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M e m o r a n d u m 

INORGANICS IN GROUNDWATER 

1.0 Introduction 
Various inorganics in groundwater at the Charleston Naval Complex (CNC) have proven to be 
problematic with respect to detected concentrations from one or more sampling events exceeding 
maxjmum contaminant levels (MCLs). Identifying the source of these inorganics is complicated 
by the fact that a large portion of CNC was marsh that has been filled with dredge spoil and 
subsequently developed. Many of the shallow monitoring wells at CNC are screened in these 
sediments and it is unclear what contribution these materials have made to the inorganic 
concentrations which exceed MCLs. Background levels were established during the RFI on a 
zone by zone basis in an effort to differentiate between ambient conditions and site specific 
impacts. The calculated background values are a valuable tool in helping make this distinction but 
in some instances the values raised additional questions because the geographic boundaries of fill 
areas versus non-fill areas was not considered. The only consideration given to geographic areas 
were the zone boundaries t.1}at \vere established as a management tool for the RF!. ~A~S a result 
background values vary from zone to zone and, in several instances, the background 
concentrations for various metals exceed MCLs. Rather than continuing to solely evaluate 
groundwater on a zone by zone basis, the Project Team agreed it would be prudent to perform a 
"base wide evaluation" of the groundwater data with the purpose of trying to identify trends in 
groundwater quality that would further help differentiate between ambient conditions and site 
specific impacts. The process for conducting the base wide evaluation, which is outlined below, 
was discussed by team members at a meeting on 29 October 1998 at SCDHEC's office in 
Columbia, SC. 

2.0 Groundwater Sampling 
The initial step of the evaluation was designed to assess the representativeness of the data collected 
over previous quarters of sampling. An overall review of the data revealed inconsistences in the 
inorganic sample results over time and few instances where the results exceeded MCLs 
consistently over all quarters of sampling. Possible causes of this can be well construction (this 
Lerill win be uSed generically to refer to everything frOU! the physical construction of tile well to 
well development), sampling techniques, temporal variations (for some wells in this study the time 
difference between the first sampling event and the most recent is nearly 3.5 years), and analytical 
methods. To assess potential biases introduced by well construction and sampling techniques, the 
Project Team agreed to select at least 15 wells which had been singled out during the RFI process 
as potentially problematic and re-sample them. A total of 26 wells were sampled including several 
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wells that well being evaluated in the CMS even though inorganics detected at those locations did 
not exceed MCLs. The wells selected are illustrated in Figure 1 (Attachment A contains all 
figures) and are listed in Table 1 along with a brief explanation of why each was chosen. Also 
included are the metals study results tables and the groundwater sampling forms. 

ZoneC 

044-001 

044"()()7 

047-001 

047-011 

ZoneE 

070-0lD 

549-003 

GDE-09D 

ZoneG 

FDS-16B 

FDS-17B 

ZoneH 

653-003 

655..()()1 

655-002 

655"()()3 

656-001 

GDH-003 

GDH-03D 

GDH-006 

GDH-06D 

Zone I 

Table 1 
Selection Criteria for Monitoring WeUs 
Selected for the Base Wide Evaluation 

Antimony. beryllium, and thallium routinely exceeded MCLs 

Antimony and arsenic frequently exceeded MCL, 

Elevated lead detection in first round of sampling 

Arsenic frequently exceeded MCL 

Antimony, chromium, and thallium routinely exceeded MCLs 

Chromium routinely exceeded MCL 

Arsenic routinely exceeded MeL 

Arsenic routinely exceeded MCL 

Arsenic routinely exceeded MCL 

Arsenic concerns prior to interim measure 

CMS site due to SCDHEC concerns about arsenic 

CMS site due to SCDHEC concerns about arsenic 

CMS site due to SCDHEC concerns about arsenic 

Single detection of thallium exceeded MCL 

Arsenic concerns due to proximity to AOC 653 

Arsenic concerns due to proximity to AOC 653 

Arsenic and thallium detected at varying concentrations 

Deep well paired with GDH-006 
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012-002 

671-003 

ODl-17D 

GDl-18D 

ZoneK 

694-005 

694-006 

694-007 

GDK-CLI 

Table 1 
Selection Criteria for Monitoring Wens 
Selected for the Base Wide Evaluation 

Arsenic routinely exceeded MeL 
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Mercury and thallium detections in third round of sampling 

Th~l1ium occasio!l~l!y exceeded MeL 

Thallium occasionally exceeded MCL 

Interest was dioxins which are not addressed in this memo 

Interest was dioxins which are not addressed in this memo 

Interest was dioxins which are not addressed in this memo 

Interest was dioxins which are not addressed in this memo 

One of the biggest challenges the project team has faced in trying to make decisions regarding the 
concentrations of inorganics in groundwater is dealing with variability in the data sets. It is 
beyond the scope of this study to assess the potential effects of all the sources of variability 
mentioned earlier, but it was necessary to reduce or eliminate the amount of variability associated 
with sampling methodology. The project team agreed that sampling using a low flow or low 
stress method (minimal draw down) was the most appropriate means of collecting groundwater 
samples to be analyzed for inorganics. Documents used as guidance for designing this sampling 
eVent were Low Stress (low flowj Purging and Sampling Procedure for the Collection of 
Groundwater Samples from Monitoring Wells, Revision 2 (EPA Region 1, July 30, 1996), Low 
-Flow (Minimal Drawdown) Ground-Water Sampling Procedures, (EPA Ground Water Issue, 
April 1996). The low flow method is very similar to the one currently described in the 
Comprehensive Sampling and Analysis Plan (CSAP) except the plan does not explicitly state the 
pumping rate should not exceed the recharge rate of the aquifer which will result in excessive draw 
down. Low flow purging is generally considered anything less than 0.5 Llmin. For this study 
the purge rates typically averaged around 0.3 Llmin. Certain hydrogeologic conditions may make 
a low flow method difficult to use but the method was followed as closely as possible at each well 
so that all the samples were collected in essentially the same manner. As an added measure of 
consistency only one sampling crew was used to collect samples during this study. Even though 
all sampling crews should have followed the same written procedures provided in the CSAP, it 
is unlikely that every well was sampled in exactly the same manner particularly when it comes to 
pumping/purge rates. 

Unfiltered samples were collected with analyses being performed for antimony, arsenic, beryllium, 
chromium, lead, mercury, thallium, and total suspended solids (TSS). Additionally, a sample split 
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was collected and filtered in the field using a 0,45 micron filter with similar analyses performed 
with the exception of TSS. Although it is debatable whether comparing filtered and unfiltered 
samples provides a accurate, quantitative measure of total versus dissolved metals in groundwater, 
the procedure is a very good qualitative means of determining if artifacts are present as a result 
of well construction or sampling methods. 

3.0 Data Evaluation 
Since the primary purpose of this evaluation is to qualitatively assess the prevalence of various 
inorganics across the base, the frequency of detection for the various inorganics from all rounds 
of sampling preceding the low flow sampling event has been compared to the frequency of 
detection observed in the data set for the low flow sampling event. Data from individual wells was 
further evaluated in accordance with a set of decision rules designed to help the project team 
overcome difficulties associated with variability in the data sets. The decision rules that follow 
were originally developed by members of the Project Team in attendance at the October meeting. 

1. Compare the unfiltered versus filtered results. 
A If the sample results are similar a "problem" exists. Proceed to Step 2. (Note that 

the term problem was simply intended to refer to the fact that inorganics are 
present at levels which exceed reference levels such as MCLs) 

B. If the sample results are significantly different, the problem may be associated with 
suspended solids. Both the unfiltered and filtered results are to be compared to 
MCLs. Project team needs to make a risk management decision. 

2. Perform a GIS analysis to evaluate spatial distribution/correlation. 
A. If there is a clear correlation to a SWMU or AOC the problem must be addressed. 
B. If there is not a clear correlation to a SWMU or AOC the Project Team needs to 

make a risk management decision. 

After collecting the data and beginning the evaluation process, it became apparent that the decision 
rules which applied simply to the comparison of unfiltered and filtered results did not account for 
potential differences in the data set resulting from the sampling technique used during the most 
recent event versus previous rounds of sampling. For purposes of this memo the decision rules 
previously agreed upon have been modified as follows to allow a more thorough examination of 
the data over time. 

I. Evaluate trends in the data set for each well over all rounds of sampling. 
A. If the sample results are similar over time, including the final event using the low flow 
sampling, then compare the unfiltered vs. filtered results. 

4 



lnorganics in Groundwater Memo 
May 28.1999 

1. If the unfiltered vs. filtered results are similar then all samples are considered 
to be representative of ambient conditions and the results from this most recent 
round of sampling should be compared to MCLs. 

a. If the concentrations from one or more sampling events exceed MCLs a 
"problem" exists and the evaluation should proceed to Step II below. Note 
that the term problem was simply intended to refer to the fact that 
inorganics are present at levels which exceed MCLs and Step II will help 
determine a probable source which could be anthropogenic or it could be 
naturally occurring. 

b. If the concentrations do not exceed MCLs no further evaluation is 
required. 

2. If the unfiltered vs. filtered results are appreciably different, the problem may 
be associated with suspended solids and the unfiltered sample is likely not 
indicative of ambient conditions. Both the unfiltered and filtered results are to be 
compared to MCLs. 

a. If both concentrations exceed MCLs a "problem" may exist but 
additional sampling should be considered before proceeding to Step II 
because of the question of sample representativeness. 
b. If the filtered results are less than MCLs the Project Team needs to make 
a risk management decision. 
c. If neither result exceeds MCLs, no further evaluation is required. 

B. If the sample results are similar or decrease over time with the addition of a notable 
decrease durhig t.'1c final s3.J.Tipling event then compare the unfiltered vs. filtered results. 

1. If the unfiltered vs. filtered results are similar then only the fmal samples are to 
be considered the most representative of ambient conditions. Both the unfiltered 
and filtered results should be compared to MCLs. 

a. If the concentrations exceed MCLs then the data from surrounding wells 
should be reviewed. If other MCL exceedances are noted then additional 
sampling of wells in close proximity may be warranted so a comparable 
data set is attained prior to making a risk management decision or 
performing a GIS evaluation. 
b. If concentrations are less than MCLs no further evaluation is required. 

2. If the unfiltered vs. filtered results are appreciably different, the problem may 
be associated with suspended solids and the unfiltered sample is likely not 
indicative of ambient conditions. The unfiltered results from the final round of 
sampling should still be considered more reliable than previous rounds of sampling 
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and closer to representing ambient conditions Both the unfiltered and filtered 
results are to be compared to MCLs. 

a. If either the unfiltered or both concentrations exceed MCLs, then the 
data from surrounding wells should be reviewed. If other MCL 
exceedances are noted then additional sampling of wells in close proximity 
may be warranted so a comparable data set is attained prior to making a risk 
management decision or performing a GIS evaluation. 
b. If neither result exceeds MCLs, a risk management decision for no 
further evaluation may be appropriate. In some instances where results 
from one or more previous rounds of sampling exceed MCLs, an additional 
sampling event using the low flow method may be appropriate to verify a 
problem does not exist. 

II. Perform a GIS analysis to evaluate spatial distribution/correlation. 

A. If there is a clear correlation to a SWMU or AOC the problem must be addressed. 
B. If there is not a clear correlation to a SWMU or AOC the Project Team needs to make 
a risk management decision. 

4.0 Results 
The discussions presented in this section focus primarily on the sampling results at individual 
monitoring wells where inorganic concentrations exceeded a MCL during one or more quarters 
of samples. Two basic evaluations were performed during this study. Trends in the analytical 
results were reviewed and field sampling logs were evaluated to help make a qualitative 
determination regarding sample representativeness. Attachment B contains the analytical data 
summary tables for each of the wells included in the study and Attachment C contains the field 
sampling forms. 

4.1 Antimony 
• Preceding the iow flow sampiing event, antimony was detected in sampies from 8 of the 

26 well locations included in this study. 
• Antimony concentrations exceeded the MCL of 6 /l-g/L during one or more sampling 

events at 4 of the 8 monitoring wells with detections. 
• Using the low flow sampling method antimony was only detected in the unfiltered sample 

from 2 of the 26 well locations. 
• Neither of the detections exceeded the MCL and the filtered samples were non-detect. 

044-007 
The concentrations of antimony have varied erratically from non-detect to levels 8 times the MCL. 
The antimony results should be used with discretion since, with the exception of the second 
sampling event, the detected concentrations are all estimated values which limits the value of 
attempting to quantitatively compare the results to those from other wells in this particular 
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evaluation. The field notes for each of the sampling events were reviewed in an effort to 
subjectively determine whether or not sampling methods may have influenced the results. Draw 
down for each of the 6 rounds of sampling ranged from 0.1 to approximately 7 feet indicating that 
the pumping rates during the various sampling events were not consistent. Water quality 
parameters measured to assess stability did not seem to be greatly affected regardless of the 
pumping rate so it is difficult to say sampling methodology is solely responsible for the variations. 
Groundwater quality parameters achieved stability during the most recent sampling event but 
turbidity exceeded the optimum sampling level of ,; 10 NTU. The results for TSS were non-detect 
so the slightly elevated turbidity reading is considered insignificant. Antimony was detected at 
3.4 p.g/I in the unfiltered sample but was not detected in the filtered sampled. For practical 
purposes the values are essentially equal when considering the analytical method has an acceptable 
error range of ± 15 % . The samples collected under controlled conditions during the final sample 
event are believed to be the most representative of ambient conditions and indicate that antimony 
is not a concern at this location even though the former coal pile is a potential source of 
inorganics. ~~o further evaluation for antiIl10ny is recoIT"dIlended at this location. 

047-001 
Antimony was only detected in well number 047-001 above the MeL during the first sampling 
event and it was not detected in the remaining five rounds which includes both the unfiltered and 
filtered samples collected during the low flow sampling event. The complete absence of antimony 
over five consecutive sampling events since January 1996 provides compelling evidence that the 
first round results are simply an anomaly and not representative of ambient conditions. The exact 
cause of the anomalous value will likely never be determined but a plausible explanation is the 
sample may have been biased by artifacts created during the subsurface disturbances caused by the 
drilling process. Regardless of the cause of the elevated concentration in the first round, the results 
have been remarkably consistent after that time and there is no apparent need for further evaluation 
of antimony at this location. 

070-0lD 
Antimony concentrations were reiativeiy consistent during 3 of the 4 sampiing events performed 
between April 1996 and February 1997 ranging from 115 to 209 p.g/l. The lone exception was 
the December 1996 sampling event during which antimony was not detected. During the most 
recent sampling event in January 1999 antimony was detected in the unfiltered sample at 2.8 p.g/l 
(" J" flagged as estimated) and was not detected in the filtered. The unfiltered vs. filtered results 
are not considered significantly different simply because the value for the unfiltered detection was 
essentially equal to the quantitation limit for the filtered sample. Groundwater stability parameters 
were reviewed for all rounds to determine if the sampling method could be a reason for the 
differences in concentrations over time. The parameters were remarkably comparable over time 
and the pumping rate/draw down during the low flow sampling event were not significantly 
different from the previous rounds of sampling. The reason for the substantial decrease in 
concentration during the final sampling event is not readily apparent in the information reviewed 
for this evaluation. Other inorganics exhibited a similar decrease in concentration as well. A 
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comparison of antimony results in well 070-0lD to surrounding wells was not made since the 
results from the most recent round did not exceed the MCL and the result differed significantly 
from previous rounds. This study indicates that proper sampling technique may eliminate 
antimony as a concern but one additional round of sampling is recommended prior to ruling it out 
as a COC since it was detected relatively consistently at concentrations 50-100 times the MCL 
prior to this sampling event and SWMU 70 (a former dip tank used for treating wood with a fire 
retardant) may be an anthropogenic source of elevated concentrations of other inorganics evaluated 
in this study. 

