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ABSTRACT 

 

Total Dissolved Solids (TDS) are primarily inorganic salts that can pass 

through a 2-micron (or smaller) filter and, when found in high concentrations, can 

cause adverse effects on aquatic organisms and the surrounding environment. 

The agency servicing Lake Elsinore and surrounding areas is the Elsinore Valley 

Municipal Water District (EVMWD). EVMWD’s wastewater treatment facilities are 

not equipped to remove TDS from the wastewater. Therefore, the influent TDS 

values are often similar to the final treated effluent recycled water TDS values. 

EVMWD has permit limits at the wastewater treatment plants relating to TDS, 

and due to the higher influent TDS concentrations noted at the wastewater 

treatment facilities, the effluent TDS values regular exceed these permit 

limitations. This analysis investigated whether the cause of the increased TDS 

values is from the following: the source water itself; the chemical treatment of 

potable source water for disinfection; regular use of water at homes, businesses, 

and industries and associated conservation measures; or chemical addition at 

wastewater sewage lift stations for odor control. 

Approximately 600 samples were collected at various locations from Lake 

Elsinore and the surrounding region for this analysis. The raw source water TDS 

was not identified as being a key contributor to the variation of the influent TDS 

values; however, it was identified as comprising the majority of the increased 

TDS mass loadings for the three facilities measured. The linear regression 
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analyses yielded coefficients of determination which indicated that consumer 

uses, including industrial, commercial, and domestic users, along with associated 

conservation practices and lift station chemical additions, were strongly 

correlated with influent values at two Water Reclamation Facilities (WRF): the 

Railroad WRF and Horsethief WRF. The analysis showed minor impact 

regarding the addition of chemicals to potable water for disinfection purposes as 

a contributor to all three facilities. Therefore, the analysis suggests that the TDS 

increase as a result of addition of chemicals is secondary to the increase caused 

by source water TDS, consumer usage, and conservation measures. However, 

more analyses and studies should be done to refine the quantification of TDS 

contribution from various sources to recommend appropriate control measures 

and assist in compliance with the permit limitations.  
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CHAPTER ONE: 

INTRODUCTION 

 

 

Water reclamation facilities (more commonly known as wastewater 

treatment plants; both terms are used interchangeably throughout this analysis) 

are governed by the federal Environmental Protection Agency and are issued 

permits for treated wastewater discharge by state or regional water resources 

control boards. Permits are issued either in the form of National Pollutant 

Discharge Elimination System (NPDES) permits or Waste Discharge 

Requirement (WDR) permits; both impose limitations on various pollutants and 

nutrients based on the ambient surrounding environment, the US Environmental 

Protection Agency (EPA), and state and local limits.  

One of the constituents that is limited is Total Dissolved Solids (TDS). 

TDS are portions of solids, typically inorganic salts, that can pass through a filter 

of two (2) microns or less. TDS can lead to multiple environmental issues and 

concerns, including causing harm to aquatic organisms, excess salt loading, or 

degradation of the receiving environment. Though TDS is found occurring in the 

natural environment in the form of dissolved inorganic and organic salts and 

minerals, these inorganics also can be added to the environment in higher 

concentrations through certain industrial, household, and commercial activities.  
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Total dissolved solids are not always removed during the wastewater 

treatment process. One example is the Lake Elsinore region where the incoming 

TDS values at the treatment plants usually indicate the expected effluent TDS 

values of the produced recycled water. Figure 1 below depicts the Lake Elsinore 

and surrounding area used for this analysis.  
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Figure 1. EVMWD service area 

 

California allows two possible options for the wastewater discharger’s 

permit: either the specified numerical concentration limit listed in the permit or the 

TDS concentration of the source water plus a buffer amount of 250 mg/L. 

Whichever is the lower limit between the two options becomes the controlling 

limit, and thus is the required monthly limit to meet. It should be noted that while 
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the calculation of the potable source water TDS is completed on a monthly basis, 

this monthly average value is not used to determine the water reclamation 

facility’s monthly TDS compliance limit. Instead, the monthly average value is 

input into a 12-month running average calculation and this 12-month running 

average becomes the monthly limit; if it is the lower of the two values, it becomes 

the controlling permit limit.  More information about this calculation is included in 

Tables 13 and 14 in Appendix A.   

