 
dust control and will be monitored on an annual basis consistent with the annual Emissions Estimates (IID 
2020a). The annual Emissions Estimate includes the quantification of vegetation cover, surface soil 
moisture, and standing water (Figure 5). The soil moisture figure was developed using imagery from 17 
clear-sky Landsat satellite overpasses that occurred between July 2019 to May 2020, and by analyzing the 
percent of the time a given grid cell is “wet.” Wet grids were determined by applying a threshold of 0.33 
to the SWIR 1 band for a series of Landsat 8 satellite images to differentiate between “dry” and “wet” soil 
moisture conditions. Data from ground-based surveys, photointerpretation, and remotely sensed sources 
were used to establish the playa soil moisture threshold (IID 2020b). For each Landsat overpass, a given 
grid would be assigned either dry or wet values. The frequency of occurrence (number of times) each pixel 
in the Landsat imagery was wet was divided by the total number of Landsat satellite overpasses (i.e., 17 
in this case) to identify areas that are consistently wet and therefore have low emissions potential (Figure 
5).  
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2.2 DUST CONTROL LAYOUT 
The following sections detail the analysis used to develop the dust control layout for Step 1a Surface 
Roughening at the Bombay Beach Planning Area.  

2.2.1 SWEEP SETUP 
The SWEEP model was run over the range of soil textures described in Section 2.1. Soil texture and particle 
size distributions were based on the soil core survey (Figure 4), for both playa and roughened conditions. 
Surface crust conditions were based on quantitative and qualitative field observations. For the playa 
simulations, surfaces were assumed to be weakly crusted with a presence of loose erodible material on 
the surface that is known to initiate sand motion during high winds. These assumptions were made in 
order to mimic the conditions present when playa surfaces become emissive. However, these conditions 
do not exist for all playa areas, and not throughout the entire year. Therefore, this represents a 
conservative condition for design purposes. Two types of directional Surface Roughening were evaluated: 
bull plow and switch plow. The bull plow creates deeper and wider furrows than the switch plow. Model 
simulations were executed for both soil texture combinations. The model simulations were based on a 
24-hour wind speed profile constructed from long-term available wind data at the Bombay Beach station,
representing high wind events with a five-year return frequency and the 99.9th percentile wind direction
(Figure 3).

2.2.2 SWEEP RESULTS 
The modeling results indicate that sufficiently roughened playa surfaces can be considered non-emissive 
under typical conditions observed in the field. A combination of increased surface roughness (lifting the 
air stream and reducing wind speed at the surface), stable surface clods, and little to no loose surface 
material creates non-emissive surface conditions. These findings are consistent with observations in 
existing surface roughness areas around the Salton Sea. Playa conditions are non-emissive most of the 
year, due to a combination of stable salt crusts with little to no loose erodible material on the surface. In 
the SWEEP model runs, playa surfaces were parameterized to be emissive (Section 2.2.1). Playa emissions 
potentials were evaluated as a function of distance from the leading edge as saltation develops 
exponentially over distance to a maximum, equilibrium flux. Cumulative sand flux versus distance curves 
were developed for each soil texture, as individual curves based on soil texture did differ substantially. 
These curves formed the playa baseline of the proposed dust control design (next section).  

2.2.3 DUST CONTROL LAYOUT 
Surface roughening will be implemented on approximately 128 acres (Figure 6). The proposed dust control 
layout consists of two areas of full coverage using the switch plow, with oriented bull plow passes made 
overtop at 16-foot and 26-foot intervals. The two areas were made distinct by the difference in spacing 
of the bull plow furrows. This orientation and spacing of the bull plow furrows were determined by 
starting with the topographic orientation in SWEEP model runs. This orientation effectively reduces 
potential dust emissions from the predominantly westerly high wind direction at these sites, while also 
providing protection from less frequent, but periodically observed, high winds from a northerly wind 
direction (Figure 3). 
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The North-East block’s surface roughening was oriented 313 degrees from due North, at 26-foot spacing; 
while the South-West block’s orientation is 313 degrees from North, at 16-foot spacing, to accommodate 
the site’s varied topography. Exclusions and buffers were made for USACE avoidance areas, vegetation, 
and barnacle beds. A Staking and Implementation Plan (for use by the contractor) will be developed. 
Overall, the Surface Roughening design is anticipated to reduce potential sand flux and the associated 
dust emissions by at least 99 percent.  

2.3 PERFORMANCE MONITORING 
Dust control performance monitoring is essential for ensuring dust control effectiveness over time. 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and Imperial County Air Pollution Control District (ICAPCD) collaborative efforts (IID 2020a). 
Results of performance monitoring on field-scale pilot studies have demonstrated that an effective 
performance monitoring program includes multiple lines of evidence to balance the strengths and 
weaknesses of individual methodologies (IID 2020a). By pursuing multiple lines of evidence, a clear and 
readily interpretable assessment of dust control performance can be achieved. Consistent with the 
2019/2020 PDCP (IID 2020b), proposed performance monitoring equipment includes visual surveillance, 
five CSCs (Cox Sand Catchers) and one co-located Sensit at the upwind site (Figure 7). In addition, two 
potential sites are identified for upwind/downwind PM10 monitoring during specific wind events (Figure 
7). Each element is described below.  

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speeds. Although not a quantitative technique, this method has multiple strengths: field cameras 
are simple to operate, provide continuous dust monitoring, and require no data processing for 
interpretation. IID’s visual surveillance network (including stationary Roundshot camera recently installed 
at Bombay Beach) will be used to observe potential dust plumes from the site.  

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Sand flux monitoring instruments will be placed within the surface roughened areas. 
Two types of sand flux monitors will be deployed, either on a stand-alone basis or a co-located basis. One 
is a CSC consisting of a vertical tube that physically traps saltating particles at 15 cm above the soil surface. 
CSC sand masses are collected and weighed on a monthly basis. A CSC will be deployed on a stand-alone 
basis in areas where no to marginal sand motion is anticipated. In areas where sand motion is anticipated 
(e.g., upwind and uncontrolled playa locations), CSC will be co-located with a device (either a Sensit or 
SANTRI [“Standalone Aeolian Transport Real-time Instrument”]) to allow for distributing sand masses to 
estimate hourly fluxes. A Sensit is a piezoelectric sensor that registers saltating particles that strike the 
sensor at 15 cm above the soil surface. The Sensit can be connected directly to IID’s air quality monitoring 
network, or data can be downloaded manually in the field. Mass from the CSC will be time-resolved with 
the Sensit data to estimate an hourly sand flux. The SANTRI is a more recently developed instrument that 
measures sand motion based of optical particle count sensors. A side-by-side comparison of the SANTRI 
conducted by IID over the 2019-2020 season indicated that the SANTRI performs better than the Sensit in 
terms of reliability and sensitivity in low-sand motion conditions. 
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In general, the difference between the sand flux outside of the surface roughening areas is compared to 
measurements inside the surface roughening areas to provide an indicator of performance. Where 
possible, an open playa area outside of the surface roughening areas will be established as a reference. It 
is anticipated that sand flux within the surface roughened areas will be negligible (if surface roughening 
is performing as expected) compared to the reference areas outside of the site.  

Upwind/Downwind PM10 Monitoring. Upwind/downwind PM10 monitors may be strategically positioned 
along transects within the surface-roughened areas during specific wind events. Upwind/downwind PM10 
monitors include BGI Units (Model PQ200) or DustTrak (Model DRX 8533), or a combination thereof. In 
general, the difference in upwind and downwind PM10 concentrations provides an indicator of dust 
control performance in the intervening “controlled” area. If the difference is low (within the anticipated 
inherent concentration variability in a dust plume) or the downwind monitor concentrations are 
substantially less than those measured by the upwind monitor, then it is an indicator that the dust control 
measure (DCM) is performing well. Specifically, the data indicate that the DCM is not generating additional 
airborne particulate matter. If the downwind monitoring concentrations are substantially higher than 
those from the upwind monitor, then it is an indicator that the DCM may need augmentation, 
maintenance, or additional time for vegetation establishment, or it may be influenced by dust source 
areas adjacent to the monitors (e.g., roads, uncontrolled playa). 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR (Light Detection and Ranging) remote-sensing mapping to quantify site-specific 
measurements showing soil surface conditions, surface roughness attributes, and vegetation 
characteristics to develop a saltation flux estimate relative to the original playa condition (uncontrolled) 
(IID 2020b). These landscape data and corresponding potential saltation flux estimates (developed using 
SWEEP) provide a quantitative basis to spatially assess dust control performance. Saltation flux maps 
provide a means to determine if portions, or all, of the area covered by a DCM is working, or if portions 
might have deteriorated or are nearing the end of the DCM’s effective life. Thus, these types of maps 
provide a means to identify and delineate where maintenance actions (augmentation, re-roughening, 
vegetation enhancement) might be needed. Saltation flux maps will be generated three times per year 
consistent with the recommendations in the 2019/2020 PDCP (IID 2020b) for performance monitoring of 
surface roughened areas. 
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3 IMPLEMENTATION SCHEDULE 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the approved 
jurisdictional delineation from the US Army Corps of Engineers.  Implementation will occur over 
approximately two weeks. Performance monitoring will commence immediately upon implementation. 
Monthly technical meetings (as needed) will occur with ICAPCD to discuss implementation progress and 
performance monitoring results.  
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1 INTRODUCTION 
This document was prepared for the Imperial Irrigation District (IID) as a part of its Salton Sea Air Quality 
Mitigation Program. The purpose of this document is to provide site-specific details on dust control design 
for surface roughening in Step 1a areas at the Mundo Planning Area (S_03) (Figure 1). Proactive dust 
control was recommended in the 2019/2020 Proactive Dust Control Plan (PDCP) (IID 2020b). 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the approved 
jurisdictional delineation from the US Army Corps of Engineers. This dust control plan is not a 
construction dust control plan as defined under ICAPCD Rule 801.

The plan is described in the following sections: 

• Section 1, Introduction, describes the purpose of dust control plan at the Mundo Planning Area.

• Section 2, Surface Roughening, describes the areas identified for surface roughening, dust control
design, and modeling results from the Single Wind Event Erosion Program (SWEEP). Planned
performance monitoring tasks are also presented.

• Section 3, Implementation Schedule, describes the schedule for implementation and performance
monitoring.

• Section 4, References, includes the references cited herein.
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2 SURFACE ROUGHENING 
This section includes details about the dust control planning and design completed for Step 1a areas at 
the Mundo Planning Area, as well as planned performance monitoring tasks. 

2.1 DUST CONTROL PLANNING 

Dust control planning was completed using the Single-event Wind Erosion Evaluation Program (SWEEP). 
SWEEP is a module of the Wind Erosion Prediction System (WEPS), a physically based model developed 
by the United States Department of Agriculture (USDA), Agricultural Research Service (ARS), to assess soil 
erosion and the effectiveness of control measures in reducing PM10 (particulate matter less than 10 
microns in diameter) emissions. WEPS is used to evaluate annual erosion potentials for specific 
combinations of soils, surfaces, crops, climate, and roughness. SWEEP applies the same soil and erosion 
modules from WEPS to simulate the erosion and PM10 emissions potential over user-specified, “design,” 
24-hour wind events. Although SWEEP originates from an agricultural context, it has been successfully
applied in the design of pilot studies for dust control measures on disturbed lands (Tatarko et al. 2016),
playa surfaces (Schaaf and Schreuder 2014), and at the Salton Sea (IID 2018b). Methods for using SWEEP
as a dust control design tool at the Salton Sea are described in the PDCP for 2017/2018 (IID 2018b).
Detailed inputs and assumptions in the SWEEP design for Step 1a Surface Roughening are described
below.

Current Surface Conditions: Data from the annual Emissions Estimates (IID 2018a, 2019, 2020a), as well 
as data collected during the spring of 2019, were analyzed to determine current playa surface conditions 
where surface roughening is recommended. Plume observations from the area were observed during a 
high wind event on February 4, 2020 (Figure 2), with northerly sustained winds reaching 10 meters per 
second (m/s) (~20 miles per hour [mph]). Source delineation, surface characterization, and emissivity 
sampling were conducted in spring 2019. The source delineation effort included analysis of remotely 
sensed satellite imagery, field surface survey observations, PI-SWERL (Portable In-Situ Wind Erosion 
Laboratory) surveys of eroded and non-eroded areas, and final delineation of the contributing source 
area. These data were collected consistent with the methods outlined in the Salton Sea Air Quality 
Mitigation Program. The site was not accessible during the spring of 2020 due to road conditions. Results 
from the 2019 evaluations indicate that portions of the site are prone to erosion and can create visible 
dust emissions. Specifically, a localized area of approximately 120 acres (slated for surface roughening) 
contributed to the visible emissions during these events. 
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FIGURE 2. VISIBLE DUST PLUMES OBSERVED ON FEBRUARY 4, 2020, AT THE MUNDO PLANNING AREA 

Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 PDCP documents the 
approach for characterizing shoreline wind events for dust control planning (IID 2020b). In general, wind 
conditions for events with 0.5- to 20-year return periods were characterized based on approximately nine 
years of measurements from the IID meteorological and air quality monitoring shoreline deployment 
network. Characteristic wind speeds and wind directions differ across the Sea. Conditions for a 1-in-5-year 
wind event at the Sonny Bono station were used to drive subsequent saltation flux simulations performed 
with the SWEEP model (Figure 3). The Sonny Bono station was selected in preference to the Bombay 
Beach station because it is closer to the project area (<5 miles vs. ~11 miles), and the wind patterns at 
Sonny Bono are more representative of the project area. Since the wind speeds at Sonny Bono are likely 
higher than those that occur at the project area, this provides a reasonable, conservative upper bound for 
dust-generating wind events. 

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur across the project area. One broad soil texture class was applied 
to characterize the project area, specifically, a silt loam. Figure 4 shows the soil textural class for the top 
60 centimeters (cm) (roughly two feet) soil depth for the project area. SWEEP simulations were performed 
to evaluate baseline conditions for exposed playa as well as surface roughening scenarios to reduce 
emissions potential. The surface roughening scenarios included directional surface roughness (i.e., the 
creation of ridges and furrows perpendicular to the primary high winds, specifically, bull plow and switch 
plow [with alternating moldboard shanks removed] to construct directional ridges and furrows). Random 
roughness is non-directional and can be implemented using the switch plow with all moldboard shanks 
installed. Simulations also explored the expected minimum and maximum ranges for soil crust conditions 
and the resulting sand flux and associated dust emissions. 
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FIGURE 3. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, SONNY BONO 
STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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Surface Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize 
soil texture and assess the suitability for surface roughening (Figure 4). Soil cores were then taken to a 
depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention focused 
on the % silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the top 60 cm (two 
feet), a depth equivalent to the maximum depth of bull plow disturbance. Based on performance 
monitoring results of field-scale pilot studies, soils suitable for surface roughening are defined as having 
a minimum of 35-45% silt and clay (Figure 4). Soils in the 20-35% silt and clay range can still be roughened 
but will likely need augmentation (e.g., vegetation enhancement) within one to two years due to 
degradation of ridges.  

Avoidance Areas: The site layout avoids aquatic resources anticipated to be under the jurisdiction of the 
United States Army Corps of Engineers (USACE). This includes areas with wetland soil and vegetation. 
Avoidance areas were identified in IID’s Aquatic Resources Delineation (Figure 5). IID’s request for an 
Approved Jurisdictional Delineation is currently under review by the USACE. Aquatic resource avoidance 
areas may be refined pending USACE review.  

Even though these areas will not be roughened, wetland and vegetated surface features provide adequate 
dust control and will be monitored on an annual basis consistent with the annual Emissions Estimates (IID 
2020a). The annual Emissions Estimates includes the quantification of vegetation cover, surface soil 
moisture, and standing water (Figure 6). The soil moisture figure was developed using imagery from 17 
clear-sky Landsat satellite overpasses that occurred between July 2019 to May 2020, and analyzing the 
percent of the time a given grid cell is “wet.” Wet grids were determined by applying a threshold of 0.33 
to the SWIR 1 band for a series of Landsat 8 satellite images to differentiate between “dry” and “wet” soil 
moisture conditions. Data from ground-based surveys, photointerpretation, and remotely sensed sources 
were used to establish the playa soil moisture threshold (IID 2020b). For each Landsat overpass, a given 
grid would be assigned either dry or wet values. The frequency of occurrence (number of times) each pixel 
in the Landsat imagery was wet was divided by the total number of Landsat satellite overpasses (i.e., 17 
in this case) to identify areas that are consistently wet and therefore have low emissions potential (Figure 
6).  
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2.2 DUST CONTROL LAYOUT 
The following sections detail the analysis used to develop the dust control layout for Step 1a Surface 
Roughening at the Mundo Planning Area. 

2.2.1 SWEEP SETUP 
The SWEEP model was run over the range of soil textures described in Section 2.1. Soil texture and particle 
size distributions were based on the soil core survey (Figure 4), for both playa and roughened conditions. 
Surface crust conditions were based on quantitative and qualitative field observations. For the playa 
simulations, surfaces were assumed to be weakly crusted with a presence of loose erodible material on 
the surface that is known to initiate sand motion during high winds. These assumptions were made in 
order to mimic the conditions present when playa surfaces become emissive. However, these conditions 
do not exist for all playa areas, and not throughout the entire year. Therefore, this represents a 
conservative condition for design purposes. Two types of directional surface roughening were evaluated: 
bull plow and switch plow. The bull plow creates deeper and wider furrows than the switch plow. The 
model simulations were based on a 24-hour wind speed profile constructed from long-term available wind 
data at the Sonny Bono station, representing high wind events with a five-year return frequency and the 
99.9th percentile wind direction (Figure 3). 

2.2.2 SWEEP RESULTS 
The modeling results indicate that sufficiently roughened playa surfaces can be considered non-emissive 
under typical conditions observed in the field. A combination of increased surface roughness (lifting the 
air stream and reducing wind speed at the surface), stable surface clods, and little to no loose surface 
material creates non-emissive surface conditions. These findings are consistent with observations in 
existing surface roughness areas around the Salton Sea. Playa conditions are non-emissive most of the 
year, due to a combination of stable salt crusts with little to no loose erodible material on the surface. In 
the SWEEP model runs, playa surfaces were parameterized to be emissive (Section 2.2.1). Playa emissions 
potentials were evaluated as a function of distance from the leading edge as saltation develops 
exponentially over distance to a maximum, equilibrium flux. A cumulative sand flux versus distance curve 
was developed to provide data for the playa baseline of the proposed dust control design.  

2.2.3 DUST CONTROL LAYOUT 
Surface roughening will be implemented on approximately 120 acres (Figure 5). The proposed dust control 
layout consists of full coverage using the switch plow, with oriented bull plow passes made overtop at 26-
foot intervals. The orientation and spacing of the bull plow furrows were determined by starting with the 
topographic orientation in SWEEP model runs. This orientation effectively reduces potential dust 
emissions from the predominantly westerly high wind direction at the site (Figure 3). 

The surface roughening was oriented 354 degrees from due north, at 26-foot spacing. Exclusions and 
buffers were made for USACE avoidance areas and vegetation. A Staking and Implementation Plan (for 
use by the contractor) will be developed. Overall, the surface roughening design is anticipated to reduce 
potential sand flux and the associated dust emissions by at least 99 percent.  
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2.3 PERFORMANCE MONITORING 
Dust control performance monitoring is essential for ensuring dust control effectiveness over time. 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and ICAPCD collaborative efforts (IID 2020a). Results of performance monitoring on field-scale 
pilot studies have demonstrated that an effective performance monitoring program includes multiple 
lines of evidence to balance the strengths and weaknesses of individual methodologies (IID 2020a). By 
pursuing multiple lines of evidence, a clear and readily interpretable assessment of dust control 
performance can be achieved.  

Performance monitoring equipment at this site will likely consist of a camera and Cox Sand Catchers (CSCs) 
only due to the lack of sufficient uncontrolled upwind areas where sand motion and/or PM10 generation 
is anticipated. CSC placement will be determined once site access and travel within the site is established, 
so that monitoring locations can take into account safe access for field staff. Preliminary locations are 
shown in Figure 7. Other lines of evidence may also be used, if determined necessary. Each potential 
performance monitoring element is described below. 

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speeds. Although not a quantitative technique, this method has multiple strengths: field cameras 
are simple to operate, provide continuous dust monitoring, and require no data processing for 
interpretation. IID’s visual surveillance network will be used to observe potential dust plumes from the 
site. Specifically, the Roundshot camera at the Salton South (Red Hill Bay) location provides a view of the 
entire site from an easterly direction (for example, Figure 2), albeit in the distance. An additional mobile 
Roundshot trailer was constructed and will be used strategically during high wind events to monitor 
conditions within specific sensitive areas.  

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Sand flux monitoring instruments will be placed within the surface roughened areas. 
Specifically CSCs will be used, consisting of a vertical tube that physically traps saltating particles at 15 cm 
above the soil surface. CSC sand masses will be collected and weighed on a monthly basis. CSCs will be 
deployed on a stand-alone basis in areas where no to marginal sand motion is anticipated. In areas where 
sand motion is anticipated (e.g., upwind and uncontrolled playa locations), CSCs will typically be co-
located with a device (either a Sensit or SANTRI [“Standalone Aeolian Transport Real-time Instrument”]) 
to allow for distributing sand masses to estimate hourly fluxes. A Sensit is a piezoelectric sensor that 
registers saltating particles that strike the sensor at 15 cm above the soil surface. The Sensit can be 
connected directly to IID’s air quality monitoring network, or data can be downloaded manually in the 
field. Masses from the CSCs will be time-resolved with the Sensit data to estimate an hourly sand flux. The 
SANTRI is a more recently developed instrument that measures sand motion based on optical particle 
count sensors. A side-by-side comparison of the SANTRI conducted by IID over the 2019-2020 season 
indicated that the SANTRI performs better than the Sensit in terms of reliability and sensitivity in low-sand 
motion conditions. 
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In general, the difference between the sand flux outside of the surface-roughened areas is compared to 
measurements inside the surface-roughened areas to provide an indicator of performance. Where 
possible, an open playa area outside of the surface-roughening areas will be established as a reference. It 
is anticipated that sand flux within the surface-roughened areas will be negligible (if surface roughening 
is performing as expected) compared to the reference areas outside of the site. A preliminary set of 
proposed CSC locations is shown in Figure 7. Based on the lack of a significant stretch of uncontrolled 
playa west of the surface roughening, no Sensits or SANTRIs are planned for this area. 

Upwind/Downwind PM10 Monitoring. Although not currently proposed, upwind/downwind PM10 
monitors may be strategically positioned along transects within the surface-roughened areas. 
Upwind/downwind PM10 monitors include BGI Units (Model PQ200) or DustTrak (Model DRX 8533), or a 
combination thereof. In general, the difference in upwind and downwind PM10 concentrations provides 
an indicator of dust control performance in the intervening “controlled” area. If the difference is low 
(within the anticipated inherent concentration variability in a dust plume) or the downwind monitor 
concentrations are substantially less than those measured by the upwind monitor, then it is an indicator 
that the DCM is performing well. Specifically, the data indicate that the DCM is not generating additional 
airborne particulate matter. If the downwind monitoring concentrations are substantially higher than 
those from the upwind monitor, then it is an indicator that the DCM may need augmentation, 
maintenance, or additional time for vegetation establishment, or it may be influenced by dust source 
areas adjacent to the monitors (e.g., roads, uncontrolled playa). 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR (Light Detection and Ranging) remote-sensing mapping to quantify site-specific 
measurements describing soil surface conditions, surface roughness attributes, and vegetation 
characteristics to develop a saltation flux estimate relative to the original playa condition (uncontrolled) 
(IID 2020b). These landscape data and corresponding potential saltation flux estimates (developed using 
SWEEP) provide a quantitative basis to spatially assess dust control performance. Saltation flux maps 
provide a means to determine if portions, or all, of the area covered by a DCM is working, or if portions 
might have deteriorated or are nearing the end of the DCM’s effective life. Thus, these types of maps 
provide a way to identify and delineate where maintenance actions (augmentation, re-roughening, 
vegetation enhancement) might be needed. Saltation flux maps will be generated three times per year 
consistent with the recommendations in the 2019/2020 PDCP (IID 2020b) for performance monitoring of 
surface-roughened areas. 
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3 IMPLEMENTATION SCHEDULE 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the approved 
jurisdictional delineation from the US Army Corps of Engineers. Implementation will occur over 
approximately two weeks. Performance monitoring will commence immediately upon implementation. 
Monthly technical meetings (as needed) will occur with ICAPCD to discuss implementation progress and 
performance monitoring results.  
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1 INTRODUCTION 
This document was prepared for the Imperial Irrigation District (IID) as a part of its Salton Sea Air Quality 
Mitigation Program (IID 2016). The purpose of this document to provide site-specific detail on dust control 
design for Step 1a surface roughening at the Poe Road Planning Area (S_08) (Figure 1). Proactive dust 
control was recommended in the 2019/2020 Proactive Dust Control Plan (PDCP) (IID 2020b). 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the 
approved jurisdictional delineation from the US Army Corps of Engineers. This dust control plan is not a 
construction dust control plan as defined under ICAPCD Rule 801.

The plan is described in the following sections: 

• Section 1, Introduction, describes the purpose of the dust control plan at the Poe Road Step 1a
Planning Area.

• Section 2, Surface Roughening, describes the areas identified for Surface Roughening, dust control
design, and modeling results from the Single Wind Event Erosion Program (SWEEP). Planned
performance monitoring tasks are also described.

• Section 3, Implementation Schedule, describes the schedule for implementation and performance
monitoring.

• Section 4, References, includes the references cited herein.
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2 SURFACE ROUGHENING 
This section includes details about the dust control planning and design completed for Step 1a at the Poe 
Road Planning Area, as well as planned performance monitoring tasks. 

2.1 DUST CONTROL PLANNING 

Dust control planning was completed using SWEEP. SWEEP is a module of the Wind Erosion Prediction 
System (WEPS), a physically based model developed by the United States Department of Agriculture 
(USDA), Agricultural Research Service (ARS), to assess soil erosion and the effectiveness of control 
measures in reducing PM10 (particulate matter less than 10 microns in diameter) emissions. WEPS is used 
to evaluate annual erosion potentials for specific combinations of soils, surfaces, crops, climate, and 
roughness. SWEEP applies the same soil and erosion modules from WEPS to simulate the erosion and 
PM10 emissions potential over user-specified, “design,” 24-hour wind events. Although SWEEP originates 
from an agricultural context, it has been successfully applied in the design of pilot studies for dust control 
measures (DCMs) on disturbed lands (Tatarko et al. 2016), playa surfaces (Schaaf and Schreuder 2014), 
and at the Salton Sea (IID 2018b). Methods for using SWEEP as a dust control design tool at the Salton Sea 
are described in the PDCP for 2017/2018 (IID 2018b). Detailed inputs and assumptions in the SWEEP 
design for Step 1a Surface Roughening are described below.  

Current Surface Conditions: Data from the annual Emissions Estimates (IID 2018a, 2019, 2020a), as well 
as data collected during the spring of 2020, were analyzed to determine current playa surface conditions 
where surface roughening is recommended. Areas of concern also were identified based on remotely 
sensed satellite imagery, field surface survey observations, and PI-SWERL (Portable In-Situ Wind Erosion 
Laboratory) surveys in fall 2018 and winter 2019. These data were collected consistent with the methods 
outlined in the Salton Sea Air Quality Mitigation Program. Results from these evaluations indicate that 
portions of the site are prone to erosion and can create visible dust emissions.  

Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 PDCP documents the 
approach for characterizing shoreline wind events for dust control planning (IID 2020b). In general, wind 
conditions for events with 0.5- to 20-year return periods were characterized based on approximately nine 
years of measurements from the IID meteorological and air quality monitoring shoreline deployment 
network. Characteristic wind speeds and wind directions differ across the Sea. The Poe Road Planning 
Area is located roughly between stations at the Naval Test Base and Sonny Bono Salton Sea National 
Wildlife Refuge Headquarters. Conditions for a 1-in-5-year wind event at the Sonny Bono station were 
used to drive subsequent saltation flux simulations performed with the SWEEP model (Figure 2). The 
Sonny Bono station was selected in preference to the Naval Test Base station. Even though the latter is in 
closer proximity to the planning area, the former experiences higher winds. As such, the analysis is on the 
conservative side as far as the design wind speed is concerned. 

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur across the planning area. Two broad soil texture classes occur 
within the planning area: a sandy loam and silt loam soil texture. Figure 3 shows the soil textural class for 
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the top 60 centimeters (cm) (roughly two feet) soil depth for the planning area. For each of these soil 
classes, SWEEP simulations were performed to evaluate baseline conditions for exposed playa as well as 
surface roughening scenarios to reduce emissions potential. The surface roughening scenarios included 
directional surface roughness only (i.e., the creation of ridges and furrows perpendicular to the primary 
high winds). Roughening alternatives considered included use of bull plow and switch plow (with 
alternating moldboard shanks removed) to construct directional ridges and furrows. Random roughness 
is non-directional and can be implemented using the switch plow with all moldboard shanks installed, but 
was not considered for the planning area. Simulations also explored the expected minimum and maximum 
ranges for soil crust conditions and the resulting sand flux and associated dust emissions. 

FIGURE 2. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, SONNY BONO 
STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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were Silt Loam (SiLo).
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Surface Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize 
soil texture and assess the suitability for surface roughening (Figure 3). Soil cores were then taken to a 
depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention focused 
on the % silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the top 60 cm (two 
feet), a depth equivalent to the maximum depth of bull plow disturbance. Based on performance 
monitoring results of field-scale pilot studies, soils suitable for surface roughening are defined as having 
a minimum of 35-45% silt and clay (Figure 3). Soils in the 20-35% silt and clay range can still be roughened 
but will likely need augmentation (e.g., vegetation enhancement) within one to two years due to 
degradation of ridges.  

Avoidance Areas: The site layout avoids aquatic resources anticipated to be under the jurisdiction of the 
United States Army Corps of Engineers (USACE). This includes areas with wetland soil and vegetation. 
Avoidance areas were identified in IID’s Aquatic Resources Delineation (Figure 5). IID’s request for an 
Approved Jurisdictional Delineation is currently under review by the USACE. Aquatic resource avoidance 
areas may be refined pending USACE review.  

Even though these areas will not be roughened, wetland and vegetated surface features provide adequate 
dust control and will be monitored on an annual basis consistent with the annual Emissions Estimates (IID 
2020a). The annual Emissions Estimates includes the quantification of vegetation cover, surface soil 
moisture, and standing water (Figure 4). The soil moisture figure was developed using imagery from 17 
clear-sky Landsat satellite overpasses that occurred between July 2019 to May 2020, and analyzing the 
percent of the time a given grid cell is “wet.” Wet grids were determined by applying a threshold of 0.33 
to the SWIR 1 band for a series of Landsat 8 satellite images to differentiate between “dry” and “wet” soil 
moisture conditions. Data from ground-based surveys, photointerpretation, and remotely sensed sources 
were used to establish the playa soil moisture threshold (IID 2020b). For each Landsat overpass, a given 
grid would be assigned either dry or wet values. The frequency of occurrence (number of times) each pixel 
in the Landsat imagery was wet was divided by the total number of Landsat satellite overpasses (i.e., 17 
in this case) to identify areas that are consistently wet and therefore have low emissions potential (Figure 
4).  
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2.2 DUST CONTROL LAYOUT 
The following sections detail the analysis used to develop the dust control layout for Step 1a Surface 
Roughening at the Poe Road Planning Area. 

2.2.1 SWEEP SETUP 
The SWEEP model was run over the range of soil textures described in Section 2.1. Soil texture and particle 
size distributions were based on the soil core survey (Figure 3), for both playa and roughened conditions. 
Surface crust conditions were based on quantitative and qualitative field observations. For the playa 
simulations, surfaces were assumed to be weakly crusted with a presence of loose erodible material on 
the surface that is known to initiate sand motion during high winds. These assumptions were made in 
order to mimic the conditions present when playa surfaces become emissive. However, these conditions 
do not exist for all playa areas, and not throughout the entire year. Therefore, this represents a 
conservative condition for design purposes. Two types of directional surface roughening were evaluated: 
bull plow and switch plow. The bull plow creates deeper and wider furrows than the switch plow. The 
model simulations were based on a 24-hour wind speed profile constructed from long-term available wind 
data at the Sonny Bono station, representing high wind events with a five-year return frequency and the 
99.9th percentile wind direction (Figure 2). 

2.2.2 SWEEP RESULTS 
The modeling results indicate that sufficiently roughened playa surfaces can be considered non-emissive 
under typical conditions observed in the field. A combination of increased surface roughness (lifting the 
air stream and reducing wind speed at the surface), stable surface clods, and little to no loose surface 
material creates non-emissive surface conditions. These findings are consistent with observations in 
existing surface roughness areas around the Salton Sea. Playa conditions are non-emissive most of the 
year, due to a combination of stable salt crusts with little to no loose erodible material on the surface. In 
the SWEEP model runs, playa surfaces were parameterized to be emissive (Section 2.2.1). Playa emissions 
potentials were evaluated as a function of distance from the leading edge as saltation develops 
exponentially over distance to a maximum, equilibrium flux. Cumulative sand flux versus distance curves 
were developed for each area soil texture. However, individual curves based on soil texture did not differ 
substantially within an area. These curves formed the playa baseline of the proposed dust control design 
(next section).  

2.2.3 DUST CONTROL LAYOUT 
Surface roughening will be implemented on approximately 232 acres (Figure 5). The proposed dust control 
layout consists of full coverage using the switch plow, with oriented bull plow passes made overtop at 26-
foot intervals. The orientation and spacing of the bull plow furrows were determined by starting with the 
topographic orientation in SWEEP model runs. This orientation effectively reduces potential dust 
emissions from the predominantly westerly high wind direction at the site (Figure 2). 

The surface roughening for Sites B and C were oriented 327 and 322 degrees from due north, respectively, 
at 26-foot spacing for both sites. Exclusions and buffers were made for USACE avoidance areas,  
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vegetation, and barnacle beds. A Staking and Implementation Plan (for use by the contractor) has been 
developed. Overall, the surface roughening design for this site is anticipated to reduce potential sand flux 
and the associated dust emissions by at least 99 percent. 

2.3 PERFORMANCE MONITORING 
Dust control performance monitoring is essential for ensuring dust control effectiveness over time. 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and ICAPCD collaborative efforts (IID 2020a). Results of performance monitoring on field-scale 
pilot studies have demonstrated that an effective performance monitoring program includes multiple 
lines of evidence to balance the strengths and weaknesses of individual methodologies (IID 2020a). By 
pursuing multiple lines of evidence, a clear and readily interpretable assessment of dust control 
performance can be achieved. Consistent with the 2019/2020 PDCP (IID 2020b), proposed performance 
monitoring equipment includes visual surveillance and seven CSCs (Cox Sand Catchers) (Figure 6). In 
addition, upwind/downwind PM10 monitoring may occur during specific wind events. Each element is 
described below. 

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speeds. Although not a quantitative technique, this method has multiple strengths: field cameras 
are simple to operate, provide continuous dust monitoring, and require no data processing for 
interpretation. IID’s existing visual surveillance network does not provide a clear view of the site. If sand 
flux monitoring data (see below, “Sand Flux Monitoring”) warrant the installation of visual surveillance, 
then a stationary, single fixed-view camera (StarDot) will be deployed ahead of anticipated high wind 
events. StarDot cameras provide visual footage that can be evaluated once the images are downloaded 
from the unit in the field. One potential location for the mobile Roundshot camera, or, alternatively, a 
still-shot camera, is identified in Figure 6. 

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Sand flux monitoring instruments will be placed within the surface roughened areas. 
Specifically, CSCs will be used, consisting of a vertical tube that physically traps saltating particles at 15 cm 
above the soil surface. CSC sand masses will be collected and weighed on a monthly basis. The CSC will be 
deployed on a stand-alone basis in areas where no to marginal sand motion is anticipated. In areas where 
sand motion is anticipated (e.g., upwind and uncontrolled playa locations), CSC may be co-located with a 
device (either a Sensit or SANTRI [“Standalone Aeolian Transport Real-time Instrument”]) to allow for 
distributing sand masses to estimate hourly fluxes. A Sensit is a piezoelectric sensor that registers saltating 
particles that strike the sensor at 15 cm above the soil surface. The Sensit can be connected directly to 
IID’s air quality monitoring network, or data can be downloaded manually in the field. Masses from the 
CSCs will be time-resolved with the Sensit data to estimate an hourly sand flux. The SANTRI is a more 
recently developed instrument that measures sand motion based on optical particle count sensors. A side-
by-side comparison of the SANTRIs conducted by IID over the 2019-2020 season indicated that the SANTRI 
performs better than the Sensit in terms of reliability and sensitivity in low sand motion conditions. 
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In general, the difference between the sand flux outside of the surface roughening areas is compared to 
measurements inside the surface roughening areas to provide an indicator of performance. Where 
possible, an open playa area outside of the surface roughening areas will be established as a reference. It 
is anticipated that sand flux within the surface roughened areas will be negligible (if surface roughening 
is performing as expected) compared to the reference areas outside of the site. Because of the lack of any 
uncontrolled upwind areas where sand motion and/or PM10 generation is anticipated, only CSCs are 
proposed for this site (Figure 6), as Sensits have proven to be insufficiently sensitive in low sand motion 
environments. 

Upwind/Downwind PM10 Monitoring. Upwind/downwind PM10 monitors may be strategically positioned 
along transects within the surface-roughened areas during specific wind events. Upwind/downwind PM10 
monitors include BGI Units (Model PQ200) or DustTrak (Model DRX 8533), or a combination thereof. In 
general, the difference in upwind and downwind PM10 concentrations provides an indicator of dust 
control performance in the intervening “controlled” area. If the difference is low (within the anticipated 
inherent concentration variability in a dust plume) or the downwind monitor concentrations are 
substantially less than those measured by the upwind monitor, then it is an indicator that the DCM is 
performing well. Specifically, the data indicate that the DCM is not generating additional airborne 
particulate matter. If the downwind monitoring concentrations are substantially higher than those from 
the upwind monitor, then it is an indicator that the DCM may need augmentation, maintenance, or 
additional time for vegetation establishment, or it may be influenced by dust source areas adjacent to the 
monitors (e.g., roads, uncontrolled playa). Because of the lack of any uncontrolled upwind areas where 
sand motion and/or PM10 generation is anticipated, upwind-downwind PM10 monitoring is not proposed 
for this site. 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR (Light Detection and Ranging) remote-sensing mapping to quantify site-specific 
measurements describing soil surface conditions, surface roughness attributes, and vegetation 
characteristics to develop a saltation flux estimate relative to the original playa condition (uncontrolled) 
(IID 2020b). These landscape data and corresponding potential saltation flux estimates (developed using 
SWEEP) provide a quantitative basis to spatially assess dust control performance. Saltation flux maps 
provide a means to determine if portions, or all, of the area covered by a DCM is working, or if portions 
might have deteriorated or are nearing the end of the DCM’s effective life. Thus, these types of maps 
provide a way to identify and delineate where maintenance actions (augmentation, re-roughening, 
vegetation enhancement) might be needed. Saltation flux maps will be generated three times per year 
consistent with the recommendations in the 2019/2020 PDCP (IID 2020b) for performance monitoring of 
surface roughened areas. 
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3 IMPLEMENTATION SCHEDULE 
Implementation is anticipated to occur in late 2021 or early 2022, pending receipt of the approved 
jurisdictional delineation from the US Army Corps of Engineers. Implementation is anticipated to occur 
over approximately three weeks. Performance monitoring will commence immediately upon 
implementation. Monthly technical meetings (as needed) will occur with ICAPCD to discuss 
implementation progress and performance monitoring results. 
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IID. 2016. Salton Sea Air Quality Mitigation Program. Prepared by the Salton Sea Air Quality Team. July. 
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SUMMARY OF RECOMMENDED ACTIONS 
This document was prepared for the Imperial Irrigation District (IID) in collaboration with the California 
Natural Resource Agency (CNRA), California Department of Water Resources (DWR) and California 
Department of Fish and Wildlife (CDFW) to provide site-specific detail on temporary dust control design 
for the future Species Conservation Habitat (SCH) Project area at the Salton Sea. Portions of the SCH 
project area were first identified as priority playa in the 2018/2019 Annual Report and Emissions Estimates 
(IID 2020a). Proactive dust control was recommended in the 2019/2020 Proactive Dust Control Plan 
(PDCP) (IID 2020b). Continued visual surveillance during the 2019/2020 dust season recorded dust plumes 
during high wind conditions on 1/29/2020, 2/2/2020, 2/3/2020, and 2/4/2020. Subsequent field efforts 
in March 2020 delineated and characterized the actual dust source areas contributing to those visual 
emissions. This resulted in a refined understanding of the dust source area, delineating approximately 110 
acres east of Poe Road that contributed to the visible emissions during these events. Additional field 
efforts were completed in May 2020 to characterize the remaining areas of the SCH Project area. Results 
demonstrated that localized areas remained vulnerable to emissions. These areas are the focus of this 
Temporary Dust Control Plan.  

The State Salton Sea Management Program future SCH Project, which includes aquatic and avian wildlife 
habitat covering approximately 3,770 acres (6 mi2), is owned by the California Department of Water 
Resources and will be jointly operated by DWR and the California Department of Fish and Wildlife under 
the guidance of the California Natural Resources Agency. DWR intends to start mobilization, site 
preparation, and other activities to support construction in late 2020. Construction is anticipated to occur 
in phases through 2023. This Temporary Dust Control Plan was developed to provide temporary dust 
control until construction is complete. 1 Once constructed, the SCH Project will provide dust control 
through aquatic and avian wildlife habitat including ponds of varying depths and saturated soil surfaces. 
This Temporary Dust Control Plan includes important considerations for future engineering, field 
investigations, and construction-related activities as the SCH Project is constructed. In particular, DWR 
must preserve the option to use the native soils and topographic conditions for some of the future habitat 
features in the SCH Project. Therefore, Surface Roughening will be avoided in specific “Watch Areas.” Or 
until a proposer has been selected and a design finalized. Details regarding Surface Roughening as well as 
monitoring/management plans for the Watch Areas are described as follows: 

• Temporary Surface Roughening: Design for Surface Roughening was completed using methods
outlined in previous PDCPs (IID 2018, 2019, 2020b). Dust control planning for Surface Roughening
included use of the Single-event Wind Erosion Evaluation Program (SWEEP), taking into account
surface crust, soil characteristics, ridge height/spacing, inter-row spacing, and site-specific wind
conditions. Compared to previous Surface Roughening projects by IID, site access for scientific,
engineering, and operational activities as well as future construction needs are important
considerations. This includes access within and around the areas that will be roughened. Therefore,
the proposed dust control layout is based on a gridded block design, interspersed with a network of

1 This Temporary Dust Control Plan is not a construction dust control plan for the SCH Project. The Construction Dust Control Plan 
will be prepared by CNRA and/or its selected design/build contractor.  
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corridors, allowing access for operational and engineering purposes. The rectangular blocks are 100 x 
200 meters (328 x 656 feet) and oriented to effectively reduce potential dust emissions from the 
predominantly westerly high wind direction. The spacing of the corridors (width of 40 to 60 feet) are 
based on the playa baseline SWEEP sand flux curves. Surface Roughening with the bull plow is 
prescribed within each block. Overall, the Surface Roughening design is anticipated to reduce 
potential sand flux and the associated dust emissions by at least 95 percent for roughened areas.  

