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Take-Home Message
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Overview

= Regulatory drivers

s Land application/ag sources vs.
classic point source

= Monitoring well design
s Monitoring well network design



Regulatory Requirements:
Groundwater Monitoring

Weak federal framework for gw protection /
focused on point sources

Encouragement of BMPs

New California dairy permit requirements
Future California irrigated agriculture permits
Production well monitoring

Monitoring wells: based on “evaluation of threat to
groundwater quality” beginning sometime in 2008.

=> exact requirements / approach still to
be decided



Monitoring w/ Production Wells
(Domestic/Irrigation)
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Where does Well Water Come From?

- Domestic Well-

source area

i | recharge
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effective gw flow direction




Where does Well Water Come From?
- Irrigation Well / Barn Well -

source area

1 1 1 1 recharge
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regional gradient

barn well /
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effective gw flow direction




Source Area of a Barn / Irrigation Well
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Water flow is
horizontal &
vertical

Horizontal travel
distances are
enerally MUCH
onger than travel
vertical distances

Different depths
of the well screen
capture different
water!



Source Area of a Barn / Irrigation Well

© Thomas Harter, University of California, Davis, 2008

Water flow is
horizontal &
vertical

Horizontal travel
distances are
enerally MUCH
onger than travel
vertical distances

Different depths
of the well screen
capture different
water!



Source Area of a Barn / Irrigation Well

© Thomas Harter, University of California, Davis, 2008

Water flow is
horizontal &
vertical

Horizontal travel
distances are
enerally MUCH
onger than travel
vertical distances

Different depths
of the well screen
capture different
water!



Source Area of a Barn / Irrigation Well
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Water flow is
horizontal &
vertical

Horizontal travel
distances are
enerally MUCH
onger than travel
vertical distances

Different depths
of the well screen
capture different
waterl
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Monitoring w/ Monitoring Wells

| g L Infiliration

Unsaturated — i
zone : Volatilization Y CazpD:,I“:ry
: 1 and diffusion

277

: Saturated
zone

Separate Dilution Anaerobic Aerobic
phase fuel biodegradation  biodegradation

Modified from: EOS, Transactions, AGU 2001
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Spatial Scale
UST vs. Dairy GW Contamination

BTEX VS. OTHER PLUME DIMENSIONS

REPORTED PLUME DIMENSIONS
(TO DETECTION LIMIT)

Oft 200ft 400ft G00ft SO00ft 1000ft

: I |

otal BTEX BTEX PLUMES AT '. 2t ¥ 150
BTEX Plume X No. of RV | ) RETAIL LUST SITES 213 ftx 150 ft
Volume (95%) LUST Sites (BTEX COMPOUNDS,

42 SITES)

0.7 acre- ) CHLORINATED
\ 0.7 acrett A0 ETHENE PLUMES

; (PCE, TCE, DCE,
w 0.7 acre-ft. 358,000 250,000 acre-ft S8R S
(LS. EPA, 1948)
OTHER
CHLORINATED

SOLVENT PLUMES
(E.G., TCA,

IN COMPARISON, ONE TYPICAL SAN DCA, 29 SITES)

Data Source: Unpublished data from HGDB (Newell et al., 1990; APl 1989)

JOAQUIN VALLEY DAIRY HAS: )
900 milkigTows (SHLORIDE,
250 acres (cropland & production area) " sites)
length of 3,000 feet across the dairy
1 acre-foot of recharge per acre per year on FOE AR enk a0k 0wR
been 40 years in oper'aTion REP{}RTﬂED PLUME DIMENSIONS
Potentially affected velume: =

250*1*40 = 1,000 ac-ft Newell and Connor, 1998, API Bulletin 8
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Monitoring Wells:
Land Application vs. UST

Non-recharging source: incidental release
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Recharging source: planned/frequent release
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What Does a Monitoring Well Measure?
Recharging Source Area

~ Slope of
S the water
| table: i

Aquifer hydraulic conductivity: K

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

Monitored source length, s =d * qg/r

Thomas Harter, University of California, Davis, 2008



Thomas Harter,

Source Area of a Monitoring Well
in a Recharge Area

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

Monitored source length, s =d * qg/r

» Recharge rate, r: 1 f+/yr = 0.003 ft/d
» Horizontal gradient, i: 0.3% = 0.003
= Length of screen below water table, d: 20 ft

» K(ft/d) - q (ft/d) - s (ft)
1 0.003 20

10 0.03 200

20 0.06 400

50 0.15 1,000

100 0.3 2,000

500 1.5 10,000
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Variable Depth to Groundwater

(c) water level deep
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vented well ca

gas vent tube™————»

drain

formed concrete well apro
(at least 2' diameter)

MNeat cementq
(shrinkage compensated cement)

Sand-cement grout \\

3/8" bentonite chips

(at least §')

R

A 4

— |

centralizer ————m— |

sediment trap —_ |

bottom plate————____ |

steal protective housing w/ lock

NESTED WELL:
Mud rotary
drilling

2" PVC casing
schedule 40, flush-
threaded connections
sealed with PTFE tape
or Q-rings)

Spacers
(2" separation
between pipes)

3/8” non-coated bentonite chips
(at least 10" )

3 of filter pack buffer
above screen

12” borehole

filter pack,
highly uniform (<2.5)

sub-rounded to well rou nded.\

clean quartz sand,
#3.#12.#20,#40. pending formation
(up to 25" per elevation)

NOT TO SCALE

/ 8%" pilot hole
2" Sch. 40 PVC continuous-

slot wire-wound screen
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0.005/.010/.020/.040
opening, pending formation
(up to 20°)

Monitoring Well Design

UPPER
WELL
(LIKELEY
DRY AT
TIME OF

A

DRILLING):
Auger
drilling
method

/

/
1
|

NESTED
WELL

~
» (1,2, 0r3

access
pipes):
Mud
rotary
drilling
method

v

top and middle
screened intervals may

slightly overlap,
pending lithologic log

See Plate 3a for labels and explanations.

