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- Mann-Kendall Trend Test




Mann-Kendall Trend Test - Overview

» Statistical test used to evaluate trends over time
= Commonly used for groundwater contaminants

» Calculated by examining all possible pairs of measurements in the data set
and scoring each pair as follows:

* Zr = 1wheny; > vy; Increasing

* Z = 0 when y; = vy, .
7z, = —1 when y, < y,, Decreasing '

) o
» Sum of all z;,= Mann-Kendall Statistic (S) ‘7 J ° ((‘

= Positive S suggests increasing trend ?:' Lz ) q
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Mann-Kendall Trend Test - Overview

» Once the S value is calculated, probability (p) is
quantified based on

= n = number of samples
= sd(s) = standard deviation of S
= 7 = standardized Z-statistic




A E C
Sampling Date Sulfate Conc.
Sample No.

1 (yr.mon) (ppm)

2 | 1 89.6 430
3 2 89.8 450
4 | 3 90.1 450
J | 4 950.3 520
6 | 5 90.6 485
[ B 90.8 310
g8 7 91.1 510
9 | 8 91.3 530
10 9 91.6 510
11 | 10 91.8 260
12 | 11 92.1 S60
13 | 12 92.6 540
14 | 13 93.1 590
13 | 14 93.6 550
16 | 15 94.1 600
17 | 16 94.6 700
18 | 17 95.1 370
19 | 18 95.6 610
20 | 19 95.8 650
21 20 96.1 620
22 | 21 96.3 830
23 | 22 96.6 720
24 23 96.8 590

Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental
Protection Agency (USEPA), 20009. Statistical
Analysis of Groundwater Monitoring Data at
RCRA Facilities Unified Guidance. March.
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Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental Protection Agency (USEPA), 2009. Statistical
Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.
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United States Environmental Protection Agency (USEPA), 20009. Statistical Analysis of
Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.
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Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental Protection Agency (USEPA), 2009. Statistical

Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.
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Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental Protection Agency (USEPA), 2009. Statistical

Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.
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Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental Protection Agency (USEPA), 2009. Statistical

Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.

B | ¢ | b E | F | & | v | 1 | 3 | K | N | o P | @ |[rR| s
5 134 so[s] 37.79 n 3 Z 5.107322 P 1.633787E-07

A
450 520 485 510 510 530 510 560 560 540 580 550

g
g

600 700

g0/
450
450
520

z=(s|-1)/sp[s]

510
510
530
=210

560
540
550
550

570
610
650
620
830
720

O i I T
B e e e e e e e ek e e b e e e e e e
I—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—lll—ll—l
T T PP LI LA L

L B R R R R S I S =

e T e e e R R R T R -~ T - ]

e e e e e e e e e e O e

[P P [0 I IR I P I [P IR I R

[ e e R SR R S =]
O o
T T I T P e

H O H e

T T T T T L S

[ I g g

P T I P U

e g e e

570

L ]

f
et

610

u v W X
650 620 830 720
-1
1
1 1 1
-1 1 1

—e

United States Environmental Protection Agency (USEPA), 20009. Statistical Analysis of
Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.

@ Woodard & Curran



Mann-Kendall Trend Test - Visual Example

Example 17-6 United States Environmental Protection Agency (USEPA), 2009. Statistical
Analysis of Groundwater Monitoring Data at RCRA Facilities Unified Guidance. March.
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Normal Distribution

Percentile 50% 80% 90% 95% 99% 99.9%

*Central Tendency Theorem can be applied only once n > 10
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R-Based Approach to
Automating Mann-Kendall

