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Baker Environmental, inc.
Airport Office Park, Building 3
420 Rouser Road

Coraopolis, Pennsylvania 15108

(412) 269-6000
May 27, 1994 FAX {412) 269-2002

Commander

Atlantic Division

Naval Facilities Engineering Command
1510 Gilbert Street (Building N-26)
Norfolk, Virginia 23511-2699

Attn: Ms. Linda Berry, P.E.
Code 1823

Re: Contract N62470-89-D-4814
Navy CLEAN, District III
Contract Task Order (CTO) 0177
Inorganic Groundwater Study
MCB, Camp Lejeune, North Carolina

Dear Ms. Berry:

Baker Environmental, Inc. (Baker) has conducted a study of inorganie constituents (i.e.,
total and dissolved metals) in groundwater at MCB, Camp Lejeune, North Carolina. This
study has been conducted in accordance with the scope of work outlined in
correspondence dated May 9, 1994 (Mr. Raymond Wattras to Ms. Beth Hacic). The
results of this study are provided in this letter report. On June 6, 1994, Baker will
present the results of this study to the United State Environmental Protection Agency
(EPA) Region IV and the North Carolina Department of the Environment, Health, and
Natural Resources (DEHNR).

INTRODUCTION

Numerous groundwater investigations have been conducted at MCB Camp Lejeune under
the Department of the Navy (DON) Installation Restoration Program. These studies have
identified elevated levels of total metals in shallow groundwater at almost every site.
The degree of contamination based on dissolved metals data is limited. Baker believes
that the presence of elevated metals are not always related to past disposal activities
for several reasons, which is the basis of this study.

Currently, Records of Decision (ROD) are being prepared for Operable Units No. 1 and
No. 5. Both RODs are requesting that the North Carolina DEHNR and EPA Region IV
waive the need to remediate shallow groundwater which contains elevated levels of total
metals above State groundwater standards (i.e., North Carolina Water Quality Standards)
and/or Federal drinking water standards (i.e., Maximum Contaminant Levels) due to
engineering practicality and costs. Specifically, remediation of shallow groundwater due
to elevated total metals is not cost effective or practical due to the following: (1) the
shallow aquifer is not used for potable supply; (2) the source of metals in groundwater
cannot be correlated with soil data or previous disposal practices; and (3) the extent of
shallow groundwater contamination is widespread and in many cases, undefinable since
there are no apparent contaminant plumes or patterns associated with the metals.
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STUDY OBJECTIVES

The overall goal of conducting the inorganic groundwater study is to provide information
that would support an ARARs waiver involving remediation of the shallow aquifer. In
order to meet this goal, the following objectives were identified:

(1) Determine whether the elevated total metals in the shallow aquifer are related to
past disposal practices, well construction factors, sampling techniques, or
suspended particulates in the samples;

(2) Determine whether total metals in shallow groundwater are elevated throughout
the region or MCB Camp Lejeune;

(3) Determine whether there is a correlation between elevated total metals in
groundwater and metals in soil; and

(4) Determine whether the concentrations of total metals (i.e., low versus high) is
related to shallow and deep aquifer characteristics.

SCOPE OF WORK

Baker compiled groundwater and soil data from a total of 21 sites as part of the overall
study. Three of the 21 sites are located outside the boundary of the base. These sites
inelude the ABC Cleaners Superfund Site, located along Route 24 in Jacksonville, and
two sites located along Highway 17 (Offsite Properties No. 1 and No. 2). The two sites
along Route 17 were investigated by Baker as part of a real estate survey. The other 18
sites are located throughout various portions of MCB Camp Lejeune (see Figure 1).
Information from studies conducted by Baker and other consultants were obtained to
evaluate metal concentrations in groundwater. Some of the information was collected
under the IR Program whereas other information was obtained during other
investigations (e.g., ABC Cleaners RI/FS). The following data tables were then prepared
to determine why total metals are generally elevated in shallow groundwater.

Table 1 - Total Metal Conecentrations in Shallow Groundwater by Site
Table 2 - Dissolved Metal Concentrations in Shallow Groundwater by Site
Table 3 - Summary of Total Metal Concentrations in Upgradient Wells

Table 4 - Comparison of Subsurface Metal Concentrations in Uncontaminated and
Contaminated Wells

Table 5 - Total Metal Concentrations in Deep Groundwater by Site

Table 6 - Summary of Field Parameters in Shallow Monitoring Wells, Deep Monitoring
Wells, and Supply Wells
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Note that the study focused on 12 metals of potential concern to human health and the
environment.

DATA ANALYSIS

The following discussion represents an analysis of the information econtained in each of
the previously mentioned tables.

Table 1 (Total Metal Concentrations in Shallow Groundwater by Site)

All of the sites had at least one (and in most cases several) metal which exceeded either
State water quality standards or Federal drinking water standards. The most frequently
detected metals included chromium, lead, and manganese, which were detected at
almost every site above drinking water standards. Other frequently detected metals
which exceeded drinking water standards included arsenie, beryllium, cadmium, and
nickel.

