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Presenter
Presentation Notes
Perspectives on upcoming challenges and ongoing efforts to address key issues reported on by the SBX2 1 study.

Acknowledge SBX2 1 study team
Mention health impacts of nitrate

Transition to next slide:  there is a number of ways to look at the issue of nitrate in drinking water – my perspectives are centered on groundwater (my soapbox)


B, Understanding Challenges to
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Breaking down the issue:
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. Environmental
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Presentation Notes
In understanding challenges around any env issue, we need to understand the science behind the issues, the law, the regulatory agencies, and the various stakeholders. Let me begin with the science (SBX2 1 study).


Background

 Groundwater v watersheds

e Dairy and groundwater impacts
 Regulations

* Monitoring



2012 Western US Dairy Cow Inventory
» 1 Dot = 1,500 Dairy Cows " "-

Study Area I:I

Central Valley, CA: 1,58

Includes Fresno, Glenn, Kern, Kings, Madera, Merced,
Sacramento, San Joaquin, Solano, Stanislaus and Tulare Counties

9 Magic Valley, ID: 411,653 Cows

Includes Cassia, Gooding, Jerome, Lincoln, /£ L

Minidoka and Twin Falls Counties MNOTES: Central Valley Study Area is the intersection of the 11
counties and the groundwater basin. Texas/NM Study Area is

9 TX / N M , 357 288 COWS the intersection of the 10 counties and the Ogallala Aguifer.
- F

Dots are randomly placed within a county and do not |
Includes Curry and Roosevelt Counties in NM represent specific locations of dairy operations. Counties with
and Bailey, Castro, Dallam, Deaf Smith, Hale fewer than 1,500 cows are not depicted with dots. Data
’ r . ] r
EoiE obtained from the 2012 USDA Census of Agriculture.
Hartley, Lamb, and Parmer Counties in TX. E




United States Aquifer Map

http://nationalatlas.gov/mapmaker


http://nationalatlas.gov/mapmaker

U.S. Sand & Gravel Aquifers

GENERAL PROPERTIES (exceptions are the rule!)
e K values =1 m/d — 100 m/d
' e gradients 0.1 — 1%

« effective porosity of 5-15%

e velocity: ~10! m/a to ~10% m/a

e recharge rates: < 10 mm/a to 500 mm/a

CHALLENGES:

e overdraft: up to 0.3 — 1 m/a head loss (30 — 200 mm/a gw loss)
e subsidence up to 1 m per 10-50 m drawdown

e pollution: 0.2 — 0.5 mg N/L annual increase in nitrate-N

" Unconsolidated sand and gravel aquifers at or near the land surface.
Semiconsolidated sand and gravel aguifers.

W Sand and gravel aquifers of alluvial and glacial origin are north of the
line of continental glaciation.