549-003 
Antimony was detected at 549-003 once (7.7 JLg/l in April 1996) and that one detection happened 
to exceed the MCL. The quantitation limits used during two rounds of sampling exceeded the 
MCL but that does not affect the usability of the data since the method detection limits (MDLs) 
are typically around 10 times less than the quantitation limit. In both cases this would have 
resulted in a sufficiently low method detection limit to identify the presence of antimony with an 
estimated concentration. Antimony was not detected in either the unfiltered or filtered sample 
during the low flow sampling event. The results at this location are similar to 047-00 1 above and 
there is no apparent need for further evaluation of antimony at this location since the results have 
been remarkably consistent over time. 

Conclusions 
There is no reason to believe a widespread problem with antimony in groundwater exists based 
on the results this evaluation. The frequency of detection was sufficiently low that it would 
probably be more practical to evaluate antimony detections on a case by case basis rather than 
proceed with additional study to attempt to justify its presence across the base. The results of this 
study preliminarily indicate t..h..at t..'1e detections of antimony at concentrations above the ~1'1CL are 
most likely an artifact of the sampling methodology. 

4.2 Arsenic 
• Preceding the low tlow sampling event, arsenic was detected in samples from 23 of the 26 

well locations included in this study. 
• Arsenic concentrations exceeded the MCL of 50 ,ug/L during one or more sampling events 

at 6 of the 23 monitoring wells with detections. 
• Using the low flow sampling method arsenic was detected in the unfiltered sample from 

16 of the 26 locations. 
• Concentrations of arsenic in the unfiltered samples exceeded the MCL at 3 of the 16 

locations. Arsenic concentrations in the filtered samples from each of the 3 locations also 
exceeded the MCL. 

044-007 
Similar to the antimony concentrations at this well location, the arsenic concentrations have also 
varied somewhat erratically which may be attributable to the inconsistent pumping rates mentioned 
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earlier. Arsenic exceeded the MCL during 2 of the 5 sampling events prior to the round in which 
the low flow method was used. Concentrations from the low flow samples did not exceed the 
MCL and the unfiltered/filtered results are within the analytical method acceptable error range of 
± 15 % so the results are considered equal for purposes of this evaluation. A comparison to the 
background reference value (BRV) revealed that concentrations from all 6 rounds exceeded the 
BRV suggesting that the arsenic is a "problem". However, the appropriateness of using the BRV 
to help determine whether or not arsenic is a problem at this location is questionable. The reason 
for this statement being the BRV was determined using only 2 grid well locations in Zone C. 
Neither of these locations is in an area that was identified as being hydraulically filled during 
development of the base. Monitoring well 044-007 is in an area that was filled. The surrounding 
wells (Figure 2) at SWMU 44 do not indicate that a widespread problem with arsenic exists and 
the most recent results from 044-007 indicate arsenic is not a concern at that particular location. 
Because the results have varied with time it is probably appropriate to review an additional round 
of sample results prior to making a risk management decision with respect to arsenic in 
groundwater. The additional round of samples are already being collected as part of the CMS and 
it is recommended that the samples be collected using a low flow method. 

047-011 
Arsenic was the only inorganic at well number 047-0 it with concentrations detected above the 
MCL during one or more rounds of sampling. The arsenic concentration routinely exceeded the 
MCL during the 2nd through 4th rounds of sampling and the concentrations remained relatively 
constant. A notable decline in concentration is evident in the most recent round of sampling using 
the low flow method raising the possibility that the results from previous rounds of sampling may 
not have been indicative of ambient conditions. A comparison of the unfiltered vs. filtered results 
for the 5th round revealed a noteworthy (;, 15 %) difference in the two further suggesting that the 
unfiltered results from the 5th round may not be truly indicative of ambient conditions either. The 
TSS concentration was non-<letect but the final turbidity reading recorded prior to collecting the 
sample showed a turbidity level of 29 NTU which slightly exceeds the optimum level of ,; 10 NTU 
leaving open the possibility suspended solids had some effect on the unfiltered sample analysis. 
A review of the other water quality indicator parameters showed that stability was achieved and 
that results from the unfiltered sample should be more reliable than previous rounds of sampling 
because of the controlled conditions under which the sample was collected. Since both the 
unfiltered and filtered results from the 5th round do not exceed the MCL there is a strong 
possibility that a problem with arsenic in groundwater does not exist at this location. An 
additional round of sampling under controlled conditions is recommended to determine if the 
results of the 5th round can be repeated. If the results are repeated then arsenic in groundwater 
should be dismissed as a concern at this location. 

GDE-09D 
Arsenic was detected in all sampling rounds including the filtered and unfiltered low flow 
sarnpling event with results foutineiy exceeding the tvlCL in ali rounds and the concentrations 
remaining relatively constant. A comparison of the unfiltered and filtered sample results indicates 
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that for practical purposes the values are essentially equal, especially when considering the 
analytical method has an acceptable error range of ± 15 %. Groundwater quality parameters were 
stabilized prior to sampling during the first four sampling events with final turbidity readings taken 
within the optimum range of" 10 NTU. The fifth sampling event, however, produced a final 
turbidity value of 50 NTU with a TSS value of 27 mg/1. This evidence of additional suspended 
solids does not appear to affect the arsenic concentrations detected in the unfiltered sample from 
the final sampling event when compared to other arsenic concentrations. Based on these facts and 
the decision rule criteria, a "problem" exists for arsenic since the results for the final round exceed 
theMCL. 

A preliminary GIS evaluation was performed for both shallow and deep monitoring wells in the 
vicinity of GDE-09D (Figure 3). Groundwater from this well flows north to the Cooper River. 
The nearest deep monitoring well down gradient along this flowpath is 583-02D which is 743 feet 
north-northwest of the site. Arsenic was not detected above its MCL in any of the four sampling 
events conducted at this well with detected concentrations ranging from non-detect to 16.5 JLg/1. 
Two deep wells to the northwest ofGDE-09D, 145-0lD (786 feet) and 580-0lD (11,143 feet) did 
exhibit detected concentrations of arsenic exceeding MCLs (98.6 and 84.4- 110. mg/l respectively) 
but these locations are parallel to the expected groundwater flow path from GDE-09D and would 
not be influenced by arsenic contamination found there. The upgradient deep well GDE-08D, 
southeast of GDE-09D,had only one detected arsenic concentration which was below the MCL. 

There are no down gradient shallow wells of GDE-09D that have arsenic concentrations that 
exceed the MeL. One shallow upgradient well in the vicinity of GDE-09D, GDE-008, had 
detected concentrations of arsenic ranging from 17.3-160. JLg/l, with three of the four rounds 
exceeding its MCL. There is no clear correlation between GDE-09D and another SWMU or 
.. A ... OC, therefore, based on t..lte criteria rules the Project Tea..tn needs to rnake a risk management 
decision. 

FDS-16B 
Arsenic concentrations at FDS-16B exceeded the MeL in an rounds except the first. The mtered 
and unfiltered sample results in the low flow rate sampling event are virtually equal (considering 
the ± 15 % analytical method error) and are slightly less than the high of 254 IJ,g/L in 
April 1998.Ground water quality parameters taken in the final round show turbidity readings at 
3 NTU and the low flow rate of 0.38 Llmin before the sample was taken. It is unclear why the 
TSS results were 92 mg/L since the stability measurements indicated that the sample should be 
representative of ambient conditions. As a comparison, second round quality parameters showed 
turbidity readings at 9 NTU and a low flow rate of .19 Llmin but the arsenic concentration still 
exceeded the MCL. Because the results over time are remarkable consistent with the sample 
collected from well FDS-16B under controlled conditions, arsenic remains concern in this area. 

A GIS review of adjacent wells to FDS-16B (Figure 4) show a shallow and deep well pair down 
gradient at GDE-008 with arsenic detections exceeding the MCL in the shallow well three out of 
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four rounds of sampling. There are no upgradient wells adjacent to FDS-16B. Wells SME-OOl and 
008 have flowpaths that go to the southeast away from FDS-16B. It is evident that the arsenic 
results from FDS-16B are higher than at GDE-008 and groundwater flow from FDS-16B may 
influence the results at GDE-008. This particular area should be discussed by the project team to 
determine an acceptable approach to dealing with this apparent problem that does not have a 
readily identifiable source. 

FDS-I7B 
Arsenic concentrations at FDS-17B exceeded the MCL in all rounds including the filtered and 
unfiltered low flow sampling event. Quality assurance outliers were noted in the January 1999 
final sampling results which led to the "J" qualifier being added to the filtered and unfiltered 
results. Arsenic concentrations actually increased from 51.5 /l-g/L in the first round to 63.0 /l-g/L 
in the final round sample. A comparison of the unfiltered and filtered sample results indicates that 
for practical purposes the values are essentially equal. A comparison of groundwater quality 
parameters from the final round to the previous rounds show results to be virtually the same 
meaning the controlled sampling conditions during the fmal round were representative to ambient 
conditions present in groundwater in other rounds. The arsenic results at FDS-17B appear to be 
a "problem". 

A GIS evaluation of Figure 4 shows upgradient shallow well GEL-O 14 had two arsenic detections 
that exceeded the MCL. The nearest downgradient shallow well at GDE-003, next to the Cooper 
River, also had two arsenic detections that exceeded MCL. Well FDS-17B also happens to be in 
the same general geographic area as FDS-16B discussed above and it is recommended that the 
project team discuss the arsenic problem found in these wells concurrently since the concerns may 
be related. 

012-002 
Arsenic concentrations for the first four rounds exceeded the MCL but for the filtered and 
unfiltered low flow rate sampling round the results were below the MCL. Quality assurance 
outliers were noted in the September 1996 and January 1999 final sampling results which led to 
the "J" qualifier being added to the results. Arsenic concentrations had a five fold decrease 
between the fourth (253 )).g/L) and final rounds (40.7 )).g/L). A comparison of the unfiltered and 
filtered sample results indicates the values are essentially equal. Groundwater quality parameters 
for the fmal round show that the draw down (0.83 ft), low flow rate (0.37 Llmin), and turbidity 
readings (2 NTU) were at their lowest when compared to other rounds. Low flow rates for other 
rounds ranged between 0.54 -.95 Llmin with draw down ranging between 1.7 to 3.69 ft. Due to 
the fact that the filtered and unfiltered sa..rnple results are equal and below the MeL and seeing that 
the controlled sampling conditions were at the optimal ranges, the fmal round sample results are 
considered the most representative of ambient conditions. Therefore no further evaluation is 
necessary. 
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Arsenic can be found widespread in groundwater across as evidenced by the high frequency of 
detection in the unfiltered samples collected using the low flow method. The low frequency of 
detections at concentrations above the MCL suggests that, while it is expected to be present at 
many locations, arsenic isn't a problem except in localized areas. The results of this study suggest 
that simply using a low flow method of sampling to help ensure representative samples are 
collected will eliminate some of the problems since concentrations at 3 of the 6 problem wells 
were reduced to below the MCL. Because the frequency of detection above the MCL is so low 
it would probably be easier for the project team to address the significance of these localized areas 
on a case by case basis rather than proceed with a base wide study. It is recommended that the 
low flow sampling technique be used for any future sampling of wells FDS-16B, FDS-17B, and 
GDE-09D. 

4.3 Beryllium 
• Preceding the low flow sampling event, beryllium was detected in 10 of 26 samples from 

well locations included in this study. 
• Beryllium concentrations exceeded the MCL of 4 ,ug/L during one or more sampling 

events at 1 of the 10 monitoring wells with detections. 
• Using the low flow sampling method beryllium was detected in the unfiltered sample from 

5 of the 26 locations. 
• Concentrations of arsenic in the unfiltered samples only exceeded the MCL at 1 of the 

5 locations. Beryllium concentrations in the filtered sample from that one location also 
exceeded the MCL. 

044-001 
Beryllium detections remained relatively similar over the four rounds of sampling performed from 
June 1995 to July 1997. A noticeable decline in beryllium concentrations occurred during the 
latest round of sampling using the low flow sampling technique. A comparison of the unfiltered 
and filtered sample results shows the values are essentially equal, considering the analytical 
method has an method error range of ± 15 %. Groundwater samples collected during the recent 
sampling event are representative of ambient groundwater conditions because the unfiltered vs. 
filtered results are similar, TSS were not detected, and field sampling notes indicate groundwater 
quality parameters were stabilized prior to sampling. Based on the decision rule criteria, 
beryllium should be regarded as a possible concern since the results from the final round are 
believed to be from a representative sample yet the MeL was still exceeded. 

A comparison of the recent results from 044-001 to data from previous rounds of sampling at other 
nearby wells at the site to evaluate spatial distribution does not appear to be appropriate. The 
reason for this is the observed difference between the most recent samples from 044-001 and 
previous sampling events. If the basic assumption is made that the difference in results is 
attributed to the difference in satupling luethod, tllen one would have to assurI1e that the results in 
surrounding wells may decrease as well under the more controlled sampling conditions. Other 
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potential sources of variability which also make this comparison inappropriate were mentioned 
earlier and should be considered in the planning of any future work. 

Conclusions 
Beryllium is a potential concern in the area of SWMU 44 which may be a source. Since 
SWMU 44 is undergoing a CMS and groundwater sampling is being performed anyway, at least 
one round of additional samples from all the wells at SWMU 44 analyzed for beryllium appears 
prudent to evaluate whether SWMU 44 is a likely source or if this is a localized anomaly. 

3.4 Chromium 
• Preceding the low flow sampling event, chromium was detected in samples from 19 ofthe 

26 well locations included in this study. 
• Chromium concentrations exceeded the MCL of 100 f.<g/L during one or more sampling 

events at 2 of the 19 monitoring wells with detections. 
• Using the low flow sampling method chromium was detected in the unfiltered sample from 

1 1 of the 26 locations. 
• Concentrations of chromium in the unfiltered samples exceeded the MCL at 2 of the 

11 locations. Chromium concentrations in the filtered samples from both of those locations 
also exceeded the MCL. 