An analysis of the data from Table 1 indicates that elevated total metals are present in
shallow groundwater at every site, including the three sites which are located off base.
The two sites which did not exhibit significant contamination include the ABC Cleaners
site (only chromium exceeded the standards) and Site 48 (only manganese exceeded the
standards).

Table 2 (Dissolved Metal Concentration in Shallow Groundwater by Site)

The data base for Table 2 was limited to 12 sites since many of the previous
investigations (i.e., prior to Navy CLEAN) did not analyze for dissolved metals.
Nevertheless, an analysis of the 12 sites revealed that elevated levels of dissolved metals
in groundwater is limited. Manganese was the most frequently detected metal above
drinking water standards (10 of 12 sites exhibited elevated levels). Lead was detected at
only one site (Site 21) above drinking water standards. Chromium was also detected at
only one site (Site 78) above drinking water standards. No other metal was detected
above the standards.

Literature searches have indicated that manganese is a naturally occurring metal in
North Carolina. Therefore, the presence of manganese may not be attributable to site-
related activities.

An analysis of the data from Table 2 clearly shows a significant reduction in metal
concentrations when compared to Table 1 (total metals in shallow groundwater). One
possible reason for this reduction is that suspended solids or partieles are not being
introduced into the analysis of the sample due to filtering. A second possibility is that
the metals are not significantly present in a dissolved state in shallow groundwater due
to the species of metals under site conditions. It should be noted that calcium and
sodium did not exhibit such a pattern since the salts of these metals are more soluble in
water. (Note: Tables 1 and 2 will be revised for the June 6 meeting to include ealeium
and sodium data.) For example, the coneentrations of total calcium versus dissolved
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caleium are similar and are not affected by the removal of the particulates during
filtering. The fact that these salts do not exhibit the pattern that the other metals show
supports the possibility that total metal concentrations are influenced by particulates in
the sample.

Table 3 (Total Metals in Upgradient Shallow Wells)

The data base for Table 3 consists of groundwater results from 14 upgradient shallow
monitoring wells (i.e., one well per site). These wells were installed to evaluate
background groundwater conditions. In some cases, the upgradient wells were located in
areas where other base activities may have influenced groundwater quality. The primary
purpose of installing upgradient wells during an investigation is to determine baseline
groundwater quality to which onsite groundwater conditions could be compared.

The analysis of this data shows that manganese was the most frequently detected metal
above Federal or State standards in upgradient shallow wells. Manganese was detected
in 7 of the 14 upgradient wells above drinking water standards. Chromium and lead were
also frequently detected above drinking water standards in upgradient (background)
wells. These contaminants were detected in 6 of the 14 upgradient wells.

An analysis of the data from Table 3 indicates that shallow groundwater upgradient of
some sites contains total metals above drinking water standards. A comparison of Table
3 against Table 1 indicates that shallow groundwater samples from upgradient wells are
less contaminated than samples collected from onsite monitoring wells. However, it
should be noted that the data base for Table 3 consists of only 14 wells whereas the data
base for Table 1 consists of over 130 wells. Therefore, to assume that upgradient
groundwater quality is better than onsite groundwater quality may not be justified due to
the different data bases.

Table 4 (Comparison of Subsurface Metal Concentrations in Uncontaminsted and
Contaminated Wells)

The purpose of this table is to determine whether metal concentrations in soils correlate
with the elevated levels of metals in shallow groundwater.

To evaluate this, metals in subsurface soils, representing an area of groundwater
contamination, were compared to metals in subsurface soil in areas which did not exhibit
groundwater contamination. If the elevated total metals in shallow groundwater are
present due to former disposal activities, subsurface metals in soil representing an area
of groundwater contamination would be expected to be elevated or higher than metals in
subsurface soil representing a non-contaminated area. This evaluation assumes that the
well exhibiting elevated total metals is within a source area and that the soil sample is
representative of soil impacted by metal contamination.

As shown on Table 4, there is no clear pattern or correlation whieh indicates that
elevated total metals are due to soil contamination., Note that in many cases, the metals
which represent "non-contaminated" wells are greater than the metals which represent
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"econtaminated" wells. Also note that the metals in subsurface soil are within or close to
background subsurface metal concentrations. Therefore, this supports the possibility
that in many cases at MCB Camp Lejeune, the elevated total metals in shallow
groundwater cannot be attributable to a source or to past disposal practices.

Table 5 (Total Metals in Deep Monitoring Wells)

Table 5 presents total metal concentrations in deep groundwater for each site. The data
base is limited to only 8 sites. Metal concentrations in supply wells were also included
for comparison purposes.

As shown on Table 5, total metals in deep groundwater are below drinking water
standards with a few exceptions. Arsenic and cadmium were detected above the
standards in one deep monitoring well at Site 78. Manganese was detected in deep
groundwater at three sites and a few of the supply wells. Lead was detected in one
supply well at 16 ug/L, which is slightly above the drinking water standard of 15 ug/L.

