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Key Concept: Knowledge of Plume Trend
Can Translate into LTMP Cost Savings

Example 1.
expanding, chlorinated, fast gw
More Intensive LTMP: MORE wells, MORE frequent

Example 2:
shrinking, BTEX slow gw:
Less Intensive LTMP: FEWER wells, LESS frequent

MAROS provides a first-cut blueprint for a LTMP
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Site Description

MARQOS Analysis performed
on a TCE plume monitoring
network, Fort Lewis
Logistics Center, Pierce
County, Washington

TCE used as a degreasing
agent until 1970’s

Chlorinated solvents:
historically TCE up to 250
mg/L, NAPL present

Plume Length: 10,000 ft
Plume Depth: 60 — 80 ft

Under Active Remediation:
pump and treat system in
since 1995




Hydrogeologic/Well Network Parameters

PARAMETER

Representative Media Type
Depth to Water (ft, BGS)
Saturated Thickness (ft)
GW Seepage Velocity (ft/yr)
Extraction Wells
Monitoring Wells
Quarterly monitoring

/ years of sampling data

Outwash Sand and Gravel
10 — 30
Upper Zone: 60
550
Upper Zone: 21
Upper Zone: 43




MARQOS Analvsis Road Map
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MAROS Data Input:
Data Requirements and Analysis Methods

Historical measurements of plume
Data concentrations: multiple sampling
Requirements events (including upgradient,
downgradient, and 2 or more plume wells.)

Assign representative results for \
Data sample events: non-detects, < .
Consolidation | duplicates, trace levels, and irregularly
sampled wells.

GOAL: Establish plume status as stable, shrinking, or
expanding based on historical data.




Data Input & Data Reduction

E5 Monitoring and Remediation Optimization System (MARDS) : El

[ Well Network Input Data:
Data Reduction: Part 1 of 2

10 Source Wells
— Perod of Interest .
The current datazet containg data within the following birme interval, 33 Tal I Wel IS
21 Extraction Wells

From:  10/4/1333 Tar 124131338

Specify the penod of interezt below or leave blank f pou would like to uze all of the data.

Fru:um:| 10441358 Ta | 124191398 Data COnSO|IdatIOn

= D ata Consolidation

o o Post-remediation
Choosze the option to define the time Choose the option to define the ]
period to consider within the datazet, representative statistical dataset. S t art -U p d at a.

* Median 1995 — 2001

" Quarterly i~ Geometric Mean

= Yearly " Average One COC for Slte:
" Other Time |nterval " Maxirum [Highest) TCE

* Data consolidation 1z recormmended for datasets with greater than 40 zample events. N O TI me

Consolidation
<< Back Next >> Help




Data Reduction

ES Monitoring and Remediation Optimization System (MARDS)

Data Reduction: Part 2 of 2

Select the factors by which you would like to limit the data.

"MNon-Detect [MD]"

i~ Fraction of Detection Limit I

" Specified Detection Limit

cCocC

EEMZEME
ETHYLEEMZEME
TOLUEME
ATLEMES, TOTAL

<< Back |

Duplicates

% Average

™ M axinum

Detection
Limit [mg/L)

"Trace [TH]"

'

i Fraction of Actual Value Il

Next >> |

Actual v

i~ First Besult

falue

Help |

Data Consolidation:

Non-detect values
set to minimum
detection limit.

Average Duplicates

Trace Values set to
actual values
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MAROS Temporal Trend Analysis

WHAT

HOW

WHEN

Define ground water plume
status as stable, shrinking,
or expanding.

Evaluate historical
concentration measurements
In ground water.

Always apply based on
sufficient historical data.