The amount of TDS measured in Lake Elsinore’s (and other inland 

dischargers) recycled water regularly exceeds the permit effluent limits (Tables 1-

3). Lake Elsinore receives potable imported water from both the Colorado River 

and the State Water Project. The Colorado River water TDS is approximately 

350-500 mg/L, while the State Water Project water TDS is typically closer to 200-

300 mg/L. The 12-month running average wastewater permit limits for recycled 

water are 700 mg/L for Regional WRF & Railroad WRF and 850 mg/L for 

Horsethief WRF. This is a fixed value. However, the permit limit can also be 

based off the 250 mg/L above the potable water supply TDS concentration 

(variable based on the monthly potable TDS value). Between the point of 

receiving the imported potable water or raw groundwater for distribution and 

discharging recycled water from the wastewater treatment plants, the TDS levels 

rise approximately 350-400 mg/L, exceeding the allowable addition of 250 mg/L.  
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      Table 1. Horsethief Canyon WRF TDS permit exceedance 

 
 
 

 
            Table 2. Railroad Canyon WRF TDS permit exceedance 
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       Table 3. Regional WRF TDS permit exceedance 

 
 
 

 

This analysis aims to determine if the source of the increase in TDS, 

occurring between the source water received for use and the wastewater influent 

received at the water reclamation facilities, can be identified and if so, what 

alternative methods may be proposed to effectively and economically mitigate 

the source(s).  

Four possible TDS sources are considered: 

1) Raw source water 

2) Chemically-treated potable source water   

3) Domestic, industrial, and commercial uses 

4) Chemical addition to sewer lift stations, for odor control purposes 
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CHAPTER TWO:  

WHAT ARE TOTAL DISSOLVED SOLIDS? 

 

 

The total solids measured in water are a combination of dissolved solids, 

suspended solids, and settleable solids. Total dissolved solids generally consist 

of inorganic salts and minerals, such as calcium, chlorides, nitrate, phosphates, 

iron, sulfates, and other ions that can pass through a 2-micron filter. Suspended 

solids include silt, clay, algae, plankton, and other fine organic matter, which 

cannot pass through a 2-micron filter (EPA, n.d.). TDS are naturally occurring 

within the environment and surrounding geological features can contribute to 

dissolved solid concentrations. For example, clay soils increase the ionic 

concentration in the water, while granite bedrock will not (Fondriest 

Environmental Learning Center , n.d.). Groundwater zones can also affect TDS 

values due to the varying geology that the water flows through. 

TDS share a relationship with two other water quality indicators, salinity 

and conductivity. Salinity is the total concentration of all dissolved salts in water 

(EPA, n.d.) and conductivity is a measure of the water’s ability to conduct 

electrical flow, which is directly related to the concentration of ions in the water. 

Typically, salinity is not measured directly for water quality; rather it is measured 

as a derivation from the measurement of conductivity. TDS, like salinity, also 

consist of inorganic salts and ions, but the difference is that salinity and 

conductivity are measures of dissolved ions in the water, while TDS also includes 
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non-ionic species (EPA, n.d.). TDS usually are considered the equivalent of 

salinity in clean water, but in wastewaters, TDS can include organic solutes, such 

as hydrocarbons or urea, as well as the salt ions (EPA, n.d.). Most states issue a 

maximum limit for TDS as a measurement of water quality; discharges of 

recycled water to freshwater lakes or streams can have a limit of 2,000 mg/L of 

TDS, though many times the receiving streams or lakes existing TDS 

concentrations may already exceed that limit (EPA, n.d.). Concentrations above 

2,200 mg/L have shown evidence of toxic effects on the ability of fish eggs to 

both hatch and survive (Fondriest Environmental Learning Center , n.d.). The 

maximum TDS limit for drinking water, however, is set at 500 mg/L (EPA, n.d.). 

For irrigation purposes, which is one of the primary beneficial reuse options for 

local water districts, the maximum TDS limit is suggested to be 700 mg/L (Water 

Quality Control Plan for Santa Ana River Basin, 2016).  

The concentration of TDS in natural waterways is important, because of its 

ability to affect the balance of an aquatic organism’s cellular structure. When the 

surrounding environment is higher in dissolved solids, the flow of water will move 

to the environment, away and out from the organism’s cells, causing them to 

shrink. Conversely, when the amounts of dissolved solids are lower in the 

surrounding aquatic system, the flow of water will move into the organism’s cells, 

causing them to swell. If the aquatic organisms are not able to adapt to the 

changes in salinity, they may struggle to thrive or even survive. Additionally, 

solids in the water affect the clarity of water, which hinders light’s ability to reach 
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aquatic plants for photosynthesis and the higher concentrations of solids in the 

water can cause water to heat up at a higher rate than it would under normal 

conditions, which could lead to the warmer temperature having an adverse effect 

on the aquatic life (EPA, n.d.). For humans, the effects of TDS in water tend to be 

more aesthetic issues – color and taste. A high concentration of solids leads to 

water that is unpalatable in taste and may leave deposits on glassware.   

Beyond the effects to public health and the environment, certain 

constituents of TDS, such as chlorides, magnesium, and calcium, can cause 

unfavorable effects to water-distribution systems, in the form of corrosion or 

scaling (WHO Guidelines for Drinking-water Quality, 2003). Additionally, TDS 

levels in excess of 500 mg/L can cause economic damages to households, with 

increased scaling in water pipes, household appliances, and water heaters 

(WHO Guidelines for Drinking-water Quality, 2003).  

