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Monitoring Optimization
MARQOS —the origin

How can we get more
meaning from the data
we collect?

3
Monitoring Optimization
MAROS - the origin

What makes a good data
collection network?
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Monitoring Optimization

MAROS - the origin

B Good Networks Q
B Meets goals % @:?
B Not too much, not too little

B Reveal what has happened

B Help ‘prepare for’ what will happen

Monitoring Optimization

Method: Good Networks

B What are we looking for?
B Variability vs. Consistency
Increasing / Decreasing vs. Stable

|
B Expected vs. ‘Interesting’

RATE
B Moving vs. Stationary

SCALE
|

i D
Where is most of the mass? VARIABILITY
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Monitoring Optimization

Goals: MAROS 1998 -2003

B Reduce monitoring effort
Demonstrate Plume Stability

Reduce Long-Term O&M Costs

Reduce Number of Wells

Reduce Sampling Frequency

B Make Recommendations for improving
network — for long-term O&M

Monitoring Optimization

MAROS - 2.X

B Concentration Trends

B Total mass and
distribution

B Spatial uncertainty

B Sampling frequency
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Goals: MAROS 2009-2012

B Improve analysis of existing data
Demonstrate Remedial Performance
‘Best Choice’ wells and frequency
Support Cessation of Active Remedies

Support Exit Strategies

B Make Recommendations for improving
network —to attain closure

WIGSI

ENVIRONMENTAL

Monitoring Optimization

MAROS 2.2 > MAROS 3.0

® Limited Individual Well Expanded Individual
Statistics Well Statistics

® Limited spatial analysis Improved spatial
options analysis

B Limited User choice and More User choice and

e spatial analysis

B Usability issues -

_— Improve Usability

B Limited data export
options More export

opportunities and

options

interactivity comparison options for
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Monitoring Optimization

Overview: MAROS 3.0 New Release

B Goals and Objectives

# B Software Structure and New

Features
QUESTIONS

B Detailed Description

B Conclusions
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INPUT

Data Input | y oATA

Individual
Well Analysis T

Plume-Level
Analysis

DATA
ANALYSIS

Spatial and
Temporal
Optimization

OUTPUT

Data Export

12
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DATA
INPUT
! I Sgarial Tomparal
Trend Analysis ! | Opemizstion Optimieation
] DATA
Data Suffciancy ANALYSIS
Export Database:
e OUTPUT
Cutpeat Results Database

Col ) -
Nur:::‘r Field Name Data Type Description
Initial Input Data
Name cf the groundwater well sampled, all well names should be
L WeliName Tex spelled consistently. {Required)
Numbe X coordinate or Easting coordinate of the well, although not
2 XCoord urn. r mandatory for statistical analysis, itis required for spatial analysis
{Double) in Feet
purposes. {Required)
Number Y coordinate or Easting coordinate of the well, although not
3 YCoord . mandatory for statistical analysis, itis required for spatial analysis
{Double) in Feet
purpeses. (Required)
Constituent of Concern— the User has the option of using the
4 Constituent Text MAROS Constituent Name orthe ERPIMS Code for constituent

pnames, (Eeguired)

Constituent of Concern— ERPIMS codesand MAROS

4 CODE Text Constituent names can be found in the

MARQS ConctityentMame st xlex (Beguired

Date Sample was collected: format mm/dd/yyyy. (Required) NOTE:

5 Sample Date Short Date No Hours: Minute Time Codes.
6 Result Number Analytical result: enter resultas a number, if value is below detection
{Double) limit (non-detect) then leave the cell blank (null value). (Reguired)
7 Units Text Measurement units for result: choices mg/L; ug/L; ng/L; g/L; pa/L. ino
Greek symbols) (Required)
8 Number Reporting Limit (detection limit) — units must be the same as the
{Double) Result field. (Reguired)
Flag "MD" for non-detect (must enter the detection limitinthe Detlim|
field), or "TR" for trace amount {must enter both detection limitand
9 Flags Text

the result). If result is not gualified, the cell should be blank. No
other flags should be included inthis field. (Reguired)

14
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Software: Data Input

B Site Details- Data checker NEW!
» MAROS 2.2
B Monitoring Objectives- NEW!
» Primary — Source, Tail, Delineation
» Secondary - Sources, Remedy, Delineation
B Priority COCs
» Cleanup Goals

» Priority by Well — NEW!

i

_iu
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15

Secondary Monitoring Objectives
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Projecs RAANLE, Tutsral

MAROS COC Assessment

e M Jhntmen

Priority Constituents by Well

Leation: Bubbe's State: Tanm
Tankity: i
Representather Prreent Aboue

Contamirant af Caneern Conventration [mg/L)  PRG [mefl) PRG
BENZENE 42601 5.06-03 B350
PLRECHMLORATL Ll ii-m S35.0m%
BARIUM 326400 206400 585%
TOLUEHE 136400 LOE+00 55%
COPPER 1 6E+00 L3E+O0 2 8%

Note: Top COCS by bawcty
ste

the mtre

%or Tk COmpoUNd, with the

Total Tatal Pereent Total

cantamirant af Cancern Class welli  Lxceedonce Ewcesdances  Detects
BLNZENL ORG 14 10 TLa% ]
BARIM LT 14 ] A% 14
PERCHLORATE 1N 14 7 S0.0% 12
TOLUENE ORG 14 5 /I 14
COPER MET 12 5 3575 12
Hiote: Tog COCs by eech well Desticn ot the ste.
o ot
o the compcaund
Mobiliry: oo
Cantaminant of Cancem Kl Xoe
FLRCMLOHATE
BENTENE no%as
TOAUENE 0347
BARIUM 1
COPPLR 40

