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Purpose and Goals of Study

® How do agricultural chemicals move through
hydrologic compartments? (rain, soil, ground water)

® How does the movement of water affect the transport,
concentrations, and fate of agricultural chemicals?

® Can we track these processes in the environment?--
Focus on processes happening in small watersheds,
or short flow paths--What are the implications for
agricultural management?
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Schematic of Water Movement In
A Small Watershed

/ Direction of
nd-water
flow

Interface of local and regional
ground-water flow systems,

/ hyporheic zone, and stream




Design Requirements of Flow Path
Study

® The focus of the study was on a one-kilometer flow
path--Almond orchard to the Merced River

® The unsaturated zone and ground-water chemistry
had to be monitored at the top of the flow path

® Two additional locations along the ground-water flow
path had to be monitored.

® Ground-water discharge to the Merced River had to
be quantified, and analyses for agricultural chemicals
were required.

® Cooperation from growers and landowners had to be
secured
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Design of Study in the San Joagquin
Valley, continued

Requirements of study: Compute water balance
from irrigation, rain, and meteorological data

Follow the movement of water and chemicals
Into soil to ground-water table and to a
stream interface (lower Merced River)

Measure chemicals, and model water
movement along ground-water flow path

2 USGS



-33:9 kilograms/hectare nitrate . :
33.9 kilograms/hectare ammonium
72.2 kilograms/hectare urea . %
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Unsaturated Zone Instrumentation

Land Surface
L 1', TDR, HDP
—2'. TDR

— 3', TDR, HDP, Suction Lysimeter

, Pan Lysimeter

Instrumentation In
the unsaturated zone
consisted of lysimeters

|

for water sampling and ﬁr

12"

probes for tracking 1o

Feet above or below sea level

14"

Elevation of land surface

water movement.

—15' HDP, Suction Lysimeter

-110

Wells were drilled to ' B sit

Gravel

various depths to e Sand W cey
determine changes in  GR& - sitysand [l Red ciay

. 22 - Blue clay
water chemistry .

Well Depths (feet below land surface)

l:l 95% Sand 30 feet

50 feet

- Silty sand 70 feet

92 feet
_I Suction lysimeter Well 1 has pressure transducer with

@® Time Domain Reflectance Probe temperature recorder
Heat Dissipation Probe (HDP)




Nitrate Concentrations In the
Unsaturated Zone

® Nitrate concentrations
were consistently high
INn the unsaturated zone.
This sampling at
beginning and end of
the growing season
demonstrates the
movement of nitrate
from upper to lower
horizons.

Modeled load of nitrate
to water table: 73 kg
USGS NO3 per hectare per year 12
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Array of Monitoring Wells Along
Flow Path

Highline
Canal

\

General direction of
ground water flow

Approximately one kilometer

Corcoran Clay




Actual Directions of Ground-Water Flow

Highline Natural
Canal “Vegetation

Uncc_)nfine_d to Gravel
semi-confined '

| Silt
aquifer

l Sand

Clay

—>
Approximately one kilometer

Confined Aquifer




Nitrate and Dissolved Oxygen
Concentrations Along Flow Path

Nitrate Concentration, mg/L Dissolved Oxygen, mg/L

Water Table

——> Direction of vertical flow (horizontal = no vertical gradient)
Typical horizontal and vertical hydraulic gradients are small,
on the order of 0.005

Gravel o st
Sand ﬂ Clay

Silty sand B Redclay E:;istivity
Blue silty sand - Blue clay




Is the Measured Nitrate the Whole
Story?

® Measured nitrate only tells what is currently present
In the aquifer.

® |tis important to know how much de-nitrification has
taken place or may take place.

® This can be accomplished by measuring atmospheric
gases, such as nitrogen, and determining if an
excess of nitrogen (from nitrate) is present.

ZUSGS .



Reconstructed Nitrate: Merced Flow Path Wells
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. excess N2, reconstructed

. Nitrate + nitrite filtered, millimoles/L
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Reconstructed Nitrate
Below or Adjacent to Merced River

. excess N2, reconstructed Riparian site

down gradient

. Nitrate + nitrite filtered, mmol/L of orchards

Gallo Riparian Deep
Gallo Riparian shallow

TR2 3A river site adjacent to
Gallo Riparian

Mid-river

i

3 meter depth, adjacent to riparian zone

)49298 (Riparian zone
sampling point)

Mid-river sampling
lpoints TR4 l
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River fluxes (galns)
highest -

lowest
““Flow path wells



Modeled Flow Lines of Ground Water Movement

Merced River




Summary: Nitrate Removal Across
Riparian Zone

® Analysis of dissolved gases, age dates, etc. indicate
rapid removal of nitrate across the riparian buffer
between the river and the agricultural fields

® Movement of water and associated nitrate load into
or out of Merced River streambed is dependent on
river stage, irrigation, and rainfall

® Modeled flow paths indicate shallow and deep
sources of water discharging into the river

2 USGS
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Contact Information

® Joseph Domagalski
® Hydrologist

® U.S. Geological Survey, Placer Hall, 6000 J
Street, Sacramento, CA 95819

® 916 2/8 3077

® http://ca.water.usgs.gov/sanj/
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