Almost every user or producer who utilizes water adds salt into the 

associated wastewater and in California’s Central Valley alone, more than 7 

million tons of salt are added annually to the water and wastewater systems from 

users (Central Valley Salinity Coalition, 2021). This results in a substantial cost, 

with up to 250,000 acres of land annually rendered unusable due to the 

excessive salt loadings impairing the ability of agricultural growth. This causes 

the land to be taken out of production and 1.5 million acres deemed as salinity 

impaired, which can yield an annual cost of up to $1.5 billion dollars by the year 

2030 (Central Valley Salinity Coalition, 2021). The salt issue compounds, as 
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surface water and groundwater sources are inter-connected and the TDS 

deposits accumulate in the soil and water, creating a long-term chronic problem.   

TDS is measured in milligrams per liter and can be determined by either a 

gravimetric measurement or as a calculated value, specifically by multiplying 

conductivity with an empirical factor. The empirical factor can be obtained when 

the source of water is known to be freshwater or freshwater mixed with saline 

water. The Standard Methods for the Examination of Water and Wastewater 

accepts an empirical conductivity factor of 0.55-0.7, where the conversion 

equation is: 𝑇𝐷𝑆 (𝑚𝑔/𝐿) = 𝑘 ∗ 𝐸𝐶(
𝜇𝑆

𝑐𝑚
), where K is the empirical conductivity 

factor and EC is electrical conductivity (Fondriest Environmental Learning Center 

, n.d.). For purposes of obtaining field measurements or performing continuous 

monitoring, the calculation method is preferable, as it is a quicker option 

(Fondriest Environmental Learning Center , n.d.). The gravimetry method 

requires more time but is beneficial if the source water is not known. In the case 

of wastewater, the source cannot be identified from any one specific water body, 

so the gravimetric method is used - specifically the EPA-approved Standard 

Methods 2540C (Standard Methods for the Examination of Water and 

Wastewater 18th Ed, 1992).  
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CHAPTER THREE:  

HISTORY OF REGULATIONS 

 

 

One of the main impetuses for water quality regulation stems from the 

Clean Water Act. The Clean Water Act of 1972 was adopted in response to the 

public concern for environmental issues relating to the nation’s water bodies. 

Some of the notable events that spurred the formation of this act include the 

Cuyahoga River fires and pollution in the Nashua River. The Nashua River is 

located in Massachusetts and New Hampshire, and in the mid-1900’s was so 

heavily polluted by local industries and municipal wastes that the river was 

considered essentially an open sewer and the only life forms that could survive in 

the river were sludge worms (McGraw Hill Companies). The Nashua River 

experienced periods of changing into various colors, based on the industrial 

discharge from the textile mills located along the river. The Cuyahoga River was 

also one of the most polluted rivers in the United States during the early to mid-

1900’s, due to the increased industrialization and lack of waste disposal 

regulations (Ohio History Central). Raw sewage and other pollutants such as 

gasoline, oils, paints, and metals were being discharged directly into the river, 

causing the river to be referred to by some as ‘a rainbow of many different colors’ 

(History of the Cuyahoga River) and a ‘flowing dump’ (History of the Cuyahoga 

River). Multiple fires broke out on the river from 1868 to 1952, resulting in 

significant damage to local structures, but the river fire which occurred in 1969 



12 
 

was the most documented, due to the increasing scrutiny on environmental 

concerns and the safety of the waterways. It was after this 1969 Cuyahoga River 

fire event that the National Environmental Policy Act was signed into law and this 

act assisted in establishing the EPA, where one of the first legislations put into 

action was the Clean Water Act. 

The Clean Water Act of 1972 was essentially an amendment to a previous 

federal law known as the Federal Water Pollution Control Act of 1948. While the 

Federal Water Pollution Control Act had the right intentions, it wasn’t very 

effective; it didn’t truly prevent pollution, as it gave only limited oversight to 

government bodies, and included a complex enforcement scheme (Powers). The 

Clean Water Act amended those regulations to provide the basic structure for 

regulating pollutants and wastewater discharges into surface water bodies and 

gave enforcement rights to the EPA to ensure compliance. Funding was allotted 

for construction of sewage plants and permits were issued for rights to discharge, 

upon meeting given limits. The Clean Water Act established regulations that 

altered the landscape of the current disposal practices of sewage and industrial 

waste facilities.  

