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1 INTRODUCTION 
This 2021/2022 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.  

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 four monitoring periods, in 2020/2021, total playa PM10 emissions estimates 
increased by about 21 percent. This increase is, in part, due to the increase in acreage of exposed playa. 
Since the end of year 2016 (the start of first emissions estimates report), exposed playa acreage increased 
by 55 percent (from approximately 16,500 to 25,600 acres).  

The 2020/2021 emissions estimates were aggregated to the previous four emissions estimates to develop 
five-year average annual emissions estimates values. Spatially, the five-year average value ranges from 
no emissions to 61 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 50% of playa emissions, and approximately 20% of 
the playa is responsible for nearly 74% 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 
already have existing or planned DCMs, which will mitigate more than 62% of the annual emissions 
estimate. The five-year average PM10 (particulate matter less than 10 microns in diameter) emissions 
potential for exposed playa and the locations of existing and planned DCMs are presented in Figure 1. 

Based on results of the 2020/2021 emissions estimate, no new areas are recommended for dust 
mitigation because mitigation is already planned in priority areas, as identified in the 2019/2020 PDCP. 
Accordingly, the purpose of this fifth annual PDCP is to report progress on implementation of the dust 
mitigation recommended in the 2019/2020 PDCP, which included approximately 7,000 acres, 
implemented in a series of steps over three years. Several of the projects and acreage include joint (or 
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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. 

2 PROGRESS UPDATE ON IMPLEMENTATION OF 3-YEAR PLAN 
2.1 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, 
a multi-benefit project (i.e., dust control and habitat) is being planned at the Poe Road Planning Area. 
Each is described below. 

• Step 1a/1b, Surface Roughening. This step 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]).  

o Step 1a surface roughening is planned in the Bombay Beach, Mundo, and Poe Road Planning 
Areas.  Surface roughening in the Bombay Beach and Mundo planning areas will be 
implemented in mid-2022.  Surface roughening in the Poe Road planning is also ready for 
implementation, pending receipt of the approved jurisdictional determination from the US 
Army Corps of Engineers.  

o Step 1b surface roughening was implemented in the SCH Project area in the summer of 2020.  
Implementation 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). Performance monitoring is ongoing by IID and DWR.   

• Step 2a/3a, Surface Roughening with Future Vegetation Enhancement. This step 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. Planning and design of the Step 
2a/3a areas are pending development of water supply. 

• Step 2b/3b, Plot Studies with Future Scaled Implementation. This step includes plot studies and 
water development activities in the Western and Eastern domains of the Salton Sea. Plot studies are 
designed for the Bombay Beach, San Felipe, and Clubhouse planning areas. The plot studies will 
evaluate water supply options, including groundwater wells and passive routing of surface runoff, 
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vegetation establishment and recruitment, and maintenance requirements. 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. A 
brief summary of each plot study is provided below. 

o Bombay Beach Plot Study.  This project is located on 149 acres directly adjacent (east) to the 
community of Bombay Beach.  Vegetation will include native species planted on raised beds 
and enhancement of existing vegetation, both supported by drip irrigation from groundwater.  
Groundwater supply will be developed onsite with three wells, each approximately 100 feet 
deep with an estimated production rate of 20-40 gallons per minute (gpm) per well.  
Dedicated solar arrays will be used for power to pump groundwater and pressurize the 
irrigation water supply.  All pumped groundwater will be stored in above ground storage 
tanks.  In addition to the drip irrigation, natural recruitment will occur with surface water 
harvesting into low-impact landscape features, commonly known as bunds.  In addition, this 
area of the playa is used for recreational purposes.  Sand fence and hay bales will be used to 
focus pedestrian access into dedicated access points.  Implementation is anticipated to begin 
in winter 2022, with completion in early spring 2023. 

o San Felipe Plot Study.  This project is located on 105 acres adjacent to the San Felipe Wash, 
northwest of the City of Westmorland.  Vegetation will include native species planted on 
raised beds and enhancement of existing vegetation, both supported by drip irrigation  and 
surface irrigation.  Groundwater supply will be developed onsite with four wells, each 
approximately 100 feet deep with an estimated production rate of 20-30 gallons per minute 
(gpm) per well.  Dedicated solar arrays will be used for power to pump groundwater and 
pressurize the irrigation water supply.  All pumped groundwater will be stored in above 
ground storage tanks.  Waterless dust control measures include sand fencing and surface 
roughening.  In addition to controlling dust, the sand fence will serve as a barrier to vehicle 
traffic.  Implementation is anticipated to begin in the fall of 2023, with completion in early 
2024. 

