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Dear Ms. Keckler / Mr. Lewis: 

On behalf of the U.S. Navy, Tetra Tech NUS, Inc. (TtNUS) is pleased to submit to the U.S. Environmental 
Protection Agency, Region ·1 (EPA), 2 copies and to the Connecticut Department of Environmental 
Protection (CTDEP), 1 copy of the subject report. Comments received from the EPA on April 24, 2003 
and June 6, 2003 have been addressed in this version of the report per the, final Response-to-Comment 
document that is attached to this cover letter. No comments on the report were received from the 
CTDEP. . 

In addition to the hardcopies of the report, electronic copies of the report (PDF format) on compact disks 
are also being forwarded to the Navy and its contractor. These are being provided to the Navy for the 
Administrative Record, Information Repositories, and other purposes. 

If you have any questions regarding the report or the monitoring program for the DRMO at Naval 
Submarine Base-New London, please contact Mr. Mark Evans of Engineering Field Activity Northeast at 
(610) 595-0567 (ext. 162) or me at (412) 921-8984. 
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GENERAL COMMENTS 

Comment 1: 

The monitoring data support the conclusion that the soil removal and cap installation 
limit transport of site contaminants to groundwater. The groundwater met all primary 
monitoring criteria in Rounds 13 and 14. Secondary criteria are exceeded for BEHP 
present at relatively low levels, and for several inorganics, with no clear implication of the 
DRMO site as the source or as a significant influence on mobility of contaminants. 

Response: 

Agree. Comment noted. 

SPECIFIC COMMENTS 

Comment 1: p. 2-2, §2.1.4 

The geologic cross sections (Figures 2-3 through 2-6) provide a very useful visualization 
of the placement of monitoring points relative to key features. 

Response: 

Agree. Comment noted. 

Comment 2: p. 2-12, §2.2.2.3 

Neither the spatial nor the temporal patterns of arsenic and barium detections discussed 
in the Year 3 monitoring report indicate impacts of the DRMO, either as a sou'rce of 
these elements, or as a significant influence on their mobility. However, the summary is 
not clear. The text states that concentrations of As and Ba " ... were only weakly to 
moderately correlated with ORP, and thus indicated that the DRMO site is not causing 
the leaching of these metals." The correlation with ORP (or lack of correlation) is only a 
test of a particular mechanism by which metals might become elevated (i.e., reductive 
dissolution of iron oxyhydroxides, mobilizing sorbed species). The possible influence of 
the site on redox conditions (e.g., owing to buried organic waste, the cutting off of 
recharge of oxygenated water by the impermeable cover, etc.), in turn, is an 
independent question. It is possible that the site has an influence on redox conditions in 
the shallow aquifer (contrast, for example, the ORP measurements from 6/01 in 
upgradient shallow wells (6MW6S at +147 mV; 6MW9S at +85 mV) to downgradient 
shallow wells (6MW2S at -221 mV; 6MW10S at -259 mV; 6MW11S at -286 mV». 
However, the low ORP in downgradient shallow wells does not appear to be associated 
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with particularly high iron and/or As and Ba. (There was one As detection of 12.6 
micrograms per liter in 6MW11 S in 6/01.) Several interpretations are possible: ORP 
may be so low as to result in stable sulfide phases, keeping metals correspondingly low; 
the shallow aquifer material may simply be inherently low in iron and sorbed elements in 
solid phases; etc. It seems that the more compelling argument to support the case that 
u ••• the DRMO site is not causing the leaching of [As and Ba]" is the observation that 
elevated As and Ba are not seen in the downgradient shallow wells. Elevated As and Ba 
are seen in the downgradient deep wells, but Navy has previously made the case that 
these wells should not see any influence from the DRMo (i.e., they are screened below 
an aquitard, and the vertical hydraulic gradient is upward). ' 

Response: 

Comment noted. The EPA's comment provides a thorough explanation of the 
possible geochemical processes that may be influencing arsenic and barium 
concentrations in groundwater at the DRMO; however, the Navy does not believe 
that the issue warrants changing the conclusions from a historic report. 