The EPA or individual states now issue permits to industrial and municipal 

dischargers and the responsibility falls upon local agencies to ensure compliance 

is being met and permit conditions are reasonable. Under the Porter-Cologne 

Water Quality Control Act, the State Water Resources Control Board is given the 

authority for water rights and water quality policy within California (Sunding & 
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Zilberman, 2005).  The Porter-Cologne Act also established nine local satellite 

offices of the State Water Quality Control Board, known as regional boards. The 

Porter-Cologne Water Quality Control Act tasked the regional boards with 

creating local basin plans to identify beneficial uses of water bodies, water quality 

objectives, and enforcement plans to regulate point and non-point sources of 

pollution to local water bodies (Sunding & Zilberman, 2005). Many discharge 

permits refer to these basin plans to help set local limits and objectives.   

In the Inland Empire (the region east of Los Angeles, California consisting 

of the metropolitan area surrounding the cities of San Bernardino and Riverside), 

prior to settlement, it is opined that the Santa Ana River primarily flowed from the 

San Bernardino mountains to the Pacific Ocean for a majority of the year (Water 

Quality Control Plan for Santa Ana River Basin, 2016). The San Jacinto River 

also provided a substantial flow of water to the region, but is suggested to have 

ended in Lake Elsinore, which is essentially like a sink, as the lake has inlet 

points but no outflow locations. When heavy rainfall events occurred, the flows 

from San Jacinto River may have overflowed the lake, which would have caused 

the water to be diverted to Temescal Creek, which in turn flows to the Santa Ana 

River. Both rivers historically provided plenty of water to groundwater basins and 

kept them relatively full. Over time, the flows from both the San Jacinto River and 

Santa Ana River have been diverted to agricultural and domestic uses, and now 

typically only carry waters from intermittent stormwater events, agricultural run-

off, and treated wastewater (Water Quality Control Plan for Santa Ana River 
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Basin, 2016). Periods of drought and dry weather conditions have also impacted 

the regions surface water bodies and groundwater zones.  

While many agencies began to look to imported water sources for aiding 

in supply, locally available water is generally more affordable, and therefore, 

more desirable. However, with the excessive use and reuse of the water, 

downstream users of the San Jacinto River and Santa Ana River were receiving 

reduced flows with a noticeable ‘salty’ taste (Water Quality Control Plan for Santa 

Ana River Basin, 2016). In the late-1960’s, the recently enacted Federal Clean 

Water Act and Porter-Cologne Act resulted in the regional boards actively 

constructing plans to meet the newly established water quality objectives. While 

establishing these plans and objectives, the Santa Ana Regional Water Quality 

Control Board identified the salt balance and TDS issue in the region’s water 

supplies, which was occurring due to the continuous cycle of use (Water Quality 

Control Plan for Santa Ana River Basin, 2016). Each cycle was typically adding 

additional salts into the water, either from evaporation (which decreases the 

dilution factor) or by direct addition, at a rate of approximately 200-300 mg/L 

increase per cycle (Water Quality Control Plan for Santa Ana River Basin, 2016). 

For reference, drinking water TDS regulations are set at 500 mg/L and above this 

point, the TDS levels start to affect the usability of water. At 2000 mg/L, water is 

brackish and not suggested for use.  

Some of the initial plans to address the brackish, overused water included 

importing large volumes of low TDS water, via the State Water Project; 
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constructing a large well field to remove the poor-quality water from the basin; or 

initiating use of a brine line, which collects the high TDS water and transports it 

directly to the ocean (It is important to note that ocean salt water is typically 

greater than 15,000 mg/L TDS, while brine is greater than 35,000 mg/L TDS).   
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CHAPTER FOUR:  

LITERATURE REVIEW 

 

 

The EPA issues National Pollutant Discharge Elimination System 

(NPDES) permits for any facility which discharges recognized pollutants from a 

point source into a surface water body, such as a river, lake, or even out to 200 

miles into the ocean (NPDES Permit Basics, n.d.). A point source is identified as 

containing a specific conveyance feature, such as a pipe, channel, or tunnel, 

which transfers potential pollutants from the facility into a water body (NPDES 

Permit Basics, n.d.). The EPA issues either a general NPDES permit, which can 

cover all dischargers within a specific region who exhibit similar operations and 

discharge waste to the waters of the United States, or an individual NPDES 

permit, which identifies the allowable site-specific potential pollutants load 

discharge from the facility, the current ambient status of the receiving water body, 

and treatment capabilities (NPDES Permit Basics, n.d.).   