http://water.usgs.gov/ogw/aquiferbasics/uncon.html
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Unconsolidated sand and gravel aquifers include:
Basin and Range basin-fill aquifers (southwestern U.S.)
Rio Grande aquifer system
California Coastal Basin aquifers
Central Valley aquifer system (California)
Pacific Northwest basin-fill aquifers
Puget Sound aquifer system
Willamette Lowland basin-fill aquifers
Columbia Plateau basin-fill aquifers
Snake River Plain basin-fill aquifers
Northern Rocky Mountains Intermontane Basins aquifer system
High Plains aquifer
Sand and gravel aquifers of alluvial and glacial origin
Pecos River Basin alluvial aquifer (Texas and New Mexico)
Mississippi River Valley alluvial aquifer
Seymour aquifer (Texas)
Surficial aquifer system (eastern U.S.)
Unconsolidated-deposit aquifers (Alaska)
South Coast Aquifer (Puerto Rico)
Semiconsolidated sand and gravel aquifers include:
Coastal lowlands aquifer system (Gulf Coast)
Texas coastal uplands aquifer system
Mississippi embayment aquifer system
Southeastern Coastal Plain aquifer system
Northern Atlantic Coastal Plain aquifer system
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Presentation Notes
By bathtub I mean this: the mountains that we see, actually continue – like a bathtub wall – below the valleys and basins. Like a bathtub filled with sand, these so-called bedrocks hold the sediments that have eroded off the mountains, and were transported into the basins and valleys by rivers. Much of our groundwater basins are made up off so-called alluvial (river-deposited) sediments. Those are our groundwater-richest aquifers.
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Presentation Notes
Mother nature didn’t leave this “dirt-pile” empty. Mountain rivers recharge the sediments with groundwater when they exit the mountains and flow over the surfaces of these sedimentary basins; and some of the precipitation also percolates into the sediments – gradually filling the basin with groundwater.
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Presentation Notes
Mother nature didn’t leave this “dirt-pile” empty. Mountain rivers recharge the sediments with groundwater when they exit the mountains and flow over the surfaces of these sedimentary basins; and some of the precipitation also percolates into the sediments – gradually filling the basin with groundwater.
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…and more…
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…and more…
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…and then some more.  Where will the groundwater first appear at the surface? Can you guess?
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….at the lowest point in this basin, which is where we usually have a river.
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When the groundwater basin is full from recharge that either came from excess precipitation or from streams exiting the mountain ranges, groundwater flows from the points of recharge towards the low spot in the valley, where it then discharges into a stream.  This is partly the reason why you see streams running water long after the last rain has fallen and long after the last snow has melted away, even if there is no upstream lake reservoir that is releasing summer irrigation water.


= Groundwater Contribution to

Streamflow: Baseflow

Baseflow (% of Streamflow)

Sethi et al., J. Hydrology, 2008

Ground Water Regions (Heath, 1984)

Baseflow (mm)
0-50
51-100

[ ]101-200

[ ]201-400
[ 401-700

Baseflow [mm] b

B 1501 - 1850
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Presentation Notes
So let’s get back to our simplified groundwater basin, where groundwater flows along the water table gradient of the water level – from the foothills to the bottom of the valley, discharging into a stream.


o



Presenter
Presentation Notes
So let’s get back to our simplified groundwater basin, where groundwater flows along the water table gradient of the water level – from the foothills to the bottom of the valley, discharging into a stream.
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As we built cities and started irrigating fields over these basins, we needed more water and drilled wells. Groundwater near wells flows into the well screen, thus diverting some of the water that would have ultimately gone to the stream. This is a bit simplified, of course,…
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In California, most of this groundwater pumping happens in the summer…
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…and as it stops over the winter months, the water levels recover in response to recharge refilling the groundwater basin.
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During the next irrigation season (whether for city lawns or agricultural crops), the cycle starts over – water levels drop for some time….
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…then recover…
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…and drop again…
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…and recover….
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…in dry years, the water levels may drop much further – for one because less water is recharged from the mountain rivers entering the valley; and for another, because we typically pump more groundwater to make up for the lack of surface water.
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When a significant amount of groundwater is being pumped, our stream reverses from a mostly gaining stream to a mostly losing stream….


o



Presenter
Presentation Notes
…and ultimately to a dry stream. The Cosumnes River just south of Sacramento is one such example of a stream that falls dry during the summer, because it lost its connection to groundwater. In Southern California and other Western States, the loss of that connection occurred almost as soon as cities and agriculture began developing.

Now if this downward trend in water levels continues for many years, without every recovering to some higher levels, then we have what we call an “overdraft”. Eventually, overdraft leads to emptying out a groundwater basin.


