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1.0 GROUND WATER STATISTICAL METHODOLOGY 

The Naval Surface Warfare Center (NSWC) Crane conducts open burning treatment of hazardous waste 

munitions/explosives at the Ammunition Burning Grounds (ABG). Open burning of hazardous waste 

munitions/explosives is subject to ground water monitoring requirements described in and RCRA 

regulations 40 CFR 264.97 and 40 CFR 264.96 Subpart F. NSWC Crane has developed a Ground Water 

Monitoring Plan. This plan describes the ground water monitoring at the ABG including the statistical 

evaluation. Section 10 of the Ground Water Monitoring Plan describes procedures for determining 

statistically significant increases for monitored parameters in downgradient wells. 

Four rounds of ground water monitoring have been conducted at the ABG. Statistical evaluations have 

been conducted. This report describes the results of the statistical evaluation. Since the quantity of 

upgradient data was limited (only one upgradient well), it is not possible to run the Shapiro-Wilk “W-Test,” 

as identified in the Ground Water Monitoring Plan. A non-parametric statistical evaluation was performed, 

and is discussed in Sections 1 .l and 1.3. below. 

Table 1 contains a summary of the results of the analyses at each monitoring well (upgradient and 

downgradient) at the ABG for Monitoring Event #4 (September 1999). This table lists the concentrations 

of each constituent for which analysis was performed and the detection limit for each constituent that was 

not detected. 

Table 2 presents the descriptive statistics summary for all constituents over the last four rounds of 

sampling. The frequency of detection, range of detections, average of detections, and location of the 

maximum detection for each constituent is shown on this table. 

Figures 1 and 2 are tag maps showing the locations with statistically significant exceedences, the 

parameters exceeded, and their concentrations. These tag maps include chlorinated solvents and 

explosive degradation products that were not analyzed in the upgradient well. None of these would be 

expected to be found in the upgradient well. 

1.1 BASIC ,APPROACH OF THE COMPARISON OF DOWNGRADIENT WELLS TO THE 

UPGRADIENT WELL 

The downgradient data was compared to upgradient data using a non-parametric Analysis of Variance 

(ANOVA) analysis. No correction for seasonal variability was required since all wells at the facility should 

be affected similarly by such variability. The statistical methods described in this report were used to 
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determine if the concentrations of constituents detected in downgradient wells are statistically significantly 

different from those detected in samples from the upgradient well. 

The ANOVA technique ‘was the basic approach used to compare data from upgradient and downgradient 

monitoring well locations. The ANOVA technique is used to test whether there is statistically significant 

evidence of contamination. There are two types of ANOVA: parametric and non-parametric. The 

parametric ANOVA methods make two important assumptions: 1) the data residuals are normally (or 

lognormally) distributed, and 2) the group variances are homogeneous. Only one well at the ABG is 

upgradient of the potential source of contamination, Therefore, there is an insufficient quantity of 

upgradient data to test these assumptions. As a result, the standard parametric ANOVA analysis (the 

“Shapiro-Wilk W Test” described in the Ground Water Monitoring Plan) cannot be used. 

The Wilcoxon Rank-Sum test (also known as the Mann-Whitney U test) was employed as the non- 

parametric ANOVA for comparing the downgradient wells to the upgradient well. Because this technique 

looks at the relative ranks of the results rather than their values, it is a qualitative (rather than quantitative) 

test, and not subject to the same reliance on distribution and variance that the parametric test is 

dependent on. 

1.2 LIMIT OF DETECTION I FIELD DUPLICATES 

In the chemical analysis of environmental samples, some analytes may be present at concentrations that 

are below the sample quantitation limit (SQL) of the analytical procedure. These results are generally 

reported as “not detected” (rather than zero), and the appropriate limit of detection is given. The amount 

of data that are below the detection limit plays an important role in selecting the method of addressing the 

limit of detection problem. The nondetects found at the ABG site have been replaced with the SQL 

divided by two prior to statistical analysis. Clearly, if all the observations were nondetect results, no 

statistical analysis was warranted. In addition, field duplicate results were averaged and counted as one 

sample for use in statistical analysis. 

1.3 PARAMETRIC ANOVA: THE WILCOXON RANK-SUM TEST (AKA MANN-WHITNEY 

U TEST) 

When data from multiple downgradient wells are being compared to a single upgradient well and a non- 

parametric test is needed (i.e., the population is not normally or lognormally distributed), the Wilcoxon 

Rank-Sum test (also known as the Mann-Whitney U test) should be employed (EPA, 1993). In general, 

the Wilcoxon Rank-Sum test should be employed whenever the proportion of nondetects is greater than 

15% (but less than 90%). However, in order to provide valid results, the Wilcoxon Rank-Sum test should 
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not be used unless the downgradient and upgradient well have been sampled at least 4 times. The 

following equations present a step-by-step procedure for conducting the Wilcoxon Rank-Sum test. 