Elevated total metals are not widespread in deep groundwater for two possible reasons.
First, most metals are not very mobile in the environment. Second, deep groundwater
samples may not have significant amounts of suspended particulates due to different
geologic conditions. Soils in the deeper aquifer are more compacted and consist
primarily of calcareous sands, clays, and limestone fragments. Soils in the shallow
aquifer are loosely compacted and consist primarily of fine-grained sands, silts, and
clays. Given that the soils in the shallow aquifer are finer grained and loosely
compacted may support the possibility that suspended solids are collected during
sampling, thereby influencing the analysis for total metals.

Table 6 (Summary of Field Parameters in Shallow, Deep, and Supply Wells)

Table 6 provides a range of pH and specific econductivity values representative of shallow
and deep groundwater. In general, lower pH values were noted more often in shallow
wells than in deep wells (including the supply wells). Note that slightly acidic values
were detected in shallow groundwater. This condition may influence the leachability and
speciation of metals in groundwater.

Deep groundwater usually exhibited higher specific conductivity values. High specific
conductivity values are representative of high dissolved conditions. The fact that deep
groundwater generally exhibited higher specific conductivity values indicates that most
of the metals, if present, are in a dissolved state. The high specific conduetivity values
could also indicate less suspended particulates due to the geologie eonditions of the deep
aquifer. The lower specific conductivity values observed in shallow wells indicates that
the metals in the shallow aquifer are not in a dissolved state. This also supports the
possibility that suspended particulates in the shallow aquifer are influencing the analysis
of total metals.
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ANALYSIS OF THE STUDY OBJECTIVES

Each of the objectives identified for this study are analyzed below based on the
information collected.

Objective No. 1 (Determine whether the elevated total metals in the shallow aquifer are
related to past disposal practices, well construction factors, sampling techniques, or
suspended particulates in the samples)

Based on the analysis of information provided in Tables 1 through 6, it appears that
suspended particulates in groundwater samples could influence the concentration of total
metals in groundwater. Well construction factors and sampling techniques are probably
not a significant factor since the data base is representative of data obtained by Baker,
ESE (Site 28 and 30), Roy F. Weston (ABC Cleaners), and Halliburton NUS (Site 7). No
particular pattern was noted between sites which Baker obtained the samples versus sites
in which other consultants obtained the data. In addition, due to the fact that deep
groundwater quality is not significantly impacted with metals indicates that well
construction or sampling techniques are probably not factors related to elevated total
metals in groundwater.

With respect to past disposal practices, Table 4 clearly shows that soil concentrations do
not correlate with elevated total metals in groundwater. Based on this analysis, and on
many of the reports previously prepared by Baker, the source of total metals in
groundwater is unknown in many cases. This is based on both the history of the site as
well as the analytical soil results. In some cases, total metals were detected at elevated
levels even when the site history did not correlate with the contaminants found. For
example, Sites 2 and 21 have a history of pesticide storage and handling, and there are no
known disposal areas (i.e., buried debris) within the site boundary. Nevertheless, both of
these sites exhibited several metals above drinking water standards that would not be
expected to be present at high concentrations based on the historical use of the site.
These metals included lead, chromium, beryllium, cadmium, and manganese.

Objective No. 2 (Determine whether total metals in shallow groundwater are elevated
throughout the region or MCB Camp Lejeune)

Based on groundwater data obtained from both upgradient wells and off base wells, total
metals were detected above drinking water standards in shallow groundwater in areas
that would not be influenced by former disposal activities at the sites. However, the
data base for this analysis is not sufficient to conclude that total metals in the shallow
groundwater are regionally high or even high throughout MCB Camp Lejeune. Additional
data is warranted to further evaluate regional shallow groundwater quality.

Given that some of the upgradient wells are contaminated, it is apparent that total
metals in shallow groundwater are elevated in certain areas of the base outside of the
influence of site-related disposal activities. However, it is unknown whether the shallow
aquifer upgradient of the sites is contaminated due to other base-related activities or
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whether the levels in groundwater samples are also elevated due to the influence of
suspended fines in the samples.

Objective No. 3 (Determine whether there is a correlation between elevated total metals
in groundwater and metals in soil)

An evaluation of the data presented in Table 4 shows that metals in soil samples
collected in areas of groundwater contamination are not elevated when ecompared to
metals in soil samples collected in areas that did not exhibit groundwater contamination.
This supports the possibility that in many cases, elevated levels of total metals in
shallow groundwater are not justified based on either soil results or the disposal history
of the site. As previously mentioned, sites which did not exhibit soil contamination
(when compared to background soil levels) or did not have a history of disposal indieative
of metals contamination still exhibited elevated levels of total metals in groundwater,
Since there is no apparent correlation between metals in soil and total metals in
groundwater, then the possibility exists that there is no apparent source of metals
contamination at many of the sites included in this study.

Objective No. 4 (Determine whether the concentrations of total metals in groundwater is
related to shallow and deep aquifer characteristics)

There is some evidence that the geologic conditions of the shallow and deep aquifers
influence the amount of total metals detected in groundwater samples. The fact that
the deep aquifer generally exhibited higher specific conductivity values indicates that
there is more dissolved constituents in the deep aquifer when compared to the shallow
aquifer. This was evident when comparing Table 1 (total metals in shallow groundwater)
to Table 5 (total metals in deep groundwater). Table 5 did not indicate significant levels
of total metals in deep groundwater throughout MCB Camp Lejeune.