070-0lD 
Chromium concentrations at 070-0ID exceeded the MCL for all rounds including the filtered and 
unfiltered low flow sampling round with concentrations steadily decreasing from 52,500 f.<g/L in 
the first round to 2,200 f.<g/L in the final round. The analytical results for the filtered and 
unfiltered samples are essentially the same considering the± 15 % laboratory analytical method 
error. The draw down for each of the five rounds of data ranged from 0.4 to 0.8 feet with the 
0.4 feet draw down occurring in the filtered and unfiltered sampling event. The turbidity results 
for all sampling rounds were < 10 NTU, and as with the draw down results, the lowest turbidity 
reading occurred during the filtered and unfiltered sampling event. The low flow pumping rate 
for the fmal round was below the optimal rate of 0.5 Llmin whereas the pumping rates for the 
previous rounds ranged between 0.63 - 0.79 Llmin. Since the filtered and unfiltered sample 
results are virtually the same, the samples collected using the low flow method technique are 
considered representative of ambient conditions. Though final round chromium concentrations 
deceased significantly from earlier rounds, detections still exceeded the MCL and a "problem", 
according to the criteria rules, exists at 070-0lD. 

A data evaluation of adjac.ent wens to 070-01D (Figure 5) shows ChIO!!lium detections above the 
MCL at shallow wells 025-002, 025-003, 025-004, 070-001, and 070-002. Building 44, an old 
plating operation is the likely source of the chromium contamination which the 025 wells border 
it. Review of geological and hydrological data shows that it is possible that contamination from 
the shaiiow weiis at 025 migrated to the deep aquifer at 070-01D which is north of Buiiding 44 
since deep groundwater flows to the north. No wells down gradient of 070-0lD had detections 
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of chromium in any of the rounds of sampling so it doesn't appear the contamination has migrated 
very far. Because of the significant drop in concentration in the sample collected during the low 
flow event it is unclear at this time how reliable the results are from the surrounding wells to 
which 070-010 is being compared. The project team should discuss this area further to reach an 
agreement on an appropriate course of action for future evaluation. 

549-003 
As with the chromium concentrations from 070-0ID, the results at 549-003 show a significant 
decrease in concentrations over time. The exception to the above location is that the filtered and 
unfiltered results are greater than the ± 15 % laboratory error with the unfiltered result the greater 
of the two. In comparing groundwater quality parameters the pumping rate for the final round was 
0.40 Llmin which was the lowest of all rounds with the other rounds averaging 0.68 ft. The draw 
down rates for all rounds were virtually the same, averaging 0.12 ft and turbidity readings were 
all < 10 NTU. Because of the controlled sampling conditions in the final round the unfiltered 
sample is considered more reliable than previous rounds of sampling and is closer to representing 
ambient conditions. 

As with groundwater at 070-0ID above, 549-003, which is adjacent to 070-001 is also influenced 
by the old plating shop at Building 44. Well 549-002, east of 549-003 has not exceeded the MCL 
in any of the rounds sampled and appears to be on the fringe of the plume. No other downgradient 
wells of 549-003 have had exceedances of the MCL. Well 549-003 because it is in the same area 
as 070-00 should be included in the risk management decision made by the project team. 

Conclusions 
Prior to conducting this study there was no evidence to suggest that a wide spread chromium 
problem existed at the base but the levels in ground water around building 44 were a significant 
concern. The real question was whether or not the samples collected in this area where truly 
representative. It does not appear the samples were representative based on the marked decrease 
in concentrations of samples collected using the low flow method. Even so, a concern remains 
solely based on the results of the latest sampling event. The project team should consider the need 
to collect a complete, representative data set for this area prior to making any fmal risk 
management decisions. 

4.5 Lead 
• Preceding the low flow sampling event, lead was detected in samples from 11 of the 

26 well locations included in this study. 
• Lead concentrations exceeded the action level of 15 ~£g!L during one or more sa..rnpling 

events at 2 of the 11 monitoring wells with detections. 
• Using the low flow sampling method lead was not detected in either the unfiltered or 

unfiltered samples at any of the 26 locations. 
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044-001 
Lead concentrations exceeded the MCL in the first and third sampling rounds but lead was not 
detected in the final round for the filtered and unfiltered samples. A detection of lead was reported 
in the second round below the fyfCL. Quality assurance outliers were noted in the positive results 
for June 1995 and January 1996 and in the non-detect results for June 1996 and July 1997 which 
led to the nJ n qualifier being added to the results. 

047-001 
Lead was only detected in well number 047-001 above the MCL during the first sampling event 
and it was not detected at all in the remaining five rounds which includes both the unfiltered and 
filtered samples collected during the low flow sampling event. The complete absence of lead over 
five consecutive sampling events since January 1996 provides compelling evidence that the first 
round results are simply an anomaly and not representative of ambient conditions. The exact cause 
of the anomalous value will likely never be determined but a plausible explanation is the sample 
may have been biased by artifacts created during the subsurface disturbances caused by the drilling 
process. Regardless of the cause of the elevated concentration in the first round, the results have 
been remarkably consistent after that time and there is no apparent need for further evaluation of 
lead at this location. 

Conclusions 
Similar to arsenic, lead is expected to be seen over a relatively widespread area simply on the basis 
that it has a moderate frequency of detection. It is unlikely however that a ubiquitous problem 
exists based on the results of this study. It is recommended that any future concerns that are raised 
simply be addressed on a site by site basis. 

• 

• 

• 

1\1erclL.j' 
Preceding the low flow sampling event, mercury was detected in samples from 3 of the 26 
well locations included in this study. 
Mercury concentrations exceeded the MCL of 2,ug/L during one or more sampling events 
at lof the 3 monitoring wells with detections. 
Using the low flow sampling method mercury was not detected in any unfiltered sample 
and only detected in one filtered sample. 

671-003 
Prior to the final sampling round, mercury was detected in the August 1996 sampling event at a 
concentration exceeding the MCL. During the low flow sampling event mercury was detected at 
0.1 ,ug/L in the filtered sample but was not detected in unfiltered sample. Since the detection limit 
for the final round was at 0.1 ,ug/L, for purposes of this evaluation, both filtered and unfiltered 
results are considered the same with both results below the MCL. Quality assurance outliers were 
noted in the August 1996 and filtered sampling results which led to the ''I n qualifier being added 
to results. The complete absence of mercury in the other rounds of data provides evidence that 
the fourth round results are an anomaly and are not representative of ambient conditions. 
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Regardless of the cause of the elevated concentration in the fourth round, the results are consistent 
between the other rounds and there is no apparent need for further evaluation of mercury at this 
location. 

Mercury was not detected above the MCL in the final sampling round in any of the locations based 
on the evaluation results. There is no widespread problem for mercury in groundwater and any 
further evaluation of mercury should be conducted on a case by case basis. 

Conclusions 
Even though mercury was included as one of the potential inorganics of concern in the base wide 
study, there was no evidence to suggest that a wide spread problem existed and the real intent was 
to see if the low flow sampling method could resolve possible issues with data quality at 
3 individual locations . Considering the random nature of the detections prior to this study and the 
results of this study, the Navy does not believe mercury is a concern at any of the 3 locations 
where it was detected. 

4.7 Thallium 
• Preceding the low flow sampling event, thallium was detected in samples from 13 of the 

26 well locations included in this study. 
• Thallium concentrations exceeded the MCL of211g/L during one or more sampling events 

at all 13 the monitoring wells with detections. 
• U sing the low flow sampling method thallium was detected in the unfiltered sample from 

only lof the 26 locations. 
• Concentrations of thallium in both the unfiltered and filtered samples from that location 

exceeded the MCL. 

044-001 
Thallium concentrations have exceeded MCLs in the last three rounds of sampling performed since 
June 1996. Quality assurance outliers were noted in the January and May 1996 results which led 
to "J" qualifiers being added to the "U" (non-detect) qualifier indicating that the practical 
quantitation limits (PQLs). Due to the uncertainty of the data from those rounds of sampling, 
more emphasis was placed on reviewing data from the last three sampling events. Even though 
the concentrations show a declining trend, the levels detected in all three rounds exceed the MCL. 
The identical unfiltered and filtered results combined with the other ancillary data mentioned above 
support the belief that the final round of groundwater results are indicative of ambient conditions. 
Based on the decision rule criteria a "problem" exists for thallium since the results from the final 
round exceed the MeL. 

At the present time a comparison of the most recent results from 044-001 to data from previous 
rounds of sampling at other nearby wells at the site to evaluate spatial distribution does not appear 
to be appropriate. The reason for this being the observed difference between the most recent 
samples from 044-001 and previous sampling events. If the basic assumption is made that the 
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difference in results is attributed to the difference in sampling method, then one would have to 
assume that the results in surrounding wells may decrease as well under the more controlled 
sampling conditions. Other potential sources of variability which also make this comparison 
inappropriate were mentioned eariier and shouid be considered in the pianning of any future work. 

044-007 
Thallium was detected in well number 044-007 above the MCL during the third sampling round 
and was not detected at all in the other five rounds which includes the filtered and unfiltered 
samples collected during the low flow rate sampling event. The quantitation limits used during the 
analyses of thallium exceeded the MCL but that does not affect the usability of the data since the 
MDLs are typically around 10 times less than the quantitation limits. The complete absence of 
thallium in the other rounds of data provides evidence that the third round results are an anomaly 
and are not representative of ambient conditions. Regardless of the cause of the elevated 
concentration in the third round, the results are consistent between the other rounds and there is 
no apparent need for further evaluation of antimony at this location. 

070-0lD 
Concentrations above the MCL were reported for thallium in the first and third rounds of sampling 
but thallium was not detected in the other rounds including the filtered and unfiltered sampling 
round. Quality assurance outliers were noted in the April and December 1996 results which led 
to the "J" qualifier being added to the results of 9.50 and 10.6 ,ug/L respectively. Due to the 
uncertainty of the data in the first four rounds, the groundwater quality data collected from the 
filtered and unfiltered sampling event was compared to the previous rounds. The draw down for 
each of the five rounds of data ranged from 0.4 to 0.8 feet with the 0.4 feet draw down occurring 
in the filtered and unfiltered sampling event. The turbidity results for all sampling rounds were 
< 10 t~TU, and as with. the draw down results, ti1e lowest turbidity reading occuued during ui.e 
filtered and unfiltered sampling event. Further comparisons of the data show that water quality 
parameter data from the fourth round compare favorable to the filtered and unfiltered data in that 
draw down was 0.5 feet and turbidity was 1 NTU and results for thallium were non-detect. Since 
non-detect thallium results of samples collected under controlled conditions during the final 
sampling event validate results from previous rounds, thallium is not a concern at this location 
and no further evaluation for thallium is recommended. 

549-003 
Thallium was only detected in well number 549-003 above the MCL in the fourth round and it was 
not detected at all in the other rounds which includes the filtered and unfiltered samples collected 
during the low flow rate sampling event. The "J" qualifier was added to the fourth round result 
of 4.1 ,ug/L indicating a quality assurance outlier was identified. The quantitation limits for 
thallium exceeded the MCL but MDLs are typically around 10 times less than the quantitation 
limits. The absence of thallium in the previous rounds, including the low flow sampling event, 
suggests that the fourth round results are an anomaly and not representative of ambient conditions. 
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Regardless of the elevated concentration in the fourth round, the other rounds have been consistent 
and there is no apparent need for further evaluation of thallium at 549-003. 

GDE-09D 
As was the case at the above location, thallium was detected above the MeL in only one round 
and was not detected in the other rounds including the filtered and unfiltered sampling event. The 
lone detection was 6.3 I-'g/L in November 1996. The third round thallium detection noted a 
quality assurance outlier which lead to a "J" qualifier being added to the results. As with other 
samples the quantitation limits exceeded the MeL but it does not affect the usability of the data 
due to MDLs are 10 times less than quantitation limits. The results are similar to 549-003 above 
and there is no apparent need for further evaluation of thallium at this location since the results 
have been consistent over time. 

FDS-16B 
Thallium was detected only one time at FDS-16B and that detection exceeded the MeL. The 
detection was 6.4 I-'g/L during the first round in January 1997. The quantitation limits used during 
the sampling rounds exceeded the MeL, but as stated previously, the usability of the data is not 
affected. Thallium was not detected in either the filtered or unfiltered sample during the low flow 
sampling event and the results at this location indicate there is no apparent need for further 
evaluation of thallium since the results have been remarkably consistent over time. 

655-001 
Thallium was detected only one time at 655-001 and that detection exceeded the MeL. The 
detection was 2.9 I-'g/L during the fourth round in March 1996. The fourth round thallium 
detection noted a quality assurance outlier which lead to a "J" qualifier being added to the results. 
A possible explanation for the thaiiium detection is that the turbidity reading was at 37 NTU, 
above the optimal reading of 10 NTU. Since thallium was not detected in either the filtered or 
unfiltered sample and there was a complete absence of thallium in the previous rounds, the data 
suggests that the fourth round results are an anomaly and not representative of ambient conditions. 
Regardless of the cause of the elevated concentration in the fourth round, the other rounds have 
been consistent and there is no apparent need for further evaluation of thallium at this location. 

656-001 
Thallium was detected only one time at 656-001 and that detection exceeded the MeL. The 
detection was 4.2 I-'g/L during the fourth round in March 1996. The fourth round thallium 
detection had a "J" qualifier added to the results. The usability of the data was not affected since 
the MDLs were 10 times less than the quantitation limits. Due to the absence of thallium in the 
previous rounds and during the low flow sampling event the fourth round results are an anomaly 
and not representative of ambient conditions. The results at this location are similar to 655-001 
above and there is no apparent need for further evaluation of thallium at this location since the 
results are remarkably consistent over time. 
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Thallium was detected only one time at GDH-003 and that detection exceeded the MCL. The 
detection was 4,0 J,lg/L during the fourth round in April 1996. A "J" qualifier was added to the 
fourth round thallium results and the quantitation limits exceeded the MCL but the MDL was 
10 times less that the quantitation limits. Since thallium was not detected in either the filtered or 
unfiltered sample and there was an absence of thallium in the previous rounds the fourth round 
results are an anomaly and not representative of ambient conditions. The results at this location 
are similar to 656-001 above and there is no apparent need for further evaluation of thallium since 
the results are remarkably consistent over time. 

GDH-006 
Concentrations above the MCL were reported for thallium in the first and fourth rounds of 
sampling but thallium was not detected in the other rounds including the filtered and unfiltered 
sampling round. Quality assurance outliers were noted in the November 1994 and April 1996 
results which led to the "J" qualifier being added to the results of 2.2 and 3.5 J,lg/L respectively. 
Due to the uncertainty of the data in the first four rounds, the groundwater quality data collected 
from the filtered and unfiltered sampling event was compared to the previous rounds. The flow 
rate for purging in the first round was 0.57 Lfmin and the flow rate for t.1.e fourt .. "" round was 
0.95 Llmin as compared to 0.45 Llmin in the filtered/unfiltered sampling event. The non-detect 
thallium results for the second and third rounds had flow rates of .76 and .83 Llmin respectively. 
Turbidity results for all sampling rounds were < 10 NTU. Due to the inconsistencies in the 
sampling procedures in previous rounds, the non-detect thallium results of samples collected under 
controlled conditions during the final sampling event validate results from two previous rounds. 
Therefore thallium is not a concern at this location and no further evaluation for thallium is 
recommended at this location. 