Rebuttal: 

The original general comment 2 identified unclear logic behind the statement that 
u ••• the DRMO site is not causing the leaching of metals." The comment did not 
challenge the overall conclusion that DRMO has a minimal impact on inorganics 
in groundwater. The response notes that the argument as presented was 
extracted from an historic document, the Year 3 Annual Report, and, therefore, 
modifications to the present report are not required. However, if an error was 
overlooked in the previous report, it should not be repeated here. Again, the 
conclusions of the previous report were correct (i.e., the data do not indicate 
significant site impacts to metals concentrations in groundwater); it is only this 
particular rationale that is not clear. Future reports should provide a defensible 
review of the interpretation and implications of past monitoring results, regardless 
of how these were presented in the older reports. 

Resolution: Ib 

The following text will be eliminated from the last sentence of the subject 
paragraph on p. 12: 

U ••• , and thus indicated that the DRMO site is not causing the leaching of the 
metals." 

Comment 3: p. 4 15, §4.4.4, 4 

,The use of probability plots and whisker plots as a check on the results of the Wilcoxon 
Rank Sum test is appropriate. Please briefly discuss this procedure in section 4 so that 
it is part of the standard evaluation protocol. 
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Response: 

Agree. The following text describing the use of probability plots and whisker 
plots as a check on the statistical test results will be added to Section 4.4.2 of the 
report. 

"4.4.2.6 Graphical Confirmation of Statistical Tests 

Graphs of up gradient and downgradient monitoring well sample results (Box and 
Whisker Plots and Probability Plots) can be used to further investigate and 
confirm the results of the Wilcoxon Rank Sum Test as well as any other statistical 
test. The non-parametric tests (Wilcoxon Rank Sum and Test of Proportions) are 
conducted using the ranks of the analytical results rather than the analytical 
results themselves; therefore, a visual representation of the actual concentrations 
provides a clear representation of the data and the comparison conducted on the 
upgradient and downgradient samples. 

Box and Whisker Plots 

To aid in the comparison of analytical data from downgradient and upgradient 
wells, box and whisker plots can be generated with the data for the purpose of 
analyzing the data graphically. The use of box and whisker plots is supported by 
both the EPA and Navy. 

Box and whisker plots show the central tendency, degree of symmetry, range of 
variation, and potential outliers of a data set. The data set is shown as a 
rectangular box that represents the main population of the data set (middle 50 
percent). The upper and lower quartiles (75 th and 25th percentiles) define the top 
and bottom of the rectangle, respectively. The median is represented by a bullet 
in the box to indicate the middle point of the data. The top of the whisker in the 
box and whisker plot is the maximum concentration of the data set. The bottom 
of the whisker in the box and whisker plot is the minimum concentration of the 
data set. The range of data and the extent of the maximum concentration (top 
whisker) of the plot compared to the box (middle 50 percent of data) can provide 
useful information for evaluating possible outliers in the data set. 

Box and whisker plots for the same analyte in downgradient and upgradient data 
sets should be plotted on the same graph. The plots can be visually inspected to 
see which data sets look similar and which ones differ. Particular attention 
should be paid to the median of the downgradient data set to determine if the 
median falls within the quartiles of the upgradient data set. 

Normal Probability Plots 

Probability plots can be used as another tool in addition to the box and whisker 
plot to identify the difference between downgradient and upgradient sample 
results. The upgradient and downgradient sample results should be plotted on 
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the same graph and evaluated to see if the data sets look similar. The evaluation 
should consider whether the upgradient results are evenly distributed between 
the d6wngradient results, indicating that the results are within the range of 
downgradient results. 

The following procedure should be used to produce a probability plot: 

• Step 1: Let Xb X2, ••• , Xn represent the n data points. Order the data from 
smallest to largest. 

• Step 2: For each data value, co~pute the absolute frequency, AF,. The 
absolute frequency is the number of times each value occurs. For distinct 
values, the absolute frequency is 1. For non-distinct observations, count 
the number of times an observation occurs. For example, consider the 
data 1,2,3,3. The absolute frequency of value 1 is 1 and the absolute 
frequency of value 2 is 1. The absolute frequency of value 3 is 2 since it 
appears 2 times in the da~a set. 