Dust control performance monitoring of the temporary Surface Roughening is essential for ensuring 
dust control effectiveness over time. Development of performance monitoring techniques and 
appropriate maintenance criteria have been a focus of IID and Imperial County Air Pollution Control 
District (ICAPCD) collaborative efforts (IID 2020a). This work has demonstrated that an effective 
performance monitoring program includes multiple lines of evidence to balance the strengths and 
weaknesses of individual methodologies (IID 2020b). Consistent with the 2019/2020 PDCP (IID 2020b), 
performance monitoring will include: 1) visual surveillance with 360-degree cameras, 2) multiple sand 
flux monitoring stations, 3) event-specific PM10 (particulate matter less than 10 microns in diameter) 
monitoring locations, and 4) LiDAR-based (Light Detection and Ranging) saltation flux mapping three 
times per year.  

• Watch Areas: DWR must preserve the option to use the native soils and topographic conditions for
future habitat features in the SCH Project. Therefore, Surface Roughening will be avoided in these
“Watch Areas.” In addition, specific access routes will also be identified and clearly marked (as
construction commences) within Watch Areas. Dedicated access routes are needed to prevent and/or
minimize disturbance (and therefore increased emissions) on currently non-emissive/stable surfaces
and soil conditions within these areas.

A detailed monitoring plan and management actions for Watch Areas are provided in this plan. This
includes: 1) visual surveillance, especially during high wind conditions to identify dust plumes, and 2)
monthly surface monitoring using the PI-SWERL. If monitoring data from the Watch Areas indicate
that visible emissions are occurring or that the potential for visible emissions is high, then
management actions will be developed in consultation with ICAPCD. If these conditions occur, then it
is anticipated that strategic placement of certain types of temporary dust control will be
recommended in areas delineated as dust sources. Temporary dust control may include control with
measures that do not change the natural topography or near-surface soil conditions, for example,
surface stabilizers.

The implementation schedule for this Temporary Dust Control Plan includes key tasks for planning, 
permitting, construction, and performance monitoring. This Temporary Dust Control Plan is anticipated 
to be finalized in early July, followed by preparation of the Staking and Implementation Plan for the 
contractor. Fieldwork to prepare the Aquatic Resources Delineation Report was completed and submitted 
to USACE for review on June 20. The Aquatic Resources Delineation Report identifies avoidance areas 
under the jurisdiction of the United States Army Corps of Engineers (USACE). USACE review of the Aquatic 
Resources Delineation Report is expected to occur within 30 days, to be completed by July 20. USACE 
would issue an Approved Jurisdictional Delineation for the areas that are under USACE jurisdiction as 
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waters of the United States to be avoided and thereby authorizing temporary dust control measures on 
those areas outside of USACE jurisdiction. 

Construction of Surface Roughening is anticipated to begin in late July to early August and occur over five 
weeks, assuming that two bull plows are operational (IID has access to three bull plows if needed). If only 
one bull plow is assigned to this project, then the construction duration will extend to approximately 10 
weeks. Performance monitoring will commence immediately upon implementation of the temporary 
Surface Roughening, and it will continue until the start of, and potentially during, construction of the SCH 
Project. Performance monitoring will continue as long as construction activities do not interfere with 
performance monitoring results, limit access to monitoring equipment, or affect the safety of the 
monitoring equipment. Monitoring of watch areas will begin in November 2020, consistent with 
monitoring for the Annual Emissions Estimates (IID 2020a). Bi-monthly technical meetings (or as needed) 
will occur with ICAPCD to discuss implementation progress and performance monitoring results. 
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1 INTRODUCTION 
This document describes a Temporary Dust Control Plan for the area to be constructed as the Species 
Conservation Habitat (SCH) Project at the Salton Sea. The SCH Project is an aquatic and avian wildlife 
habitat project of approximately 3,770 acres (6 mi2). The California Natural Resources Agency (CNRA), 
through the California Department of Water Resources (DWR), is owned by the California Department of 
Water Resources and will be jointly operated by DWR and the California Department of Fish and Wildlife 
under the guidance of the California Natural Resources Agency. DWR intends to start mobilization, site 
preparation, and other activities to support construction in late 2020. Construction is anticipated to occur 
in phases through 2023. 

The project area is also identified as a priority playa area in the 2018/2019 Annual Report and Emissions 
Estimates (IID 2020a). This plan was developed to provide temporary dust control until construction of 
the SCH Project is complete. Once constructed, the SCH Project will provide dust control through aquatic 
and avian wildlife habitat including ponds of varying depths and saturated soil surfaces. Note that this 
plan is not a Construction Dust Control Plan, but rather a plan to control dust on project areas that are 
not yet actively under construction.  

The plan is described in the following sections: 

• Section 1, Introduction, describes the purpose of plan and provides a summary of the SCH Project.

• Section 2, SCH Construction Considerations, describes considerations underlying the proposed
temporary dust control measures.

• Section 3, Temporary Surface Roughening, describes the areas identified for Surface Roughening,
dust control design, and modeling results from the Single Wind Event Erosion Program (SWEEP).

• Section 4, Watch Areas, describes the surface characteristics, monitoring plan, and management
actions based on monitoring results for Watch Areas, where native soil and topographic
conditions must be preserved and Surface Roughening will be avoided.

• Section 5, Implementation Schedule, describes the schedule for implementation and performance
monitoring.

• Section 6, References, includes the references cited herein.

2 SCH CONSTRUCTION CONSIDERATIONS 
The approach for temporary dust control considers several factors due to the future construction of the 
SCH Project. Considerations include the following:  

• Soil Disturbance. Specific areas where native soil and topographic conditions must be preserved
for the SCH Project have been identified by DWR. The design of the SCH Project may rely on use
of the native soils and topographic conditions in future habitat features. To preserve these soils
and conditions, Surface Roughening will be avoided in these “Watch Areas.” A detailed monitoring
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plan for the Watch Areas is provided in this plan. If monitoring data from the Watch Areas indicate 
that visible emissions are occurring or that the potential for visible emissions is high, management 
actions will be developed in consultation with the Imperial County Air Pollution Control District 
(ICAPCD) to utilize certain types of temporary dust control in areas identified as dust source areas. 
Temporary dust control in Watch Areas will include control measures that do not change the 
nature of the natural topography or near-surface soil conditions, for example, surface stabilizers. 

• Site Layout and Implementation Extent. The extent of Surface Roughening depicted in the
following figures is idealized. The actual extent of Surface Roughening areas will be determined
by the United States Army Corps of Engineers (USACE) Approved Jurisdictional Delineation and
site-specific conditions (trafficability) in the field. Trafficability of playa soils can vary substantially
and (in certain areas) can prevent equipment from operating safely.

• Site Access During Implementation. Site access is important for scientific and engineering
investigation activities as well as future construction needs. This includes access within and
around the areas that will be roughened. The dust control design within the areas identified for
Surface Roughening accounts for this need by developing a “patchwork” design to facilitate future
access. In addition, specific access routes will also be identified and clearly marked (as
construction commences) within Watch Areas. Dedicated access routes are needed to prevent
and/or minimize disturbance (and therefore increased emissions) on currently non-
emissive/stable surfaces and soil conditions within these areas.

• Site Access Post-Temporary Dust Control Implementation. After completion of temporary dust
control, access routes no longer deemed necessary will be abandoned and stabilized (if needed)
to minimize the potential for dust emissions. Dedicated access routes for off-road vehicles will be
set up and clearly marked, to allow for site access in support of performance monitoring as well
as engineering support. Site access through and within Watch Areas will be tightly controlled and
access paths will be clearly marked to prevent off-road disturbance on sensitive playa surfaces.

Given these considerations, new Surface Roughening is planned on approximately 725 acres, and 
approximately 1,230 acres are identified as Watch Areas (Figure 1). Detailed plans for these areas are 
described in the following sections.  
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3 TEMPORARY SURFACE ROUGHENING 
This section includes details about the dust control planning and design completed for the SCH Project 
area, as well as planned performance monitoring tasks. 

3.1 DUST CONTROL PLANNING 

Dust control planning was completed using the Single-event Wind Erosion Evaluation Program (SWEEP). 
SWEEP is a module of the Wind Erosion Prediction System (WEPS), a physically-based model developed 
by the United States Department of Agriculture (USDA), Agricultural Research Service (ARS), to assess soil 
erosion and the effectiveness of control measures in reducing PM10 (particulate matter less than 10 
microns in diameter) emissions. WEPS is used to evaluate annual erosion potentials for specific 
combinations of soils, surfaces, crops, climate, and roughness. SWEEP applies the same soil and erosion 
modules from WEPS to simulate the erosion and PM10 emissions potential over user-specified, “design,” 
24-hour wind events. Although SWEEP originates from an agricultural context, it has been successfully
applied in the design of pilot studies for dust control measures on disturbed lands (Tatarko et al. 2016),
playa surfaces (Schaaf and Schreuder 2014), and at the Salton Sea (IID 2018). Methods for using SWEEP
as a dust control design tool at the Salton Sea are described in detail in the Annual Report and Emissions
Estimates for 2016/2017 (IID 2018). Detailed inputs and assumptions in the SWEEP design for the SCH
Project area identified for Surface Roughening are described below.

Current Surface Conditions: Data from the annual emissions estimates (IID 2018, 2019, 2020a) as well as 
data collected during the spring of 2020 were analyzed to determine current playa surface conditions of 
the site where Surface Roughening is recommended. Plume observations during high wind events on 
1/29/2020, 2/2/2020, 2/3/2020, and 2/4/2020 included identification of visible plumes originating from 
S_07_H. On 2/3/2020, northerly sustained winds reached 11 meters per second (m/s) (~22 miles per hour 
[mph]), and gusts up to 15 m/s (30 mph) resulted in visible dust plumes (Figure 2). A subsequent source 
delineation and characterization field effort in early March 2020 resulted in a refined understanding of 
the source area contributing to the visible dust plumes. The source delineation effort included analysis of 
remotely sensed satellite imagery, field surface survey observations, PI-SWERL (Portable In-Situ Wind 
Erosion Laboratory) surveys of eroded and non-eroded areas, and final delineation of the contributing 
source area. These data were collected consistent with the methods outlined in the Salton Sea Air Quality 
Mitigation Program (IID 2016). Results from these evaluations indicate that portions of the site are prone 
to erosion and can create visible dust emissions. Specifically, a localized area of approximately 110 acres 
(slated for Surface Roughening) contributed to the visible emissions during these events. Data indicate 
that the visibly eroded areas (dust source areas) had two orders of magnitude higher emissions potential 
than adjacent undisturbed and uneroded areas (Figure 3). Areas adjacent to the immediate source area 
are also potentially vulnerable to future emissions.  
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FIGURE 2. VISIBLE DUST PLUMES OBSERVED ON 2/3/2020 

Photograph of visible dust plumes documented on 2/3/2020 near Poe Road looking into the SCH Project area. 
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Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 Salton Sea Proactive Dust 
Control Plan (PDCP) documents the approach for characterizing shoreline wind events for dust control 
planning (IID 2020b). In general, wind conditions for events with 0.5- to 20-year return periods were 
characterized based on approximately nine years of measurements from the IID meteorological and air 
quality monitoring shoreline deployment network. Characteristic wind speeds and wind directions differ 
across the Sea. SCH Project area is located roughly between stations at the Naval Test Base and Sonny 
Bono Salton Sea National Wildlife Refuge Headquarters. Conditions for a 1-in-5-year wind event at the 
Sonny Bono station were used to drive subsequent saltation flux simulations performed with the SWEEP 
model (Figure 4). The Sonny Bono station was selected in preference to the Naval Test Base station 
because statistically determined wind speeds at Sonny Bono are higher than those that occur at the Navel 
Test Base. This thereby provides a reasonable, conservative upper bound for dust-generating wind events 
across the SCH Project area. 

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur across the SCH Project area. Two broad soil texture classes occur 
within the project area: 1) the western section, area S_07_H, consisting of two soil textures, a loamy sand 
and sandy loam, and 2) the eastern section, area S_06_B, characterized by more fine-textured soils 
ranging from sandy loam to loam. Figure 5 shows the soil textural class for the top 60 centimeters (cm) 
(roughly two feet) soil depth for the SCH Project area. For each of these soil classes, SWEEP simulations 
were performed to evaluate baseline conditions for exposed playa as well as surface roughening scenarios 
to reduce emissions potential. The surface roughening scenarios included random roughness and 
directional surface roughness (i.e., the creation of ridges and furrows perpendicular to the primary high 
winds). Roughening alternatives considered included use of bull plow and switch plow (with alternating 
moldboard shanks removed) to construct directional ridges and furrows. Random roughness is non-
directional and can be implemented using the switch plow with all moldboard shanks installed. 
Simulations also explored the expected minimum and maximum ranges for soil crust conditions and the 
resulting sand flux and associated dust emissions. 
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FIGURE 4. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, SONNY BONO 
STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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Surface Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize 
soil texture and assess the suitability for Surface Roughening (Figure 5). Soil cores were then taken to a 
depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention focused 
on the % silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the top 60 cm (two 
feet), a depth equivalent to the maximum depth of bull plow disturbance. Based on performance 
monitoring results of field scale pilot studies, soils suitable for Surface Roughening are defined as having 
a minimum of 35-45% silt and clay (Figure 5). Soils in the 20-35% silt and clay range can still be roughened 
but will need vegetation enhancement (or shallow flood) within one to two years due to degradation of 
ridges.  

Avoidance Areas: The dust control design excludes areas identified as waters of the U.S. per the Approved 
Jurisdictional Delineation from the United States Army Corps of Engineers (USACE) and areas that were 
determined to be occupied by desert pupfish and Yuma Ridgway’s rail in surveys conducted on the site 
from October 2019 to April 2020. Exclusion areas may also be identified in the California Department of 
Fish and Wildlife 1600 agreement. This includes areas with wetland soil and vegetation features. The 
Approved Jurisdictional Delineation to identify jurisdictional areas is currently in process and will be 
shared with ICAPCD and used to exclude areas from Surface Roughening prior to implementation. Even 
though these areas will not be roughened, wetland and vegetated surface features provide adequate dust 
control and will be monitored on an annual basis consistent with the Annual Emissions Estimate 
Methodology (IID 2020a). This includes the quantification of vegetation cover, surface soil moisture, and 
standing water (Figure 6). The soil moisture figure was developed using imagery from 17 clear-sky Landsat 
satellite overpasses that occurred between July 2019 to May 2020, and analyzing the percent of the time 
a given grid cell is “wet.” Wet grids were determined by applying a threshold of 0.33 to the SWIR 1 band 
for a series of Landsat 8 satellite images to differentiate between “dry” and “wet” soil moisture conditions. 
Data from ground-based surveys, photointerpretation, and remotely sensed sources were used to 
establish the playa soil moisture threshold (IID 2020b). For each Landsat overpass, a given grid would be 
assigned either dry or wet values. The frequency of occurrence (number of times) each pixel in the Landsat 
imagery was wet was divided by the total number of Landsat satellite overpasses (i.e., 17 in this case) to 
identify areas that are consistently wet and therefore have low emissions potential (Figure 6).  
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3.2 DUST CONTROL DESIGN 
The following sections detail the analysis used to develop the dust control design for Surface Roughening 
areas in the SCH Project area. 

3.2.1 SWEEP SETUP 
The SWEEP model was run over the range of soil textures described in Section 3.1. Soil texture and particle 
size distributions were based on the soil core survey (Figure 5), for both playa and roughened conditions. 
Surface crust conditions were based on quantitative and qualitative field observations. For the playa 
simulations, surfaces were assumed to be weakly crusted with a presence of loose erodible material on 
the surface that is known to initiate sand motion during high winds. These assumptions were made in 
order to mimic the conditions present when playa surfaces become emissive. However, these conditions 
do not exist for all playa areas, and not throughout the entire year. Therefore, this represents a 
conservative condition for design purposes. Three Surface Roughening methods were evaluated, 
specifically: an increased random roughness method (non-directional Surface Roughening), and two types 
of direction roughness/plowing (bull plow and switch). Model simulations were executed for all soil 
texture combinations, specifically, Loamy Sand and Sandy Loam at S_07_H, and a sandy loam, silt loam, 
and loam at area S_06_B. The model simulations were based on a 24-hour wind speed profile constructed 
from long-term available wind data at the Sonny Bono station, representing high wind events with a 5-
year return frequency and the 99.9th percentile wind direction (Figure 4). 

3.2.2 SWEEP RESULTS 
The modeling results indicate that sufficiently roughened playa surfaces can be considered non-emissive 
under typical conditions observed in the field. A combination of increased surface roughness (lifting the 
air stream and reducing wind speed at the surface), stable surface clods, and little to no loose surface 
material creates non-emissive surface conditions. These findings are consistent with observations in 
existing surface roughness areas around the Salton Sea. Playa conditions are non-emissive most of the 
year, due to a combination of stable salt crusts with little to no loose erodible material on the surface. In 
the SWEEP runs, playa surfaces were parameterized to be emissive (Section 3.2.1). Playa emissions 
potentials were evaluated as a function of distance from the leading edge as saltation develops 
exponentially over distance to a maximum, equilibrium flux. Cumulative sand flux versus distance curves 
were developed for each area, S_07_H Road and S_06_B, as individual curves based on soil texture did 
not differ substantially within an area. These curves formed the playa baseline of the proposed dust 
control design (next section).  

3.2.3 DUST CONTROL LAYOUT 
The proposed dust control layout is based on a gridded block design, interspersed with a network of 
corridors, allowing access for operational and engineering purposes (Figure 7). The rectangular blocks are 
100 by 200 m in dimension (328 by 656 feet) and oriented in a 30 degree angle from due north. This 
orientation effectively reduces potential dust emissions from the predominantly westerly high wind 
direction at these sites, while also providing protection form less frequent, but recently observed, high 
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winds from a northerly wind direction (Figure 7). The spacing of the corridors (width of 40 and 60 feet for 
Area S_07_H and S_06_B, respectively) are based on the playa baseline SWEEP curves described in the 
previous Section 3.2.2. Surface Roughening with the bull plow is prescribed within each block. A Staking 
and Implementation Plan (for use by the contractor) will be developed after this Temporary Dust Control 
Plan is finalized with ICAPCD. Overall, the Surface Roughening design for these areas is anticipated to 
reduce potential sand flux and the associated dust emissions by at least 95 percent (Figure 8).  
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FIGURE 8. RELATIVE SALTATION FLUX FOR UNCONTROLLED PLAYA AND SURFACE ROUGHNESS NETWORK AT
SITE S_07_H (600 M TRANSECT) 

3.3 PERFORMANCE MONITORING 
Dust control performance monitoring is essential for ensuring dust control effectiveness over time. 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and ICAPCD collaborative efforts (IID 2020a). Results of performance monitoring on field-scale 
pilot studies have demonstrated that an effective performance monitoring program includes multiple 
lines of evidence to balance the strengths and weaknesses of individual methodologies (IID 2020a). By 
pursuing multiple lines of evidence, a clear and readily interpretable assessment of dust control 
performance can be achieved. Consistent with the 2019/2020 PDCP (IID 2020b), performance monitoring 
will include the following: 

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speed. Although not a quantitative technique, this method has multiple strengths: field cameras are 
simple to operate, provide continuous dust monitoring, and require no data processing for interpretation. 
IID’s visual surveillance network, consisting of two Roundshot cameras, will be augmented to include a 
new Roundshot camera near the New River (Figure 9). From this location, the entire site will be visible 
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with the 360-degree field of view. In addition, a mobile Roundshot trailer is being constructed and will be 
used strategically during high wind events to monitor conditions within specific sensitive areas identified 
in collaboration with ICAPCD.  

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Sand flux monitoring instruments will be placed within the Surface Roughening 
areas (Figure 9). Two types of sand flux monitors may be deployed, either on a stand-alone basis or co-
located basis. One option is a CSC, or Cox Sand Catcher, consisting of a vertical tube that physically traps 
saltating particles at 15 cm above the soil surface. CSC sand masses will be collected and weighed on a 
monthly basis. A CSC may be deployed on a stand-alone basis in areas where no to marginal sand motion 
is anticipated. In areas were sand motion is anticipated, for example upwind and uncontrolled playa 
location, the CSC will be co-located with a device that would allow for distributing sand masses to estimate 
hourly fluxes, either a Sensit or SANTRI. A Sensit is a piezoelectric sensor that registers saltating particles 
that strike the sensor at 15 cm above the soil surface. The Sensit can be connected directly to IID’s air 
quality monitoring network, or data can be downloaded manually in the field. Mass from the CSC will be 
time-resolved with the Sensit data to estimate an hourly sand flux.  

The current IID Sensit and CSC installations within several field-scale pilot studies have provided valuable 
data. However, they have had considerable manufacturing/data quality issues and are challenging to 
maintain (high instrument failure rates), requiring significant labor resources to ensure usable data. 
Therefore, in 2020, IID has been testing a new and potentially improved surface motion monitor: the 
“Standalone Aeolian Transport Real-time Instrument,” or SANTRI. A side-by-side comparison of the 
SANTRI is underway and expected to be complete prior to installation of performance monitoring 
equipment for the SCH Project area. Prior to implementation at the SCH Project area, a recommendation 
will be made regarding use of either the SANTRI or Sensit system for this area. 

In general, the difference between the sand flux outside of the Surface Roughening areas is compared to 
measurements inside the Surface Roughening areas to provide an indicator of performance. Based on the 
need to implement temporary dust control on the majority of the SCH Project area, open playa areas 
outside of the Surface Roughening areas will be established as a reference. It is anticipated that sand flux 
within the surface roughened areas will be negligible (if Surface Roughening is performing as expected) 
compared to the reference areas outside of the site.  

Upwind/Downwind PM10 Monitoring. Upwind/downwind PM10 monitors will be strategically positioned 
along transects within the surface-roughened areas (Figure 9). PM10 will be monitored with BGI units 
(Model PQ200), DustTrak (Model DRX 8533), or a combination thereof. In general, the difference in 
upwind and downwind PM10 concentrations provides an indicator of dust control performance in the 
intervening “controlled” area. If the difference is low, within the anticipated inherent concentration 
variability in a dust plume, or the downwind monitor concentrations are substantially less than those 
measured by the upwind monitor, then it is an indicator that the dust control measure (DCM) is 
performing well. Specifically, the data indicate that the DCM is not generating additional airborne 
particulate matter. If the downwind monitoring concentrations are substantially higher than those from 
the upwind monitor, then it is an indicator that the DCM may need augmentation, maintenance, or 
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additional time for vegetation establishment, or it may be influenced by dust source areas adjacent to the 
monitors (e.g., roads, uncontrolled playa). 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR (Light Detection and Ranging) remote-sensing mapping to quantify site-specific 
measurements describing soil surface conditions, surface roughness attributes, and vegetation 
characteristics to develop a saltation flux estimate relative to the original playa condition (uncontrolled) 
(IID 2020b). These landscape data and corresponding potential saltation flux estimates (developed using 
SWEEP) provide a quantitative basis to spatially assess dust control performance. Saltation flux maps 
provide a means to determine if portions, or all, of the area covered by a DCM is working, or if portions 
might have deteriorated or are nearing the end of the DCM’s effective life. Thus, these types of maps 
provide a means to identify and delineate where maintenance actions (augmentation, re-roughening, 
vegetation enhancement) might be needed. Saltation flux maps will be generated three times per year 
consistent with the recommendations in the 2019/2020 PDCP (IID 2020b). 
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4 WATCH AREAS 
DWR has commenced a Design-Build Request for Proposals process for the implementation of the SCH 
Project. DWR must preserve the option to use the native soils and topographic conditions as a part of the 
future habitat features of the SCH Project. This has resulted in specific “Watch Areas” where native soil 
and topographic conditions need to be preserved and Surface Roughening will be avoided. A monitoring 
and management plan for the Watch Areas is provided in the following sections.  

4.1 CURRENT CONDITIONS 
During the 2019/2020 dust season, IID has characterized portions of the SCH Project area during routine 
data collection for the Annual Emissions Monitoring Program (IID 2018, 2019, 2020a). These data are 
collected across the Salton Sea to estimate dust emissions from exposed playa. Additional PI-SWERL 
sampling associated with annual Source Delineation efforts were collected within the SCH Project area 
during early March and late May 2020 to characterize the Watch Areas. Current conditions for each dust 
control unit are summarized below and additional site condition maps for each area are provided in 
Attachment 1. 

S_07_I: This small, 27-acre Watch Area is bounded by existing Surface Roughening to the west, future 
Surface Roughening to the north, and the Trifolium Storm drain on the east (Figure 10). Within the 
footprint of the Watch Area, significant vegetation has and continues to expand for over half of the 
polygon, providing natural control. Given these current conditions and limited disturbance, this area is 
considered low risk and is not anticipated to produce visible emissions.  

S_07_P: This Watch Area (268 acres) consists of a west-to-east strip bounded by proposed surface 
roughening on the south and the sea on the north. Portions of this are potentially emissive, however, 
located too close to the OHWM for the implementation of temporary dust control. This area will be 
included in potential emissivity sampling using PI-SWERL in the 2020-2021 dust season. 

S_07_M, N, and O: This Watch Area includes three polygons (86, 123, and 50 acres respectively) (Figure 
10, Attachment 1). One of seven IID routine PI-SWERL transects around the Salton Sea (sampled on a 
monthly basis for multiple years) is located near Trifolium 16 within S_07_O. Results from the PI-SWERL 
testing have consistently demonstrated low emissions potential. These Watch Areas are bounded by 
vegetation and sheet flow spreading from the outlet of several drains that spill onto the playa. These 
drains, combined with the fine-textured soil characteristics, shallow groundwater near the surface, and 
extensive vegetation expansion, provide natural dust control features. Given these current conditions and 
limited disturbance, these areas are considered low risk and are not anticipated to produce visible 
emissions. 

S_07_J, K, and L: These Watch Areas extend out to the current shoreline on the west and are bounded by 
existing Surface Roughening to the east (Figure 10, Attachment 1). Recent PI-SWERL sampling completed 
as a part of the annual source delineation effort indicate that portions of this Watch Area have elevated 
emissions potential. However, these soil and surface conditions occur in limited areas associated with 
sandy deltaic soils in a narrow strip running north to south. In addition, these areas generally fall within 
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the USACE’s jurisdiction as non-wetland waters of the United States, specifically within the area below 
the current Ordinary High Water Mark (OHWM), which will be identified in the Approved Jurisdictional 
Delineation. These areas have limited trafficability for dust control activities. Activities below the OHWM 
are currently not allowed, but as the Sea continues to recede, these areas will be prioritized in the 
monitoring efforts to understand how they evolve, if visible emissions occur during high wind conditions, 
and if temporary dust control will be needed. 

S_06_C: This Watch Area consists of a narrow (120 to 150 m) strip adjacent to the New River to the west 
and temporary Surface Roughening to the east (Figure 10). In addition, this narrow watch strip is 
perpendicular to the primary high winds, effectively sheltered by the vegetation associated with the New 
River and the adjacent dust control. Given these current conditions and limited disturbance, these areas 
are considered low risk and are not anticipated to produce visible emissions. 

S_06_D: This is the largest Watch Area (~390 acres) within the SCH Project area (Figure 10, Attachment 
1). Recent PI-SWERL sampling completed as part of the Annual Source Delineation Effort demonstrated 
that this area currently (as of May 2020) has low emissions potential. However, soils and surfaces within 
the site have demonstrated high emissions potential during past dust seasons (IID 2020a), and this area 
has been prioritized for proactive dust control (IID 2020b). Therefore, more intensive monitoring is 
recommended for this Watch Area. The monitoring plan for the Watch Areas is described in the following 
section.  
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4.2 MONITORING PLAN 

Effective monitoring of the Watch Areas within the SCH Project area is essential to determine if additional 
management and targeted temporary dust control measures are needed. Since 2016, IID and ICAPCD have 
collaboratively developed several emissions monitoring methods as part of the Annual Emissions 
Monitoring Program (IID 2018, 2019, 2020a). These methods include multiple lines of evidence to balance 
the strengths and weaknesses of individual methods. By pursuing multiple lines of evidence, a clear and 
interpretable assessment of emissions potential has been achieved. Lines of evidence include mapping 
exposed playa, monitoring surface characteristics, mapping soil/surface properties, identifying dust 
source areas, documenting dust plumes, and estimating high wind event emissions. The monitoring plan 
will use these methods for Watch Areas and specifically includes the following components. 

Map Playa Exposure. Playa exposure is anticipated to accelerate over the next several years around the 
Sea and specifically within the shallow waters of the SCH Project area. Actual playa exposure will be 
monitored on an annual basis consistent with the Annual Emissions Monitoring Program (IID 2018, 2019, 
2020a). It is anticipated that playa exposure during construction will accelerate. Therefore, this future 
exposed playa will be added to additional watch areas in future years. 

Evaluate Playa Surface Characteristics. Detailed characterization of surface and soil properties related to 
erosion (e.g., crust type, loose surface sand, surface soil moisture, soil texture) have been completed 
across the entire Salton Sea. As new areas are exposed, these data sets will be augmented to account for 
the newly exposed conditions. In addition, soil wetness is monitored on a frequent basis (every 5 to 10 
days) and will continue to be monitored for Watch Areas within the SCH Project area. In addition, detailed 
vegetation mapping has been conducted per Pleiades satellite imagery acquisition and will continue to be 
conducted for Watch Areas.  

Measure the Emission Potential. The vulnerability of different playa surfaces to erosion is known to be 
highly variable temporally and spatially. Emissions potential of specific playa surface characteristics will 
continue to be assessed along two transects (from high elevation to low elevation/Sea shoreline) within 
Watch Areas of the SCH Project area using the PI-SWERL (Figure 11). In addition, PI-SWERL samples will 
be collected within and outside of dust source areas after high wind events to aid in the quantification of 
erosional areas throughout the season (e.g., those completed in 2020 described in Section 3.1).  

Monitor and Map Actively Emissive Playa Dust Source Areas. IID’s visual surveillance network, consisting 
of two Roundshot cameras, will be augmented to include a new Roundshot camera near the New River 
(Figure 9). From this location, the entire site will be visible with the 360-degree field of view. Visual 
surveillance of potential dust source areas will be completed from this permanent installation to identify 
visual observations of dust plumes and the presence of erosional and depositional features. In addition, a 
mobile Roundshot trailer is being constructed by IID and will be used strategically during high wind events 
to monitor conditions within specific sensitive Watch Areas identified in collaboration with ICAPCD.  

If visible dust plumes are observed, a subsequent source delineation and characterization field effort will 
be completed to refine the understanding of the source area contributing to the visible dust plumes. The 
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source delineation effort will include analysis of remotely sensed satellite imagery, field surface survey 
observations, PI-SWERL surveys of eroded and non-eroded areas, and final delineation of the contributing 
source area. These data will be collected consistent with the methods outlined in the Salton Sea Air Quality 
Mitigation Program (IID 2016). Results from these evaluations will indicate which portions of the site are 
prone to erosion and are responsible for visible dust emissions. An example of the results from a source 
delineation effort is described in Section 3.1.  

Estimate Annual Dust Emissions. Total annual tons, tons/day, and maximum day playa dust emissions 
from the Watch Areas will continue to be estimated (along with all Salton Sea playa) in a modeling 
“ruleset” framework (IID 2020a). The framework incorporates playa exposure extent, surface 
characteristics, vegetation, PI-SWERL sampling results, and hourly meteorological variables (e.g., wind 
speed, direction, friction velocity) using the Weather Research and Forecasting Model (WRF). Annual 
trends in playa emissions results from this effort will be analyzed and used to guide additional 
recommendations for management actions within Watch Areas.  
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4.3 MANAGEMENT ACTIONS 
As discussed in the previous sections, multiple lines of evidence from different monitoring types will 
continue to be collected and augmented for the SCH Watch Areas. If monitoring data from the Watch 
Areas indicate that visible emissions are occurring or that the potential for visible emissions are high, then 
management actions will be developed in consultation with ICAPCD. If these conditions occur, then it is 
anticipated that strategic placement of certain types of temporary dust control will be recommended (if 
visible emissions occur) in areas delineated as dust sources. Temporary dust control may include control 
with measures that do not change the natural topography or near-surface soil, for example, surface 
stabilizers.  

5 IMPLEMENTATION SCHEDULE 
The implementation schedule shown in Figure 12 displays key tasks for planning, permitting, construction, 
and performance monitoring. This temporary dust control plan is anticipated to be finalized in early July, 
followed by preparation of the Staking and Implementation Plan for the contractor. Fieldwork to prepare 
the Aquatic Resources Delineation Report has been completed. The Aquatic Resources Delineation Report 
identifies avoidance areas under the jurisdiction of the USACE. USACE review of the Aquatic Resources 
Delineation Report is expected to be completed in July. USACE would issue an Approved Jurisdictional 
Delineation for the areas that are under USACE jurisdiction as waters of the United States to be avoided 
and thereby authorizing temporary dust control measures on those areas outside of USACE jurisdiction. 

Construction of Surface Roughening is anticipated to begin in late July or early August and occur over 5 
weeks, assuming that two bull plows are operational. If only one bull plow is operational, then the 
construction duration will extend to approximately 10 weeks. Performance monitoring will commence 
immediately upon implementation of the temporary Surface Roughening, and it will continue until the 
start of, and potentially during, construction of the SCH Project. Performance monitoring will continue as 
long as construction activities do not interfere with performance monitoring results, limit access to 
monitoring equipment, or affect the safety of the monitoring equipment. Monthly technical meetings (as 
needed) will occur with ICAPCD to discuss implementation progress and performance monitoring results. 
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FIGURE 12. IMPLEMENTATION SCHEDULE 
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1 INTRODUCTION 
As described in the 2019/2020 Proactive Dust Control Plan (PDCP), plot studies and irrigation water supply 
development activities are planned for the Western domain of the Salton Sea (IID 2020). This document 
describes two dust control plot studies to be implemented in the San Felipe and Clubhouse Planning Areas. 
The plot studies will evaluate water supply options and vegetation establishment and maintenance 
requirements. Water supply options for irrigation include deep groundwater wells and shallow 
groundwater wells. In addition, the plot studies will evaluate waterless dust control measures (DCMs), 
including sand fence and hay bales, which can be used in areas where surface roughening is not suitable 
and/or water supply is not available for vegetation establishment. The plot studies are designed to 
generate data regarding site-specific factors affecting DCM effectiveness, implementability, operations, 
maintenance, and cost. Results of the plot studies will inform larger-scale implementation of dust control 
in each planning area. For example, if water supply of sufficient quality and quantity is identified, then 
additional vegetation establishment can be implemented.  

The plot study plans for Clubhouse and San Felipe are described in the following sections: 

• Section 1, Introduction, provides a summary of dust control activities identified in the 2019/2020
PDCP, including the plot studies at San Felipe and Clubhouse, and how results of the plot studies
will inform larger scale implementation of dust control.

• Section 2, Water Supply Development, describes development of deep and shallow groundwater
wells.

• Section 3, Vegetation Establishment, describes site preparation, seeding, and installation of the
irrigation system.

• Section 4, Waterless Dust Control Measures, describes several other DCMs that will be
implemented as part of the plot studies, such as surface roughening and physical barriers (e.g.,
sand fence and hay bales).

• Section 5, Access Routes, describes installation of access routes necessary to support water
supply development, installation of irrigation systems, and operations and maintenance. At San
Felipe, approximately 11,000 feet of access routes will be installed (subject to change). At
Clubhouse, approximately 3,800 feet of access routes will be installed.

• Section 6, Operations, Maintenance, and Monitoring, describes operations, maintenance and
monitoring primarily focused on irrigation. Gap filling with seed or transplants may also be
required. In addition, the plot studies will be accessed periodically for performance.

• Section 7, Environmental Compliance, Permitting, and Schedule, describes environmental
documentation under the California Environmental Quality Act (CEQA) and National
Environmental Policy Act (NEPA), as well as applicable permits.

• Section 8, References, includes the references cited herein.
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1.1 SUMMARY OF 2019/2020 PDCP STEP ACTIVITIES 

The 2019/2020 PDCP identifies three steps of dust control implementation over 36+ months based on 
analysis of current and historical emissions estimates and on site-specific suitability for DCMs (IID 2020). 
The terminology associated with these steps provides context for the phasing of the plot studies detailed 
herein relative to other activities identified in the 2019/2020 PDCP. The steps include the following:  

• Step 1a/1b includes implementation of surface roughening on suitable playa and soil conditions.
Step 1a includes areas for surface roughening only and Step 1b includes areas for temporary
surface roughening to provide interim control within areas planned for stakeholder habitat
projects (e.g., the State of California’s Species Conservation Habitat Project). Step 1a/1b is not
applicable to the San Felipe and Clubhouse Planning Areas, and is described here for context only. 

• Step 2a/3a includes a combination of surface roughening and vegetation establishment based on
site-specific suitability. Step 2a includes implementation of surface roughening and water
development activities followed by future vegetation establishment on the same acreage in Step
3a. Surface roughening will not occur in the Step 2a areas until water development activities
confirm an irrigation water supply because the soils are generally not suitable for long-term
surface roughening. Portions of the San Felipe Planning Area are identified for Step 2a/3a
because the soils are suitable for temporary surface roughening. Soils in the Clubhouse Planning
Area are sandy and not suitable for surface roughening.

• Step 2b/3b includes a series of plot studies and water development activities for the Western
domain of the Salton Sea. Results from the plot studies in Step 2b (e.g., DCM effectiveness,
implementability, operations, maintenance, and cost) will be used to inform larger-scale
implementation of dust control in each planning area in Step 3b. The Clubhouse Planning Area
and portions of the San Felipe Planning Area are identified for Step 2b/3b.

1.2 OVERVIEW OF SAN FELIPE PLOT STUDY 
As described in the 2019/2020 PDCP (IID 2020), recommended dust control at San Felipe includes a plot 
study to evaluate dust control and irrigation approaches for larger-scale implementation. The plot study 
at San Felipe will evaluate development of groundwater supply, vegetation establishment, and waterless 
DCMs. Water supply options to be evaluated include up to four shallow supply wells. Vegetation will 
include seeding with Allenrolfea occidentalis (ALOC), commonly known as iodine bush, on approximately 
55 acres. ALOC is native, drought-resistant, and suitable for playa planning. Waterless DCMs will be 
implemented on approximately 50 acres. Implementation is anticipated to commence with 
implementation of water supply wells in spring 2022. Results will inform whether groundwater can 
produce water suitable to meet vegetation water demand, establishment approaches for vegetation in 
the western domain, and the effectiveness of several waterless dust control measures. The latter will 
focus on either providing boundary protection against intrusion of moving sand originating upwind from 
the pilot study area, for example the exterior sand fences, or limiting the potential for sand generation in 
the interior of the study site. The latter is particularly relevant in protecting the young vegetation as it 
establishes. 
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Recommended dust control at San Felipe also includes future surface roughening in Step 2a and 
vegetation establishment in Step 3a, assuming that a water supply of sufficient quality and quantity is 
identified. These DCMs would be implemented consistent with the approach described herein. Detailed 
site suitability information used to inform dust control planning is provided in the 2019/2020 PDCP (IID 
2020). An overview of the emissions estimate, soils and suitability, surface types, and step activities 
identified in the 2019/2020 PDCP is provided in Figure 1. A summary of site features and disturbance areas 
is provided in Table 1, and an overview of the plot study is provided in Figure 2. Attachment 1 provides 
site-specific detail on dust control design for the plot study. 

1.3 OVERVIEW OF CLUBHOUSE PLOT STUDY 
As described in the 2019/2020 PDCP, recommended dust control at Clubhouse includes a plot study to 
evaluate dust control approaches for larger-scale implementation. The plot study at Clubhouse will 
evaluate groundwater supply, vegetation establishment, and waterless DCMs. Water supply options to be 
evaluated include up to three shallow supply wells and one deep groundwater supply well. Vegetation 
will be seeded or transplanted with ALOC. Waterless DCMs, including haybales and sand fences, will be 
implemented on up to 10 acres on a stand-alone basis, as well as interspersed with the developing 
vegetation. Implementation is anticipated to commence with implementation of the water supply wells 
in spring 2022. Results will inform whether groundwater can produce water suitable to meet vegetation 
water demand, establishment approaches for vegetation in the western domain, and the effectiveness of 
several waterless DCMs. The latter will focus on either providing boundary protection against intrusion of 
moving sand originating upwind from the pilot study area, for example the exterior sand fences, or limiting 
the potential for sand generation in the interior of the study site. The latter is particularly relevant in 
protecting the young vegetation as it establishes. 