671-003 
Thallium was detected only one time at 671-003 and the result exceeded the MCL. The detection 
was 6.6 J,lg/L during the fourth round in August 1996 and a "I" qualifier was added to the results. 
The quantitation limits used during the sampling rounds exceeded the MCL but that does not affect 
the usability of the data since MDLs were 10 times less that the quantitation limits. Thallium was 
not detected in either the unfiltered or unfiltered sample during the low flow sampling event. The 
complete absence of thallium in the previous rounds and during the low flow sampling event 
provides evidence that the fourth round results are an anomaly and not representative of ambient 
conditions. There is no apparent need for further evaluation of thallium at this location since the 
results are consistent over time. 

GD/-l7D 
Thallium was detected twice at GDI-17D during the December 1995 and August 1996 sampling 
events and the detections exceeded the MCL. The second and fourth round thallium detections 
noted a quality assurance outlier which lead to a "I" qualifier being added to the results. As stated 
previously the quantitation limits exceeded the MCL, but the MDLs were sufficiently low enough 
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so as not to affect the usability of the data. Thallium was not detected in either the filtered or 
unfiltered sample during the low flow sampling event. Due to the inconsistencies in the sampling 
procedures in previous rounds, the non-detect thallium results of samples collected under 
controlled conditions during the final sampling event validate the thallium results from previous 
rounds. Therefore thallium is not a concern at this location and no further evaluation for thallium 
is recommended at this location. 

GDI-18D 
Thallium was detected in three of the first four rounds of sampling at GDI-17D and the detections 
exceeded the MCL. The second, third and fourth round thallium results noted a quality assurance 
outlier which lead to a "J" qualifier being added. The quantitation limits used during the sampling 
rounds exceeded the MCL but that does not affect the usability of the data since MDLs were 
10 times less that the quantitation limits. Thallium was not detected in either the filtered or 
unfiltered sample during the low flow sampling event. Due to the inconsistencies in the sampling 
procedures in previous rounds, the non-detect thallium results of samples collected under 
controlled conditions during the final sampling event are considered to be the most representative 
of ambient conditions. Therefore thallium is not a concern at this location and no further 
evaiuation for tr'1aiIiulll is reCOllllllended. 

Conclusions 
Even though the frequency of detection of thallium in the wells used in this study was only 50 % , 
thallium seems to be the most problematic of the inorganics evaluated because of the very low 
MCL. This is evidenced by the fact that at all 13 of the 26 locations where it was detected it 
exceeded the MCL during one of more sampling events. The results of this study support that 
conclusion that thallium detections are more a problem associated with sampling technique that 
detections associated with groundwater contamination. Thallium was only detected at one location 
during this study and at that particular location, SWMU 44 - the former coal pile, a likely source 
exists. 

5.0 Summary of Conclusious and Recommendations 
When this study was first discussed by members of the project team the general opinion was the 
comparison of unfiltered sample results versus filtered sample results would provide the best 
evidence as to whether or not sample results were potentially being biased by turbidity or 
suspended solids problems. The decision to use a low stress sampling method was secondary in 
importance to collecting the filtered samples at the time, but the results of this study suggest the 
decision to use a low stress method had the greatest impact on the outcome of the study. In 
hindsight it seems obvious that using a method capable of obtaining representative samples should 
have been of primary importance and the collection filtered samples and analysis for suspended 
solids should mainly be used as verification steps. At most well locations the concentrations of 
the inorganics of concern declined during the fmal round of sampling and there were very few 
differences between the filtered and unfiltered results. Table 2 provides a summary of the wells 
and the various inorganics at each individual well location which the Navy believes mayor may 
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not be a concern based on the results of this study. Further discussion of individual well results 
would probably be most appropriate within the context of ongoing studies at individual sites rather 
than to continue the discussions on a base wide scale. The only recommendation at this time that 
does have base wide implications is one use a low flow sampling method in the future for the 
collection of all groundwater samples intended for inorganics analysis. 

Table 2 
Wells Identified In Study That May Need Further Evaluation 

Antimony Arsenic Beryllium Chromium Lead Mercur~ Thallium 

ZoneC 

044-001 No No Yes No No No Yes 

044-007 No Yes No No No No No 

047-001 No No No No No No No 

047-011 No Yes No No No No No 

ZoneE 

070-OID Yes No No Yes No No No 

549-003 No No No Yes No No No 

GDE-09D No Yes No No No No No 

ZoneG 

FDS-16B No Yes No No No No No 

FDS-17B No Yes No No No No No 

ZoneD 

653-003 No No No No No No No 

655-001 No No No No No No No 

655-002 No No No No No No No 

655-003 No No No No No No No 

656-001 No No No No No No No 

GDH-003 No No No No No No No 

GDH-03D No No No No No No No 

GDH-006 No No No No No No No 

GDH-06D No No No No No No No 
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Table 2 
Wells Identified In Study That May Need Further Evaluation 

Antimon~ Arsenic Berlllium Chromium Lead Mercurl Thallium 

Zone I 

012-002 No No No No No No No 

671-003 No No No No No No No 

GDI-17D No No No No No No No 

GDI-I8D No No No No No No No 

ZaneK 

694-005 No No No No No No No 

GDK-CLl No No No No No No No 
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Attachment C 

Field Sampling Forms 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10: o¥7(;.1f.}6ol or 
N .. _I 8 .... Co " ... I •• -J,.II 

.,.00 
I-Is--'" '" PROJECT NAME: JOB NO, ;110'-6<>/-.'-'" DATE, 

WEll NO.: ()"I7 - c>ol LOCATION: :Z.IIe C 

WEATHER CONDITIONS: a ".rc..s f- AMBIENT TEMP: '0 " 
REVIEWED BY: PERSONNEL: -r ie""l k.. 
PURGING DEVICE SAMPLING DEVICE 

Type device? (;.C.O f"Me. Type device' C;I!O P"M/? 
How was the device decontaminated? fer OIiP How was the device decontaminated? fer c.sllt=' 
How was the line decontaminated? Per- (..s/tf How was the hne decontaminated? fer- oAf' 
Which well was previously purged? Which well was previously sampled? -
INITIAL WEll VOLUME PURGING 

Well diameter (In ) J" Time started l'irf"' Fimshed IS"II 

Stickup (ft.1 r/"s~ """e"" + Volume purged if. 'J. t;.,I/o" 5 

Depth to bottom of well from TOe (ft.) 1~.3j Comments on Well Recovery 

Depth to water surface from TOC (ft.) 't. 3~ Depth to water (ft.) l{. '10 

length of water (ft.) 'C.Oa{ Completion 

Volume of water (ft.) Additional Comments 

(gaL) /. '-/ Sample Collected Start IS' I~ 

Amount of sediment at bottom of well (ft.) Finish )5"~s 

3 Volumes of water (qal.) 1f.J. 
IN-SITU TESTING Time: l'f~r Nto ILJ"IB 1$"67 1S'/1 --- -- -- -- --

--'- ---L- -.L _ 4 _ _ 5_ _ 6 _ _7 _ 

Well Volume Purged (gaL) -'- ;!.S' )·s -.!L '/.'J. -- --
Turbidity -'- _1- 0 JL 0 -- -- -- --
....... J,. ...... do ... " .08 • of; .oS' • oS' ,oS' 

--- -- -- -- -- --
pH (units) 5.71 Ii.S I S.78 S:81 SolS' ---- --
Conductivity Vimho) .l" :m .~~ .~ • ;I' 3 -- -- -- --
Water Temperature ("C) ?oJ.!' 21."1 ;11.' ')1.1 2/.'1 -- -- --
Depth to water (ft.) 1/."3 "I. '/0 '1.'I<J '" '10 

'{.'1e. 

NOTES; 1 ft. length of 4ft = 0.087 ft S or 0.65 gaL 1 ft. length 2ft = 0.022 tt' or 0.16 gal. 

Turbidity choices: clear, turbid, opaQue RevIsion Date; 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sampl. 10, ol/1&W4/1fiS-,. 
N ... " ... I 8 .. ,e <: J. ... ~ ksla" ,'f-CO 

7//IL' 'f" '1~Y1Y PROJECT NAME: JOB NO,J,o,-OO/-o8·· DATE, 

WEll NO.: o 1{7-ol1 LOCATION: ~OIIeC. 

WEATHER CONDITIONS: ° ,,«,., .. S+ . t .... ,,' "13 AMBIENT TEMP: 60· . 
REVIEWED BY: PERSONNEL: i. Te .... ~/e-

PURGING DEVICE SAMPLING DEVICE 

Type device? C-t:O !"Me Type deVice? C-eo fVMp 

How was the device decontammated? fer c:.sfJl' How was the deVice decontaminated? ler" c.s-l3f 

How was the line decontarnlnated7 fC,. Lsl/f How was the line decontaminated? lerU~f 

Which well was prevIOusly purged? - Which well was previously sampled? - -
INITIAL WELL VOLUME PURGING lOS'. 1-18-" i/JO 

Well diameter (m.) 
2. If 

Time started l,{o7 J-1'1"1'f ISo'). Fmished 

Stickup (ft.) FIVj~"'.v .. f Volume purged J.O ~ .. II ..... S 

Depth to bottom of well from TOC (ft ) l'J. . 70 Comments on Well Recovery 

Depth to water surface from TOC (ft.) 'iSS' Depth to water (ft.) '/.'-/ 

Length of water (ft.) g./S" Completion 

Volume of water Ut.) Additional Comments 

(gaL) p'i Sample Collected: Start lJ"oS" 

Amount of sediment at bottom of well (ft.) Finish I,/J-

3 Volumes of water (gaL) 4.17 
IN-SITU TESTING Time: 1,(1'1 /l{3() /1.j38 1'('18 1'1(8 -- --

--1- --2- _ 3_ _ 4 _ _ 5 _ _ 6 _ _7 _ 

Well Volume Purged (gaL) /.r /.1 1.8 I. 'I .1.0 -- -- -- --
Turbidity 10 ~ 7~ ~ 21. J'1 -- -- --
"""', dr ...... J.~,... 0 0 0 0 C) 

-- -- -- -- --
pH (units) (,.'1 (,,'1'{ '.5';1, ~,~;l 6·&). -- --
Conductivity (pmho) ,'370 .381 .1.110 ,I.j~ .. "IN -- -- -- -- --
Water Temperature (QC) /Cot> IS:;. lB. 3 18.'1 18.3 -- --
Depth to water (ft.) If."! '1.'1 ¥.'1 1(.0/ [Pi 
NOTES; 1 ft. length of 4~ = 0 087 ftl or 0.65 gal. 1 ft. length 2" = 0.022 ft' or 0.16 gal. 

Turbidity chOices; clear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sampl. ID, 07~'''' olDo' 

PROJECT NAME: N ...... } ~o.se t /o ..... /.s I.", 0,,(.-00 
JOB No,il10l··M - O,- DATE, ,'-'''-''1 .. s-

WELL NO.: 67() ~ OfP LOCATION: ;Z ...... If.' 
WEATHER CONDITIONS. AMBIENT TEMP: 

REVIEWED BY: PERSONNEL: A vJc. r T Z. 

PURGING DEVICE SAMPLING DEVICE 

Type devIce? Geo P ... ,.,t Type device? (feo PoJ "" e 
How was the device decontammated? fa (.~A f How was the: device decontaminated? fer G51.1' 

How was the line decontaminated? fer (.)/If How was the line decontaminated? fer a~fJ 

Which well was previously purged? Which well was previously sampled? 

INITIAL WEll VOLUME PURGING 

Wen diameter (in.) 
;;l 'I 

Time started I '(S'O Finished 165"1-

Stickup (ft.) "Iv!> I, _.".f- Volume purged 
I'f./ , 

Depth to bottom of well from TOC 1ft.) -.n·7(. Comments on Well Recovery 

Depth to water surface from TOC (ft.) 
, • IJ. Depth to water (ft.) (..'1' 

Length of water (ft.J ";J"''"' Completion 

Volume of water (ft.) Additional Comments 

(gaL) 4.7~ Sample Collected: Start /700 

Amount of sediment at boHom of welt (ft.) Finish 1710 

3 Volumes of water (qaL) /'-1./"( 

IN-SITU TESTING Time: }'r&" ISJ~ 1{"''15" ,'J.O 1f.t7 -- -- -- -- --

--'- _2_ ----L- _4_ -L- _ 6_ _7 _ 

Well Volume Purged (gal.) --2 l " 10 1'1./'1 
-- -- -- -- --

Turbidity ;;I' /0 J 0 0 -- -- -- -- -- --

"""'" J .. o. ... J.,"' .... .~'1 .:l'j .n .3'-/ .1'1 -- -- -- -- --
pH (units) ~.7). ~·n ~.8o ,.8/ ,.8-a -- --
Conductivity (pmho) .8"'3 .~7] .883 .ee3 .8" -- -- --
Water Temperature (~C) ~I.'J. ~ 2),0 ~./.S. J}. i -- -- --
Depth to water (ft.) 

, .3(, ,.'11 '",j' ','1' ','7' 
NOTES; 1 ft. length of 4 ~ := 0.087 ft~ or 0.65 gaL , ft length 2~ = 0.022 fts or 0.16 gal. 

Turbidity choices' clear, turbid, opaque RevisIOn Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample ID:J""'r'1,woOJ6r 

"' ..... 1 8 .. , .. (.M .. l~sfo" 0,,,,"'00 
/- "-11 "I' 

PROJECT NAME: JOB NO, l.,,,,,./·DS- DATE, 

WELL NO.: S'1''1- 00 :3 LOCATION: z.., ... £ 

WEATHER CONDITIONS: fw~n:f- AMBIENT TEMP: 70· 

REVIEWED BY: PERSONNEL- A WerTZ 

PURGING DEVICE SAMPLING DEVICE 

Type device? (;.e6 ""Me Type device? Geo f" ... e. 
Haw was the device decontaminated? f~ .. c.sl/P How was the device decontaminated? Pa c: sll P 

How was the Ime decontaminated? f .... C$II P How was the line decontaminated? ter ~.f1J1' 
Which weI! was prevIOusly purged? --- Which well was previously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter (m.) ::/" Time started /300 Finished IJ'fS 

Stickup (ft.) Flvsk .... w<'\ f Volume purged 't. 'I 
Depth to bottom of weI! from TOC (ft.) ILI.'S' Comments on Well Recovery 

Depth to wa(er surlace from TOC (ft.) 
,. 0 ~ Depth to water (ft.) 

.::. IS-

length of water (ft.) fl.";) Comp)etlOn 

Volume of water (ft.) Additional Comments 

(gall ,. "/7 Sample Collected' Start /3 '18 

Amount of sediment at bottom of well (ft.) Finish l'tOO 

3 Volumes of water (gaL) '-i ·~O 

IN-SITU TESTING Time: /30'! /1/S' I)~i I'm. /J"Ir' 
-- -- --

--'- _2_ -L- _4_ -L _ 6_ _7 _ 

Well Volume Purged (gal) .S- J ;l. J Jd --- -- -- --
Turbidity !LL ~ 2L .!:L a -- --
__ .]. ....... .10"' .... • If) ~ .1 ~ . r~ ./~ --- -- -- --
pH (umts) .f.rS' './8 ,"0' '.06 S·'" --- -- -- -- --
Conductivity (pmhoJ 

_ 3/1{ .;170 _JJ'8 .'Jt,,/ • ,S"d ----
Water Temperature (OCI r'l.3 ~o" ~o,7 110 ,8 ~O.'l -- -- --
Depth to water (ft.) 