—




Initial Mann Kendall Automation Script

Error-prone, tedious spreadsheets Automated approach

Strong Statistical Reputation







nitial Mann Kendall Automation Approach Using R

TABLE X-X
SUMMARY OF MANN-KENDALL TREND ANALYSIS RESULTS
Project Name, Project City, Project State
Well Depth Interval 1,1,1-TcA] B cis-1,2-DCE_[ Naj [ pcE TCE [ Vinyl chioride | Total VOCs | 1,4-Dioxane | Dissolved Arsenic | Total Arsenic | PFHxS |[PFNA[ PFOS PFOA
On-Property
MW-1 Shallow BRL BRL — Decreasing BRL ERL BRL Decreasing = === Decreasing# Mo Tren BRL [ Mo Trend# | Mo Trend#
MW-2 Shallow BRL BRL BRL BRL Decreasing BRL BRL Decreasing BRL --= Stable# BRL Stables# Stable#
MW-3 Intermediate No Trend Mo Trend | BRL Stable Stable
MW-4 Shallow BRL Decreasing No Trend No Trend - - BRL No Trend No Tren - No Trend# - - -
MW-5 Intermediate BRL Stable Prob Decreasing ERL BERL Decreasing ERL Prob Decreasing No Trend# === Mo Trend# == - - ==
MW-6 Intermedi Decreasing Stable# Decreasing ERL Decreasing Decreasing P ncreasing Decreasing Decreasing# === Decreasing Decreasing# | BRL | Ir S Stable#
MW-7 Shallow BRL BRL BRL ERL BERL ERL ERL BRL BRL === == - ==
MW-8 Shallow BRL No Trend No Trend BRL BRL BRL BRL Prob Decreasing Decreasing - Decreasing# -—- - - -
Off-Property Monitoring Wells
MW-9 Deep BRL BRL No Trend BRL BRL BRL BRL No Trend Prob Decreasing# - BRL BRL BRL Stable Mo Trend
MW-10 Bedrock === - - - == === Decreasing == - ==
MW-11 Shallow === === - - - === Stable# == Stable Stable#
MW-12 Intermediate === - - - == Prob Decreasing === - - ==
MW-13 Deep === === == - == Stable# === Stable# BRL ERL BRL
MW-14 Intermediate BRL - Decreasing BRL - BRL BRL Decreasing Decreasing# - No Trend BRL | NoTrend# | Mo Trend#
MW-15 Deap BRL Decreasing Decreasing BRL BRL Decreasing easing# Decreasing Decreasing# a easing# Decreasing | BRL | Decreasing | Decreasing#
MW-16 Intermediate BRL BRL Decreasing ERL BRL Decreasing Prob Decreasing Decreasing Decreasing BRL Stable BRL Stable# Stable#
MW-17 Shallow - - - - S Decreasing - Decreasing - - -
Off-Property Former Drinking Water Wells

MW-18 Bedrock === Stable# Stable == Prob Decreasing BRL No Trend le# === === == ===
MW-15 Bedrock BRL - Decreasing BERL - ERL Decreasing ble# === == - ==
MW-20 Bedrock === === === === === Stable == === == ===
MW-21 Bedrock Mo Trend# - - ==
Mw-22 Bedrock = = = =
MW-23 Bedrock - - - - - - - - -
MW-24 Bedrock === === - - - === - == -
MW-25 Bedrock BRL - Mo Trend# ERL BERL No Trend Stable Mo Trend# Mo Trend# == - ==
MW-26 Bedrock BRL BRL No Trend ERL BRL - BRL No Trend Stable# - - - -
MW-27 Bedrock === === === === === No Trend == === == ===

Notes:

cis-1,2-DCE = cis-1,2-dichloroethene; VOCs = Violatile Organic Compounds:

PFHxS = Paerflusrohexane sulfonic acid; PFOS = Perfluorooctane sulfonic acid (FFOS); PFOA = Perfluorooctanoic acid (PFOA); PFAS = Perfluorononanoic acid

# = 2021 exceedance of the applicable Regulatory Standard

The MK calculation assumes half the reporting limit if a sample is non-detect.

BRL = Below Reporting Limit, most of the historical data is below laboratory reporting limit

- Mann Kendall analysis not parformed.
Decreasing Green shading indicates a decreasing or probably decreasing trend, or a stableino trend with a current concentration below the Regulatory Standard, or resulis BRL.
Yellow shading indicates a stable’no trend with a cument concentration above the Regulatory Standard.
Ovange shading indicates an increasing trend.
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Initial Mann Kendall Automa

Concentration (ug/L) Concentration (ug/L)

Concentration (ug/L)

WC-011
VOCs
100 3 . Analyte
10 - —_h—q_"'————-.._._____‘- -+~ Benzeng
-— cis—1,2-Dichloroethene
1= - — .
: > Trichloroethensa
0.1 " ' . . ‘ - Total VOCs
01=2014 01-2016 01=2018 01-2020 01-2022
Sampling Date
1,4—dioxane
100~ :
i = Analyte
10- : - - )
— - #- 1,4-Dioxane, Total
- . ; . ;
01-2014 01-2016 0i-2018 01-2020 01-2022
Sampling Date
Arsenic
100~
Analyle
10~
Arsenic, Total
1- -'I . L] ] L]
01-2014 01-2016 01-2018 01-2020 01-2022
Sampling Date
Analyle Trend §  Confidence Factor COV  NHDES AGOS
Benzars Snabis -4 2587 o £
Cis=1,2-thchioroethens  Prob Decreasing =8 93.2% 116 T0
T 1 [« ] -14 99.5%. -k 5
Tatal VOCs Prob Decréasing =0 93 2% o682 NA
1, d—dipxana, Total Mo Trend# 3 64.0% 055 032
Arsanic, Total No Trands# 7 BE A% 06 5