The geologic conditions of the shallow aquifer would tend to result in samples that may
contain suspended particulates., The suspended particulates could influence the total
metals concentrations in the samples.

CONCLUSIONS

1. Elevated levels of total metals in shallow groundwater are probably influenced to
some degree by the geologic conditions of the site and not by inorganic levels in
soil.

2. Elevated levels of total metals in shallow groundwater may be due to suspended
particulates in the samples rather than soil contaminated from past disposal
practices.

3. Total metal concentrations in the deep aquifer were generally below drinking

water standards.

4, The presence of manganese in shallow and deep groundwater may be due to
naturally occurring conditions.
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RECOMMENDATIONS

1, A waiver from remediating total metals in shallow groundwater at Operable Units
1 and 5 is warranted based on the following:

® A plume of metals contamination cannot be identified due to "random" hits of
metals across the site (e.g., there is no clear pattern of contamination);

® There is no known source of total metals contamination based on soil data or
historical usage of the site; and

® It is not practical from an engineering standpoint and cost based on potential
risks to human health.

A conference call is scheduled for Tuesday, May 31, 1994 at 1100 to discuss the results
of this study. Baker is still evaluating some of the data as well as technical reports to
support a waiver for Operable Units 1 and 5. Any new information will be added to this
report prior to our meeting with the DEHNR and EPA on June 6, 1994.

If you have any questions, please do not hesitate to econtact me at (412) 269-2018.
Sincerely,
BAKER ENVIRONMENTAL, INC.

44

Raymond P. Wattras
Activity Coordinator

RPW/je
Attachments
ce: Ms. Beth Hacie (w/o attachments)

Ms. Lee Anne Rapp (w/o attachments)
Mr. Neal Paul (w/attachments)
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TABLE 1
TOTAL METALS BY SITE
SHALLOW MONITORING WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA
FEDERAL
Site Number] NCWQS MCL Site 1 Site 2 Slte 6 Site 7 Site 9 Site 21 Site 24 Site 28 Site 30 Site 41 Site 43 Site 44
Units ug/L ug/L. ug/L ug/L. ug/L ug/L ug/L ug/L. ug/L ug/L ug/L ug/L ug/L ug/L
Arsenic 50 50 7.2-574 2.2-23.6 ND-233 ND - 43.4} ND ND- 101 ND - 116] 5.4.13) 6.4-12) 2.4.363 ND-23.4 ND - 570
Barium 2000 2000 . 335.833 46 - 1420 ND. 1020 427 - 641 ND - 1060 ND - 647 ND- 1120 78.8- 576 60.1 - 396 55.2-999 220745 315-3180
Beryllium NE 4 2.7J-43.4 1.3 ND-7.5 ND - 10.3] ND ND-8 ND- 19 ND- 1.2} ND-2.4 0.80.42.8 1.5-4.2 1.4-36.6
Cadmium 5 5 ND-12.9 7 ND ND ND ND ND-12 3.37-17.3J ND-10.7J 3.2-110 ND- 6.9 ND-32
Chromium 50 100 172 - 627 11-117 ND-201 47.8-220 ND-214 ND - 348) 19-316 9.0] - 140 42.8 - 106] 10.5- 244 161 - 249 126 - 895
Copper 1000 1300 44.6-117 3-23 ND.175 17.7-36.4 ND-39.7 ND. 84 ND- 52 18.8].75.4 15.8-42,5 16.3 - 1030 64.2- 104 28.6-313
Lead 15 15 40.8J - 176] 2.7-448 ND - 200 23-37.3 ND. 127 ND - 2000J 5.1-89 20.3] -234) 7.7 - 1151 4.8-9340 16.5-28.8 15.8 - 508
Manganese 50 50 (1) 125-1720 21 - 190 ND - 362 56.9 - 220 ND-91L3 59.276) 29-518 82.2-304 78.5- 578 56.6-2110 72.6 - 297 88 - 1730
Mercury 1.1 2 ND-1.2J ND ND - .46 0.2-0.36 ND- 1.4 ND-2.4J ND-3.2 ND-1.4] 0.883-0.91 0.13-092 - ND-0.24 ND-1.1
Nickel 100 100 28.5 - 426 ND ND-41.9 ND ND ND- 123 ND - 140 ND-59.8 17.13- 52.6] 28.8- 137 20.5 - 143 21.9 - 486
Vanadium NE NE 214 - 640 9-184 ND - 330 37.8-423 ND- 175 ND - 419 ND - 408 6.1-164 57-101 20.4-244 122-233 184759
Zinc 2100 5000 (1) ND-1110 6- 146 ND - 1620 83.6-133 ND-118 271- 4871 20650 ND 79.2.104 25.7 - 5180 19J-6617 | 87.3-28003
ABC Offsite Offsite
Site Number Site 48 Site 63 Site 65 Site 69 Site 78 Site 82 Cleaners Property#1 | Property#2
Units ug/L ug/l ug/L ug/L ug/L ug/L ug/L ug/L ug/L