Recommended dust control at Clubhouse also includes future vegetation establishment, assuming that a 
water supply of sufficient quality and quantity is identified, and/or waterless dust control. These DCMs 
would be implemented consistent with the approach described herein. Detailed site suitability 
information used to inform dust control planning is provided in the 2019/2020 PDCP (IID 2020). An 
overview of the emissions estimate, soils and suitability, surface types, and step activities identified in the 
2019/2020 PDCP is provided in Figure 3. A summary of site features and disturbance areas is provided in 
Table 1, and an overview of the plot study is provided in Figure 4. Attachment 2 provides site-specific 
detail on dust control design for the plot study. 
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TABLE 1. SUMMARY OF SITE FEATURES AND DISTURBANCE AREAS 

Feature San Felipe Plot Study Clubhouse Plot Study 

Site Features 

Study plot • Total study plot area: 105 acres
• Approximately 55 acres of vegetation

establishment
• Approximately 50 acres of waterless

dust control (surface roughening and
sand fence)

• Total plot study area: 70 acres
• Approximately 60 acres of vegetation

establishment
• Approximately 10 acres of waterless

dust control (sand fence and hay bale)

Water supply 
development 

• Up to 4 shallow groundwater wells
(apx. 80’ deep)

• Up to 3 shallow groundwater wells
(apx. 80’ deep)

• 1 deep groundwater well
(apx. 300’ deep)

Vegetation 
establishment 
approach 

• Seed irrigated with groundwater • Seed irrigated with groundwater

Disturbance Areas 

Access routes Up to 11,000 linear feet, approximately 10 
feet wide (2.5 acres) (subject to change) 

Up to 3,800 linear feet, approximately 10 
feet wide (0.9 acres) 

Temporary disturbance 
area for well 
construction  

50 x 100 feet for each shallow well (0.46 
acre total) 

70 x 200 feet for deep well and 50 x 100 
feet for each shallow well (0.6 acre total) 

Well pad areas 3 x 3 feet each (4 well pads) 3 x 3 feet each (4 well pads) 

Security fence around 
each well compound1 

30 x 40 feet each (4 compounds) 30 x 40 feet each (3 compounds) 

1The well compounds will contain the wellhead, solar array and pump controllers, HDPE water storage tanks, and connecting 
pipes, valves, pressure pumps, and other equipment.  
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2 WATER SUPPLY DEVELOPMENT 
Groundwater resources on the western shore of the Salton Sea will be investigated with the objective of 
developing an irrigation water supply for vegetation establishment. Water supplies are limited, with no 
agricultural drains or other currently developed sources readily available for irrigation use. There are 
limited data regarding groundwater availability and suitability in the vicinity of the planning areas. 
However, available data suggest that groundwater within the West Salton Sea Groundwater Basin could 
potentially be developed as a water supply source for irrigation. Review of well completion records for a 
few existing wells in the area indicates that the subsurface sediments are composed primarily of fine-
grained lacustrine and distal alluvial fan sediments, with some thin sand and gravel layers in the upper 
300 to 500 feet of sediments. At some of these wells, artesian conditions were encountered. Similar 
conditions were observed in the upper 100 feet of soil investigated as part of a pilot soil boring drilled 
within the Clubhouse Planning Area in May 2020. However, a 100-foot pilot soil boring drilled within the 
San Felipe Planning Area in May 2020 had substantial amounts of sands in the upper 100 feet.  

At San Felipe, water supply development will include up to four shallow groundwater wells. At Clubhouse, 
water supply development will include up to three shallow groundwater wells and one deep groundwater 
well. The following sections describe the development of the deep and shallow groundwater wells. Results 
from the shallow and deep wells, including pilot boring drilling, zone water sampling for supply and 
quality, design, and well construction and pump testing, will also inform future groundwater supply 
development efforts in the Western domain of the Salton Sea. If feasible, up to five additional shallow 
groundwater wells may be implemented to support future vegetation establishment. Implementation 
would be consistent with the descriptions provided below.  

2.1 DEEP GROUNDWATER SUPPLY 
The Clubhouse deep groundwater supply test well will include the following steps: (1) drilling of a pilot 
boring to a depth of approximately 300 feet to characterize subsurface conditions, sample water quality, 
and collect data necessary for design of the test well; (2) determination of whether a suitable supply well 
can be developed at this location in the depth interval explored; (3) abandonment of the borehole if a 
well is not warranted, or design, installation, and development of either a 5-inch or a 6-inch test well if 
development of a well is warranted; (4) pump testing of the test well; (5) installation of a production 
pump; and (6) connection of the pump to power and the water distribution pipeline. During the pilot 
boring phase, groundwater samples will be collected to evaluate groundwater availability and suitability 
(quality) for irrigation purposes. After well construction, pump testing will be conducted to inform the 
proposed test well design and pump selection. Each step is described below. 

OBJECTIVES 
The deep groundwater supply test well will provide irrigation for establishment and maintenance of 
vegetation-based dust control in the plot study (Figure 4). During the zone testing, several depth intervals 
will be evaluated for groundwater quantity and quality to identify the target depths that will produce 
water suitable to meet vegetation water demand. As described further below, the proposed depth of the 
well is 300 feet with the potential for multiple producing zones.  
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WELL DESIGN 
The test well is expected to be constructed using 5-inch- or 6-inch-diameter PVC screen/casing, depending 
on the conditions encountered. The well will be completed with approximately 180 feet of casing, 120 
feet of screen, a gravel pack surrounding the screen, and a 20-foot sanitary grout seal at the ground 
surface. The surface completion will be in a steel “stove pipe” riser centered on a concrete pad that 
measures approximately 3 by 3 feet. A protective, fenced, locking enclosure measuring about 30 x 40 feet 
will be installed around the well location.  

The deep well will be fitted with an electric submersible pump powered by a series of photovoltaic (PV) 
panels installed near the wellhead. At each wellhead, a series of PV panels will be mounted on racks on 
top of 4-inch-diameter steel pipes cemented into the ground to a depth of approximately 2 feet. 
Approximately four to six panels will be installed adjacent to the wellhead and wired to a pump controller, 
breaker, and lightning arrestor installed at the wellhead. 

TEST WELL CONSTRUCTION PROCEDURE/DEVELOPMENT 
An area of approximately 70 feet by 200 feet will be needed for the well construction and associated 
activities, including construction support, parking, truck turnaround, and equipment laydown. The total 
construction area during well construction, including undisturbed parking and laydown areas, will 
measure approximately 1/3 of an acre. The well construction area will be protected by a temporary chain-
link construction fence topped with three strands of barbed wire. A 36-inch silt fence will be attached at 
the base of the temporary construction fence and embedded into the ground at least 10 centimeters and 
function as a wildlife exclusion barrier. No grading or site preparation will be conducted. 

Before drilling activities begin, the boring location will be staked and utilities (i.e., electricity, natural gas 
lines, water lines, sewer lines, etc.) will be identified. DigAlert of Southern California will be notified at 
least two working days before the start of drilling activities by calling 811 to open up a utility clearance 
ticket. The location of field work will be adjusted, if needed, to avoid active underground utilities. The 
deactivation of utilities, in the unlikely event it is necessary, would be certified by the proper utility 
company personnel and the certification record would be retained.  

The test well will be installed using the Rotosonic drilling method. There will be no need for external 
power, water, or other infrastructure during construction as all operations will be self-contained within 
the construction site. Well drilling equipment will include a truck-mounted drilling rig, a pipe truck, a 
development/pump maintenance truck, a forklift, pickup trucks, light stands, generators, pumps, and 
other ancillary equipment. Well construction will be conducted by a crew of approximately three drillers 
and one geologist on a 12-hour shift. Lighting will be provided for night work, if any. The well will be 
installed using a truck-mounted Rotosonic drill rig (approximately 40,000 to 70,000 pounds) with an 
extendable mast approximately 30 to 40 feet high, a stem/pipe truck to carry drilling rods, and forklift and 
hopper to shuttle equipment, materials, and drill cuttings. A backhoe, compressors, generators, and 
pumps may also be used for some operations. In addition, the drilling site will include a logging and 
equipment table, a shaded rest area, portable restroom facilities, and possibly a trailer. Drilling crew and 
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geologists’ trucks will be temporarily parked in designated vehicle parking areas at the site each day that 
work is conducted.  

The borehole will be logged. Zone water samples will be collected from three depth intervals. After 
completion of the borehole drilling, the boring will be geophysically logged by lowering a sonde in the 
pilot boring and recording the readings. At this point, the data collected during the exploratory borehole 
drilling and testing will be evaluated to determine 1) if a well at the selected location will meet the deep 
groundwater supply project needs, and 2) if warranted, the well completion will be designed.  

The well will be constructed using the drilling rig. After the casing and screen are assembled and 
suspended in the borehole, the well screen annulus will be filled with a sand filter-pack material, and the 
remainder of the annulus will be sealed using a bentonite grout. Well construction materials will be 
delivered to the site by truck. The filter-pack will be delivered to the site in super-sacks, and grout will be 
mixed at the site.  

The native drill soil cuttings will be spread on site and groundwater extracted from the well will be used 
on the playa for dust control and irrigation purposes. Any hazardous materials will be handled pursuant 
to a project-specific management and spill prevention plan. Fuel service will be provided for drilling and 
other temporary equipment using a mobile fuel service or small portable fuel containers; bulk fuel storage 
will not be required. 

Following installation, the well will be developed by surging, air-lift pumping, and conventional pumping 
until the removed water becomes relatively clear and free of sediment. During this phase of construction, 
the drill rig, stem/pipe truck and any unnecessary equipment will be demobilized, and a 
pump/development truck will be mobilized to the site. The development water will be used for irrigation 
purposes on the playa. An inert and biodegradable dispersing agent will be placed in the well during part 
of the development process to help remove fines from the area surrounding the well screen. Well 
development water will be used for dust control and irrigation purposes on the playa and applied using a 
Rain-Bird-type water cannon. 

AQUIFER TEST

After well development, a step-drawdown and 24-hour constant discharge pumping test will be 
performed. The temporary exclusion and security fences around the test well area will remain in place 
during this time. A pump/development truck will be used to install an electric submersible test pump 
capable of pumping either approximately 80 or approximately 250 gallons per minute, depending on the 
well design. Water levels will be allowed to equilibrate and the pump will be operated using a gasoline-
powered generator. The pumping test water will be used for irrigation of test areas on the playa using a 
Rain-Bird-type water cannon. 

Water levels and discharge will be recorded during the step test and the 24-hour constant discharge 
pumping period and 24-hour recovery period using recording pressure transducers and a flow meter or 
totalizer. During the test, the pumped groundwater will be field-measured for pH, conductivity, and 
temperature. Groundwater samples will be collected near the beginning, middle, and end of the test. 
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Allowing for setup, demobilization, and the pumping tests, the pump testing schedule could be up to four 
days. 

SITE RESTORATION 
Following completion of the pumping tests and removal of all equipment, materials, debris, and any waste 
materials will be removed from the site. Rutting in the access route will be repaired, and wheel ruts in 
pull-out areas will be raked level. Finally, the temporary exclusion and security fences will be demobilized. 

COMMISSIONING 
After the completion of pump testing, the well will be developed fitted with an electric submersible 
production pump using a truck-mounted pump and development rig. A protective, fenced, locking, 8-foot-
high, chain-link privacy fence enclosure topped with barbed wire and measuring about 30 x 40 feet would 
be installed around the well location. A long-term power connection may be extended from the IID power 
distribution line near the northern end of Crystal Lake Avenue approximately 600 feet to the south, which 
may require the installation of approximately four to six power poles along the access road around the RV 
camping area. The power line would be connected to a panel and meter located inside the fenced well 
compound. 

2.2 SHALLOW GROUNDWATER SUPPLY 

The shallow groundwater supply test wells will be undertaken in the following steps: (1) drilling of a pilot 
boring to a depth of approximately 80 feet to characterize subsurface conditions, sample water quality, 
and collect data necessary for design of the test well; (2) determination of whether a suitable supply well 
can be developed at each location in the depth interval explored; (3) abandonment of the borehole if a 
well is not warranted, or design, installation, and development of 4-inch well; (4) pump testing of the test 
well; (5) installation of a production pump; and (6) connection of the pump to a solar-powered pump and 
water distribution pipeline.  

The San Felipe shallow water supply wells will be relatively close to the edge of the vegetation plot to 
minimize conveyance lines. The locations shown on Figure 2 are for planning purposes, and the final 
locations will be determined in the field. The Clubhouse shallow water supply well locations shown on 
Figure 4 are approximate, as results from a geophysical survey will be used to assist in determining the 
final locations. After well construction, pump testing will be conducted to inform the proposed test wells’ 
design and pump selection. Each step is described below. 

OBJECTIVES 
The shallow groundwater supply test wells will be used to provide a water supply for establishment and 
maintenance of vegetation-based dust control east of the proposed well sites.  

WELL DESIGN 
The shallow supply wells will be constructed with a similar design as the deep well. Each well is expected 
to be constructed using 4-inch-diameter PVC screen/casing. It is assumed that each well will be completed 
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with approximately 30 feet of casing and 50 feet of screen. A gravel pack will surround the screen, and a 
20-foot sanitary grout seal will be installed to ground surface. The final determination on screen interval
will be made in the field. The surface completion will be in a steel “stove pipe” riser centered on a concrete 
pad that measures approximately 3 by 3 feet. A protective, fenced, locking enclosure measuring about 30
by 40 feet will be installed around the well location. Drilling, well construction, and power supply
construction will take approximately four to six weeks.

The shallow wells will be fitted with electric submersible pumps powered by a series of photovoltaic (PV) 
panels installed near the wellheads. At each wellhead, a series of PV panels will be mounted on racks on 
top of 4-inch-diameter steel pipes cemented into the ground to a depth of approximately 2 feet. 
Approximately four to six panels will be installed adjacent to each wellhead and wired to a pump 
controller, breaker and lightning arrestor installed at the wellhead. 

A 2-inch, above-ground PVC mainline will be constructed adjacent to the access route to convey pumped 
groundwater to storage tanks. Solar power will be used to pump and convey the water to storage tanks 
and to supply the managed irrigation area of the project. Total storage capacity will be 115,000 gallons 
split evenly among the tanks.  

TEST WELL CONSTRUCTION PROCEDURE/DEVELOPMENT 
Construction of the shallow test wells (except one shallow test that will be co-located with the deep test 
well at Clubhouse) will take place in wellhead construction areas established at each well location. The 
well construction areas measure approximately 50 by 100 feet and will be protected by a temporary chain-
link construction fence topped with three strands of barbed wire. A 36-inch silt fence will be attached at 
the base of the temporary construction fence and embedded into the ground at least 10 centimeters and 
function as a wildlife exclusion barrier. No grading or other site preparation will be conducted. 

Before drilling activities begin, the boring locations will be staked, and utilities (i.e., electricity, natural gas 
lines, water lines, sewer lines, etc.) will be identified. DigAlert of Southern California will be notified at 
least two working days before the start of drilling activities by calling 811 to open up a utility clearance 
ticket. The location of field work will be adjusted, if needed, to avoid active underground utilities. The 
deactivation of utilities, in the unlikely event it is necessary, would be certified by the proper utility 
company personnel, and the certification record would be retained. The test well will be installed using 
the same approach as described for the deep well (Section 2.1.3)  

The borehole will be logged. Zone water samples will be collected from three depth intervals. After 
completion of the borehole drilling, the boring will be geophysically logged by lowering a sonde in the 
pilot boring and recording the readings. At this point, the data collected during the exploratory borehole 
drilling and testing will be evaluated to determine 1) if a well at selected location will meet the shallow 
groundwater supply project needs, and 2) if warranted, the well completion will be designed.  

The well will be constructed using the drilling rig. After the casing and screen are assembled and 
suspended in the borehole, the well screen annulus will be filled with a sand filter-pack material and the 
remainder of the annulus will be sealed using a bentonite grout. Well construction materials will be 
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delivered to the site by truck. The filter-pack will be delivered to the site in bags, and grout will be mixed 
at the site.  

The native drill soil cuttings will be spread on site and groundwater extracted from the well will be used 
on the playa for dust control and irrigation purposes. Any hazardous materials will be handled pursuant 
to a project-specific management and spill prevention plan. Fuel service will be provided for drilling and 
other temporary equipment using a mobile fuel service or small portable fuel containers; bulk fuel storage 
will not be required. 

Following installation, the well will be developed by surging, air lift pumping, and conventional pumping 
until the removed water becomes relatively clear and free of sediment. During this phase of construction, 
the drill rig, stem/pipe truck, and any unnecessary equipment will be demobilized, and a 
pump/development truck will be mobilized to the site. The development water will be used for irrigation 
purposes on the playa. Well development water will be used for dust control and irrigation purposes on 
the playa and applied using a Rain-Bird-type water cannon. 

AQUIFER TEST 
After well development, a step-drawdown and 12-hour constant discharge pumping test will be 
performed. The temporary exclusion and security fences around the test well area will remain in place 
during this time. A pump/development truck will be used to install an electric submersible test pump 
capable of pumping approximately 10 gallons per minute, depending on the well design. Water levels will 
be allowed to equilibrate and the pump will be operated using a gasoline-powered generator. The 
pumping test water will be used for irrigation of test areas on the playa using a Rain-Bird-type sprinkler. 

Water levels and discharge will be recorded during the step test and the 12-hour constant discharge 
pumping period and 24-hour recovery period using recording pressure transducers and a flow meter or 
totalizer. During the test, the pumped groundwater will be field-measured for pH, conductivity, and 
temperature. Groundwater samples will be collected near the beginning, middle, and end of the test. 
Allowing for setup, demobilization, and the pumping tests, the pump testing schedule could be up to three 
days. 

SITE RESTORATION 
Following completion of the pumping tests and removal of all equipment, materials, debris, and any waste 
materials will be removed from each site. Rutting in the access road will be repaired, and wheel ruts in 
pull-out areas will be raked level. Finally, the temporary exclusion and security fences will be demobilized. 

COMMISSIONING 
After the completion of pump testing, each well will be developed fitted with an electric submersible 
production pump using a truck-mounted pump and development rig. A protective, fenced, locking, 8-foot-
high, chain-link privacy fence enclosure topped with barbed wire and measuring about 30 by 40 feet 
would be installed around each well location. 
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2.3 WATER CONVEYANCE AND STORAGE 
After completion of the wells, fenced well and water storage compounds will be constructed. The 
compounds will be constructed using 8-foot-tall chain-link privacy fence topped with three strands of 
barbed wire, and will measure approximately 30 by 40 feet. A 16-foot-wide gate will be installed. The 
inside of the compounds will be surfaced with crushed rock. The compounds will contain the wellhead, 
solar array and pump controllers, HDPE water storage tanks, and connecting pipes, valves, pressure 
pumps, and other equipment. Each shallow well will have its own compound. The deep well at Clubhouse 
will be combined with a shallow well in one compound.  

Each polyethylene tank will have a capacity of 15,000 gallons (Figure 5). Tank pad construction will require 
two days of a bulldozer. The conveyance pipeline between the pump station and storage tank will be 
installed on the ground surface and will require: (1) a tractor to provide a compacted level 2-foot-wide 
path and (2) two days with a bulldozer and a light-duty pickup truck. At the tank, a pressurizing pump 
(solar) for irrigation will be installed. Pump installation and testing will require one day and a light-duty 
pickup truck. 

After the completion of construction, the ground surface in any areas surrounding the well compounds 
that have become disturbed by vehicle traffic and construction activities will be decompacted by scarifying 
the area to a depth of approximately 6 inches. Native seeds will be broadcast on the decompacted area.  

FIGURE 5. EXAMPLE OF POLYETHYLENE STORAGE TANK 
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3 VEGETATION ESTABLISHMENT 
This section describes vegetation establishment activities at both plot studies, including site preparation, 
seeding, and the installation and operation of the irrigation systems. Seed will be Allenrolfea occidentalis 
(ALOC) commonly known as iodine bush and big saltbush Atriplex lentiformis (ATLE). 

3.1 SITE PREPARATION 

Site preparation at each plot study will be very similar. Site preparation includes seedbed preparation and 
the installation of an irrigation system. Activities will include construction of furrows through land leveling 
and cutting the furrows into place. Construction will require a narrow-bottom grader/shaper and a single 
furrow plough. The grader/shaper is required to create a sloped, level-top seedbed suitable for pulling a 
furrow. Following furrow bed earthworks, the plough will be used to pull furrows or to shank in pressure-
compensation subsurface drip lines (Figure 6). For sections that are surface irrigated, furrow runs will be 
short and range from 150 to 600 feet. For drip-irrigated areas, furrows will range from 500 to 1,500 feet. 
Between the two sites, a total of 120,000 linear feet of furrow will be installed. This work will require 10 
days with a tractor and the two implements. 

Irrigation water will be supplied through 2- and 3-inch mainlines with a total run length of 7,200 feet. For 
drip-irrigated furrows, filtered water (Figure 7) will be delivered through the mainline and will be 
connected with a manual valve to laterals that are then pinned to the top of the furrow. For surface-
irrigated furrows, a gated-pipe (Figure 8) mainline will be used. Installation of the mainline and drip 
laterals will require an ATV with a trailer for four days. 

A description of the irrigation systems is provided in the next section. Irrigation will commence within a 
suitable timeframe to ensure optimum weather conditions for establishment (i.e., winter or early spring). 
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FIGURE 6. EXAMPLE OF SURFACE OR SUB-SURFACE DRIPLINE 

FIGURE 7. EXAMPLE OF FILTRATION EQUIPMENT FOR DRIP IRRIGATION 

FIGURE 8. EXAMPLE OF GATED-PIPE MAINLINE FOR USE WITH SURFACE IRRIGATION 



Appendix 5: Dust Control Plot Study Plans for the San Felipe and Clubhouse Planning Areas at the Salton Sea 

18 

3.2 IRRIGATION 
Irrigation will include furrow irrigation and both surface and subsurface drip irrigation. For furrow 
irrigation, water flow is based on gravity from high to lower elevations. Surface drip is installed on top of 
the soil surface, whereas subsurface drip is shanked in. Pipelines will be used to convey water supply to 
all irrigation laterals. Both methods of drip irrigation require pressure to operate. A portion of the pressure 
is supplied through gravity with the remainder through a pressurizing pump. 

SURFACE FURROW IRRIGATION 
During an irrigation event, water will be supplied through a gate valve from the mainline. Energy 
dissipaters will be used to prevent erosion at the head of the furrow, and earthen barriers will be used to 
create pools along the furrow. The placement of earthen barriers will be guided by engineering; however, 
during irrigation events, they may be moved due to local conditions. Flow rates will range from 10 to 25 
gallons per minute depending on the length of the furrow run. These are sloping furrows with no tailwater 
capture; however, any spill will simply dissipate on the playa. Furrows will be installed and operated for 
reclamation purposes prior to seeding. During reclamation and vegetation establishment, the irrigation 
system will be operated every three days. 

SURFACE DRIP IRRIGATION 
Pressure-compensating, heavy-walled inline emitter drip tubing will be used for all surface drip irrigation 
laterals. Surface drip will be installed and operated for reclamation purposes prior to seeding. During 
reclamation and vegetation establishment, the irrigation system will be operated every three days. 

SUBSURFACE DRIP IRRIGATION 
Pressure-compensating, heavy-walled inline emitter drip tubing will be used for all sub-surface drip 
irrigation laterals. Sub-surface drip will be installed at a depth of six inches and will be operated for 
reclamation purposes prior to seeding. During reclamation and vegetation establishment, the irrigation 
system will be operated every three days. 

4 WATERLESS DUST CONTROL MEASURES 
Waterless DCMs will be implemented as part of the plot studies. Waterless DCMs to be evaluated include 
surface roughening and physical barriers (e.g., hay bales, sand fence). Each is described below.  

4.1 SURFACE ROUGHENING 

Surface roughening provides quick, waterless, and effective control on exposed playa by decreasing the 
wind velocity at the surface and by physically trapping soil particles from upwind sources. Roughening is 
generally achieved by a tractor-drawn tillage implement, such as a bull plow or a modified switch plow. 
The bull plow is generally used to produce oriented roughness and the modified switch plow is generally 
used to produce interrow random roughness (Figure 9). The disturbance depth is approximately 2 feet. 
For surface roughening areas that incorporate vegetation enhancement, native shrub vegetation can be 
established in long continuous hedgerows. When oriented perpendicular to the predominant high winds, 
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these hedgerows reduce wind velocity at the soil surface and create a sand storage zone in the hedgerow 
lee, reducing particle saltation and therefore dust emissions. Surface roughening will be implemented on 
approximately 25 acres of the San Felipe plot study (Figure 2). Implementation will require a tractor and 
one or two implements for approximately three days.  

FIGURE 9. EXAMPLE OF SURFACE ROUGHENING AT SALTON SEA  

A bull plow is used to produce oriented roughness (shown) and a switch plow or similar implement is used to produce interrow 
random roughness. 

4.2 PHYSICAL BARRIERS 

Physical barriers are designed to provide aerodynamic roughness to increase the threshold friction 
velocity required to move soil particles, and to trap and store any mobile soil particles behind individual 
barriers. The degree of erosion control achieved depends on the dimensions, configuration, density, 
stiffness, and porosity of the barriers. The configuration of the barriers is based on modeling of the barrier 
dimensions and the size of the area to be controlled. The configuration is also be designed to minimize 
increased wind speeds and erosion around the edges of the barriers. Examples of physical barriers include, 
but are not limited to, sand fences and hay bales (Figure 10, Figure 11). In some cases, vegetation can be 
planted in tandem with a barrier (e.g., hay bales) so that the vegetation will eventually replace the barrier. 
As shown in Figure 11, the hay bales provide protection from sand abrasion until the vegetation is 
established.  

Hay bales will be implemented at the Clubhouse Plot Study (Attachment 2). The hay bales will be aligned 
perpendicular to prevailing winds. The bales would be placed in a randomly predetermined pattern in a 
sufficiently dense array to reduce surface wind to the intended design specifications. The bale dimensions 
would be approximately 24 by 16 by 48 inches, and certified weed-free. Installation generally includes 
ground preparation, bale placement, and a method of anchoring the bales to the ground. For the plot 
study at Clubhouse, the area is anticipated to include a linear-shaped area, with a maximum length and 
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width of approximately 1,800 and 350 feet, respectively. To achieve the desired reduction on surface 
erosion, approximately 4,000 hay bales are anticipated. 

Sand fences will be implemented in both plot studies (Attachment 1 and Attachment 2). The sand fences 
will include placement of several rows of sand fencing perpendicular to the predominant high wind 
direction. The fencing material will be UV-B resistant, 50 percent porosity snow/sand fence. The fencing 
material will be clamped to pre-treated 4 by 4 inch fence posts, using a dowel and UV-B resistant zip ties. 
Posts will be spaced 15 feet apart and buried 3 feet into the ground to provide stability during high winds. 
The height of the fencing will be 5 feet above the surface. For these plot studies, 4 lines of sand fencing 
are anticipated, spaced approximately 50 feet apart, over a maximum perimeter length of 1,650 feet, 
yielding a total of approximately 6,600 linear feet of sand fencing. 

FIGURE 10. EXAMPLE OF SAND FENCES AT OWENS LAKE 

Photo credit: Ray Castro/Los Angeles Department of Water and Power 
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FIGURE 11. EXAMPLE OF INSTALLATION OF PHYSICAL BARRIERS AT KEELER DUNES NEAR OWENS LAKE (GBUAPCD 2013) 

Top: Plants and watering tubes ready for installation. Bottom: Installation of shrubs along the edge of a straw bale. The straw 
bale provides protection to the juvenile plants from sand abrasion. 
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5 ACCESS ROUTES 
Access routes are necessary to support water supply development, installation of irrigation systems, 
vegetation establishment, and operations, maintenance, and monitoring. Access routes will be developed 
to each well site from the nearest existing improved paved or unpaved road. The routes will be 
constructed using track dozers, motor-graders and water trucks, or other similar equipment as 
appropriate. The final configuration of the access route at San Felipe is pending. At Clubhouse, 
approximately 3,800 feet of access routes will be installed for access to the shallow/ wells (Figure 4). The 
access routes will be approximately 8 to 12 feet wide and will be graded along the land contour and track 
rolled for compaction. “Arizona Crossings” will be utilized to cross any ephemeral washes to maintain the 
natural drainage, and water bars may be constructed to pass surface runoff at intervals. The access routes 
will avoid all existing vegetation. If unstable soils are encountered, they may be stabilized using geotextile 
and native or imported soil as deemed appropriate. Unstable areas may be compacted using vibratory 
rollers and moisture conditioned using water trucks, as appropriate.  

The access routes may be maintained using a loader or backhoe and will be periodically moisture-
conditioned using a water truck, if needed. A speed limit of 5 miles per hour will be maintained by all 
construction vehicles on the unpaved access route to limit dust emissions. It is anticipated that access 
routes may require periodic maintenance to flatten ruts, restore stability or repair washouts. Maintenance 
will be conducted using similar equipment as construction. 

6 OPERATIONS, MAINTENANCE, AND MONITORING 
Operations and maintenance are primarily focused on irrigation; however, gap-filling with seed or 
transplants may be required. In addition, the study plots will be accessed periodically for monitoring 
project performance. A light-duty truck will be required for access. 

6.1 OPERATIONS 
Operations include seedbed reclamation and irrigation. Following reclamation, the managed irrigation 
system will be used to establish and maintain vegetation. The establishment period will last for 16 weeks, 
with every lateral (furrow, surface, and subsurface) irrigated every three days. After establishment, 
irrigation will revert to maintenance irrigation once per week for 20 weeks. All irrigation events will be 
staffed.  

Irrigation scheduling is dependent upon soil and vegetation monitoring, but it is anticipated to include the 
following:  

• Reclamation – An irrigation event every three days for one month

• Establishment – An irrigation event every three days for 16 weeks

• Maturation – An irrigation event every seven days for 16 weeks
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6.2 MAINTENANCE 

Maintenance activities will include repairs to water supply and storage facilities as well as any needed 
repairs to the furrow and drip laterals. Vegetation maintenance includes gap-filling and replanting of any 
dead or poorly performing plants. It is anticipated that all maintenance activities will be completed during 
an irrigation event. 

6.3 MONITORING 

Monitoring includes groundwater production and sampling, irrigation system performance, vegetation 
monitoring and sampling, and soil sampling. The irrigation system and vegetation stand will be monitored 
during each irrigation event. Soil, vegetation, and water sampling will occur two times per year requiring 
one day for each event and a light-duty truck. Monitoring of the effectiveness of the waterless DCMs will 
be primarily focused on sand motion, with additional meteorology (wind speed and direction, 
temperature, relative humidity) to provide site specific data in support of the data analysis. 

7 ENVIRONMENTAL COMPLIANCE, PERMITTING, AND SCHEDULE 
Environmental compliance and permitting will include the following: 

• Preparation of an Addendum to the Water Transfer Project Environmental Impact Report
(EIR)/Environmental Impact Statement (EIS) under the California Environmental Quality Act
(CEQA). The Bureau of Reclamation (BOR) will prepare documentation under the National
Environmental Policy Act (NEPA) because BOR is providing grant funding for implementation of
the deep well.

• Completion of the supply wells will follow the California State Well Standards and Imperial County 
ordinances. This includes California Department of Water Resources Bulletin 74-90 and Imperial
County Ordinance No. 682.3, which regulates the Construction, Reconstruction, Abandonment,
and Destruction of Wells.

• Issuance of a Building Permit and a Conditional Use Permit from Imperial County for the supply
wells.

• Discharge of well development water, which will occur under State Water Resources Control
Board Water Quality Order No. 2003-0003-DWQ – Statewide General Waste Discharge
Requirements (WDRs) for Discharges to Land with a Low Threat to Water Quality.

• Preparation of an Aquatic Resources Delineation Report to identify avoidance areas for resources
under the jurisdiction of the United States Army Corps of Engineers (USACE). USACE concurrence
will be obtained prior to implementation. IID’s request for an Approved Jurisdictional Delineation
is currently under review by the USACE. Aquatic resource avoidance areas may be refined pending 
USACE review.
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A simple project schedule is shown in Figure 12. Installation timeframes will vary to ensure successful 
vegetation establishment (e.g., avoid initial establishment in late spring and summer). The project 
schedule includes the following main components: 

• Deep well construction, development, pump testing, and demobilization of construction
equipment from the deep well site is estimated to be four to six weeks

• Shallow well construction, development, pump testing, and demobilization of construction
equipment from the seven shallow well sites is estimated to be four to six weeks

• Site preparation is anticipated to be two weeks, and soil reclamation is anticipated to occur for
up to four weeks

• Irrigation for vegetation establishment is anticipated to be 16 weeks, and irrigation for vegetation
maintenance is anticipated to be 20 weeks

FIGURE 12. SIMPLIFIED PROJECT SCHEDULE 
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1 INTRODUCTION 
This document was prepared for the Imperial Irrigation District (IID) to provide site-specific detail on dust 
control design for the plot study at the San Felipe Planning Area at the Salton Sea, California. As described 
in the 2019/2020 Proactive Dust Control Plan (PDCP), recommended dust control at San Felipe includes a 
small plot study in Step 2b to evaluate dust control and irrigation approaches for larger-scale 
implementation in Step 3b (IID 2020b). The plot study at San Felipe will evaluate development of 
groundwater supply, vegetation establishment, and waterless dust control measures (DCMs) (Figure 1). 
Results will inform whether groundwater can produce water suitable to meet vegetation water demand, 
establishment approaches for vegetation in the western domain, and the effectiveness of several 
waterless DCMs. The waterless DCMs will protect the establishment of the hedgerow vegetation from the 
potential of moving (eroding) sand entering the site through perimeter sand fencing, as well as from sand 
generation in the bare areas in between hedgerows. 

Water supply options to be evaluated include up to four shallow supply wells. Vegetation will seeded 
Allenrolfea occidentalis (ALOC), commonly known as iodine bush, on approximately 55 acres. ALOC is 
native, drought-resistant, and suitable for playa planning. Waterless DCMs will be implemented on 
approximately 50 acres. Implementation is anticipated to commence with implementation of water 
supply wells in Spring 2022.  

The plot study is described in the following sections: 

• Section 1, Introduction, describes the purpose of plan and provides a summary of the plot study.

• Section 2, Dust Control Measures, describes dust control planning and DCM layout, including
modeling results from the Single Wind Event Erosion Program (SWEEP). DCMs include surface
roughening, vegetated hedgerows, and sand fences to protect vegetation from upwind sand
sources during establishment. Plot study monitoring is also described.

• Section 3, References, includes the references cited herein.
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2 DUST CONTROL MEASURES 
This section includes details about the dust control planning and design for the plot study, as well as 
planned monitoring tasks. 

2.1 DUST CONTROL PLANNING 

Dust control planning was completed with SWEEP, as well as review of pertinent scientific literature. 
SWEEP was used to develop surface roughening recommendations (Section 2.2.1) and to evaluate the 
anticipated efficacy of the proposed vegetation spacing (Section 2.2.2). Scientific literature was used as 
reference material for the design specifications of the sand fences (Sections 2.2.3 and 2.2.4). SWEEP is a 
module of the Wind Erosion Prediction System (WEPS), a physically-based model developed by the United 
States Department of Agriculture (USDA), Agricultural Research Service (ARS), to assess soil erosion and 
the effectiveness of control measures in reducing PM10 (particulate matter less than 10 microns in 
diameter) emissions. WEPS is used to evaluate annual erosion potentials for specific combinations of soils, 
surfaces, crops, climate, and roughness. SWEEP applies the same soil and erosion modules from WEPS to 
simulate the erosion and PM10 emissions potential over user-specified, “design,” 24-hour wind events. 
Although SWEEP originates from an agricultural context, it has been successfully applied in the design of 
pilot studies for DCMs on disturbed lands (Tatarko et al. 2016), playa surfaces (Schaaf and Schreuder 
2014), and at the Salton Sea (IID 2018a). Methods for using SWEEP as a dust control design tool at the 
Salton Sea are described in detail in the annual PDCPs (IID 2018b, 2019b, 2020b). Detailed inputs and 
assumptions in the SWEEP design for the plot study are described below. 

Current Surface Conditions: Data from the annual emissions estimates (IID 2018a, 2019a, 2020a), as well 
as data collected during the spring of 2018 and 2019, were analyzed to determine playa surface conditions 
and potential emission rates of the site where surface roughening is recommended. Plume observations 
during high wind events dating back to fall 2017 indicate that the project area can be periodically emissive. 
The area was further sampled with the PI-SWERL (Portable In-Situ Wind Erosion Laboratory) for emissions 
potential in the spring of 2017 and 2019 to support developing a source delineation for the project area. 
These data were collected consistent with the methods outlined in the Salton Sea Air Quality Mitigation 
Program. Results from these evaluations indicate that portions of the site are prone to erosion and can 
create visible dust emissions (Figure 2). 
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FIGURE 2. WIND EROSION EVIDENCE AT SAN FELIPE PILOT STUDY AREA IN MAY 2019, SHOWING CRUST BREAKAGE AND 
LOOSE, ERODIBLE SURFACE SAND 

Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 PDCP documents the 
approach for characterizing shoreline wind events for dust control planning (IID 2020b). In general, wind 
conditions for events with 0.5- to 20-year return periods were characterized based on approximately nine 
years of measurements from the IID meteorological and air quality monitoring shoreline deployment 
network. Characteristic wind speeds and wind directions differ across the Sea. Conditions for a 1-in-5-year 
wind event at the Naval Test Base station were used to drive subsequent saltation flux simulations 
performed with the SWEEP model (Figure 3). 

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur at several project sites around the Salton Sea, including the project 
area. Two broad soil texture classes occur within the project area: the northern section and the southern 
section (Figure 4). The northern section (closest to the Sea) consists of predominantly fine-textured soils, 
with combined clay and silt fractions up to 80 percent. This section is planned for waterless dust control 
(surface roughening). Several SWEEP applications at similar project sites with comparable soil texture 
have been completed, and results were used to develop a recommendation for ridge and furrow spacing 
in this area.  

SWEEP was also used to evaluate the potential of the proposed vegetated hedgerow spacing (Section 
2.2.2). SWEEP simulations were performed to evaluate baseline conditions for exposed playa as well as 
the anticipated vegetation density with ALOC, both at maturity (height and diameter 1 and 1.2 meters, 
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respectively) and at an intermediate development stage (height and diameter 0.5 and 0.6 meters, 
respectively).  

Surface Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize 
soil texture and assess the suitability for surface roughening (Figure 4). Soil cores were then taken to a 
depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention focused 
on the percent silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the top 60 
centimeters (cm) (two feet), a depth equivalent to the maximum depth of bull plow disturbance. Based 
on performance monitoring results of field-scale pilot studies, soils suitable for surface roughening are 
defined as having a minimum of 35-45% silt and clay (Figure 4). Soils in the 20-35% silt and clay range can 
still be roughened but will likely need augmentation (e.g., vegetation enhancement) within one to two 
years due to degradation of ridges. 

Avoidance Areas: The site layout avoids aquatic resources anticipated to be under the jurisdiction of the 
United States Army Corps of Engineers (USACE). This includes areas with wetland soil and vegetation. 
Avoidance areas were identified in IID’s Aquatic Resources Delineation (Figure 1). IID’s request for an 
Approved Jurisdictional Delineation is currently under review by the USACE. Aquatic resource avoidance 
areas may be refined pending USACE review. Even though these areas are not included in the plot study, 
the wetland and vegetated surface features provide adequate dust control and will be monitored on an 
annual basis consistent with the annual Emissions Estimates (IID 2020a). Furthermore, the naturally 
established vegetation is anticipated to be enhanced and expand into the adjacent areas of irrigated 
vegetation. 
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FIGURE 3. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, NAVAL TEST 
BASE STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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Plow depth (60 cm) percent sand, silt, and clay fractions for soil cores
within and around the San Felipe pilot study area. The soil is relatively finer
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(Sa) Loamy Sand (LoSa) and Sandy Loam (SaLo)

Using texture analysis of collected soil 
samples, a suitability analysis was 
conducted to establish locations for surface 
roughening within the project area. 
Suitability analysis considers the percent of 
fine (NRCS-defined silt and clay) material in 
the upper 60 cm of the soil profile. Data for 
the suitability analysis are taken from lab 
analysis of soil samples collected in the 
project area.
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2.2 DUST CONTROL LAYOUT 
This section describes the analysis used to develop the dust control layout for the plot study at San Felipe. 
The overall dust control layout includes surface roughening and vegetated hedgerows (Figure 1). In 
addition, four-foot sand fences will be installed to protect the site from upwind sand sources on the 
southern and western edges of the plot study. Each component is described below.  

2.2.1 SURFACE ROUGHENING 
Surface roughening is proposed on the plot study over an area of approximately 25 acres. As described in 
Section 2.1, several SWEEP applications at similar project sites with comparable soil texture have been 
completed, and results were used to develop a recommendation for ridge and furrow spacing in this area. 
Results from these models indicate that surface roughening at San Felipe should yield highly durable and 
effective dust control, reducing sand motion by 99 percent or more. This level of control is confirmed by 
sand mass reductions in fine-textured soils at New River West and Alamo River South over the 2019-2020 
dust season.  

Data from surface roughening at other dust control sites around the Salton Sea indicate that roughened 
playa surfaces on fine-textured soils can be considered non-emissive under typical conditions observed in 
the field. Non-emissive surface conditions occur through a combination of increased surface roughness 
(lifting the air stream and reducing wind speed at the surface), stable surface clods, and little to no loose 
surface material.  

2.2.2 VEGETATED HEDGEROWS 
The proposed hedgerows are planned for a spacing of 30 meters between rows, oriented perpendicular 
to the predominant high wind direction, over an area of approximately 55 acres. The vegetated rows will 
consist of ALOC. It is anticipated that plants will reach maturity in about two to three growing seasons, 
reaching individual plant dimensions of 1 meter tall and 1.2 meters in diameter. The SWEEP model was 
run for the soil texture characterizing the portion of the site that will be planted with hedgerows. Soil 
texture and particle size distributions were based on the analysis of soil samples collected in the project 
area (Figure 4). Surface crust conditions were based on quantitative and qualitative field observations. 
For the playa simulations, surfaces were assumed to be weakly crusted with a presence of loose erodible 
material on the surface that is known to initiate sand motion during high winds. These assumptions were 
made to mimic the conditions present when playa surfaces become emissive. However, these conditions 
do not exist for all playa areas nor throughout the entire year. Therefore, this represents a conservative 
condition for design purposes.  

Playa emissions potentials were evaluated as a function of distance from the leading edge as saltation 
develops exponentially over distance to a maximum, equilibrium flux. Cumulative sand flux versus 
distance curves were developed for each soil texture, as individual curves based on soil texture differed 
substantially. These curves formed the playa baseline of the proposed dust control design (Figure 1). The 
model simulations were based on a 24-hour wind speed profile constructed from long-term available wind 
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data at the Naval Test Base station, representing high wind events with a 5-year return frequency and the 
99.9th percentile wind direction (Figure 3). 

The anticipated reduction in potential sand motion was estimated for mature and semi-mature 
hedgerows (assuming half the plant size), at a spacing of 30 meters between rows. The relative reduction 
in sand motion was calculated by comparing the estimated controlled sand motion with uncontrolled 
baseline conditions. Results indicate that a mature hedgerow is anticipated to reduce sand motion by 
approximately 99 percent, through 1) capturing any moving sand, and 2) limiting the distance over which 
sand motion can develop (fetch) between the hedgerows. In the semi-mature hedgerow, sand motion is 
also reduced, but not to the same extent due to reduced plant height and non-continuous hedge.  