Interpretation of Mann-Kendall Tests

A
MK Statistic \gr Decreasing 7&‘/\/ Increasing
S Trend Trend
MK <0 K>O
Confidence | %
Factor Strong Weak
Trend Trend
(CF) | CF>oo% CF < 90%
Y . A
COEff.ICI.em _ Stable Fluctuating
of Variation == Trend | Trenc
(COV) | cov<1 COV>1




Mann-Kendall Analysis

E Monitoring and Remediation Optimization System (MARDS)

ann Kendall Statistics

The Mann-F.endall Analysiz iz uzed for analvzing a zingle groundwater constituent, multiple
conztituents are analyzed separately. Each "tab" below shows the statistics for one constituent.

2 manual text ar "Help" for descrption of trend determination rmethiod.

ST COv MK (5) Confidence in Tren

b 5 S 0.000
hv-1 &

b= 5
b=
hfv-5
hfvy-7
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[} ]
20

1.106

1
[mp]

1.591
1.701
0985
0.249

1
—
iy |
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S

T
T
T

Mote: Increazing [1]; Probably [ncreaszing [P1); Stable [S5]; Probably Decreazing [PD); Decreasing [0); Mo Trend
[MT]; Mot Applhcable [MAA); SourcedT al [S/T]; COY [Coefficient of VW anation]; ME[S] Mann-F.endall Statizhic

<< Back | Next >> | View Flepurt Help |




Linear Regression Analysis

ES Monitoring and Remediation Optimization System (MARDS)

Linear Regression Plot

Select: Well

Eraph T_I,I|:|E: —
) Log
() Linear
Z2.0E-01
1.8E-01
1.6E-D1 Grﬂph
1.4E-01
1.2E-01

1.0E-01 .
8 (E12 View Data

6.0E-02 /
4.0E-02 Ln Slope:

2.0E-02 —
0.0E+00 - ’-_—L'j—'—hlv—v—.—vﬁﬁ_‘_‘ / :I_'-1-E |_|"1'

' Confidence in

Linear Regression Trend: I O \

Concentration (mg/L)

Mok Icreae ng 0 Probabky lecreas g (Ph;Stahke &= Piobably Decreas g (POO; Deceas g (0 ; Mo Tre ad \

(HT); Notappicanke (M - dee D ek itdas.

Yiew Heport |




Mann-Kendall and Linear Regression
AV EWSIERRERIES

MAROS Trend Analysis
Well Type PD, D, S |, Pl
Source 6 of 10 (60%) 4 of 10 (40%)
Talil 15 of 33 (45%) | 11 of 33 (33%)
Extraction 18 of 21 (85%) 2 of 21 (9%)
. Increasing (1) . Stable (S)

* Probably Increasing (PI) e Probably Decreasing (PD)
e No Trend (NT) %%  Decreasing (D)




Moment Analysis Results

Mann-Kendall Trend Analysis

Moment Type Trend Comment

th. - Extraction system moving high
Oth: Mass _ concentration groundwater from source
Increasing zones to nearby monitoring wells OR

Estimate Change in monitoring wells sampled
1st- Center of Only slight movement forward or backward
Mass Stable along the direction of groundwater flow.

g Indicates that wells representing very large
2% Plume Decreasing areas both on the tip and the sides of the
plume show decreasing concentrations.
Spread




MARQOS Analysis Road Map

« Optimization Tools:

— Sampling Location:
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Cost Effective Sampling
(Ridley, 1998)




Sampling Frequency

Modified CES Steps:

« Approximate frequency based on recent (6
events) trends — consider ROC and MK results

« Adjust frequency based on overall trends —
consider MK results

e Reduce frequency based on risk (MCL for COC)

* Linear Regression used for ROC and Mann-Kendall

—

\.»

Analysis used to assess trends. Consider both

Magnitude and Direction of the Rate of Change (ROC) v




Sampling Frequency Analysis Results | (A ) ®

<
e\ |

Frequency Analysis: Modified CES
Monitoring Current Recommended Number
Wells Sampling Sampling of Wells
Frequency Frequency

Group 1 Quarterly INE] 16

Group 2 Quarterly Semiannual 3
uarter| 12 (No
Group 3 Q y Quarterly Change)

Group 4 Quarterly Biennial 7

Note: Cost Effective Sampling (CES)
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Well Redundancy and Sufficiency Analysis

Delaunay Method:

e Evaluate significance of
current sampling locations In
monitoring network (eliminate
“redundant” wells)

OR Source Zone | Tail Zone

/Add wells Iin areas of the well
network with high level of
plume concentration
uncertainty.