For facilities that generate waste but discharge to land as opposed to 

surface water bodies, California state issues Waste Discharge Requirement 

(WDR) permits. WDR permits are issued by the regional water quality control 

board under the provisions of the California Water Code, Division 7 “Water 

Quality,” Article 4 “Waste Discharge Requirements.” (Water Quality Control Plan 

for Santa Ana River Basin, 2016) .  ‘The requirements regulate the discharge of 

wastes which are not made to surface waters, but which may impact the region’s 
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water quality by affecting underlying groundwater basins. Such WDRs are issued 

for municipal wastewater reclamation operations and discharge of wastes from 

industrial facilities or other activities such as septic systems, sanitary landfills, 

dairies, or other activities which can significantly affect water quality. (Water 

Quality Control Plan for Santa Ana River Basin, 2016) 

Both types of permits have specific sets of nutrient and pollutants 

limitations, and any facilities caught discharging without an appropriate permit or 

discharging outside of permitted limits are subject to fines, penalties, or 

imprisonment for environmental negligence. Additional policies, such as the 

Recycled Water Policy (State Water Resources Control Board - Cal EPA, 2019), 

further researches and analyzes groundwater basins to assist in developing 

sustainable solutions for local water supplies. Information from these types of 

policies affect both the regional basin plans and the existing Waste Discharge 

Requirements, and influence future permit renewals and revisions.  

One important feature to note between the federal and state guidelines is 

that while the EPA grants authority to the State Water Resources Control Board, 

there are certain caveats to this authority: while the state can choose to be more 

stringent with limitations and guidelines than the federal government, it cannot be 

more relaxed. For example, the EPA for the NPDES general permit requires a 

minimum of secondary-treated wastewater; however, for most dischargers within 

the Inland Empire, and for Elsinore Valley Municipal Water District (EVMWD), the 

NPDES discharge requirement is at least disinfected tertiary-treated wastewater. 
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Many of the California State requirements for recycled water criteria can be found 

within California Title 22 Code of Regulations, Division 4, Chapter 3 (Cornell Law 

School: Legal Information Institute).    

California has also adopted a state-wide Recycled Water Policy to 

address recycled water criteria for dischargers. As noted above, §6 (6.1) (6.11) of 

the Recycled Water Policy identifies groundwater basins within various regions of 

the state already containing salt and nutrients that exceed water quality 

objectives. Some of these salt and nutrients exist naturally in the environment, 

while others may have been added as a result of industrial, domestic, or 

municipal wastewater discharges or agricultural fertilizers (State Water 

Resources Control Board - Cal EPA, 2019). Additionally, recycled water also 

contributes to the TDS loading within the local area, due to inability of the general 

wastewater processes to reduce TDS concentrations. However, the Recycled 

Water Policy identifies that there is not a realistic, nor feasible, one-size-fits all 

solution for the various regions. Combined with the information gleaned from the 

basin plans, Section § 6 (6.1) (6.1.3) of the Recycled Water Policy necessitates 

that if a discharger is contributing to a groundwater basin or sub-basin that is 

determined to have salt or nutrient contents which pose a threat to water quality, 

the discharger has to procure a Salt & Nutrient Management Plan (State Water 

Resources Control Board - Cal EPA, 2019) to monitor, analyze, and address any 

possible degradation concerns to maintain compliance with the State Water 

Resources Control Board Resolution 68-16 Statement of Policy with Respect to 
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Maintaining High Quality of Waters in California (Antidegradation Policy) (State 

Water Resources Control Board - Cal EPA, 2019).  

The Inland Empire (including Lake Elsinore) is considered to be part of the 

8th California water quality control region and is regulated by the Santa Ana 

Regional Water Quality Control Board. Within this region, the Santa Ana River 

Basin plan provides the majority of the water quality objectives and identifies 

constituents of concern for the area, and many of the subsequent water quality 

reports and limits that EVMWD complies with are based upon the Water Quality 

Control Plan, including the Salt and Nutrient Management Plan (SNMP), Total 

Maximum Daily Loads (TMDLs), Total Nitrogen/Total Phosphorus Offset Plan, 

etc.  

The Water Quality Control Plan, commonly referred to as the Basin Plan, 

is a document that recognizes regional water quality differences, the varying 

beneficial uses of the region’s water bodies, and local water quality concerns and 

issues (Water Quality Control Plan for Santa Ana River Basin, 2016). Each of 

California’s nine Regional Boards must adopt a Basin Plan specific to their 

region. The Basin Plan also establishes water quality objectives for both 

groundwater and surface waters. Cited in the Santa Ana Regional Water Quality 

Control Basin Plan is CCR, Division 4, Chapter 15, Article 16, §64449, which 

states that the concentration of TDS in drinking water should be limited to 500 

mg/L and that water used for irrigation purposes should maintain a TDS 
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concentration below 700 mg/L (Water Quality Control Plan for Santa Ana River 

Basin, 2016).  

The Water Quality Control Plan for the Santa Ana Basin (Basin Plan) includes 

a TDS and Nitrogen Management Plan (SNMP). The revised SNMP addresses 

TDS and nitrogen in both surface waters and groundwaters throughout the Santa 

Ana River basin in order to control the excess salt buildup in the region’s waters. 