Mot Togs COC3 by

o
mokiiries (Kor's for organkes avaming foc = 1001, and Kefsfor metais)

MUAIN MENLI > SITE DETAILS > PRIOEITY CONSTITUENTS BY WELL
ench ¥ g o the |

Wl Name Priofity COC Based on Prioeity COC Based on

Average C

mm SENZENE BENZENE

L BTN BENZENE

w1z BENTEIE EFNTFIE

-3 sEENE sENENE

wviie s T

MH15 COPFER: TOWRNE

16 SENIENE senzEE

vz s o

-3 SENTENE BENTENE

Wi SENIENE BENENE

w3 s e

s TOLUENE BARIM

-7 BARIM BARIM

wos TowEN TowE

17

Monitoring Optimization

Software: Data Input

B Moment Analysis Options
» Moved to Site Details
B Export MAROS 3.0 Archive File

B Data Consolidation

» First consolidation for Individual Well Analysis

» Second consolidation under Plume Analysis

18
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DATA
INPUT

DATA
ANALYSIS

OUTPUT

19

Monitoring Optimization

Software: Individual Well Analysis

B Summary Statistics — NEW!
» Detection Frequencies
» Kaplan-Meier — Ave., Median, SD.
» Outliers by Dixon’s
» Shapiro-Wilk Normality

B Statistical Trends

» Mann-Kendall

» Linear Regression

20

10
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@ Summary Statistics Table 3

WELL ARALFSIS M MARY STATFSTICS TABIE |

AAA+-AAL
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Monitoring Optimization

Software: Individual Well Analysis

B Data Sufficiency — NEW Location!

» Attainment of Cleanup Goals

» Number of Samples to Attain Goals
B Well Scoring — NEW!

» Individual Well Summary

» Well Score — prioritization

Priority COC Recent Sample above MCL
Detection frequency cov

Median above MCL Distribution

MK Trend

22

11
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Navigation Pane

Well Priority Decision Logic

well Name Source / Tail ing Total ber of | Overall Detection Attained All samples | well
/ Delineation | Objective Score Samples Frequency (%) | Cleanup Goals? ND? Score
A Y]
P-3 5 3 76 91% NO NO 32
P-3 5 3 75 100% NO NO 66
MW-X 5 3 45 73% NO NO 44
MW-W T 2 34 2% YES NO 34
MW-U T 2 54 4% YES NO 56
MW-T T 4 72 6% NO NO 57
MW-H T 2 34 3% YES NO 32
MW-G T 2 66 0% YES YES 45
MW-F T 4 76 21% NO NO 63
MW-D T 3 70 6% YES NO 61 High score-
MW-C T 3 80 27% NO NO sg Mostimportant
MW-BB T 2 45 2% YES NO 49
MW-B T 3 75 79% NO NO
MW-A 5 3 75 100% NO NO 62

23

Monitoring Optimization

Software: Individual Well Analysis

B Export — NEW!

Data consolidation can change
under spatial analysis section.

» Screen by Screen - spreadsheet

» Reports —link on screen

» Graphs —link on screen

» Access Database — default export button

Export Results here-

24

12
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DATA
INPUT

Output Module: Export Databane:
Print Reports and Outpat and Reauis (| OUTPUT
Outpet Rasuits Datatass || o Anatysus

— — — - - | 25

24-MW-438

Spatial Geometry Engine - .-,'- 3o

Voronoi Areas/Delaunay Triangles:

Estimate mass & distribution of mass
Spatial Uncertainty

24-MW-31B

13
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Software: Plume-Level Analysis

B Moment Analysis
» Expanded Data Input Choice- NEW!*
» Wells to include
» Missing Sample Events 1
» Data Consolidation
» Moments

» Asin MAROS 2.2

* Requires new data consolidation 27

Monitoring Optimization

Software: Plume-Level Analysis

B Percent Mass by Well - NEW!
» Voronoi Area
» Estimate mass in well area

» Percent mass and area each well
monitors

Plume Stability |}

Analyss

28

14
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MAROS Percent of Mass by Well

1,1,1-TRICHLOROETHANE 9/12/2001

a0

80
70
80

50

40

30

20

10 --i_'
poll | |

MWA MWE MW MWE MWD MWE MW.G MWH MET MWL MWW MW P3PS

BE

| wen Arcafftz)  Mass(mgl  PercertofMass  PercentofArea [
WA 68,0917 1268.79 1550 A.T6
MW-8 8,953.17 517 0.06 846
MW-B8 148818 oog o.00 141
MW-C 12,352.90 1462 o2 11.67
MWD 4,361.82 073 o000 412
MW-F 16,624.12 218 om 15711
MW-G 15, 702.07 1m onm 18.62
MW-H 3,113.66 016 o0 2%
MW-T 7.634.34 100 om 721
MW.U s om o000 0.55
MWL 1,396.62 ao? 0.00 1.32
ALY lﬂﬁ?q.ﬂ‘] 058 0.0 10.37
B3 £,819.32 6R06.31 B34 /33
5 3,726.62 B256 10 .52

29

Monitoring Optimization

Software: Plume-Level Analysis

B MAROS Analysis — Aggregate Trends

| 2

| 2

>

| 2

B Monitoring System Category

Source and Tail

Two custom groups — NEW!

Aggregate MK Trend

% Mass for the well group — NEW!