o Clubhouse Plot Study.  This project is located on 73 acres north of the community of Salton 
City.  Vegetation will include native species planted on raised beds supported by drip irrigation 
from groundwater. Groundwater supply will be developed onsite with three wells, each 
approximately 100 feet deep with an estimated production rate of 10-20 gallons per minute 
(gpm) per well.  In addition, a deep well was installed to a depth of approximately 300 feet. 
The estimated production rate is 40 gpm.  Dedicated solar arrays will be used for power to 
pump groundwater and pressurize the irrigation water supply.  All pumped groundwater will 
be stored in above ground storage tanks.  In addition, this area of the playa is used extensively 
for recreational purposes.  Waterless dust control measures, including sand fence and hay 
bales, will be used to prevent upwind sand migration into the project site. In addition to 
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controlling dust, the sand fence and hay bales will also serve as barriers to vehicle traffic.  The 
deep well was installed in spring 2022.  Implementation of remaining components is 
anticipated to begin in the fall of 2022, with completion in early 2023. 

• The Poe Road Multi-Benefit Project is being implemented in collaboration with the Bureau of 
Reclamation (Reclamation). Reclamation is the primary landowner and awarded grant funding to IID 
for project planning, design, and construction. The project area is approximately 575 acres, located 
between the Trifolium 22 Drain and the San Felipe Wash Drain, northwest of the city of Westmorland. 
The primary objectives of the project are to 1) increase water availability for proactive dust control, 
2) allow saline habitat to transition to water efficient vegetation (as the Sea recedes), and 3) 
demonstrate the success of different dust control approaches (cost, habitat value, etc).  The project 
will include construction of up to two drain water diversions (drainage currently discharges to the 
playa in an uncontrolled manner), conveyance and distribution infrastructure, and a mosaic of 
waterless (surface roughening), water efficient (upland shrub vegetation), and water-based dust 
control measures. The water-based dust control will be designed to mitigate dust emissions while 
being optimized to provide saline shallow water habitat for wading birds and shorebirds. Conceptual 
design is underway. 

• 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 peer-reviewed studies. Results demonstrate that there is potential for using the 
technologies from both studies to control dust (IID 2021). 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. 
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FIGURE 1. STEP IMPLEMENTATION FLOWCHART 
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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 2020/2021 emissions estimates, no new areas are recommended for dust mitigation. Accordingly, this 2021/2022 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 146  2b 3b Plot Study ✓ ✓ ✓ ✓  Implement <1 year 

S_01_B Bombay Beach 262  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 
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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_G Poe Road 229  2a 3a Surface Roughening & Vegetation Enhancement ✓ ✓    Implement >1 year 

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). 
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2.2 MAINTENANCE AND EXPANSION 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. Based 
on performance monitoring results, several maintenance activities are recommended for the Alamo South 
Planning 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 or 
replacing the furrows is necessary to augment control. Planned maintenance activities include the 
following: surface roughening in areas that were inaccessible in previous years, reworking of surface 
roughened furrows, new vegetation enhancement, irrigation of existing vegetation, the application of 
surface stabilizers, and general site clean-up. 

2.3 PERFORMANCE MONITORING  
Performance monitoring and the ongoing refinement thereof continued be a focus of  the PDCP. 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. 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 (Vail Drain). A portable Roundshot camera was also deployed in 2021 and is currently 
located at Alamo South. Two additional Roundshot cameras are anticipated to be installed in the 
coming years. 

• Continued high wind event upwind-downwind monitoring. Upwind-downwind PM10 monitors were 
strategically positioned upwind and downwind from installed dust control areas to determine dust 
control effectiveness. Monitoring equipment consisted of BGIs (since 2018) and Dusttraks (since 
spring 2022), measuring PM10 concentrations on a 24-hr and 1-hr basis, respectively. Continued use 
of high wind event upwind-downwind monitoring for each dust control area is recommended for the 
2022-2023 season. 