• Step 3: Compute the cumulative frequencies, CFj • The cumulative 
frequency is the number of data points that are less than or equal to Xj, 

i 

i.e., CF, = LAFj. Using the data given in Step 2, the cumulative 
J~J 

frequency for value 1 is 1, the cumulative frequency for value 2 is 2 (1 + 
1), and the cumulative frequency for value 3 is 4 (1+1+2). 

• Step 4. Compute Y, for each distinct data value where: 

y; = CF:, 
(n + 1) 

• Step 5. Determine from the standard normal distribution table the quantile 
associated with each value of Yj. Denote the quantile of the ith distinct 
data. value by Zj. 

• Step 6. Plot the pairs (Xj, Z,). If the plot of these points is well fit by a 
straight line, the data most likely fits a normal distribution. Otherwise the 
data may be better fit by another distribution." 

Comment 4: p. 4-15, §4.4.4 

The statistical analysis of upgradient versus down gradient wells indicates that BEHP is 
significantly higher in downgradient wells, and it exceeds the secondary monitoring 
~riterion at a number of locations. As a result, further discussion of likely scenarios for 
the presence and distribution of BEHP is needed. The statistically significant difference 
between upgradient and downgradient wells suggests a possible site impact. 
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Furthermore, I note that detections of BEHP are about evenly distributed among shallow 
and deep wells, and at similar concentrations (e.g., in Round 13, 6MW1S at 130 
micrograms per liter, 6MW2S at 21 micrograms per liter, 6M11 S at 130 micrograms per 
liter, 6MW2D at 53 micrograms per liter, 6MW10D at 45 micrograms per liter, 6MW10D 
at 45 micrograms per liter (all downgradient wells». If these occurrences' are because of 
a site impact, the detections in the deep downgradient wells (2D, 10D, 11 D) are of 
concern, because Navy has argued in the past that these deep wells do not sample 
groundwater that is impacted by the site. Arguments in support of this conclusion 
include the presence of a confining silty layer abo_ve the deep well screens, and the 
observation of upward vertical hydraulic gradients at well pairs on the western side of the 
site. BEHP in the deep wells, if shown to be an impact of the DRMO, seems to 
undermine this conceptual model. An explanation of the BEHP observations is needed, 
not only for its importance with respect to BEHP, but also because of its implications for 
the interpretation of all data from the deep downgradient wells. I note that elevated 
BEHP seems to be particularly prevalent in Round 13. For example, BEHP at 6MW1S 
in Round 13 was 130 micrograms per liter, but dropped to non-detect (10U) in Round 14. 
In the previous four rounds (9 to 12), BEHP ranged from 11 to 25 micrograms per liter in 
this well. Similar observations can be made for 6MW11S. Is it possible that BEHP is 
present because of the groundwater investigation itself (e.g., as a plasticizer released 
from the PVC well casings, dedicated tubing for pumps, sample bottles, etc.)? This 
would. be consistent with its sporadic appearance in groundwater both likely to be 
impacted by the DRMO site (i.e., "S" wells) and unlikely to be impacted ("D" wells). 

Response: 

Disagree with clarification. The maximum detected concentration of bis(2-
ethylhexyl}phthalate (130 Jlg/L) did not exceed the primary monitoring criteria 
(590 Jlg/L) and the trend analysis did not show an increasing trend; therefore, the 
Navy does not consider the detections to be significant. The likely causes of the 
detections are the ones noted by the EPA in the comment (e.g., plasticizer 
released from the PVC well casings, dedicated tubing for pumps, laboratory-
supplied sample bottles, etc.). ' 

Comment 5: p. 4-16, §4.4.4 

The statistical analysis shows that chromium and lead show higher concentrations in 
downgradient wells than in upgradient wells. Interpretation of spatial patterns may be 
influenced by other phenomena. In particular, the elevated chromium and lead are in all 
cases associated with elevated iron. The following table shows all detections of Cr and 
Pb in Rounds 13 and 14: 

well round Cr (ppb) Pb Fe (ppb) turb (NTU) ORP (mV) 
(ppb) 