1. Non-dedact resulls are dispiayed with a hoVlow i symbol. Nan-dafect Total VOCs are dispiayed as one half the mininum sum of dafected VOCs

tion

Approach Using R
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Initial Mann Kendall Automation Approach Using R

Concentration (ug/L)

100~
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i

—
L

=
.

WC-011
VOCs
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'l—- \ - Benzene
— . cis=1,2=Dhchloroethens
2 Trichloroathena
N . ' I , I ' = Tolal VOCs
01=2014 01-2016 01=2018 01-2020 01-2022
Sampling Date

1. Non-detect results are displayed with a hollow fill
symbol. Non-detect VOCs are displayed as one half the
minimum sum of detected VOCs.
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Scaling of R-Approach

» Deployed across multiple projects

» Generalized Script
» Posted to W&C Github




Transition to a Dynamic
~ Display in Power BI




Automating Mann-Kendall with Power Bl

» allowed the project team to:
= Review updated trends in real time

= Evaluate the impacts of
« Outliers
- Different time frames

Measures allowed
dynamic recalculations

o )G

@ Woodard & Curran



MW-285 MW-29D |

Chemical Mame MW-11R MW-12  MW-14  MW-15  MW-19 MW-21 MW-22 MW-23  MW-24 MW-25R

Y

1,1,1,2-Tetrachloroethane M/A M/A MNSA N/A N/A N/A NSA MN/A MN/A MN/A MN/A M/A
1,1,1-Trichloroethane M/A M/A MN/A N/A N/A No Trend  N/A MNSA N/A N/A N/A M/
1.1.2.2-Tetrachloroethane N/A N/A M/A N/ MN/A MN/A M/A M/A N/ M/ MN/A N/A
1.1.2-Trichloro-1.2,2-trifluoroethane N/A N/A M/A M/ MN/A MN/A N/A M/ N/ My A N/ N/&
1.1.2-Trichlorosthane N/A N/A M/ A N/ M/A MN/A MN/A M/ A M/ A My N/A N/A
1,1-Dichloroethane /A M/A M/A M/ M/A Mo Trend  MN/A M/A /A MJ/A MJA Mo Trend
1,1-Dichloroethene N/A N/A  N/A N/A  Stable No Trend  N/A N/A  N/A [Decreasing  MN/A No Trend
1,1-Dichloropropene N/A MNA NSA N NS MNA M/A N/ N M N/A MN/A