2.2.3 EXTERIOR SAND FENCES

To successfully establish the vegetation, it is essential to protect the seedlings from upwind sand sources. 
Several large sand sources exist upwind from the plot study, including alluvial fan areas. Sand fences will 
be installed on the southern and western edge of the site. On the southern edge, a single, 1.2-meter-tall 
(4 feet) snow/sand fence will be installed. On the western and northwestern edges, a double sand fence 
will be installed spaced ~12 meters apart. The fences are anticipated to fully protect the site from exterior 
sand intrusion. A total of ~7,200 linear feet of sand fence is estimated to be installed, over an area of 11 
acres. 

2.2.4 INTERIOR SAND FENCES

In addition to the external sand fences, it is anticipated that some level of interior protection for the 
seedlings will also be beneficial. Interior sand fences will aid plant establishment by protecting against 
sand motion within the site. Two configurations of internal sand fences will be evaluated, spaced at 15 
and 30 meters apart, respectively. The interior sand fences will only be 0.5 meters high because the 1.2-
meter-high exterior sand fences are anticipated to catch the bulk of the exterior sand intrusion. However, 
the interior sand fences act as an additional buffer to prevent further movement of sand within the area. 
Furthermore, these lower sand fences will reduce cost in material and labor of installation, providing an 
optimal tradeoff between sand motion reduction and cost (for example, Lima et al. 2017). The 
recommended porosity of the material is 50 percent, although the material of the fence itself is to be 
determined. Based on SWEEP modeling, the lower sand fences are anticipated to provide significant 
reduction in potential sand motion (>99 percent). A total of ~13,800 linear feet of double sand fence is 
estimated to be installed, over an area of 14 acres. 

2.3 MONITORING 
Plot study monitoring includes groundwater production and sampling, irrigation system performance, 
vegetation monitoring and sampling, and soil sampling. Sand motion monitoring will also be conducted 
to evaluate the dust control performance of the plot studies. Additional information on monitoring is 
provided in Section 6, Operations, Maintenance, and Monitoring, of the main document (Appendix 5).  

Appendix 5, Attachment 1: Dust Control Layout at San Felipe Plot Study 
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2.3.1 GROUNDWATER

As described in the main document (Appendix 5, Section 2.1.4 and Section 2.2.4), a step-drawdown and 
24-hour constant discharge pumping test will be performed after well development. Water levels and
discharge will be recorded during the step test, the 24-hour constant discharge pumping period, and the
24-hour recovery period using recording pressure transducers and a flow meter and totalizer. During the
test, the pumped groundwater will be field-measured for pH, conductivity, and temperature.
Groundwater samples will be collected near the beginning, middle, and end of the test. Allowing for setup, 
demobilization, and the pumping tests, the pump testing schedule could be up to four days.

A long-term pumping test will be conducted for a period of one month. During this time, groundwater 
levels will be monitored using transducers and discharge will be monitored with flow meters and 
totalizers. Water quality will be measured using a field water quality meter approximately weekly. Daily 
drawdown and recovery trends will be assessed and compared to model predictions to validate or update 
drawdown impact predictions.  

During operations, groundwater elevation trends and quality will be monitored. Groundwater elevation 
trends will be evaluated using recorded pressure transducer data collected during periods of pumping and 
non-pumping. Results will be compared to the groundwater model to understand whether groundwater 
elevations are within the anticipated range. Groundwater quality monitoring will include quarterly 
assessments, including field measurement of conductivity and pH. Additional samples will be collected for 
lab analysis as needed.  

2.3.2 IRRIGATION AND VEGETATION

As described in the main document (Appendix 5, Section 3.2), irrigation will consist of surface drip, 
subsurface drip, and furrow irrigation. Heavy-walled drip tubing with pressure-compensating inline 
emitters will be utilized for drip irrigation. The majority of the site will be drip irrigation with the tubing 
placed on the surface, and a limited area will have the tubing shanked approximately one foot below the 
ground surface. Furrow irrigation will be implemented in an area of the site with relatively short furrow 
lengths in order to maximize the distribution uniformity of the applied water. Any runoff resulting from 
the furrows will spill into existing vegetation, which will enhance the cover in those areas. Irrigation water 
will be applied as required to reclaim the soil prior to transplanting vegetation, to establish the vegetation, 
and to meet the long-term evapotranspiration demand of the mature vegetation. The irrigation system 
and vegetation stand will be monitored during each irrigation event.  

Vegetation performance monitoring is essential for ensuring dust control effectiveness over time. Visual, 
photographic, and remote sensing-based monitoring of vegetation will be used to observe and quantify 
the presence and density of vegetation. Visual monitoring will be used to observe the presence of 
vegetation and to direct any required maintenance efforts. Fixed location and random photographic 
monitoring will be used to sub-sample plant porosity. Fixed photographic locations will be coincident with 
ground-based sand motion monitoring. LiDAR-based (Light Detection and Ranging) imagery will be used 
to quantify the areal plant coverage. Plant porosity data will be used, along with sand motion monitoring 
data, to determine the effectiveness of the hedgerows to reduce PM10. 

Appendix 5, Attachment 1: Dust Control Layout at San Felipe Plot Study 
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2.3.3 SOILS 
Monitoring soil quality, particularly soil salinity, is important for protecting vegetation. Soil samples to a 
depth of two feet were taken to establish a baseline soil salinity condition. Following earthworks to 
construct the furrows, soil reclamation will be completed based on the baseline salinity analysis. During 
implementation, salinity monitoring will be done through periodic sampling to compare with baseline 
conditions. An additional metric for triggering the collection of salinity samples is the conductivity of water 
supply.  

2.3.4 SAND MOTION 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and ICAPCD collaborative efforts (IID 2020a). Results of performance monitoring on field-scale 
pilot studies have demonstrated that an effective performance monitoring program includes multiple 
lines of evidence to balance the strengths and weaknesses of individual methodologies (IID 2020a). By 
pursuing multiple lines of evidence, a clear and readily interpretable assessment of dust control 
performance can be achieved. Performance monitoring is an important component of the plot studies 
because it will help determine the feasibility and applicability of implemented DCMs for additional areas 
around the Salton Sea. Performance monitoring is anticipated to include a combination of the following:  

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speed. Although not a quantitative technique, they provide a straightforward method to assess 
whether a site might be emissive. IID’s visual surveillance network consists of four stationary cameras and 
one mobile Roundshot camera. However, none of these cameras has a clear view of the plot study. In case 
sand flux monitoring data (see below, ‘’Sand Flux Monitoring”) warrant the installation of visual dust 
plume cameras, a stationary, single fixed-view camera (StarDot) will be deployed ahead of anticipated 
high wind events. StarDot cameras provide visual footage that can be evaluated once the images are 
downloaded from the unit in the field.  

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Sand flux monitoring instruments will be placed within the surface roughening 
areas. Two types of sand flux monitors may be deployed, either on a stand-alone or co-located basis. One 
option is a CSC, or Cox Sand Catcher, consisting of a vertical tube that physically traps saltating particles 
at 15 cm above the soil surface. CSC sand masses will be collected and weighed on a monthly basis. A CSC 
may be deployed on a stand-alone basis, especially in areas where no to marginal sand motion is 
anticipated. In areas where sand motion is anticipated—for example, uncontrolled upwind locations—the 
CSC may be co-located with a device that would allow for distributing sand masses to estimate hourly 
fluxes, either a Sensit or SANTRI (“Standalone Aeolian Transport Real-time Instrument”). A Sensit is a 
piezoelectric sensor that registers saltating particles that strike the sensor at 15 cm above the soil surface. 
The Sensit can be connected directly to IID’s air quality monitoring network, or data can be downloaded 
manually in the field. Mass from the CSC will be time-resolved with the Sensit data to estimate an hourly 
sand flux. A SANTRI is more recently developed instrument that has been shown to produce more reliable 
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data than the Sensit. Several Sensits or SANTRIs may be deployed at the plot study site as part of the 
monitoring network once the DCMs are in place. 

Upwind/Downwind PM10 Monitoring. Upwind/downwind PM10 monitors can be strategically positioned 
along transects crossing areas controlled for PM10 emissions. Currently available equipment includes BGIs 
(Model PQ200) and the DustTrak (Model DRX 8533), which measure PM10 concentrations on a 24-hour 
and real-time basis, respectively. In general, the difference in upwind and downwind PM10 concentrations 
provides an indicator of dust control performance in the intervening “controlled” area. If the difference is 
low (within the anticipated inherent concentration variability in a dust plume) or the downwind monitor 
concentrations are substantially less than those measured by the upwind monitor, then it is an indicator 
that the DCM is performing well. Specifically, the data indicate that the DCM is not generating additional 
airborne particulate matter. If the downwind monitoring concentrations are substantially higher than 
those from the upwind monitor, then it is an indicator that the DCM may be producing additional PM10. 
At this juncture, PM10 monitoring is not planned for the pilot study site. 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR remote-sensing mapping to quantify site-specific measurements describing soil surface 
conditions, surface roughness attributes, and vegetation characteristics to develop a saltation flux 
estimate relative to the original playa condition (uncontrolled) (IID 2020b). These landscape data and 
corresponding potential saltation flux estimates (developed using SWEEP) provide a quantitative basis to 
spatially assess dust control performance. Saltation flux maps provide a means to determine if portions, 
or all, of the area covered by a DCM is working, or if portions might have deteriorated or are nearing the 
end of the DCM’s effective life. Thus, these types of maps help to identify and delineate where 
maintenance actions (augmentation, re-roughening, vegetation enhancement) might be needed. 
Saltation flux maps will be generated three times per year consistent with the recommendations in the 
2019/2020 PDCP (IID 2020b). 
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1 INTRODUCTION 
This document was prepared for the Imperial Irrigation District (IID) to provide site-specific detail on dust 
control design for the plot study at the Clubhouse Planning Area at the Salton Sea, California. As described 
in the 2019/2020 Proactive Dust Control Plan (PDCP), recommended dust control at Clubhouse includes a 
small plot study in Step 2b to evaluate dust control and irrigation approaches for larger-scale 
implementation in Step 3b (IID 2020b). The plot study at Clubhouse will evaluate groundwater supply, 
vegetation establishment, and waterless dust control measures (DCMs) (Figure 1). Results will inform 
whether groundwater can produce water suitable to meet vegetation water demand, establishment 
approaches for vegetation in the western domain, and the effectiveness of several waterless DCMs. The 
waterless DCMs will protect vegetation during establishment from moving (eroding) sand entering the 
site through perimeter sand fencing, as well as from sand generation in the bare areas in between 
hedgerows.  

Water supply options to be evaluated include up to three shallow supply wells and one deep groundwater 
supply well. Vegetation will include seeding of Allenrolfea occidentalis (ALOC), commonly known as iodine 
bush, on approximately 60 acres. ALOC is native, drought-resistant, and suitable for playa planning. 
Waterless DCMs will be implemented on approximately 10 acres. Implementation is anticipated to 
commence with the installation of water supply wells in early 2022. 

The plot study is described in the following sections: 

• Section 1, Introduction, describes the purpose of plan and provides a summary of the plot study.

• Section 2, Dust Control Measures, describes dust control planning and DCM layout, including
modeling results from the Single Wind Event Erosion Program (SWEEP). Dust control measures
include vegetated hedgerows, and haybales and sand fences to protect vegetation from upwind
sand sources during establishment. Plot study monitoring is also described.

• Section 3, References, includes the references cited herein.
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2 DUST CONTROL MEASURES 
This section includes details about the dust control planning and design for the plot study, as well as 
planned monitoring tasks. 

2.1 DUST CONTROL PLANNING 

Dust control planning was completed with SWEEP, as well as review of pertinent scientific literature. 
SWEEP was used to evaluate the anticipated efficacy of the proposed vegetation spacing (Section 2.2.1). 
Scientific literature was used as reference material for the design specifications of the haybale densities 
(Sections 2.2.2 and 2.2.3) and spacing of the sand fences (Sections 2.2.4 and 2.2.5). SWEEP is a module of 
the Wind Erosion Prediction System (WEPS), a physically-based model developed by the United States 
Department of Agriculture (USDA), Agricultural Research Service (ARS), to assess soil erosion and the 
effectiveness of control measures in reducing PM10 (particulate matter less than 10 microns in diameter) 
emissions. WEPS is used to evaluate annual erosion potentials for specific combinations of soils, surfaces, 
crops, climate, and roughness. SWEEP applies the same soil and erosion modules from WEPS to simulate 
the erosion and PM10 emissions potential over user-specified, “design,” 24-hour wind events. Although 
SWEEP originates from an agricultural context, it has been successfully applied in the design of pilot 
studies for DCMs on disturbed lands (Tatarko et al. 2016), playa surfaces (Schaaf and Schreuder 2014), 
and at the Salton Sea (IID 2018a). Methods for using SWEEP as a dust control design tool at the Salton Sea 
are described in detail in the annual PDCPs (IID 2018b, 2019b, 2020b). Detailed inputs and assumptions in 
the SWEEP design for the plot study are described below.  

Current Surface Conditions: Data from the annual emissions estimates (IID 2018a, 2019a, 2020a) as well 
as surface data collected during the spring of 2018 and 2019 were analyzed to determine playa surface 
conditions. Plume observations during high wind events dating back to Spring 2017 indicate that the 
project area can be periodically emissive (Figure 2). For example, visual dust plumes were recorded on 
May 6, 2017, during a southwesterly wind event with hourly average wind speeds up to 18 m/s (~36 mph). 

Design Wind Event: Design wind event conditions (speed) for a 24-hour period are needed as input to the 
SWEEP model to inform dust control planning. Attachment 3 of the 2019/2020 PDCP documents the 
approach for characterizing shoreline wind events for dust control planning (IID 2020b). In general, wind 
conditions for events with 0.5- to 20-year return periods were characterized based on approximately nine 
years of measurements from the IID meteorological and air quality monitoring shoreline deployment 
network. Characteristic wind speeds and wind directions differ across the Sea. Conditions for a 1-in-5-year 
wind event at the Salton City station were used to drive subsequent saltation flux simulations performed 
with the SWEEP model (Figure 3). This station is located approximately 5.5 miles south of the project area, 
but it is anticipated to experience similar winds as the project area. 

Design Soil Characteristics: SWEEP was used to perform saltation flux simulations for representative soil 
types and surface conditions that occur across the project area. The area has coarse textured soils with 
approximately 85 percent sand and 15 percent combined clay and silt. The coarse nature of these soils 
makes them less suitable for creating stable surface roughness. Hence, vegetation and waterless control 
measures, other than surface roughening, are proposed for this area. Figure 4 shows the soil textural class 
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for the top 60 centimeters (cm) (roughly two feet) soil depth. SWEEP simulations were performed to 
evaluate baseline conditions for exposed playa as well as vegetated and sand fencing scenarios.  

Soil Roughening Suitability: Exposed playa across the Salton Sea was sampled by IID to characterize soil 
texture and assess the suitability for surface roughening and other DCMs (Figure 4). Soil cores were then 
taken to a depth of 1.5 meters (m) (five feet). Soil texture was measured from these cores, with attention 
focused on the percent silt and clay (i.e., the percentage of soil particles consisting of silt and clay) in the 
top 60 cm (two feet), a depth equivalent to the maximum depth of bull plow disturbance. Based on 
performance monitoring results of field-scale pilot studies, soils suitable for surface roughening are 
defined as having a minimum of 35-45% silt and clay (Figure 4). Soils in the 20-35% silt and clay range can 
still be roughened but will likely need augmentation (e.g., vegetation enhancement) within one to two 
years due to degradation of ridges. Based on the soil texture, surface roughening is not considered a 
suitable DCM for the project area. 

FIGURE 2. VISUAL DUST PLUME NEAR CLUBHOUSE 

Visual dust plume at study area on May 6, 2017, during wind event with hourly average wind speeds up to 18 m/s from the SWW. 
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FIGURE 3. WIND SPEED PROFILE USED FOR THE SWEEP RUNS (5-YEAR RETURN INTERVAL WIND EVENT, SALTON CITY 
STATION) AND WIND ROSES FOR ALL DATA AND FOR THE 99.9TH PERCENTILE WIND SPEED 
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Notes:
1. Background Satellite Imagery:
Collected by Pleiades April 16, 2020

Legend
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Soil, Sample (%Silt+Clay in Plow Depth)
!( 21 - 30
!( 11 - 20
!( 5 - 10

Soil, Interpolated (%Silt+Clay in Plow
Depth)

21 - 30
11 - 20
6 - 10

Plow depth (60cm) percent sand, silt, and clay fractions for soil cores collected 
within the Clubhouse plot study area. The majority of the cores were Sand (Sa) 

and Loamy Sand (LoSa) soil textural class representing coarser texture soil. 

Using texture analysis of collected soil 
samples, a suitability analysis was 
conducted to establish locations for dust 
control measures within the project area. 
Suitability analysis considers the percent 
of fine (NRCS-defined silt and clay) 
material in the upper 60 cm of the soil 
profile. Data for the suitability analysis 
were taken from lab analysis of soil 
samples collected in the project area.
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2.2 DUST CONTROL LAYOUT 
This section describes the analysis used to develop the dust control layout for the plot study at Clubhouse. 
The overall dust control layout includes vegetated hedgerows and haybales (Figure 1). In addition, within 
the hedgerows will be two types of interior DCMs, consisting of haybales and low sand fences at variable 
spacing. On the western edge of the plot study, four-foot sand fences will be installed to protect the site 
from upwind sand sources. Each component is described below.  

2.2.1 VEGETATED HEDGEROWS 
The proposed hedgerows are planned for a spacing of 30 meters, oriented perpendicular to the 
predominant high wind direction, over an area of approximately 60 acres. The vegetated rows will consist 
of ALOC. It is anticipated that plants will reach maturity in about two to three growing seasons, reaching 
individual plant dimensions of 1 meter tall and 1.2 meters in diameter. The SWEEP model was based on 
the soil texture characterizing described above. Soil texture and particle size distributions were based on 
the analysis of soil samples collected in the project area (Figure 4). Surface crust conditions were based 
on quantitative and qualitative field observations. For the playa simulations, surfaces were assumed to be 
weakly crusted with a presence of loose erodible material on the surface that is known to initiate sand 
motion during high winds. These assumptions were made to mimic the conditions present when playa 
surfaces exhibit the highest emissions potential. However, these conditions do not exist for all playa areas, 
and not throughout the entire year. Therefore, this represents a conservative condition for design 
purposes.  

Playa emissions potentials were evaluated as a function of distance from the leading edge as saltation 
develops exponentially over distance to a maximum, equilibrium flux. A cumulative sand flux versus 
distance curve was developed to serve as the playa baseline of the proposed dust control design. The 
model simulations were based on a 24-hour wind speed profile constructed from long-term available wind 
data at the Salton City station, representing high wind events with a 5-year return frequency and the 99.9th 
percentile wind direction (Figure 3). 

The anticipated reduction in potential sand motion was estimated for fully mature and semi-mature 
hedgerows (assuming half the plant size), at a spacing of 30 meters between rows. The relative reduction 
in sand motion was calculated by comparing the estimated controlled sand motion with uncontrolled 
baseline conditions. Results indicate that fully developed hedgerows are anticipated to reduce sand 
motion by approximately 99 percent, through 1) capturing any moving sand, and 2) limiting the distance 
over which sand motion can develop (fetch distance) between the hedgerows. In the semi-mature 
hedgerow, sand motion is also reduced, but not to the same extent due to reduced plant height and non-
continuous hedge. 

2.2.2 HAYBALES – STANDALONE APPLICATION 
Haybales, or more generally, large non-erodible surface elements, have been used in several other 
applications to reduce sand motion and associated PM10 emissions (for example, Gillies et al. 2015, 2018). 
The plot study will evaluate the efficacy of haybales to reduce sand motion. Based on empirical 
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relationships, the density of the bales, and the estimated reduction in sand (Gillies et al., 2018), the 
proposed density of the bales (i.e., 6,000 bales over an area of 9.3 acres) would produce an estimated 
reduction in sand motion of 95 percent. As a second function, the standalone haybale area will protect 
the hedgerow portion of the plot study from intrusion of external sand from the west to northwest. 

2.2.3 HAYBALES – INTERSPERSED APPLICATION 
It is anticipated that some level of interior protection for the seedlings would be beneficial in aiding plant 
establishment (through protection against interior sand motion). The plot study will evaluate placing 
haybales interspersed between the vegetated rows. A sufficient number of bales will be placed to reduce 
the potential sand motion by 98 percent. This level of efficacy translates to placing approximately 14,000 
bales over an area of 14.1 acres.  

2.2.4 EXTERIOR SAND FENCES

To successfully establish the vegetation, it is essential to protect the seedlings from external, upwind sand 
sources. Several large sand sources exist upwind from the sites. Sand fences will be installed on the 
southern and western edges of the site. On the southern edge, a single, 1.2-meter (4-foot) tall snow/sand 
fence will be installed. On the western and northwestern edges, a double sand fence will be installed, 
spaced ~12 meters apart, as the upwind alluvial fan areas that can produce sand intrusion into the site 
are significant. The fences are anticipated to fully protect the site from exterior sand intrusion. A total of 
~5,300 linear feet of single sand fence is estimated to be installed, over an area of 8.3 acres. 

2.2.5 INTERIOR SAND FENCES

In addition to the external sand fences, it is anticipated that some level of interior protection for the 
seedlings will also be beneficial. Interior sand fences will aid plant establishment by protecting against 
sand motion within the site. Two configurations of internal sand fences will be evaluated, spaced at 15 
and 30 meters apart, respectively. The interior sand fences will only be 0.5 meters high because the 1.2-
meter-high exterior sand fences are anticipated to catch the bulk of the exterior sand intrusion. However, 
the interior sand fences act as an additional buffer to prevent further movement of sand within the area. 
Furthermore, these lower sand fences will reduce cost in material and labor of installation, providing an 
optimal tradeoff between sand motion reduction and cost (for example, Lima et al. 2017). The 
recommended porosity of the material is 50 percent, although the material of the fence itself is to be 
determined. Based on SWEEP modeling, the lower sand fences are anticipated to provide significant 
reduction in potential sand motion (>99 percent). A total of ~31,000 linear feet of double sand fence is 
estimated to be installed, over an area of 24 acres. 

2.3 MONITORING 
Plot study monitoring includes groundwater production and sampling, irrigation system performance, 
vegetation monitoring and sampling, and soil sampling. Sand motion monitoring will also be conducted 
to evaluate the dust control performance of the plot studies. Additional information on monitoring is 
provided in Section 6, Operations, Maintenance, and Monitoring, of the main document (Appendix 5).  
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2.3.1 GROUNDWATER

As described in the main document (Appendix 5, Section 2.1.4 and Section 2.2.4), a step-drawdown and 
24-hour constant discharge pumping test will be performed after well development. Water levels and
discharge will be recorded during the step test, the 24-hour constant discharge pumping period, and the
24-hour recovery period using recording pressure transducers and a flow meter and totalizer. During the
test, the pumped groundwater will be field-measured for pH, conductivity, and temperature.
Groundwater samples will be collected near the beginning, middle, and end of the test. Allowing for setup,
demobilization, and the pumping tests, the pump testing schedule could be up to four days.

A long-term pumping test will be conducted for a period of one month. During this time, groundwater 
levels will be monitored using transducers, and discharge will be monitored with flow meters and 
totalizers. Water quality will be measured using a field water quality meter approximately weekly. Daily 
drawdown and recovery trends will be assessed and compared to model predictions to validate or update 
drawdown impact predictions.  

During operations, groundwater elevation trends and quality will be monitored. Groundwater elevation 
trends will be evaluated using recorded pressure transducer data collected during periods of pumping and 
non-pumping. Results will be compared to the groundwater model to understand whether groundwater 
elevations are within the anticipated range. Groundwater quality monitoring will include quarterly 
assessments, including field measurements of conductivity and pH. Additional samples will be collected 
for lab analysis as needed. 

2.3.2 IRRIGATION AND VEGETATION

As described in the main document (Appendix 5, Section 3.2), irrigation will consist of surface drip and 
subsurface drip. Heavy-walled drip tubing with pressure-compensating inline emitters will be utilized for 
drip irrigation. The majority of the site will be drip irrigation with the tubing placed on the surface, and a 
limited area will have the tubing shanked approximately one foot below the ground surface. Irrigation 
water will be applied as required to reclaim the soil, to establish the vegetation, and to meet the long-
term evapotranspiration demand of the mature vegetation. 

Vegetation performance monitoring is essential for ensuring dust control effectiveness over time. Visual, 
photographic, and remote-sensing-based monitoring of vegetation will be used to observe and quantify 
the density and size of vegetation. Visual monitoring will be used to observe the presence of vegetation 
and to direct any required maintenance efforts. Fixed location and random photographic monitoring will 
be used to sub-sample plant porosity. Fixed photographic locations will be coincident with ground-based 
sand motion monitoring. LiDAR-based (Light Detection and Ranging) imagery will be used to quantify the 
areal plant coverage. Plant porosity data will be used, along with sand motion monitoring data, to 
determine the effectiveness of the hedgerows in reducing PM10.  

2.3.3 SOILS 
Monitoring soil quality, particularly soil salinity, is important for protecting vegetation. Soil samples to a 
depth of two feet were taken to establish a baseline soil salinity condition. Prior to planting vegetation, 
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soil reclamation will be completed based on the baseline salinity analysis. During implementation, salinity 
monitoring will be done through periodic sampling to compare with baseline conditions. An additional 
metric for triggering the collection of salinity samples is the conductivity of water supply.  

2.3.4 PERFORMANCE MONITORING 
Development of performance monitoring techniques and appropriate maintenance criteria have been a 
focus of IID and ICAPCD collaborative efforts (IID 2020a). Results of performance monitoring on field-scale 
pilot studies have demonstrated that an effective performance monitoring program includes multiple 
lines of evidence to balance the strengths and weaknesses of individual dust control methodologies (IID 
2020a). By pursuing multiple lines of evidence, a clear and readily interpretable assessment of dust control 
performance can be achieved. Performance monitoring is an important component of the plot studies 
because it will help determine the feasibility and applicability of implemented DCMs for additional areas 
around the Salton Sea. Performance monitoring is anticipated to include a combination of the following:  

Visual Surveillance Network. Visual surveillance is an effective and intuitive method of performance 
monitoring, as it examines the presence/absence and intensity of dust plumes during hours with high 
wind speed. Although not a quantitative technique, this provides a straightforward method to assess 
whether a site might be emissive. IID’s visual surveillance network consists of four stationary cameras and 
one mobile Roundshot camera. However, none of these cameras has a clear view of the plot study. In case 
sand flux monitoring data (see below, “Sand Flux Monitoring”) warrant the installation of visual dust 
plume cameras, a stationary, single fixed-view camera (StarDot) may be deployed ahead of anticipated 
high wind events. StarDot cameras provide visual footage that can be evaluated once the images are 
downloaded from the unit in the field.  

Sand Flux Monitoring. Sand flux monitoring sensors are used to measure real-time horizontal sand fluxes 
for discrete locations. Two types of sand flux monitors may be deployed, either on a stand-alone or co-
located basis. One option is a CSC, or Cox Sand Catcher, consisting of a vertical tube that physically traps 
saltating particles at 15 cm above the soil surface. In February 2021, several CSCs were installed in the 
project area with the purpose of evaluating the emissivity of the site prior to implementing dust control. 
CSC sand masses will be collected and weighed on a monthly basis. A CSC may also be deployed on a 
stand-alone basis, especially in areas where no to marginal sand motion is anticipated. In areas where 
sand motion is anticipated—for example, uncontrolled upwind locations—the CSC may be co-located with 
a device that would allow for distributing sand masses to estimate hourly fluxes, either a Sensit or SANTRI 
(“Standalone Aeolian Transport Real-time Instrument”). A Sensit is a piezoelectric sensor that registers 
saltating particles that strike the sensor at 15 cm above the soil surface. The Sensit can be connected 
directly to IID’s air quality monitoring network, or data can be downloaded manually in the field. Mass 
from the CSC can be time-resolved with the Sensit data to estimate an hourly sand flux. A SANTRI is a 
more recently developed instrument that has been shown to produce more reliable data than the Sensit. 
It is anticipated that several Sensits or SANTRIs will be deployed at the plot study site as part of the 
monitoring network once the DCMs are in place. 

Upwind/Downwind PM10 Monitoring. Upwind/downwind PM10 monitors can be strategically positioned 
along transects crossing areas controlled for PM10 emissions. Currently available equipment includes BGIs 
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(Model PQ200) and the DustTrak (Model DRX 8533), which measure PM10 concentrations on a 24-hour 
and real-time basis, respectively. In general, the difference in measured upwind and downwind PM10 
concentrations provides an indicator of dust control performance in the intervening “controlled” area. If 
the difference is low (within the anticipated inherent concentration variability in a dust plume) or if the 
downwind monitor concentrations are substantially lower than those measured by the upwind monitor, 
then it is an indicator that the DCM is performing well. Specifically, the data indicate that the DCM is not 
generating additional airborne particulate matter. If the measured downwind monitoring concentrations 
are substantially higher than those from the upwind monitor, then it is an indicator that the DCM may be 
producing additional PM10. At this juncture, PM10 monitoring is not planned for the plot study site. 

Saltation Flux Mapping. Saltation flux mapping is a landscape-based, data-driven process that uses fine-
scale LiDAR remote-sensing mapping to quantify site-specific measurements describing soil surface 
conditions, surface roughness attributes, and vegetation characteristics to develop a saltation flux 
estimate relative to the original playa condition (uncontrolled) (IID 2020b). These landscape data and 
corresponding potential saltation flux estimates (developed using SWEEP) provide a quantitative basis to 
spatially assess dust control performance. Saltation flux maps provide a means to determine if portions, 
or all, of the area covered by a DCM is working, or if portions might have deteriorated or are nearing the 
end of the DCM’s effective life. Thus, these types of maps help to identify and delineate where DCM 
maintenance actions (augmentation, vegetation enhancement) might be needed. Saltation flux maps will 
be generated three times per year, consistent with the recommendations in the 2019/2020 PDCP (IID 
2020b). 
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TECHNICAL MEMORANDUM 

SURFACE STABILIZER AND BIO-GROUT BENCHTOP STUDIES AT THE SALTON 
SEA, CALIFORNIA  

PREPARED FOR: Imperial Irrigation District 

PREPARED BY: Formation Environmental, LLC 

DATE: October 2021 

This technical memorandum documents two benchtop studies performed on soil collected from the 
Salton Sea playa: 1) a surface stabilizer study performed using five commercially available surface 
stabilizer products, and 2) a bio-grout study performed using calcite precipitate-inducing mixtures based 
on results from similar studies. Both studies were performed at Formation Environmental’s (Formation’s) 
Salton Sea field office and laboratory in Calipatria, California. 

The studies were conducted from September 2019 to October 2020, providing a full year to observe 
performance, defined as the ability of a stabilizer product to reduce dust emission potential. During this 
time period, the impacts of rain events on surface stabilizer performance were also evaluated. Results 
demonstrate that there is potential for using the technologies from both studies to control dust. The next 
step for the surface stabilizer study is field implementation, whereas the bio-grout needs further 
benchtop-scale study to develop field-scale methods. 

1 BACKGROUND 
Surface stabilizers are commonly used for dust control on unpaved roads, construction sites, helicopter 
landing sites, and other disturbed lands. They are usually applied topically and can include water, salts 
and brines, organic non-petroleum products, synthetic polymers, organic petroleum products, or mulch 
and fiber mixtures. Surface stabilizers abate dust by binding the soil particles together or changing the 
physical properties of the soil surface. 

Bio-grout is a general term for soil stabilization through the cementation of soil particles with induced 
calcite (CaCO3) precipitation (Li et al. 2015, Pan et al. 2020). In essence, bio-grout mimics nature’s 
biological, physical, and chemical processes using water supersaturated with CaCO3 to create CaCO3-
bearing rocks, commonly referred to as limestone, or in soil, caliche (Donahue et al. 1977) (Figure 1). 
Recent investigations into bio-grouting include an application to prevent wind-driven erosion originating 
from a silty, fine sand in Arizona (Hamdan and Kavazanjian 2016). Unlike surface stabilizers, there are no 
commercial bio-grout vendors; however, there are two basic approaches for creating conditions favorable 
for calcite precipitation: microbially-induced calcite precipitation and enzyme-induced calcite 
precipitation (EICP). This trial is limited to the EICP method because the microbially-induced approaches 
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are used to generate conditions, or precursors, for the EICP. Enzyme-induced calcite precipitation utilizes 
urease to create the chemical conditions that are suitable for the formation of calcite precipitate.  

2 SURFACE STABILIZER BENCHTOP STUDY 
The surface stabilizer benchtop study evaluated the 
performance of five conventional surface stabilizer products, a 
control with water (wet control), and a dry control. For 
objectivity and confidentiality purposes, the commercial 
names of the tested products are not included in this report; 
instead, they are referred to as products A through E. The 
following sections describe the soil and water characterization, 
set-up and implementation of the study, performance 
monitoring of the products, and subsequent performance 
observations. 

2.1 SOIL AND WATER CHARACTERIZATION 
Approximately 15 cubic feet (ft3) of soil was collected from a 
previously characterized section of the playa in the New West 
Planning Area (New West S_07) of the Salton Sea. The soil was 
collected from the top three inches of the playa surface within 
a 30.25 square-foot (5.5 ft x 5.5 ft) area. 

Collected soil was spread on a clean concrete pad and mixed 
multiple times to ensure a homogenized matrix. An aliquot of 
the homogenized soil was submitted to an agricultural testing 
lab for analysis. Parameters measured included saturation 
percentage (SP), electrical conductivity of the soil extract 
(ECe), pH, exchangeable sodium percentage, and 
concentrations of major nutrients including nitrogen, 
phosphorus, potassium, calcium, magnesium, sodium, and 
sulfur (Table 1). Soil texture was analyzed using the pipette 
method, which is generally considered to be more accurate 
than the alternative hydrometer method (Table 2).  

Any water used in product dilution or for control was collected near the mouth of the Alamo River using 
a trash pump and a 100-mesh screen. Water quality measurements of the Alamo River published by the 
Imperial Irrigation District (IID) during this time-period indicate a pH of around 7.2 and a conductivity of 
about 4.25 deciSiemens per meter (dS/m). 

FIGURE 1. EXAMPLE OF BIO-GROUT SALT 
CRUST 

Photo credit: University of Arizona’s Center for 
Bio-mediated and Bio-inspired Geotechnics 
(CBBG) 
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TABLE 1. SOIL CHEMISTRY 

Analyte NO3 - N PO4 - P K SP% 
ECe 

(dS/m) pH Ca Mg Na ESP SO4 - S 

Method Olsen (ppm) Saturation Paste NH4OAc (ppm) 
Digest 
(ppm) 

Value 46 6.9 442 36 179 8.2 7,976 1,942 22,017 55.4 25,980 

TABLE 2. SOIL TEXTURE ANALYSIS (PIPETTE METHOD) 

Sand% Clay% Silt% Classification 
82.24 6.27 11.49 Loamy Sand 

2.2 METHODS 
The study was conducted in 16-inch diameter hog pans filled with homogenized playa soil (Figure 2). After 
filling the hog pans, a calibrated backpack sprayer (Jacto PJB) was used to apply the treatments. The 
calibrated application rate (6.84 milliliters per second [mL/s]) was determined by placing ten hog pans in 
a row, applying water (Figure 3) at the lowest setting on the sprayer, and measuring volume in the pans 
while recording the time it took for ten passes. Using the calibrated sprayer rate and application volumes 
for each product, including dilution, the spray times were calculated for each set of hog pans. To confirm 
the volume of product applied, three empty pans were included when applying each treatment (Table 3). 
Following a treatment application, the volume of liquid in the blank pans was measured. Two staff 
members were involved in product application: one applying the product and one monitoring application 
procedures and time. All products were applied between 10:30 and 15:30 on September 5, 2019. 

FIGURE 2. HOG PAN FILLED WITH HOMOGENIZED SOIL FROM THE NEW WEST PLANNING AREA 
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FIGURE 3. CALIBRATED APPLICATION OF SURFACE STABILIZERS WITH BACKPACK SPRAYER 

TABLE 3. APPLICATION PARAMETERS AND APPLICATION VOLUMES USED TO TREAT SOIL IN HOG PANS 

Product 

Rate Raw 
Product 
(gal/acre) Dilution Gal/Acre 

Target Volume 
(mL/Hog Pan) 

Measured Volume (mL) 
in Control Pans Post-

Calibration 
A 435 8 3,915 505 540 
B 110 8 990 128 99 
C 275 3 1,100 142 102 
D 200 10 2,200 289 243 
E 1,100 2 3300 428 3431 
Wet Control NA NA 3,915 505 427 

1 Estimated based on other treatments 
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The experimental design consisted of five randomized replications of each product, including five dry 
control pans, five wet control pans, and one Portable In-situ Wind Erosion Laboratory (PI-SWERL) Function 
Test pan, for a total of 36 pans (Figure 4). The fifth replication, denoted with a “P” in Figure 4, was for 
penetrometer tests only. This avoided conducting PI-SWERL emissivity tests on pans where the crust was 
purposefully broken as part of the test protocol. Each pan in the “P” column was divided into four 
quadrants. Each quadrant corresponds to one of the four monitoring events.  

FIGURE 4. HOG PAN LAYOUT FOR ALL TREATMENTS AND REPLICATION 

The products were applied at the rates recommended by manufacturers for field-scale application (Table 
3). For the wet control, water was applied to the soil at the same rate as product A. After the treatments 
cured according to manufacturer recommendations, their soil-stabilizing capabilities were evaluated 
based on emission potential of particulate matter (expressed as PM10)1 with the PI-SWERL (Figure 5), and 
surface crust strength with a soil penetrometer (AMS Inc.).  

1 Expressed as particulates with an aerodynamic diameter of ten microns or less, also referred to as PM10. 
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FIGURE 5. PI-SWERL SETUP FOR SURFACE STABILIZER PERFORMANCE MONITORING 

2.3 MONITORING 
The PM10 emissions potential was assessed for each plot using a PI-SWERL (Figure 5). Upon curing of the 
surfaces, PI-SWERL sampling occurred in increasing intervals (Table 4). PI-SWERL monitoring consisted of 
a six-step test with a 60-second cleaning cycle followed by six periods of stable, elevated, simulated 
friction velocities (0.31, 0.40, 0.48, 0.56, 0.64, and 0.72 meters per second [m/s]). These friction velocities 
corresponded with a rotational speed of the circular blade in the PI-SWERL unit, expressed as revolutions 
per minute (RPM), of 1,000, 2,000, 2,500, 3,000, 3,500, and 4,000 RPMs, respectively. Sampling results 
were summarized as the average emission rate for each phase with stable RPMs to assess the (relative) 
performance of each product, and, if and when, a product showed declining emission control 
effectiveness. The final performance analysis focused on the step with the highest RPMs (Section 2.4). 
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TABLE 4. SAMPLING DATES 

PI-SWERL Sampling Event Weeks (since application) Date Range 
1 3 09/25/2019 
2 5 10/07/2019 (one test on 10/14/19) 
3 8 10/21/2019 (one test on 10/29/19) 
4 27 03/09/2020 
5 48 7/31/2020 and 08/03/2020 
6 56 9/30/2020 and 10/01/2020 

On September 25, 2019, there was significant rainfall (almost an inch) reported at the Calipatria/Mulberry 
California Irrigation Management Information System (CIMIS) (water.ca.gov) station, located ~9.5 miles 
southeast of the test site. However, at the Sonny Bono meteorological station located ~7.5 miles 
northwest from the test site, there was no rainfall recorded that day (Figure 6). Since the hog pans were 
dry at the time of sampling, the precipitation data for the CIMIS station are not shown in the time series 
in Figure 6. The second and third monitoring events were completed as scheduled. Prior to the scheduled 
fourth monitoring event on November 4, Formation staff documented an “unquantified” rain event. This 
rain event was not captured by a CIMIS station or the Sonny Bono station and therefore is not presented 
in Figure 6.  

However, this rain event and the subsequent high rainfall in November and December (Figure 6) led to a 
delay of the fourth PI-SWERL sampling. A decision to allow the hog pans to dry was made. Frequent, 
subjective observation of the soil moisture was made to determine when the fourth monitoring event 
should occur. An additional effort to dry the soils involved drilling a hole in the bottom edge of each hog 
pan, and slightly raising the opposite end to increase drainage. Forecasts for heavy rains (manifestation 
shown after fourth monitoring event in Figure 6), led to the decision to perform the final monitoring event 
on 03/09/2020, even though the soil was not completely dry. The inordinate amount of rain during the 
2019 – 2020 winter caused new salt crust precipitation and led to moist, stable surfaces in the hog pans, 
rather than the desired dry surface condition. The latter would provide a more realistic “worst case” 
condition of emission potential. These dry conditions were not encountered until late summer and early 
fall 2020, which is when the final two sampling events took place. 
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FIGURE 6. MONITORING SCHEDULE AND RAIN EVENTS 

2.4 RESULTS 
For performance evaluation purposes, the PM10 emission potentials were compared at the 4,000 RPM 
level, which is the highest RPM level in the six-step PI-SWERL test. This represents a friction velocity of 
approximately 0.72 m/s, or an approximate windspeed at (a standard) 10-meter height above the ground 
of approximately 24 m/s (54 miles per hour [mph])2. Although wind events corresponding to a 0.72 m/s 
friction velocity represent only a small percentage of yearly wind events, the data at the highest friction 
velocity are used as a basis of comparison because the majority of the annual PM10 emissions tend to 
occur under the highest wind conditions. As such, the product comparison is based on the “worst case” 
wind speed scenario. Results are described below.  

Note that during the first monitoring event, PI-SWERL tests on products C and D did not pass quality 
control checks; therefore, data for those stabilizers, from the first monitoring event, are not used in 
performance comparisons. In addition, due to a delay in setting up the dry control pans, their PI-SWERL 
tests did not follow the same sampling dates as the stabilizer product tests. However, these control data 

2 Assuming smooth desert playa and a surface roughness length (z0) value of 0.01 millimeter (mm). 
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were processed as best as possible to match how the stabilizer product data were processed, according 
to the type of comparison. 

Figure 7 shows the average performance of each stabilizer product at 0.72 m/s for the first three PI-SWERL 
evaluations. At each monitoring event, there was always one set of PI-SWERL tests run on previously 
untested (undisturbed) hog pans, and a number (monitoring event number, minus one) of previously 
tested (disturbed) hog pans. For example, during the fourth monitoring event, the fourth row of hog pans 
was tested with a PI-SWERL. This row was not previously tested and so the surfaces were considered 
undisturbed. Rows one through three were also tested. During the fourth monitoring event, row one had 
been previously tested three times, and therefore disturbed three times. Tests for both disturbed and 
undisturbed sets of pans are included in the summary figures.  