The average TDS and nitrate-nitrogen concentrations are reassessed every 3 

years and the plan is reviewed and amended as needed. An SNMP is required 

for regions which are impaired for salinity and nitrogen. EVMWD has an SNMP 

with the following key elements: 

1. Compute antidegradation objectives for nitrogen and TDS; 

2. Calculate current ambient water quality for the applicable groundwater 

management zone; 

3. Estimate the impact of recycled water use and recycled water discharge 

plans on the water quality of the groundwater management zone; and 

4. Describe the regulatory considerations for alternative plans relating to 

recycled water and challenges surrounding TDS and nitrogen. (Inc., 

2017). 

Additional literature reviewed includes 40 Code of Federal Register (CFR) 

Chapter I, Sub-Chapter N – Part 400-471 (Categorical Dischargers and their 
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Effluent Guidelines), to assist this analysis with identifying certain industrial 

dischargers that may be contributing excess TDS loads to the wastewater 

stream. Industrial dischargers are analyzed by Standard Industrial Classification 

(SIC) codes, which specify industrial waste dischargers by industry types, and 

the associated concentrations of expected pollutants based on that industry. 

Certain SIC codes and categories of industries are suspected or known to 

generate high TDS wastewater.  
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CHAPTER FIVE:  

WATER AND WASTEWATER TREATMENT OVERVIEW 

 

 

The EVMWD water and wastewater systems are located in western 

Riverside County and serve the cities of Lake Elsinore and Canyon Lake, 

portions of Murrieta and Corona, and other unincorporated cities within its 96-

square mile service area. In 2020, EVMWD provided approximately 7.4 billion 

gallons of potable water to its customers. To meet this demand, EVMWD 

operated eleven groundwater production wells and purchases treated imported 

water from Metropolitan Water District via the Auld Valley Pipeline and the 

Temescal Valley Pipeline. In 2020, imported water accounted for approximately 

63% of EVMWD’s water supply, with groundwater contributing 37%. The Canyon 

Lake Water Treatment Plant typically also provides potable water via a surface 

water source (Canyon Lake) approximately 6 months per year. During the year 

2020, however, the treatment plant was placed offline to address issues with 

meeting new treatment requirements for per- and polyfluoroalkyl substances 

(PFAS), a constituent of emerging concern. At this time, the plant is scheduled to 

remain offline until further notice and the design to upgrade the plant is in 

progress. No data from the Canyon Lake Water Treatment Plant is included in 

this analysis.  
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There are currently eleven groundwater-producing wells for potable use in 

EVMWD’s service area, though not all are online and pumping water at the same 

time; only nine operated during the year 2020. The groundwater produced from 

the well sites tends to have higher TDS than imported sources: approximately 

500 – 1000 mg/L. It should be noted that while some of the well sites are located 

near the lake in Lake Elsinore, the lake bottom has a non-permeable clay layer, 

which restricts the primarily recycled lake water from flowing down to the 

groundwater table. The Canyon Lake Reservoir also tends to be higher in TDS, 

approximately 800 mg/L because it is a surface water body, which tend to 

contain more contaminants and require more treatment than groundwater. 

Imported sources in Southern California are usually obtained from the State 

Water Project or the Colorado River. The State Water Project includes 22 dams 

and reservoirs and a 700+-mile long delivery system that transports water from 

Northern California to Southern California (Public Works Los Angeles, n.d.). The 

Colorado River passes through seven states and allots 4.4 million acre-feet of 

water annually to California. The imported source water for EVMWD is in the 

form of potable water purchased from Metropolitan Water District, which gets 

their water through both the Colorado River and the State Water Project (Public 

Works Los Angeles, n.d.). Approximate TDS values for the State Water Project 

water are generally 200-300 mg/L, while the approximate TDS values for the 

Colorado River water is 350-500 mg/L  
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Groundwater is produced from the local groundwater wells. After 

extraction, the raw, untreated groundwater is sampled for several parameters, 

including TDS. Certain well sites dose sodium hypochlorite or chloramine for 

disinfection prior to pumping water into the distribution system, so chemicals are 

typically added at these wells. Chloramines consist of a mixture of 12.5% 

chlorine and 19% aqueous ammonia, at a 5:1 ratio, and are an alternative for 

chlorine bleach. Since chloramines are less volatile, they remain in the water 

longer and do not produce as many disinfection-by-products as chlorine (CDC 

Center for Disease Control and Prevention, n.d.). It is important to note that both 

chlorine and chloramine dosing for disinfection do contribute to the overall TDS in 

the water.  The chemical dosage and TDS contribution may vary, based on 

ambient groundwater parameters and chlorine demand. It is also important to 

note that two well sites (Cereal 3 and Cereal 4) experience high arsenic issues 

and require blending of flows with other well sites to meet the maximum 

contaminant level (MCL) for arsenic set out by the EPA. Due to this, additional 

sampling occurs at the blending stations, including samples collected to measure 

TDS after disinfection occurs in the individual flows. Of the nine active well sites 

which produced water during 2020, seven utilized chloramines and two utilized 

sodium hypochlorite.  

