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Motivation

OWnEers/operators

Establish Cost-Effective moeniterng designs
Minimum; reguired moniterng wells
Minimum; samples and analyses
Optimized lengl term moenitering (LTVIO)

Regulaters

Establishing moenitering plantthat achieves design’ olajectives
Sufificient number off upgradient and downgradient wells
Sufificient samplhing| freguency.

Tiered menitering
405 regular parameters
100+ supplemental parameters

Statisticall Comparsens
Temporally:

Spatially



How: do we balance monitoring
cost and risk?

ypical Unlinedmunicipal Janafill well design:

Landfill
~10 ha
(25 acres)

Groundwater Flow
Direction



Site-specific Well' Locations

P.F. Hudak (1999)

= 1.5 ha (3.7 acres)

n Wellsisited using
eguidistant:appreach

a Detection efficiency [P.F. Hudak, /nter. J. Environ. Studles, 1999]
decreases with
[INCreasing cress
gradient width



Worth of Data

[De) & sufificient: AUMIBER O MONIterNG Ieocations

exist 1o determine: that a regulateny
concentration Was net exceeded at specified

spatiall lecatiens?

IS current: sampling freguency: sutficient: (o
fedundant) at existing Meniterng locatiens?



Flattshurgh, MY -----=

Lake Champlain

1200 Kilometers




Site Timeline

1977 1986 1992 1993 1996 | 1997 1998 2001 2004
< >
Disposal Hydrogeologic gee g_djaCenlt A
igati ISposa
Began Investigation gl |
Final ngoing
Geologic Report _ Monitoring
Monitoring Wells Closure Pumping
Installed Investigation WELS
Installed
: Supplemental
7! Corrective Hydrogeologic
Regular Monitoring Measures Report
Began Assessment
(Semi-Annual/Quarterly) EIS

Prepared



Schuyler Falls Landfill Topography (m)
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Clinton Landfill Well Locations
| | I

Approximate Extent
Of Leachate Plume

PL Property Line
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Easting (m) ¥ 10°




Outline of Analysis

Brokersampling dater Inte twe pereds

Evaluated spatial correlation andfestimated
concentrations at: snapshets In time

Calculated the: t-test: statistic andl pewer:




Time Period Characteristics

Before remediation

Active: Landfill

13 wells

6/ te 17 sampling| events

2 10 500 mg/L Chloride means

Remediatien PUmping
& Barrier Walls Installed

Clesed Landfill

261 \Wells

310 23 sampling events

2/ 10) 900 mg/L Chiernde means



Spatial Continuity: & Estimation

Chloride, O1-Q2 1988
.

m Normalized
PEEEHI0=!

Chloride, Q3-Q4 19929

s V2V erapplied e
less-continuous
PalEIMELENS




Test statistic calculation

One sample t=test (6 Unknewn)

u =100mg/ L
o =10 mgl/L

Soelve fior test statistic (2) andl p-value




Mean Chloride Concentration for T1
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5.91 6.915 6.92 6.925 6.93
Easting (m) x10°

T1: Pre-Closure




Mean Chloride Concentration for T2
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6.91 6.915
Easting (m)

125 Clesure/IEnv]




Power Analysis Review

Our
DECISION  y - im100mgy is true  Hy: (1>100 mglL) is true
Type I Exrror
Accept H, Correct Decision ﬁ
ype | Enror &
Accept H, o Correct Decision




Prebability off Type | Error

T1: Pre-Closure T2: Closure/LTM

P-Values, Chloride, T1 (1986-1997) ) F‘-‘f’iluﬂf-- Cplﬂﬁdﬂ. T2 (1988-2003)

691 6915 692 Y g 905 6591 6815 652 5925 693
Easting (m) ' Easting (m)

P(Type I Erroer), o typically: 0.01



Power calculation

One sample t-test power: calculation (6 Unknewn)

A:lul_luo

w,=20mg/ L
u =100mg/ L

o =10 mglL

Soelverior ¢ and pewer



Power AnalysIS; (A =100 mo/L)
T1: Pre-Closure T2: Closure/LTM

1.71
B9 8.905 LR 6915 62 6925 693 5935
Easting (m) x 10"

Power = 1-P(Type Il Errar) typically 0.9, b = 0.1



Conclusions

Do) a sufficient number ofi meniterng locations exist?
s Pre=Closire iZ: Clestre/Sivi

T T2
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SUummanry/Eutire Work

Chlende vs. Other Parameters: (Xylene)
s [Low: Pewer to detect changes of 50 may/L

n Extremely low pewers tordetect changesiin: a/L
(Pph)

Muluvamrate t-tests, can We: add PewWer?







Confidence in Hydrochemical Trends

Chloride 1956-1996 i7 w10° Chloride 1987-2003 100% Confident
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Slope Factors: MAROS
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Chloride 2000-2003
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Mean Chiloride: for two time periods

T1: Pre-Closure T2: Closure/Remediation
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