In the first evaluation, after three weeks (Figure 7, top panel), the majority of the emission estimates were 
within the background range, indicated as the gray box across Figure 7.3 It was also apparent that product 
E initially was highly emissive, with an emission potential at least two orders of magnitude higher than 
the others, including the controls (Figure 7, top panel). In the two subsequent sampling events, the 
majority of the treated pans were non-emissive, with emission rates within the environmental 
background (Figure 7, middle and lower panels). Furthermore, both the dry control as well as product E 
showed elevated PM10 emission potentials, although these were not overly high. 

In week 27, March 2020, the fourth monitoring event, emissions were higher than in October, but still not 
excessively high (Figure 8, upper panel). An exception was product A, which was showing a trend toward 
becoming potentially emissive. A reason emission potentials were not highly emissive in March is that the 
surfaces of the hog pans were still not entirely dry after significant rainfall over previous months (Figure 
6). Although not yet completely dry, the fourth round of testing was conducted because there was 
considerable predicted (and actualized) high rain fall the days following (Figure 6).  

During the last two sampling events, all treatments and both controls indicated an increase to fairly high 
emission potentials (Figure 8, middle and lower panels). During these sampling events the hog pans were 
fully dry. There were few differences between the emission potentials observed in the controls and those 
in the treatments, indicating that one year after application, most treatments were ineffective in terms of 
providing dust control. An exception was product C, which consistently showed emission potentials within 
the background, the lowest potentials of all the treatments, or both (Figure 7 and Figure 8). This was still 
the case one year after application, when this product showed emission potentials about an order of 
magnitude lower than those in the other treatments, as well as the dry control. Although the set-up with 
the hog pans was small-scale, it showed that the product has the most promise for further testing on a 
larger scale. Although product D did perform well over the first 8 weeks, the product’s performance had 
declined by week 27, at which point emission rates were similar to those of the controls as well as other 
products.  

3 Defined as a PM10 emission rate equivalent to an atmospheric PM10 concentration exiting the PI-SWERL device of 60 µg m-3. 
This level was calculated as three times the average (arithmetic mean) PM10 concentration at the Salton Sea during non-windy 
conditions, or 20 µg m-3. 
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FIGURE 7. SURFACE STABILIZER PERFORMANCE AVERAGED FOR MONITORING EVENTS 1 THROUGH 3 
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FIGURE 8. SURFACE STABILIZER PERFORMANCE AVERAGED FOR MONITORING EVENTS 4 THROUGH 6 
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Penetrometer measurements were conducted in triplicate in one pan of each treatment for each sampling 
event. The penetrometer pans were separate from the PI-SWERL pans, to avoid artificially breaking the 
crust of the latter. In general, there was no clear relationship between the observed crust strength and 
PM10 emission rates (Figure 9). Further examination of these data based on sampling week and product 
did not yield additional insights into the lack of an observed relationship. Most likely other factors, for 
example, soil moisture and presence, or absence, of loose erodible material on the surface of the pans, 
might have played a role as well. However, it should be noted that the two control treatments had the 
lowest and second lowest crust strength (or, in absence thereof, surface strength). Furthermore, product 
C, which consistently showed the lowest PM10 emission rates, also had the strongest crusts throughout 
the evaluation period (using the average crust strength as an indicator). 

FIGURE 9. PM10 EMISSION RATE (U*=0.72 M S-1) AS A FUNCTION OF CRUST STRENGTH 

In addition to performance and the longevity of a product, the cost of chemical stabilizer needs to be 
considered. Product and application costs vary between products and range from approximately $1,300 
to $5,300 on a per acre basis, based on manufacturer quotes provided in early to mid-2020 (Table 5). This 
assumes a ground-based application. An aerial application would cost considerably more. The best 
performing product is on the low end of this price range, with an estimated application cost of $1,800 per 
acre (Table 5). 
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TABLE 5. ESTIMATED COST TO PURCHASE AND APPLY SURFACE STABILIZERS 

Product Product 
Cost ($) / 
gal 

Product 
Application Rate 
(gal/acre) 

Product 
Cost ($) / 
Acre 

Gal / Acre Application 
Cost ($) / 
Acre 

Total Cost ($) 
/ Acre 

Product A  $8.50 435 $3,698 3,915 $1,000 $4,698 
Product B  $3.00 110 $330 990 $1,000 $1,330 
Product C  $3.00 275 $825 1,100 $1,000 $1,825 
Product D  $7.25 200 $1,450 2,200 $1,000 $2,450 
Product E  $3.95 1,100 $4,345 3,300 $1,000 $5,345 
Water  $-   3,915 $0 3,915 $1,000 $1,000 

3 BIO-GROUT STUDY 
The bio-grout benchtop study was initiated to evaluate the performance of various bio-grout treatments 
that were designed to develop durable surface crust created through the precipitation of calcite. In 
addition, Portland cement and lime were included to evaluate their ability to generate durable crusts. This 
study was a screening effort to reduce the number of variables to observe when scaled up. There were 
no replications of any treatment. The following sub-sections describe the set-up of the study, 
implementation, monitoring, and recommendations for next steps. 

3.1 SOIL CHARACTERIZATION 
Soil was taken from previously characterized locations near the New River (Table 6). Following 
homogenization of each soil type, samples were taken for lab analysis that included electrical conductivity 
of a saturated paste extract (ECe) and pH (Table 7). 
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TABLE 6. SOIL PHYSICAL PROPERTIES 

Component Clay 
NR_N1_018* 

Sand 
NR_N1_023* 

% 

Sand 26.7 85.3 

Silt 39.7 7.0 

Clay 33.7 7.8 

USDA Texture Class clay loam loamy sand 

*IID soil sample identification

TABLE 7. HOMOGENIZED SOIL CHEMICAL AND QUALITY PROPERTIES 

Constituent Clay Sand 

mg/l 

NO3-N (nitrate nitrogen) 1.8 2.7 

PO4-P (orthophosphate as phosphorus) 20.1 7.9 

K (potassium) 584 256 

Ca+ (calcium) 4,200 2,290 

Mg (magnesium) 1,070 906 

Na (sodium) 10,020 8,103 

Fe (iron) 44 29 

Mn (manganese) 3.6 1.7 

Zn (zinc) 2.7 0.9 

Cu (copper) 3.6 0.7 

Saturated Percentage 76.3 38.6 

Exchangeable Sodium Percentage 58.1 64.2 

ECe (dS/m) 62 83.1 

pH 8.02 8.35 

Lime (acid test) High High 
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3.2 METHODS 
All variables required for bio-grout formation were evaluated as presented below and in Table 8 and Table 
9.  

• Urea – A compound commonly used as a fertilizer containing amide (NH2) and carboxyl (CO)
groups.

• Urease – A naturally occurring enzyme that hydrolyzes urea to generate ammonia (NH3) and
carbon dioxide (CO2). The ammonia hydrolyzes water, increasing the pH, which consumes CO2 to
generate carbonate ion (CO3

2-). The carbonate is then available to precipitate calcite.

• Calcium chloride – A natural salt. Provides a calcium source to saturate the soil solution and cation
exchange with calcium ions. This was used because of the high levels of sodium in the playa soils.

• Calcium carbonate – A natural mineral. Used to control the ratio of calcium to carbonate ions.

• Non-fat powdered milk – Used as an enzyme stabilizer.

Two binders were tested: commercially available plastic cement and kiln lime or quicklime. Plastic cement 
is a calcium-alumina-silicate compound and works by binding soil particles together. Lime or calcium oxide 
is used to stabilize roads and works by raising the pH of the matrix and binding with soil clay aluminates 
and silicates solubilized from the clay to make stable, durable hydrates.  

One hundred grams of either the sandy or clay soil were used. The sandy soil required 25 mL of water to 
make a saturated paste and the clay required 40 ml. All variables were applied in an aqueous phase 
following the approach provided by Almajed et al. 2019. All water used was from the Alamo River as 
described in Section 2.1. 

Treatment vessels were ~250-mL plastic, transparent Solo cups. Using pipettes, solutions (Table 9) were 
prepared in 100-ml centrifuge tubes, shaken, and then poured onto the soil and incorporated with a 
plastic spatula. A few treatments required additional water (approximately 1-2 mL) to get to a saturated 
condition. Treatment vessels were settled by lightly tapping on the benchtop and placing in a cupcake tin 
for safety. Plastic wrap was used to reduce evaporation, and samples were allowed to cure in an air-
conditioned space with the temperature around 75-80°F for 10 days. 
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TABLE 8. BIO-GROUT COMPONENT, FUNCTION, AND APPLIED CONCENTRATION 

Bio-grout Component Function Treatment Concentration 

Urea N Source 1 M 

Urease Enzyme 150 U/ml 

CaCl2 Ca Source 1 M 

CaCO3 Calcite Seed 0.3 M 

Milk Casein to “Salt Out” Ca 15 g/l 

Binders 

Cement Cement Soil Particles 1% and 2% 

Lime Raise pH to Liberate Ca in Silicates 1% and 2% 

TABLE 9. BIO-GROUT TREATMENT VARIABLES 

The treatment concentration is based on final volumes (25 ml for sandy soil and 40 ml for clayey soil). 

Bio-grout Treatment Urea Urease CaCl2 CaCO3 Milk 

Treatment Concentration 

1 M ~3,500 Units 0.67 M 0.3 M 75 mg 

Urea+urease+chloride x x x 

Urea+urease+chloride+carbonate x x x x 

Urea+urease+chloride+carbonate+milk x x x x x 

Urea+chloride+carbonate+milk x x x x 

Urea+chloride+milk x x x 

Urea+carbonate+milk x x x 
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3.3 MONITORING 
Monitoring began 10 days after treatments were prepared. Monitoring included visual observations for 
dryness and the use of a penetrometer (AMS 2021). However, due to the small surface area, only five 
monitoring events were conducted on 09/12/19, 09/23/19, 10/02/19, 10/22/19, and 06/07/21. 

3.4 RESULTS 
Results are presented based on soil type and treatment (Figure 10 through Figure 15). Due to the number 
of treatments, they are grouped based on soil and treatment type: sand or clay and urea+urease, urea 
without urease, and binders. Because this was a screening level review of treatments, the results are 
discussed in a general sense. Overall, the treatments with urea and urease (Figure 10, Figure 11, Figure 
13, Figure 14) performed better than the binders (Figure 12, Figure 15). The urea and urease treatments 
in the clay loam (Figure 13, Figure 14) performed better than the same treatments in the loamy sand 
(Figure 10, Figure 11).  

The initial visual observations of the surfaces taken after one week ranged from a slight skin with small 
cracks to drier surfaces with white precipitate. Over time the surfaces changed with some developing 
cracks, some with white efflorescence and crystal precipitates, and some just looking like dry, untreated 
soil. Due to the penetrometer use, much of the surface was destroyed and no longer useful for 
documentation. There was no visual analysis of final products; only the penetrometer tests were 
performed. 

3.5 CONCLUSIONS 
This screening level review demonstrates that there is potential for using bio-grout to create the 
development of durable surface crusts. The review indicates that heavier (clay) soils, at a minimum, 
treated only with urea develop very strong crusts. This review was performed using Solo cups in a 
controlled setting with no replications. The next steps in potential playa applications are to 1) confirm the 
potential of developing surface crusts without the use of urease and 2) develop a benchtop-scale trial to 
gain a greater understanding of application methods, stability over time, and threshold concentrations. 
Confirming the application of urea should be done in a controlled environment with sufficient duplicates, 
various urea concentrations, percentage of fines, and calcium containing salts. 
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FIGURE 10. LOAMY SAND SOIL WITH UREA AND UREASE; THE LIMIT OF THE PENETROMETER IS 70 PSI 

FIGURE 11. LOAMY SAND SOIL WITH UREA; THE LIMIT OF THE PENETROMETER IS 70 PSI 
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FIGURE 12. LOAMY SAND SOIL WITH BINDERS; THE LIMIT OF THE PENETROMETER IS 70 PSI 

FIGURE 13. CLAY LOAM SOIL WITH UREA AND UREASE; THE LIMIT OF THE PENETROMETER IS 70 PSI 
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FIGURE 14. CLAY LOAM WITH UREA; THE LIMIT OF THE PENETROMETER IS 70 PSI 

FIGURE 15. CLAY LOAM WITH BINDERS; THE LIMIT OF THE PENETROMETER IS 70 PSI 
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1 DUST CONTROL PERFORMANCE MONITORING  
Development and continuous refinement of dust control performance monitoring techniques and 
appropriate maintenance criteria for surface roughening at the Salton Sea have remained a focus of all 
PDCPs to-date (IID 2018, 2019, 2020, and 2021). Effective performance monitoring includes multiple lines 
of evidence to balance the strengths and weaknesses of individual methodologies. By pursuing multiple 
lines of evidence, a clear and readily interpretable assessment of dust control performance can be 
achieved. 

In principle, any monitoring method for the assessment of dust control can itself be assessed with regard 
to three critical factors: quantitative nature of the method and the ability to measure over time and space. 
For example, visual surveillance is accomplished though the collection of a series of photographs over 
time for a site. This simple method has the advantage of being continuous in time and is spatially 
comprehensive for the area surveyed. However, it can confirm the presence/absence of dust plumes 
visually only and cannot be used to quantify the level of dust emissions. In contrast, surface sand motion 
monitoring using ground-based sensors is a numerical, direct quantification of moving sand and, like 
visual surveillance, can provide a continuous record of sand motion at a given site. Unlike visual 
surveillance, ground-based sensors only provide point samples of sand movement and therefore require 
a network of such sensors in order to characterize a site. A third method, saltation flux mapping, is a 
modeling method based on the construction of a large dataset of directly measured topographic and 
environmental factors (using LiDAR [light detection and ranging] and remote sensing methods). It is 
spatially comprehensive and therefore needs no extrapolation or interpolation of data points. This 
method is also quantitative. Nevertheless, unlike both visual surveillance and surface motion monitoring, 
this method provides insight only for a single point in time from each data acquisition event. A fourth 
method is the monitoring of atmospheric PM10 concentrations through upwind-downwind monitoring. 
This method consists of setting up one or more transects with two PM10 monitors across a controlled area 
of interest. While this method provides an informative quantitative measurement of PM10 concentrations, 
it is not continuous (depending on the instrumentation used) or spatially explicit. 

IID has chosen to combine and implement all four methodologies to balance the strengths and 
weaknesses of each and provide a complete picture of dust control performance for each site. Table 1 
summarizes this complementary approach. These techniques are used to guide operations and 
maintenance activities at the Salton Sea, including management, augmentation, or replacement of dust 
control measures (DCMs) in order to maintain a stabilized surface. Each method is described in greater 
detail in the following sections. 

TABLE 1. STRENGTHS OF SELECTED PERFORMANCE MONITORING TECHNIQUES   

Monitoring Technique Quantitative Continuous 
Measurement 

Spatially 
Comprehensive 

Visual Surveillance Network   x x 
Surface Motion Monitoring Network x x   
Saltation Flux Mapping x   x 
Upwind-Downwind PM10 Monitoring x    
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1.1 VISUAL SURVEILLANCE NETWORK 
Visual surveillance is an effective and intuitive method of performance monitoring. Though not a 
quantitative technique, this method has multiple strengths: field cameras are simple to operate, provide 
continuous dust monitoring, and require no numerical data processing for interpretation. When cameras 
are mounted at an appropriate height and location, they can also be panned to provide a 360-degree field 
of view (i.e., Roundshot cameras), and in so doing each image represents a spatially comprehensive record 
for a site. Experience to-date has demonstrated that visual surveillance images can capture dust plumes 
as they are emitted from source areas within visual range of the camera position (Figure 1). The photos 
indicate that emissions were controlled on playa surfaces where there is dust control, whereas dust 
plumes were visible from uncontrolled playa. Such images can be used as the foundation for subsequent 
quantified investigations of dust source areas and DCM performance.  

Over the 2019-2020 dust season, IID operated two Roundshot cameras: one at Alamo River South and 
one at the Anza-Borrego Desert State Park. In the fall of 2020, the network of visual surveillance with 
Roundshot cameras was expanded by two additional stationary sites, located at Bombay Beach and New 
River East. Furthermore, a fifth portable Roundshot went online in 2021, and is currently located at Alamo 
River South. The portable still-shot cameras (StarDot cameras) were temporarily removed as these camera 
locations were better covered with the Roundshots. These cameras may be deployed in the future on new 
dust control areas as needs arise.  

FIGURE 1. ROUNDSHOT CAMERA IMAGE OF DUST PLUMES ORIGINATING FROM AND MOVING ACROSS EXPOSED PLAYA 
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1.2 SAND FLUX MONITORING NETWORK 
Environmental sensors can be used to measure real-time horizontal sand fluxes. These sand flux monitors 
are ground-based, quantitative, and temporally continuous. When included as part of a larger network, 
the data generated can directly evaluate DCM performance. Monitor types include 1) Cox Sand Catchers 
(CSC), vertical tubes that physically trap saltating particles at 15 centimeters (cm) above the soil surface 
(units: mass), 2) Sensits, sensors that uses piezoelectric crystals to measure saltating particles that strike 
the sensor surface at 15 cm above the soil surface (units: counts per second), and 3) SANTRIs, particulate 
samplers that measure horizontal motion of saltating particles (units: counts per second). Hourly data 
from the Sensits and SANTRI units can be used to resolve the cumulative sand masses from the CSCs to 
an hourly time resolved sand flux estimate (mass per unit are per unit time). Figure 2 shows an example 
of a field arrangement of sand flux sensors.  

FIGURE 2. FIELD ARRANGEMENT OF SIDE-BY-SIDE COMPARISON OF SENSIT AND SANTRI SENSOR SYSTEMS 

Note: CSC shown on left (right photo); Sensit sensor system mounted on pole in the center (left photo). SANTRI sensor system 
mounted on tripod in the background (background of left photo). 

  
 

1.3 UPWIND-DOWNWIND PM10 MONITORING 
Upwind-downwind PM10 monitors (for example, BGIs; Figure 3) can be strategically positioned upwind 
and downwind from an installed dust control area to determine the effectiveness of dust control. In 
general, the difference in upwind and downwind PM10 concentrations provides an indicator of dust 
control performance in the intervening “controlled” area. If the difference is low or the downwind monitor 
measures substantially less than the upwind monitor, then it is an indicator that the DCM is performing 
well. If the downwind monitor measures substantially higher concentrations than the upwind monitor, 
then it is an indicator that the DCM may need augmentation, maintenance, additional time for vegetation 
establishment, or may be influenced by dust source areas adjacent to the monitors (e.g., roads, 
uncontrolled playa). An additional instrument type that will be used in future dust seasons to monitor 
upwind-downwind PM10 differences is the DustTrak (model DRX 8533). An important difference between 
the BGI and DustTrak is the temporal resolution of the PM10 concentration output, specifically, 24-hours 
and 1-hour. 
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FIGURE 3. EXAMPLES OF PM10 MONITORING EQUIPMENT 

Note: BGI near an area controlled by surface roughening (left panel); DustTrak DRX 8533 (right panel). 
 

 

 

 

1.4 SALTATION FLUX MAPS 
Saltation flux mapping is a data-driven modeling process that utilizes fine-scale, site-specific 
measurements describing wind, surface soil type, surface roughness, and other surface conditions (Table 
2). Surface conditions that factor into saltation flux maps include soil texture (grain size distributions), 
surface roughness (ridge and furrow) orientation, ridge height and spacing, cloddiness (i.e., random 
roughness), and the 3-dimensional effects that vegetation has on the land surface and localized wind 
conditions. These landscape-level datasets are used as an input to the Single-event Wind Erosion 
Evaluation Program (SWEEP) to estimate saltation flux, under uncontrolled and controlled surface 
conditions. This information is then combined into a quantitative assessment of the performance of a 
DCM project through a quantification of the difference in sand between uncontrolled and controlled 
areas. The workflow to generate a saltation flux map is presented in Table 2. 

SWEEP is a module of the Wind Erosion Prediction System (WEPS), a process-based model developed by 
the United Stated Department of Agriculture (USDA), Agricultural Research Service (ARS) to assess soil 
erosion and the effectiveness of control measures in reducing PM10 emissions. WEPS is used to evaluate 
annual erosion potentials for specific combinations of soils, surfaces, crops, climate, and roughness. 
SWEEP applies the same soil and erosion modules from WEPS and facilitates the simulation of the erosion 
and PM10 emission potentials over a 24-hour period, for a 5-year return period wind event. Although 
SWEEP originates from an agricultural context, it has been successfully applied in the design of pilot 
studies for DCMs on disturbed lands (Tatarko et al. 2016) and playa surfaces (Schaaf and Schreuder 2014). 

To be able to use SWEEP for performance monitoring, pre-processing scripts were developed that 
converted spatial surface conditions to SWEEP inputs at a 5-meter grid. At each grid, SWEEP used the data 
listed in Table 2 to calculate potential saltation flux. The ratio of post-project (after a DCM was 
implemented) and the pre-project (baseline) saltation flux values was used to determine relative saltation 
flux. These relative saltation flux values range from a low of 0 to a high of 1. A value of zero indicates that 
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no saltation occurs (100% reduction). A value of 1 indicates that the saltation flux is equal to the baseline 
condition (0% reduction). Unlike visual/photographic assessments (which are largely qualitative) and 
surface motion measurements (which can only be collected at a limited number of points in space), a 
relative saltation flux map yields a snapshot in time of DCM effectiveness for an integrated area (i.e., all 
points in space) surveyed. As landscape-level surveys are repeated over time (e.g., as LiDAR 
measurements for a project area are collected at regular intervals over time), changes in DCM 
performance over time can be evaluated.  

TABLE 2. WORKFLOW TO GENERATE SALTATION FLUX MAPS 

 Data Class Spatial Input Model Output 

W
in

d Local High Wind Speed (5-year return) 

Single-event 
Wind Erosion and 

Evaluation 
Program (SWEEP) 

Relative Net Saltation Flux 
(NSF) 

Predominant Wind Direction 

So
il 

Surficial Soil Clay Fraction 
Surficial Soil Silt Fraction 
Surficial Soil Sand Fraction 

Ro
ug

hn
es

s Random Roughness 
Ridge Height 
Ridge Spacing 
Ridge Orientation 
Veg Shear Damping 

Su
rf

ac
e Loose Sand Fraction* 

Crust Fraction* 
Crust Hardness* 

*These inputs were determined from field surveys of conditions of surface-roughened areas at Alamo South. Multiple 
observations were made and average values from these observations were used for the whole DCM. 
 

DCM performance could change, and potentially decrease, over time as successive wind events occur and 
alter soil surface conditions. Saltation flux maps provide a means to determine if portions, or all, of an 
area covered by a DCM has degraded and/or may need maintenance or augmentation. Thus, these types 
of maps provide a means to identify and delineate where corrective actions might be needed and to 
prioritize maintenance resources. 

The methods and workflow used to create this saltation flux map proof of concept have been developed 
and continue to be refined. Methods to account for the influence that vegetation has on winds and shear 
stresses acting on soils in the lee of vegetation have been explored in technical literature for decades. 
Different researchers have applied a range of techniques to account for vegetation effects and partition 
(i.e., separate) shear stresses into components acting on soil particles and vegetation (e.g., Raupach 
[1992], Okin [2008]). The Okin (2008) model has been applied to evaluate the effect of vegetation as dust 
control on the Salton Sea playa.   
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2 DUST CONTROL PERFORMANCE RESULTS 
Performance monitoring results are described below for Alamo South, New River, and Coachella Playa.  

2.1 ALAMO RIVER SOUTH  
Performance of the Alamo River South DCMs in reducing the potential for PM10 generation and sand 
motion over the surface roughening area was evaluated throughout the 2019-2020 dust season using 
PM10 monitoring, sand motion monitoring, and saltation flux mapping. Results of the three quantitative 
methods are summarized in the sections below. Furthermore, the Alamo River South site was also 
monitored using a Roundshot camera. Findings from these observations are incorporated in the 
quantitative results below. 

2.1.1 UPWIND-DOWNWIND PM10 DIFFERENCES 
Upwind-downwind PM10 monitoring was conducted on three dates with elevated wind speeds during the 
spring of 2020: April 20, May 12, and June 5, 2020. At Alamo River South, none of these events indicated 
significant contributions of the atmospheric PM10 concentrations across the surface roughness areas 
(Table 3). During the first event, on April 20, 2020, PM10 emissions were generally low and within the 
“clean” background range1 for the Salton Sea stations. Given that downwind concentrations were either 
lower than the upwind concentrations, or also within background, the surface roughening did not 
contribute to atmospheric PM10 (at least to the extent that the methodology is able to capture such 
differences). The second and third events, in May and June 2020, respectively (Table 3), were 
characterized by significantly higher wind speeds, as well as elevated PM10 levels, both at the upwind and 
downwind monitors. However, the downwind PM10 concentrations were either lower than the upwind 
concentrations, or they were within the background range and within the expected variability with a 
fugitive dust plume.2 A visual example of the results for the June 5-6, 2020, event is shown in Figure 4. 

TABLE 3. UPWIND-DOWNWIND PM10 CONCENTRATIONS DIFFERENCES, SPRING 2020 

Date Transect Wind Speed 
(Gust –
maximum; 
m/s) 

Wind Speed 
(Hourly –
maximum; 
m/s)  

PM10 
Concentration – 
Upwind (ug/m3) 

PM10 
Concentration – 
Downwind 
(ug/m3) 

PM10 
Difference 
(ug/m3) 

04/20/2020 Alamo River 1 13.8 10.8 66 22 -44 
04/20/2020 Alamo River 2 13.8 10.8 24 35 +11 
05/12/2020 Alamo River 1 19.1 15.0 162 89 -73 
05/12/2020 Alamo River 2 19.1 15.0 75 100 +25 
06/05/2020 Alamo River 1 20.7 15.9 264 270 +6 (2%) 
06/05/2020 Alamo River 2 20.7 15.9 214 311 +97 (45%) 

  

 
1 Defined as a PM10 difference of ≤100 µg m-3 based on prior research with the upwind-downwind methodology (NAS [National 
Academies of Sciences, Engineering, and Medicine] 2020). 
2 For the purposes of these comparisons, the expected variability in a dust plume is defined as within 50 percent of the incoming 
upwind concentration. This definition was developed based on prior research with the upwind-downwind methodology. 
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FIGURE 4. VISUAL SUMMARY OF UPWIND-DOWNWIND PM10 CONCENTRATIONS, JUNE 5-6, 2020 

Note: Shown are transects from Alamo River South (left panel), New River (upper right), and Trifolium (lower right). 
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2.1.2 SAND FLUX OBSERVATIONS 
Performance of the Alamo River South DCM in reducing the potential for sand motion over the surface 
roughening area was evaluated throughout the 2019-2020 dust season using a network of CSCs and 
Sensits. The sand motion reduction in the surface roughness area was expressed as the total sand mass 
accumulated over the dust season (Figure 5). The highest sand accumulations generally were observed at 
the upwind areas, with the exception of the northeast corner of an uncontrolled area. To some degree 
the upwind sites provide an “uncontrolled” reference of the potential sand flux on the site, albeit a low 
value thereof. However, given the limited distance between the edge of surface roughening and the water 
to the west, as well as the areas of saturated soils near the water, sand masses at the upwind sites are 
unlikely to represent the full potential saltation levels that would be observed at the site if no controls 
were installed. Nevertheless, the data indicate that sand masses in the surface roughening area were 
considerably lower compared to the reference sites.  

CSC masses were up to two orders of magnitude lower in the most stable surface-roughening-only areas, 
with an estimated reduction in CSC mass of >98 percent. These areas are characterized by closely spaced 
ridges and fine soil texture. Intermediate, but still significant, reductions in sand mass were observed at 
sites where vegetation enhancement was installed, approximating 93 percent. These were areas with 
sandier soils and implemented as alternating surface roughening and vegetated furrows.  It should be 
noted that the vegetation in these areas was planted in 2019 and therefore is still growing.  It is expected 
to take up to 3 years for vegetation to fully mature. When expressed as the estimated average sand flux 
over the most emissive wind events, a similar trend arises, with the highest reductions in sand flux in the 
most suitable, fine textured surface roughening areas only, but still with considerable reductions in the 
vegetation enhancements (Figure 6). It should be noted that data from Site AS57 (shown as the 80.2 grams 
in Figure 5) were excluded from the sand flux summary (Figure 6). This site was located on a sandy access 
road and is not representative of the rest of the vegetation enhancement area. 

To put the magnitude of the daily sand fluxes (Figure 6) in context, these values were compared with sand 
fluxes reported at Owens Lake and Mono Lake, California. At the Alamo River, the maximum observed 
event sand fluxes for uncontrolled areas, vegetation enhancement, and surface roughening only, were 
approximately 50, 30, and 3 g cm-2, respectively. In comparison, uncontrolled sand fluxes have been 
reported as greater than 1,000 g cm-2 per day at Owens Lake (Gillette et al. 2004) and up to 1,000 g cm-2 
per day at Mono Lake (Ono et al. 2011). Hence, due to the proactive nature of IID’s AQMP, uncontrolled 
and especially controlled sand fluxes at Salton Sea playa are significantly lower than those reported under 
uncontrolled conditions on the Owens Lake playa.  
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FIGURE 5. CUMULATIVE CSC SAND MASS AT ALAMO RIVER, 2019-2020 DUST SEASON 
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FIGURE 6. SAND FLUXES BY SURFACE TYPE, ALAMO RIVER, 2019-2020 DUST SEASON 

Shown is the average hourly estimated sand flux for the highest contributing wind events. Note the log10-transformed scale on 
the y-axis.  
 

 

2.1.3 SALTATION FLUX MAPS 
The sand mass results were corroborated by the results of the saltation mapping approach. While the 
majority of the surface roughening areas indicated a 100 percent reduction in potential sand motion 
(Figure 7; light blue areas), the area that did not quite reach this level of sand motion reduction coincided 
with the hedge row areas characterized by more sandy soils and wider ridge spacing. In this analysis, the 
areas with full control indicated zero potential for sand motion throughout the season based on the 
physical characteristics and stability of the surface roughness. In the areas with less than 100 percent 
reduction in sand motion, the modeled saltation was expressed relative to the total predicted saltation 
flux assuming that the entire area of interest is uncontrolled (essentially, smooth, emissive playa). Since 
late spring 2020, maintenance has been conducted to reduce the spacing between surface roughening 
ridges in portions of the hedge row areas, and to extend the surface roughening further west into the 
previously uncontrolled playa.  

An example of sand flux monitoring output is presented in Figure 7. In this example, saltation flux can be 
observed to decline with distance downwind across an array of furrows installed perpendicular to the 
predominant direction of high winds. Because each monitor represents a spatial point sample, the value 
of the monitor data is proportional to the size of the network. Careful and selective positioning of monitors 
is necessary to maximize the spatial range of monitoring without compromising the resolution of data 
interpolation. 
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FIGURE 7. CUMULATIVE SAND MASSES AND SALTATION MAPPING RESULTS, ALAMO RIVER SOUTH 
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2.2 NEW RIVER  
2.2.1 UPWIND-DOWNWIND PM10 DIFFERENCES 
During the 2019-2020 dust season, performance monitoring equipment was in place at the New River 
West site only. This is a Species Conservation Habitat (SCH) site, implemented by the state of California. 
During the 2019-2020 dust season, performance monitoring equipment was in place at the western 
portion of the New River site only. Upwind-downwind PM10 monitoring was conducted on the same three 
dates as at the Alamo River South site, during the spring of 2020: April 20, May 12, and June 5, 2020. None 
of these events indicated significant contributions of the atmospheric PM10 concentrations across the 
surface roughness areas (Table 4). During the first two events, PM10 concentrations were generally low 
and within the “clean” background range for the Salton Sea stations, despite fairly high wind speeds (up 
to 19 m/s; Table 4). Furthermore, given that downwind concentrations were all lower than the upwind 
concentrations, the surface roughening areas did not contribute to atmospheric PM10 (at least to the 
extent that the methodology is able to capture such differences). The third event, specifically, June 5, 
2020, was characterized by the highest wind speeds, as well as elevated PM10 levels, both at the upwind 
and downwind monitors. However, the downwind PM10 concentrations were well within the range of 
expected variability with a fugitive dust plume (Section 2.1.1), indicating that the surface roughening did 
not contribute to airborne PM10.  

TABLE 4. UPWIND-DOWNWIND PM10 CONCENTRATION DIFFERENCES, SPRING 2020 

Date Transect Wind Speed 
(Gust –
Maximum; 
m/s) 

Wind Speed 
(Hourly –
Maximum; 
m/s)  

PM10 
Concentration – 
Upwind (ug/m3) 

PM10 
Concentration – 
Downwind 
(ug/m3) 

PM10 
Difference 
(ug/m3) 

04/20/2020 New River 1 13.7 8.9 36 17 -19 
04/20/2020 New River 2 13.7 8.9 28 18 -10 
05/12/2020 New River 1 19.4 12.6 59 34 -25 
05/12/2020 New River 2 19.4 12.6 43 40 -3 
06/05/2020 New River 1 21.4 13.6 93 101 +8 
06/05/2020 Trifolium # 21.4 13.6 87 111 +24 

2.2.2 SAND FLUX OBSERVATIONS 
At New River, IID operated three sites that were equipped with CSCs, Sensits, and SANTRIs. As expected, 
the highest sand motion was observed at the upwind site (Figure 8). To some degree this site serves as a 
reference of the potential sand flux on the site, albeit a low value thereof. Given the limited distance 
between the edge of surface roughening and the water to the west, and the areas of saturated soils near 
the water, sand fluxes at the upwind sites are unlikely to represent the full levels that would be observed 
at the site if no controls were installed. Nevertheless, the data indicate that sand masses in the surface 
roughening areas were up to two orders of magnitude lower than the uncontrolled area (Figure 9). Further 
analysis of the data showed that the majority of the sand mass at New River West was accumulated during 
a single high wind event on February 4, 2020. The estimated hourly sand flux indicates that the sites 
upwind and within surface roughening areas showed the same temporal trend in terms of sand flux, but 
that the fluxes at the controlled sites were substantially lower than at the upwind site (Figure 9). Sand flux 
reductions at the central site and the site furthest east were 93 and >99 percent, respectively.  
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FIGURE 8. CUMULATIVE CSC MASS AT NEW RIVER WEST, 2019-2020 DUST SEASON 
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FIGURE 9. ESTIMATED SAND FLUX AT NEW RIVER WEST, FEBRUARY 3 AND 4, 2020 

The “west” site is located on the upwind site of the array (no controls). Wind data shown are from the Sonny Bono station. 
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2.2.3 SALTATION FLUX MAPS 
Sand flux maps (Figure 10) show that the majority of the existing surface roughening in the Species 
Conservation Habitat (SCH) project area provided a 100 percent reduction in sand motion, which is 
consistent with the stability of the surface clods observed on the ground. There are a few exceptions 
upwind of the dust control area and sandier areas that were in the 90-95 percent reduction range (Figure 
10). However, these areas are relatively small and embedded in an array of wet or stable surface 
roughening areas; as such, sand flux monitoring in these areas is not recommended at this time. 

  



Appendix 7: Dust Control Performance Monitoring 

19 

FIGURE 10. CUMULATIVE SAND MASSES AND SALTATION MAPPING RESULTS (SCH PROJECT AREA) 
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2.3 COACHELLA PLAYA 
About 121 acres of the surface roughness DCM have been implemented at the Coachella playa. Due to 
the relatively calmer wind conditions in the northern part of the playa (i.e., an area with potentially fewer 
emissions), only saltation flux mapping is used as a dust control performance indicator. Zero saltation flux 
was simulated on all surface-roughened areas using the SWEEP model (Figure 11). As shown in Figure 11, 
the saltation flux on uncontrolled areas can be up to 30 kg/m2 using five-year return period wind speed 
data (essentially, the assumed worst-case wind event conditions). This is an order of magnitude lower 
than simulated sand fluxes at other uncontrolled areas in the southern part of the Salton Sea playa.
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FIGURE 11. SWEEP-SIMULATED SALTATION FLUX AT COACHELLA PLAYA 
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1 INTRODUCTION 
Program-level planning activities at the Salton Sea, California, include groundwater characterization and 
development, wet and dry soil sampling, and acquisition of LiDAR (Light Detection and Ranging) imagery. 
These data provide the Imperial Irrigation District (IID) and stakeholders with basic data, analysis, and 
information to facilitate broader playa-wide dust control planning efforts. Progress on each is described 
below.  

2 GROUNDWATER CHARACTERIZATION AND DEVELOPMENT 
Surface water resources around the Salton Sea are limited, especially along the west and east shores. 
Groundwater development is important because irrigation is necessary for the initial establishment of 
vegetation-based dust control. In addition, the long-term survivability of playa vegetation is often 
dependent on its interaction with groundwater, and supplemental irrigation may be necessary for long-
term survival. For example, declining groundwater levels or increases in groundwater salinity can 
adversely affect vegetation survivorship. The primary objectives of the groundwater program are to: 

• Characterize groundwater levels and trends and salinity trends in the uppermost groundwater-
bearing zone that may interact with the vegetation root zone.

• Investigate and test the shallow groundwater-bearing zones (about the upper 100 feet) on the
western and eastern shores to assess their suitability as an irrigation water supply.

• Investigate and test the deeper groundwater-bearing zones (deeper than about 100 feet) on the
western shore to assess its suitability as an irrigation water supply.

Accordingly, the groundwater program includes three main components: 1) a groundwater 
characterization and monitoring program, 2) a shallow supply test well program, and 3) a deep supply test 
well program. As described below, the characterization and monitoring program includes exploratory 
borings and geophysical investigations to help characterize the aquifer system, installation and monitoring 
of shallow piezometers to assess groundwater occurrence and trends in the uppermost aquifer system, 
and groundwater modeling to assess the current and future behavior of the aquifer system. The shallow 
piezometer program includes six study areas around the Sea. Shallow supply test wells are currently 
planned at the Clubhouse and San Felipe study areas. In addition, a deep supply test well is currently 
planned at the Clubhouse study area.  

2.1 SHALLOW GROUNDWATER 

The shallow groundwater system is comprised of the groundwater-bearing zones found in the upper 
approximately 100 feet of unconsolidated strata underlying the playa. These groundwater-bearing zones 
are more sensitive to declining groundwater level trends and salinity changes as the Salton Sea levels 
decline. The shallow groundwater investigations are divided into two components: 1) shallow 
groundwater currently available to plant roots (generally less than 20 feet below ground surface [bgs]) 
and 2) deeper shallow groundwater that can be pumped in limited quantities for irrigation (approximately 
20 to 100 feet bgs). 
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2.1.1 SHALLOW PIEZOMETER PROGRAM

Shallow piezometers will be used to characterize the shallow groundwater in the uppermost water-
bearing zones that potentially interact with the root zones of plants used for vegetation-based dust 
control and of naturally occurring vegetation on the playa. After installation, the piezometers will be 
routinely monitored to assess longer-term groundwater level and salinity conditions as the Salton Sea 
water level declines. The shallow piezometers will target the near-surface groundwater that occurs at 
depths up to 30 feet bgs along the exposed playa, including both perched and regional groundwater-
bearing zones. Access tubes have been installed and monitored at various locations around the Salton Sea 
since 2015. New piezometers will be installed at each of the six groundwater study areas, which are 
generally co-located with vegetation-based dust control (Figure 1). The location and configuration of the 
existing access tubes and proposed piezometers are shown on Figure 2 through Figure 7.  

The primary objective of the expanded piezometer program (to be implemented in 2022) is to install 
piezometers to a greater depth than the existing access tubes, many of which have dewatered since 
installation. It is anticipated that at each location, a shallow (15 feet bgs) and deep (30 ft bgs) piezometer 
pair will be installed for a total of up to 58 piezometers. The piezometer pairs will be used to characterize 
groundwater conditions above and below any impeding layer(s) encountered in the upper 30 feet of 
strata. An impeding layer (typically clays) may result in hydraulic separation of near-surface aquifer units 
and may impede vertical groundwater flow, resulting in localized semi-confined and perched conditions. 
Competent clays of sufficient thickness may also impede downward plant root growth, and vegetation 
survival could potentially be impacted if near-surface groundwater levels fall below these layers. For these 
reasons, the presence or absence of competent clay layers is a component of the shallow groundwater 
investigation and piezometer design process. As needed, piezometers will be installed above and below 
clay layers to investigate the upper and lower water-bearing zones, as they relate to the establishment 
and long-term survival of vegetation-based dust control. The existing access tubes will either be destroyed 
or replaced.  

Based on the groundwater monitoring data collected from 2015 to present, near-surface groundwater is 
generally found between 5 and 15 feet bgs. Time-series groundwater elevation data were collected using 
pressure transducers installed in select access tubes at the Coachella Playa, Poe Road, Bombay Beach, and 
Alamo South study areas (Figure 2 through Figure 5). Hydrographs of these data are included in 
Attachment 1. Based on these data, declining groundwater-level trends are evident in the shallow 
groundwater systems around the Salton Sea. Seasonal groundwater elevation fluctuations are evident in 
these hydrographs; however, an overall declining trend is apparent. The rate of decline ranged, on 
average, from approximately 0.5 feet to 1.5 feet per year, over the period of record. The Poe Road study 
area exhibited the greatest rate of decline; three of the four access tubes have been dry since 2019.  

The near-surface groundwater quality is similar to that of Salton Sea water. The conductivity of near-
surface groundwater generally ranges from about 50 deciSiemens per meter (dS/m) to greater than 100 
dS/m. However, relatively lower conductivity near-surface groundwater (less than 10 dS/m) has been 
found in the upgradient piezometers at the Coachella Playa study area, where near-surface groundwater 
may receive recharge from lower salinity irrigation drainage water sources. 
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2.1.2 SHALLOW EXPLORATORY BORINGS 
In May 2020, three exploratory borings were drilled at the Bombay Beach, Clubhouse, and San Felipe 
study areas to investigate groundwater conditions in the shallow aquifer system to a depth of about 100 
feet bgs. The locations of the boreholes are shown on Figure 8, Figure 9, and Figure 10. Drilling, sampling, 
and completion of a borehole geophysical survey at each site was conducted to support shallow 
groundwater characterization and supply development. The boring logs are included in Attachment 2. The 
findings of the initial groundwater resources characterization are as follows.  

• Clubhouse. The Clubhouse boring encountered sand in the upper 20 feet, underlain predominant by
clay to the total depth of about 100 feet, with a single clean sand stratum between 51 and 60 feet
bgs. These findings are similar to boring logs obtained for wells completed within a few miles of this
area from the California Department of Water Resources (DWR) in the 1950s and 1960s, as well as
2010. These boring logs showed a predominance of fine-grained sediments with occasional sand
strata (Attachment 3). This is consistent with lacustrine sediments with occasional incursions of distal
fan sediments.

