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Central Valley Salinity IssuesCentral Valley Salinity Issuesy yy y

• Partially Closed Basiny

• Salinity / Drainage 
Issues Not NewIssues Not New

• Need for Drainage 
Recognized SinceRecognized Since 
Late 1800’s

• Groundwater TDS• Groundwater TDS 
Concentration 
Increasingg

Major Salinity SourcesMajor Salinity SourcesMajor Salinity SourcesMajor Salinity Sources
• Irrigated Agriculture (Food and Fiber Crops)
• Confined Animals Feeding Operations (CAFOs) 

including Forage Crops, e.g., Dairies
• Municipalities & Publically Owned Treatment 

Works (POTWs)
• Food Processors
• Mineral Dissolution
• Others:

– septic tanks
– landfills
– upwelling of deep saline groundwater

Turlock Groundwater SubTurlock Groundwater Sub--basinbasinTurlock Groundwater SubTurlock Groundwater Sub basinbasin
• Groundwater Sub-

basin of Central 
Valley

• 347,000 acres or         
542 square miles

Turlock 
Sub-basin

• Groundwater volume 
of 13 to 23 million AF

Turlock Groundwater SubTurlock Groundwater Sub--basinbasinTurlock Groundwater SubTurlock Groundwater Sub basinbasin
Modesto Tuolumne River

Ceres

TurlockTurlock

Merced



Schematic of SubSchematic of Sub--basinbasinSchematic of SubSchematic of Sub basinbasin Basic Concepts of Mass BalanceBasic Concepts of Mass BalanceBasic Concepts of Mass Balance Basic Concepts of Mass Balance 
ApproachApproach

Recharge
Flow: Qr
Concentration: Cr
M M Q CMass:  Mr = Qr x Cr

GW Flow InGW Flow In

Groundwater System
GW Flow In
Flow: Qi
Concentration: Ci
Mass:  Mi = Qi x Ci

Flow: Qo
Concentration: Co
Mass:  Mo = Qo x Co

∑ Flow In - ∑ Flow Out = Change in Water Storage Volume

∑ Mass In - ∑ Mass Out = Change in Mass∑ Mass In ∑ Mass Out = Change in Mass

Water BalanceWater BalanceWater BalanceWater Balance
• Publically Available Evapotranspiration

777,000 acre‐ft/yr

POTW 
Wastewater
48,000 acre‐ft/yr

Municipal 
Irrigation
19,000 acre‐ft/yr

Water Supply
Evaporation
12,000 acre‐ft/yry

Data From 1997 –
2006 

Food Processor
Facility Land 
Application
(Not Estimated)

Water
Provided for 
Irrigated Lands
950,000 acre‐ft/yr

Precipitation
358,000 acre‐ft/yr

POTW
Surface Water 
Discharge
28,000 acre‐ft/yr

POTW
Land Application
20,000 acre‐ft/yr

Storm Water
and Return
Flow
53,000 acre‐ft/yr

• Representing Average 
Conditions

Irrigation

Unsaturated Zone

• Data Quality and 
Limitations

Recharge and
Seepage
493,000 acre‐ft/yr

Irrigation 
Drainage
12,000 acre‐ft/yr

Groundwater
Extraction
458,000 acre‐ft/yr

Phreatophytes
Evapotranspiration
42,000 acre‐ft/yr

Freshwater Saturated Zone
Storage Decrease
14,000 acre‐ft/yr 

Groundwater
Flow Out
10,000 acre‐ft/yr

Groundwater
Flow In
1,000 acre‐ft/yr

Upwelling of
Saline Groundwater
2,000 acre‐ft/yr

Salt BalanceSalt BalanceSalt BalanceSalt Balance

• Salt Balances for
Exported Food and 
Animal Products
89,000 tons/yr

Soil 
Amendments
23 000 tons/yr

POTW 
Wastewater
40 000 tons/yr

Water Provided for 
Irrigated Lands
203,000 tons/yr

Septic Tank 
Systems
5 000 tons/yrSalt Balances for 

Each Potential 
Source:

CAFO
Imported
Feed
8,000 tons/yr

Food Processor
Facility Land 
Application
11,000 tons/yr

89,000 tons/yr23,000 tons/yr

POTW
Surface Water 
Discharge
23,000 tons/yr

POTW
Land Application
17 000 tons/yr

40,000 tons/yr

Municipal 
Irrigation
6,000 tons/yr

Atmospheric
Deposition
1,000 tons/yr

Storm Water
and Return
Flow
13,000 tons/yr

203,000 tons/yr 5,000 tons/yr

Source:
– CAFOs (Dairies)

