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MANN-KENDALL ANALYSIS FOR THE FORT ORD SITE

1.0 INTRODUCTION

The Mann-Kendall test was performed to evaluate the trend of TCE concentrations at various
monitoring wells located at the Fort Ord site. The analysis was limited to those wells that were
sampled at least on 10 different occasions and located within the area of interest, OU-1. This unit
is located in the Northwest corner of the site. TCE sampling data that was collected between
1999 and 2004 was used for the analysis.

The analysis procedure is described with the aid of an example in Section 2.0. Input data and
modeling assumptions are described in Section 3.0. The results are presented with a brief
discussion in Section 4.0.

2.0 MANN-KENDALL ANALYSIS
2.1 CALCULATION OF THE MANN-KENDALL STATISTIC (S)

The Mann-Kendall test is a non-parametric test for identifying trends in time series data. The
test compares the relative magnitudes of sample data rather than the data values themselves
(Gilbert, 1987). One benefit of this test is that the data need not conform to any particular
distribution. Moreover, data reported as non-detects can be included by assigning them a
common value that is smaller than the smallest measured value in the data set. The procedure
that will be described in the subsequent paragraphs assumes that there exists only one data value
per time period. When multiple data points exist for a single time period, the median value is
used.

The data values are evaluated as an ordered time series. Each data value is compared to all
subsequent data values. The initial value of the Mann-Kendall statistic, S, is assumed to be 0
(e.g., no trend). If a data value from a later time period is higher than a data value from an earlier
time period, S is incremented by 1. On the other hand, if the data value from a later time period
is lower than a data value sampled earlier, S is decremented by 1. The net result of all such
increments and decrements yields the final value of S.
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Let x, , x, , ...x, representn data points where x, represents the data point at time j. Then the

n

Mann-Kendall statistic (S) is given by

where :
sign(x, —x;) =1if x, —x, >0

=0if x; —x, =0

=-lif x, —x, <0

A very high positive value of S is an indicator of an increasing trend, and a very low negative
value indicates a decreasing trend. However, it is necessary to compute the probability associated
with S and the sample size, n, to statistically quantify the significance of the trend. The
procedure to compute this probability will be described in Section 2.3.

2.2 EXAMPLE

Consider the sampling program at a fictitious monitoring well where TCE concentrations of 1.5,
2.0, 1.75, and 3.0 pg/L were observed in the years 1990, 1991, 1992, and 1993 respectively. To
calculate S, start with the last sample (1993). Since the TCE concentration recorded in 1993 is
higher than the other three samples, increment the value of S by 1 thrice making it equal to 3.
Then compare the 1993 sample with the earlier samples (1990 and 1991). The 1992 value of 1.75
pg/L is lower than the 1991 value of 2.0 pg/L, which means that we have to decrement the value
of S by 1 bringing it down to 2. At the same time, the 1992 value of 1.75 pg/L is higher than the
1990 value of 1.5 pg/L, which means that S has to be incremented by 1 making it 3. Comparing
the 1991 sample (2.0 pg/L) with the only earlier sample (1.5 pg/L in 1991), we realize that we
have to increment S by 1, giving us a final value of 4.

2.3 CALCULATION OF PROBABILITY ASSOCIATED WITH THE MANN-
KENDALL STATISTIC

Kendall (1975, p55) describes a normal-approximation test that could be used for datasets with
more than 10 values, provided there are not many tied values within the data set. The test
procedure is as follows:

e (alculate S as described in Section 2.1.
e (alculate the variance of S, VAR(S), by the following equation:

VAR(S) = %[n(n ~1)(2n+5)- Zg:tp (t, ~1)2t, +5)

where n is the number of data points, g is the number of tied groups (a tied group is a set
of sample data having the same value), and 7, is the number of data points in the p"
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group. In the sequence {2, 3, non-detect, 3, non-detect, 3}, we have n=6, g =2, ¢, =2 for
the non-detects, and #,=3 for the tied value 3.