30

15
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Plume Area Trends

MAIN MENU > PLUME ANALYSIS MENU = MAROS ;C-\NALYSIS » AGGREGATE TRENDS

The results of the Plume Area Trend assessment are shown. Choose the tab for the COC of interest.

1,1-DICHLOROETHENE | TETRACHLOROETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYL CHLORIDE

Aggregate Trends

Area Mumber Of Wells | Aggregate Trend | Aggregate Mass %
Source 5 PD 96 % -
Tail i 8 i PD a% |
Custom Group 1 ‘ 3 ‘ D 10% ‘
Custom Group 2 | 7 | PD 90 % |

31
DATA
INPUT
DATA
ANALYSIS
QUTPUT
32

16
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: Compare original network to new network
Moment Analysis |

Choose Wells &
Data range

; Spatial Optimization

Calculate Voronoi Area ——»  Calculate SF, RE, COV

‘ Return to
Rank Wells Moment
‘ Analysis
Good Networks tol\ngE:tlcl)\lrEw
Wells evenly spaced RecEmme;nd New
Low uncertainty ocations
between wells ‘
Each well has purpose Recommend Wells
to Eliminate

33

Monitoring Optimization

Software: Optimization

B Optimization
» Spatial

» Slope Factor/Delaunay

Sampling
Optimization

» Decision Logic — NEW!
» Frequency

» Individual Well

» Network Level — NEW!

*Note: Data Consolidation from Plume-Level Analysis 24

17
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Software: Spatial Optimization

B Spatial Optimization
» Slope Factor/Delaunay

» From MARQOS 2.2

» Decision Logic — NEW!
» Voronoi Areas
» Slope Factor and Relative Error

» Concentration

WIGSI

ENVIRONMENTAL

35

Monitoring Optimization

Software: Spatial Optimization

B Spatial Optimization
» Decision Logic — NEW!
» Interactive
» Multiple Well Configurations
» Well Sufficiency
» Well Redundancy

36

18
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Software: Spatial Optimization

WIGSI

ENVIRONMENTAL

B Decision Logic — NEW!
» Uncertainty —
» High SF, RE, COV — new well
» Low SF, RE, COV - redundant
» Voronoi Area
» Large —new well
» Small —redundant
» Interior vs. Hull wells

» Trends

sampling
Optimization

Temporal

Spatial
Optimization Optimization

Wil
Sufficioncy

Analysis

well

Redundancy Level

Analysis Frequency

.Weﬂ Sufficiency Decision Logic

MAIN MENU > SAMPUNG OPTIMIZATION MENU > WELL SUFFICIENCY MENU > DECISION LOGIC INDIVIDUAL WELL AREAS

1 Al Force Centes

Description of what this page does [ short Instructions go here describing what to do on this page. This is also where we can stick etc. The content this will
hold the user [ Font face is C. { with Office 2007) and size & 11pt. Black text on white background. ABAF-AAA
TEAT SIZE
| Z-AMING-A,6- | A-AMING-2,6 UENE | BORON | c HEXAVALENT | 1,3, 5 TRINITRE-1,3,5- TRIAZINE
Hull wells
Downgradient Percent well Mann Kendall | Potential For —
well Namea from Center? Detection COV SF Importance Trend New Well Area Of Concern
FTROE-1023 ] 100.0 040 16 NT =] =]
FTHOG-1034 [=] 100.0 0.03 29 | =] 0
g | Pmios 03 =] 100.0 015 E 5 =] 5]
£ FIRO0GE 1053 n oo 0,34 Fil ND o =]
£
i FIX0G-1069 O 0.0 0.20 0 ND a [s] -
Baseline Average Slope well Mann Kendall Patential For =
well Name Comparison Factor COV SF Importance Trend NewWell | area 0f Concern
FTX0G-1038 175 037 n.on aB NT (m] o
FIX0G-1140 13.81 011 0.0 16 NfA o o
PTHOG-10024 13.49 0.10 0.24 53 3} ] u]
FTHOG-1003 1201 0.12 035 52 M/ [m] o
PTHOG-1130 11.54 0.08 0.00 20 NiA w] u] bt
HELP VIZUALIZE | | <<paCK ] | CONTINUE >

19
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Monitoring Optimization

Software: Spatial Optimization

B Spatial Optimization
» Well Redundancy
» Lowest 25% Rank

» User can choose to eliminate

» Return to Moment Analysis

» Re-run stats

39

Monitoring Optimization

Software: Optimization

B Optimization
» Frequency

» Individual Well

» Network Level — NEW!

40

20
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Monitoring Optimization

Software: Optimization

B Individual Well Sampling Frequency
» Summary info — NEW!
» Reporting Frequency

» Travel Time

» Current Sampling Frequency
» Modified CES Method

41

Monitoring Optimization

Software: Optimization

B Network Sampling Frequency — NEW!
» Based on Zeroth Moment

» Rate of change of mass

» Coefficient of variation

» Correlation (R2)

» Recommendation

42

21
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DATA
INPUT

DATA
ANALYSIS

OUTPUT

43

Monitoring Optimization

Software: Export Options

B MAROS Output

» Screen by Screen — spreadsheet cut and paste
as you go

» Reports

» Print as you go

» Output —view and print reports
» Graphs

» View and Print

e -

G

22
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Monitoring Optimization

Software: Export Options

B MAROS Output
» Excel Tables
» Multiple tables — default
» Single Tables
» Access Database
» Multiple Tables — default