• Testing of new surface motion monitoring equipment. A new and potentially improved surface 
motion monitor has been deployed since spring of 2020: the Standalone AeoliaN Transport Real-time 
Instrument (SANTRI). Based on experience at the Salton Sea, this instrument outperforms the 
previously deployed Sensits. As such, eight SANTRI units total were deployed during the 2021-2022 
dust season. Continuing inclusion of SANTRI in the sand flux monitoring network is recommended 
for the 2022-2023 season. 
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• Continued development of saltation flux mapping methods. Further development, testing, and 
validation of the saltation flux methods occurred since 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 1.  Based on results from the 2020-2021 dust season, 
maintenance is recommended in the Alamo South Planning Area (Section 2.2). 

3 PROGRAM-LEVEL PLANNING ACTIVITIES 
Program-level planning activities included groundwater development and wet and dry soil sampling. In 
addition, IID is preparing an Alternative Best Available Control Method (BACM) application for surface 
roughening and considering submission of a request to change the wetland rating of Allenrolfea 
occidentalis on the National Wetland Plant List.  Progress on each is described below.  

3.1 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 
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 the 
2020/2021 PDCP (IID 2021).    
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• 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 (Figure 3). 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 late 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. Test wells are currently planned as a part of plot studies at Bombay Beach, San 
Felipe, and Clubhouse (Section 2.1). 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 commenced in early 2022 with 
installation of the deep test well at Clubhouse (Figure 4) and will continue with implementation of 
shallow wells at Clubhouse and Bombay Beach in fall/winter 2022.  
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FIGURE 4. PHOTO OF DEEP WELL INSTALLATION AT CLUBHOUSE PLOT STUDY 
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3.2 SOIL SAMPLING AND SOIL MAPPING 
3.2.1 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 
submitted for lab-analysis of particle size distribution using a standardized methodology. Results 
demonstrate that a wide variety of soil textural classes are found on the recently exposed Salton Sea 
playa. Soil sampling locations are shown in Figure 4. 

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. 

3.2.2 NRCS SOIL MAPPING  
The USDA Natural Resources Conservation Service (NRCS) maps soil resources throughout the United 
States, primarily to support agricultural planning.  A soil map unit is a collection of areas defined and 
named the same in terms of their soil components (e.g., series) or miscellaneous areas or both. There is a 
long history of soils information for the Salton Basin.  The initial survey of the Salton Basin was published 
in 1903 by the Bureau of Soils, with an update in 1981.  However, due to inundation by the Sea, many 
areas were left un-mapped in the 1981 update.  To update the map units around the Sea, the NRCS’s 
Coastal Zone Soil Survey Team completed a field visit in March 2022.  The objective was to observe playa 
soils and to review the soils information collected under the SS AQMP.  Using existing NRCS map unit 
information and data collected by the SS AQMP, soil mapping updates will completed to either extend 
existing map units to the playa or to establish new map units on the playa.  Soil map units are vital for 
long-term planning efforts on existing or future exposed playa.    
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3.3 ALTERNATIVE BACM APPLICATION  
Best Available Control Measures (BACM) are those measures that, according to EPA guidance, are the 
most effective control measures available for controlling PM10. The Imperial County Air Pollution Control 
District (ICAPCD) Regulation VIII rules identify several BACM for Open Areas, including the Salton Sea 
playa. Existing BACM include: 

• Apply and maintain water or dust suppressant(s) to all unvegetated areas.  

• Establish vegetation on all previously disturbed areas.  

• Pave, apply and maintain gravel, or apply and maintain chemical stabilizers/suppressants. 

In addition, Rule 804 provides a process by which additional “Alternative BACM” can be approved by 
ICAPCD and EPA.  Approval is based on a technical evaluation demonstrating that the proposed Alternative 
BACM 1) achieves PM10 emission reductions equivalent to existing BACM, 2) achieves a stabilized surface 
(as define in the Regulation VIII rules), and 3) meets the 20% opacity requirement in accordance with U.S. 
EPA Test Method 9.  IID is preparing an Alternative BACM application to include surface roughening as 
BACM on suitable playa and soil conditions (i.e., soils that exceed a threshold percent of silt and clay). 