Arsenic ND ND-23.4 ND -308 2.9.29.0 ND - 405J ND - 67.8 ND-12 10.3 - 160 ND NOTES:

. J - Value is estimated,
Barium 18-51.3 36.1 - 5410 105 - 638 46.5 - 850 ND - 1250 ND - 540 35.220 ND - 468 ND JB - Value is estimated below the CRDL, but greater than the IDL.
Beryllium ND ND-3.1 ND 1.3-10.6 ND-19 ND NA ND-8.5 ND NE - Not established.
Cadmium 2233 ND ND 24-114 ND. 21 ND N ND ND N analyzel
Chromium 5.8-17.5 44134 50.1-364 15.1- 159 ND - 858J ND - 174 ND - 57 52.8.-636 ND.-94 NCWQS - North Carolina Water Quality Standard
Copper 3.1-135 10.7- 126 28.2-127 16.2-70.8 ND - 699 ND-29.3 ND- 89 ND - 140 ND X)C'; M”f“‘;‘;g{‘“‘"‘i"‘“‘ Level
Lead ND 4.3-369 19.1- 132 7.8- 188 ND - 360J ND - 89 ND- 10 12.3-345 6.3-62.3
Manganese 38.1- 585 50.3 - 1020 56.2- 474 13.0.912 26-714 26.9 - 283 4-44 56 -973 ND - 60.1
Mercury 0.04 - 0.09 ND - 0.20 ND-0.29 0.10 - 0.94 ND- 1.5 ND -0.66 NA ND ND
Nickel ND 15.8-54.2 15.4-84.3 i3.6-99.8 ND - 234 ND - 34.6 ND-77. 40.2 -380 ND
Vanadium 3.4-128 7.9-163 59.8 - 433 17.3-210 ND - 1700 ND - 256 ND - 45 70 - 739 ND - 64.7
Zinc ND-30.3 58.51. 11105 148J - 4067 36.2 - 12100 61-967J ND - 204 14-220 ND-736 ND-403 TABLELXLS /Page 1 of 1




TABLE 2
DISSOLVED METALS BY SITE
SHALLOW MONITORING WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

FEDERAL
Site Number] NCWQS MCL Site 1 Site 2 Site 6 Site 7 Site 9 Site 21 Site 24 Site28 | Site30 | Sitedt Site43 | Site4d

Units ug/L ug/L ug/L ug/L ug/t, ug/L ug/l, ug/L ug/L ug/L ug/L, ug/L ug/L ug/L
Arsenic 50 50 NA 22-7.1 ND NA ND ND- 10.6 ND- 163 NA NA 22-47 NA NA
Barium 2000 2000 NA 25 - 149 ND NA ND ND ND NA NA | 12.4.451 NA NA
Beryllium NE 4 NA 1 ND NA ND ND ND NA NA | 080-32 NA NA
Cadmium 5 s NA ND ND NA ND ND-$ ND NA NA 32-42 NA NA
Chromium 50 100 NA 10 ND NA ND ND ND NA NA 33-96 NA NA
Copper 1000 1300 NA 2-9 ND NA ND ND ND NA NA | 163-23.9 NA NA
Lead 15 15 NA 2.1 ND NA ND ND - 94 ND NA NA 1.0 NA NA
Manganese 50 50 (1) NA 17-120 | ND-927 NA ND 40-134 ND-320 NA NA 7.1-521 NA NA
Mercury 1.1 2 NA ND ND NA ND ND ND-0.5 NA NA | 013-020 NA NA
Nickel 100 100 NA ND ND NA ND ND ND- 57 NA NA | 288-312 NA NA
Vanadium NE NE NA 43 ND NA ND ND ND NA NA 20.4 NA NA
Zine 2100 5000 (1) NA 8-35 ND - 350 NA ND 6B. 50 ND-437 NA. NA | 106-125 NA NA

ABC Offsite Offsite
Site Number|  Site 48 Site 63 Site 65 |  Site 69 Site 78 Site 82 Cleaners | prorerty#t | Property#2

Units ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/l
Arsenic ND NA NA 2.9 ND-216 ND NA ND-18.8 ND NOTES:
Barium 16.8-27.6 NA NA 13.7-35.8 ND ND NA ND ND J - Value is estimated.
Beryllium ND NA NA 13 ND ND NA ND ND 1’& Z:::‘::h ﬁ;";“;“" below the CRDL, but greater than the IDL.
Cadmium ND-3.1 NA NA 2.4 ND ND NA ND ND NA - Not analyzed,
Chromium ND NA NA 7.2 ND- 59 ND NA ND -30.0 ND ND - Not detected.
Copper 2.6-76 NA NA 16.2 ND- 121 ND NA ND-10.7 ND NCWQS - North Carolina Water Quality Standard
Lead ND NA NA 1 ND-17.2 ND NA ND-15.8 ND MCL - Maximum Contaminant Level
Manganese 39.7- 539 NA NA | 85-139 | ND-152 21-127 NA ND-63.8 ND.213 | (1)~ Secondary MCL
Mercury 0.05 - 0.09 NA NA 0.1 ND-0.6 ND NA ND ND
Nickel ND NA NA 13.6 ND ND NA ND ND
Vanadium ND NA NA 16.6 ND ND NA ND ND
Zinc ND NA NA | 70-7670 | ND-58 ND- 119 NA ND - 468 ND-222