» User choses Tables

“40

Air Foree Center for Engineering and the Environment|

MAROS Output MAROS Version 3.0
Release 352, September 2012
Reports and Graphs (Output)
Export MAROS reports, graphs, and tables.
AAA+-AAA
TEXTSIZE
Reports | Graphs | Tables
Name Selected |‘ [ MARQOS Individual Well Export ]
Baseline Spatial Analysis | MAROS Spatial & Temporal i
Cleanup Goal Attainment E Optimization
Cleanup Goals A View Tables, Reports, & Graphs
Individual Well Frequency Trend Results
Export Tables

Kaplan-Meier [}
Linear Regression Results [}
Mann-Kendall Trend Results [}

Excel Workbook(s)
Moment Analysis Results
Moment Analysis Trend Results
Network Frequency
Outliers by Dixon's Method [}
Percentage of Mass by Well =
Plume Area Trends

ke

23
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QUESTIONS?

= =

e
L

WIGSI

ENVIRONMENTAL

47

Monitoring Optimization

Overview: MAROS 3.0 New Release

B Goals and Objectives

B Software Structure and New
Features

m=) B Detailed Description

B Conclusions

48

24
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Overview: MAROS 3.0 New Release

m) Detailed Description- New Features
B Individual Well Statistics
B Plume-Level Analysis

B Optimization

WIGSI

ENVIRONMENTAL

49

DATA
INPUT

DATA
ANALYSIS

OUTPUT

50

25



MAROS 3.0 New Features

October 2012

WIGSI

ENVIRONMENTAL

Monitoring Optimization

Software: Individual Well Statistics

Individual Well How much? How often?
Concentrations When? Where?
B Summary Statistics Lognormal? Normal?

I Outliers?
B Statistical Trends _

Increasing or

B Attainment of Goals Decreasing? Variable?
® Well Score Clean?

Important?

51

Monitoring Optimization

Software: Individual Well Analysis

B Summary Statistics — NEW!
» Detection Frequencies
» Kaplan-Meier — Ave., Median, SD.
» Outliers by Dixon’s

» Shapiro-Wilk Normality

52

26
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Navigation Pane

Summary Statistics Table 1

MAIN MENU > INDIVIDUAL WELL ANALYSIS MENU > SUMMARY STATISTICS TABLE 1

Below are preliminary summary statistics for each location.

1,1,1-TRICHLOROETHANE

1,1-DICHLOROETHENE | TETRACHLOROCETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYLCHLDRIDE|

Well Name

Min Sample
Date

Max Sample
Date

Number of
Samples

Number of Percent

Detects Detection

Maximum Result for Data Range

Max Result

Above

Standard?

Date of
Maximum
Result

MW-X

6/27/2001

5/6/2010

0%

2.50E-03

NO

6/27/2001

MwW-wW

6/27/2001

5/6/2010

0%

2.50E-03

NO

6/27/2001

MW-U

6/27/2001

5/6/2010

0%

2.50E-03

NO

6/27/2001

MW-T

12/1/2000

5/6/2010

6%

1.60E-02

NO

12/1/2000

4/1/2000

5/6/2010

0%

5.00E-04

NO

4/1/2000

4/1/2000

5/6/2010

0%

2.50E-03

NO

12/1/2000

4/1/2000

5/6/2010

0%

2.50E-03

NO

12/1/2000

4/1/2000

5/6/2010

0%

2.50E-03

NO

12/1/2000

4/1/2000

5/6/2010

4%

2.50E-03

NO

12/1/2000

6/17/2002

5/6/2010

0%

2.50E-03

NO

6/17/2002

4/1/2000

5/6/2010

7.25E-01

YES

12/1/2000

4/1/2000

5/27/2008

2.63EH01

YES

12/1/2000

4/1/2000

5/6/2010

2.53E+01

YES

3/1/2002

4/1/2000

5/6/2010

1.10E+00

YES

3/13/2001

Summary Statistics Table 2

MAIN MENU > INDIVIDUAL WELL ANALYSIS MENU > SUMMARY STATISTICS TABLE 2

Results are in mg/L

Statistics by Kaplan-Meier method.

L1,1-TRICHLOROETHANE | 1,1-DICHLOROETHENE | TETRACHLOROETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYL CHLORIDE

Kaplan-Meier Results

Well Name

Mean

Standard
Error

Standard
Deviation

Coefficient
of Variation

25th
Percentile

Median

75th
Percentile

No. of
Samples

MW-X

2.50E-03

0.00EHI0

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-W

2.50E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-U

2.50E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-T

6.67E-04

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-H

5.00e-04

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00e+00

0.00E+00

MW-G

2.50E-03

0.00E+H00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-F

2.50E-03

0.00EHI0

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

MW-D

2.50E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.50E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.50E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Navigation Pane

1.00e-01

6.40E-02

2.56E-01

2.56E+00

0.00E+00

0.00e+00

3.89E-02

9.29E+00

1.94E+00

8.22E+00

8.85E-01

3.96E+00

5.95E+00

9.84E+00

1.17E+01

2.26E+00

9.32E+00

7.96E-01

3.14E+00

1.16E+01

2.25E401

4.46E-01

7.77E-02

3.11E-01

6.97E-01

1.80E-01

3.83E-01

4.80E-01

9

11

11

15

7

14

16

14

16

3

15

15

15

16

WIGSI

ENVIRONMENTAL
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Summary Statistics Table 4

MAIN MENU > INDIVIDUAL WELL ANALYSIS MENU > SUMMARY STATISTICS TABLE 4

Results are in mg/L

Data distribution by Shapiro-Wilk method.