Total irrigated area /
consumptive use: x |
300 Mha/1,277km3 | | . % e
ULk g ' AR
o ¥ ‘E{._" ﬁ’ [ | o i ]
GW irrigated area / \  Fw ', ,I |
consumptiveuse: [\ \ o\ | t i
112 Mha / 545 km® [/
e TS \ : s ssas
PR ¥ i
Siebert et al., 2010 e ' -
| 1] : =10 I‘Iﬂ-1.lillil 100 - 1,000 > 1,000 (milions of m fyear per grid cel)

UN World Water Development Report Il, 2006

Shah, Villholth, Burke, “Groundwater: a global assessment of scale and significance”, IWMI, 2007
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I updated these from earlier numbers reported by IWMI, 2007:
Total irrigated area: 1,200 MAC/480 Mha
GW irrigated area: 320 MAC/130 Mha

Total groundwater extraction for agricultural uses are thought to be on the order of 1,000 cubic kilometers –approximately 800 MAF or 50 times the amount of groundwater used in California alone.

Approximately 250-320 million acres or 100-130 million hectare, more than one quarter of all irrigated cropland is thought to be partly or fully groundwater-irrigated. The most intensive groundwater extraction occurs in the circled regions as mentioned earlier.
NEXT

Footnotes:
See in THOM\Extens\Literature\Global water for source report

* Approximately 70% of all available water is used for irrigation.
* Land in agricultural use has increased by 12% since the 1960s to about 1.5 billion hectares.
* Current global water withdrawals for irrigation are estimated at about 2,000 to 2,555 km3 per year.
* Irrigated area as a proportion of irrigation potential in 1999:�   - World: 50%�   - Sub-Saharan Africa: 13%�   - South Asia: more than 85%
* Pasture and crops take up 37% of the Earth's land area.
* Poor drainage and irrigation practices have led to waterlogging and salinization of approximately 10% of the world's irrigated lands.



Population Map of the World

& Major GW Withdrawal Centers

ANTARCTICA

Modified with world population map from: Nature 439, 800 (16 February 2006) | doi:10.1038/439800a
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So, we have established the important link between groundwater and agriculture.

If we instead put the heavy groundwater use centers in the context of regional population centers around the globe – here on a map with land areas distorted proportional to the population density - the importance of groundwater for both, global food security and rural livelihood becomes even more impressive.


N
- t)

0 <1,000 1,000 - 5,000 5,000 -10,000 =10,000 (kg H.Ikmz.l'}ﬂ - Sewage Fixation - Lvestack - Deposition - Fertilizer

Note: 10 mg N/I = 10 kg N/km?/yr for each 1 mm/yr recharge

UN World Water Development Report Il, 2006
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The rest of the talk focuses mostly on ONE contaminant as part of ONE particular industry: NITROGEN fluxes in DAIRIES.

300 mm average groundwater recharge in flat agricultural basins on unconsolidated sediment (irrigated or moderate climate) => 10 mg N/l = 3,000 kg N/km2/yr

 Also: in many areas of the world, fertlizer AND manure is key source to be managed


[ |:| Study Areas
|:| Native Vegetation
- Barren

- Riparian Vegetation
- Water Surface
:] Urban

|:| Citrus and Subtropical

l:] Deciduous Fruits and Nuts - Vineyards

B R ;
|:| Field Crops
|:[ Grain, Rice, and Hay
[ e
- Pasture
[ ] Atfaifa

- Semiagricultural and Incidental to Agriculture
- Vegetable, Nursery, and Berry Crops

20

40 60 Mi
I |

0
L
[ [
0

30
http://groundwaternitrate.ucdavis.edu

| 1
60 90 Km



Presenter
Presentation Notes
SBX2 1 study focused on TLB and SV => representative for many ag-rural areas in CA

4 million acres of irrigated agriculture, 2.6 million people, 58 different crop groups


Scenario D (Study Area)
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In the long run, we need to focus on reducing sources of groundwater nitrate….. These include (transition to next slides…) WWPT/FPs, septics, but – most of all – agriculture.