TABLE2.XLS/Page t of 1



TABLE 3
SUMMARY OF TOTAL METALS IN UPGRADIENT WELLS

SHALLOW MONITORING WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

Upgradient | Upgradient | Upgradient | Upgradient | Upgradient | Upgradient | Upgradient Upgradient | Upgradient | Upgradient | Upgradient | Upgradient
of Site of Site of Site of Site of Site of Sites of Site of Site of Site of Site of Site of Site
FEDERAL 1 2 6 7 9 21and 78 24 28 30 41 43 44
Well Number] NCWQS MCL 1GW06 2GW09 6BP6S TGW03 IGW4S 78GW26 24GW07 28GWO04 41GWO5
Units ug/L ug/L ug/L ug/L ug/L, ug/L ug/L ug/L ug/l ug/L ug/L
Arsenic ' 50 50 17.8J 12.9 ND ND ND ND 371 7.4 " 13.1 “ " ]
Barium 2000 2000 548 328 257 428 713 ND ND 576 & 357 =t £ _
Beryllium NE 4 3.2) 3 ND ND ND ND ND 9.3) v 1.6 _‘f w
— — ]
Cadmium 5 5 ND ND ND ND ND not reported ND 3.3 I 10 ] I
Chromium 50 100 193 75 198 124 ND 13 37 122 = 544 2 = ]
Copper 1000 1300 64.8 25 35.6 36.4 ND ND ND 2071 -1 27 = “é)
< 3] hanm
Lead is 15 78.81 27.2 64.4 303J ND 9 114 224 £ 23.7 = =
Manganese 50 s0(l) 202 290 84.5 5697 ND ND 39 206 g 203 £ £ _
Mercury 11 2 1.6J ND ND 03 | "ND ND ND ND =2 0.16 @ 2]
Nickel 100 100 516 ND ND ND ND ND ND 59.8 =] 38 - =
Vanadium NE NE 214 86 209 152 ND 149 64 853 Z° 38.1 é E ]
Zinc 2100 5000 (1) ND 103 $6.6 86.4J ND 68.1 41 ND 173
Upgradient | Upgradient | Upgradient { Upgradient | Upgradient | Upgradient | Upgradient Upgradient | Upgradient
of Site of Site of Site of Site of Site of Site of ABC of Offsite of Offsite
48 63 65 69 78 82 Cleaners Property #1 | Property#i2
Well Number|{ 48GW1 69GWO7 9GW04 6MW3S MW-S01
Units! ug/l ug/L ug/l, ug/L ug/L
- ] D
A.I’Sfmc ND 9 o 2.9 ND ND N - v — NOTES:
Barium 29.43 2 L 46.5 ND ND 35 p-] 8 _ ] I-Valueisestimated.
Beryllium ND 157 7 13 ND ND NA n n | 7B~ Value s cstnated below the CRDL, but greater than the IDL.
- = = = = NE - Not established.
Cadmium 2.5 > < 2.4 ND ND NA = 4
" = =1 NA - Noti analyzed.
Chromium ND Z Z 158 ND ND ND z & —1 ND-Not detected.
Copper ND -] = 16.2 ND ND ND -1 T | NCWQS - North Carolina Water Quality Standard
Lead ND & 2 7.8 ND ND 3 & 2 MCL - Maximum Contaminant Level
e o = = T =1 (1)-Secondary MCL
ganese 70.6 8 ) 13 ND ND 10 8 8 _]
o0 80 b0 80
Mercury ND o0 g0 0.1 ND ND NA 2 &
Nickel ND ) ) 12.6 ND ND ND = =N
M (=] [=] =] o
V.anadxum 343 z z 17.3 ND ND 9 z 7
Zine ND 36.2 ND ND 23

TABLE3.XLS/ Page 1 of 1



TABLE 4

COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN "CLEAN" AND "CONTAMINATED" WELLS