Irrigated Food I i ti

Unsaturated Zone
Mineral Dissolution
99,000 tons/yr 

17,000 tons/yr

– Irrigated Food 
Crops

– Municipalities

Groundwater
Extraction
203,000 tons/yr

Recharge and
Seepage
265,000 tons/yr

Irrigation 
Drainage
6,000 tons/yr

– Municipalities
– Food Processors

Septic Tanks

Groundwater
Flow Out
10,000 tons/yr

Groundwater
Flow In
  0 tons/yr

Freshwater Saturated Zone
Salt Increase
57,000 tons/yr 

– Septic Tanks
– Mineral Dissolution

Upwelling of
Saline Groundwater
5,000 tons/yr

Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

MfcMif

Msa
(Soil Amendments)

Mfc
(Harvested Food Crops)

Mif
(Imported Fertilizers)

Msw = Qsw x Csw

Food Crops Mrf = Qrf x Crf
(R t Fl )

(Soil Amendments)

Mgw = Qgw x Cgw

(Applied Surface Water)

(Return Flow)

Mid = Qid x Cid

Mgw = Qgw x Cgw
(Applied Groundwater)

Mmd
(Mi l

Mir = Qir x Cir
(I i ti R h

Mid = Qid x Cid
(Irrigation Drainage)

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)

Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

70 000 tons/yr~0 tons/yr

7,000 tons/yr
(Soil Amendments)

70,000 tons/yr
(Harvested Food Crops)

~0 tons/yr
(Imported Fertilizers)

Msw = Qsw x Csw

Food Crops Mrf = Qrf x Crf
(R t Fl )

(Soil Amendments)(Applied Surface Water)

Mgw = Qgw x Cgw (Return Flow)

Mid = Qid x Cid

Mgw = Qgw x Cgw
(Applied Groundwater)

Mmd
(Mi l

Mir = Qir x Cir
(I i ti R h

Mid = Qid x Cid
(Irrigation Drainage)

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)



Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

70 000 tons/yr~0 tons/yr

7,000 tons/yr
(Applied Surface Water)

7,000 tons/yr
(Soil Amendments)

70,000 tons/yr
(Harvested Food Crops)

~0 tons/yr
(Imported Fertilizers)

(Applied Surface Water)
Q = 221,000 AF/yr

C = 22 mg/L
Food Crops

109 000 /
Mrf = Qrf x Crf
(R t Fl )

(Soil Amendments)

109,000 tons/yr
(Applied Groundwater)

Q = 240,000 AF/yr
C = 335 mg/L

(Return Flow)

Mid = Qid x Cid
Mmd

(Mi lC  335 mg/L

Mir = Qir x Cir
(I i ti R h

Mid = Qid x Cid
(Irrigation Drainage)

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)

Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

70 000 tons/yr~0 tons/yr

7,000 tons/yr
(Applied Surface Water)

7,000 tons/yr
(Soil Amendments)

70,000 tons/yr
(Harvested Food Crops)

~0 tons/yr
(Imported Fertilizers)

(Applied Surface Water)
Q = 221,000 AF/yr

C = 22 mg/L
Food Crops

109 000 /
7,000 tons/yr

(R t Fl )

(Soil Amendments)

109,000 tons/yr
(Applied Groundwater)

Q = 240,000 AF/yr
C = 335 mg/L

(Return Flow)
Q = 25,000 AF/yr

C = 220 mg/L

3 000 tons/yr
Mmd

(Mi lC  335 mg/L

Mir = Qir x Cir
(I i ti R h

3,000 tons/yr
(Irrigation Drainage)

Q = 7,000 AF/yr
C = 280 mg/L

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)

Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

70 000 tons/yr~0 tons/yr

7,000 tons/yr
(Applied Surface Water)

7,000 tons/yr
(Soil Amendments)

70,000 tons/yr
(Harvested Food Crops)

~0 tons/yr
(Imported Fertilizers)

(Applied Surface Water)
Q = 221,000 AF/yr

C = 22 mg/L
Food Crops

109 000 /
7,000 tons/yr

(R t Fl )

(Soil Amendments)

109,000 tons/yr
(Applied Groundwater)

Q = 240,000 AF/yr
C = 335 mg/L

(Return Flow)
Q = 25,000 AF/yr

C = 220 mg/L

3 000 tons/yr
39,000 tons/yr

(Mi lC  335 mg/L

Mir = Qir x Cir
(I i ti R h

3,000 tons/yr
(Irrigation Drainage)

Q = 7,000 AF/yr
C = 280 mg/L

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)