=)

tal Nitrogen Inputs:
420,000 tons N/yr

Irrigation water

Atmosphere

Synthetic
Fertilizer

Biosolids
Effluent

Poultry, Swine

Dairy Manure

Atmosphere

Runoff

Leaching to
Groundwater

Harvest

Total Nitrogen Outputs:

420,000 tons N/yr
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Key Points:

Brown needs to take on the color of yellow: manure is a difficult fertilizer (like a wild teenager for a delicate task;  or like trying to drive under the speed limit without a speedometer, while trying to keep up with everyone else on the freeway).

This is NOT about abandoning agriculture in California. Globally, we need agriculture. 70% more food/feed/fiber/fuel producion by 2050.

Consumers need a choice => make nitrogen footprint part of the food label to give sustainable ag a market value

DON’T TALK ABOUT UNCERTAINTY.


Well Nitrate Concentration |
Maximum Finding 2000-2009
[mg/L as Nitrate]

. up to 2.0

° 21-10.0
10.1-225
226-450

e 451-90.0

. over 90.0

0
[
I
0 30 60
http://groundwaternitrate.ucdavis.edu

s

RED: ABOVE THE NITRATE I\/ICL (45 mg/L)
DARK RED: ABOVE TWICE THE NITRATE MCL (90 mg/L)

Nitrate
contamination
will worsen for
years/decades

Direct
remediation of
groundwater is
extremely costly
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…and confirmed that there is a widespread risk for nitrate above MCL in raw water supplies,….


A All Water Systems

L)

b o IT"p'_'; o -"f. # ﬂ:p b
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.
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Kristin
Here we have a map of all water systems in the study area, with the white markers indicating community public and state small water systems , and the blue smaller markers indicating our estimated location of household self-supplied and local small water systems


Percent Of CVHM Cells Containing
a Well With Nitrate >= 10 mg/L (as N}

Out of Total Number of Cells Containing Nitrate Data
Years: 2000-2012

W CVHM Cell Containing a Well >= 10 mg/L NO3-N

CVHM Call Containing Nitrate Data

Percent

- - 20%

21% - 40%

B 41% - 60%

N 51% - 80%

wtRrr-thre

Central

4
afc

Merced/Stanislaus Model Area

CVSALTS, Tasks 7 and 8 — Salt and Nitrate Analysis for the Central Valley Floor

Final Report, December 2013

Figure 7-14 Mikes




Model for shallow groundwater

EXPLANATION

Predicted nitrate concentration, in milligrams per liter as N

, 2010

USGS

Dubrovsky et al.

[ ] Missing data

B o

[ =510

-5

)




Model for deep groundwater used as drinking water (50-m simulation depth)

EXPLANATION

Predicted nitrate concentration, in milligrams per liter as N

]« [ 1> [ >5-10 [l >0 [ ] Missing data Dubrovsky et al., USGS, 2010




e Predictions Using
&

Groundwater Nitrate Loading

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

60
50
40
30 | Model Predictions

20

Measured Data

Percent of wells exceeding the nitrate MCL

Eastern Tulare Lake Basin

0 1 | 1 | 1 1 | 1 |
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Year
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…a problem that has been around and increased for decades, and that will continue to increase for some time until source control actions begin to take hold. A decadal effort.
=========================
Based on highly detailed groundwater flow and transport models for the Tulare Lake Basin  All wells including deep and shallow and data shown is for the Eastern Alluvial/Fluvial Fans.
Thickness of the swath shows the confidence interval for percent exceedance. Dip in the measured data in the 1980’s reflects Public Supply wells being tested and reported 
 % of wells below MCL increases.  Also much less data in the 60’s and 70’s.
The data shows 10-20% exceedance rates, and this is projected to increase through time.  Projections show that exceedance rates will increase in the fugure.  By 2050, we predict that 25-50% of wells in the Eastern TLB will exceed the MCL.

