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Problem Statement

1. Evaluate the long-term trends for salinity in wastewater and 
recycled water

2. Assess how periodic droughts and various conservation 
measures may influence these trends

3. Primary Research Questions:

a. What portion of the increment from use (IFU) can be attributed to 
water conservation measures?

b. If trends of conservation measures continue, what portion of the 
IFU can be attributed to water conservation measures
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Conservation Measures

• Local and imported water 
supplies and population.

• The Metropolitan Water District of 
Southern California (2015)
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Temecula Valley Sewershed

Source

Effluent

Influent

Temecula Valley Discharge Limit: 750 mg/L

Problem Statement

• Increment from use (IFU) 
typically ranges from 200 
to 250 mg/L.

• IFU can drive effluent 
TDS above the discharge 
limit.

• How much of IFU is due 
to conservation 
measures?
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Study Approach

• Deterministic Model

– The outcome of a deterministic / algebraic model is governed 
through relationships between a state and an event. In the TDS 
trends study, the WWTP influent TDS is estimated from a measured 
concentration of source water and salt load from indoor use.

• Statistical Analyses

– Explores the relationship between the dependent variable (WWTP 
influent TDS) and independent (explanatory) variables, e.g., source 
concentration, population, conservation factors, etc.
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Salt Mass Load

• AWWARF (2006).

• Comprehensive review of the “problem 
of salinity in reclaimed water on a 
national level.”

• “When water passes through municipal 
systems, it gains salts (‘salt pickup’), 
typically adding 200-400 mg/L TDS.”
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Salt Mass Load

• Aligning terminology:

TDS Contribution = Mass salt load (MSL) 
(mass/time)

TDS Gain = TDS increment from use (IFU) 
(mg/L)
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Contributions to MSL from Indoor Use

– about 45 grams/capita/day excreted in 
urine

– about half of this is in the form of 
urea, a soluble organics compound, 
which degrades over time (0.05 
pounds / capita / day)

– Urea is not measured as a component 
of TDS

– Nall and Sedlak (2013) report human 
excretion at 72.8 grams / capita / day 

Human excretion ≈ 70 grams / capita / day (0.154 pounds / capita / day)
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Indoor Water Use (gpcd)

Salt Load = 0.17 pounds per capita per day

Salt Load = 0.15 pounds per capita per day

1980 Indoor Water Use
(77 gcpd)

2016 Indoor Water Use
(52 gcpd)

Increase in TDS from MSLs from Indoor Use

• Increment from use (IFU) 
TDS concentrations 
resulting from a decrease 
of indoor water use at a 
range of salt mass loads 
(MSLs)
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Study areas

1. Eastern Municipal Water District - EMWD (Pilot Study)

2. Inland Empire Utilities Agency - IEUA

3. San Bernardino Municipal Water District - SBMWD

4. Riverside Public Utilities - RPU

5. Orange County Sanitation Department- OCSD

6. San Diego County Water Authority - SDCWA

7. Los Angeles County Sanitation District - LACSD
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1. EMWD

EMWD Sewersheds

• Moreno Valley

• Perris Valley

• San Jacinto Valley

• Temecula Valley
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1. EMWD: Population & Indoor Water Use

• 2007

– Est. population of 650,000

– 70 gpcd

• 2016 

– Est. population of 780,000 

– 55 gpcd
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1. EMWD: Deterministic Approach

• Increment of use:

– 2007: 250 mg/L

– 2016: 270 mg/L

• Influent ≥ Effluent 
suggesting no additional 
salt is being added to the 
system during the 
treatment process.

IFU: 
250 mg/L

IFU: 
270 mg/L
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1. EMWD: Deterministic Approach

Cinf= (Masssource + MSL) / Qinf

• 2007

– Est. population of 650,000

– 70 gpcd (No additional 
conservation model input)

• 2016 

– Est. population of 780,000 

– 55 gpcd
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1. EMWD: Statistical Approach

• MLA input variables

– Population***

– Source TDS***

– Influent Flow***

– State Mandate**

– PMDI**

– Source Flow

• IFU Difference: 55 mg/L
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1. EMWD: Source Water Supply and Quality

• Constant groundwater 
supply over time

• Increased dependence of 
lower quality CRW during 
periods of drought 
especially significant in 
2014 
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1. EMWD: Source Water Supply and Quality

• Constant groundwater 
supply over time

• Increased dependence of 
lower quality CRW during 
periods of drought 
especially significant in 
2014 
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Climate
Source TDS and Drought

• Weymouth WTP

• Jensen WTP

• Diemer WTP

• Skinner 

• Mills

• Castaic Lake

• Silverwood Lake

• Lake Mathews
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1. EMWD: Perris Valley Influent Rolling Average

• Current discharge 
limits based upon 12-
month rolling average

• Groundwater based 
upon 20-year rolling 
averages
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Summary

• Previous studies

– AWWARF Study - Salt loads from indoor use

– Pacific Institute - Effects of historical and theoretical conservation measures on 
per capita indoor water use

– SCSC Study - Effects of drought and water conservation measures on WWTP 
influent water quality

• Observation data from groups of sewering agencies rather than  
individual WWTP is more reliable due to the following factors

– Population (city boundaries, sewershed boundaries)

– Operations can divert flows from plant to plant
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Summary

• Quantify increase in IFU caused by conservation measures:

Sewershed Date Range Observed Deterministic Statistical

EMWD 2007 - 2016 20 mg/L 60 mg/L 55 mg/L

IEUA 1999 - 2016 70 mg/L 80 mg/L 90 mg/L

• Drought impacts both source water 
quality and an agency’s source(s) of 
supply.