Example: Irrigated Food Crop Example: Irrigated Food Crop p g pp g p
Salt BalanceSalt Balance

70 000 tons/yr~0 tons/yr

7,000 tons/yr
(Applied Surface Water)

7,000 tons/yr
(Soil Amendments)

70,000 tons/yr
(Harvested Food Crops)

~0 tons/yr
(Imported Fertilizers)

(Applied Surface Water)
Q = 221,000 AF/yr

C = 22 mg/L
Food Crops

109 000 /
7,000 tons/yr

(R t Fl )

(Soil Amendments)

109,000 tons/yr
(Applied Groundwater)

Q = 240,000 AF/yr
C = 335 mg/L

(Return Flow)
Q = 25,000 AF/yr

C = 220 mg/L

3 000 tons/yr
39,000 tons/yr

(Mi lC  335 mg/L

82,000 tons/yr
(I i ti R h

3,000 tons/yr
(Irrigation Drainage)

Q = 7,000 AF/yr
C = 280 mg/L

(Mineral
Dissolution)

(Irrigation Recharge
To Groundwater)

Groundwater Salt BalanceGroundwater Salt Balance
Groundwater
Extraction

Irrigation 
Drainage

Extraction
203,000 tons/yr

Recharge and
Seepage
265 000 tons/yr

6,000 tons/yr

GroundwaterGroundwater Freshwater Saturated Zone

265,000 tons/yr

Flow Out
10,000 tons/yr

Flow In
  0 tons/yr

Freshwater Saturated Zone
Salt Increase
57,000 tons/yr 

Upwelling of
Saline Groundwater
5,000 tons/yr

Salt Source Contributions Salt Source Contributions 
Sector or Source Surface 

Water 
(tons/yr)

Groundwater
(tons/yr)

(tons/yr)
CAFOs & Forage Crops 9,000 111,000

Irrigated Agriculture 10,000 82,000

Municipalities 16,000 21,000

Food Processors 7,000 16,000

Septic Tank Systems -- 5,000

Water Supply Seepage (Mineral Dissolution) -- 23,000

Precipitation (Mineral Dissolution) ~0 6,000

Atmospheric Deposition ~0 1,000

U lli f S li G d t 5 000Upwelling of Saline Groundwater -- 5,000

TOTALS 42,000 270,000



Salt Source ContributionsSalt Source ContributionsSalt Source Contributions Salt Source Contributions 
Sector or Source Surface Groundwater

Water
CAFOs & Forage Crops 21% 41%

Irrigated Agriculture 24% 30%Irrigated Agriculture 24% 30%

Municipalities 38% 8%

Food Processors 17% 6%Food Processors 17% 6%

Septic Tank Systems -- 2%

Water Supply Seepage (Mineral Dissolution) -- 9%pp y p g ( )

Precipitation (Mineral Dissolution) ~0 2%

Atmospheric Deposition ~0 0.4%

Upwelling of Saline Groundwater -- 2%

Comparison with DataComparison with Data
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ConclusionsConclusionsConclusionsConclusions

• A Reasonable Salt Source Evaluation WasA Reasonable Salt Source Evaluation Was 
Achieved Using Publically-Available Data and a 
Salt Mass Balance Approach

• Mass Balance Approach Provides a Sensible 
Framework for Salt Management:
– Cost Effective and Simple
– Quantifies Individual Salt Inputs

Id ifi A f F h W k– Identifies Areas for Further Work

Areas for Further WorkAreas for Further WorkAreas for Further WorkAreas for Further Work

• Detailed Salt and Water Balances atDetailed Salt and Water Balances at 
Representative CAFOs, Food Processors, 
and Municipalitiesand Municipalities

• Mineral Dissolution Studies on Effects of 
Soil and Water TypesSoil and Water Types

• Evaluation of Local Estimated Salt 
C t ib ti f F tili d S ilContributions of Fertilizers and Soil 
Amendments

Potential Policy ImplicationsPotential Policy ImplicationsPotential Policy ImplicationsPotential Policy Implications

• Regional Salt Management Should Include g g
Source Control, Focusing on “Low-Hanging 
Fruit”, Identified Through Mass Balances and 

SFeasibility Studies
• Facilitates Coordination Among Stakeholders for 

D l i R l t A d S li itDeveloping Regulatory Approved Salinity 
Management Plans
Promotes Regulatory Efforts Without Prolonged• Promotes Regulatory Efforts Without Prolonged 
Additional Study or Detailed Groundwater Flow 
and Solute Transport Modelingand Solute Transport Modeling