6MW2D 13 7.9 2360 7 -295 
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6MW6S 13 1.6J 3UJ 661 5 +179 

6MW6D 13 1.1J 3800 34 +1 - ~ 

6MW9S 13 3.3J 32.7J 0.4 +249 

6MW10S 13 5.6 1580 0.1 -310 

14 8.3J 805 1.6 -301 

6MW10D 13 3.3J 150 0.24 -200 

6MW11D 13 
\ 

5J 5600 3.2 -169 

Note that the Cr and Pb detections seem to be associated with slightly elevated turbidity 
under o~idizing conditions. For example, in Round 14, 6MW6S witnessed a drop in 
turbidity from 5 to 0.3 NTU, iron correspondingly dropped from 661 ppb to non-detect, 
and Cr and Pb dropped to non-detect. Thus, the elevated Cr and Pb in Round 13 may 
be associated with particulate iron, even at a reasonably low turbidity of 5 NTU. 

Response: 

Comment noted. EPA's comment provides an in depth evaluation of the 
geochemical issues affecting chromium and lead concentrations in the DRMO 
groundwater. However, this information does not seem to be directly relevant to 
the monitoring program because none of the detected concentrations of lead or 
chromium exceeded background concentrations or the screening criteria. 

Rebuttal: 

The original general comment 5 observed the apparent increase in Cr and Pb 
from upgradient to downgradient wells, noting, in particular, that there may be an 
association of the metals detections with slightly elevated turbidity under 
oxidizing conditions. While the response correctly states that Cr and Pb are not 
in exceedanc~ of the monitoring criteria or background, it is emphasized that it is 
Navy's statistical analysis that identified the apparent increase in Cr and Pb 
across the site, thus calling for further consideration. It would seem that, if the 
statistical analyses "flag" a potential site impact, it is worthwhile to look more 
closely at the data for an interpretation. In this particular case, the closer look 
offers an explanation that exonerates the DRMO. 

Resolution: 

Based on Figure 5-1, Groundwater Monitoring Plan Decision Diagram, there are 
several decision steps that are considered during t~e evaluation of monitoring 
program data. Statistical comparison of downgradient and upgradient results is 
one of the steps. The other steps include comparison to background 
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concentrations, comparison to criteria, and trend analysis. The Navy did not 
believe the statistical results were significant and warranted further evaluation 
because the detected concentrations of Cr and Pb were not above background 
concentrations or the primary or secondary criteria. Table 4-10 was included in 
the report to summarize the results of the statistical evaluation and to further 
evaluate the COPCs against background and criteria. 

The following text will be added at the end of the first paragraph and the 
beginning of the second paragraph on p. 4-16 to clarify this issue: 

First Paragraph: 
, 

" .. .for arsenic were nondetect. None of the remaining COPCs were detected at 
concentrations in excess of background concentrations or criteria; therefore, the 
statistical results for the remaining COPCs do not appear to indicate significant 
contaminant migration issues. Further evaluation of the~e COPCs is not 
warranted at this time ... 

Second Paragraph: 

"To further evaluate the monitoring results for BEHP, arsenic, and silver, 
temporal plots of these compounds were prepared and are provided in Appendix 
G. There are two plots provided for each compound. The first plot shows ..... 

Comment 6: Table 4-1 
" J 

Arsenic is reported in the table for well 6MW11 D in Round 13 at 11.4U micrograms per 
liter. Please check that this was indeed a "non-detect." The detection limit given is 
much higher than that achieved for other analyses in the same round (4 to 5 micrograms 
per liter), but is comparable to previous analytical results from this well (e.g., 8.2 to 26.1J 
micrograms per liter in Rounds 9 through 12). The ORP for this sample (Round 13) was 
-169 mV, favorable for dissolution of ferrihydrite, and, consistent with that, the analysis 
shows the highest Fe (5600 micrograms per liter) and Ba (205 micrograms per liter) 
among all DRMO wells in these two rounds. 