MCB, CAMP LEJEUNE, NORTH CAROLINA

i Camp Lejeune Background Site 1 Site 2 Site 6 Site? Site 9 Site 21
Subsurface Soll Data "Clean" | "Contaminated" "Clean" "Contaminated" "Clean" *Contaminated" "Clean" *Contaminated” "Clean” "Contaminated" "Clean" "Contaminated"
Units mglkg mpfkg malke mg/kg mg/kg mg/kg _melkg mg/kg meke mp/kg mg/kg mgtkg mg/kg
Well Number| ~ - 2GW07 2GW09 6GWI18 6GWIS T7GW03 TGW02 IGW5S IGW1 21GW03 21GW02
Soil Sample Number - - 2-GW07-01 2 - GW09-02 6-GW18-0303 6-GW15.03 GW03-002 GW02-7595 9-GWS-03 9-SB35-03 21-GW03 21-GW02
Arsenic 0.03 - 0.47 NA NA 1.7J ND ND . ND 1.5 ND ND ND ND 0.55)
Barium 2-11 NA NA 12.5] ND ND ND 6.6 ND ND ND 447
Beryllium 0.03-0.23 NA NA ND ND ND ND ND ND ND
Cadmium 0.17-12 NA NA ND ND ND ND 1.3 ND ND
Chromium 2-9 NA NA 10.9J 4.6 ND 5.2 ND
Copper 0.47-2 NA NA 0973 ND ND ND ND ND ND
Lead 1-12 NA NA 8J 4.3 33J 2,5 1.6
Manganese 0.40-8 NA NA 43J 4.1 ND 1.8B 3 ND
Mercury 0.01-0.11 NA NA 037 ND ND ND 10,13 0.48 ND ND ND ND
Nickel 0.70- 5.0 NA NA ND ND ND ND 3.4 11.8 ND ND ND ND
Vanadium ' 0.75-13 NA NA 13.87 ND ND 29B 5.5 4.5 ND ND 15.5 447
Zinc 040-12 NA NA ND ND ND ND 13 ND ND 611 5.7 3J
NOTES:

Shaded area indicates inorganic which exceeded a MCL and/or NCWQS in groundwater sample.

J - Value is estimated.

JB - Value is estimated below the CRDL, but greater than the IDL.

OR

NA-No
ND - Not detected.

wells to comp

NCWQS - North Carolina Water Quality Standard
MCL - Maximum Contaminant Level

(1) - Secondary MCL

d was not analyzed.
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TABLE 4 (continued)
COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN "CLEAN" AND "CONTAMINATED" WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

Site 24 Site 28 Site 30 Site 41 Site 43 Site 44
"Clean" "Contaminated” "Clean" “Contaminated® "Clean" "Contaminated” "Clean" *Contaminated" “Clean" "Contaminated" "Clean" *Contaminated"
Units] __mg/kg ma/ke mg/kg mg/kg mg/kg mgikg mp/kg __mglkg mg/kg mgke mglka mp/kg
Well Number| 24GW10 24GW02 - - - - 41GW04 41-GW11 43GWo1 43GW02 44GW02 44GW01
Soll Sample Number] 24-GW10 24-BDA-SBO9 - - - - 41-GW04-DW 41-GW11-01 43-GW01-00 43-GW02-00 44-GW02-035 -
Arsenic ND ND NA NA NA NA 0.51 1.6 ND ND ND 1.7
Barium ND ND NA NA NA NA 94 22.6 ND ND
Beryllium ND ND NA NA NA NA 0.18 ND
Cadmium ND NA NA NA NA
Chromium 11.2 NA NA NA NA
Copper ND NA NA NA NA
Lead 46J NA NA NA NA
Manganese 4.7 NA NA NA NA
Mercury ND NA NA NA NA
Nickel ND NA NA NA NA
Vanadium 18.4 10 NA NA NA NA
Zine ND 7.8 NA NA NA NA
NOTES:

Shaded area indicates inorganic which exceeded a MCL and/or NCWQS in groundwater sample.

J - Value is estimated.

JB - Value is estimated below the CRDL, but greater than the IDL.
NA - No available wetls to compare OR compound was not analyzed.

ND - Not detected.

NCWQS - North Carolina Water Quality Standard

MCL - Maximum Contaminant Level
(1) - Secondary MCL
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TABLE 4 (continued)
COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN "CLEAN" AND "CONTAMINATED" WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

Site 48 Slte 63 Site 65 Site 69 Site 78 Site 82
"Clean"” "Contaminated" "Clean" "Contaminated" *Clean" *Contaminated" “Clean" "Contaminated” *Clean" "Contaminated" "Clean" *Contaminated”
Units mglkg __mglkg mg/kg ma/kg mgkg melks mg/kg mafkg mg/kg me/ke me/ke mp/ks
Well Number]  48-GW01 48-GW03 63MW03 63IMW02 65MW03 ESMW02 69-GW11 69-GWo03 78GW34 78GW24-1 6-GW28 82MW3
Soll Sample Number| 48-GW1A.01 48-C3-03 63-MW03.04 63-MW02-06. .. { 65-MWO03.11 65-MWQ2-06 69-G\W11-04 69-CSA-SB23-00 | 78-GW34 78-B303-5B03 6-GYWV28-09 6-GW27D-06

Arsenic i.3 0.77J ND ND ND 0.68 0.63 ND 0.31 15.9
Barium 211 15 ND ND 34 56 3 ND ND ND
Beryllium 0.2 0.1% ND ND ND 0.3 0.28 ND ND ND
Cadmium 1.4 1.8 ND ND NA NA 0.56 0.52 ND ND ND ND
Chromium 18.2 18.6 7.7 6.8 18.5 2.6

Copper 3.8 ND ND 1.5 3.1 3.8 34B ND . ND ND
Lead 14.3 4.2 4.3 2.7

Manganese 7 4.9 4 ND ND
Mercury ND ND ND NA NA 0.06 0.05 ND ND ND ND
Nickel 2.2 1.9J ND ND ND ND 3.2 3 ND ND ND ND
Vanadium 283 20.8J ND ND 4.4 3 4.4 3.6 18.7 19.2 ND ND
Zinc ND ND ND ND 2.7 5 3.2 . 7.9 ND ND ND

NOTES:

Shaded area indicates inorganic which exceeded a MCL and/or NCWQS in groundwater sample.
J - Value is estimated.
JB - Value is estimated below the CRDL, but greater than the IDL.