,./1 (, .I'{ '.IS'" ,IS "IS 

NOTES: 1 ft. length of 4 ~ = 0.087 fta or 0.65 gal. 1 ft. length 2" = 0.022 fe or 0 '6 gal. 
Turbidity choices: clear, turbid, opaque ReVision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, ('P([~WO'DPf 
/tJ .. "" .. ( ~A'4 GJw..r( •• !e" a 61,(-"0 ,-'1-l' '. PROJECT NAME: JOB NO; 2. ,., .. 611.0" DATE: 

WELL NO.: C-O~ - 01 /) LOCATION: z,- E 
WEATHER CONDITIONS: $''''''''1- , L/ ..... ,..,. AMBIENT TEMP; 60· 
REVIEWED BY: PERSONNEL: -r. ~ .. p/~ 
PURGING DEVICE SAMPLING DEVICE 

Type device? &:",,0 PVMP TYpe device? Ueo IVM!!. 
• 

How was the device decontaminated? fer UlJf How was the device decontaminated? fer C.5/tf 

E.er- csAr n 
C.SHI' How was the hne decontaminated? How was the hne decontammated? f'er 

Which well was previously purged? Which well was previously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter (m.1 
~ I' 

Time started I'c$"" Finished ;7~3 

Stickup 1ft.) rl ... ,sA,...w.+ Volume purged I~.~r 

Depth to bottom of well from TOC 1ft.) S I. (;;! Comments on Well Recovery 

Depth to water surface from TOC (ft.) SO.,S Depth to water (ft.) 1"I·'1S' 

Length of water (ft.) ").S'.<f¥ Completion 

Volume of water (ft.) Additional Comments 

(gal.) J./. '10 Sample Cof(ected· Start 17]0 

Amount of sediment at bottom of wef( (ft.) Finish 17 ]S' 

3 Volumes of water .(gaLl /3· ;10 

IN-SITU TESTING Time: 14;).0 i~J7 ir.>$" nlO 17i13 --- -- -- -- -- --

--'- _2_ --L- _ 4_ _ 5 _ _ 6 _ _7 _ 

Wen Volume PUrged (gaL) 3 L ~ .n:.... n~· --- -- --
;rOll 11tH ,Jr ..... Jo ...... 8.88 1'3.6 IS".S" If. ~ 1'f.~7 -- -- -- -- --

""'" Tvrb;';f-r 16'1 81 n .... , )0 -- -- --
pH (units) '.3€ "·11). ~ '.3L{ .fJ.!.. -- --
Conductivity (pmho) n(' 30.3 11.(' J)..'I 1;)'. ~ -- -- -- --
Water Temperature (GC) n~ ~3.1 "J,J.> .;)3~ ;l;JS -- -- --
Depth to water Ift.J I'/S' 1j.<{8 ~/.Ie )0.88 I?'IS' 

NOTES: , ft. length of 4ft = 0.087 Itl or 0.65 ga1. , It length 2ft == 0.022 ft3 or 0.16 gal. 
Turbidity choices: clear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Samp'e'O, F'pj~/J"'t9' 

PROJECT NAME: "' ...... I/k.u .. c:.k. .. /e>1-oJI JOB NO: DATE: /-7-1'; v3 

WELL NO.; FOS-;{"f, LOCATION: "2cne C- ( rPS} 
WEATHER CONDITIONS: 5Vll"'f AMBIENT TEMP; 6(jfJ 

REVIEWED BY: PERSONNEL: 3'". t..> ... tron 
PURGING DEVICE SAMPLING DEVICE 

Type device? C-~O Pv¥, Type device' teo {Jv,....jJ 

How was the device decontaminated> per e>llp How was thE device decontaminated? I A!t- c~ltf 
How was the Ime decontaminated? Per uflf How was the line decontaminated? Pe,...c.S/f1l 
Which well was previously purged? Which well was previously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter (In.) 
;;l « 

TIme started I'!~ Finished IS"OS-

Stickup (ft.' PluJ J. Volume purged t.er 
Depth to bottom of well from TOC (ft.) Ib.n Comments on Well Recovery 

Depth to water surface from TOC (ft.) 3·/6 Depth to water (ft,) 7.1'( 

Length of water (ft.) { 3·1(3 Completion 

Volume of water (ft.) Additional Comments 

(gal.) "J.. ~8 Sample Collected: Start {nO 

Amount of sediment at b()ttom of well (ft.)' Finish LS J8 
3 V()lumes of water (gaL) 

,. es-
IN·SITU TESTING Time: l'to7 11(/7 I 'flO IW7 lS"tJ" ----

--'- -L -L.. _ 4_ _ 5_ _6 _ _7 _ 

Well V()[ume Purged (gaL) 
_, l ....l.. S' t..F£ -- -- --

Turbidity ....ll... ..n..... ....!L :3 .5 -- -- --
~ J ..... o.Jdo""" ?.3' '].01 1.1't 3·78 t(.O'i 

-- -- -- -- --
pH (units) ,:~O ,.l~ p(. ~:l't 0>' -- --
C()nductlvity (pmhol 3.9G 3.% 1.f.J7 If.f8 5·00 --- -- --
Water Temperature (Gel :lJ.5" ;1;1.1 J'J.O )/·8 );).0 

--- -- -- --
Depth to water (ft.J S.'" ,./7 ~.~'i C,·88 ).11 

NOTES: 1 ft. length of 4" = 0.087 ft' or 0.65 gal. 1 ft. length 2" "" 0.022 It' or 0.'6 gal. 

Turbidity chOices; clear, turbid, ()paque RevIsion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I S.moleIO, ,t:'pst:,.,n8t>S" 

PROJECT NAME, _-'-"'_ ... :=" .... --"-I----=-'-,.:"'-:.:;u:::....!_&_A.t...--'--=-r"-.:fc"""s,,(,,::.,,-'-__ JOB NO, ;;1foB-oe(.d!-t>16A~ I-IF-"" rS 
WELL NO., __ ~f!_'OLS=----~-'-(-'7-"8'---______ LOCATION. __ 2.0==..c~-=-...:G=----...::{c:.r.c:."J.~~ ___ _ 

$ ,/ d 
WEATHER CONDITIONS: _____ v_"'-"-'-It ___________ AMBIENT TEMP: _--""'''-' '(p::... _________ _ 

REVIEWED BY: PERSONNEl: s. (.,J Q. no", 
PURGING DEVICE SAMPl1NG DEVICE 

Type deviceJ ___ .::C-:....:I!:.:o"--_-'-P_u"'-'n~P'----=_------- ) 

How was the device decontaminated? __ ...:f.:...:'"_r __ ("--'S:::I1'-'-'P'_____ 

Type device? ____ ~(f~e~b::..._!..P...:U::..:.M+f~ ______ _ 
How was thE device decontaminated? __ '-,l!c.:i:'::..:.r' __ C.:f_l1:..:..,fJ __ _ 

How was the hne decontaminated? ___ -'p:....:~-'r'---=(:....:f-'-R-'--'-f' __ How was the hne decontaminated? __ --!fc...:~~,.._::c.:::S'::.!:IJ.:.!.p __ _ 
Which well was previously purged? __________ _ Which well was previously sampled? __ :::~:::===~:::. __ _ 

PURG!NG !N!T!AL WEll VOLUM~ /I 

Well diameter (in.) _-'f7''':-_.,.-___________ _ 

Stickup Ift.1 __ ..Jr.'---'f,-=v:..:S"--J-..-=-_________ _ 

T,me ,tort,d _~(),---'f_'i'...D:::::___ Fon"hed _-cI,--O--='J,--'B __ 
Volume purged __ -"s-:L:..!!.:2'-S-~ ___________ _ 

Depth to bottom of well from TOC (ft.) _-,-'-,r:,---' .:6"S"'-___ _ Comments on Well Recovery ____________ _ 

Depth to water surface from TOC {ft.J __ ----''1e.:...7:.....!t.f ____ _ Deprh to water (ft.) ___ ...:,"-" • .!.J'-"~'_-_________ _ 

Length of water (ft.l _____ .:./ _b_._3.....!.' ______ _ Completion _________________ _ 

Volume of water (ft.) ______________ _ Additional Comments ______________ _ 

(g,I.I ___ ......-'I'--.-'7...:5=---_____ _ Sample Collected: Start ___ .<1-'6:..../'1<,,0"-______ _ 

Amount of sediment at bottom of well (ft.) _______ _ Fon;,h __ .Llo~S",-",3:........ ____ _ 
3 Volumes of water (qat.) 5'".;l S-
IN·SITU TESTING Time: 6'lSI IDOl> 101;) IO~ loJ6 -- -- --

--'- _2_ --L- _ 4_ _5 _ ~ ~ 

J ~ 3 L t, ... 'i}.!" 
-- -- -- -- --We!! Vc!ume Purged (gaL) 

_I- I 2- ..1..... 0 -- -- -- -- --Turbidity 

1.1) I.~I /.;1 'I J. <lJ. /.)'1 
--- -- -- -- -- -- --
S.?l (.83 ~ S-.~o '.7d ----pH (units) 

1·/8 i.:J" 1.1(. /.11 /.19 -- --Conductivity Vimho) 

;ll. 't ;21.8 J!:l ;l/.$" "J13 ----Water Temperature (OC) 

Depth to water (ft J 5'.81 S.'f: '.63 ,." t·'JJ 
NOTES: 1 ft. length of 4ft 

Turbidity chOices: 
= 0.087 ft' or 0.65 gat. , ft. length 2ft = 0.022 ttl or 0.16 gal. 
clear, turbid, opaque ReviSion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, (>3&4) DOloS-

PROJECT NAME: }J<>-" .. / IJ .... St! c...k..r It! 5fr>t'1 JOB No,;I'Ire.oo/-og.-()l~;;E7 1-.10- 'j <j ,." 
WELL NO.: C,S'''J-06 1 LOCATION: 2c~Ff 

WEATHER CONDITIONS: 5""11'4 AMBIENT TEMP: 
"OD 

REVIEWED BY: PERSONNel: -T. T~Mf1~ 
PURGING DEVICE SAMPLING DEVICE 

Type device? &e-O tVMj4 Type device? 6(!o PUMP 
I fhLsllf '-pr:r CSltf 

How was the device decontaminated? How was the device decontaminated? 

How was the hne decontaminated? feralffl How was the hne decontaminated? fer (Sl1r' 

Which well was previously purged? - Which well was previously sampled? -
INITIAL WELL VOLUME PURGING 

Well diameter (in.) Ot " Time started-~ O"Cr- Finished /OJ'C 
Stickup (ft.) P1 ... sA Volume purged 

!i' 

Depth to bottom of weI! from TOC (ft.) 0.09 Comments on Well Recovery 

Depth to water surface from Toe (ft.) d.. 0 Depth to water (ft.) 3./1 

Length of water (ft.) q,s"'l Completion 

Volume of water (ft.) Additional Comments 

(gaL) I. C. Sample Collected; Start IOS-S 

Amount of sediment at bottom of well (ft.) Finish 
lIt>O 

3 Volumes of water (gaL) Lf·fj 

IN-SITU TESTING Time: /00.> /01> /O3( /OW -- --- ---

--'- _2_ --L- _4_ -L- _6_ -..:l-

Well Volume Purged (gaL) ----L :3 Lf S" --- -- --- ---
Turbidity 1(" l L ~ -- --- ---
-d ....... J,...,,, .'13 I~ .n .~(.. --- --- -- --- ---
pH )unlts) 't. ~.z C .'11 '.ocr '.f(, -- -- ---
ConductiVity (pmho) ./'1/ .170 .11{{, .Jo~ -- --- ---
Water Temperature (QC) .EeL J!i!l ~ IS.? --- --- ---
Depth to water (ft.) ;1.'\0 103 :toe 3./1 

NOTES; 1 f1. length of 4 ~ = 0.087 ft- or 0.65 gal. 1 ft. length 2~ = 0.022 fe or 0.16 gal. 
Turbidity chOices: clear, turbid, opaque ReVision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, ~ .u·w()o /:s:-
PROJECT NAME: }J...-,( ·8A$e. CI •• ~k$fo" JOB NO, f.'Id!'a>I'OIl<DI'(~, {~liI. -'1"1 i'f 

WEll NO.: ~ S"t:" -c;>O ( LOCATION: -u_1I-
WEATHER CONDITIONS: 50/"-"'t AMBIENT TEMP: 70" 
REVIEWED BY: PERSONNEL: A. J.Jerh 5' /'/c..hDo'/ 

PURGING DEVICE SAMPLING DEVICE 

Type device? &ee> P"''''r3- Type device? Get> fUMe 
How was the device decontaminated? per c..sflP 

How was thE device decontaminated' Per t:s-Ifl' 
How was the line decontaminated? Per- C5AP How was the line decontaminated? fer t:5/1t7 
Which well was previously purged? - Which well was previously sampled? -
INITIAL WEll VOLUME PURGING . 
Well diameter (In.) 

;, I' 
Time started 13 ":1.0 Finished frIO 

Stickup (ft.) ,PrY'//. Volume purged s-: {. 'i' 
Depth to bottom of well from TOC (ft ) fl·"!( Comments on Well Recovery 

Depth to water surface from TOC (ft.) '2.~t. Depth to water (ft.) it>. 'I '3 

Length of water (ft.1 //./) Completion 

Volume of water (ft.) Additlonal Comments 

(gal.1 /. '1 Sample Collected: Start '~H' 

Amount of sediment at bottom of well 1ft.) Finish ('/~ 

3 Volumes of water (gaL) '>·4'1 
IN-SITU TESTING Time: {HO illiO l'1o"d, 1'138 15'13 I$"Jo -- -- -- -- --

--'- ---L ~ _4_ --L- _6_ --1-
t ~ 3 l{ .r 5'. ,., 

Well Volume Purged (gal.) --- -- -- -- --
Turbidity 'II 1~'1 3~ 1L l S" --- -- --
-d,....,.J.,~" / . .." ;2, 'f3 'I )'1 ,.1'1 7."11 U·7 -- -- -- --

,.8'1 
pH (units) 

,.5'(, '·fJ ,.'3 ,.97 ~8' --- -- -- --
Conductivity (pmhol Ii .0 1S'.7 N.? 17.'/ /'1.~ ~/.() --
Water Temperature (QC) .'10·3 11 :r l't.!' ~.'i ~I.D ;)}.1> --
Depth to water (ft.) 'I. oS $'.11 US" g.lfo 10./1 /0.1', 

NOTES: 1 ft. length of 4" = 0.087 fe or 0.65 gal 1 ft. length 2~ = 0.022 tt' or 0.16 gal. 
Turbidity choices: clear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Semp'.'o, ~fS61N('b~J} 
N,,~ ... , 8 .... se ~1.4. .. /~slc" 01'1-04 HI{-9cr Vr' 

PROJECT NAME: JOB NO, 11<>1 <oo/-be- DATE, 

WELL NO.: (. f:'S" - 00 ";l.. LOCATION: 20M. t-I 
WEATHER CONDITIONS: PoAI:/- G ft:>vJt AMBIENT TEMP: 70· 

REVIEWED BY- PERSONNEL: A. We<"i--z.. 