• Bombay Beach. The Bombay Beach boring penetrated approximately 60 percent predominantly
coarse-grained sediments with fines in the upper 80 feet. These sediments appear to represent
interbedded alluvial and lacustrine sediments. The interval from 80 to 100 feet was predominantly
fine-grained and likely attributable to the Brawley Formation, a highly deformed lacustrine unit with
relatively limited water supply potential.

• San Felipe. The San Felipe boring encountered over 95 percent coarse-grained sediment (clean sand)
in the upper 82 feet, and relatively fine-grained from about 82 feet to a total depth of about 100 feet.
The sediments reflect well sorted alluvial fan deposits and are likely to contain abundant, relatively
fresh water suitable for dust control based on the presence of surface water higher up on the fan and
the discharge of drain water onto the fan.
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2.1.3 GEOPHYSICAL INVESTIGATIONS

In June and October 2020, ground-based geophysical surveys were performed to investigate the shallow 
groundwater conditions at the Clubhouse and Bombay Beach study areas. A combination of geophysical 
techniques was used to investigate the extent of potentially transmissive aquifer zones and variability in 
groundwater salinity, both laterally and vertically. The maximum depths of the investigations ranged from 
approximately 100 to 300 feet bgs and varied with the geophysical method used and site conditions. At 
the Bombay Beach site, draft results indicate that target groundwater-producing zones of suitable quality 
and quantity for limited irrigation supply are evident between about 50 and 100 feet bgs. At the Clubhouse 
site, shallow and deeper groundwater zones were evident from about 50 to 100 feet and 150 to 250 feet 
bgs, respectively. Final results are expected by the end of 2021 and will help to refine target locations and 
depths for the shallow groundwater supply test wells (Section 2.1.4).  

2.1.4 SHALLOW GROUNDWATER TEST SUPPLY WELL PROGRAM 
Although data are limited, available data suggest that groundwater within the upper approximately 100 
feet of sediments in the West Salton Sea Groundwater Basin and East Salton Sea Groundwater Basin could 
be developed as a limited water supply source for irrigation of vegetation-based dust control. Shallow test 
wells are currently planned as a part of plot studies at the Clubhouse (three test wells) and San Felipe 
(four test wells) study areas. A description of the plot studies is included in Appendix 5 of the 2020/2021 
PDCP. In addition, up to four shallow test wells are planned at Bombay Beach.  

The shallow groundwater system will be investigated in four general phases: 1) drilling, logging, and 
sampling a pilot boring; 2) completing a test well, contingent on the results obtained during drilling of the 
pilot boring; 3) performing aquifer tests; and 4) converting the test wells into long-term production wells, 
contingent on the results obtained during the aquifer tests. The pilot test boring will be used to: 

• Characterize subsurface conditions and estimate hydraulic properties of the aquifer (e.g., aquifer
type, transmissivity, and continuity).

• Collect water samples to evaluate groundwater quality.

• Collect data necessary for finalizing design details for test well construction.

Detailed borehole logging will be performed by an experienced geologist or engineer to identify geologic 
strata and transmissive/water-bearing zones and to provide additional lithologic and hydrologic data. 
Groundwater samples will be collected from each water-bearing zone for laboratory analysis, to the 
extent allowed by the drilling method.  

Once the test wells are completed and developed, aquifer testing will be performed to characterize the 
aquifer properties, including a step drawdown test and a 24-hour constant discharge test. After 
completion of the constant rate discharge test and recovery, a solar-powered pump will be installed, and 
a long-term pumping test will be completed during which the solar pumps will run for a period of 
approximately one to two weeks. The results will be used to assess whether the test well meets the 
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required yield and water quality to meet irrigation water demands. Results will also support issuance of a 
Conditional Use Permit (CUP) for long-term operation of the wells from Imperial County. 

Groundwater Resources Impact Assessments (GRIAs) were completed to evaluate potential 
environmental effects associated with the development of shallow groundwater resources at the 
Clubhouse and San Felipe study areas. These assessments included simulation of drawdown induced by 
groundwater pumping and evaluation of the potential for adverse impacts related to groundwater-level 
decline, well interference, subsidence, or stress to groundwater-dependent vegetation and ecosystems. 
An analytical element model with conservative simplifying assumptions was used to evaluate the potential 
effects of operating the proposed test wells. These assessments are included in Attachment 4 and 
Attachment 5, respectively, and indicate that impacts will be less than significant over a 20-year 
operational period. The assessment findings will be updated based on results of the aquifer test. 

2.2 DEEP GROUNDWATER 

Available data suggest that groundwater between approximately 150 and 300 feet bgs could potentially 
be developed as a relatively high-quality water supply source for irrigation of vegetation-based dust 
control in the Clubhouse study area. These data include the boring logs in Attachment 3 and the results 
of the geophysical investigation performed in late 2020 (Section 2.1.3). The deeper groundwater system 
is comprised of the water-bearing zones found between approximately 100 and 500 feet bgs in the 
unconsolidated strata underlying the playa on the western shore of the Salton Sea. A deep test well is 
planned at the Clubhouse planning area (Appendix 5 of the 2020/2021 PDCP). The deep groundwater 
supply test well program will be implemented with the same general approach as described for the 
shallow supply test wells (Section 2.1.4). 

3 SOIL SAMPLING 
Understanding soil properties of the exposed and future exposed playa surfaces is critical for dust control 
planning activities. These data are important to: 1) determine potential emissivity of an area (e.g., as an 
input to the SWEEP model and in the annual emissions estimate methodology), 2) estimate water 
infiltration and redistribution (for irrigation and drainage for vegetation), 3) recommend suitable dust 
control measures, 4) recommend appropriate inputs for vegetation enhancement, 5) support irrigation 
water management, and 6) provide program-level information on sites with native vegetation. As a 
recently exposed surface, there was very limited soil information available prior to the SS AQMP. Since 
2016, IID has collected soil samples and completed analyses on terrestrial soil samples (i.e., recently 
exposed playa) and on sub-aqueous, or wet, samples. Each component is described below.  

3.1 TERRESTRIAL SOIL SAMPLING 
Soil sampling on recently exposed playa began in 2016 to estimate soil texture fractions, characterize soil 
structure and quality (e.g., noting soil aggregates, signs of redox conditions, submission to a soils lab for 
nutrient analyses, etc.), and develop soil texture maps. Approximately 1,300 undisturbed soil cores have 
been collected using a Giddings Machine Company direct push soil probe to a depth of 1.5 meters (5 feet). 
Locations of earlier soil samplings were selected by stratifying soil apparent electrical conductivity. For 
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the program-level sampling covering large areas of the Salton Sea playa, a systematic random sampling 
design that selects a regularized rectilinear pattern to ensure even spatial coverage of the playa area was 
used. The first point of the rectilinear pattern was randomly selected, and based on sampling density, the 
regularized pattern was created starting from the first sampling location (Crépin and Johnson 1993). 
Figure 11 shows soil sampling locations.  

At each sampling location, intact soil samples were taken to a depth of five feet. Some soil conditions 
precluded full recovery, in which cases shorter core samples were collected. Spectroradiometer readings 
were then collected at five-centimeter intervals to estimate soil texture by depth. These spectral 
measurements were processed and correlated with a subset of soil samples analyzed for particle size 
distribution using the hydrometer method in earlier analyses, and the pipette method in later analyses. 
Figure 12 shows the distribution of the soil samples in the soil textural triangles using the average percent 
sand, silt, and clay values for the first and second foot of the soil profile. As shown in Figure 12, a wide 
variety of soil textural classes can be found on the recently exposed Salton Sea playa. Select sub-samples 
were lab-analyzed for agronomic chemistry and quality components. Chemistry includes macro and 
micro-plant nutrients as well as boron due to its potential toxicity to plants. In some samples chemistry 
also includes organic matter content and total nitrogen. Quality data include salinity and pH. The salinity 
component is a critical data point for supporting irrigation water management. 
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FIGURE 12. DISTRUBTION OF SOIL TEXTURAL CLASSES FOR THE SOIL SAMPLES COLLECTED ON RECENTLY EXPOSED PLAYA  

The terrestrial soil sampling results are organized in a SQL database for convenient access, visualization, 
maintenance, and updating. Information assembled in the database includes soil texture at five-
centimeter intervals, aggregates at surface and plow depth, descriptions using the United States 
Department of Agriculture – Natural Resources Conservation Service (NRCS) Field Book for Describing and 
Sampling Soils, Version 3.0 (Schoeneberger et al. 2012), and photo documentation. This provides an 
integrated and centralized location for both data producers to maintain the dataset, and for end users to 
take advantage of the rich information within the database. 

3.2 SUB-AQUEOUS SAMPLING 
Sub-aqueous sampling, or wet coring (i.e., the collection of sediment samples from inundated portions of 
the Salton Sea), occurred in January 2021. Samples were collected from the five-year (2022) and ten-year 
(2028) playa exposure planning horizons. Samples were 5-foot by 3.85-inch diameter. Samples were 
collected using an air-boat-mounted vibracore machine to ensure continuity in the profile. The first 
samples were collected at Bombay Beach and continued in a clockwise fashion to Tule Fan (Figure 11). 
Planned sample collection in the area around the mouth of the New River was reduced due to poor water 
quality, and health and safety concerns. In total, 168 sub-aqueous samples were collected across 
approximately 25,000 acres. In addition, water column data were recorded at sample locations, including 
pH, specific conductivity, dissolved oxygen, oxidation reduction potential, turbidity, and water column 
depth. 

Sub-samples of all cores were sent to a laboratory for texture analysis, chemistry, and quality analysis. 
Chemistry and quality results were completed in June 2021; however, texture analysis is lagging due to a 
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lack of lab supplies. When all results are available, these data will be used to map soil properties across 
the five-and-ten-year planning horizons, to inform site-specific dust control implementation. 

4 LIDAR ACQUISITION 
LiDAR data and aerial imagery data were co-collected covering the majority of exposed playa. The total 
area of data collected during the May 2020 acquisition was approximately 12,650 acres (~20 square 
miles), in addition to the approximately 17,929 acres (~28 square miles), which was previously collected 
between May 2018 to March 2019 (Figure 13). The following sections describe the acquisition, ground 
control survey, LiDAR and imagery data processing, and the LiDAR accuracy results of the May 2020 LiDAR 
campaign. 

4.1 ACQUISITION 
The aerial survey was conducted over three days of flight operations from May 18 to May 20, 2020, using 
Formation’s LiDAR (Riegl VUX-1LR) and imaging (Sony A6000) sensors mounted on a Eurocopter AS350 
AStar helicopter. The acquisition was conducted at a flying height of 500 feet above ground level (AGL) 
and a speed of 65 knots. 

The project area was flown with an opposing flight line side-lap of approximately 45 percent to ensure 
complete data coverage, reduce laser shadowing, and provide sufficient swath overlap during boresight 
calibration. The Riegl VUX-1LR system allows up to six range measurements (returns) per pulse (when 
running a pulse repetition rate of 820 kilohertz [kHz]), and all discernable laser returns were processed 
for the output dataset. The flight altitude of 500 feet yielded a LiDAR swath width of approximately 700 
feet. The diameter of the VUX-1LR laser pulse on the ground is approximately 2 inches. A summary of the 
laser scanner flight settings is provided in Table 1. 

To accurately solve for laser return position (i.e., X, Y, Z), the location of the airborne sensor and the 
attitude of the aircraft are recorded continuously throughout the LiDAR data collection mission. Aircraft 
position is measured twice per second (2 Hz) by an onboard Global Navigation Satellite System (GNSS) 
receiver. Aircraft attitude is measured 200 times per second (200 Hz) as pitch, roll, and yaw (heading) 
from an onboard inertial measurement unit (IMU). To allow for post-processing correction and calibration, 
aircraft/sensor position and attitude data are indexed by GNSS time. 
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TABLE 1. LASER FLIGHT SETTINGS SUMMARY 

Description Specs Units 

Sensor ID Riegl VUX-1LR  - 

Flying Height 152 meters (m) 

Swath Overlap 45 % 

Swath Width 213 m 

Scan Field of View (FOV) 70 Degrees 

Scan Rate 158 hertz (Hz) 

Maximum Number of Returns 6  - 

Footprint Size 0.05 m 

Pulse Rate Frequency 820 kHz 

4.2 GROUND CONTROL SURVEY 
Ground control survey data are collected to enable the differential correction of the aircraft positional 
data collected throughout the flight to provide Ground Control Point (GCP) references for 
photogrammetric processing of aerial imagery, and to allow for quality assurance checks on final LiDAR 
and imagery data products. 

To enable assessment of LiDAR and orthoimagery data accuracy, ground-truth points were collected using 
a post-processed kinematic (PPK) GNSS surveying methodology (Figure 14). For the PPK survey, the survey 
crew used a roving GNSS receiver to occupy planned GCPs while a GNSS base station was simultaneously 
and continuously occupying a known point. The GCP survey data were then post-processed to calculate 
positions for all surveyed points. A Trimble R10 GNSS receiver on a fixed-height tripod was set up on local 
temporary monumentation to serve as the base station during the GCP survey. A Trimble R8S GNSS 
receiver was used to occupy each planned GCP two times, for eight minutes each, with a minimum of two 
hours between subsequent occupations of each point. 

Simultaneous with the airborne data collection mission, Formation conducted a static (1 Hz recording 
frequency) base station ground survey on the base station monument. Each base station monument was 
occupied continuously for a minimum of eight hours during the data acquisition. Indexed by time, these 
GNSS data were used to correct the continuous onboard measurements of aircraft position recorded 
throughout the mission. The baseline between the GNSS base station and aircraft was less than 17 
kilometers throughout the project area during data acquisition. 
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4.3 LIDAR AND IMAGERY DATA PROCESSING 
Processing of airborne LiDAR data consists of a combination of automated and manual techniques, 
including the following processing steps: 

1. Initial Quality Assurance and Quality Control (QA/QC)

2. Geopositioning of GNSS/IMU data

3. Boresight calibration

4. Accuracy assessment

5. Point cloud classification

6. Classification QA/QC and manual editing

7. Derivative product development

8. Final QA/QC

LiDAR point clouds were processed and stored in LAS (LASer) format files utilizing the American Society 
for Photogrammetry and Remote Sensing (ASPRS) LAS format specification Version 1.2 in Point Data 
Record Format 1. Following boresight calibration and the initial accuracy assessment, a combination of 
automated classification routines and manual review and editing were utilized to classify LiDAR returns 
corresponding to the bare-Earth surface. The LiDAR data were processed using a 500-meter x 500-meter 
non-overlapping tile layout, utilizing buffered tiles to avoid artifacts in the vicinity of tile boundaries when 
appropriate. Special attention was paid to the classification process in portions of the project area that 
are heavily vegetated or contain steep topographic features to maximize the accuracy of the bare-Earth 
and subsequent point classifications. In some areas, very dense vegetation prevented laser penetration 
of the canopy; thus, no ground returns were achieved. All LAS tiles were formatted and reviewed for 
proper adherence to LAS Format 1.2 specifications. The LAS tiles contain the point classification codes 
shown in Table 2. 

TABLE 2. LAS CLASSIFICATION SCHEME 

Point Class Definition 

1 Unclassified 

2 Ground 

7 Noise 

12 Overlap 
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The four-band imagery co-collected with the LiDAR data was processed to create an ortho-mosaic image 
covering the entire site. The imagery was processed with a structure from motion (SfM) workflow, which 
generally consists of 1) initial image data QA/QC; 2) computing image keypoints; 3) keypoint matching 
between overlapping images; 4) Automatic Aerial Triangulation (AAT); 5) Bundle Block Adjustment (BBA); 
6) mesh generation; 7) orthorectification; and 8) final QA/QC.

The processing of LiDAR and imagery data collected during the May 2020 campaign will be complete by 
the end of 2021. Deliverables include the classified LiDAR tiles in LAS format, bare Earth LiDAR tiles in LAS 
format, contour keypoints (i.e., an adaptively thinned dataset meant to reduce data volume in 
homogeneous areas) in LAS format, 1-foot interval contours in DWG format, three-foot resolution digital 
elevation models (DEMs) in GeoTIFF format, three-foot resolution digital surface models (DSMs) in 
GeoTIFF format, and three-band, true-color orthorectified aerial imagery in GeoTIFF format. 

4.4 LIDAR ACCURACY RESULTS 
The LiDAR QA process utilizes the data from the GNSS survey conducted in the project area to improve 
and assess the overall vertical accuracy of the LiDAR dataset. In this project, a total of 30 points were 
surveyed with GNSS measurements. The GCPs were collected on hard surfaces, where feasible, that were 
distributed among multiple flight lines. The elevation of each respective control point in the LiDAR dataset 
was determined by sampling a triangulated surface derived from ground-classified points at the published 
horizontal location of the control point. Table 3 summarizes the pulse density of the LiDAR point cloud 
and overall absolute vertical accuracy (RMSE [Root Mean Square Error]) of the LiDAR point cloud. Absolute 
accuracy statistics for GCPs are shown in Table 4 and Table 5. 

TABLE 3. DENSITY AND ACCURACY – TARGETED AND ACHIEVED VALUES 

Pulse Density (last return only) 46 points/m2 

*LiDAR Point Cloud Vertical
Accuracy (RMSE) 

0.06 m (6.0 cm) 

* Based on 30 control points

TABLE 4. ABSOLUTE ACCURACY – LIDAR POINT CLOUD 

ID Easting (m) Northing (m) Known Z (m) Lidar Z (m) dZ (m) 

GCP_01 608774.122 3671860.955 -70.406 -70.431 0.0248 

GCP_02 608756.454 3672662.294 -70.071 -70.076 0.0051 

GCP_03 608684.152 3673434.57 -69.776 -69.842 0.0661 

GCP_04 608223.795 3674537.56 -70.077 -70.117 0.0402 

GCP_05 607468.941 3675897.701 -70.577 -70.617 0.04 

GCP_06 606745.812 3677811.964 -69.882 -69.908 0.0263 
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ID Easting (m) Northing (m) Known Z (m) Lidar Z (m) dZ (m) 

GCP_07 605534.828 3679565.831 -69.725 -69.727 0.002 

GCP_08 604822.675 3680708.962 -70.148 -70.048 -0.1

GCP_09 604415.202 3682509.717 -69.688 -69.592 -0.0957

GCP_10 603268.191 3683744.191 -69.669 -69.558 -0.1115

GCP_11 601494.9 3684938.771 -70.141 -70.092 -0.049

GCP_12 599700.071 3686105.352 -68.471 -68.468 -0.0027

GCP_13 599010.184 3687531.552 -69.974 -70.011 0.0365 

GCP_14 597243.753 3689365.688 -68.607 -68.622 0.0154 

GCP_15 595047.932 3691306.465 -68.589 -68.602 0.0129 

GCP_16 591596.181 3694144.69 -69.867 -69.854 -0.0133

GCP_18 589213.993 3698147.112 -63.747 -63.794 0.0472 

GCP_19 588909.186 3700576.998 -68.111 -68.181 0.0695 

GCP_20 587395.074 3702974.298 -69.082 -69.124 0.042 

GCP_21 585400.357 3704973.845 -67.883 -67.965 0.0816 

GCP_22 585768.301 3706966.826 -68.804 -68.873 0.0689 

GCP_25 589628.168 3709918.04 -68.122 -68.165 0.0427 

GCP_26 591209.061 3709950.77 -66.771 -66.759 -0.0118

GCP_27 592842.77 3709900.602 -67.485 -67.428 -0.057

GCP_28 594444.765 3709928.989 -67.652 -67.598 -0.054

GCP_29 598497.982 3709459.665 -69.522 -69.423 -0.0987

GCP_30 599340.335 3708604.648 -67.782 -67.696 -0.0856

GCP_31 600136.837 3708178.019 -70.697 -70.601 -0.0963

GCP_32 600665.191 3707635.181 -69.634 -69.564 -0.0705
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TABLE 5. ABSOLUTE ACCURACY SUMMARY STATISTICS (LENGTH IN M) 

Average dZ -0.0078

Minimum dZ -0.1115

Maximum dZ 0.0816 

Average magnitude 0.0506 

Std deviation 0.0595 

Root mean square 0.0600 

4.5 PERFORMANCE MONITORING LIDAR ACQUISITIONS 
Airborne LiDAR and imagery are also collected in support of monitoring the performance of surface-
roughened arrays and vegetation on the playa. These acquisitions are specifically designed to collect very-
high-density LiDAR data (~150 points per square meter) and very-high-resolution imagery (~3 
centimeters) to facilitate detailed characterization of surface roughening and vegetation. These data are 
typically collected three times per year over four performance monitoring sites referred to as “Alamo 
South,” “New River,” “Poe Road,” and “Coachella Playa” (Figure 15). These four sites have a combined 
area of approximately 3,655 acres (~6 square miles). A long-term network of semi-permanent GCPs was 
established and surveyed to provide consistent survey control for repeated acquisitions over time. This 
ground control network consists of five base station monuments and 55 GCPs. In addition to reducing 
positional offset between multitemporal data acquisitions over time, the use of long-term GCPs eliminates 
the need to set and survey new GCPs for each data acquisition, thus providing increased efficiency in 
terms of time and associated costs. 

The LiDAR and imagery data are used to calculate and map several parameters, which are crucial inputs 
to the performance monitoring analysis conducted using SWEEP. The LiDAR point clouds are classified to 
identify the ground surface, vegetation, and to remove any noise points from further analysis (Figure 16). 
These derived parameters include spatially explicit ridge height and ridge spacing of surface roughening, 
random roughness, and the reductions in surface wind velocity as a result of vegetation size, shape, and 
orientation with respect to the prevailing wind gust direction at each site (Figure 17). 
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FIGURE 16. CLASSIFIED VEGETATION (COLORIZED BY HEIGHT) POINTS IN A SURFACE-ROUGHENED FURROW 

FIGURE 17. REDUCTIONS IN SURFACE WIND SPEED, RELATIVE TO THE PREVAILING WIND DIRECTION, DUE TO THE 
PRESENCE AND CHARACTERISTICS OF VEGETATION AT THE ALAMO SOUTH PERFORMANCE MONITORING SITE 

Areas that are sheltered by vegetation are shown in green and yellow, while the exposed areas are shown in red. 
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ENVIRONMENTAL 

Log of Boring Completion: 11D20200506_S01_BB_001_BH 

Page: 1 of 2 

Drilling Company: Logged By: 

Cascade Drilling, Upland, CA Hank Dickey Bombay Beach 

SAL TON SEA, CA Drilling Method: 

Mud Rotary 

Borehole Diameter (inches): 

4.75 

Sampling Method: Ground Elevation (NAVO 88): 
Hand Auger, Terzaghi Split Spoon 230 58 (Standard Penetration, 2" 0.0., 1.375" 1.0.), Cuttings • Project Number: 

061-012 Task 7.3 Top of Casing Elevation: Date Started: 
N/A 

Description 

SAND, subrounded, poorly graded, medium grained 
(~65% Quartz, ~25% feldspathic, ~5% micaceous). 
~5% fines, loose, yellowish brown (10YR 5/6), 
wet/saturated 

First Water 

Subangular, fine to medium grained (~5% 
micaceous), <5% fines, dark yellowish brown (10YR 
4/4) 
Angular, very coarse grained (~75% Shells, ~25% 
siliclastic), light grey (10YR 7/2) 

SAND, well graded, fine grained, dark yellowish 
brown (10YR 4/4) 

K=19.46 ft/day 
CLAY, lean, medium plasticity, compact, dark 
yellowish brown (10YR 4/4), ~1 mm oxidized 
laminations 
GRAVEL, 2.5x3.5 cm angular gravel at bottom of 
sample, very dark grey (10YR 3/1), possible shell 
caste fossil 
SANDY CLAY, ~75% lean clay, dark yellowish brown 
(10YR 4/4), ~25% subangular. very coarse grained 
sand, dark reddish brown (2.5YR 3/4) 

SAND, subangular, poorly graded, medium grained, 
<5%_!in�. d�k �llo�is�br�n ..U 0� 4{§) _ _ _ 
Angular, ~50% fine to medium grained, siliclastic, 
reddish brown (2.5 YR 4/4), ~50% medium to coarse 
grained shells, white (1 OYR 8/1) 
CLAY, lean, yellowish brown (10YR 5/4), 1.5x0.75 cm 
pebble included in sample 

K=4.33 ft/day 
SAND, poorly graded, fine grained, yellowish brown 
10YR 5/6 

SAND, subangular, well graded, ~70% very coarse 
grained (~25% shells, white 10YR 8/1), ~30% fine to 
medium grained, yellowish brown (10YR 5/4) 
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5/4/2020 
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>, ::, Q) I- 0 > 
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E oil'. 
m CO � 
<n-�

Hand 
Auger 

Split 
Spoon 
(5/5/5) 
(100%) 

Cuttings 

Split 
Spoon 
(5/5/5) 
(100%) 

Cuttings 

Split 
Spoon 

(10/10/10) 
(88%) 

Cuttings 

Split 
Spoon 

(10110/16) 
(100%) 

Cuttings 

Mechanical 
Caliper 

Borehole 
Diameter 

inches 

4.5 7 9.5 

Natural 
Gamma 

(Cal) 
(DUIN) 
(ELog) 

CPS 
65 90 115 

Latitude (decimal degrees): 

33.3492 

Longitude (decimal degrees): 

-115.7239

Total Depth (ft bgs): 
101.5 

Date Completed: 
5/6/2020 

Dual Induction Self Res1stiv1ty Potential
(Long) Single-Point (Ohm 
(Short) Long (Ohm-m) 

mS/m mv 
Short(Ohm m) 

840 1040 860 910 3.2 5.2 7.2 
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Log of Boring Completion: 11D20200506_S01 BB 001 BH 
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ENVIRONMENTAL 

Description 

SIL TY SAND, ~80% subrounded, fine grained sand, 
~20% silt, brown (10YR 5/3), ~1 mm oxidized 
laminations, yellowish red (SYR 4/6) 
K= 2.16 ft/day 

SAND, subangular, well graded, medium to very 
coarse grained, ~15% shells, <5% fines, dark 
yellowish brown (10YR 4/4) 

CLAY, high plasticity, hard, dark grey (10YR 4/1), 
<1mm oxidized laminations, yellowish brown (10YR 
5/8) 

CLAYEY SAND, well graded, ~70% sand (~30% 
angular, very coarse grained, ~25% subangular, 
medium grained, ~10% fine grained, ~5% shells, 
white (10YR 8/1)), ~30% clay, brown (10YR 4/3) 

CLAY, fat, high plasticity, compact, olive grey (SY 
4/2), small isolated ~2 mm oxidized enclaves 

CLAYEY SAND, well graded (~75% subrounded, fine 
grained, ~15% subangular, coarse grained, ~5% 
subangular, very coarse grained, <2% shells white 
(10YR 8/1)), ~20% fines, yellowish brown (10YR 5/4) 

SILTY CLAY, ~85% low plasticity clay, ~15% silt, dark 
grey (2.SY 4/1) 

SIL TY SAND, subrounded fine sand with silt, 
ello_'!!'isl!_brq'!,'n _i10� 5� ), �ry_!ai�la�na_!i__on� 

~80 subrounded, fine grained sand, ~10% 
subangular, coarse sand, ~10% silt, light yellowish 
brown 1 0YR 6/4 
CLAY, low to medium plasticity, dark grey (2.SY 4/1) 

CLAYEY SAND, well graded, ~80% subangular, fine 
grained sand (~45% quartz, ~45% feldspathoids, 
~10% micas), ~10% subangular, coarse grained sand, 
~10% silt, dark yellowish brown (10YR 4/6) 

CLAY, fat clay, high plasticity, very dark grey (2.SY 
3/1 
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(100%) 

Cuttings 

Split 
Spoon 
(616110) 
(100%) 

Cuttings 

Split 
Spoon 
(618110) 

(50%) 

Cuttings 

Split 
Spoon 

(6124163) 
(88%) 

Cuttings 

Split 
Spoon 

(10110/20) 
(100%) 

Cuttings 

Split 
Spoon 

(7/10/16) 
(100%) 

Notes: Blow Counts assessed every 6" 
NAVO 88: North American Vertical Datum of 1988 
ft bgs: Feet below ground surface 

mS/m: Millisiemens per meter 
mV: Millivolts 

CPS: Gamma in counts per second 
O.D.: Outside Diameter 

Ohm-m: Ohms per meter 
mm: Millimeter 
I.D.: Inside Diameter

Page: 2 of 2 

Mechanical Natural Self 
Resistivity Dual Induction Caliper Gamma Potential 

Borehole (Cal) (Long) Single-Point (Ohm 
(DUIN) 

Diameter (Short) Long (Ohm-m) 
(Llog) 

Short (Ohm-m) 
inches CPS mS/m mV 

4.5 7 9.5 65 90 115 840 1040 860 910 3 2  5.2 7.2 

Reviewed by: Stephen Carlton, PG #4730 
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ENVIRONMENTAL 

Log of Boring Completion: 11D20200508_W12_CH_001_BH 

Page: 1 of 2 

Drilling Company: 

Club House Cascade Drilling, Upland, CA 

SAL TON SEA, CA Drilling Method: 

Mud Rotary 

Sampling Method: 
Hand Auger, Terzaghi Split Spoon 

Project Number: 

061-012 Task 8.3 

(Standard Penetration, 2" 0.0., 1.375" 1.0.), Cuttings 

Top of Casing Elevation: 

N/A 

Description 

SAND, well graded, ~75% subangular, medium 
grained, ~25% angular, coarse, (~60% quartz, ~30% 
feldspathoid, ~10% micaceous), unconsolidated, very 
pale brown (10YR 7/4), dry 

First Water 

SAND, poorly graded, fine grained (~45% quartz, 
~40% feldspathoid, ~10% micaceous), ~5% fines, 
brown 1 OYR 4/3 , wet 
SAND, well graded, ~50% subangular, fine grained, 
~20% subangular, medium grained, ~30% angular, 
very coarse grained, (~45% quartz, ~30% 
feldspathoid, ~25% mafic), yellowish brown (10YR 5/4) 

K= 36.99 ft/day 
CLAY, lean, yellowish brown (10YR 3/6), ~1 mm 
reduced black specs 
~90% lean clay and gel, ~10% subrounded, coarse 
grained sand, light yellowish brown (10YR 6/4) 

CLAY, fat, tight, high plasticity, dark yellowish brown 
(10YR 4/6), ~1 mm redox enclaves, ~1-5 mm 
vertical! oriented lenses of fine sand 
SANDY CLAY, ~60% clay, ~40% subangular, coarse 
sand, light yellowish brown (10YR 6/4) 

CLAY, fat, high plasticity, dark yellowish brown (10YR 
4/6), isolated lenses of very fine sand (<1 mm in 
thickness 
CLAY, ~90% lean clay, ~10% subrounded, coarse 
grained sand, yellowish brown (10YR 5/4) 
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:-sw-: 

Logged By: 

Hank Dickey 

Borehole Diameter (inches): 

4.75 

Ground Elevation (NAVO 88): 

-220.94 

Date Started: 

5/7/2020 
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Cuttings 

Split 
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(416111) 
(100%) 

Cuttings 

Mechanical 
Caliper 

Borehole 
Diameter 

inches 

4.2 5.2 

Natural 
Gamma 

(Cal) 
(DUIN) 
(ELog) 

CPS 
75 125 

Latitude (decimal degrees): 

33.3332 

Longitude (decimal degrees): 

-115.9525

Total Depth (ft bgs): 

101.5 

Date Completed: 

5/8/2020 

Dual Induction 
Self 

Potential 

(Long) 
(Short) 

mS/m mv 
500 100 536 556 

Res1stiv1ty 

Single-Point (Ohm 
Long (Ohm-m) 
Short(Ohm m) 

6 11 
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ENVIRONMENTAL 

Log of Boring Completion: 11D20200510_S09_SF _001_BH 

Page: 1 of 2 

San Felipe 

SAL TON SEA, CA 

Drilling Company: 

Cascade Drilling, Upland, CA 

Drilling Method: 

Mud Rotary 

Sampling Method: 
Hand Auger, Terzaghi Split Spoon 

Project Number: 
061-012 Task 6.3

(Standard Penetration, 2" 0.0., 1.375" 1.0.), Cuttings 

Top of Casing Elevation: 
N/A 

Description 

SAND, subangular, poorly graded, fine grained (~45% 
quartz, ~45% feldspathoid, ~10% micaceous). 
unconsolidated, yellowish brown (10YR 5/4), moist 

First Water 
Medium grained (~60% quartz, ~30% feldspathoid, 
~10% micaceous, brown 10YR 4/3 
SILTY SAND 
SAND, subangular, poorly graded, medium grained 
(~60% quartz, ~30% feldspathoid, ~10% micaceous), 
unconsolidated, very pale brown (10YR 7/4), wet 

Fine grained (~50% quartz, ~45% feldspathoid, ~5% 
micaceous), unconsolidated, yellowish brown (10YR 
5/4) 
Fine grained (~45% quartz, ~15% feldspathoid, ~10% 
micaceous), unconsolidated 

SAND, subangular. well graded, ~70% coarse 
grained, ~20% very coarse grained, ~10% medium 
grained, unconsolidated, light yellowish brown (10YR 
6/4) 
K= 59.92 ft/day 

SAND, subangular, poorly graded, ~95% fine grained, 
~5% medium to coarse grained, (~45% quartz, ~40% 
feldspathoid, ~15% micaceous), unconsolidated, 
ello__'!!'is�br�n__U_0'!'.!3 5�) _ _ _ __ _  _ 

Subrounded, coarse grained (~35% quartz, ~35% 
feldspathoid, ~30% mafic), yellowish brown (10YR 5/4) 
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Logged By: 

Hank Dickey 

Borehole Diameter (inches): 

4.75 

Ground Elevation (NAVO 88): 
-215.92 

Date Started: 
5/9/2020 
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(100%) 
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Split 
Spoon 

(9116/16) 
(88%) 

Cuttings 

Mechanical 
Caliper 

Borehole 
Diameter 

inches 
6.4 10.4 

Natural 
Gamma 

(Cal) 
(DUIN) 
(ELog) 

CPS 
50 100 

Latitude (decimal degrees): 

33.1566 

Longitude (decimal degrees): 

-115.8220

Total Depth (ft bgs): 
101.5 

Date Completed: 
5/10/2020 

Dual Induction 
Self 

Potential 
Res1stiv1ty 

(Long) Single-Point (Ohm 
(Short) Long (Ohm-m) 

mS/m mv 
Short(Ohm m) 
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ATTACHMENT 3 – DWR BOREHOLE LOGS 
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DUPLICATE 
File 6'ri9inal, D��licate and Triplicale with the 
DIYlsulN OF WATER RfSOU�m 

SHEET 2 

P.O. BOX 1079 

SACRAMENTO S. CALIFORNIA 

(7) 

WATER WELL DRILLERS REPORT 
(Sections 7076, 7077, 7078, Water Code) 

Do Not Fill In 

State Well No._ • ."...2.. __ ·········"'-· 
Other Well 0 •....•..........••.......•.... 

. ....

------------------------------------1 Region ... ·---·-·······-····7 ····-·-·· 

Perforations: Torch / / 2 - '0 
Type of per£ ora �9,scd .. ·-······· ·········---·····'2

l?
·-···-·-·······-·····-·--·-·------··--

rJ'81""'Xo
•·-················----·--··-··�-

o0
·-7 •• -·--

Pcrfora ccd ........... _ ..... __ .. _.-·---·-·-f c. CO----·---·--·-----·----·-·-.ft. Hole size_·--------·----··-No. of holes.----·-}·- -··----·• . 
,. 

.,, ,_, 

·····---···--·---·---

" 

,, .u 

" 

( 8) Water levels: (9) Well pumping test: 

(10) 

Depth at which water 
first encountered·-·---·-·-·-·-···--·-·-·---··ft. 

Depth to water 
be£ ore perfora ting-------·-·----·------------·------·--··-f t. 

Depth to water 18 after perfora ting---····----·-------·----·-----f t. 
Note any change in water level while drilling 

General: 

Date of test 8-11-50 __ By whom. __ ._'elf ·----···--------··············--·----··-· 
Depth to water when test started -··-··-·--!�.----------·-----·---·ft. 
G.P.M. at beginning of test-... ot known -·-·-·---·-·----- ----·-------
Drawdown from standing level._.__ 140 ··-----------·-··--ft. 
G.P.M. at completion of tesc.__J�--�<?.!��!,-�!1. .. �Q-�P:�---..P.�!:..� 
Drawdown at completion of test---��--·-····-··--·----·-·--·------·--·-·- •.. ft. 
Length of time tested_________ - hr�-·--···-·---------··-----·--
Temperature of water____ ot·--���··-·----------·····-·--··-·-·--·-·-
Was gas present in water? D Yes El No 

Was well gravel packed? No ___ 2 _
Yee

_Size oj rock ... ----·-····-· --··--·----·---····Thickness of pack. 

: :�ea a�;

f 

:c:: ts:�:�� :�:i�;:;�l��:ion ? 
.. 

� 

8

y es 
.. g No 

.. 
If yes,

. 
attach detailed de

scription. 
----':2 ··--····----······-·--·-····---··········· ..

Strata sealed .. --•·----------------------

�

----·----·-------------··-····--····-·····---···-··---··-·--·--·····-·····----·-·--··--·--··-·-··-··--···- .... ······----· .. -
Was. analysis made of water? 0 Yes No If yes, attach copy. 
Was electric log made of well? D Yes No If yes, attach copy. MICROFILMZt) 
If well abandoned, was it plugged and sealedL.·-······-·········----·····-··----·-···-·-·····-··--·--··--·-·········--·-·-······---............ _._ ... . 
Method of plugging and sealing .... ·-·······--·-····-·-······-·-···--··-······-···--·····-·--··---.. -·-·-·····--··----··-··-······-····-·--······--··---···------·-·-·· 

(11) L 
. J "'14?, o I (Ocn•cy 

ocat1on: '7'. / ( 12) Time of work: 

North 

\. 

',. 
X\ 

5-

\, 
!\ 

I MILE 

O.W.R. FORM No. 246 

Section No .. ,.? .... ·-·-··--··--·---- Work started date1,!'l.'7� .. Completed date8.•28-;0--· 
. 101 S T ownsh1 P-···-·••,,-.--- Date of this repotj.•..2...}•�--·-·-··•-·-··--··-·······--·-·--· 

Range __ ........ .!�.�·········-·············----------------------
Base & Meridian ... �.� .... �.:-�-··-·
Show location of well in Sec-

tion, thus ( X) 
Distances to sec�nes fr

� 
well, N'or S.�-··-;·}t"
and E or •··--·-··----·-ft . 

., 

Show location of nearest 
known well, thus (0) 

Distance to nearest known 
well_��. ��.�-

WELL DRILLER'S ST A TEMENT: 

This well was drilled under my jurisdiction and this 
report is true to the best of my knowledge and belief. 

· +  c - / I . 
[SIGNED] ..£.::<P..=-··-�/�� . -/ /,__···-··---

C . 
/ __t:" Drill�.. • • 

By .. �/A..c._.¢_:.
� 

.. J:/(.1�µ 
License No .. 1186!5.LL.Classificarion .. .. 5,1. ...... . 

A ril 24, 1950 5 0 
Da ted. __ P,_...... ... ···--·-· . -·····- ......... , 19 ···---· 

2�972 3°50 40M CUIN SPO 
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Appendix 8: Program-Level Planning Activities 

ATTACHMENT 4 – CLUBHOUSE GRIA 



1 

GROUNDWATER RESOURCES IMPACT ASSESSMENT, CLUBHOUSE STUDY 
AREA, IMPERIAL COUNTY, CALIFORNIA 

PREPARED FOR: Imperial Irrigation District 

PREPARED BY: Mike Tietze, PG, CHG, CEG, Formation Environmental, LLC 

Nat Beal, PG, Formation Environmental, LLC  

DATE: April 27, 2021 

This technical memorandum presents the methods and results of a Groundwater Resources Impact 
Assessment (GRIA) to evaluate use of four water supply test wells to support vegetation enhancement at 
the Clubhouse Study Area located along the western shore of the Salton Sea, in Imperial County, 
California. Vegetation enhancement, which includes expansion and maintenance of existing vegetation, 
is planned as part of several plot studies in the Imperial Irrigation District’s (IID) Salton Sea Air Quality 
Mitigation Program (SS AQM Program). This GRIA provides an assessment of the potential environmental 
impacts associated with groundwater extraction by the proposed test wells from shallow and deeper 
groundwater bearing zones in the Clubhouse Study Area and will be used to support preparation of an 
environmental document under the California Environmental Quality Act (CEQA).  

1 BACKGROUND 
A series of plot studies and irrigation water supply development activities are planned for the Western 
domain of the Salton Sea (IID 2020). Water supplies are limited in this area, with no agricultural drains or 
other currently developed sources readily available for irrigation use. There are limited data regarding 
groundwater availability and suitability in this area; however, available data suggest that groundwater 
within the West Salton Sea Groundwater Basin could potentially be developed as a water supply source 
for irrigation. Groundwater resources in the Clubhouse Study Area will be investigated with the objective 
of developing an irrigation water supply for vegetation enhancement in the proposed plot study area. 
Review of well completion records for a few existing wells near the Clubhouse Study Area indicates that 
the subsurface sediments are composed primarily of fine-grained lacustrine and distal alluvial fan 
sediments, with some thin sand and gravel layers in the upper 300 to 500 feet of sediments. At some of 
these wells, artesian conditions were encountered. Similar conditions were observed in the upper 100 
feet of soil investigated as part of a pilot soil boring drilled in May 2020. The purpose of the four water 
supply test wells is to investigate the groundwater conditions in the Clubhouse Study Area and provide an 
irrigation water supply. For the purposes of this study, groundwater resources have been subdivided into 
a “shallow zone” in the upper 100 feet of sediment below ground surface (bgs), and a deep zone, 
comprising sediments between 150 and 300 feet bgs. 
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2 PROJECT DESCRIPTION 
The Clubhouse Study Area is located in Imperial County on the west side of the Salton Sea (Figure 1). The 
Study Area is located off Highway 86, immediately east and north of Salton City (Figure 2), and on IID-
owned land (Accessor’s Parcel Number 008-010-006) (Figure 3). The dust control plot study will evaluate 
groundwater supply development, establishment of new vegetation, maintenance of existing vegetation, 
and waterless dust control measures (DCMs). Specifically, information from the pilot study project will be 
used to gather information regarding to inform water supply development and planning for expanded 
future vegetation-based dust control on the west side of the Salton Sea. Test wells will be developed, 
tested and operated; new vegetation will be established in hedgerows, irrigated and monitored; and 
existing vegetation will be monitored and irrigated as needed to maintain plant vigor and prevent loss of 
existing vegetation cover. Vegetation will include the use of Allenrolfea occidentalis (ALOC), commonly 
known as iodine bush, on approximately 60 acres to augment existing ALOC in the area. ALOC is native, 
drought-resistant, and suitable for establishment on the playa. 