The null hypothesis (HO) that is tested is: 

HO The downgradient concentration /S higher than the upgradient concentration. 

The alternate hypothesis (HA) is: 

The downgradient concentration1_S higher then the upgradient concentration 

If HO is rejected, then HA is accepted. If HO is not rejected, the data set is consistent with the Ho 

distribution. 

Step 1. Combine the upgradient and downgradient data and rank the ordered values from 1 to N. 

Assume there are n downgradient samples and m upgradient samples so that N = m + n. 

Step 2. Compute the Wilcoxon statistic W: 

W= ~ Fi-fN(n+l) 
i=l 

where Ei are the ranks of the downgradient samples (Large values of the statistic W give evidence of 

contamination in downgradient wells). 

Step 3. Compute an approximate Z-score. To find the critical value of W. a normal approximation to its 

distribution is used. The expected value and standard deviation of W under the null hypothesis (Le., no 

contamination exists) are given by the formulas 

I 
E(W)= Inrrt; J 

I 
SD(W)= 12mn(N+I) 

An approximate Z-score for the Wilcoxon Rank-Sum test may be calculated by the following equations: 
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The factor of l/2 in the numerator serves as a continuity correction since the discrete distribution of the 

statistic W is being approximated by the continuous normal distribution. If n,m > 10 and ties are present, 

an adjustment 6 the approximate Z-score must be made: 

w-E(w)-; 
ZRS= SD(W) 

g = the number of tied groups and tj is the number of tied data in the jth group. 

Step 4. For a one-tailed 95% confidence level test for Ho versus the, reject Ho and accept HA if ZPioJusTEo 

> z,.,, = + 1.96. 

1.4 DISCUSSION 

A total of 60 constituents were detected in the downgradient wells at the ABG during the last 4 quarters of 

sampling. Of these, 12 compounds were not sampled for in the upgradient well. These were: 

. the volatile organics 1,2-dichloroethane, carbon tetrachloride, and chloroform 

l the energetics MNX and TNX 

l the miscellaneous parameters carbon dioxide, dissolved oxygen (Hach field kit), ferrous iron (field), 

nitrate (field), nitrite (field), sulfide, and sulfide (field). 

The Wilcoxon Rank-Sum test was performed on the remaining 48 constituents detected in the 

downgradient wells at the ABG site. It was determined that the downgradient concentrations were 

statistically higher than the upgradient to a 95% confidence level (5% level of significance) for 

trichloroethene (TCE), barium (total) and barium (dissolved). In fact, only one of the other 45 parameters 

(dissolved oxygen, which is not a potential contaminant) showed statistically significant downgradient 

concentrations relative to the upgradient concentrations at a much more rigorous 20% level of 

significance. The results of the Wilcoxon Rank-Sum tests (also known as the Mann-Whitney U test) can 
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be found in Table 3. A sample calculation showing the determination of the 95% UCL and the Wilcoxon 

Rank-Sum test is presented as an attachment to this report. 

This report includes mean concentrations and 95% UCLs of each chemical for the upgradient and 

downgradient wells for the four most recent quarters (quarters 1, 2, 3, and 4) which may be found in 

Table 2. Future annual reports will include a trend analysis showing moving averages that will be 

compared to moving averages from the previous quarters. Graphical representations of these trends 

comparing upgradient versus downgradient concentrations for constituents which have been shown to be 

statistically higher than the upgradient concentration will be presented. 
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2-AMIN0-4 6-DINITROTOLVENE 2458 170 112 -0.5900054 0.5551912 -0.5902807 0.5550066 66 4 42.50 No 
Mann-Whitney U Test (wtS.sta) Downgradien 
By variable GRADIENT StatisticallYI 
Group 1: 10o-DOWN Group 2: 101-UP Average Higher 

Rank SurAank Sun Z Valid N Valid pgradle ~on 

DOWN UP U Z p-Ievel adjusted p-Ievel DOWN UP Rank Upgradlent? 
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Group 1: 100-DOWN Group 2: tOI-UP Average Average Higher 

Rank Sun=iank Sun Z Valid N Valid wngradie pgradle than 
DOWN UP U Z p-Ievel adjusted p-Ievel DOWN UP Rank Rank Upgradlent? 

ADX 2531.5 96.5 66.5 1.2168862 0.2236565 1.2173657 0.2234741 6B 4 37.23 24.13 No 
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I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment 
for knowing violations. 
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