Surface roughening is recognized around the world as an effective dust control measure on exposed soil 
surfaces, including other playa lakes, mine sites, agricultural fields, and other disturbed lands. It provides 
quick, waterless, and effective dust control on exposed playa by decreasing the wind velocity at the 
surface and by physically trapping soil particles from upwind sources.  Over the last five years, IID’s plot- 
and field-studies evaluated the dust control effectiveness and durability of surface roughening on 
different soil types around the Salton Sea (Figure 5).  Data indicate that soil texture and soil moisture in 
the top 24 inches are the primary factors influencing ridge height and durability, which are the key 
features providing the armoring required to reduce dust emissions over the long term.   Specifically, fine-
textured soils with greater than 40% (±5%) clay and silt produced armored ridge heights greater than 
approximately 14 inches for multiple years.  These soil conditions produce dust control efficiencies ranging 
from 93 to >99% (median 99%).  These performance monitoring data provide the necessary information 
to demonstrate surface roughening on suitable soils is equivalent to existing BACM, achieves a stabilized 
surface, and meets the opacity requirements of EPA Test Method 9.  Preparation of the Alternative BACM 
application is ongoing, and will be reviewed with ICAPCD prior to submission to EPA.  
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FIGURE 6.  EXAMPLE SURFACE ROUGHENING IN FINE TEXTURED SOILS SUITABLE FOR SURFACE ROUGHENING (A), WITH 
LARGE CLODS THAT ARMOR THE RIDGE (B).  NUMEROUS CLODS IN FINE TEXTURED SOIL PROTECT THE SURFACE FROM 
EROSION (C), COMPARED TO SANDY SOIL, WHERE RIDGED DEGRADE DUE TO DRY, NON-COHESIVE SOIL CONDITIONS (D). 
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3.4 POTENTIAL TO RECLASSIFY WETLAND RATING OF ALLENROLFEA 
OCCIDENTALIS 
Vegetation is the primary dust control measure specified where soils are too coarse-textured and 
unsuitable for surface roughening.  However, water availability and salinity are key challenges for 
vegetation establishment.  As a part of the SS AQMP, IID has evaluated which species are most suitable 
for use in vegetation-based dust control. Based on results from plot- and field-studies, Allenrolfea 
occidentalis (ALOC) is the ideal species for planting on the Salton Sea playa, especially under limiting 
conditions (IID 2019).  Specific limiting conditions can include: (1) highly saline conditions, (2) when 
planting is necessary outside of the optimum planting window, and (3) when there are limited resources 
available to mitigate other factors that affect plant survival and growth (e.g., water supply for leaching 
salts).     

Although Allenrolfea occidentalis is the ideal species for vegetation-based dust control, it presents 
potential regulatory challenges due to its status as a facultative wetland (FACW) plant on the National 
Wetland Plant List (NWPL).  The FACW rating indicates that ALOC “usually occurs in wetlands, but may 
occur in non-wetlands” (emphasis added).  Based on observations around the Salton Sea, ALOC occurs 
frequently in non-wetlands, suggesting that a facultative (FAC) rating may be more appropriate (Figure 7).  
Reclassification of the wetland rating of ALOC from FACW to FAC would reduce potential regulatory 
challenges associated with use of ALOC in vegetation establishment at the Salton Sea.   

In order to propose reclassification of a species on the NWPL, a wetland frequency study is necessary to 
assess species occurrence in 
wetland and non-wetland 
areas.  In addition, NWPL 
reclassifications must occur 
at the scale of a USDA Major 
Land Resource Area (MLRA).  
IID is currently assessing 
ALOC occurrence in the 
Lower Colorado Desert 
MLRA.  If results suggest 
ALOC occurs frequently in 
non-wetland areas 
throughout the Lower 
Colorado Desert MLRA, then 
a full scale frequency study is 
planned to support a 
reclassification request. 

  

FIGURE 7. ALLENROLFEA OCCIDENTALIS IN AN UPLAND POSITION IN SANDY SOILS 
NEAR TULE WASH 
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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 (or more) 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 opted 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 straightforward 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). For example, photos indicate that emissions were controlled on playa surfaces where there is 
dust control (Figure 1, lower panel, November 2020), whereas dust plumes were visible from uncontrolled 
playa (Figure 1, top panel, October 2020). Such images can be used as the foundation for subsequent 
quantified investigations of dust source areas and DCM performance.  