Response: 

The arsenic result for well 6MW11D in Round 13 was qualified as nondetect (U) 
because of laboratory blank contamination. The appropriate data validation letter 
is provided in the Round 13 Quarterly Groundwater Monitoring Report (TtNUS, 
December 2001). Per EPA data validation protocol, the original result was 
qualified at 11.4U Ilg/L and the 11.4 is the original result and not the detection 
limit." 
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Comment 7: Table 4-5 

One of the issues raised during the review of the Year 3 Annual Groundwater Monitoring 
Report was the limited number of data to be collected as the sampling requirements are 
scaled back and the impacts of this on the statistical tests that are performed. Please 
address this in section 4 and include proposed minimum data quantity requirements for 
each of the tests. We recommend that these data quantity requirements be incorporated 
into the matrix presented in Table 4 5. 

Response: 

Agree. The following text will be added to Section 4.4.2: 

"4.4.2.7 Statistical Analysis with Limited Data Set 

A statistical issue for the upcoming years of the monitoring program is the limited 
number of analytical data that will be available for each round as the monitoring 
program is optimized. Artificially imposing minimum sample number 
requirements may not meet the needs of the statistical analysis program for the 
following reasons: 

• Analytical results in the upgradient and/or background data sets can be 
rejected and the size of the data set would decrease and result in an 
insufficient data set for statistical analysis. 

• There is no definite method that can be used to determine the minimum 
data quantity requirements for each type of statistical analysis. Data 
variability plays a large role in the sample size requirement for each test 
and without knowing the analytical results from the upgradient and 
downgradient sample locations, data sufficiency cannot be defined. 

The current statistical analysis procedures will be followed for the upcoming 
years of the monitoring program as long as the inherent assumptions for the tests 
are met. As the data sets get smaller, less rigorous statistical tests will be 
preformed as appropriate. ,The goal is to use the most rigorous test for which the 
data set assumptions are met. The assumption that will most likely be found 
untrue and result in the use of less rigorous tests is the following: 

Site and Background Sample Sizes Both> 2 and Combined> 12 - The Shapiro­
Wilk W Test of Normality requires at least 3 samples per data set. The Wilcoxon 
Rank-Sum test often has critical values which are impossible to obtain unless 
more than 12 samples are present in the combined data sets. Alternative tests 
are employed when sample sizes are below these standards. 

The following procedures can be followed for data comparisons with limited data 
sets. For these comparisons, it is recommended that the comparison be used as 
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an additional evaluation of whether the chemical is a concern, and that the 
procedure not be the only test applied to determine if a chemical is a concern. 

Modify Critical Value of the Wilcoxon Rank Sum Test for Smaller Data Set - As 
stated above, the Wilcoxon Rank-Sum test often has critical values which are 
impossible to obtain unless more than 12 samples are present in the combined 
data sets. The critical values are reduced to the highest obtainable value for 
these circumstances where the 95 percent confidence critical value can not be 
achieved. 

95% Upper Tolerance Limit (UTL) Comparisons - Although comparison of the 
maximum site value to the 95 percent UTL is not recommended by the Navy, it is 
a functional compariion to other less rigorous statistical tests when non-optimal 
sampling results are presented. As with the Shapiro-Wilk W Test, the 95 percent 
UTL cannot be calculated with less than 3 samples. 

The following procedure can be used to calculate the 95 percent UTL for the 
background data set: 

The Upper Tolerance (Level is calculated using the following equation: 

-
UTLo 95 = ~,+ ks 

where: 
UTLo 95 = the Upper Tolerance Limit; 

x ' = the arithmetic mean; 

k = tolerance factor; and 

s = sample standard deviation 

The aforementioned tolerance limit approach i~ 'designed to span 95 percent of 
the measurements with 95 percent confidence. The following procedure can be 
used to compute the 95 percent UTL: 

Step 1. The arithmetic mean and standard deviation should be calculated for the 
upgradient data set for each ch~mical detected at least once in downgradient 
data set. 