1,2 3-Trichlorohenzens N/A N/A N/A /A /A /A N/A /A /A /A N/A /A

1.2, 3-Trichleropropane /A M/A M A /A MNSA MA M/ A MN/A MN/A /A M A /A

1,2 4 5-Tetramethylbenzene /A N/A N/A N/A N/A /A N/A N/A N/A M/A N/A M/A

1,2 A-Trichlorohenzens /A N/A N/A /A M/A /A N/A /A /A M/A N/A M/A
1,2-Dibroma-3-Chloropropane M/A M/A LA /A MFA MN/A MSA MAA MNAA MAA M A M/A
1.2-Dichlorobenzene MN/A M/A /A MNSA MNFA MN/A MNSA MNSA MN/A MN/A N/A N/A
1,.2-Dichlorcethane N/A N/A N/A N/A N/A MN/A N/A N/A N/A N/A N/A Mo Trend
1,2-Dichlorcethene N/A N/A MN/A N/A N/A MFA MN/A MN/A N/ MN/A MSA MN/A
1.2-Dichloropropane MN/A MN/A M/A MAA M/A MN/A NIA MN/A MN/A MN/A N/A N/A
1.3-Butadiene N/A N/A N/A N/A N/A /A N/A N/A N/A MN/A NSA MN/A
1.3-Dichlorcbenzene N/A MN/A M/A N/A MN/A MN/A N/A MN/A N/A MN/A N/A N/A
1,3-Dichloropropane M/A MN/A M/A M/A M/A N/A N/A MN/A N/A N/A MN/A M/A
1,3-Dichloropropene (total) MN/A MNSA /A MNSA MNFA MN/A MN/A MN/A MN/A MN/A MLA MN/A
1.4-Dichlorobenzene N/A N/A N/A N/A N/A MN/A N/A N/A N/A N/A N/A N/A
14-Dioxane la " NoTrend N/A L N/A nya DSEesingl /A N/A N/&  |Decreasing  Potentially Increasing  N/A N/A
Carbon Tetrachloride MN/A MN/A N/A N/A N/A MN/A N/A MNSA N/A N/A NSA N/A
Chlorobenzene N/A MNSA MNSA NSA MN/A MN/A MNSA MSA MNSA MNSA NS A, MN/A
Chloroethane N/A MN/A N/A N/A N/A MN/A N/A N/A N/A N/A NSA N/A
Chloroform MN/A MN/A MN/A N/A N/A MNSA Stable MSA MN/A MNSA NSA M/A
cis-1.2-Dichloroethene |y Increasing _ N/A N/A N/A _ No Trend  N/A /A Mo Trend _ M/A Na Trend
Methylene Chlaride MN/A MN/A N/A N/A N/A NSA N/A MNSA MSA N/A NSA /A
Tetrachloroethene MN/A M/A MN/A MN/A MN/A MN/A N/A MN/A MN/A MN/A N/A MN/A
trans-1,2-Dichloroethylene stable N/A N/A - N/a o EEEasingl No Trend  N/A N/A  NoTrend Jbecreasing I na No Trend
trans-1,3-Dichloropropens MSA MSA ML A /A MNFA MFA NSA /A /A MSA MiA S
trans-1,4-Dichloro-2-butene N/A N/A M/A MN/A MN/A MN/A M/A NSA N/ N/ N/A MN/A
Trichloroethene Potentially Decreasing M/ N/A  N/A  |Decreasing’ Mo Trend NoTrend N/A  Potentially Decreasing Potentially Decreasing N/A Patentiall
Vinyl acetate N/A N/A M/A N/ A MN/A MN/A M/A M/ N/ M/ N/A N/A
Vinyl Chloride No Trend N/A NJA N/A NoTrend NoTrend N/A N IR No Trend

<

>
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Well

Multiple selections

Chem. Classification

Bl voc

Chemical Mame
.alpha.-Pinene
1,1,1,2-Tetrachloroethane
1,1,1-Trichloroethane
1,1,2,2-Tetrachloroethane

1,1,2-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethene
1,1-Dichloropropene
1,2,3-Trichlorobenzene
1,2,3-Trichloropropane
1,2,4,5-Tetramethylbenzene
1,2,4-Trichlorobenzene

1.2-Dibromoethan 7 |E?

1/1/2002 12/31/2021

O

O

1,1,2-Trichloro-1,2,2-trifluor... |

1,2-Dibromao-3-Chloroprop...
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Abandoned v Well Type v Chemical Cate... v Chemical Name v
H @ Expand Table P
Well Trend "
- False V Monitoring Well v VOC v cis-1,2-Dichloroethene Vv
DB-01 Potentially Decreasing v Collapse
DB-30RX1 N/A Table
r cis-1,2-Dichloroethene Y I

»

cis-1,2-Dichloroethene in Well MW-355
16.000 (Decreasing)
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i e
LR e

ZEn

[
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C
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Chem. Classification

Wel|

S COV f# of Detections P Stan. Dev.
Vo MW-335 e
cis-1,2-Dichloroethene Decreasing -14 1.28 0.025 6.66
hemieal N Tetrachloroethene 0.00 0.25 6.66
Frear ame Vinyl Chloride 213 0.068 6.66
Multiple selections Trichloroethene 2.05 0.386 6.66
Concentration and First lab_qualifiers by Sample Date and Compound Y E2
0 1.000.0 Compound
@ ciz-1.2-Dichloroethenea
@ Tetrachloroethene
Trichloroethens
@ Vinyl chloride
100.0
£ 100
e v \.-
O 0.1
2020
V&

1/1/2002 12/31/2021

O




Next Steps

» Scale Power Bl dashboard to multi-project
Azure SQL Database

» Build tools for data
collection/validation/import.

» Add other analytical tools
= Contaminants of concern summaries,
= sampling optimization
= Seasonal Mann-Kendall, etc.
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