WIGSI

ENVIRONMENTAL

1,1,1-TRICHLOROETHANE | 1,1-DICHLOROETHENE | TETRACHLOROETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYL CHLORIDE|

Shapiro-Wilk Sample Normality

Well Name

SW - Normal SW-

Lognormal

SW Critical

Normal by
Shapiro-Wilk

95% UCL for Normal
Distribution

Lognormal by
Shapiro-wilk

95% UCL on
Geometric Mean

0.878

No

0.002

0.00

0.86

No

0.002

0.00

0.86

No

0.002

0.00

0.899

No

0.004

0.00

No

0.001

0.00

No

0.002

0.00

No

0.002

0.00

No

0.002

0.00

No

0.002

0.00

No

0.001

0.00

@
H
a
=
=
®
=
=
]
=

0.160

0.01

10.14

14.14

0.53

>

B Summary Statistics —

Export Spreadsheet
Export Database
Export Reports
Export Graphs
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DATA
INPUT

DATA
AMNALYSIS

OUTPUT

57

Monitoring Optimization

Software: Plume-Level Analysis

Plume-Level Analysis
B Moment Analysis

B Well % Mass & Area
B Trend by Area

B Mass by Area

How much mass?
Where?

How is it changing?

Which wells monitor the
most mass?

Which wells monitor the
most area?

Increasing or
Decreasing? Variable?

58
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Monitoring Optimization

Software: Moment Analysis User Choice

Maoment Analucic Innut Ontinne
Moment Analysis Input Options 3
MAIN MENU > PLUME ANALYSIS MENU > SPATIAL MOMENT ANALYSIS > MOMENT AN

Moment Analysis Input Options 4

MAIN MENU > PLUME ANALYSIS MENU > SPATIAL MOMENT ANALYSES > MOMENT ANALYSIS INPUT OPTIOY

St the d g e d ions for the data set for the spatial anabyiis. The User can choose More User ChOice

= - ®m Well Choice

Period of Interests

Valid Rsnge 4/1/2000 1o 5/6/2010 .
From: 412000 _to /60 B Time Frame/Sample
Choose the define the perokd Choose define the
| R Events
® Do Not Perform Time Consolidation & Median
Quaarterly Geometric Mean

o SNV gl | S B Missing Sample Results

Mankenum (Highest)

LU 5/8/2010 0.0000 I
P3 552010 1.5000 [

59

Monitoring Optimization

Software: Moment Analysis

& Zeroth Moment Plot
..\%t.--:!m
Change i Diasodvnd Moss Over Pime i
[
et e
Date g
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O T e A T R e
1.86-01 “""I,' =
16601 Ll veite
1.4E-01 . ., .
o 12801 =
i £ 10801 5
i is.o&nz -
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20802 > .
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Monitoring Optimization

Software: Plume Mass by Well

M

f] K L [+] P [+}
oefatts | oprios | Close | MAROS 3.0 Trianaulation Visualization

N R 5 T 1]

Voronoi Area

Mass = Area * [C] * Thickness * Porosity

Monitoring Optimization

Software: Plume Mass by Well

Choose Sample ==
Event

ifiigil

]

e g
i

% Plume Mass

—
— T "

% Plume Area o4 s
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Software: Plume Area Trends

WIGSI

ENVIRONMENTAL

Plume Area Trends

B A S T i
Plume Area Trends el e Cot e e
B Source Wells s LE
m Tail Wells e e==
B 2 Custom Groups E —M%E—
® Choose Wells ,-i/ : : e
il - : e,

63

Monitoring Optimization

Software: Plume Area Trends

Plume Area Trends

MAIN MENU > PLUME ANALYSIS MENU > MAROS ANALYSIS > AGGREGATE TRENDS

The results of the Plume Area Trend assessment are shown. Choose the tab for the COC of interest.

Ll—DICHLDROI—.THENE| TETRACHLOROETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYL CHLORIDE

Aggregate Trends

Area | Number Of Wells | Aggregate Trend | Aggregate Mass %l
Source 5 PD 99% .
.Tail . 8 . PD . 1%
.Custom Group 1 3 PD 75%
.Custom Group 2 . 10 . PD . 25%

64
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DATA
INPUT

DATA
ANALYSIS

OUTPUT

65

Monitoring Optimization

Software: Spatial Optimization
B Spatial Optimization
» Decision Logic — Theory

Spatial Optimization is dependent on goals
of the program —

It is hard to automate diverse goals.

Give the User useful information to make
their own decisions.

66
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Monitoring Optimization

Software: Spatial Optimization

Spatial Optimization
Uncertainty between
B Slope Factor — wells?

Delaunay Triangulation Size of monitoring area?

B \Voronoi Areas Variability in
. uncertainty?

B Relative Error and .
Increasing or

Variability Decreasing? Variable?

B Trends Magnitude of
) concentration?
B Concentration

67

: Compare original network to new network
Moment Analysis |

Choose Wells &
Data range

{ Spatial Optimization

Calculate Voronoi Area ———  Calculate SF, RE, COV

‘ Return to
Rank Wells Moment
‘ Analysis
Good Networks toggagﬁw
Wells evenly spaced RecEmmtend New
Low uncertainty ocations
between wells ‘
Each well has purpose Recommend Wells
to Eliminate

68
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Monitoring Optimization

Software: Spatial Optimization

B Spatial Optimization
» Decision Logic — NEW!
» Well Sufficiency

» Hull vs. Interior Well

» Downgradient Hull

» Baseline—VAvs. Ave
» MK Trend

» COV SF

69

Monitoring Optimization

Software: Spatial Optimization

B Spatial Optimization — Uncertainty
» Slope Factor

» Uncertainty between points normalized by
maximum of estimated or known result

» Relative Error

» Uncertainty between points normalized by
maximum of known result

» Coefficient of Variation

» Variability in uncertainty between points
over time

70
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Monitoring Optimization

Software: Spatial Optimization

B Slope Factor and Relative Error

oM Dglau nay

o _|_EC-NC, |
i _|Max(ECi,NCi) .