The average annual groundwater irrigation demand for the establishment of new vegetation in the 
Clubhouse plot study area is summarized in Table 1. The calculated demand assumes that ALOC is planted 
in hedgerows that provide approximately 20 percent ground cover; however, the actual planting rate may 
be as low as 10 percent. Additional irrigation water will be used to irrigate and maintain existing ALOC and 
bush seepweed (Sueda nigris or SUNI) in the study area plot and surrounding IID-owned land. In these 
areas, existing ALOC and SUNI could experience long-term stress due to ongoing groundwater level 
declines associated with of falling water levels in the Salton Sea, and the objective of this portion of the 
proposed pilot study will be to augment the water supply for this existing vegetation using an adaptive 
management approach to maintain this existing vegetation. All the irrigation water demand is proposed 
to be met by extracting groundwater from the shallow and deeper groundwater zones (Table 1). As noted 
in the table, the wells are assumed to provide excess pumping capacity above the plot study demand, will 
be utilized to irrigate existing ALOC and SUNI as needed, and may be used in the implementation of future 
dust control measures in adjacent areas.  

Groundwater extraction will be performed with solar-powered pumps, and irrigation water will only be 
applied during daylight hours; however, the pumping rates summarized below are presented as daily 
average rates. The total daily discharge over a 24-hour period for the shallow groundwater wells is 
equivalent to pumping at 10 gpm for nine hours (maximum instantaneous pumping rate); whereas the 
total daily discharge over a 24-hour period for the deep groundwater well is equivalent to an 
instantaneous maximum pumping rate of 20 gpm for nine hours.  
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TABLE 1. AVERAGE ANNUAL WATER DEMAND AND GROUNDWATER SUPPLY 

Water Balance Component 
Average Annual Water Demand and Supply 

gallons/day  acre‐feet/year  gallons/minute 

Irrigation Water Demand ‐ Allenrolfea occidentalis (60 acres, assume up to 20% cover) 

Year 1 (1.8 feet/year for planted area @ 20% cover)  19,300  21.6  13.4 

Years 2 through 4 (1.8 feet/year for planted area @ 
20% cover)  19,300  21.6  13.4 

Long Term (10 inches/year for planted area @ 20% 
cover)  8,900  10  6.2 

Groundwater Supply to Meet Irrigation Water Demand 

Shallow Zone Groundwater Pumping Capacity 
16,200 

(5,400 per well) 

18 

(6 per well) 

11.25 

(3.75 per well) 

Deep Zone Groundwater Pumping Capacity  10,800  12  7.5 

Total Anticipated Groundwater Supply Pumping 
Capacity  27,000  30  18.75 

Notes: Surplus groundwater supply pumping capacity will be used to irrigate existing ALOC in the study area plot and 
surrounding area, and potentially to supply future vegetation‐based dust control measures. 

Up to three shallow supply test wells and one deeper groundwater supply test well will be constructed 
and operated. The three shallow test wells, screened from approximately 50 to 100 feet below ground 
surface (bgs), are proposed to  investigate and develop the shallow semi‐confined groundwater system 
(less than 100 feet bgs). The locations of three shallow test wells are shown on Figure 3 (TW‐1, TW‐2, TW‐
3). Depending on the groundwater conditions encountered during drilling of pilot borings for these wells, 
one or more of the shallow test wells may be completed at the alternative locations (TW‐1A, TW‐2A, TW‐
3A) shown on Figure 3. One deep test well (TW‐4), screened between approximately 150 and 300 feet 
bgs, is proposed to investigate and develop the deeper confined groundwater system (Figure 3).  

The deep groundwater supply test well will be constructed as follows:  

1) A pilot boring will be drilled to a depth of approximately 300 feet using a truck mounted
Rotosonic drilling  rig  to characterize  subsurface conditions,  sample water quality, and
collect data necessary for design of the test well.  Equipment used typically includes the
drilling rig, a support truck and crew trucks. The work area will measure about 50 by 100
feet. No drilling  additives will be used,  and native  soil  cuttings will be  spread on  the
ground surface in the work area.
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2) The test well will be constructed using 4-inch diameter polyvinyl chloride (PCV) casing and
screen. A grout sanitary seal will be placed to a depth of at least 20 feet and a filter pack
will be placed in the anulus opposite the screen.  Equipment will include the drilling rig,
delivery trucks and crew trucks.

3) The well will be developed by mechanical methods, pumping, and with biodegradable
dispersant. Groundwater removed during development will be dispersed on the playa
using a high-capacity sprinkler under a Low Threat Discharge Permit obtained from the
Regional Water Quality Control Board (RWQCB). Equipment will include a development
truck and crew trucks.

4) A pump test will be conducted, including a step drawdown test and a 24-hour constant
discharge test with water level measurements in the pumping well and nearby test wells
during pumping and recovery. Groundwater removed during pump testing will be
dispersed on the playa using a high-capacity sprinkler under the Low Threat Discharge
Permit obtained from the RWQCB. Equipment will include a development truck and crew
trucks.

5) A solar-powered pump will be installed in the well, and well surface equipment, piping, a
storage tank and solar panels will be installed in a fenced compound measuring
approximately 30 by 40 feet.

The shallow groundwater supply test wells will be constructed to a depth of approximately 100 feet using 
a similar approach, except that a track-mounted mobile drilling rig will be used and only a single well will 
be selected for pump testing.  

After initial pump testing and surface completion of the wells, a long term pumping test may be conducted 
for up to approximately one-month to assess long-term well performance, water quality, and water level 
response during diurnal solar pumping for an extended period. During this test period, groundwater will 
be extracted from the shallow and deep test wells and this water will be used to irrigate the study plot in 
advance of planting the vegetation described above. 
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3 PROJECT SETTING 
The Clubhouse Study Area is located in the West Salton Sea Groundwater Basin (Figure 4). The West Salton 
Sea Groundwater Basin is bounded by the Coachella Valley Groundwater Basin and non-water-bearing 
rocks of the Santa Rosa Mountains to the north and northwest, by the Ocotillo-Clark Valley Groundwater 
Basin to the south and southwest, and by the Salton Sea to the east (Figure 4).  

The topography of the basin is sloped to the east. The highest elevations are along the mountain front of 
the Santa Rosa mountains to the west and the lowest elevations are along the playa on the western shores 
of the Salton Sea. Surface water generally flows from west to east, where it discharges into the Salton Sea, 
which is a terminal or closed basin with no outlets. Ephemeral and intermittent drainages are mapped on 
Figure 4. There are no perennial streams in the basin.   

Potential groundwater dependent ecosystems (GDEs) in the West Salton Sea Groundwater Basin are 
shown on Figure 5. These GDEs were identified in the Commonly Associated with Groundwater (NCCAG) 
dataset of potential GDEs, developed for DWR by The Nature Conservancy (TNC) in cooperation with the 
California Department of Fish and Wildlife, and downloaded from the GDE Pulse website (TNC 2021). The 
NCCAG database includes a series of potential wetlands along the shore of the Salton Sea that have dried 
up since they were originally mapped and are therefore not included in the potential GDEs included in the 
GDE Pulse website.  

A study regarding the establishment of salt-tolerant vegetation on the Salton Sea playa in the Tule Wash 
and Naval Test Station sites (on the west side of the Salton Sea) was conducted in 2019 by PlanTierra and 
Formation (2020). Field observations indicated that naturally propagating ALOC and Bush Seepweed 
(Suaeda nigris, SUNI) occurred on the playa below elevations of -194 and -213 feet below sea level, 
respectively.  These plants were determined to likely be at least partially dependent on groundwater.  As 
such, it is assumed that ALOC and SUNI may occur on the playa below these elevations near the Clubhouse 
Study Area and may be at least partially groundwater dependent.  The locations of potential ALOC and 
SUNI alkaline shrub habitat GDEs are also shown on Figure 5, as defined by the land lying below the surface 
elevation threshold contours described above.  The maximum rooting depth of ALOC is approximately 12 
feet, based on observations at Salton Sea, and the maximum rooting depth of SUNI is approximately 4 to 
5 feet (PlanTierra and Formation 2020).  Both ALOC and SUNI can adjust to gradual groundwater level 
changes of less than about 1 foot per year within these maximum ranges.    

According to DWR (DWR 2004), recharge to the West Salton Sea groundwater basin is primarily due to 
infiltration of runoff through coarse-grained deposits occurring at the base of the Santa Rosa Mountains, 
and groundwater generally flows to the east and discharges to the Salton Sea. Fine-grained lacustrine 
deposits associated with paleo Lake Cahuilla may limit the downward and eastward movement of 
groundwater in the east and southeast portions of the basin. The available data suggest lacustrine 
deposits associated with Lake Cahuilla are about 10 feet thick near the ancient Lake Cahuilla shoreline and 
may thicken to approximately 60 feet near the modern Salton Sea shoreline (Waters 1983). The storage 
capacity, or the amount of groundwater in storage within the basin, is unknown (DWR 2004).  It is 
estimated that wells can locally produce up to 400 to 540 gallons per minute (gpm). Generally, the  
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groundwater the basin is characterized as predominantly sodium-chloride type water, and the quality is 
considered marginal to poor for domestic or irrigation purposes due to concentrations of fluoride, boron, 
and total dissolved solids (TDS). 

A summary of information regarding the West Salton Sea Groundwater Basin is provided in Table 2. 
According to DWR (2004), information on the groundwater budget is not available. The California 
Statewide Groundwater Elevation Monitoring (CADGEM) program designates the basin as a “very low” 
priority (DWR 2019). The basin is not listed as being in critical overdraft (DWR 2016). 

TABLE 2. SUMMARY OF WEST SALTON SEA GROUNDWATER BASIN 

DWR Groundwater 
Basin Number 

Approximate Area CASGEM 
Priority 

Critical 
Overdraft 

7-22 106,000 acres Very Low No 

Sources: 
DWR 2004, DWR 2016, DWR 2019 

Groundwater resources in the West Salton Sea Groundwater Basin are very sparsely developed.  Although 
historical well completion records are available for 11 domestic wells in the vicinity of the Study Area 
(Attachment A), none of these wells are currently believed to be operating. These wells were installed 
between 1957 and 1960 and are assumed to be abandoned or destroyed because the community of Salton 
City surrounding the Study Area is served by treated surface water supplied by the Coachella Valley Water 
District. No evidence of current groundwater use has been observed in the area within about 1 mile of 
the Study Area. According to the “Groundwater Exchange” website,1 the West Salton Sea Groundwater 
Basin in total has approximately 14 wells, of which none are currently operated as water supply wells.  

Groundwater level hydrographs are not available for any wells in shallow or deep supply zone the vicinity 
of the Clubhouse area.  Three shallow piezometers were installed on the playa at Salton Wash in 2015 and 
used to monitor water table elevations.  Groundwater level monitoring data for these wells is available 
from January 2016 to November 2018 on the IID Salton Sea data portal. 2  These data indicate that 
groundwater levels dropped by approximately 1.1 to 2.7 feet during this time. The data suggest that 
groundwater levels in the uppermost groundwater-bearing zone beneath the playa are declining as water 
levels in the Salton Sea drop. Further declines may be expected in the future and will be confirmed by 
future monitoring data. 

In May 2020, a soil boring was drilled and geophysically logged at the Clubhouse Study Area to investigate 
groundwater conditions in the shallow groundwater system to a depth of about 100 feet bgs (Figure 3). 

1 https://groundwaterexchange.org/basin/west-salton-sea 
2 https://www.saltonseaprogram.com/aqm/data-portal/data-portal.php# 



GROUNDWATER RESOURCES IMPACT ASSESSMENT, CLUBHOUSE STUDY AREA, IMPERIAL COUNTY, CALIFORNIA 

12 

The boring log is included in Attachment A. Groundwater was encountered at a depth of approximately 
20 feet bgs. The boring encountered sand in the upper 20 feet, underlain predominantly by clay to the 
total depth of about 100 feet, with a clean sand stratum between approximately 50 and 60 feet bgs. This 
is consistent with the presence of alluvial and aeolian sediments at the surface, underlain by lacustrine 
sediments associated with paleo Lake Cahuilla, which have been observed to deepen from approximately 
10 feet thick near the ancient shoreline to approximately 50 feet or more near the current shore of the 
Salton Sea (Waters 1983). The unconfined hydrostratigraphic zone underlying the Lake Cahuilla sediments 
between approximately 50 and 100 feet bgs (depending on location) is the primary target of the proposed 
shallow test wells. Based on historical DWR well completion records, lower permeability sediments are 
present between approximately 100 and 150 feet bgs (Attachment A) and likely represent older lacustrine 
sediments. Semi-confined to confined sandy groundwater bearing sediments were encountered at 
various intervals between approximately 150 and 350 feet bgs. This hydrostratigraphic zone is the target 
for the proposed deep test well. 

The nearest reported subsidence monitoring station to the Clubhouse Study Area is the SLMS SCGN 
CS1999 GPS monitoring station operated by UNAVCO and located approximately 1 mile southwest of the 
Study Area (UNAVCO 2021). At this station, since recording began in 1999, no subsidence has been 
reported. 

4 EFFECTS ANALYSIS 
4.1 CONCEPTUAL APPROACH 
As described in Section 2, up to three shallow supply test wells and one deep supply test well are proposed 
to be installed and operated at the Clubhouse Study Area. The data to characterize the aquifer system in 
the West Salton Sea Groundwater Basin is limited and groundwater resources in the shallow and deeper 
groundwater zones are not currently being used, so use of an analytical element model with conservative 
simplifying assumptions is appropriate to evaluate the potential effects of operating the wells. 

To simulate drawdown, a multi-layered modeling approach was implemented using the AnAqSim 
modeling code (Fitts Geosolutions, 2020), which is a three-dimensional (multi-layer) analytical element 
modeling code capable of simulating groundwater flow to wells under confined, unconfined, or 
semiconfined aquifer conditions. AnAqSim is able to simulate a variety of boundary conditions (e.g., no-
flow, constant flux, variable flux, general head, and constant head), line or area sources and sinks (e.g., 
rivers and recharge), and flow barriers. AnAqSim can be used to simulate transient conditions as a result 
of pumping from single or multiple wells at constant or varying rates and calculates the head and discharge 
as functions of location and time across a designated model grid or at designated points. 

The model domain is shown on Figure 6 and includes most of the West Salton Sea groundwater basin. A 
no flow boundary was modeled to the west, to represent the non-water bearing rocks of the Santa Rosa 
Mountains and head-dependent normal flux boundaries were modeled to the north, south, and east. The 
model domain measures approximately 10 miles from west to east and 12 miles from north to south so 
that boundaries are located remote from the pumping wells in order to help minimize unintended 
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boundary effects. The western extent of the paleo Lake Cahuilla sediments is shown on Figure 6. West of 
this area, a single layer is used to simulate potentially coarser grained sediments along the base of the 
Santa Rosa Mountains (Figure 7). The area underlain by the paleo Lake Cahuilla sediments is represented 
in the model as a multi-later system that includes the following and is shown on Figure 7: 

• Layer 1 represents a relatively thin veneer (approximately 10 feet) of alluvial and aeolian
sediments containing unconfined groundwater in potential communication with GDEs. It is
possible that groundwater in this layer is perched or is too deep to be in communication with the
underlying pumped aquifers, but for the purposes of this analysis, it is assumed the groundwater
table is shallow enough to be connected to GDEs (i.e, less than about 12 feet bgs).

• Layer 2 is used to simulate the Paleo Lake Cahuilla lacustrine sediments as a continuous lower
permeability layer separating the overlying water table zone from underlying pumped shallow
and deeper zone aquifers. The available data suggest this layer is about 10 feet thick near the
ancient Lake Cahuilla shoreline and may thicken to approximately 60 feet near the modern Salton
Sea shoreline (Waters 1983); however, for the purposes of this analysis it is assumed that this
layer is uniformly 10 feet thick. This is a conservative assumption that likely overestimates the
level of hydraulic connection between the pumped aquifers and the overlying water table aquifer
and the amount of drawdown that would be induced by pumping.
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• Layer 3 represents the shallow groundwater producing zone between about 50 and 100 feet bgs.

• Layer 4 represents about 50 feet of lower permeability lacustrine sediments identified between
the shallow and the deeper groundwater producing zones that were identified in most well
completion logs in the area (Appendix A).

• Layer 5 represents the deeper groundwater producing zone.

The model inputs for the various layers described above are summarized in Figure 7. The following 
additional assumptions are incorporated into the model: 

• The pumped aquifers are homogeneous. This is a common simplifying assumption.

• The simulated aquifers are uniform in thickness. This is a common simplifying assumption.

• The model receives no recharge, and all flow from the pumping wells comes from aquifer storage.
This simplifying assumption tends to produce a conservative result that over-predicts drawdown.

• The well pumping rates in the upper and lower producing zones are constant and simulated as
long-term averages. This is a reasonable assumption for a non-seasonal water supply project,
especially when examining drawdown effects at distance from the pumping wells.

• To address uncertainty in aquifer properties, a range of parameters were considered, and the
lowest reasonable value was assumed (about half of the value estimated based on available
lithologic data). This is a conservative assumption.

• The upper aquitard associated with Paleo Lake Cahuilla is assumed to have uniform thickness of
10 feet. The available data suggest the thickness of this aquitard is likely closer to 50 feet near the
proposed supply test well locations, so this assumption is conservative and will likely lead to over-
estimation of drawdown at the water table beneath the playa.

• To address uncertainty in aquitard properties and communication between that pumped
groundwater producing zones and overlying water table zone that may be in communication with
GDEs, a range of parameters were considered and modeled (Figure 7).

• Pumping was simulated for a period up to 20 years, after which drawdown is assumed to reach
relatively stable conditions.

4.2 METHODS 
The model inputs for the layers described in Section 4.1, are summarized in Figure 7.   The most likely 
(high) and reasonable minimum (low) hydraulic conductivity (Kh) values for aquitard layers 2 and 4 were 
estimated based on lithologic data available for the exploratory borehole (CH-001-BH) drilled in the 
Clubhouse Study Area and other nearby borehole logs. Vertical hydraulic conductivity values (Kv) for layers 
2 and 4 were assumed to be 1/10th of the horizontal hydraulic conductivity values. The other parameters 
summarized on Figure 5 were not varied in the model and were based on a combination of published 



GROUNDWATER RESOURCES IMPACT ASSESSMENT, CLUBHOUSE STUDY AREA, IMPERIAL COUNTY, CALIFORNIA 

17 

values (Fetter 2001) and estimated values using the available lithologic data included in Attachment A. 
The locations and logs for the nearby boreholes are provided in Attachment A.  

For layers 3 and 5, a composite hydraulic conductivity was estimated for the hydrostratigraphic interval 
from 50 to 100 feet bgs and 150 to 250 feet, respectively. The composite values consider the interbedded 
nature of the lacustrine and alluvial sediments evident in the boring logs in Attachment A. One half of the 
hydraulic conductivity calculated from the log data was used in the model.   

Specific yield values (Sy) were estimated based on reasonable values for sands for groundwater-bearing 
layers 1, 3, and 5. Storativity (S) values were based on professional judgment and our experience for a 
reasonable value for unconfined aquifers for layer 1 and confined/semi-confined aquifers/aquitards for 
the underlying layers.   

The simulated pumping rates for the shallow test wells simulated in layer 3 and the deep well simulated 
in layer 5 are summarized in Table 3. These pumping rates assume the wells will be pumped at their 
maximum estimated capacity, which exceeds the irrigation water demand of the vegetation test plot 
(Table 1). Actual pumping rates may be lower, so this is a conservative assumption from an impact analysis 
viewpoint (i.e., impacts will likely be overestimated). It allows potential impacts to be evaluated if the 
wells are used in the future to supply the irrigation demand for additional vegetation plots, and thus will 
allow operating flexibility. As described in Section 2, irrigation water will only be applied during daylight 
hours; however, the pumping rates summarized below are long-term averages and assume a constant 
rate over a 24-hour period to simplify the modeling scenarios.  

TABLE 3. PUMPING INPUTS

Pumping 
Input Value 
(24 hrs/day 

constant rate) 
Source Additional Comments 

Shallow Zone 3.75 gpm Irrigation 
Design 

Pumping per well (three wells are simulated for a total 
pumping rate of 11.25 gpm) 

Deep Zone 7.5 gpm Irrigation 
Design Pumping from one well 

The modeling scenarios for the proposed shallow and deep groundwater zone test wells are summarized 
in Table 4. A total of 10 scenarios were simulated to assess potential differences in effects resulting from 
the following: 

• The hydraulic conductivity (K) of the aquitard layers (model layers 2 and 4) was varied to assess
the effect of varying degrees of aquitard competence and communication between the aquifer
layers during pumping (model layers 1, 3, and 5). High and low K scenarios were simulated to
represent the upper and lower range of hydraulic conductivities for lacustrine sediments.
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• Different scenarios were simulated to assess the differences in effects related to pumping the
shallow test wells only, the deep test well only, or the shallow and deep test wells in combination.

• Different scenarios were simulated to assess the effects of pumping for 20 years (the anticipated
service life of the wells), and one month, which evaluates the short-term effects from the one-
month aquifer test.

TABLE 4. MODELING SCENARIOS 

Scenario Duration 

Shallow Groundwater Zone Deep Groundwater Zone 

Discharge 
(gpm) 

Aquitard 
Hydraulic 

Conductivity 
(ft/day) 

Other 
Parameters 

Discharge 
(gpm) 

Aquitard 
Hydraulic 

Conductivity 
(ft/day) 

Other 
Parameters 

1A (Cumulative pumping; 
high aquitard permeability) 20 yrs. 11.25 0.01 

Constant 

(Figure 7) 
7.5 0.01 

Constant 

(Figure 7) 

1B (Cumulative pumping; 
low aquitard permeability) 20 yrs. 11.25 0.001 

Constant 

(Figure 7) 
7.5 0.001 

Constant 

(Figure 7) 

2A (Deep test well 
pumping; high aquitard 
permeability) 

20 yrs. 0 0.01 
Constant 

(Figure 7) 
7.5 0.01 

Constant 

(Figure 7) 

2B (Deep test well pumping; 
low aquitard permeability) 20 yrs. 0 0.001 

Constant 

(Figure 7) 
7.5 0.001 

Constant 

(Figure 7) 

3A (Shallow wells pumping, 
high aquitard permeability) 20 yrs. 11.25 0.01 

Constant 

(Figure 7) 
0 0.01 

Constant 

(Figure 7) 

3B (Shallow wells pumping; 
low aquitard permeability) 20 yrs. 11.25 0.001 

Constant 

(Figure 7) 
0 0.001 

Constant 

(Figure 7) 

4A (Long-term pumping test 
of deep test well; high 
aquitard permeability) 

1 mo. 0 0.01 
Constant 

(Figure 7) 
7.5 0.01 

Constant 

(Figure 7) 

4B (Long-term pumping test 
of deep test well; low 
aquitard permeability) 

1 mo. 0 0.001 
Constant 

(Figure 7) 
7.5 0.001 

Constant 

(Figure 7) 

5A (Long-term pumping test 
of shallow test wells; high 
aquitard permeability) 

1 mo. 11.25 0.01 
Constant 

(Figure 7) 
0 0.01 

Constant 

(Figure 7) 
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Scenario Duration 

Shallow Groundwater Zone Deep Groundwater Zone 

Discharge 
(gpm) 

Aquitard 
Hydraulic 

Conductivity 
(ft/day) 

Other 
Parameters 

Discharge 
(gpm) 

Aquitard 
Hydraulic 

Conductivity 
(ft/day) 

Other 
Parameters 

5B (Long-term pumping test 
of shallow test wells; low 
aquitard permeability) 

1 mo. 11.25 0.001 
Constant 

(Figure 7) 
0 0.001 

Constant 

(Figure 7) 

4.3 RESULTS 
The predicted drawdown associated with pumping of the proposed test wells completed in the shallow 
and deep groundwater zones for the various scenarios described in Section 4.2, is summarized in Table 5 
after 20 years of pumping.  

• In model layer 1 (the water table zone, which is potentially connected to GDEs), drawdowns of 1
foot or more were only observed during Scenario 1A (combined shallow and deep pumping) and
Scenario 3A (shallow test well pumping) under high aquitard permeability. The predicted
drawdown associated with pumping from the deep test well or simulation of the lower aquitard
permeability (Scenarios 1B, 2A, 2B and 3B) was less than 0.5 foot. The distribution of drawdown
associated with the cumulative and shallow test well pumping scenarios (Scenarios 1A, 1B, 3A and
3B) relative to the locations of groundwater-dependent vegetation is shown on Figure 8. The area
where drawdown exceeding 1 foot is predicted under worst case conditions measures
approximately 2,000 by 1,800 feet and is centered around the shallow test wells within the study
area plot and locally extending onto surrounding IID land.  A drawdown of 1 foot would generally
not be distinguishable from normal seasonal groundwater level fluctuations measured in nearby
shallow piezometers.  Modeling indicates that about 60% of this drawdown would occur within
the first 10 years of well operation, with the remaining 40% occurring between years 11 and 20.

• In the shallow pumping layer (model layer 3), the maximum predicted drawdown at the pumping
wells was less than 5 feet under all scenarios. Drawdowns of less than 5 feet in pumping aquifers
are not generally considered significant (JJ&A 2018). The maximum predicted drawdown at the
closest property line was less than 2 feet. During pumping of the deep test well (Scenarios 2A and
2B), drawdown in the shallow pumping layer was predicted to be less than 0.5 foot. The
distribution of drawdown in model layer 3 during pumping of the shallow test wells is shown on
Figure 9.

• In the deep pumping layer (model layer 5), the maximum predicted drawdown at the pumping
well was less than 10 feet and the predicted distance to 5 feet of drawdown ranged from 10 to 35
feet.  The maximum predicted drawdown at the closest property line was 1.4 to 2.5 feet. During
pumping of the shallow test wells, the predicted drawdown in the deep aquifer layer was less
than 0.5 feet. The distribution of drawdown in model layer 5 during pumping of the deep test well
is shown on Figure 9.
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TABLE 5. PREDICTED DRAWDOWN - 20 YEARS OF PUMPING

Model 
Scenario 

Maximum 
Predicted 

Drawdown at 
Property Line in 

Layer 1 (feet) 

Maximum 
Predicted 

Drawdown at 
Property Line in 

Layer 3 (feet) 

Maximum 
Predicted 

Drawdown at 
Property Line in 

Layer 5 (feet) 

Predicted 
Distance to 1 
ft Drawdown 

in Layer 1 
(feet) 

Predicted 
Distance to 5 ft 
Drawdown in 
Layer 5 (feet) 

1A 1.1 1.3 1.9 1,100 17 

1B 0.5 1.5 2.5 NA 35 

2A 0.3 0.3 1.4 NA 10 

2B <0.25 <0.25 2.2 NA 26 

3A 0.8 1.0 0.4 NA NA 

3B 0.4 1.4 <0.25 NA NA 

NA = not applicable, the noted drawdown was not observed. 

The predicted drawdown associated with pumping of the proposed test wells completed in the shallow 
and deep groundwater zones for the various scenarios described in Section 4.2, is summarized in Table 6 
after one month of pumping. Drawdown in layer 1 was less than 0.25 feet under all scenarios. In the 
pumped aquifers, small cones of depression were predicted to form in the immediate proximity of the 
pumping wells.  The maximum predicted drawdown in the shallow aquifer layer ranges from about 3 feet 
at the pumping wells to about 0.3 to 0.7 feet at the closest property boundary.  The maximum drawdown 
in the deep aquifer layer was between 8 and 9 feet near the pumping well and the distance to 5 feet of 
drawdown was predicted to be about 7 to 15 feet. 

TABLE 6. PREDICTED DRAWDOWN - ONE MONTH OF PUMPING

Model 
Scenario 

Maximum 
Predicted 

Drawdown in 
Layer 1 (feet) 

Maximum 
Predicted 

Drawdown in 
Layer 3 (feet) 

Maximum 
Predicted 

Drawdown in 
Layer 5 (feet) 

Predicted 
Distance to 1 

feet of 
Drawdown in 
Layer 1 (feet) 

Predicted 
Distance to 5 

feet of 
Drawdown in 
Layer 5 (feet) 

4A <0.25 <0.25 1.1 NA NA 

4B <0.25 <0.25 1.8 NA NA 

5A <0.25 0.3 <0.25 NA 7 

5B <0.25 0.7 <0.25 NA 15 

NA = not applicable, the noted drawdown was not observed. 
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5 IMPACT ANALYSIS 
This section presents an evaluation of the potential environmental impacts of the project associated with 
pumping of the proposed water supply test wells. The impact evaluation is provided in the form of 
reasoned evaluations in answer to each of the applicable significance questions contained in Appendix G 
of the CEQA Guidelines, listed below, but the evaluations under the threshold questions are limited to 
assessing impacts related only to hydrogeologic effects.  

5.1 GROUNDWATER-DEPENDENT ECOSYSTEMS 
Question IV(a): Would the project have a substantial adverse effect, either directly or through habitat 
modifications, on any species identified as a candidate, sensitive, or special status species in local or 
regional plans, policies, or regulations, or by the California Department of Fish and Game or U.S. Fish 
and Wildlife Service?  

Question IV(b): Would the project have a substantial adverse effect on any riparian habitat or other 
sensitive natural community identified in local or regional plans, policies, regulations, or by the CDFG or 
USFWS? 

Question IV(c): Would the project have a substantial adverse effect on state or federally protected 
wetlands (including marsh, vernal pool, coastal, etc.) through direct removal, filling, hydrological 
interruption, or other means? 

The potential GDEs identified in the West Salton Sea groundwater basin are shown on Figure 5. Several 
potential GDEs have been mapped in the Santa Rosa Mountains to the west of the Study Area; however, 
the results summarized in Tables 5 and 6 and shown on Figure 8 indicate that drawdown in layer 1, which 
is the assumed to be the groundwater source for the GDEs, will not reach these areas.  

Areas where ALOC and SUNI that are at least partially dependent on groundwater may exist on the playa 
below elevations of -194 and -213 amsl, respectively, and are shown on Figure 5.  The location of these 
areas relative to predicted drawdown in layer 1 are shown on Figure 8.  The following conclusions may be 
made: 

• No measurable drawdown is predicted in layer 1 as a result of pumping the deep test well for 20
years.  Therefore, there will be no impact to GDEs as a result of operating the deep test well.

• Drawdown in layer 1 after 20 years of pumping the shallow supply test wells is predicted to range
up to between approximately 0.25 and 1 foot within approximately 0.65 mile of the test wells
(Scenario 3A). This drawdown is likely over-predicted due to the conservative assumptions used
in the modeling predictions. Drawdown is predicted to occur slowly, with approximately 60% of
the total drawdown manifesting after 10 years. ALOC and SUNI are expected to be able to adapt
to such a small amount of drawdown over such a long period of time. In addition, both the newly
planted and existing ALOC and SUNI within the potentially affected area would be irrigated as part
of the project, which would eliminate the possibility of plant stress resulting from drawdown
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associated with the project. Based on the available information, impacts to GDEs from operating 
the shallow supply test wells will be less than significant. 

• Drawdown in layer 1 after 20 years of combined pumping of the shallow and deep supply test
wells is predicted to range up to between approximately 0.25 and 1.25 foot within approximately
0.9 mile of the test wells (Scenario 1A). As stated above, drawdown at the water table is likely
over-predicted, ALOC and SUNI are expected to be able to adapt to such a small amount of
drawdown over such a long period of time, and as part of the project both existing and new ALOC
and SUNI vegetation would be irrigated, thus eliminating the potential of plant stress to be
induced by project pumping.  Based on the available information, impacts to GDEs from operating
the shallow and deep supply test wells will be less than significant.

The streams near the Clubhouse study area include ephemeral washes that convey stormwater discharge 
after infrequent rain events (Figure 10).  There are no perennial streams. Thus, no impact to 
interconnected surface water will occur. 

5.2 WATER QUALITY 
Question IX(a): Would the project violate any water quality standards or waste discharge requirements 
or otherwise substantially degrade surface or ground water quality? 

Question IX(e): Would the project conflict with or obstruct implementation of a water quality control 
plan or sustainable groundwater management plan? 

The groundwater found in the West Salton Sea groundwater basin is characterized as predominantly 
sodium-chloride type water, and the quality is considered marginal to poor for domestic or irrigation 
purposes due to concentrations of fluoride, boron, and TDS. The wells will be completed with sanitary 
seals that will prevent the vertical migration of shallow saline groundwater through the well bores.  The 
groundwater-producing zones are separated from each other and from the uppermost groundwater-
bearing zone and the Salton Sea by laterally-extensive lacustrine aquitards that will impede vertical 
migration of groundwater of different salinities.   

Figure 11 shows reported nearby contamination sites. The nearest sites are located well over 1 mile from 
the Study Area and are not expected to be affected by gradient changes that would interfere required 
discharge requirements or cleanups. 

Based on the above information, potential impacts to water quality will be less than significant. 

5.3 SUBSIDENCE 
Question VII(c): Would the project be located on a geologic unit or soil that is unstable, or that would 
become unstable as a result of the project, and potentially result in on or off-site landslide, lateral 
spreading, subsidence, liquefaction, or collapse?  
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Land subsidence can occur when compressible clays are depressurized because of groundwater 
extraction, triggering water to flow from the clays into the surrounding aquifer, and ultimately causing 
consolidation of the clay under pressure from the overlying sediments. In general, most subsidence occurs 
when an aquifer is initially depressurized, but can continue for months, or even years, after clays slowly 
dewater and adjust to the new pressure regime. If groundwater levels subsequently recover, subsidence 
generally does not resume (or does not progress as rapidly), until groundwater levels fall below historical 
low levels. Subsidence can occur especially in confined aquifer conditions, where the drawdown 
associated with groundwater extraction is greater than in unconfined aquifers.  

As described in Section 3, no subsidence has been reported in the vicinity of the Study Area. The proposed 
test wells will extract a relatively limited amount of water from the confined to semi-confined aquifer 
systems. The predicted maximum drawdown near the project boundary is predicted to be limited to less 
than about 2.5 feet, and drawdown exceeding 5 feet will be limited to a relatively small area within a 
maximum distance of approximately 35 feet of the proposed wells (Table 4). Drawdown less than 5 feet 
is unlikely to result in measurable subsidence that would affect surface drainage or infrastructure. Given 
the limited amount of drawdown predicted to be associated with operation of proposed test wells, and 
the lack of reported subsidence near the Study Area, no impacts are expected.  
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5.4 CHRONIC DRAWDOWN AND DIMINUTION OF SUPPLY 
Question IX(b): Would the project substantially decrease groundwater supplies or interfere substantially 
with groundwater recharge such that the project may impede sustainable groundwater management 
of the basin? 

Question IX(e): Would the project conflict with or obstruct implementation of a water quality control 
plan or sustainable groundwater management plan? 

The potential for operation of the proposed test wells to interfere with implementation of a water quality 
control plan is discussed in Section 5.2, above. 

The long-term groundwater extraction associated with the proposed test wells will be relatively limited. 
The average annual water demand that will be met by the wells is at most 10 and 30 acre-feet/year (AFY), 
which is equivalent to a long-term pumping rate just over 18 gpm (Table 1). This would be the only known 
anthropogenic groundwater demand in the basin and is not anticipated to interfere with existing 
beneficial environmental groundwater uses by GDEs. 

Operation of the proposed test wells is predicted to result in limited drawdown in close proximity to the 
pumping wells.  Drawdown exceeding 5 feet is predicted to be limited to within 35 feet or less of the 
pumping wells after 20 years of pumping, and drawdown at the nearest property lines is predicted to be 
less than 2.5 feet. The area surrounding the test plot is served with treated surface water provided by 
Coachella Valley Water District, and no existing wells have been identified in the area that would be 
affected by project-induced drawdown. If existing wells were to be present, a drawdown less than 5 feet 
is unlikely to be distinguishable from normal seasonal and inter-annual fluctuations and would represent 
only a small percentage of a domestic well’s available drawdown.  As such, it would be unlikely to result 
in an observable decrease in well yield. In addition, localized drawdown of this magnitude would represent 
a very small percentage of the total available drawdown in an aquifer system that is likely at least 500 feet 
thick. Therefore, it would not significantly change the amount of groundwater in storage or interfere with 
foreseeable groundwater demands.  Furthermore, the community of Salton City, in the vicinity of the 
Study Area, is served by the Coachella Valley Water District, leaving local water supplies unaffected. 

Based on the above information, project impacts to groundwater supplies, aquifer volume, and lowering 
of the groundwater table will be less than significant.  

5.5 CUMULATIVE IMPACTS 
Question XVIII(b): Does the project have impacts that are individually limited, but cumulatively 
considerable? ("Cumulatively considerable" means that the incremental effects of a project are 
considerable when viewed in connection with the effects of past projects, the effects of other current 
projects, and the effects of probable future projects.) 

As described in Section 3, groundwater resources in the West Salton Sea Groundwater Basin are very 
sparsely developed.  No active groundwater production wells are evident and the community of Salton 
City in the vicinity of the Study Area is served by the Coachella Valley Water District.  
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Cumulative impacts associated with operating the proposed shallow and deep test wells were evaluated 
by scenarios 1A and 1B. The results of the cumulative pumping over 20 years show less than significant 
impacts (Table 5).  

Based on shallow groundwater monitoring data, it is likely that shallow groundwater levels below the 
playa will continue to decline as water levels in the Salton Sea decline. In and near the test plot study area, 
within the area potentially affected by project drawdown, groundwater extracted by the wells would be 
used to irrigate new and existing ALOC and SUNI vegetation. As such, the project will protect existing 
vegetation on the playa that is currently potentially groundwater dependent from the stress induced by 
drawdown and existing trends in groundwater level decline around the Salton Sea. 

Based on these considerations, the groundwater resources impacts associated with the project will be less 
than cumulatively considerable.  

5.6 WATER SUPPLY AND ENTITLEMENTS 
Question XVII(d): Would the project have sufficient water supplies available to serve the project and 
reasonably foreseeable future development during normal, dry and multiple dry years? 

IID would be able to extract groundwater for beneficial use on its property. The basin is not listed as being in 
critical overdraft. There are no existing or reasonably foreseeable groundwater demands that would change 
or stress the availability of groundwater supplies during climatic fluctuations. The basin has sufficient 
resources to reliably supply the project water demand during normal, dry and multiple dry years. A 
Conditional Use Permit will be obtained from Imperial County to operate the wells.  
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TABLE .  AVAILABLE INFORMATION FOR EXISTING WELLS IN THE VICINITY OF THE STUDY AREA 

Appendix 8: Program-Level Planning Activities, Attachment 4 – Clubhouse GRIA



TABLE .  AVAILABLE INFORMATION FOR EXISTING WELLS IN THE VICINITY OF THE STUDY AREA (CONTINUED) 
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Available Well Completion Logs 
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ENVIRONMENTAL 

Log of Boring Completion: 11D20200508_W12_CH_001_BH 
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DUPLICATE 
File 6'ri9inal, D��licate and Triplicale with the 
DIYlsulN OF WATER RfSOU�m 

SHEET 2 

P.O. BOX 1079 

SACRAMENTO S. CALIFORNIA 

(7) 

WATER WELL DRILLERS REPORT 
(Sections 7076, 7077, 7078, Water Code) 

Do Not Fill In 

State Well No._ • ."...2.. __ ·········"'-· 
Other Well 0 •....•..........••.......•.... 

. ....

------------------------------------1 Region ... ·---·-·······-····7 ····-·-·· 

Perforations: Torch / / 2 - '0 
Type of per£ ora �9,scd .. ·-······· ·········---·····'2

l?
·-···-·-·······-·····-·--·-·------··--

rJ'81""'Xo
•·-················----·--··-··�-

o0
·-7 •• -·--

Pcrfora ccd ........... _ ..... __ .. _.-·---·-·-f c. CO----·---·--·-----·----·-·-.ft. Hole size_·--------·----··-No. of holes.----·-}·- -··----·• . 
,. 

.,, ,_, 

·····---···--·---·---

" 

,, .u 

" 

( 8) Water levels: (9) Well pumping test: 

(10) 

Depth at which water 
first encountered·-·---·-·-·-·-···--·-·-·---··ft. 

Depth to water 
be£ ore perfora ting-------·-·----·------------·------·--··-f t. 

Depth to water 18 after perfora ting---····----·-------·----·-----f t. 
Note any change in water level while drilling 

General: 

Date of test 8-11-50 __ By whom. __ ._'elf ·----···--------··············--·----··-· 
Depth to water when test started -··-··-·--!�.----------·-----·---·ft. 
G.P.M. at beginning of test-... ot known -·-·-·---·-·----- ----·-------
Drawdown from standing level._.__ 140 ··-----------·-··--ft. 
G.P.M. at completion of tesc.__J�--�<?.!��!,-�!1. .. �Q-�P:�---..P.�!:..� 
Drawdown at completion of test---��--·-····-··--·----·-·--·------·--·-·- •.. ft. 
Length of time tested_________ - hr�-·--···-·---------··-----·--
Temperature of water____ ot·--���··-·----------·····-·--··-·-·--·-·-
Was gas present in water? D Yes El No 

Was well gravel packed? No ___ 2 _
Yee

_Size oj rock ... ----·-····-· --··--·----·---····Thickness of pack. 

: :�ea a�;

f 

:c:: ts:�:�� :�:i�;:;�l��:ion ? 
.. 

� 

8

y es 
.. g No 

.. 
If yes,

. 
attach detailed de

scription. 
----':2 ··--····----······-·--·-····---··········· ..

Strata sealed .. --•·----------------------

�

----·----·-------------··-····--····-·····---···-··---··-·--·--·····-·····----·-·--··--·--··-·-··-··--···- .... ······----· .. -
Was. analysis made of water? 0 Yes No If yes, attach copy. 
Was electric log made of well? D Yes No If yes, attach copy. MICROFILMZt) 
If well abandoned, was it plugged and sealedL.·-······-·········----·····-··----·-···-·-·····-··--·--··--·-·········--·-·-······---............ _._ ... . 
Method of plugging and sealing .... ·-·······--·-····-·-······-·-···--··-······-···--·····-·--··---.. -·-·-·····--··----··-··-······-····-·--······--··---···------·-·-·· 

(11) L 
. J "'14?, o I (Ocn•cy 

ocat1on: '7'. / ( 12) Time of work: 

North 

\. 