See up and down, but little data, 1972 is when reporting came in!!!!
�


Background

 Groundwater v watersheds

e Dairy and groundwater impacts
 Regulations

* Monitoring



% Farm Sources of Diffuse GW Pollution:

e Example - Dairies

. Sources of N:
Feedlot
Lagoon
Storage areas

Manured fields
Fertilized fields
Various crops
Septic system




& Dairy Manure Annual Salt Loading

& to Groundwater
Salt Input, kg ha't Annual Salt
Irrigation Water Source Loading
Winter Forage | Summer Corn | kg ha!
130 — 220 pS/cm
East Side Sources 86 310 404
\Wastewater + East Side | 1396 2284 3615
1,200 = 1,900 nuS/cm
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 Ibs 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 ).
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This is the loading in RECHARGE not in APPLIED WATER.
Typical Recharge:  0.3 – 0.5 m
404 kg/ha in 0.3 m  / 0. 5 m of recharge = 135 mg/l  / 80mg/l    EC range: 130 - 220
3615 kg/ha in 0.3 m / 0.5 m of recharge = 1205 mg/l  / 723 mg/l   EC range 1200 - 1900

http://anrcatalog.ucdavis.edu/DairyCattle/9004.aspx

.Nitrogen

Jairy Management Ur

GW Flow pm
~Salinity- |

Harter et al.,
J. of Contam. Hydrolog

April 2002




&

e Dairy
= DTW: 80-120 ft bgs
= Wells: multi-level

—my Measured Groundwater Age in Multilevel Groundwater Wells

Groundwater Age vs Depth below Water Table

Tritium/Helium-3 Mean Apparent Groundwater Age

0 5 10 15 20 25 ]
0 T T T T

= = I
g 10 | W u
=
g 20 ——
=

z
ﬁ 30 -
E 40
2 50 B Dairy 36-15

= ® Dairy 36-15, MW-4 & =
=]

30 | 1 1 |
0 5 10 15 20 25
|
Observations
3 ;
= Young groundwater present 5 BB 20y
= Age increases with depth in 2B: S yr
both multi-level wells & across _ 1 :
the site 1B: 2 yr one-half mile

= No significant saturated-zone
denitrification in monitor wells

Courtesy, Brad Esser & Jean Moran, LLNL, 2009




—l; Assessment: Field Trials & Modeling Transport and Fate of

Nitrate and Salts
=> improved management practices

140
® Measured
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VanderSchans et al., Ground Water, 2009
for further publications: http://groundwater.ucdavis.edu/gw_201.htm
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Another way to go about it:  groundwater measurements in field trials (rarely done)

Be very detailed here about our experiments, describe project, mention CoC report, webpage


0 50 100 150 200 250 300 600

B-lactams

cephalosporins
florfenicol
macrolides

sulfonamides

teacyclines | |
cocoidostat | |

Estimated amount by primary classes of antibiotics

Light blue shows the maximum amount i.e. if used on all the heifers and cows every day.

Watanabe et al., Env.Sci.Tech, 2010
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The same result as the previous slide, shown by primary classes of antibiotics.
Shown as ranges (simillar to the previous slide).  The minimum estimate is shown in dark blue, the maximum estimate is shown in light blue. 
Majority of aminoglycosides is neomycin, tetraciclines are oxytetracycline (~80%) and chlortetracycline (~17%), coccidiostats is lasalocid.


T
C: Groundwater occurrence

Sulfadimethoxine

Dairy |

(Mg/L)

Watanabe et al., Env.Sci.Tech, 2010




Microbes in Wastewater

&

E. Coli |[EnterococcusiCampylobacterSalmonella

(cfu/100mL) (cfu/100mL) (cfu/100mL) (MPN/100mL)
Dairy I
Flt%hwater B _HER |/ /BN s 0w B ]
Calf hutches

flush water @B BN°J@e | afCom BN 9
Lagoon H / HER_ | /B R as & =N

Dairy II
Flishwater H_JEE B _|JEE ®_ces =- @
Lagoon B _BER | BE| =_..an J B
E.Coli, Enterococcus, Salmonella
m Oct. 06  Campylobactor = <101
Feb. 07 = <107 m 101~100
Apr. 07 m 102~103 m 109~10!
Sp {07 m 103~10% MW 101~102
m SEpt. W 104~105 H> 10

mFeb.08 > 105

Li, Watanabe et al., in prep., 2011
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Frequency of Indicator Bacter
Dairy Groundwater