Estimated concentration of node:

EC o NC 1 v 1 diagram
R AR

where, M = number of triangles
surrounding the node

| SF > 1, well is important; SF > 0, well is not important

71

Monitoring Optimization

Software: Spatial Optimization

B Slope Factor and Relative Error
EC,—NC, | T
Max(EC.—-aNC,-)l v v

7

rE =‘EC,.—NC,.|

NC,;

]

B Varies over orders of magnitude

B RE - 10000, well is important; RE-> 0, well is not
important

COV - standard deviation/mean for all sample events

72
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Slope Factor and Relative Error Results

MAIN MENU >SAMPLING OPTIMIZATION MENU > WELL SUFFICIENCY MENU > SLOPE FACTOR AND RELATIVE ERROR RESULTS

The table below summarizes the Slope Factor, Relative Error, and COV for each well/COC combination. High values indicate high uncertai

Well Name

Average
SF

Min SF

Max SF

Average
RE

Min RE

Max RE

1,1,1-TRICHLOROETHANE | 1,1-DICHLOROETHENE | TETRACHLOROETHYLENE(PCE) | TRICHLOROETHYLENE (TCE) | VINYL CHLORIDE

MW-A

0.18

0.01

0.68

0.98

1.05

MW-B

0.53

0.07

0.74

205.31

1272.71

MW-BB

0.00

0.00

0.00

154.70

506.51

MW-C

0.46

0.00

0.87

124.97

718.74

MW-D

0.04

0.42

55.13

272.38

MW-F

0.58

0.92

64.06

371.82

0.64

0.88

50.88

263.04

0.08

0.86

201.01

0.13

0.73

497.81

0.00

0.00

371.16

Navigation Pane

0.08

0.80

365.94

0.79

0.95

62.69

1.00

112

Well Areas (Voronoi Areas)

MAIN MENL > SAMPLING OPTIMIZATION MENU > WELL SUFFICIENCY MENL > WELL AREAS (VOR

Well Name

The table be the area of influe
the network that may not have sufficent well coverage.

well area

% of Plume Area

Wil Locatinn

18,199.57
18,687.30
15,506.39
133901
9,345.32
TEM3
5,807.99
278652
1,850.7%

587.00

Initersor
Boundary
Interior
Boundary
Interior
Interor
Boundary
Boundary
Boundary

Boundary

947189

BA7LEI

Total Metwork Footprint: | 94,738.85

The User can enter a cutoff value to identify areas in

AAA+-AAS

Tt 4%

Custoft Madian / Mean Ratio:

Msdian | Mean Ratio:

0.896

Conclusion:
No new wells may be necessary.

WIGSI

ENVIRONMENTAL
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Save Table for Later Comparison

Baseline Spatial Analysis

MAIN MENL >

COV SF and fiE. A final rank s determined by taking all of the

comparison bo & new well netwark,

Moanitoring Wells in Network: 14
Default Wells Per Year 21

LL1-TRICHLOROETHANE | 1,300 [ rETmaciac E) | TRICMLCROETHYLENE [TCE] | VINYL CHLORIDE

[ Area ©f Average Rartk tiy |R-|Hh0w5l Mverage Rank by

] Relstive Error | Relative Brror |MIIII_ |

| well Mame | well Type | Influence |llli!rml Concentration | Concentration | COVSE

Intariee /096,17 8.86 ] [T
Interice 295317 0.06
Hull 1.48R.18 0.00
Interice 12,352.50 0.00
Hull 4,362.82 0.00
Interics 16,624.13 0.00
Interice 18.702.07 0.00
Hull 311366 0.00
Interice 7,634.34 0.00
Husll 58728 0.00
Hull 1,396.62 0,00
Hull AT | | 0,00
Interios aaeaz | |

Hull 1,726,62

.Well Sufficiency Decision Logic

MAIN MENU > SAMPUNG OPTIMIZATION MENU > WELL SUFFICIENCY MENU > DECISION LOGIC INDIVIDUAL WELL AREAS

Description of what this page d’oeﬂslwrunmmuns go here describing what to do on this page. This is also where we can stick etc. The content
hold the user Font face is C. { with Office 2007) and si2e & 11pt. Black text on white background. ARA+-AAA
TEAT SIZE
| Z-AMINO-4,6-DINITROTOLUENE |4-AMINO-2.S—DINITFI.0TBLIJ‘N£ | BORON | cl HEXAVALENT | 1,3,5-TRINITRO-1,3,5- TRIAZINE
Hull wells
Downgradient Percent well Mann Kendall | Potential For —
well Namea from Center? Detection COV SF Importance Trend New Well Area Of Concern
PTXOE-1023 =) 100.0 0.40 16 NT =] =]
FTX0E-1034 =] 100.0 0.03 29 | ] =]
¥ PTYOA 1036 [w] 1000 015 FL s (=] [m ]
Gl IR T =] oo e an N o o
c
i PTX0G-1069 o 0.0 0.20 30 ND =] o -
Baseline Average Slope well Mann Kendall Patential For =
well Name Comparison Faetor COVSE Importance Trend MewWell | Area Of Concern
BIX0G- 1038 17, 0.37 o.00 an NE =] =]
FIX0E-1190 13.81 011 0.0 16 NfA ] o
PTX06-10024 134 0.10 0.24 53 1] a8 [m ]
PTHOE-1003 120 0.12 0.35 52 MfA o o
PTIDE-1130 11.54 008 0.00 0 NiA [w] [m ] bt
NIZUALIZE | | << HALK | LONTINUE >
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Well Redundancy Analysis
MAIN MENU > SAMPLING OPTIMIZATION MENU > WELL SUFFICIENCY MENU > WELL REDUNDANCY ANALYSIS