e Compute a normalized test statistic Z as follows:

Z :S—_ll/z lfS > 0
[VAR(S)]
=0 ifS =0
:S—+11/2 lfS < 0
[VAR(S)]

e Compute the probability associated with this normalized test statistic. The probability
density function for a normal distribution with a mean of 0 and a standard deviation of 1
is given by the following equation:

f(Z)—\/Ee

Microsoft Excel function, NORMSDIST(), was used to calculate this probability.

e Decide on a probability level of significance (95% typically).

e The trend is said to be decreasing if Z is negative and the computed probability is greater
than the level of significance. The trend is said to be increasing if the Z is positive and
the computed probability is greater than the level of significance. If the computed
probability is less than the level of significance, there is no trend.

This method, though approximate, is applicable to the OU-1 datasets because the data satisfies
the various limitations, i.e., sample sizes greater than 10, and very few ties.

3.0 DATA AND ASSUMPTIONS

Monitoring well data collected between 1999 and 2004 at Fort Ord was used to perform the
analysis. Samples were collected every two to three months from most wells between April 1999
and December 2004. Monitoring well MW-OU1-37-A had the least number of samples (11)
while well MW-OU1-29-A had the maximum number of samples (27). On average, there were
about 20 samples per monitoring well. The non-detect values were replaced with an arbitrary
value of 0.01 that was smaller than the smallest measured concentration of TCE (0.061). Two
key assumptions were also made in processing the data:

e  When multiple samples were collected on a single day, the median value of all those
samples was assumed to be the representative sample. This was a necessary step as the
Mann-Kendall analysis required only one data point at a given instant of time.

e [t was assumed that the variation in the sampling depths was not large enough to produce
a bias in the trend statistics.
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4.0 RESULTS

A spreadsheet-based macro was developed using Microsoft Visual Basic for Applications (VBA)
within an Excel spreadsheet. This tool was used to process the input time-series data, perform the
trend analysis, and report the results.

The TCE concentration data at 27 wells was analyzed using the aforementioned VBA macro
tool. Statistically significant increasing trends were observed at four wells. Six wells did not
have a trend that was statistically significant. The remaining 17 wells had a statistically
significant decreasing trend. The results are shown in Table 1. The same results are presented
visually in Figure 1.

The TCE plume originated from the area shaded in grey near MW-OU1-37-A and MW-OU1-12-
A (Figure 1). Field studies have indicated that the plume migrated from the source in a
northwesterly direction. As the plume migrates from the source, concentrations would decrease
near the source with time. This is confirmed by the splash of green near the source in Figure 1,
indicating a decreasing trend. As the plume diffuses away from the source, the outer wells would
be expected to report increasing concentrations until the plume crosses them. The results do
indicate an increasing trend in outer MW-OU1-09-A, MW-OU1-33-A, MW-OU1-32-A, and
MW-0OU1-25-A. Even though the trend at MW-OU1-08-A, MW-OU1-19-A, MW-OU1-21-A
and MW-OU1-27-A was not significant enough, a positive Mann-Kendall statistic suggests that
the TCE concentration at these wells is increasing with time.
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Table 1 — Mann-Kendall Trend Results

Number |\ berof | Mini Maxi KMa(Iimll Nan altized (:tr glslg/
umber o inimum aximum enda es - ()
Well ID (g(:i)::: Non-detects Value Value Statistic Statistic Probability : le.vel of
S) (2) significance)