Frequency of detection

90

80

70

60

W E coli
Enterococcits
— [ R =
Domestic Lagoon  Excerise field Upgradient Corral

Type of land use proximity to monitoring wells

Harter et al., 2014; Li et al, 2015 (in preparation)



Steroid Hormones

&

Steroid Hormone Concentrations at a Dairy Farm

1000
T Hl Testosterone 04/03
Sou rce (Dal ry I—agoon) Hl Testosterone 09/03
T Estradiol 04/03
100 Estradiol 09/03

H Estrone 04/03

Estrone 09/03

B Androstenedione 09/03
O Progesterone 09/03

Medroxyprogesterone 04/03

Concentration [ng/L]
o
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N roundwater Wells <

Kolodziej et al., Env.Sci.&Tech., 2004



- DOC and DBP-forming Potential

<

20 - 17 16

DOC
(mg/L)

ODOC
W STHMFP

10 - 8

STHMFP (mmol/mol)

0 | | -0
Corral Well Manured Field Tile Drain Domestic Well Upgradient Well
Well



Background

 Groundwater v watersheds

e Dairy and groundwater impacts
 Regulations

 Monitoring



N

- Regulating Water Pollution Sources

<

([ Point Sources of Pollution

1970s - now
Clean Water Act:

Surface Water
Quality

N
\

NPDES Permits

Nonpoint Sources of Pollution

Ground Water
Quality

AN

g
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It turns out that nonpoint sources of groundwater pollution are largely ignored by federal pollution regulations.  National pollutant control is better understood if we consider the two principal dimension of water pollution:

Pollution sources, which can be broadly divided into point source nonpoint sources, and
The receiving water bodies, which can be broadly divided into surface water and groundwater

The Clean Water Act of 1972 is focused solely on pollutant discharges to surface water and does not require permits for waste discharges to groundwater.  Initial efforts were focused on discharges into streams and lakes from point sources, such as industrial sources and wastewater treatment plants.


 Regulating \

<

([ Point Sources of Pollution

1970s - now
Clean Water Act:

Surface Water
Quality

AN

\

NPDES Permits

2000s - now
Clean Water Act:

TMDL

Nonpoint Sources of Pollution

ater Pollution Sources

Ground Water
Quality

AN
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New challenges were brought about in the 1990s and 2000s, when EPA began to enforce the “Total Maximum Daily Load” or TMDL portion of the Clean Water Act, a provision that forced state and federal agencies to develop new approaches that would effectively regulate nonpoint sources of surface water.


s Regulating Water Pollution Sources

( of
([ Point Sources of Pollution
1970s - now
Clean Water Act:
NPDES Permits 1980s - now

Superfund, TSCA, RCRA, FIFRA

Ground Water

Quality
N

Surface Water

Quality
N

2000s - now
Clean Water Act:
TMDL

O | | 7
Nonpoint Sources of Pollution
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New challenges were brought about in the 1990s and 2000s, when EPA began to enforce the “Total Maximum Daily Load” or TMDL portion of the Clean Water Act, a provision that forced state and federal agencies to develop new approaches that would effectively regulate nonpoint sources of surface water.