',. 
X\ 

5-

\, 
!\ 

I MILE 

O.W.R. FORM No. 246 

Section No .. ,.? .... ·-·-··--··--·---- Work started date1,!'l.'7� .. Completed date8.•28-;0--· 
. 101 S T ownsh1 P-···-·••,,-.--- Date of this repotj.•..2...}•�--·-·-··•-·-··--··-·······--·-·--· 

Range __ ........ .!�.�·········-·············----------------------
Base & Meridian ... �.� .... �.:-�-··-·
Show location of well in Sec-

tion, thus ( X) 
Distances to sec�nes fr

� 
well, N'or S.�-··-;·}t"
and E or •··--·-··----·-ft . 

., 

Show location of nearest 
known well, thus (0) 

Distance to nearest known 
well_��. ��.�-

WELL DRILLER'S ST A TEMENT: 

This well was drilled under my jurisdiction and this 
report is true to the best of my knowledge and belief. 

· +  c - / I . 
[SIGNED] ..£.::<P..=-··-�/�� . -/ /,__···-··---

C . 
/ __t:" Drill�.. • • 

By .. �/A..c._.¢_:.
� 

.. J:/(.1�µ 
License No .. 1186!5.LL.Classificarion .. .. 5,1. ...... . 

A ril 24, 1950 5 0 
Da ted. __ P,_...... ... ···--·-· . -·····- ......... , 19 ···---· 

2�972 3°50 40M CUIN SPO 
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TECHNICAL MEMORANDUM 

GROUNDWATER RESOURCES IMPACT ASSESSMENT, SAN FELIPE STUDY 

AREA, IMPERIAL COUNTY, CALIFORNIA 

PREPARED FOR: Imperial Irrigation District 

PREPARED BY: Mike Tietze, PG, CHG, CEG, Formation Environmental, LLC 

Nat Beal, PG, Formation Environmental, LLC  

DATE: June 4, 2021 

This technical memorandum presents the methods and results of a Groundwater Resources Impact 
Assessment (GRIA) to evaluate use of four water supply test wells to support vegetation enhancement at 
the San Felipe Study Area located along the western shore of the Salton Sea, in Imperial County, California. 
Vegetation enhancement, which includes expansion and maintenance of existing vegetation, is planned 
as part of several plot studies in the Imperial Irrigation District’s (IID) Salton Sea Air Quality Mitigation 
Program (SS AQM Program). This GRIA provides an assessment of the potential environmental impacts 
associated with groundwater extraction by the proposed test wells at the San Felipe Study Area and will 
be used to support preparation of an environmental document under the California Environmental Quality 
Act (CEQA).  

1 BACKGROUND 
A series of plot studies and irrigation water supply development activities are planned for the western 
domain of the Salton Sea (IID 2020a). Water supplies are limited in this area, with no agricultural drains 
or other currently developed sources readily available for irrigation use. There are limited data regarding 
groundwater availability and suitability in this area; however, available data suggest that groundwater 
within the Ocotillo-Clark Valley Groundwater Basin could potentially be developed as a water supply 
source for irrigation. Review of lithologic data indicate that the sediments in the San Felipe Study Area are 
relatively well-sorted alluvial fan deposits and are likely to contain relatively fresh groundwater. The 
purpose of the four water supply test wells is to investigate the groundwater conditions in the San Felipe 
Study Area and provide an irrigation water supply for vegetation enhancement.  
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2 PROJECT DESCRIPTION 
The San Felipe Study Area is located on the west side of the Salton Sea (Figure 1) off Highway 86, 11 miles 
southeast of Salton City Figure 2), and on IID-owned land (Accessor’s Parcel Number 002-370-030) (Figure 
3). The dust control plot study will evaluate groundwater supply development, establishment of new 
vegetation, maintenance of existing vegetation, and waterless dust control measures (DCMs). Specifically, 
the study will inform water supply development and planning for expanded future vegetation-based dust 
control on the west side of the Salton Sea. Test wells will be developed, tested, and operated; new 
vegetation will be established in hedgerows, irrigated, and monitored; and existing vegetation will be 
monitored and irrigated as needed to maintain plant vigor and prevent loss of existing vegetation cover. 
Vegetation will include the use of Allenrolfea occidentalis (ALOC), commonly known as iodine bush, to 
establish new vegetation on approximately 50 acres of the 124 acre plot study area to augment existing 
ALOC in the area. ALOC is native, drought-resistant, and suitable for establishment on the playa. 

The average annual groundwater irrigation demand for the establishment of new vegetation is 
summarized in Table 1. The calculated demand assumes that ALOC is planted in hedgerows that provide 
approximately 20 percent ground cover in the designated planting area; however, the actual planting rate 
may be as low as 10 percent. All the irrigation water demand is proposed to be met by extracting 
groundwater (Table 1). As noted in the table, the wells are assumed to provide excess pumping capacity 
above the demand of the new vegetation. Excess water will be used to irrigate and maintain existing ALOC 
and bush seepweed (Suaeda nigra or SUNI) in the surrounding portions of the plot study area and 
surrounding IID-owned land. In these areas, existing ALOC and SUNI could experience long-term stress 
due to ongoing groundwater level declines associated with receding water levels in the Salton Sea. The 
objective of this portion of the plot study is to augment the water supply for existing vegetation as needed, 
using an adaptive management approach.  

Groundwater extraction will be performed with solar-powered pumps, and irrigation water will only be 
applied during daylight hours; however, the pumping rates summarized below are presented as daily 
average rates. The average daily extraction over a 24-hour period from each of the shallow groundwater 
wells is 7.5 gpm per well (Table 1), which is equivalent to pumping at 20 gpm for nine hours (maximum 
instantaneous pumping rate).  
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TABLE 1. AVERAGE ANNUAL WATER DEMAND AND GROUNDWATER SUPPLY 

Water Balance Component 
Average Annual Water Demand and Supply 

gallons/day acre-feet/year gallons/minute 

Irrigation Water Demand - Allenrolfea occidentalis (50 acres, up to 20% cover, within a 124-acre plot study 
area)

Year 1 (1.8 feet/year for planted area, including soil 
reclamation (salt flushing) and establishment of 
seedlings) 

16,100 18 11.2 

Years 2 through 4 (1.8 feet/year to establish juvenile 
plants in planted area) 16,100 18 11.2 

Long Term (10 inches/year for planted area) 8,900 10.0 6.2 

Groundwater Supply to Meet Irrigation Water Demand 

Shallow Zone Groundwater Pumping Capacity 
(assumes pumping for 24 hrs/day) 

43,200 

(10,800 per well) 

48 

(12 per well) 

30.0 

(7.5 per well) 

Notes: Surplus groundwater will be used to irrigate existing ALOC and SUNI in the plot study and surrounding IID-owned land 
within the area potentially affected by project drawdown, and potentially to supply future vegetation-based dust control 
measures.  

Up to four shallow supply test wells will be constructed and operated. The four shallow test wells are 
proposed to investigate and develop the shallow unconfined groundwater system (less than 100 feet bgs). 
It is anticipated that the target groundwater production zone will be between 60 and 100 feet bgs based 
on the available lithologic data. The locations of the four shallow proposed test wells are shown on Figure 
3 (TW-1 through TW-4). Depending on the groundwater conditions encountered during drilling of pilot 
borings for these wells, one or more of the shallow test wells may be completed at the alternative 
locations (TW-1A through TW-4A) shown on Figure 3.  

The shallow groundwater supply test wells will be constructed as follows: 

1) A pilot boring will be drilled at each well location to a depth of approximately 100 feet
using a truck mounted Rotosonic drilling rig to characterize subsurface conditions, sample
water quality, and collect data necessary for design of the test well. Equipment used
typically includes the drilling rig, a support truck and crew trucks. The work area will
measure about 50 by 100 feet at each well location. No drilling additives will be used, and
native soil cuttings will be spread on the ground surface in the work area.

2) Each test well will be constructed using 4-inch diameter polyvinyl chloride (PCV) casing
and screen. A grout sanitary seal will be placed to a depth of at least 20 feet and a filter
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pack will be placed in the anulus opposite the screen. Equipment will include the drilling 
rig, delivery trucks and crew trucks. 

3) Each well will be developed by mechanical methods, pumping and with biodegradable
dispersant. Groundwater removed during development will be dispersed on the playa
using a high-capacity sprinkler under Low Threat Discharge Permit obtained from the
Regional Water Quality Control Board (RWQCB). Equipment will include a development
truck and crew trucks.

4) A pumping test will be conducted using one of the four wells. The pumping test will
include a step drawdown test and a 24-hour constant discharge test with water level
measurements in the pumping well and nearby test wells during pumping and recovery.
Groundwater removed during pump testing will be dispersed on the playa using a high-
capacity sprinkler under the Low Threat Discharge Permit obtained from the RWQCB.
Equipment will include a development truck and crew trucks.

5) A solar-powered pump will be installed in each test well, and well surface equipment,
piping, a storage tank and solar panels will be installed in a fenced compound measuring
approximately 30 by 40 feet.

After completion and initial pump testing and surface completions of the wells, a long-term pumping test 
(up to approximately one month) will be conducted to assess long-term performance of the test wells, 
water quality and water level response during diurnal solar pumping. During this test period, groundwater 
will be used to reclaim soil salinity in the plot study area prior to establishing vegetation. 

3 PROJECT SETTING 

3.1 SURFACE HYDROLOGY AND VEGETATION 

The northwestern portion of Clark Valley drains to the northwest toward Clark (dry) Lake and the 
remainder of the valley drains to the east into the Salton Sea (Strand 1962; Rogers 1965; Jennings 1967). 
The Salton Sea is a terminal or closed basin with no outlets. The Study Area lies within the San Felipe Creek 
watershed. Rainfall and snowmelt runoff from the mountains to the west contribute to streamflow in the 
upper portions of San Felipe Creek. Some perennial reaches exist in the mountain areas, but San Felipe 
Creek discharge to the Salton Sea is generally ephemeral and occurs during summer thunderstorms and 
heavy winter storms (CH2M Hill, 2018). Thus, the reach of the San Felipe Creek near the Study Area is 
ephemeral. San Felipe Creek and other mapped ephemeral drainages in the basin are shown on Figure 4 
There are no perennial streams in the basin. 

Several irrigation canals/ditches and ponds are located in agricultural areas south and west of the Study 
Area (Figure 5). An aquatic resources delineation was completed within the Study Area and submitted to 
the United States Army Corp of Engineers for verification in April 2021. Two riverine features were 
mapped and appear to be old, and potentially abandoned, distributaries of San Felipe Creek (Figure 5) 
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(ECORP 2021). None of these features contained surface water at the time of the field assessment, even 
at their lower reaches near the Salton Sea. A palustrine wetland was also mapped. It appears to be 
primarily supported by  agricultural drainage from a commercial citrus orchard to the southwest, although 
it may also be connected to shallow groundwater (Figure 5) (ECORP 2021). The wetland currently occupies 
approximately 13 acres and does not have a direct surface connection to the Salton Sea. Vegetation in the 
area downstream of the agricultural drainage is dominated by mature salt cedar, with ALOC on the 
flanking edges. Review of historical aerial imagery shows that the orchard, and the adjacent scrub-shrub 
downstream of the orchard, have been present since at least 1992. As discussed in Section 3.2, 
groundwater level monitoring of piezometers located near Poe Road and Salton City Wash indicates that 
groundwater levels have been declining at a rate of approximately 0.3 to 1 foot/year since 2016, as water 
levels in the Salton Sea have declined. Based on the observed rate of groundwater level decline and 
observation of the drainage sump at the northeast corner of the citrus orchard, the subdrain system in 
the orchard appears to have stopped discharging water several years ago (IID 2021). However, a leak in 
the irrigation supply system is reported to have occurred in 2020 and may have temporarily contributed 
surface water that continued to sustain the wetland (IID 2021). In addition, monthly imagery from the 
Sentinel satellite mission acquired from 2019 to 2021 show that in April 2020 there was a flooding event 
in the area downstream of the former agricultural drain due to a break in the orchard’s irrigation system. 
It appears that facultative wetland grass and herbaceous species established themselves in the wash, 
likely due to the ponding of water on the playa during this time, but started to die off once the irrigation 
system was repaired and the surface water dissipated between May and August 2020 (IID 2021). Further 
stress on the current wetland vegetation is likely as groundwater levels continue to decline due to 
declining sea levels. 

Potential groundwater dependent ecosystems (GDEs) in the Ocotillo-Clark Valley Groundwater Basin are 
shown on Figure 6. These GDEs were identified in the Commonly Associated with Groundwater (NCCAG) 
dataset of potential GDEs developed for the DWR by The Nature Conservancy (TNC) in cooperation with 
the California Department of Fish and Wildlife. Data were downloaded from the GDE Pulse website (TNC 
2021). Among other things, the NCCAG database identifies a series of potential wetlands along the shore 
of the Salton Sea, but these areas have dried up since they were originally mapped and are not included 
in the GDE Pulse website. The palustrine wetland discussed above is identified as a potential GDE because 
its connection to shallow groundwater is unknown. 

A study regarding the establishment of salt-tolerant vegetation on the Salton Sea playa in the Tule Wash 
and Naval Test Station sites (on the west side of the Salton Sea) was conducted in 2019 by IID (2020b). 
Field observations indicated that naturally propagating ALOC and SUNI occurred on the playa below 
elevations of -194 and -213 feet below sea level, respectively. These plants were determined to likely be 
at least partially dependent on groundwater. As such, it is assumed that groundwater dependent ALOC 
and SUNI may occur on the playa below these elevations near the San Felipe Study Area. The locations of 
potential ALOC and SUNI alkaline shrub habitat GDEs are also shown on Figure 6, as defined by the land 
surface elevation thresholds described above.  
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3.2 GROUNDWATER 

The San Felipe Study Area is located in the Ocotillo-Clark Valley Groundwater Basin (Figure 4). The 
Ocotillo-Clark Valley Groundwater Basin is bounded by non-water-bearing rocks of the Santa Rosa 
Mountains to the north and northeast, the Coyote Creek Fault and Superstition Mountain Fault on the 
west and south, respectively, and by the Salton Sea to the east (Figure 4). Groundwater level differences 
of 100 feet have been observed on opposite sides of the Coyote Creek fault, indicating the fault is a barrier 
to groundwater flow (Moyle 1974; 1982). According to the California Department of Water Resources 
(DWR 2004), recharge to the Ocotillo-Clark Valley groundwater basin is primarily due to infiltration of 
runoff through coarse-grained deposits occurring at the base of the Santa Rosa Mountains. The 
groundwater basin is an alluvium-filled valley and is underlain by non-water-bearing crystalline bedrock. 
The water-bearing sediments are likely Pliocene to Holocene stream, alluvial fan, lake and eolian deposits. 
Groundwater generally flows southeastward through the basin (Moyle 1974); however, water levels 
suggest that some groundwater may flow southwestward out of Clark Valley and across the Coyote Creek 
fault into the Borrego Valley Groundwater Basin (Moyle 1982). Groundwater flow in the eastern portion 
of the basin is believed to be eastward, toward the Salton Sea.  

The groundwater quality in the basin, as reported by the DWR (2004), is distinct in the northern and 
southern portions. In the northern part of the basin, the dominant cation is sodium or calcium, and the 
dominant anions are sulfate and chloride. Total dissolved solids (TDS) content ranges from 560 to 1,983 
milligrams per liter (mg/L) and averages about 950 mg/L. Groundwater in the southern part of the basin 
has sodium chloride-sulfate or sodium chloride character. Measured TDS content ranges from 955 to 
4,656 mg/L and averages about 2,500 mg/L. Thus, the groundwater is locally impaired for traditional 
domestic and irrigation use in the southern part of the basin near the Study Area. 

A summary regarding the Ocotillo-Clark Valley Groundwater Basin is provided in Table 2. According to the 
DWR (2004), the storage capacity estimated for Clark Valley is about 450,000 acre-feet (af) and the storage 
capacity estimated for Ocotillo Valley is about 5,800,000 af (DWR 2004). Annual recharge to the basin is 
estimated to be about 1,200 acre-feet per year (af/yr) for the Clark Valley portion of the basin and about 
1,100 af/yr for the Ocotillo Valley portion (DWR 2004). This water budget is considered relatively 
uncertain. The California Statewide Groundwater Elevation Monitoring (CADGEM) program designates 
the basin as a “very low” priority (DWR 2019). The basin is not listed as being in critical overdraft (DWR 
2016). 
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TABLE 2. SUMMARY OF OCOTILLO-CLARK VALLEY GROUNDWATER BASIN 

DWR Groundwater 
Basin Number Approximate Area 

CASGEM 
Priority 

Critical 
Overdraft 

7-25 223,000 acres Very Low No 

Sources: 
DWR 2004, DWR 2016, DWR 2019 

Groundwater resources in the Ocotillo-Clark Valley Groundwater Basin are very sparsely developed. No 
evidence of current groundwater use has been observed in the area within about 1 mile of the Study Area. 
According to the “Groundwater Exchange” website,1 Ocotillo-Clark Valley has approximately 28 wells, of 
which two are used as water supply wells. Groundwater accounts for approximately 0.08 percent of the 
basin’s water supply.  

In May 2020, a soil boring was drilled and geophysically logged at the San Felipe Study Area to investigate 
groundwater conditions in the shallow groundwater system to a depth of about 100 feet bgs (Figure 3). 
The boring log is included in Attachment A. Groundwater was encountered at a depth of approximately 
10 feet bgs. The boring encountered predominantly coarse grained sediment (sand) in the upper 60 feet, 
silty sand from 60 to 82 feet, and interbedded silty sand and clay from about 82 feet to the total depth of 
about 100 feet. The sediments reflect well sorted alluvial fan deposits potentially overlying lacustrine 
deposits of paleo Lake Cahuilla. Review of the induction and resistivity logs and analysis of selected soil 
samples for conductivity indicates that these deposits contain relatively fresh water suitable for irrigation. 
This is based on the presence of surface water higher up on the fan and the discharge of drain water onto 
the fan. Grain-size analyses were conducted on representative samples collected from the upper sand 
stratum (0 to 60 feet bgs) and the upper silty sand stratum (60 to 82 feet bgs), and submitted to a 
laboratory for grain size analysis. The grain-size distribution was used to estimate the hydraulic 
conductivity of these strata using the methods described by Devlin (2015). The calculated hydraulic 
conductivities were 60 and 6 feet per day, respectively, which are in the range of published values for 
these types of sediments from Fetter (2001). 

Several shallow piezometers were installed as part of the SS AQMP between 2016 and 2018 to investigate 
shallow groundwater level trends on the playa. The piezometers were completed in the first encountered 
groundwater bearing zone at two nearby locations, which are shown on Figure B-1 in Attachment B. Four 
shallow piezometers were installed at the Poe Road site, located approximately 5 miles south of the Study 
Area, and three shallow piezometers were installed at the Tule Wash site, located approximately 10 miles 
to the north of the Study Area. The groundwater conditions encountered at these two sites are likely 
similar to the groundwater conditions present in the upper groundwater zone beneath the playa at the 

1 https://groundwaterexchange.org/basin/ocotillo-clark-valley 
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Study Area. Groundwater level data have been collected from these piezometers since 2016 by periodic 
manual measurements and routine measurements from pressure transducers equipped with data 
loggers. The dataset extends from 2016 to 2021. The piezometers were installed on the playa in transects 
oriented perpendicular to the shoreline of the Salton Sea.  

Figure B-2 in Attachment B shows the hydrographs for the four piezometers along the transect at the Poe 
Road site. Figure B-3 in Attachment B shows the hydrographs for the three piezometers along the transect 
at the Tule Wash site. These data show an overall groundwater elevation trend that is declining, with 
intermittent groundwater elevation rises following seasonal recharge events. At the Poe Road site, 
groundwater levels appear to be declining at a rate of approximately 1 foot per year, whereas, at the 
Tule Wash site, groundwater elevations appear to be declining at a rate of approximately 0.4 to 0.5 feet 
per year. These data suggest that groundwater levels in the uppermost groundwater-bearing zone 
beneath the playa are declining as water levels in the Salton Sea recede. Further declines are expected 
as the Sea continues to recede.  

The nearest reported subsidence monitoring station is the EERG GPS monitoring station operated by 
UNAVCO. It is located approximately 4 miles south of the Study Area (UNAVCO 2021). No subsidence has 
been reported at this station since recording began in 2015. 

4 EFFECTS ANALYSIS 

4.1 CONCEPTUAL APPROACH 

As described in Section 2, up to four shallow supply test wells are proposed to be installed and operated 
at the San Felipe Study Area. The data to characterize the aquifer system in the Ocotillo-Clark Valley 
Groundwater Basin is limited and groundwater resources in the shallow groundwater zone are not 
currently being used, so use of an analytical element model with conservative simplifying assumptions is 
appropriate to evaluate the potential effects of operating the wells. 

To simulate drawdown, a multi-layered modeling approach was implemented using the AnAqSim 
modeling code (Fitts Geosolutions 2020), which is a three-dimensional (multi-layer) analytical element 
modeling code capable of simulating groundwater flow to wells under confined, unconfined, or 
semiconfined aquifer conditions. AnAqSim can simulate a variety of boundary conditions (e.g., no-flow, 
constant flux, variable flux, general head, and constant head), line or area sources and sinks (e.g., rivers 
and recharge), and flow barriers. AnAqSim can be used to simulate transient conditions as a result of 
pumping from single or multiple wells at constant or varying rates and calculates the head and discharge 
as functions of location and time across a designated model grid or at designated points. 

A head-dependent normal flux boundary was modeled far approximately 5 miles from the Study Area to 
minimize unintended boundary effects. The area is represented in the model as a multi-later system that 
includes the following (Figure 7): 
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• Layer 1 represents an unsaturated zone extending to 10 feet bgs followed by an unconfined
groundwater zone approximately from 10 to 60 feet bgs (50 feet thick) comprised of coarse, well
sorted, alluvial fan sediments. This layer is in potential communication with GDEs.

• Layer 2 extends from approximately 60 to 80 feet bgs and represents the shallow groundwater
production zone (approximately 20 feet thick) comprised of alluvial fan sediments with a lower
hydraulic conductivity compared to layer 1. Layer 2 is an  unconfined to semi-confined
groundwater zone with better water quality compared to layer 1.

The following additional assumptions are incorporated into the model: 

• The pumped aquifers are homogeneous. This is a common simplifying assumption.

• The simulated aquifers are uniform in thickness. This is a common simplifying assumption.

• The model receives no recharge, and all flow from the pumping wells comes from aquifer storage.
This simplifying assumption tends to produce a conservative result that over-predicts drawdown.

• The well pumping rates in the upper producing zone are constant and simulated as long-term
averages. This is a reasonable assumption for a non-seasonal water supply project, especially
when examining drawdown effects at distance from the pumping wells.

• To address uncertainty in aquifer properties, simulations were conducted using the calculated
hydraulic conductivities values and one half the calculated hydraulic conductivity values, to
represent lower-bound reasonable aquifer properties.

• Pumping was simulated for a period up to 20 years, after which drawdown is assumed to reach
relatively stable conditions.

4.2 METHODS 

The model inputs for the layers described in Section 4.1 are summarized in Figure 7. The lateral hydraulic 
conductivity (Kh) values for layers 1 and 2 were estimated based on calculated values from lithologic data 
available for the exploratory borehole (SF-001-BH) drilled in the San Felipe Study Area and one-half of 
these values to represent reasonable lower bound of hydraulic conductivity. Vertical hydraulic 
conductivity values (Kv) for layers 1 and 2 were assumed to be 1/20th of the horizontal hydraulic 
conductivity values based on observed stratification. The location and log for the nearby exploratory 
borehole is provided in Attachment A.  

Specific yield values (Sy) were estimated based on reasonable values for the sands encountered in 
groundwater-bearing Layers 1 and 2 (Fetter 2001). Storativity (S) values were based on professional 
judgment and our experience for a reasonable value for unconfined aquifers for Layers 1, and unconfined 
to semi-confined aquifers for Layer 2. 
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The simulated pumping rate for the shallow test wells simulated in Layer 2 is summarized in Table 3. As 
described in Section 2, irrigation water will only be applied during daylight hours; however, the pumping 
rates summarized below are long-term averages and assumes a constant rate of 7.5 gpm over a 24-hour 
period to simplify the modeling scenarios. Actual pumping rates may be lower. 

TABLE 3. PUMPING INPUTS

Pumping 
Input Value     
(24 hrs/day 

constant rate) 
Source Additional Comments 

Shallow Zone 7.5 gpm/well Irrigation 
Design 

Pumping per well (four wells simulated for a combined 
total of 30 gpm daily average) 

The modeling scenarios are summarized in Table 4. All model input parameters remained constant, except 
the hydraulic conductivity values and pumping duration. Scenario 1 simulated the effects of pumping for 
20 years, which is the expected operational life of the project, using the reasonable minimum (low) 
hydraulic conductivity values summarized in Figure 7. Scenario 2 simulated the effects of pumping for 20 
years, using the hydraulic conductivity values calculated based on the grain-size distribution data, as 
summarized in Figure 7. Scenarios 2 and 3 simulated the effects of pumping for 1 month. using the low 
hydraulic conductivity and calculated conductivity values summarized in Figure 7, respectively. These 
scenarios were designed to evaluate the effects from the long-term aquifer test described in Section 2. 

All scenarios simulated the effects of pumping from Layer 2. As described in Section 4.1, Layer 1 represents 
the overlying groundwater bearing zone, which may be hydraulically connected to the potential GDEs 
described in Section 5. 

TABLE 4. MODELING SCENARIOS

Scenario Duration 

Shallow Groundwater Zone 

Total Discharge 
(gpm) 

Kh and Kv 

feet/day 
Other Parameters 

1 20 yrs. 30 Low 
Constant 

(Figure 7) 

2 20 yrs. 30 Calculated 
Constant 

(Figure 7) 

3 1 mo. 30 Low 
Constant 

(Figure 7) 

4 1 mo. 30 Calculated 
Constant 

(Figure 7) 
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4.3 RESULTS 

The predicted drawdown associated with pumping of the proposed test wells, for the scenarios described 
in Section 4.2, is summarized in Table 5. Figure 8 illustrates the drawdown in Model Layers 1 and 2 during 
Scenarios 1 and 2. As shown on Figure 9, several hypothetical observation wells (OB-1 through OB-4) were 
simulated to assess drawdown in Layer 1 through time at key locations within the Study Area during 
Scenarios 1 and 2. The results are described below.  

• In Model Layer 1 (the water-table zone that is potentially connected to GDEs), drawdowns up to
approximately 1.5 feet are predicted during Scenario 1 after 20 years of pumping, which used the
low end of reasonable hydraulic conductivity values. Drawdown in Model Layer 1 during Scenario
2, which used the calculated hydraulic conductivity values, is up to approximately 0.8 feet after
20 years of pumping (Table 5 and Figure 9). The predicted drawdown for these scenarios relative
to the locations of potential groundwater-dependent vegetation is shown on Figure 8. The
predicted drawdowns would generally not be distinguishable from normal seasonal and inter-
annual groundwater level fluctuations measured in the nearby shallow piezometers described in
Section 3.0 (see Attachment B for hydrographs). The maximum drawdown predicted after 20
years of pumping is approximately 4 to 30% of the background water level decline anticipated
over the next 20 years based on the shallow groundwater level trends evident in Attachment B
(approximately 6 to 20 feet).

• The simulated hydrographs presented in Figure 8 indicates that about 20% to 50% of the
maximum predicted drawdown from Scenario 1 would occur within the first 2 years of well
operation, and approximately 30% to 60% of the maximum predicted drawdown from Scenario 2
would occur within the first 2 years. After 20 years of pumping the maximum drawdown predicted
at the wetland located within the Study Area would be about 1.6 feet (OB-1) (Table 5 and Figure
9). At the hypothetical observation well located on the IID property boundary near the orchard
(OB-2), drawdowns after 20 years of pumping during Scenario 1 (low hydraulic conductivity) and
Scenario 2 (calculated hydraulic conductivity) are predicted to be 1 foot or less (Table 5 and Figure
9). Less than 1 foot of drawdown is predicted in the hypothetical observation wells on the IID
property lines to the south (OB-3 and OB-4) (Table 5 and Figure 9).

• In Model Layer 2, the maximum predicted drawdown after 20 years is approximately 20 feet in
the pumping wells during Scenario 1 and 10 feet during Scenario 2 (Table 5). Over 90% of this
drawdown in the wells is predicted to occur within the first month, after which drawdown is
relatively stable. Drawdown is predicted to attenuate rapidly with distance from the wells.
Drawdown exceeding 5 feet is predicted to be limited to a maximum distance of approximately
40 feet, and the maximum drawdown at the nearest property line which is approximately 1,600
feet to the west of the pumping center, is predicted to be approximately 1.5 feet (Table 5).
Drawdowns of less than 5 feet in pumping aquifers are not generally considered significant (JJ&A
2018). No existing domestic or other production wells are known to be located near the Study
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Area. The predicted distance drawdown in Model Layer 2 away from the pumping wells is 
comparable to the distance drawdown predicted in Model Layer 1 (Figure 8).  

TABLE 5. PREDICTED DRAWDOWN AND DISTANCE OF IMPACT 

Model 
Scenario 

Duration 

Maximum 
Predicted 

Drawdown 
in Layer 1 
(~Upper 

60 ft bgs) 

Maximum 
Predicted 

Drawdown 
in Layer 2 
(~60 to 80 

ft bgs) 

Maximum 
Predicted 

Drawdown 
in Layer 2 

at IID 
Property 

Line 

Predicted 
Drawdown 
in Layer 1 
at OB-1 

Predicted 
Drawdown 
in Layer 1 
at OB-2 

Predicted 
Drawdown 
in Layer 1 
at OB-3 

Predicted 
Drawdown 
in Layer 1 
at OB-4 

Distance from Pumping 
Center (feet) 0 0 1,200 340 1,620 2,720 4,060 

1 (Low K) 20 yrs. 1.5 21 1.5 1.5 1 0.8 0.7 

2 (Calc. K) 20 yrs.. 0.8 11 0.8 0.8 0.6 0.5 0.4 

3 (Low K) 1 mo. 0.4 20 0.4 0.2 0 0 0 

4 (Calc. K) 1 mo. 0.3 10 0.2 0.2 0 0 0 

Layer 1: Model layer simulating drawdown in the water table aquifer that is potential communication with GDEs. 

Layer 2: Pumped model layer simulating drawdown in the aquifer that could be utilized by shallow water supply wells, if they 
exist in the area. 

K = hydraulic conductivity 
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5 IMPACT ANALYSIS 
This section presents an evaluation of the potential environmental impacts associated with groundwater 
extraction from the proposed test wells. The impact evaluation is provided in the form of reasoned 
evaluations in answer to each of the applicable significance questions contained in Appendix G of the 
CEQA Guidelines, listed below, but the evaluations under the threshold questions are limited to assessing 
impacts related only to hydrogeologic effects.  

5.1 GROUNDWATER-DEPENDENT ECOSYSTEMS 

Question IV(a): Would the project have a substantial adverse effect, either directly or through habitat 

modifications, on any species identified as a candidate, sensitive, or special status species in local or 

regional plans, policies, or regulations, or by the California Department of Fish and Game or U.S. Fish 

and Wildlife Service?  

Question IV(b): Would the project have a substantial adverse effect on any riparian habitat or other 

sensitive natural community identified in local or regional plans, policies, regulations, or by the CDFG or 

USFWS? 

Question IV(c): Would the project have a substantial adverse effect on state or federally protected 

wetlands (including marsh, vernal pool, coastal, etc.) through direct removal, filling, hydrological 

interruption, or other means? 

The potential GDEs identified in the Ocotillo-Clark Valley groundwater basin are shown on Figure 6. 
Several potential GDEs and a wetland have been mapped in the vicinity of the Study Area. Areas where 
ALOC and SUNI that are at least partially dependent on groundwater may exist on the playa based on 
nearby studies below elevations of -194 and -213 amsl, respectively, and are also shown on Figure 6. The 
location of these areas relative to predicted drawdown in Layer 1 are shown on Figure 9. Based on the 
modeling results, the following conclusions may be made: 

• The maximum predicted drawdown in Layer 1 after 20 years of pumping the supply test wells is
predicted to be approximately 1.5 feet or less in the areas where potential GDEs may be present.
This drawdown is likely over-predicted due to the conservative assumptions used in the modeling
predictions. Drawdown is predicted to occur slowly at a maximum rate of approximately 0.25 feet
per year over the first 4 years of pumping. Desert riparian vegetation, ALOC and SUNI are expected
to be able to adapt to such a small amount of drawdown over such a long period of time. In
addition, as described in Section 2, an objective of the plot study is to augment the water supply
for existing vegetation using an adaptive management approach. This approach will further
decrease the possibility of plant stress resulting from drawdown associated with the project.
Based on the available information, impacts to GDEs from operating the shallow supply test wells
will be less than significant.

• Existing ALOC and SUNI could experience long-term stress due to ongoing groundwater level
declines associated with receding water levels in the Salton Sea. The plot study will augment the



GROUNDWATER RESOURCES IMPACT ASSESSMENT, SAN FELIPE STUDY AREA, IMPERIAL COUNTY, CALIFORNIA 

23 

water supply for existing vegetation using an adaptive management approach. As such, the 
proposed project will increase, not decrease the water supply of this potentially groundwater-
dependent vegetation. 

• Drawdown in Layer 1 after 20 years of pumping the shallow supply test wells is predicted to be
1.5 feet or less in the mapped wetland area. This wetland areas appears to be primarily supported
by agricultural drainage from a commercial citrus orchard to the southwest, although it may also
be connected to shallow groundwater. As described in Section 3.1, the amount of surface water
released to this wetland has decreased with the recent repair of a long-term irrigation system
leak, which has adversely affected some of the existing wetland vegetation. In addition,
groundwater levels have been declining at a rate of approximately 0.3 to 1 foot/year since 2016,
as water levels in the Salton Sea have declined. These trends are expected to continue, which will
further stress the vegetation. The small amount of predicted drawdown from pumping is expected
to occur gradually and is not expected to exacerbate these future changes to the surface water
and vegetation in the wetland.

Based on the available information, impacts to GDEs within and surrounding this wetland area from 
operating the supply test wells will be less than significant. 

The streams near the San Felipe Study Area include ephemeral washes that convey stormwater discharge 
after infrequent rain events (Figure 5). The riverine features mapped in the Study Area, described in 
Section 3, maybe connected to groundwater during high-flow events; however, these events would be 
episodic and the short-term duration of any potential shallow groundwater connections, as with any of 
the ephemeral washes, would not be significantly affected by project pumping. There are no perennial 
streams. Thus, no impact to interconnected surface water in these mapped features will occur.  

Other surface water bodies in the general vicinity of the Study Area include canals, ditches and ponds 
associated with the irrigation water delivery system for the nearby orchard (Figure 5). These features are 
generally located outside the area of predicted drawdown greater than 0.5 feet in Layer 1 and are supplied 
by surface water delivered by IID. Based on the available data, they are unlikely to be measurably affected 
by the proposed pumping. Drainage ditches and outfalls in the vicinity of the Study Area are associated 
with subdrain (tile drain) systems in the nearby orchards that are unlikely to be functional given the 
general decline in groundwater levels over the last five years (IID 2021). The rate and amount of 
drawdown at nearby canals, storage ponds and drainage ditches is generally indistinguishable from the 
natural fluctuation of groundwater levels measured in nearby piezometers and adds only a small fraction 
of additional drawdown to documented declining groundwater levels in the area. For these reasons, 
surface water conveyances and drainage discharge from the orchards is not expected to be significantly 
affected by project pumping. 

5.2 WATER QUALITY 

Question IX(a): Would the project violate any water quality standards or waste discharge requirements 

or otherwise substantially degrade surface or ground water quality? 
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Question IX(e): Would the project conflict with or obstruct implementation of a water quality control 

plan or sustainable groundwater management plan? 

The groundwater found in the southern portion of Ocotillo-Clark Valley groundwater basin is 
characterized as sodium chloride-sulfate or sodium chloride type water. Measured TDS content ranges 
from 955 to 4,656 mg/L and averages about 2,500 mg/L. The quality is considered marginal to poor for 
domestic or irrigation purposes due to high concentrations of fluoride, sulfate, chloride and TDS (DWR 
2004). The limited amount of drawdown predicted is not expected to induce significant vertical migration 
of groundwater of different salinities. 

Figure 10 shows reported nearby contamination sites. Two sites are located approximately 1 to 1.4 miles 
to the northwest of the Study Area. All other sites are located more than 4 miles from the Study Area. The 
primary contaminant of concern is “explosives.” These sites and the contaminants of concern are not 
expected to be affected by gradient changes that would interfere with required discharge requirements 
or cleanups.  

Based on the above information, potential impacts to water quality will be less than significant. 
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5.3 SUBSIDENCE 

Question VII(c): Would the project be located on a geologic unit or soil that is unstable, or that would 

become unstable as a result of the project, and potentially result in on or off-site landslide, lateral 

spreading, subsidence, liquefaction, or collapse?  

Land subsidence can occur when compressible clays are depressurized because of groundwater 
extraction, triggering water to flow from the clays into the surrounding aquifer, and ultimately causing 
consolidation of the clay under pressure from the overlying sediments. In general, most subsidence occurs 
when an aquifer is initially depressurized, but can continue for months, or even years, after clays slowly 
dewater and adjust to the new pressure regime. If groundwater levels subsequently recover, subsidence 
generally does not resume (or does not progress as rapidly) until groundwater levels fall below historical 
low levels. Subsidence can occur especially in confined aquifer conditions, where the drawdown 
associated with groundwater extraction is greater than in unconfined aquifers.  

As described in Section 3, no subsidence has been reported in the vicinity of the Study Area. The proposed 
test wells will extract a relatively limited amount of water from the unconfined aquifer system. The 
predicted maximum drawdown will attenuate to less than 5 feet within 40 feet of the proposed wells and 
the maximum drawdown at the nearest property line, which is approximately 1,600 feet to the west of 
the pumping center, is 1.5 feet (Table 5). Given the limited amount of drawdown predicted to be 
associated with operation of proposed test wells, and the lack of reported subsidence near the Study Area, 
subsidence that substantially interferes with surface land uses and infrastructure is unlikely. No impacts 
are expected.  

5.4 CHRONIC DRAWDOWN AND DIMINUTION OF SUPPLY 

Question IX(b): Would the project substantially decrease groundwater supplies or interfere substantially 

with groundwater recharge such that the project may impede sustainable groundwater management 

of the basin? 

Question IX(e): Would the project conflict with or obstruct implementation of a water quality control 

plan or sustainable groundwater management plan? 

The potential for operation of the proposed test wells to interfere with implementation of a water 
quality control plan is discussed in Section 5.2, above. 

The long-term groundwater extraction associated with the proposed test wells will be relatively limited. 
The average annual water demand that will be met by the wells is at most 48 afy, which is equivalent to 
a long-term pumping rate just over 30 gpm (Table 1). This would be the only known anthropogenic 
groundwater demand in the basin and is not anticipated to interfere with existing beneficial 
environmental groundwater uses by GDEs. 

Operation of the proposed test wells is predicted to result in limited drawdown in close proximity to the 
pumping wells. Drawdown exceeding 1 foot is predicted to be limited to within approximately 1,600 feet 
and is mostly on IID property, with the maximum predicted drawdown at the property line being 
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approximately 1.5 feet. No known groundwater wells are located within this area and such a small 
amount of drawdown would not result in an observable decrease in well yield. Such a small amount of 
drawdown and groundwater demands are not expected to significantly change the amount of 
groundwater in storage or interfere with foreseeable groundwater demands. Furthermore, there are no 
residences within 2,000 feet of the Study Area. 

Based on the above information, project impacts to groundwater supplies, aquifer volume, and lowering 
of the groundwater table will be less than significant.  

5.5 CUMULATIVE IMPACTS 

Question XVIII(b): Does the project have impacts that are individually limited, but cumulatively 

considerable? ("Cumulatively considerable" means that the incremental effects of a project are 

considerable when viewed in connection with the effects of past projects, the effects of other current 

projects, and the effects of probable future projects.) 

As described in Section 3, groundwater resources in the Ocotillo-Clark Valley Groundwater Basin are very 
sparsely developed. No active groundwater production wells are evident and there are no residential 
developments in the vicinity of the Study Area. The maximum predicted drawdown at the water table 
represents approximately 4% to 30% of the anticipated groundwater level decline in the area as a result 
of existing trends and is not expected to be distinguishable from seasonal and interannual groundwater 
level fluctuations. 

Based on these considerations, the groundwater resources impacts associated with the project will be less 
than cumulatively considerable.  

5.6 WATER SUPPLY AND ENTITLEMENTS 

Question XVII(d): Would the project have sufficient water supplies available to serve the project and 

reasonably foreseeable future development during normal, dry and multiple dry years? 

IID would be able to extract groundwater for beneficial use on its property. The basin is not listed as 
being in critical overdraft. There are no existing or reasonably foreseeable groundwater demands that 
would change or stress the availability of groundwater supplies during climatic fluctuations. The basin 
has sufficient resources to reliably supply the project water demand during normal, dry and multiple dry 
years. A Conditional Use Permit would be obtained from Imperial County to operate the wells.  
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ATTACHMENT A – BORING LOG 
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DATE: JAN 26, 2021
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Air Quality Mitigation Program

Salton Sea

Figure A-1. Proposed 
Shallow Test Wells at the

San Felipe Plot Study
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Notes: 
1. Actual shallow groundwater supply test well locations

may vary
2. Background Satellite Imagery:

Collected by Pleiades October 9, 2020.
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San Felipe 

SAL TON SEA, CA 

Drilling Company: 

Cascade Drilling, Upland, CA 

Drilling Method: 

Mud Rotary 

Sampling Method: 
Hand Auger, Terzaghi Split Spoon 

Project Number: 
061-012 Task 6.3

(Standard Penetration, 2" 0.0., 1.375" 1.0.), Cuttings 

Top of Casing Elevation: 
N/A 

Description 

SAND, subangular, poorly graded, fine grained (~45% 
quartz, ~45% feldspathoid, ~10% micaceous). 
unconsolidated, yellowish brown (10YR 5/4), moist 

First Water 
Medium grained (~60% quartz, ~30% feldspathoid, 
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SILTY SAND 
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unconsolidated, very pale brown (10YR 7/4), wet 
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micaceous), unconsolidated, yellowish brown (10YR 
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SAND, subangular. well graded, ~70% coarse 
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grained, unconsolidated, light yellowish brown (10YR 
6/4) 
K= 59.92 ft/day 
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feldspathoid, ~15% micaceous), unconsolidated, 
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ATTACHMENT B – PIEZOMETER HYDROGRAPHS 
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