Well redundancy analysis identifies lowest ranking 25 percent of wells. User can return to moment analysis to remove wells and test met

Wwell Area of
% Total Wwell Baseline Importance Concern
Well Name Plume Area | Location | Comparison Rank Sufficiency | Lowest 25%
\ \ V N

3 Hull 2 T

4 Hull 2

Hull

i3]

Interior

Hull

Hull

Interior

Hull

Hull

Interior

Interior

Interior

Navigation Pane

Interior

O|o|jojoyojaojojo|o|jo|jo|o|o|diz=

gjo|ojoc|o|o|lo|o|jo|o

Interior

Compare network stats before and after optimization

Network Comparison

[ ssiticn |
Motk et}
oMM sserm
Mo ik 13 ) T T
o [T
o wir

Lo

Taata0ur

LT

P

amzarm

00w e

Bamen | wense o ? nann

Msioon | w 7 n Loz

A r ! 5 b

T nz [l & man

Lysnen ] 2 s
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Monitoring Optimization

Software: Frequency Optimization

Frequency Optimization
B Reporting frequency
B Current Frequency

B Transport-based
Frequency

B Decision logic

How often do | sample
now?

How fast is groundwater
moving?

How fast are
concentrations
changing?
Variability?

Increasing or
Decreasing? Variable?

79

Monitoring Optimization

Software: Optimization

B Optimization
» Frequency
» Individual Well

» Network Level — NEW!

80
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Monitoring Optimization

Software: Optimization

WIGSI

ENVIRONMENTAL

» Reporting Frequency

» Travel Time

» Current Sampling Frequency
» Modified CES Method

B Individual Well Sampling Frequency

» Summary info — NEW!

81

ample
.d
eepage
otwork A

e
2 W www

EIMWJ

The User the o the soure.
= |v|m:wru
X-Coordinate: 3127727 ihew Rarsults
¥-Coordinate: 13905210 |
Baved
Actual Sampling Default
1l Mame Frequency Frequemy |
1
MwE 1- annual 1
M8 1 - Annual i
M0 5
WG 1- Annual 2
MW 1+ Annual 2
5

MWL

Average Sample Frequency |
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Monitoring Optimization

Software: Optimization

B Network Sampling Frequency — NEW!

» Based on Zeroth Moment

» Rate of change of mass

» Coefficient of variation
» Correlation (R2)

» Recommendation

WIGSI

ENVIRONMENTAL

83

User supplies R? and
COQV cutoff

Network Frequency Summary & Input

MAIN MENU > SAMPLING OPTIMIZATION MENU > SAMPLING FREQUENCY MENU >IN

Summary of values from individual well frequency module including the average rece
determination and the coefficient of variation for the total mass.

Input Parameters:

Average Recenty Frequency: 1.3

verage Transport Frequency: 3.9
Reportiqg Frequency: 5

Options: \

Cutoff walues for regressmmal plume mass.

R-squared:

Coefficient of Variation

42
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Zeroth Moment Plot

MAIN MENU > PLUME ANALYSIS MENU > SPATIAL MOMENT ANALYSIS > ZERO MOMENT PLOT

Select a chemical below and press the “"Graph”” button to graph. The zeroth moment trend result in the box below reflects the chem

Change in Dissolved Mass Over Time

Select Chemical: 1,1-DICHLOROETHENE

MNavigation Pane

Mass {(Kg)

04

Zeroth Moment Trend: D
Note: Increasing (1); Probably Increasing (P1); Stable (S); Probably Decreasing (PD); Decreasing {D); No Trend (NT); Not Applicable (N/]

Network Frequency

MAIN MENU > SAMPLING OPTIMIZATION MENU > SAMPLING FREQUENCY MENU > INDIVIDUAL WELL FREQUENCY > NETWORK FREQUENCY > NETWORK FREQUENCY

The plume-wide frequency is based on the linear regression of Total Mass estimates over the time frame. The decision logic is based on the slope, R2 and COV of the linear A

Lin. Regr. (Plume Mass)

ity of Mass Change Typical Monitoring Frequency
Compound Slope R-squared Coefficient of Variation inTimeframe Recommended Frequency

1,1,1-TRICHLOROETHANE -0.000923 0.857 0.85 Semi-Annual Biennial

1,1-DICHLOROETHENE -0.000301 Semi-Annual Semi-Annual

TETRACHLOROETHYLENE(PCE -0.000539 E Semi-Annual Semi-Annual

TRICHLOROETHYLENE (TCE) 0.000289 & P Semi-Annual Semi-Annual

VINYL CHLORIDE -0.000026 . - semi-Annual Semi-Annual

R2 Result

< User cutoff | <User Cutoff | Keep current sample
frequency (Average
current)