:f RCRA Groundwater Monitoring

o Affected parties:

— TSDFs (transport, storage, and disposal facilities)
« Permitted facilities vs. Interim facilities (existed prior to RCRA rules)

— MSWFs (municipal solid waste landfills
e Detection monitoring
— 1 or more monitoring wells upgradient
— 3 or more monitoring wells downgradient
— Objective: SSI (statistically significant increase)?

o Compliance monitoring / Assessment monitoring
— Objective: groundwater protection standards exceeded?

e Corrective Action
— Treatment
— Clenaup

— Cease and deS|St http://www.epa.gov/osw/hazard/tsd/td/Idu/financial/gdwater.htm

http://www.epa.gov/solidwaste/nonhaz/municipal/landfill/financial/gdwmsw|.htm
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TSDFs:  compliance monitoring
MSWFs:  assessment monitoring

http://www.epa.gov/osw/hazard/tsd/td/ldu/financial/gdwater.htm
http://www.epa.gov/solidwaste/nonhaz/municipal/landfill/financial/gdwmswl.htm

T Regulatory Approaches to
¢ Groundwater Protection and Monitoring

Saturated Rt ‘ B e
zone B

Separate  Dilution Anaerobic Aerobic
phase fuel biodegradation biodegradation

Modified from: EOS, Transactions, AGU 2001




Regulatory Approaches to

Groundwater Monitoring

0540 20 30 ‘lelnr:
O —

Vertical Exaggeration = 5x
MP14 MP13R MP12 MP11

Total Chlorinated Ethane Concentrations

0 Mullilevel Samping Localions I C ons L
[0 Conventional Well Locations (scresns) Contour Map and Data Points

Calors Represent Concentration Resuits Emo-5 B 250 - 500
Empty Circles = Non-datect B0 I E00 - 1000
See Scale (Tefl] for Concentration Values B 50 - 100 1000 - 2500
“cWDL" - detecied, bul nof quaniified B 100 - 250 2500 - 5000

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




&%  What Does a Monitoring Well Monitor
in Irrigated Agriculture?

|

Q.

Slope of
the water
table: i

\

=

d,
... s 0=

Aquifer hydraulic conductivity: K

Horizontal flow: g = K *i (Darcy’s law)
Vertical flow: r (recharge)

Monitored source length, s =d * g/r



= Monitoring Well: Source Area
&

Recharging vs. Non-Recharging Source

Non-recharging source
v r=0

‘q

'
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MW Well Design: Varying Water
Table in Heterogeneous Aquifer

(a) Screen (length ~ 20’) located at water table, but not intersecting sand layer
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(b) Screen (length ~ 20’) located in sand layer
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Presentation Notes
20’ – 40’ screen length does not automatically guarantee that an entire source is monitored => set screen in aquifer materials only.
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- UC Davis Multilevel Well Design
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" Source Area of a Barn / Irrigation Well
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% Why is Nonpoint Source Pollution Different from

<

Scale
— Millions of acres vs. 1-10 acres

e |Intensity

— Within ~1 order magnitude above MCL vs.
many orders of magnitude above MCL

* Hydrologic Function
— Recharge vs. non-leaky

 Frequency
— Ongoing/seasonally repeated vs. incidental

 Heterogeneity & Adjacency
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Presentation Notes
But none of these efforts significantly controls nonpoint sources of groundwater contamination. Even in jurisdiction, where groundwater pollution from nonpoint sources is being regulated – most prominently perhaps the European Union and California – regulators are challenged due to widely ignored, fundamental differences between nonpoint source dynamics and point source dynamics….. (see slide)….


?FOCUS: Enforcement Monitoring

Example of Working with a Regulation: Speed Limit

Responsible Party: Feedback:
Driver Speedometer

Enforcement:
Management Tool: Radar Controls
Brakes
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Presentation Notes
Among the leading challenges at controlling nonpoint sources is the development of an effective regulatory approach. Most regulatory approach have several common elements, demonstrated here for the regulation of traffic speed through speed limits, as one commonly known example of regulation.  Traffic speed is regulated by designating a responsible party, the driver; providing the driver with a feedback mechanism that will tell her or him the speed of the vehicle; a set of management tools to control the speed (gas and break pedals); and enforcement tools employed by the regulatory institution, here the highway patrol using radar guns.