Over the 2020-2021 dust season, IID operated four fixed-location Roundshot cameras, located at: 1) the 
town of Bombay Beach, 2) Alamo River South 3) Vail Drain/New River East, 4) and the Anza Borrego State 
Park. A fifth portable Roundshot went online in 2021 and has been stationed at Alamo River South.  

FIGURE 1. EXAMPLE ROUNDSHOT CAMERA IMAGES 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 has been to monitor upwind-downwind PM10 
differences is the DustTrak (model DRX 8533). Three of these units are being evaluated in the field for 
their suitability to assess PM10 concentration differences across dust control areas since January 2022. 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 

Surface Soil Clay Fraction 
Surface Soil Silt Fraction 
Surface 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, the Species Conservation Habitat  
(SCH) areas, and Coachella Playa. During the 2020-2021 dust season there was significant construction 
happening on the SCH areas. Although there was a sand motion monitoring network in place during this 
time, it is challenging to interpret this data in terms of dust control performance, due to the human 
disturbance and activity in and around the surface roughening at the site. Hence, the performance of the 
surface roughening in controlling dust emissions at New River and Poe Road was not analyzed in detail, 
although basic information, such as collected sand masses are reported. 

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 2020-2021 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 two Roundshot cameras. Findings from these observations were applied to support 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 2021: April 13 and 14 (36 hours), April 25 (24 hours), and May 15 and 16 (24 hours). Sampling 
locations are show in Figure 4. Due to technical issues with two monitors, not all runs could be analyzed 
for upwind-downwind differences (Table 3). At Alamo River South, all sampling events with complete data 
yielded greater PM10 concentrations at the downwind sites compared to the upwind sites. This indicates 
that sand motion within the sites might have contributed to the measured downwind PM10 
concentrations. This is consistent with small, but non-zero, sand fluxes measured upwind from the 
downwind BGI’s, with cumulative sand fluxes between 0.5 to 3 gram cm-2 over the course of the sampling 
event.  Furthermore, sand flux mapping over this period indicates that portions of the vegetation 
enhancement would have produced sand motion, as well as PM10 emissions (Section 2.1.3). However, 
within the approximate transects1 between the upwind and downwind monitors, there are also portions 
of non-controlled disturbed areas (roads/and other) that could have contributed PM10 to the downwind 
monitors (Figure 4). This is supported by the dust camera footage from the two Roundshot cameras, which 
indicate the access roads tend to produce local dust plumes during high wind conditions.2  Thus, there is 
uncertainty to what extent increased downwind PM10 concentrations might have been caused by the 
controlled areas and/or the roads and non-controlled portions of the site.   

 
1 Roughly defined here at the due west from the downwind, +/- 10 degree cone. 
2 Based on extended set of high wind events. The wind events with BGI monitoring occurred overnight, during non-daylight hours, 
and do not have usable camera footage. 
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TABLE 3. UPWIND-DOWNWIND PM10 CONCENTRATIONS DIFFERENCES IN SPRING 2021 

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) 

4/13/21 to 4/14/21 

Alamo River 1 17.0 12.0 85 192 +107 (126%) 

Alamo River 2 17.0 12.0 No Data 464 --- 

4/25/21 

Alamo River 1 16.2 11.9 54 108 +54 
(100%) 

Alamo River 2 16.2 11.9 72 No Data --- 

5/15/21 to 5/16/21 

Alamo River 1 17.3 12.2 88 341 +253 (287%) 

Alamo River 2 17.3 12.2 64 265 +201 (314%) 

  



!(

!(

!(

!(
AS1-D

AS1-U

AS2-D
AS2-U 2577.5 ft.

2289.1 ft.