Key Point: Does estimated concentration change if well
IS removed?




Well Redundancy Analysis

Information Loss?

Compare before network information

before elimination and after

 Average Concentration Ratio )

A \s

e Area Ratio

« Slope Factor Ratio - 1, information loss
minimal, well Is possible candidate for
elimination.

« Slope Factor Ratio - 0, information loss
significant, well should be maintained in the well
network.




Well Redundancy Analysis Results

o
e —@
Before After
Summary Optimization Optimization
Redundancy 38 wells 8 candidates for
reduction removal
Removal | C-136b, LC-137a, LC-149d, LC-19b, LC-19c,
Candidates LC-44a, LC-51 and LC-66a




Visual Comparison of TCE Plumes

Y +

Y0.20

X y
0.020050

\
ANEAY
\

(A) September 2001 (B) September 2001
Before Optimization After Optimization




Well Sufficiency Analysis

Generate estimation
uncertainty plot
based on SF values

High SF areas - High estimation error -
Possible need for new locations

Low SF areas -2 Low estimation error -
No need for new locations




Well Sufficiency Analysis Results:
New Sampling Locations

Potential areas for

- .l'l I-_ ” NaN #3 new locations are
L I.-" .. (|_ C- 167) indicated by trisngles

weith & higkh SF level.

- | ) - * L 1 <! 3
5o, ; - L
# L 1411‘ L 11" o122k New #4 Estimated SF Level.

SN +1L' e (L1 5 nigd wills
L SR e o i -Hode are

L____ ‘TLL_LH-LJ:_.—'._LH 1. —i—-|='--—|-'l-|=l-|:-l——-.-'|_ 44J,=4 ‘*-. E - Extremely large prO%O St ?]d
Insiae e

well network

T o490

Note: Only applicable for areas inside the well network
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Optimization Tools:

— Data Sufficiency:
Power Analysis



Data Sufficiency: Power Analysis

Risk-based goals require cleanup standards
be met at the compliance boundary

e Establish “virtual” wells at
the compliance boundary

 Project concentrations at
these “virtual” wells

 Perform statistical power
analysis with these
projected concentrations

Groundwater flow direction

\
Compliance boundary —>\\




Data Sufficiency Analysis — Results

Risk-based site cleanup status

1000 ft down- | 2000 ft down-
gradient gradient
projected to this
Clos_e FO Statistically
Statistically Protected
protected
The nearest
Conclusion: The site downgradient

receptor

monitoring system is
sufficient to accurately reflect
the location of the plume
relative to the compliance
boundary

Groundwater flow direction

HSCB: Hypothetical Statistical Compliance Boundary




MAROS Application Conclusions
(1) Plume Stability
B Plume Stable to Decreasing
(2) Frequency Analysis
B Majority of wells can be sampled Annually

(3 Well Redundancy Analysis

B Remove 8 monitoring wells

(4> Well Sufficiency Analysis
B Add 6 new monitoring wells

(5) Data Sufficiency
B Currently Statistically Protected 2000 ft downgradient




Conclusions and Future Work

« MAROS 2.0 software has been applied to optimize
the Upper Aguifer groundwater long-term
monitoring plan at the Fort Lewis Logistic Center,
approximate Cost Savings: $58 K per year.

« EPA Geostatistical Study: To compare MAROS 2.0

with other optimization methods to find out its
merits and shortcomings.

¢ MARQOS Version 2.0 (release 3/02)

AFCEE Tool - download at www.gsi-net.com ﬁm
1S




