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Chapter SPS 346
APPENDIX

Nonparametric Statistical Tests for Determining the Effectiveness of Natural Attenuation

Two nonparametric statistical tests are described here: the Mann—-Kendall (S) and Mann—-Whitney (U) statistical tests.
Thesetests can be used to show whether groundwater contaminant concentrations in a monitoring well are increasing,
stableor decreasing. Howevanreither test is able ttetermine the rate in which the concentrations are changing over time.
The Mann-Kendall €st can be used with a minimum of 4 rounds of sampling results; howeétann—-Kendall st

is not valid for data that exhibit seasonal behavidie Mann—Whitney U dst is applicable to data that may or may not
exhibit seasonal behavidout the test requires 8 consecutive rounds of quarterly or semi—annual sampling reslgts. T
onstratethat natural attenuation isfe€tive, the chosen statistical test must skiesreasing contaminant concentrations

atan appropriate confidence level, given in the test methodologies that. follow

Mann-Kendall Test

1. Assemble well data fat least 4 sampling events for each contaminant in the order in which the data was collected.
Includeall contaminants that have exceeded the ES at one or more monitoring wells. Include data from:

a. One or more contaminated monitoring wells near the downgradient plumia merich may include piezome
ters,

b. A monitoring well near the source zone, and
c. At least one monitoring well along a flow line between the source zone well and plugire wedk.

2. For purposes of the Mann—Kendall test, all non—detect data values should be assigned a sitigdeisddss than
the detection limit, even if the detection limit varies over time.

3. Tests for Seasonality in Data. For seasondictdd data, either remove the seasonality in the data (e.g., by only testing
datafrom the seasons with the highest contaminant concentrations) ostasistecal test that is urfa€ted by seasonality
suchas the Mann-Whitney UeEt. D test for data seasonality:

a. Determine ifgroundwater flow direction changes with season by comparing a water table map from each season
thatthe contaminant concentrations are measured. If the flow direction changes from one sampling period to another
andshifts the plume away from the wells being used in the statistical test, then data from those seasons that are shifted
awayfrom the centerline monitoring wells can not be used in the Mann-Keregall T

b. Determine if groundwater elevation and contaminant concentration change seadeloaltpntaminanton
centrationversus groundwater level for each well to be assessed by the Mann—-Kestlalf groundwater con
centrationghange as water level changes, then the data is seasdratiycaf The seasons with the highest cortami
nantconcentrations should be included in the Mann-Kenast. T

4. Calculate the Mann—Kendall Statistic (S) using a manual method or a DNR supplied spreadsheet. émsissiall
nantsin the plume for the selected wells being assessed with the Mann—-Kesxtakiiter data for each contaminant in
theorder it was collected.

a. Manual Method to Calculate Mann—Kendall Statistic. Compare data sequettigparing sampling event 1
to sampling events 2 through n, then sampling event 2 to sampling events 3 threteghEach row is filled in with
al, 0or-1, as follows:

Along row 2, if:
— Concentration of event ¥ event 1. Enter +1
— Concentration of event x event 1. Enter 0

— Concentration of evenf X event 1: Enter — 1

RegisterDecember 201 No. 672


http://docs.legis.wisconsin.gov/code/admin_code

File inserted into Admin. Code 1-1-2012. May not be current beginning 1 month after insert date. For current adm. code see:
http://docs.legis.wisconsin.gov/code/admin_code
SPS 346 Appendix WISCONSINADMINISTRATIVE CODE 192

Where: n = total number of sampling events
Xj = value of given sample event, withi=2ton

Continuefor the remaining rows. Sum each row and enter resthié &nd of the rowAdd the sum of each row down
to obtain the Mann—-Kendall Statistic (S). SeblE A as an example.

Table A
Mann-Kendall Statistic

Sampling Sampling  Sampling  Sampling  Sampling

Event 1 Event 2 Event 3 Event 4 Event 5
Contaminant concentra Sum Rows
tion - 100 50 85 75 50
Compare to Event 1 - -1 -1 -1 -1 -4
Compare to Event 2 - +1 +1 0 +2
Compare to Event 3 - -1 -1 -2
Compare to Event 4 - -1 -1
Mann Kendall Statistic @tal) = -5

b. Manual Mann-Kendall Statistic Look upfdle. Rble B gives the maximum S statigt;,ax) to accept a declining
trend alternative at am level of significance. If the computed S is greater thag ®r S is a smaller negative number
thanSnay), then there is either a no—trend or an increasing trend in the data.

Table B
Mann-Kendall Statistic Look Up Table
Smax
N Range of S a =0.2*
4 -6to+6 -4
5 -10to+ 10 -5
6 -15to + 15 -6
7 -21to+21 -7
8 - 28to+ 28 -8
9 -36to+ 36 -10
10 — 45 to +45 -1

* The probability that the computed Mann—Kendall statisicSg,ax is at mosti.