PURGING DEVICE SAMPLING DEVICE 

Type device? Ve.O PIUA,{J Type device? tree> [Jut-<!?. 

How was the device decontaminated? fer- C.S(jP How was thE device decontaminated? Per C,SRP 
How was the line decontaminated? fer- <. f,/fIJ How was the line decontaminated? fer- dill' 
Which well was preViously purged? Which well was previously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter (10.1 
~ II 

Time started I()'~~ Finished /3 '7';;;. 

Stickup (ft.) l~·"31 Volume purged C, 

Depth to bottom of welt from TOC (ft.) 
,;I. s ( Comments on Well Recovery 

Depth to water surface from TOC (ft.) /.5'0 Depth to water (ft.) ~. ~ 7 

Length of water (ft.) 10.el Completion 

Volume of water (ft.) Additional Comments 

(gaL) I. B'i Sample Collected: Start 13"1r 

Amount of sediment at bottom of well (ft.) Finish /'10 ~ 

3 Volumes of water (oaL) s: 5") 
IN-SITU TESTING Time: 1;)]6" IJ'" /300 /311 /3;1' 11#- 13~;2.. -- --

--'- .....L. .....L. _4_ _5_ -L- _7_ 

Welt Volume Purged (gal.) _1_ ~ :3 L{ ~ ~.~I {, 
-- -- --

Turbidity cr''t ":loS ](.1 /73 7J. 'il .n 
..... dn.v-~.", I. 6 J-. /.07 I.~o J.I J. 1.'(' /./8 /.17 -- --
pH (umts) ,.IS ?,. <f'I '.5''' '·'a &'.b8 (,.7;), '.7'1 -- --
ConductiVity (pmho) {;. 'fl 5.51 5.13 5".S;' S:I(S" 5". ;).tt s: 1(8 --
Water Temperature (OC) 1'8.8 17· "I 11.1 /7.7 17. 7 {7.S 17. c.. 

-- -- -- --
Depth to water (ft.) 

;).~.2 J.S7 :t.70 ~.,;l :l.{. (, .:1.'.1> ;).. (7 

NOTES: 1 ft. length of 4" = 0.087 ft~ or 0.65 gal. 1 ft. length ]" = 0.022 fts or 0.16 g81. 

Turbidity choices clear, turbid, opaQue ReviSion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, '!'$'(;w()o3"r-

PROJECT NAME: f'J .... .,...( 8~e. c. I. ...... Ie dCl1. e.ol'f JOB No,~'08'I>o"" DATE, I:-J~-'1? v," 

WELL NO.: 6f)5 -001 LOCATION: '2.P~1f 

WEATHER CONDITIONS: 5v .. ~ AMBIENT TEMP: 10" 
REVIEWED BY; PERSONNEL: /. ICMf1~_ 

PURGING OEVICE SAMPLING OEVICE 

!v~ Type devu;e? &a> fJu~ Type device? 6eo 
How was the device decontaminated? per t::.}'fl-P How was the device decontaminated? Per Lt,n? 
How was the line decontaminated? 

fer uAP How was the line decontaminated? Ih ... LS!jf7 

Which well was prevlOusly purged? -- -Which well was preViously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter (m.) 
;;. I' 

Time started 13/0 Flnlshed 
/'11r 

Stickup (ft.) [IvJ.~ Volume purged 5". S"7 
Depth to bottom of well from TOe (ft.) 

1").,7?, 
Comments on Well Recovery 

Depth to water surface from TOC (ft.) I_eO Depth to water (ft.) 
J. "23 

Length of water (ft.) IOJ? l.. Completion 

Volume of water (ft.) Addltiona) Comments 

(gal.) /. S (. Sample Collected: Start L'I"I5 
Amount of sediment at bottom of well (ft.) Finish ;J03 

3 Volumes of water (Qal.) t;.S7 
IN-SITU TESTING Time: I ~/J" J:ll3 13'18 II/J)' -- -- --

--'- _2_ ----L- _ 4_ _5_ ----'L- _7 _ 

Well Volume Purged (gal.) I :;;2 3 s-.n -- -- -- -- --
Turbidity -L IS- 3~ ....L -- -- --
"""' D .... '" .£.,...,,, ~ '.It> • S'J. ·'13 -- -- -- -- --
pH (units) 1.·51 '·70 ~.1' t,.7r" 

-- -- -- --
Conductivity (pmho) ".'), 'I 1j,30 if. 'f I 'i. ~3 -- -- -- --
Water Temperature (OC) IB.7 l'f· , I~I I g. " --- -- -- --
Depth to water (ft.) J.t7 .,1..10 ~.1:l do.~l 

NOTES: , ft. length of 4 ~ = 0.087 ft~ or 0.65 gal. , ft. length 2~ '" 0.022 ft~ or 0.'6 gal. 

Turbidity choices: clear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling T Sample 10, 6PIIGt.JOO 'ior 

IJ 0.... v 0.. { B.:>..jl! C. Au... ... fe-sio" :l' , 08.01'1' ..... I-R-'1'1 f-S" 
PROJECT NAME: JOB NO: D -001" DATE: 

WEll NO.: G {2 tI - ()() "3> LOCATION: z...-..H 
WEATHER CONDITIONS: Dver-CAfl AMBIENT TEMP: S-S-<> 
REVIEWED BY: PERSONNEl: It. wert"Z-.. 

PURGING DEVICE SAMPLING DEVICE 

Type device? Cef7 ft./r-.t- Type device? Geo PI/He 
How was the device decontammated1 ler L.5/1P How was the device decontammated? "Ar {Sf1P 
How was the line decontaminated? fer ~.JAP How was the hne decontaminated? fer c>/ff' 
Which well was previously purged? Which well was previously sampled? --
INITIAL WElL VOLUME PURGING 

;;l 
(I 

/03> Well diameter (10.) Time started 10/0 Fmished 

StICkup (ft.) 
J I 

Volume purged 5.1 
Depth to bottom of well from TOC (ft.) IS. S-f? Comments on Well Recovery 

Depth to water surface from TOe (ft.) ".S'O Depth to water (ft.) 'U/ 

Length of water (ft.l '.oS' CompletIOn 

Volume of water (ft.) Additional Comments 

(gaL) /.0'$ Sample Collected: Start lOn 
Amount of sediment at bottom of well (ft.1 Fmish LOYD 

3 Volumes of water (oal.) 1_ID 

IN·SITU TESTING Time: 10 /3 liN' 1(; 'JO /0;..5 /()10 1()35"" --- -- --

--'- ----2- -1- _4_ _5_ _ 6_ _7 _ 

Well Volume Purged (gal.\ 
,S" I I.S" ;l. ~.S- 3./ --- -- -- --

It: 
Turbidity '4 3.r :J:l :lo 18 --- -- -- -- --
_ p,.".., .1" ... " .~o .;lS' .~, . ~, .30 .3/ --- -- -- --
pH (Units) S.,!" ,.'1S' 7.10 7.0'/ 7.1/ -- 7.1d. --
Conductivity (pmho) 

3.01 3.01 3.11 3./0 '].07 3,08 --- -- -- --
Water Temperature (·C) ;fo." ~I·S" ;,)1.8 ~.O J,J.J ~;J..~ -- --
Depth to water (ft.) ~.70 ".7$" 'P&' ~"1 CS.80 '1.~1 

NOTES' 1 ft. length of 4" "" 0.087 ft" or 0.65 ga1. 1 ft. length 2" = 0.022 fe or 0.16 gal. 

Turbidity choices: clear, turbid, opaque ReVISion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, (j.PIi~()o' D-r 
D3 

PROJECT NAME: N<>-v ... ( fd.a.5 e Gl-...rleS1a1l JOB NO,;;! 'I08-DOI-08 ~c>lo~~ N'I-'t? r:r 

WEll NO.: CDII-obt. LOCATION: z..re. If 
WEATHER CONDITIONS: /V""1- AMBIENT TEMP: ~ S-"" 

REVIEWED BY: PERSONNEl: ,. "fCM/lk-

PURGING DEVICE SAMPUNG DEVICE 

Type device 7 c;.CD fv/V\p Type device'? {;e6 fVMt-
How was the device decontaminated? • fer csAP How was the device decontammated? Per c.s/}(J 

How was the line decontaminated? fer C5AP How was the Hne decontaminated? fer Ls-I1(l 

Which well was previously purged? Which well was preViously sampled? 

INITIAL WELL VOLUME PURGING 

Wen diameter (In.) 

)1 ( 
Time started /'{tio Finished /j-;J. , 

Stickup (ft.) FI'-'$~ Volume purged 't.Or 
Depth to bottom of welt from TOe (ft.) 1:l·'f6 Comments on Well Recovery 

Depth to water surface from TOC 1ft) 4· 31 Depth tc water (ft.) 
t{.S""'t 

Length of water (ft.) e·ol Completlcn 

Volume of water (ft.) Additional Comments 

(gal.) /. '36 Sample Collected: Start IS"JO 
Amount of sediment at bcttom of well (ft.) Finish Ir'lo 
3 Volumes of water (gal.) 4.0 't 
IN-SITU TESTING Time: ~ ilf)3 / S'tJ'( ,S-/7 JS'~' -- -- -- -- --

--'- _2_ --L- _ 4_ ~ _6 _ -.L-

Well Volume Purged (gaL) .~ 1.0 ').0 3.0 '1.01 -- --
Turbidity ~ ~, J.L L "3 -- -- -- --
.".". d..-.-t!e .... " .• /"1 .1'1 .Il- • I ) .~O 

C,!f1 
-- -- --

pH (Units) 7./b 7.tJ3 ~. 'rS- '·Yt: --- -- -- -- --
Conductivity (pmho) 

/. Sli ,.S,! /.'i/ /.'1Q 1.,(7 
--- -- -- --

Water Temperature (~C) ~;/.I ;)./.8 '1.9 ~i.~ 'J.(.r-
-- -- -- --

Depth to water (ft.) '1.s-e If.!i3 If·!,( itSb 'I.S"'( 
NOTES: 1 ft. length of 4 ~ "" 0.OB7 ft' or 0.65 gal. 1 ft. length 2" = 0.022 ft3 or 0.16 gal 

Turbidity choices: clear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10: 00. "w "O~" 
PROJECT NAME: ~!.· .. l ~c. ~1....f"/es Ie" JOB NO, it '08 .... '-63 ""t;~, I~ 1.0 'f'1 VI 

WELL NO.: O/~-OO~ LOCATION: ~ ""''01.1 - OI"J.. 

WEATHER CONDITIONS: 
6ver"<AJ .;. 

AMBIENT TEMP: 60' 
REVIEWED BY: PERSONNEl: A. irIe,.fz. 

PURGING DEVICE SAMPLING DEVICE 

Type device? (/= fv~ Type device? 
(i-e. D (1"""e 

How was the device decontaminated? p~ cs/if' How was the device decontaminated? fer- isA/ 
How was the hne decontaminated? 

fe,. CJ/jf How was the hne decontaminated? Pet- C.5IJf' 

Which well was prevIOusly purged? Which well was preViously sampled? 

INITIAL WEll VOLUME PURGING 

<t 
II 

I.n.b It-3D Well diameter (m.) Time started Finished 

Stickup (ft.) 
3 I 

Volume purged ,f". 8 'i 

Depth to bottom of well from TOe (ft.) IS". O? Comments on Well Recovery 

Depth to water surface from TOC (ft.) '3.S"'{ Depth to water (ft.) '-/.37 

Length of water (ft.) I). f)' Completion 

Volume of water (ft.1 AdditIOnal Comments 

(gaL) 
, . .., {-

Sample Collected: Start ,'3/ 
Amount of sediment at bottom of well (ft.l Finish 16"J~ 

3 Volumes of water (gaLl S.S f 
IN-SITU TESTING Time: /5';11 ,S''1, 1(,6,/ MI 1'30 -- -- --

--'- -----Z- -L- _4_ -L- ~ ---L-

Well Volume Purged (gal I 
, ;;l 3.S" s- !'.8'1 -- -- -- --

Turbidity fc:. E.-- l ~ ;;>. --- -- -- --
~ j)r_..,.J do",",'l .'7 ,1f: .81 .8,. .83 -- -- --
pH (units) ,.I./~ ,HI. '-1/7 ','17 ,-,,1 

-- -- --
Conductivity (pmhol g:;1.l 8S3 ').0/ ',17 ~.;lO 

-- -- -- --
Water Temperature (Gel It.} I?S" 17.1 " .. It.8 

-- -- -- --
Depth to water (ft.) 1(. ~J '(.J)' 1f.3J If.·U '(·17 

NOTES; 1 ft. length of 4ft = 0.087 ft S or 0.65 gal. 1 ft. length 2ft = 0.022 fe or 0.16 gal. 
Turhidltv choices: deaf, turbid, opaque ReviSion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I SamplelD: '1J&w·,,;r;,f ! 

/01"01"/ ~ .. ," " J.,. ... 1« • Ie f\ V· IIO 1-,1"-" ',," 

PROJECT NAME: JOB NO, ~"h>ol·o8·CI DATE, 

WELL NO.: '71-003 LOCATION: 24> .... I 

WEATHER CONDITIONS: .5"'''1- "" ... {t AMBIENT TEMP: ~5·;:' 

REVIEWED BY: PERSONNEL: A. ",,,,.f~ 

PURGING DEVICE SAMPLING DEVICE 

Type device? Ceo f"""e Type device? C"", e~,,1' 
• 

How was the device decontaminated? fc.- C$/1-1' How was the device decontaminated? ler- c.J"1I II 
n t:.J'iii' . ~ .. ~ A 

How was the lIoe decontaminated? re.- How was the hne decontaminated? rer- G~lIr 

Which well was previously purged? - Which well was previously sampled? -
INITIAL WELL VOLUME PURGING 

Well diameter lin) 

l ., 
Time started I'lJc Finished 1'10(' 

• '3. 3} Stickup (ft.) Volume purged 

Depth to bottom of well from TOC (ft.) 1.l.3~ Comments on Well Recovery 

Depth to water surface from TOC (ft.) 5· 'l Depth to water (ft.) S. 83 

length of water (ft.) 
,.,,, 

Completion 

Volume of water {+kl 1.1 '3 Additional Comments 

(gal.) Sample Collected: Start I 'I'c 'f 
Amount of sediment at bottom of well (ft.) Finish /~.l3. 
3 Volumes of water (Qal ) 3·3' 
IN-SITU TESTING Time: 13'io 13'17 /JS'J' /"/03 1"/·" --- -- -- --

--'- --2- -L- _4_ ~ --L- ~ 

Well Volume Purged (gal.) 
,"IS' IS ;!.;.\S' ),0 3.3'1 --- -- -- -- -- --

Turbidity .r 2- ~ 1 0 --- -- -- -- --
""'"' ~I ....... ,1.3 • IS- • ''1 • IS' .,;-

-- -- -- -- -- --
pH (units) '.'/7 C.,11{ 7.02 7.0,/ 7.D3 -- -- --
Conductivity (pmhoJ I. (" I.", , .• 8 1.'7 MY -- -- --
Water Temperature (OC) ~ :1-'1 ;13.' ;)'U ;;}3·3 J3.'( -- -- --
Depth to water (ft.J 

.f.e ( S.t.3 S'.2~ S.83 .r.8~ 

NOTES 1 ft. length of 4 ~ = 0.087 tt 3 or 0.65 gal. , ft. length 2" = 0.022 fe or 0.16 gal. 
Turbidity choices: dear, turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling 1 Sample 10, It.pr~W/7{)$f 
N .. " ... I f-se c A-ks;"" e·O/ "i"6O 

H8'~1 
uS 

PROJECT NAME: JOB NO, ~'.8·o" -0 DATE, 

WELL NO.: c;or - nP LOCATION: 2..e :I 
WEATHER CONDITIONS: Ove. .... G ... 5f AMBIENT TEMP: 6()' 
REVIEWED BY- PERSONNEL: It vJertz.. 