NA - No available wells to compare OR compound was not analyzed.
ND - Not detected.
NCWQS - North Carolina Water Quality Standard

MCL - Maximum Contaminant Level

(1) - Secondary MCL.
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§

COMPARISON OF INORGANIC SUBSURFACE SOIL CONCENTRATIONS IN "CLEAN" AND "CONTAMINATED" WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

TABLE 4 (continued)

ABC Cleaners Offsite Property #1 Offsite Property #2
"Clean™ | "Contaminated" "Clean" "Contaminated" *Clean" "Contaminated"”
Units] mo/kg mp/ke mglka _mp/kg me/kg mp/kg
Well Number - -- - - - -
Soil Sample Number - . - - - -
Arsenic NA NA NA NA NA ‘NA
Barium NA NA NA NA NA NA
Beryllium NA NA NA NA NA NA
Cadmium NA NA NA NA NA NA
Chromium NA NA NA NA NA NA
NA NA NA NA NA NA
Lead NA NA NA NA NA NA
M NA NA NA NA NA NA
Mercury NA NA NA NA NA NA
Nickel NA NA NA NA NA NA
Vanadium NA NA NA NA NA NA
Zine NA NA NA NA NA NA
NOTES:

Shaded area indicates inorganic which exceeded a MCL and/or NCWQS in groundwater saruple.
J - Value is estimated,
JB - Value is estimated below the CRDL, but greater than the IDL.

NA - No available wells to compare OR compound was not analyzed.

ND - Not detected.
NCWQS - North Carolina Water Quality Standard
MCL - Maximum Contaminant Leve]
(1) - Secondary MCL
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TABLE 5

(1) - Range is based on 67 supply wells located throughout MCB, Camp Lejeune, NC.

TOTAL METALS BY SITE
DEEP MONITORING WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA
ABC Base
Site1 | Site2 Site 6 Site7 | Site9 | Site21 | Site24 | Site28 | Site30 | Sitedt | Sited3 | Sitedd | Sited3 | Site63 | Site65 | Site 69 Site 78 Site 82 Cleaners | Supply Wells (1)
Arsenic ND ND ND N R R 22-9.6 4+ 41 4 4 22-35 | 2-118] ND ND- 14 ND
Barium 1420 ND ND D A 22.6- 186 I I I A 423-580 | ND.547 ND 4-36 ND
Beryllium ND ND ND N I A 3.2 4 L L 4 0.80-0.89 ND ND NA NA
Cadmium = ND ND = ND = =2 = = 42-47 =2 = = =2 = 32 ND-21 ND NA ND
[ < @ T e T e T e @ T Y T e TTe T o
Chromium z 16 ND £ ND elzlelp o]l =z lpgleglzelz 83-207 | ND-10 ND ND-32 ND
Copper 2, ND ND £, ND =3 =% =3 2, 23.9 £ o 2, =3 £ 163 ND ND ND-41 ND - 130
3 ] sT 8T 87T 8 ST 3T 8T 87T 8
Lead 2 ND ND a ND alal AL wm| & | & | alala 3.1-68 ND ND ND- 10 ND- 16
[Manganese o ND ND-33.5 ° ND ) ) ) o | 169-101 ° o ) ) © | 537-114 | ND-591 | ND-216 | ND-45 10 - 120
z 4 Z AT T Z 4T Z4T & T Z T %
Mercury ND ND ND N R R 0.15-0.17 N P N B 016-0.17 | ND-03 ND NA ND
Nickel ND ND ND I I 312 I I I A 28.8 ND ND ND- 14 NA
Vanadium ND ND ND N P N I 20.4-49.8 I I D I 204 ND-243 ND ND-15 NA
Zine ND ND ND 17.3-83.8 31.1-487 | ND- 1817 ND 58 -390 ND - 120
NOTES:
I - Value is estimated..
NA - Not analyzed.
ND - Not detected.
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TABLE 6
SUMMARY OF FIELD PARAMETERS IN
SHALLOW, DEEP, AND SUPPLY WELLS
MCB, CAMP LEJEUNE, NORTH CAROLINA

Shallow Wells Deep Wells Supply Wells
Average Average Average
Range (1) Maximum Range (2) Maximum Range (3) Maximum
JpH (standard units) 4.5-7.28 6.08 7.52-11.34 8.88 6.91-745 7.32
Specific
Conductivity 40 - 580 267 149 - 525 350 212 -511 353
(micromhos/cm)

(1) - Based on data from 11 sites.
(2) - Based on data from 6 sites.
(3) - Based on data from 9 supply wells.
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