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• Groundwater Supply
• Groundwater Quality
• Regulations & Monitoring
• Dairy and groundwater impacts

http://nationalatlas.gov/mapmaker
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GENERAL PROPERTIES (exceptions are the rule!)
• K values = 1 m/d – 100 m/d
• gradients 0.1 – 1%
• effective porosity of 5-15%
• velocity: ~101 m/a to ~103 m/a
• recharge rates:  < 10 mm/a to 500 mm/a
CHALLENGES:
• overdraft: up to 0.3 – 1 m/a head loss (30 – 200 mm/a gw loss)
• subsidence up to 1 m per 10-50 m drawdown
• pollution: 0.2 – 0.5 mg N/L annual increase in nitrate-N

fractured bedrock of California’s mountain ranges

Sediments
=> result of erosion, water, wind, 
lake deposition, ocean bay 
deposition





Sethi et al., J. Hydrology, 2008

Baseflow (% of Streamflow)

Baseflow [mm]



Largest
Water Users

India
China

United States
Pakistan

Japan
Thailand
Indonesia

Bangladesh
Mexico

Russian Federation

modified from:
United Nations World 
Water Development 
Report, 2009

Largest
Groundwater Users

(80% of global)
India
China

United States
Iran

Bangladesh
Pakistan

100 km3

= 80 MAF

CA:

4,000 km3

3,200 MAF
+6,400 km3

+5,100 MAF
from rain

to ag

Global Use:

55

from: United Nations World Water Development Report, 2009

Rainfed agriculture = 80% of cultivated land, 60% of crop production
Irrigated agriculture = 70% of applied water use, 90% of consumptive use

20% of cultivated land, 40% of crop production



modified from: United Nations World Water Development Report, 2009

Asia: 30%
US: 42%
CA: 30%-60%

domestic
water use

manufacturing
water use

agricultural
water use

total
water use

percent of water use from groundwater:

California and USA: USGS Circular 1268 (for year 2000); http://pubs.usgs.gov/circ/2004/circ1268/
World: Pacific Institute 2008-2009 World Water Report, Table 2-1

USGS Circular 1405, 2014

UN World Water Development Report II, 2006

Shah, Villholth, Burke, “Groundwater: a global assessment of scale and significance”,  IWMI, 2007

Total irrigated area / 
consumptive use:

300 Mha / 1,277km3

GW irrigated area / 
consumptive use:

112 Mha / 545 km3

Siebert et al., 2010

Modified with world population map from: Nature 439, 800 (16 February 2006) | doi:10.1038/439800a 



• Groundwater Supply
• Groundwater Quality
• Regulations and Monitoring
• Dairy and groundwater impacts

UN World Water Development Report II, 2006

Note: 10 mg N/l = 10 kg N/km2/yr for each 1 mm/yr recharge

Dubrovsky et al., USGS, 2010 Dubrovsky et al., USGS, 2010

CVSALTS, High Resolution Ambient Water Quality Mapping, Draft, May 2016 Central Coast Cooperative Groundwater Coalition Report, June 2015; Central Coast RWB Website



CVSALTS, Tasks 7 and 8 – Salt and Nitrate Analysis for the Central Valley Floor
Final Report, December 2013

Figure 7-14

33Assume: All Manure Remains On‐Dairy

Irrigation water
Atmosphere

Synthetic
Fertilizer

Biosolids

Effluent

Poultry, Swine 

Dairy Manure

Atmosphere
Runoff

Leaching to 
Groundwater

Harvest

18

Total Nitrogen Inputs:
420,000 tons N/yr

Total Nitrogen Outputs:
420,000 tons N/yr

Nitrate Contamination Will Persist

• Nitrate 
contamination 
will worsen for 
years/decades

• Direct 
remediation of 
groundwater is 
extremely costly

RED:    ABOVE THE NITRATE MCL (45 mg/L)
DARK RED:   ABOVE TWICE  THE NITRATE MCL (90 mg/L) Estimated locations of the area’s roughly 400 regulated community public and state-documented state small water 

systems and of 74,000 unregulated self-supplied water systems. Source: Honeycutt et al. 2012; CDPH PICME 2010.



Exceedance Probability,
Nitrate above 45 mg/L  (MCL)

Eastern Tulare Lake Basin

• Groundwater Supply
• Groundwater Quality
• GW Quality: Regulations and Monitoring
• Dairy and groundwater impacts

Surface Water 
Quality

Ground Water 
Quality

Point Sources of Pollution

Nonpoint Sources of Pollution

1970s ‐ now
Clean Water Act:                           

NPDES Permits

1980s – now
CA pesticide contamination

prevention act 
2010s ‐ future
CA Porter‐Cologne:

Dairy Order
ILRP/Ag Orders
CV‐SALTS

2000s ‐ now
Clean Water Act:                           

TMDL

1980s ‐ now
Superfund, TSCA, RCRA, FIFRA

Modified from: EOS, Transactions, AGU 2001

from: Parker, Beth L., Cherry, John A. & Swanson, 
Benjamin J., 2006. A Multilevel System for High-
Resolution Monitoring in Rotasonic Boreholes.
Ground Water Monitoring & Remediation 26 (4), 57-73.
doi: 10.1111/j.1745-6592.2006.00107

from: http://www.ems-i.com

Harter, California Agriculture, 2015

• Identify impacts (human health, environment, economy) and risk drivers

• Identify & prioritize parties to be regulated (universal v structured/categories)



Harter, California Agriculture, 2015

• Identify risks: e.g., Groundwater Assessment Reports (ILRP)

• Identify parties to be regulated, e.g., vulnerability zones (ILRP)
• SCIENCE

– NPS source control
– NPS pollution soil/groundwater fate, transport
– NPS pollution assessment, monitoring

• REGULATORY FRAMEWORK
– Enforcement: Paradigm shift in monitoring 

approaches
• AGRICULTURE (largest NPS!)

– Socio-cultural change needed to work within 
new regulatory framework

SAGBI
Accounting for 
Deep Tillage

Toby O’Geen et al., California Agriculture 69(2):75-84, 2015 Menus of Change, Annual Report 2015

• Groundwater Supply
• Groundwater Quality
• Regulations and Monitoring
• Dairy and groundwater impacts



• Sources of N:
– Feedlot
– Lagoon
– Storage areas
– Manured fields
– Fertilized fields
– Various crops
– Septic system

Irrigation Water Source
Salt Input, kg ha-1 Annual Salt 

Loading 
kg ha-1Winter Forage Summer Corn

East Side Sources 86 310 404

Wastewater + East Side 1356 2284 3615

West Side Sources 828 2983 3794

Wastewater + West Side 2000 4792 6452

Computed using “Watsuit” Model. Crop uptake is considered. Agronomic manure application rates. Scenario: 
Annual Summer Corn/Winter Forage Double Cropping with 250 and 150 lbs per acre of N inputs, 
respectively; annual water inputs are rainfall 12 inches ((30.48 cm), winter irrigation 10 inches (25.4 cm), and 
summer irrigation 36 inches (91.44 cm); and leaching fraction is 0.3. (UC Committee of Consultants Report, 
UC ANR Communications, 2007; http://anrcatalog.ucdavis.edu/DairyCattle/9004.aspx ).

130 – 220  S/cm

1,200 – 1,900 S/cm
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Campbell and Harter et al., GRA, 2006