5. Test for a declining trend. Evaluate data trends for each contaminant identified in the plume. Evaluate the null hypothe
sisof no trend against the alternative of a decreasing trend. The null hypothesis can be rejected in favor of a decreasing
trend if both of the following conditions are met:

a. Sis alage negative number (seabile B for magnitude of S)

b. The probability value, given n (number of data) and the absolute value of S, is LESS than the a priori significance
level,a, of the test. At < 0.2 is acceptable.

6. Test for an increasing trend. An increasing trend alternative (i.e., an advancing plume) is shown if both of the following
conditionsare met:

a. Sis positive.

b. S=2[0Snaat a giveru level of significance (seeable B). If the computed S is equal to or greater than the absolute

valueof Spax then it can be concluded the plume is advancing atlewel of significance. A < 0.2 is acceptable
for this test.

7. Test for Plume Stabilitylf the Mann—Kendall &st indicates no—trend is present, perform theficoait of variation

test. As a non—parametric test, the Mann—-Kenda#tTdoes not take into account the magnitfdsEatter in the data. A

dataset with a great deal of scatter may return a Mann—Kendall test indicating there is no trend, when, in fact, no conclusion
canbe drawn regarding trend becao$elata variability In this case, additional data collection may be necessary to deter
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minethat the plume is stable, declining or advancing. As a simple test, tffieienebf variation can assess the scatter
in the data:

_ standard deviation
" arithmetic mean

Where: CV._ coeficient of variation

cv should be< 1 to say that the no-trend hypothesis also indicates a stable plume configuration.
Mann-Whitney U Test. This test is equivalent to theidbxon Rank Sum é&st.

1. Assemble well data for the masicent 8 consecutive quarterly or semi—annual sampling events for each contaminant
thathas exceeded the ES at one or more monitoring wells. Include data from:

a. One or more contaminated monitoring wells near the downgradient plumgia marich may include piezome
ters,

b. A monitoring well near the source zone, and
c. Atleast one monitoring well along a flow line between the source zone well and plugire wedk,

2. Enterthe data into a DNR supplied spreadsheet or manually assemble the data into a taldélée@) i the order
thedata was collected. Assign a rank to each sample value, with the smallest value ranked #1 gest thell&r ranked
#8.

3. For purposes of the Mann—-Whitney U test, all non—detect values should be assigned a data value of zero (0).

Table C
Example Data Set for the Mann—-Whitney U Statistical €st
Benzene Rank Sum of
Year/Date Concentration (ug/l) Rank 1styear (Ws)
1St Year 1St Quarter 160 8
18t Year 24 Quarter 130 7 -
18t Year 39 Quarter 80 4
15t Year 4 Quarter 100 6
2nd Year 15t Quarter 89 5
2nd Year 2nd Quarter 0 1
2nd Year 39 Quarter 53 3
2nd Year 4 Quarter 24 2

U=26-Ws =1

4. Sum the ranks for the data in tifeykar Denote this sum asié/(or the Vilcoxon rank sum).

5. Calculate the U Statistic. U = 26 +3W

6. Interpreting U Statistic. For 2 groups of 4 samples, £it3Jthe probability that year 2 data show a decrease relative
to year 1 data is at least 90%, and s8 B will be acceptable to show that contaminant concentration is declining.

7. If there are ties in sample data, calculate an average rank valhe fied data and assign this average rank to the tied
sampledata. See example imfle D.
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Table D
Example of Rank Sum \alue for Tied Data
Benzene
Concentration Check for Rank Sum of

Year/Date (ug/) Ties Rank 15tYear (Ws)
15t Year 15t Quarter 300 8
18t Year 214 Quarter 280 7 245
15t Year 39 Quarter 105 4
18t Year 4" Quarter 110 * 5.5
2nd Year 15t Quarter 83 3
2nd Year 21d Quarter 50 v 1.5
2nd Year 34 Quarter 110 * 5.5
2nd Year 4 Quarter 50 v 1.5

U=26-Ws =15

8. Probability and the U Statistic.afile E shows the value and the confidence level for valuetafalculated for 2 groups
of 4 samples each.
Table E
Probability and U Statistic
(For 2 Groups of 4 samples each)

U Statistic Level of significancex Confidence Level (%)
0 0.014 98.6
1 0.029 97.1
2 0.057 94.3
3 0.100 90.0

9. If morethan8 consecutive rounds of data are available, a Mann—-Whitney U statistic can be calculated similar to the
methodpresented here. Each set of data to be compared should represent the same span of time (e.g. 1 year) and the same

time interval between samples (e.g., quarterly). The test must be conducted at a level of sigfifjoafirs®.10.
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