For the facilities which dose chlorine-only, aqueous chlorine in the form of 

hypochlorous acid (HOCl), is used as the disinfectant product and acts as a weak 

acid which ionizes to form a positively charged hydronium ion and the negatively 
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charged hypochlorite ion. (National Research Council (US) Safe Drinking Water 

Committee, 1980): 

 

𝐻𝑂𝐶𝑙 ⟺ 𝐻+ + 𝑂𝐶𝑙− 

Chlorine uses three basic mechanisms to react in organic solutions: 

addition, oxidation, and substitution. In all three mechanisms, the hypochlorous 

acid serves as the electrophile. However, only in the addition and substitution 

reactions will chlorinated products be formed (National Research Council (US) 

Safe Drinking Water Committee, 1980) and the chlorinated products can result in 

in trihalomethanes. There are four primary trihalomethane species: chloroform 

(CHCl3), bromodichloromethane (CHBrCl2), dibromochloromethane (CHBr2Cl), 

and bromoform (CHBr3) (Nuckols, et al., 2005). The sum of the trihalomethanes 

is measured as the total trihalomethanes (TTHMs). TTHMs are associated with 

adverse health effects such as cancer and reproductive harm (Nuckols, et al., 

2005).  

For facilities which utilize chloramines, the chloramines are created using 

a combination of chlorine (Cl2) with ammonia (NH3), at an approximate 5:1 ratio.  

The chemical equation for the formation of monochloramine (NH2Cl) as follows:     

 

          𝑁𝐻3 + 𝐻𝑂𝐶𝑙 ⟶ 𝑁𝐻2𝐶𝑙 + 𝐻2𝑂 
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Dichloramine (NHCl2) and trichloramine (NCl3) can also be formed. The 

hypochlorous acid reacts rapidly (the reaction rate is usually 90% complete in 

approximately 1 minute (National Research Council (US) Safe Drinking Water 

Committee, 1980)) with the ammonia to form a mixture of monochloramine, 

dichloramine, and trichloramine. The formation of the various chloramines 

depends upon several factors, including pH, the concentrations of the 

hypochlorous acid and ammonia, reaction times, and temperature (National 

Research Council (US) Safe Drinking Water Committee, 1980). However, 

monochloramine is typically the primary chloramine compound observed based 

on the conditions associated with water treatment. Monochloramine is assumed 

to contribute less to disinfection-by-products (DBPs) such as TTHMs, but limited 

studies exist which focus on what products may form after reaction of 

chloramines with organic or inorganic constituents of the water supply. Based on 

current studies, reaction mechanisms for chloramines include addition, 

substitution, oxidation, amination, and free radical reactions (National Research 

Council (US) Safe Drinking Water Committee, 1980). However, many of these 

reactions require either very high or very low pH values, which are typically not 

seen in drinking water treatment (pH is maintained between 6.5 – 8.5). As such, 

it is opined that interpretation of the chemical studies relating to these reactions 

are more speculative in nature.   

The water from the blending stations and six of the nine operating wells 

enters directly into the distribution system. Figure 2 shows a map which includes 
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the well sites and blending stations. However, water produced from both the 

Cereal 3 Well and Cereal 4 Well is directed to the Back Basin Groundwater 

Treatment Plant (BBGWTP) for additional treatment and removal of arsenic. The 

BBGWTP’s primary function is to remove arsenic, which is achieved by using 

ferric chloride addition. Chloramines are also dosed at this facility, for additional 

disinfection. Terra Cotta Well water also does not enter the distribution system 

directly, but instead is routed to Lucerne Reservoir. No additional chemical 

dosing is performed at the Lucerne Reservoir.  

The well sites and treatment plant are not the only locations where 

chemical disinfection is added. Along the distribution system, there are water 

pump stations which capture water at low pressure zones and utilize pumps to 

increase pressure and allow the potable water to either overcome the head 

pressure for higher elevations or maintain proper pressure levels for 

consumption. There are nine pump stations located within the EVMWD boundary 

that dose chemicals: three stations dose sodium hypochlorite and six stations 

dose chloramines.  

The imported potable water is also sampled for certain parameters, 

including TDS, then directed to nearby booster systems, which automatically 

monitor the chlorine residual values and dose additional sodium hypochlorite or 

chloramines if residuals are low. The booster systems pump the potable water 

into the distribution system, allowing adequate pressure for consumer use. Once 

the water demand in the distribution lines is fulfilled, the water begins to fill the 
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nearest reservoirs, for storage purposes and later use during peak demands. The 

maximum dosage rate for chlorination of drinking water is 4 mg/L (EPA, n.d.).  