!( !(990.7 ft.
NR1-DNR1-U

0 500 1,000250

Feet

0 500 1,000250

Feet

K:
\II

D
_S

al
to

nS
ea

\T
as

ks
\T

as
k9

_B
AC

M
_A

pp
lic

at
io

n_
D

ev
el

op
m

en
t\A

na
ly

si
s\

BG
I\D

ep
lo

ym
en

t_
BG

I_
Sp

rin
g2

02
1.

m
xd

DATE: MAY 03, 2022

Air Quality Mitigation Program
Salton Sea

Figure 4. Spring 2021
BGI Sampling Locations

Imagery dated 4/02/2021. ±

Alamo River South New River West



Appendix 1: Dust Control Performance Monitoring 

11 

2.1.2 SAND FLUX OBSERVATIONS 
Dust control performance in reducing the potential for sand motion over the surface roughening area was 
evaluated throughout the 2020-2021 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 monitoring network at Alamo River South was characterized by two different 
configurations. From late 2018 to late fall 2020 the network was set up as two arrays, with three east-
west transects in each array (Figure 5, left panel). This configuration was updated in November 2020 to 
account for the much greater extent in surface roughening and vegetation enhancement at that time. The 
current configuration of the network has been in place since December 2020 and consists of four east-
west transects (Figure 5, right panel). Surface roughening is generally implemented in soils with fine 
texture and is characterized by closely spaced ridges. Vegetation enhancement areas are characterized by 
sandier soils and implemented as alternating surface roughening and vegetated furrows. The vegetation 
was planted in 2019 and is expected to take up to three years to fully mature. 

In the first five months of the 2020-2021 dust season, the majority of the sand accumulated over two high 
wind events in late October and early November. Consistent with previous seasons, the lowest sand 
masses were found in the monitoring sites furthest east, coinciding with finer soil textures and highly 
stable surface roughening (Figure 5, left panel). Somewhat higher sand masses were observed in the 
vegetation enhancement portion. It should be noted that there were no uncontrolled upwind/playa sites 
for the lower portion of the array as these had been removed temporarily to accommodate extending the 
surface roughening further west. As a result, no direct comparison of the masses in the controlled portion 
of the southern array was possible. However, the observed masses were consistent with those from prior 
dust seasons.   

During the remainder of the 2020-2021 season, characterized by configuration two (Figure 5, right panel), 
each of the four transect had an uncontrolled upwind site located on the playa. Sand motion at these sites 
varied considerably varying from negligible due to moist soil conditions or the presence of stable crusts 
to higher sand accumulation at one of the upwind sites. Sand motion at all the upwind sites generally was 
limited as storm surges during high wind conditions pushes up the waves thereby creating moist, non-
emissive playa conditions that persist well beyond the wind events. 

A comparison of the sand masses with the more active upwind sites indicates that since the 2020-2021 
dust season, both surface roughening and vegetation enhancement reduced overall sand masses by 90 
percent (Figure 6). For the enhanced vegetation areas this is consistent with the previous dust season, 
whereas for the surface roughening it is lower compared to previous seasons (Figure 6). This might be 
partially attributable to slow decay of some of the existing surface roughening, as well as the more recent 
surface roughening being of more coarse soil texture (relative to the older surface roughening) and 
showing signs of degradation. 
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Notes:
1. Light blue areas have >95% control
efficiency.

2. Background Satellite Imagery:
Collected by Pleiades on April 02, 2021.

Oct 2020 Feb 2021 Relative Saltation Flux
CE < 80%
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Cumulative Sand Mass
Mass

0.1 - 2.0

2.1 - 5.0
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10.1 - 25.0

25.1 - 50.0

50.1 - 100.0

> 100

May 2021

Notes:
The sand catch data are from
July, 2020 to Nov, 2020.

Notes:
The sand catch data are from
Dec, 2020 to Jul, 2021.
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FIGURE 6. SAND FLUXES BY SURFACE TYPE, ALAMO RIVER, FOR THREE DUST SEASONS 

Shown is the average percent reduction by surface type for the highest contributing wind events.  
 

 

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 Alamo River South, the maximum observed 
event sand fluxes for uncontrolled areas, vegetation enhancement, and surface roughening only, were 
approximately 30, 12, and 10 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 in the Owens valley and Mono Basin, California.  