?FOCUS: Enforcement Monitoring

Applying Point Source Approach to Nonpoint Source:

Responsible Party: Feedback:
Landowner missing

Enforcement:

Management Tool: Monitoring Wells
$$S “agronomic”
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Presentation Notes
In summary, under the federal framework to control water pollution for more than 40 years, the many tools developed leave critical gaps in controlling nonpoint sources:

Management tools are only broadly defined, requiring for example agronomic management of agricultural chemicals, which are in fact driven primarily by economic drivers.

Feedback on groundwater emissions to the farmer – a key point source – is entirely missing

And monitoring wells now required by some states for nonpoint sources are more like an old-fashioned cannon than a highly precise radar gun.
Not specific to one car in determining the speed => potentially many cars at once
Measurement not available until a months or a few years later / reflective of speed months/a few years ago


?FOCUS: Enforcement Monitoring

Alternative Monitoring Approach to Nonpoint Source:

Enforcement:
Annual Nitrogen Budget
Responsible Party: Feedback: +
Landowner Nutrient/Water Monitoring Management Practice
& Assessment Assessment
\ +
Management Tool: Regional Trend Monitoring

Water and Nutrient Management
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- Regulating Water Pollution Sources

<

([ Point Sources of Pollution

1970s - now
Clean Water Act:
NPDES Permits

1980s - now
Superfund, TSCA, RCRA, FIFRA

Ground Water
1980s — now QU d I |ty

CA pesticide contamination
prevention act A

Surface Water

Quality
N

2000s - now 2010s - future
Clean Water Act: CA Porter-Cologne:
TMDL Dairy Order

ILRP/Ag Orders

\__ . CV-SALTS
& INonpoint Sources of Pollution
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Presentation Notes
In California, examples of these programs include:
The California Dept of Pesticide Regulation program on pesticide use reporting and groundwater monitoring,
And a number of emerging regulatory programs to control dairy groundwater emissions, irrigated land groundwater emissions, and a broader mandate to the water quality regulatory agencies to contol salt and nutrient sources of groundwater contamination.
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" Areas of Research Strengths

Soll physics, hydrogeology, fate and transport in
the subsurface

Dairy system N, P fluxes, mass balances
Engineering of facility isolation (liners)
Monitoring well construction, sampling
Dairy impact in alluvial aquifer systems
Nitrate, pathogen impacts



& Areas of Research Weakness

 Manure/nutrient management effects on groundwater

« Dairy groundwater research in non-alluvial groundwater
systems

* N: atmospheric emissions / mass balance

e Impacts from:
— Pathogens
— Antibiotics and other pharmaceuticals
— Steroid hormones
— Antimicrobial resistance
— Salts

o Effective monitoring & reporting systems
« Groundwater overdraft & clean recharge



Key Future Research Areas

Management practice evaluation w/ respect to
groundwater
— “waste discharge” as function of mgmt practice

o “proxy” monitoring systems (instead of groundwater
monitoring)
— Nitrogen budget
— Management practice evaluations
— Soil / deep root zone monitoring

e Impacts from non-N contaminants in vulnerable systems
« Remediation/ pump & fertilize / drinking water treatment
* Integration part of all of the above



B, Understanding Challenges to

€ Sustainable Dairy Management

Stakeholders

Science Environmental Law

|ssue

Regulator
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Presentation Notes
In understanding challenges around any env issue, we need to understand the science behind the issues, the law, the regulatory agencies, and the various stakeholders. Let me begin with the science (SBX2 1 study).


Vision for Regulating Nonpoint

Sources of Groundwater

e 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!)

— Soclo-cultural change needed to work within
new regulatory framework




& Future of Groundwater Management
&

In Agricultural Regions:
Opportunity for creative solutions to
simultaneously address
e groundwater supply enhancement
e groundwater quality improvement
 drinking water protection
e economic viability of agriculture
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