<0 (negative) < User cutoff | >= User Cutoff | 2 steps less frequent
All >=User < User Cutoff | 1 step more frequent
cutoff
<0 (negative) >=User >=User cutoff | 1 step less frequent
cutoff
Mass =0 Do not calculate Minimum of the reporting
frequency or the
transport-based
frequency
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Monitoring Optimization

Software: Export and Output

) 3

Output Module: \
Print Reports and -
Output Results Database ;'

N ———

Export Database: [
Output and Results
of Analyses \

OUTPUT

Export and Output

87

Monitoring Optimization

Software: Export Options

B MAROS Output

» Screen by Screen — spreadsheet cut and paste
as you go

» Reports

» Print as you go

» Output —view and print reports
» Graphs
» Databases

oo
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Datasheet View by Screen

Summary Statistics Table 1

MAIN MENU > INDIVIDUAL WELL ANALYSIS MENU » SUMMARY

Balow are preliminary summary statistics for each location.

L1-DICHLORGETHENE | TETRACHLORGETHYLENE(PCE] | TRICHLONGETHYLENE [TCE] |
e ASampleDate - e — = AR -
i 33/ 2000 /s mos 1 18 100 1s0E401  12/19/2000 vES
232000 Bf4fxn 18 18 10 1S0EHD1  12/159/2000 VES
YR ETEL] &faf1012 0 1 10 23603 &f5fam2 N
f3fa000 6/5/2002 2] a7 3 L30E-01  G/2sfa000 YES
d/3/2000 652012 17 4 Pl 1.006-03 3/3/2000 NO
33/ 2000 652012 6 E2) 92 37001 12/20{2000 VES
33/2000 Gfsf2012 8 ok 12 L.00E-03 3f3f2000 NO
a3/ 2000 6/5/ 2012 1 18 w0 AJUEHIL  B/E/2000 YES
1 Mw-T 12/20/2000 6/5{2002 16 5 ] LISE-01  12/20/2000 YIS
MW 12/7/2001 5/6/2010 1 1 150603 3/18/2003 NO
I mw-w 12/7/2001 6/5/2012 12 1 8 LO0E-03 12/7/2001 NO
| Mwex 12/7/2001 6/5/2012 10 3 %0 626601 3/26/2004 i5
N mw-z 332000 6/5/2012 17 17 100 1506400 3/14/2001 S

MAROS Individual Well Summary Report

[T -

Reports P =

Fl

B8 B B|8
3888

[3E 3L JEAL
Ak L REAL

[

EAN B A 1
AR E A1 A1

B &38R

MARGS Verin 10 Monday, Gember 08, 3013
Rlease 353, September 2013 Pageled 3
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MAROS Mann-Kendall Statistics Sum

Prnjer Bt R A Wrac

Lsatens Bbbe

s -

Mot Tonss

well: MW S8
Wil Type: T
o TITRACHLCROITHAINE[PCE)

Thme Period:
Consdlidation Period;
Dugdicate Comalidation:

L2000 to 562010
No Time Consoldaon
Madian
: Average

2 Detection Umit
T Agtual Vale

Mann Kendal § Statistic:
18
Confidence in Trend:
a2m
Coefficent of Varlation:
0a?

Waon Kendal
Concentration Trend (See
Mote]

o

| ata Tabte:

Effective

wiel Date Conmtituent

Result (mefl] Flag

Numbser of  Musnbes of
Sarpies __ Ditects

N R
MW-BE
NewBE
[

W BB

MW-BE

NewBa

[

W BE
MARDS Vervion 30

Felease 352, September 2012

/1772002
9712002
3/1/2008
9/1/2008
312008
9/1/2004
5712006
5/27/2008
5/6/2010

TETRACHLORDETHY
TETRACHLORDETHY
TETRACHLORDETHY
TETRACHLORDETHY
TETRACHUDRDE
TETRACHLDRDE
TETRACHLDRDE
TETRACHLORDE
TETRACHUDRDE

Databases

MAROS Output

Reports and Graphs (Output)

Export MAROS reports, graphs, and tables.

Reports | Graphs | Tables

S0E0a
soE08
50804
BEEDL
50604
soE0e
13604
13808
13804

ND
ND
ND

ND
ND
ND
ND
ND o
Mhenday, Ociober 08, 1007
Fagelol 7

Air Force Center for Engineering and the Environment
MAROS Version 3.0
Release 352, September 2012

AA+-AAA

TEXT SIZE

Name Selected

Baseline Spatial Analysis
Cleanup Goal Attainment

Cleanup Goals

Imported Data

Individual Well Frequency Trend Results
Kaplan-Meier

Linear Regression Results

Mann-Kendall Trend Results

Moment Analysis Results

Maoment Analysis Trend Results
Network Frequency

Qutliers by Dixon's Method

Percentage of Mass by Well

Plume Area Trends

|

MAROS Individual Well Export ]

MARQOS Spatial & Temporal
Optimization

View Tables, Reports, & Graphs

View
Export Tables

Access Database

Excel Workbook(s)

WIGSI

ENVIRONMENTAL
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Monitoring Optimization

MAROS 3.0

Expanded Individual » Goals and COC Choice— NEW!

Well Statistics » Individual Statistics— NEW!
Improved spatial
analysis

More User choice and > Aggregate Trends — NEW!

comparison options for
spatial analysis

» Plume mass by well- NEW!

» Spatial Decision Logic — NEW!

Improve Usability » Travel time data — NEW!

opportunities and
options

93

Monitoring Optimization

QUESTIONS?

94
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