Once the potable water is available in the distribution system, industrial, 

commercial, and private consumers then utilize the potable drinking water, 

converting a percentage of the water to a waste product to be discharged into the 

sewers and transported to the wastewater treatment plants. For purposes of 

determining potential sources of increased TDS concentrations, industrial and 

commercial users were identified within EVMWD service area. There are 

approximately 278 permitted industrial users within the EVMWD service area, 

none of which are considered as Significant Industrial Users (SIU). A Significant 

Industrial User is a discharger that is either subject to categorical pretreatment 

standards (40 CFR 403.6 and 40 CFR Chapter I, Sub-Chapter N) or meets the 

following:  

1. discharges an average of at least 25,000 gallons per day of process 

wastewater,  

2. contributes process wastewater discharges that constitute 5% or more 

of average dry-weather flow conditions, and  

3. is designated by the Public Owned Treatment Works (POTW) as having 

a reasonable potential for adversely affecting the POTW operations 

(Environmental Protection Agency, n.d.).  
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Approximately 80% of the permitted industrial dischargers are ‘Food 

Service Facilities’, such as restaurants. The primary concern from restaurants is 

the discharge of Fats, Oils, & Grease (FOG) to the sewer. FOG can lead to 

blockages in sewer pipes resulting in sewer overflow and failure of equipment, 

such as pumps.  

Other industry types consist of car washes, auto repair shops, and liquid 

waste haulers. However, there are no significant industrial activities or 

manufacturing plants which could significantly affect the TDS concentration. The 

automobile repair shops, and car washes have oil/sand gravity separators to 

prevent excessive grit and oily discharges entering the sewer. Petroleum based 

oil discharges into sewers are discouraged because of adverse impact on 

processes in the water reclamation facilities and to avoid a condition called ‘pass 

through’, where the pollutants pass directly through the entire treatment 

processes and enter via the effluent into the environment. Pass through of 

specific pollutants is prohibited in the discharge permits and could lead to serious 

fines or penalties, however oil discharges are not expected to contribute 

significantly to TDS concentrations. EVMWD also has septic haulers occasionally 

dumping domestic septage from septic tanks or portable toilet waste at the 

Regional Water Reclamation Facility, but those are limited, about one every 

month received, on average. Additionally, domestic households and other 

buildings discharge domestic wastewater to the sewer.  
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between 251 and 500 mg/L; orange are TDS concentrations between 501 and 

700 mg/L; and red are TDS above 701 mg/L.  

 

 

 
Figure 11. Annual TDS Averages (2020) 

Shows the areas where TDS values from the groundwater wells are noted to be very high (>700), 
high (>500), and average (>250). The information on this Figure was collected during the 2020 
calendar year and reflects the annual average TDS values. 
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Projected data from the TDS Offset Plan (MWH - prepared for EVMWD, 

2012) assumes an estimate of approximately 465 to 759 tons of TDS offset will 

be required between the years of 2005 – 2022 (Table 12). This estimate takes 

into account only the excess TDS amounts above the 700 mg/L permitted final 

effluent discharge value. Other estimated offset totals includes either a scenario 

where the incoming potable water TDS concentration is taken into consideration 

and the incoming TDS values above 400 mg/L from the Colorado River and State 

Water Project are deducted from the offset amount required (water supply credit); 

or a calculation of only the actual water volumes estimated to reach the Santa 

Ana River or impact the Temescal groundwater. Despite the various options for 

offset requirements, all three scenarios will still require the need for TDS offset.  

 

  

 

 

 

 

 

 

 

 

 

 

Table 11. Summary of historical and projected offset requirements for Regional WRF 
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Systems such as reverse osmosis are proven to be effective for removing 

inorganic salts and other ions, but the economic considerations have to be 

considered, since the costs that cannot be subsidized from government 

programs often fall onto the consumers. A reverse osmosis system is extremely 

effective at treating wastewater and providing higher quality water, but it needs a 

suitable pretreatment system to prevent fouling (Manufacturing.Net, 2009). A 

common pretreatment option is a Membrane Bioreactor system (MBR), which 

utilizes ultrafiltration or microfiltration methods (Manufacturing.Net, 2009). MBR 

systems also require cleaning to reduce fouling, which includes chemical addition 

of sodium hypochlorite and citric acid, and increased maintenance to ensure 

proper operation.  

Reverse Osmosis systems also produce concentrated brine material, 

which will need to be disposed of. The current planned design for brine disposal 

is through the Inland Empire Brine Line, which will transport the heavily 

concentrated water to the ocean. The additional equipment, chemicals, and labor 

associated with advanced wastewater treatment technologies can prove to be 

quite expensive and not always economically feasible. Therefore, if the TDS 

sources can be identified and mitigated prior to this point, the economic 

disadvantages of installing advanced treatment equipment can be forestalled 

while the TDS issue is addressed.   

 