NOT TO SCALE




Well Spacer Design
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Monitoring in Heterogeneous Aquifers

+ ’-far-&r__- monitored source area (several hundred feet long)
rl s ; -

20’ — 40’ screen length
does not automatically

™ guarantee that an entire | AL L R A o :““*,}H’
source is monitored => ' — S— - — —
set screen in aquifer (a) Screen (length ~ 20°) located in sand layer

materials only.

regional
gw flow

© Thomas Harter, University of California, Davis, 2008 (b) Screen (length ~ 20") located at water table, but not intersecting sand layer



o
Drill auger hole > ", Dy . *Mo perched well
to D, = 2 * +Use same hole
W / ) B |l for mud rotary

* build perched well
* uz& 2eparate hole

Flow Chart

* B, =top of first
#-layer above Dy

Drill mud rotary hole to B./B./B, >

+ T, = (bottom of first = T, = top of first
he Iayer above DwT non-X-layer below Dy,¢

»( By = Min[(T; + &), nex‘[ top of D
rw =2

of X layer

» Stop drilling at B,

T,.; =top offirst
non- X layer below 5,

o). next top Df}‘—l

one for each interval {T,.8.}

//bu_lld {n-1) wells in mud rotary hnD

» build 3 wells in mud rotary hole
- group intervals {T..B.} that have least separation distance between each other
= seal only, where {B,. T__,} N X and X thickness > 2'
- seal thickness = X thickness + 2'
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Monitoring Well Network Design
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Monitoring Well Network, Example 2 \:‘4, GROUNDWAIER

Covperalive Ladention Mrogram
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Nitrat ing Results
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Statistical Analysis:
By Management Unit

—
otal N [mg/l] G W F IOW Salinty (EC) [uSfcm]

Harter et al.,
J. of Contam. Hydrology
April 2002
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Statistical Analysis:
By Farm

total N [mg/l]

_[ +Std. Dev.
[ 1| +Std. Err.
0 Mean
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With-in Farm Variability in Space

0
0.2 | | | | T
_ 0 200 1000 1500 2000 2500 3000
separation distance [ft]
0999-500-omni 0499-500-omni
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With-in Farm Variability in Time

— all data

upgradient wells

[ |
' ~---field wells
- -
! o —-—--corral wells
=
il ----- pond wells
@
L=
o .
- o]
0
o]
]
- ®
o
o
£
©
0

0 2 4 6 8 10

Lag [Months]

© Thomas Harter, University of California, Davis, 2008



Thomas Harter

Probability that ALL of nwells
have a long-term median nitrate-N
concentration that is less than
indicated on x-axis
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cumulative probability

__—~5wells:p<2%
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Questions?
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Monitoring Well Completion
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Monitoring Well Completion
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Monitoring Well Completion
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Monitoring Well Completion
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Tile Drains as Monitoring Tools?

Average N of montoring wells on dairies with tile drains

-+ Mean -~ Mean

Wells Drains

total N [mg/)

© Thomas Harter, University of California, Davis, 2008



	Groundwater Monitoring of�Land Application with Manure,�Biosolids, and other Organic Residuals 
	Take-Home Message
	Overview
	Regulatory Requirements:�Groundwater Monitoring
	Monitoring w/ Production Wells (Domestic/Irrigation)
	Where does Well Water Come From?�- Domestic Well- 
	Where does Well Water Come From?�- Irrigation Well / Barn Well -
	Source Area of a Barn / Irrigation Well
	Source Area of a Barn / Irrigation Well
	Source Area of a Barn / Irrigation Well
	Source Area of a Barn / Irrigation Well
	Slide Number 12
	Monitoring w/ Monitoring Wells
	Spatial Scale�UST vs. Dairy GW Contamination
	Monitoring Wells:�Land Application vs. UST
	What Does a Monitoring Well Measure?�Recharging Source Area
	Source Area of a Monitoring Well�in a Recharge Area
	Variable Depth to Groundwater
	Monitoring Well Design
	Well Spacer Design
	Monitoring in Heterogeneous Aquifers
	Design Flow Chart
	Monitoring Well Network Design
	Monitoring Well Network, Example 2
	Nitrate-N: Sampling Results
	Statistical Analysis:�By Management Unit
	Statistical Analysis:�By Farm
	With-in Farm Variability in Space
	With-in Farm Variability in Time
	Random Sampling
	Questions?
	Monitoring Well Completion
	Monitoring Well Completion
	Monitoring Well Completion
	Monitoring Well Completion
	Tile Drains as Monitoring Tools?