Step 2. The 95 percent UTL for upgradient results should be calculated (using 
the equation above). 

Step 3. The 95 percent UTL should be calculated for the log transformed 
upgradient well results . 

. Step 4. The underlying data distribution should be used to determine whether 
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the appropriate 95 percent UTL is normal or lognormal. 

Step 5. If the appropriate 95 percent UTL (normal or lognormal) is greater than 
the maximum positive detection from the upgradient wells, the maximum positive 
detection is used as the 95 percent UTL. 

The downgradient well result for a given analyte should be compared to the 
upgradient UTL value for this analyte. If the maximum downgradient well result 
exceeds the upgradient UTL, then this suggests that there is contaminant 
migration that should be further evaluated. Otherwise, it is assumed that the 
upgradient and downgradient concentrations represent the same groundwater 
population and contamination." 

Comment 8: p. 5 1, §5.1 

The bulleted list in this section identifies the various components of data evaluation that 
were applied. The first and third bullets are somewhat redundant. Please delete the 
third bullet from the list. 

Response: 

Disagree with clarification. The first bullet describes the information provided in 
Table 4-1, while the third bullet describes the information provided in Table 4-10. 
It is agreed that some of the information provided in the tables is redundant. The 
Navy recommends the following revisions to the subject bulleted items: 

• Complete a general screen of all analytical data to primary and secondary 
monitoring criteria and background concentrations to identify gross 
criteria exceedances in both upgradient and downgradient wells (see 
Table 4-1). 

• Conduct a statistical comparison of the complete analytical data set from 
downgradient and upgradient monitoring wells to determine significant 
differences (see Table 4-5). 

• Complete a final screen of the COPCs that were statistically higher in 
down gradient wells as compared to upgradient wells to background 
concentrations (inorganics only) and monitoring criteria (see Table 4-10). 

• Perform a trend analysis for the COPCs that were detected at statistically 
higher concentrations in downgradient wells and the concentrations were 
higher than background concentrations (inorganics only) and monitoring 
criteria (see Appendix G). 
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Comment 9: p. 5-2, §5.1 

The summary of the results of the statistical analysis does not mention BEHP and 
cadmium, that both showed statistically higher concentrations in downgradient wells than 
in upgradient wells (e.g., pages 4-15 and 4-16). Please check for consistency. 

Response: 

Agree. BEHP and cadmium ~iII be added to the list on Page 5-2, Paragraph 1. 

Comment 10: p. 5-2, §5.2 

Please change " ... higher than concentrations in downgradient wells" to " ... higher than 
concentrations in upgradient wells." . 

Response: 

Agree. The 2nd sentence of Paragraph 1 in Section 5.2 will be changed as 
recommended. ' 

Comment 11: p. 5 3, §5.2 

The third bullet on this page presents the recommendation that pesticides and PCBs be 
dropped from future analyses. ,The presented rationale is that these compounds have 
only been detected "one to two times." To support this recommendation further, please 
provide specifics on the previous detections (Le., where, when, and at what level). 

Response: 

The subject bulleted item will be changed as follows: 

"Analyses for pesticides and PCBs should be discontinued because none of the 
identified COPCs have been detected in downgradient monitoring wells during 
the 14 rounds of monitoring. Please refer to Tables G-4 and G-5 in Appendix G 
for supporting information. The tables summarize frequency of detection 
information for COPCs and other chemicals detected during routine laboratory 
analysis of samples from upgradient and downgradient monitoring wells, 
respectively." 

Comment 12: Appendix G 

The temporal plots should provide some indication of those data points that 
corresponded to non-detects. Please include temporal plots for all parameters that were 
detected. 
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Response: 

Disagree. It ":,,,ould be difficult to segregate nondetect data points from detections 
for graphing purposes. A complete summary of the annual analytical data set is 
provided in the report and can be used to verify the results and determine the 
nondetects. 

Preparation of temporal plots for all parameters is time consuming and not 
necessary for the monitoring program (see Figure 5-1). 