PURGING DEVICE SAMPLING DEVICE 

Type device' cfe.o f'v"'t Type device? 6eo P"Mf. 
How was the device decontaminated? t!.e r C.S If f How was th€ device decontaminated? far- t.. sAP 
How was the Ime decontaminated? Per c. sfJ P How was the line decontaminated? ler (, ill f 
Which well was previously purged? Which well was previously sampled? -
INlTIAL WELL VOLUME PURGING 

Well diameter (In.) 

-;;1. .( 
Time started () 'I 5"0 Finished n~8 

Stickup (ft.) ]' Volume purged /.,. 78 

Depth to bottom of well from TOC 1ft.) 1{7.07 Comments on Well Recovery 

Depth to water surface from TOe (ft.) e.~g Depth to water (ft.) IO·BI 

Length of water (ft.) 38.7 , Completion 

Volume of water (ft.l Additional Comments j()30' S""fp<d. ,..~e lOSS resu~ 

'.Sj 
/I~_ I~ I ~or'''''NF.....!. 

(gaL) Sample Collected: Start {",DO 

Amount of sediment at bottom of well (ft.) Finish /'t/O 

3 Volumes of water (qal.) f'f.78 

IN-SITU TESTING Time: IOOD llo!" 1J.'io' /3d'!, 1"35'8 -- -- --

--'- -....2- ~ _ 4 _ _ 5_ .....L. _7 _ 

Well Volume Purged (gal.) ".:l , to /~ 11,79 --- -- -- -- --
Turbidity ~ ':l ( J I -- -- -- -- --

........ D ...... .,.Jd..., .... 1·33 1.0'/ ,1.JI "-"17 ~.,"3 -- -- -- --
pH (umts) 

,.,a '.73 '.70 '.(.'f '.70 --- -- -- -- --
Conductivity (pmho) 

"3'1. , 3'1.8 34(., 31{.~ ]'1 • ., 
--- -- -- -- --

Water Temperature (GC) 
~/.O "J.I.I ~I.' ?-I • ., ~J.I --- -- -- -- --

Depth to water (ft.) "·'1 ".3;) /0,1{1 (0.71' /c.&1 

NOTES; 1 1t. length of 4 M = 0.087 h S or 0.65 gal. 1 ft. length 2M '" 0.022 1e or 0.16 gal 
Turbidity chOices: clear, turbid, opaque RevIsion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Samp', '0, fFP),6W/8 /)oJ 

N ... ",{ /.-se. tt.k..r/e. r.,,, ,,_00 
/-,S-<,('1 V~ 

PROJECT NAME: JOB NO,~,.t·""·C>8·'1 DATE, 

WELL NO.: GOI - /8tJ LOCATION: z.,_ r 
WEATHER CONDITIONS: Ovc.."'c:.~jof AMBIENT TEMP: '{'-
REVIEWED BY: PERSONNEL: A. w«ttz.. 

PURGING DEVICE SAMPLING DEVICE 

Type device? Cot. .. P·"e Type device? ?eo I ..... e 
How was the device decontaminated? fer cs/}I How was th€ device decontaminated? ler Co!/} I 

How was the line decontaminated? te,.. uli!' How was the line decontammated? fer (. sill' ----Which well was prevIOusly purged? Which well was previously sampled? 

INITIAL WELL VOLUME PURGING 

Well diameter fin.) 2" Time started I 'IS"o Finished 17JO 

Stickup (ft.J FJuJ ~ ,..._,.. f- Volume purged lB.n 
Depth to bottom of well from TOC (ft.1 4;}.'f'l Comments on Well Recovery 

Depth to water surface from TOC (ft.) 
,.,0.{ 

Depth to water 1ft.) fJ.07 

length of water (ft.) 1~ . .30 Completion 

Volume of water 1ft.) Additional Comments fft.,.~ ,,,I-Cu- ode r-

Igal.) './7 Sample Collected: Start 17/3 

Amount of sediment at bottom of well (ft.) Finish 17 J.O 

3 Volumes of water (Qal.l Is·sl 
IN-SITU TESTING Time: I'-IS07 IoU' "10 1'>1 171O --- -- -- -- --

__ 1_ .-2.- -L- _ 4_ .-L. _6 _ ....l..-

Well Volume Purged (gal.) ~ ~ JO It" Jf.S") 
--- ~ --

Turbidity IlL[ L 3 .J I -- -- -- -- --
-- J"" ... .:! .... " 

3.11 ~.1' ~ ,1,,"/ 'I.1S'" ,,·'{S 
--- -- -- -- -- -- --

pH (units) (.'3 C.,f '.(.1 '" ,.,0 
-- --

Conductivity (pmho) 37-" 37. { 3'·f J'.' J,.i: ----
Water Temperature ~~C) ~l·1 ~ ;lJ.o J.l.1 n] ---- --
Depth to water (ft.) q./S" 1.{,O P8 1/.3't /1.07 

NOTES: 1 ft. length of 4 ~ = 0.087 fe or 0.65 gal. 1 ft. length 2~ = 0.022 tt' or 0.16 gal. 
Turbidity choices: clear, turbid, opaque ReVISion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, ,,"6"'00 / 0 '" 

PROJECT NAME: Nc. .... t ~Se. ck.,... L'" s-le" JOB NO, :2'{tl8'b./.oe.OI~;':"~ L-IJ4'1 
~) 

WEll NO,; t,1'1-00( #. &-flk -~L! LOCATION: ~-.e. !:: 
WEATHER CONDITIONS: f(X. rl (1- t/p,/jt- AMBIENT TEMP: 

t{"O 

REVIEWED BY: PERSONNEL: A. &JerfL 

PURGING DEVICE SAMPLING DEVICE 

Type device? ueo IlJ~ Type devIce' Geo fv""e 
How was the device decontammated? fer {fliP How was th£ device decontammated? fa LflJf' 
How was the line decontammated? p~r (. $/lfJ How was the line decontammated? fer c-SA~ 

-Which well was previously purged? Which weH was previously sampled? 

INITIAL WEll VOLUME PURGING 

). 
I , nrD I'd- s I Well diameter (in I Time started Finished 

Stickup (ft ) 2' Volume purged .e:l 
Depth to bottom of well from TOC (ft.) 7. do8 Comments on Well Recovery 

Depth to water surface from TOC (ft.) s-., 7 Depth to water (ft.) ,.'13 

length of water (ft.) /., I CompletIOn 

Volume of water (ft.) Additional Comments 

Igal.) .~1 Sample Collected: Start I ;In 
Amount of sediment at bottom of well (ft.) Fmish 

13 J,S'" 

3 Volumes of water (qal.) .8 ';J 

IN-SITU TESTING Time: liS'S" 1~()7 I J.I{' 1 J'J!" (J.'3/ -- -- --

--'- _2_ -L- _4_ -L- _6_ _7_ 

Welt Volume Purged (gaL) . I .~S- .!" .7S" .ff). --- -- -- -- --
S-Turbidity /oG 7t.! 1/ -.:L -- -- --

_~..J..~., ~ .7'7 .78 .7J ·7(, -- -- -- --
pH lumts) , ·'17 ,.''1 ).13 7.16- ) • .;):.1 -- -- --
Conductivity (pmho) 13.7 )~.7 1].7 /1.(, I:l.t -- -- -- --
Water Temperature (~Cl /7.3 17.8 17.8 17.8 I7,S 

tAr ~·I{r kl{l 
-- --

Depth to water (ft.) t.~o t, 'IJ. 
NOTES: , ft. length of 4 ~ = 0.087 ft' or 0.65 gal. 1 ft. length 2~ = 0.022 fe or 0.16 gal 

Turbidity choices; clear. turbid, opaque Revision Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling Sampl. 10, ,.,"(;woooo/ 

N""" .. / $~e c.1.~.I", h,11 t 01 _OD 
/-11- " 

III 
PROJECT NAME: JOB NO: :1108 .. <»1-0 " DATE: 

WELL NO.: ? "!'{-ooS- LOCATION: 2<>~ k 
WEATHER CONDITIONS: J"AAt AMBIENT TEMP: ~S'" 

REVIEWED BY: PERSONNEL: 7. --r-;,.,p/c. 

PURGING DEVICE SAMPLING DEVICE 

Type device? Geo P"""'e Type device? Get> f...,Me 
How was the deVice decontammated? Ie .. t.s f;fJ How was the deVice decontaminated? ft. r c.IAP 
How was the Ime decontaminated? fer C$/rf How was the Ime decontaminated? ft.r CtI1P 

Which well was prevlOusly purged? Which well was previously sampled? -
INITIAL WEll VOLUME PURGING 

Well diameter (in.) ~ " Time started 1700 Finished /7;;;.7 

Stickup (ft.) flvj~ Volume purged . '0 
Depth to bottom of well from TOe (ft.) <:: . '!-;) Comments on Well Recovery 5/ • ...J 

Depth to water surface from TOC (ft 1 '1.3> Depth to water (ft.J r. :'-7 

Length of water (ft.) Completion 

Volume of water (ft.) ;).. S' Additional Comments S /,..." .,.-ell 
• '1'1 ///'/'11 III)' (gal.) Sample Collected: Start 

Amount of sediment at bottom of well (ft.) Finish /(.CO 

3 Volumes of water (oal.) /·3 J. 

IN-SITU TESTING Time: 1?27 --- -- --- --- -- --- ---

--'- ~ --L- _ 4_ -L- ......&- _7 _ 

Well Volume Purged (gal.) 
.,0 
--- -- -- --- -- --- --

Turbidity ~l --- -- --- --- --- --- ---

......... d ~oo...J do ..... " p,~ 
-- -- -- --- --- ---

pH IUnlts) 7./1 
-- -- --- -- --- ---

ConductiVity (pmho) 
gS'l 
--- -- --- -- -- --- ---

Water Temperature ("Cl I S, 'I -- -- --- --- --- ---
Depth to water (ft.) t·r] 

NOTES: , ft. length of 4ft := 0.087 ft:l- or 0.65 gal. 1 ft. length 2ft := 0.022 fe or 0.16 gal. 

Turbidity choices: dear, turbid, opaque ReviSion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, ~1"""'tJO' () S" 

N .. , .. I !-je LJ... .. /eS!e" JOB NO,J'· • ..,·I.ot ... I~:rE' '~11-1'i v~ 
PROJECT NAME: 

WELL NO.: C 1'1- 60(, LOCATION: 'ZtD"e I:. 

WEATHER CONDITIONS- ,Z.V'" "':f AMBIENT TEMP. 
«>,j0 

REVIEWED BY: PERSONNEL: :r. ".J#,. tsOI! 

PURGING DEVICE SAMPLING DEVICE 

Type device? crco Pv~ Type device? (fee> f" .... e. 
How was the device decontaminated? fer ulfP How was the device decontaminated? Ie,. C;fAf 

How was the line decontaminated? PC r ("511f How was the line decontaminated? fer- c. 5/lP 
Which well was previously purged? Which well was previously sampled? - -
INITIAL WEll VOLUME PURGING 

Well diameter (m.) 
;;t " 

Time started /'1t..J~ Finished /6d.l 

Stickup 1ft) .p Iv.s J.. Volume purged $.1 

Depth to bottom of well from TOC (ft.) 7· 0;). Comments on Well Recovery 5/D ..J 

Depth to water surface from TOe (ft.) ,.33 Depth to water (ft.) S.7<; 

Length of water (ft.) 
5".(.4 Completion 

Volume of water (ft.) Additional Comments f"'-a ed 1>r-t 
(gaL) ,<i1 1/:3/ 11 

Sample Conect d: Start III> 

Amount of sediment at bottom of well (ft.) Fimsh /I'fo 

3 Volumes of water (oal.) ~ • ., I 

IN-SITU TESTING Time: 1"/$'3 In). IS'f!.~ I"S- 'Io-;,? -- -- --

--'- _2_ --1- _4_ _ 5_ ~ _7 _ 

Well Volume Purged (gaL) .S" I ;l 3 1./ --- -- -- -- -- --
Turbidity D :2 ...L ~ 0)' -- -- --
...... , J ..... ..>t!...." ~.'\ ,.14{ l{. __ 8 '(.'IS" ,{."" --- -- -- --
pH (units) 7.0 8 7.03 7.'f(' 7-35" 7·'(1 

-- -- -- --
Conductivity (pmho) II. "( /I.~ /1. L{ //.3 /1·3 -- -- -- --
Water Temperature (OC) "'7 17.0 /4·7 no 1('. 'I 

-- -- --
Depth to water (ft.) :to S:07 r,r.' .r·78 $"".7'1 

NOTES: 1 ft. length of 4ft "" 0.087 fta; or 0.65 gal. 1 ft. length 2~ == 0.022 fe or 0.16 gal. 
Turbidity chOices: clear, turbid, opaque ReviSion Date: 8/5/92 



Groundwater Sampling 
Form 

Groundwater Sampling I Sample 10, Nik)(I"Y~"'~#, 
PROJECT NAME, __ '--/V.'-= ... :.:.....l=_=d-'-= .. :!,$-'e'----~L~t.....-=::...'._I e:::;'.1~'= fr..:...n:.-._ JOB NO, :>,<>t· ... (· .. t, -61 'i~~, / ~II-'f? n 

WELL NO., ___ -'",'---'''t.:...L{ ..... _---=O'''O-::.:....J.7 _______ LOCATION, _---=2..=-"«=---'K=-________ _ 

WEATHER CONDITIONS, -----{,-~-..,-'--''''-1{__-------- AMBIENT TEMP, _-"~:...:;.S";___.----------
A. W ... r-t'Z-PERSONNEl: REVIEWED BY: 

PURGING DEVICE SAMPLING DEVICE 

Type device? c.. e.,(> fUI"'t? 
How was the device decontaminated? _--'-f-'~:. ... '--...:("-'S::.:.,cJ.!_'f'___ __ 

How was the line decontaminated? __ .Lf_·c::..:..r_-"c,-,,-s!..II!.."!..f_'J __ _ 