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 5, light blue areas), the area that did not quite reach this level of sand motion reduction coincided 
with the vegetation enhancement 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 (configuration 2). 
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2.2 NEW RIVER  
2.2.1 UPWIND-DOWNWIND PM10 DIFFERENCES 
During the 2020-2021 dust season, performance monitoring equipment was in place at the New River 
West site only. This is a Species Conservation Habitat (SCH) Project area, being implemented by the state 
of California. Although equipment was planned at the New River East location, it was either not installed 
or data is not reported because the areas were under construction at the time. Accordingly, these data 
would not provide meaningful insights into the performance of the surface roughening. Upwind-
downwind PM10 monitoring was conducted on the same three dates as Alamo River South, (Section 2.1.1, 
Table 4). The transects at New River East only had partial data (Table 4) and did not yield suitable upwind-
downwind PM10 concentration comparisons. At New River West, none of the three sampling events 
indicated significant contributions of the atmospheric PM10 concentrations across the surface roughening 
areas (Table 4). These data indicate the surface roughening at New River West, as well as the ongoing 
construction in the areas, did not lead to measurable differences in PM10 concentrations across the site. 
The monitoring locations are shown in Figure 4.  

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

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) 

4/13/21 to 4/14/21 

New River 1 17.0 12.0 85 87 +2 (no diff) 

New River 2 17.0 12.0 No Data No Data --- 

4/25/21 

New River 1 16.2 11.9 143 146 +6 (no diff) 

New River 2 16.2 11.9 No Data 40 --- 

5/15/21 to 5/16/21 

New River 1 17.3 12.2 139 130 -9 (no diff) 

New River 2 17.3 12.2 No Data 294 --- 
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2.2.2 SAND FLUX OBSERVATIONS 
At New River, IID operated six sites that were equipped with CSCs, with a subset having a Sensit. Sand 
masses at these sites were generally low, at least in the spring of 2021. However, these data are not 
suitable for inclusion in performance analyses due to active construction during that time period. The Fall 
2020 data collected prior to construction did yield useful data. During that period, one transect was set 
up across a stable surface roughening areas. Two sites were located within surface roughening 
approximately 190 and 410 yards downwind from an upwind site on the intersect of the playa and surface 
roughening. The results from two high wind events in fall 2020 indicated significant reductions in sand 
motion at the controlled sites compared to the uncontrolled playa site (Table 5). Not surprisingly, the 
highest sand motion was observed at the upwind site (Table 5). 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 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 (Table 5, Figure 
7). Furthermore, the wind event on 10/26/2020 indicated that even from a northerly wind direction, with 
winds almost parallel to the ridges and furrows, there was a high level of protection in the surface 
roughening area at New River West. For this event, the estimated hourly sand flux indicate 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 7). 

TABLE 5. SUMMARY OF FALL 2020 SAND FLUXES DURING HIGH WIND EVENTS (NEW RIVER WEST) 

Parameter October 25, 2020 October 26, 2020 November 7, 2020 

Maximum Windspeed, m/s 12.6 12.8 12.3 

Maximum Gust, m/s 19.8 22.2 18.6 

Wind Direction (O) SWW NNW W 

Sand flux – Upwind, g cm-2 d-1 
(% reduction) 

8.6 
(na)  

100.4 
(na) 

60.1 
(na) 

Sand flux – SR-mid, g cm-2 d-1 
(% reduction) 

0 
(100%) 

7.3 
(93%) 

4.3 
(93%) 

Sand flux – SR-end, g cm-2 d-1 
(% reduction) 

0 
(100%) 

0.1 
(>99%) 

0.2 
(>99%) 

1 – Located ~190 yards into surface roughening relative to upwind site 
2 – Located ~410 yards into surface roughening relative to upwind site 
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FIGURE 7. ESTIMATED SAND FLUX AT NEW RIVER WEST, OCTOBER 25 AND 26, 2020 

The “west” site is located on the upwind site of the array (no controls). Wind data shown are from the Sonny Bono station. 

 

 

2.2.3 SALTATION FLUX MAPS 
The sand flux maps for the New River areas are part of the SCH areas under construction by the state of 
California. The sand flux mapping for all of the SCH areas, including the New River West areas, indicate 
that the majority of the existing surface roughening in the SCH project area provided a 100 percent 
reduction in sand motion (Figure 8), 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 8). 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. 
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1. Background Satellite Imagery:
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2.3 COACHELLA PLAYA 
Approximately 121 acres of the surface roughening 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 surfaceroughened areas using the SWEEP model. Modeling results were 
consistent with previous years (IID 2020), indicating that 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. Furthermore, modeling also showed that all surface 
roughened area provided a 100 percent reduction in sand motion. 
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