MW-0OU1-03-A 24 1 0.01 3.32 -252 -6.2845 1.0000 Decreasing
MW-0OU1-04-A 18 0 8.3 45.75 91 -3.4898 0.9998 Decreasing
MW-0U1-05-A 21 0 3.6 19.9 -194 -5.8938 1.0000 Decreasing
MW-0OU1-06-A 21 1 0.01 6.06 -148 -4.5145 1.0000 Decreasing
MW-OU1-10-A 24 4 0.01 7.4 -95 -2.3883 0.9915 Decreasing
MW-0OU1-12-A 13 0 0.31 1.51 -68 -4.2096 1.0000 Decreasing
MW-0OU1-20-A 22 0 3.2 34.8 -98 -2.7927 0.9974 Decreasing
MW-0U1-22-A 24 0 2 4.64 -148 -3.7004 0.9999 Decreasing
MW-0U1-23-A 22 0 8.2 27.1 -142 -4.0339 1.0000 Decreasing
MW-0OU1-26-A 22 0 20.5 54.1 -121 -3.4429 0.9997 Decreasing
MW-0OU1-29-A 27 1 0.01 43.5 =211 -4.4195 1.0000 Decreasing
MW-0OU1-36-A 16 0 0.48 4.64 -86 -3.9356 1.0000 Decreasing
MW-0OU1-37-A 11 1 0.01 1.65 -25 -2.0241 0.9785 Decreasing
MW-0OU1-38-A 13 6 0.01 0.588 -53 -3.4833 0.9998 Decreasing
MW-0U1-39-A 19 0 0.44 35.5 -151 -5.3178 1.0000 Decreasing
MW-0OU1-43-A 18 1 0.01 36.3 -119 -4.5519 1.0000 Decreasing
PZ-OU1-35-A 24 1 0.01 86.4 -205 -5.1113 1.0000 Decreasing
MW-0U1-09-A 23 13 0.01 4.4 150 4.4259 1.0000 Increasing
MW-0OU1-25-A 24 0 0.398 4.2 96 2.4110 0.9920 Increasing
MW-0OU1-32-A 23 1 0.01 1.8 178 4.7435 1.0000 Increasing
MW-0OU1-33-A 25 1 0.01 2.5 109 2.5697 0.9949 Increasing
MW-0OU1-01-A 15 0 0.74 1.2 -3 -0.1979 0.5785 No Trend
MW-0OU1-08-A 24 1 0.01 59 55 1.3895 0.9177 No Trend
MW-0OU1-19-A 20 0 2.835 8.7 25 0.8440 0.8007 No Trend
MW-OU1-21-A 18 2 0.01 0.335 23 09117 0.8190 No Trend
MW-0OU1-27-A 24 0 0.63 105 49 1.2406 0.8926 No Trend
MW-0U1-40-A 19 0 0.38 5 -45 -1.6113 0.9464 No Trend

U.S. Army Corps of Engineers
5

MK Report.doc HydroGeoLogic, Inc. 7/18/2005



HydroGeoLogic, Inc. — OU-1 2004 Annual Groundwater Monitoring Report — Former Fort Ord, California

F—MAW-OUT-22-4

.

. § o
I MW-OLI1 404 , :
> * MW-0U1-23-A @ \\ y
MW-OU1-25-4 —r—\ \~ MW-OU1-33-A
¥ MW-OU1-20-A @ i
. TR &
- MA-OUI-00-A — 55 o B MMOUI8A
» 3 Mwourtos — & N -
5 MW-OUT-04-A —— o -mw‘;_»u\m
MAOUT1gA — e = S
|\ MW-OU1-05-A —1y, 7 o =il P
" } [ o
- * | ST mweounara
MWOUT-36-A——l@ T mweout-12:4

/
MW-OU1-06-A
N MA-0U1-01-A

L

»

Mann-Kendall
Trend Analysis

Legend

& Well/Piezometer

@ Increasing Trend
Decreasing Trend
@ Mo Trend

° Abandoned Soil Boring
® Hydropunch Boring
Trail/Unimproved Road
Fence
=== Property Boundary

Fire Drill Area (FDA)

N
0 3000 i y200
e
SCALEN

LOAE009 #r OrdTO_20) Muga Modelisng_Report_Revision

Figure 1 — Results of Mann-Kendall Trend Analysis
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