Type device? ____ -=(f'-=c::"o"---cIl.....::c"':.IM-rp' .. ___ ""7-.._ 

How was the device decontaminated? _--;A,'..:f1._C=-~--c~-:-;~:-f)-:.:-I' __ 
How was the line decontaminated? ___ "'_c_r __ c_J--,/I,___"' __ _ 

Which well was preViously purged? __ --===== ____ _ Which well was preViously sampled? ___ -----________ _ 

INITIAL WELL VOLUME PURGING 
I • 

Well diameter (In) __ -'()c. ____________ _ 

St;c'up (ft.1 ___ L£.-';;.c:"::~:.:;~'__ _____ -:-___ _ 

Depth to bottom of well from TOC (ft ) __ 7..'....:.~O=-.:g'___ ___ _ 

Depth to water surface from TOe tft.) __ ...:J~.~7.11'___ ____ _ 

T;me st,"ed _--,1_4-=5":,-:.0_.,--_ F,n"hed ~/.:S::...:.../...;b=-__ 
Volume pu'ged ___ J_._7_"...;;tc.::",.:...:...1 f_o_"..:!>::...:... ____ _ 

Comments on Well Recovery -::-_-:=-_________ _ 

Depth to water (ft.) __ --.:;J::...' _o--''fC-. _________ _ 

length of water (ft 1 ___ .....:S-:....:.~3"-7.:... _______ _ Completion __________________ _ 

Volume of water (ft.) ______________ _ 

(g,I.I ___ ---=·_9..:....' ________ _ 

Additional Comments ______ --, ________ _ 

Sample Collected: Start ___ ,_5"_,_& ________ _ 
Amount of sediment at bottom of well (ft.) _______ _ F;n;,h _.....!.' ... 5".:...::.1..1'f ______ _ 

3 Volumes of water (gal.) '1.7'-f 
IN-SITU TESTING Time: I'I{B 

--'- ......l- --.L. _4_ ---L. ---L. _7_ 

We!! Volume PUrged (gaLl .r I ..J.,.£ 2 -;),.7'1 --- -- --
Turbidity ..L ~ I _1- 2 -- --
-- D......., J.,...,,, .3' • 35" .37 .3( .J't -- -- --
pH (UOItS) ,.10 7.'( 7.1(, 7.14 J.:!..L -- --
Conductivity (pmho) ..i.£ /(;.6 103 10 .3 /0.'1 -- -- --
Water Temperature (Gel IS'.) ,'.f) /(,.3 I'.'f "'1 -- --
Depth to water (ft.) J.0 7 ~ Ob "),.08 'J.o7 ;7.0'( 
NOTES: 1 ft. length of 4 ~ = 0.087 fe or 0.65 gal. 1 ft. length 2" = 0.022 tt' or 0.'6 gal. 

Turbidity choices' clear, turbid_ ooaaue RevISIOn Date: 8/5/92 



Mr. John Litton, P.E. 

DEPARTMENT OF THE NAVY 
SOUTHERN DIVISION 

NAVN.. FACIlITIES ENGfNEERING COMMAND 

P.O. BOX 1DOO10 

2tS5 EN3LE 0fWE 

NORTH CHARLESTON, s.c. 2941G-8010 

Director, Division of Hazardous and Infectious Waste Management 
Bureau of Land and Waste Management 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

5090/11 
Code 18710 
July 14, 1999 

SUbj: SUBMITTAL OF AOC 506 TECHNICAL MEMORANDUM PROPOSING NFA 
STATUS 

Dear Mr. Litton: 

The purpose of this letter is to submit the enclosed Technical Memorandum for AOC 506. 
This site was recommended for placement in the CMS process by the Zone A RFI conditional 
approval letter from SC DHEC. After EnSafe submitted a preliminary technical 
memorandum the project team visited the site and discussed the need for further action. Based 
on that discussion the Navy, SC DEEC, and EnSafe agreed that No Further Action was 
required for that site. The purpose of this letter and the attached technical memorandum is to 
formalize the decision for record purposes. 

The Navy requests that the Department and the USEPA review and provide comment or 
approval whichever is appropriate. If you should have any questions please contact Billy 
Drawdy or myself at (843) 743-9985 and (843) 820-5543 respectively. 

Encl: 

Sincerely, 

~r.~ 
DAVID P. DODDS 
Remedial Project Manager 
Installation Restoration III 

(1) Technical Memorandum for AOC 506, dated 12 July 1999 

Copy to: 
SCDHEC (paul Bergstrand, Mihir Mehta), USEPA (Dann Spariosu) 
CSO Naval Base Charleston (Billy Drawdy), SOUTHNAVFACENGCOM (Tony Hunt) 



l=·vun,..E 
M e m o r a n d u m 

Date: 12 July 1999 

To: Mihir Mehta, David Dodds, Paul Bergstrand, Dann Spariosu 

From: Todd Haverkost 

Re: Zone A RFI Conditional Approval, AOC 506 Benzo(a)pyrene SSL Evaluation 

AOC 506 is a former flammable storage shelter identified as Building 1629. This facility was used 
from 1942 to 1996 to store hazardouslflammable materials awaiting shipment for disposal. 
Building 1629 was an open-air storage shed composed of metal poles supporting a steel truss frame 
with sheet metal coveiing. The shed was constructed on a 21' x 30' concrete slab that was 
surrounded by wire fencing. The shed and fencing were removed sometime between the RFA site 
visit in 1994 when operations in 1996 at the facility ceased. This site was investigated during the 
RFI and was tentatively recommended for inclusion in the CMS solely based on leaching potential 
of semi-volatile organic compounds (SYOCs) as identified in the fate and transport evaluation. 
The intent of this memo is to re-visit existing data and present new data to provide the project team 
with an opportunity to make a risk management decision regarding the final recommendations for 
this site. 

The Zone A RFI Report conditional approval letter issued by SCDHEC, dated 29 January 1999, 
recommended that a localized removal action be performed at AOC 506 due to the leaching 
potentia! of benzo(a)pyrene equivalents (BEQs). During t.l}e RFI, soil samples \vere collected at 
6 locations from the 0-1' and 3-5' foot intervals. BEQs were detected at a concentration of 
8377 jig/Kg in surface soil at soil boring 506SB001, which exceeded the generic soil screening 
level (SSL) of 4000 jig/Kg. The only other detections of BEQs were in the subsurface samples 
collected from 506SB002 (362 jig/Kg) and 506SB004 (210 jig/Kg). Excerpts from the RFI report 
are included as Attachment A to provide additional background regarding the sampling results and 
the data screening process. Rather than proceed with the removal action, the Navy and EnSafe 
proposed to collect additional data to supplement the existing site data in an effort to demonstrate 
that the generic SSLs used in the fate and transport assessment are overly conservative for this site 
and that a leaching concern does not exist. The reason the Navy and EnSafe felt the generic SSL 



Zone A RFI Conditional Approval 
AOC 506 Benzo(a)pyrene SSL Evaluation 

July 12, 1999 

was very conservative was that its derivation used a default dilution attenuation factor (DAF) of 
10 rather than a DAF of 20 as suggested in the USEPA Soil Screening Guidance: Technical 
Background Document. The DAF of 10 was seiected since it was presumed that the sandy soil 
at the site would have a low total organic carbon (TOC) value. This approach was agreed upon 
by members of the Project Team as documented in the response to SCDHEC comment #4 dated 
November 5, 1997 (the response document is dated August 7, 1998). Because of the SSL 
exceedance, a shallow monitoring well was installed at the location of 506SB001 to reduce the 
uncertainty of whether or not the BEQ concentrations in soil actually pose a threat to groundwater. 
The groundwater samples greatly reduce tlle uncertainty, but do not completely eliminate it since 
the age of the release and the travel time to groundwater are not really addressed unless samples 
are collected over time to account for temporal variation. The groundwater samples collected 
during two separate sampling events from this well were non-detect for BEQs, further suggesting 
the SSL used was appropriate for a preliminary screening value to determine if further assessment 
was warranted but should not be used as an action level. 

In discussions between the Navy, SCDHEC, and EnSafe, it was agreed that a site specific SSL 
should be calculated using the soil/water partioning equation found in dIe USEPA. Soil Screening 
Guidance: Technical Background Document and that a leach test be performed using the Synthetic 
Precipitation Leaching Procedure (SPLP) developed to model an acid rain leaching environment. 
The SPLP test is independent of tile age of the release and was selected to help validate or 
invalidate the results of the site specific SSL calculations and the groundwater data. The SPLP 
method may not be entirely suitable for soils contaminated with oily constituents, but used in 
conjunction with other information such as the site specific SSL and site specific groundwater 
results, it does provide one more valuable piece of data to consider when making a weight of 
evidence decision. The key data gap identified for the completion of the SSL calculation was the 
absence of a site specific total organic carbon value. In February 1999, additional soil samples 
were collected at the 506SB001 location from the 3-5' interval. The samples were analyzed for 
SPLP and TOC. 

The SPLP results (Attachment B) were non-detect for BEQs and for carbazole, which was not 
mentioned earlier, but also exceeded its generic SSL. Please note that the quantitation limits listed 
on the analytical reports are higher than the respective tap water RBCs and/or MCLs for these 
constituents. As a result, the laboratory's method detection limit (MDL) study has also been 
included for the reviewer's benefit. Had either constituent been detected above the MDL but 
below the quantitation limit, it would have been reported as a "J" flagged or estimated value. The 
detection limit for BEQs still exceeds the MCL and RBC because these values are extremely low 
and cannot be achieved with this particular analytical method. Even so the SPLP results indicate 
that, in the area of highest concentration, the BEQs were not detected above the MDL of2.6 Ji-g/L 
which is only slightly above the MCL of 0.2 Ji-g/L. 

2 
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To calculate a site specific SSL, the default values for soil porosity, dry soil bulk density, fraction 
organic carbon, and hydraulic conductivity were replaced with data collected from AOC 506 or 
fronl nearby sites in Zone A which had a similar soil type. Following the procedures outlined in 
the EPA guidance, an SSL of 722.2 j.lg/Kg was calculated for BEQs assuming no dilution or 
attenuation, and with a 0.5 acre source area with BEQ concentrations distributed uniformly from 
ground surface to the water table (Attachment C). Under the conservative assumptions made 
previously regarding sandy soil and applying a DAF of 10, the resulting SSL is 7222 j.lg/Kg. The 
decision to use a DAF of 10 was based on the assumption that most of the soil in Zone A is sandy. 
However, the site specific TOC result of 3540 mg/Kg is more characteristic of a heavier organic 
rich soil which adds justification to the argument that it may be more appropriate to use the EPA 
default DAF of 20. The calculated SSL with a DAF 20 is 14,444 j.lg/Kg. The BEQ level of 
8,377 j.lg/Kg at 506SBOOI does exceed the lower SSL but is well below the higher value which 
EnSafe believes to be more applicable to this site. Another important factor that should be 
considered at this site is that the entire site is less than 0.1 acres and that the surface interval 
sample from 506SBOO) was non-detect for BEQs. Conceivably, the SSL could even be higher at 
this site if the size of the site and distribution of the contaminants are considered. 

In conclusion, the site specific SSL using a DAF of 10 indicates that BEQs have some potential 
to leach to groundwater at unacceptable levels. The exceedance of a SSL only means that further 
evaluation should be considered. As a result, groundwater samples were obtained and a leaching 
test was performed to collect the empirical data necessary to determine whether or not the BEQ 
concentrations actually pose a threat to groundwater. The SPLP results and 2 rounds of 
groundwater data, both of which were non-detect for BEQs (and carbazole), provide the most 
compelling evidence that the BEQs are not leaching. Considering the age of the unit and the depth 
to groundwater, one could reasonably assume that if groundwater were to be impacted, it would 
have occurred by now. The SSLs used during the RFI were appropriate for screening purposes 
but should not be used as an action level. The tentative recommendations made in the RFI report 
to include the site in the CMS and the SCDHEC recommendation to perform a removal action 
appear to be overly conservative. The Navy and EnSafe feel no further action is warranted at 
AOC 506. 

3 
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Table 10.1.2 
AOC 5IJ6 

Final Zone A ReRA. Facility InvestigaJion Repon 
NAVBASE Charleston 

Section 10 -Site-Specific Evaluations 
Revision: 0 

Organic Compounds Detected in Soil 

Compound 
Sampling 
Intt'rval 

Volatile Organic Compounds 

Frequency of 
Detection 

Range of Detection 
~gfkg) 

Mean of 
Detections 
~gfkg) 

RBe 
~gfkg) 

Number of 
Samples 

Exceeding 
RBC 

(U samples coUec(ed: 6 upptr inten'al and «) Jower interval, 1 sample duplicated ror Appendix IX analysis) 

lJpper<.ltii . 
J;v~f .. j~6< ... 

t3 ~ hlS\.· .•...• ·.·.·.: ..• ·.l;(OOO.OOO ...... . . . ........ :·.t· .. 
-.-- ..... :;: .. :":.:-,- -

,·······.i.4 ;?i· .::; ..... ;:: ... ~:l! ..... ; ........•... :\\* ... ··.i··.···.\~A.\·.· 
S<-_Tcivola.ti!e Organic Compo!!nds 
(12 samples conceted: 6 upper interval and (j l<lwt'r interval, 1 sample duplicated for Appendix IX analysis) 

. BEo," .•.... . ··~.······:····ilt~ ..... 
. ·~~;r\>.J{6> 

Acenaphthene Upper 0/6 

Lower 116 

Anthracene Upper 0/6 

Lower V6 

Iknzo(a)pyrene Upper 0/6 

Lower 3/6 

Benzo(g,h,i)perylene Upper 0/6 

Lower 216 

·NA.<l;8 ···X~ 
~11l-1l;:rh ..... ···:.3;~8X:~A:./ ~ti 

NA NA 

600 NA 

NA NA 

1,800 NA 

NA NA 

210 - 5,400 1.980 

NA NA 

270 - 3.100 1,690 

10,7,3 

4,700,000 

NA 

23,000,000 

NA 

NA 

3,100,ooob 

NA 

o 

NA 

o 

NA 

o 

NA 

o 

NA 
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Table 10.7.2 
AOC 506 

Organic Compounds Detected in Soil 

Compound 
Sampling 
Interval 

Sernivolatile Organic Compounds 

Frequency or 
Detection 

Range of l)etecti<lu 
(;.<g/kg) 

Detections 
(;.<g/kg) 

RBC 
(;.<g/kg) 

Number of 
S4&-nples 

Exceeding 
RBC 

(12 samples coUected: 6 upper interval and 6 lower interval. 1 sample duplicated (or Appendix IX analysis) 

PJlpct ·W;; 
·.lAw;~><:lli .. 

Chrysene Upper 0/6 

Lower 3/6 
. - .-

. Upper W6 

Dibenz(a,h)-anthracene Upper 0/6 

Lower 116 

Fluorene Upper 0/6 

Lower 116 

2-methylnaphthalene Upper 0/6 

i..JJwer 116 

Phenanthrene Upper 0/6 

Lower 2/6 

Noter: 

NA 

250 - 6.500 

»/t. .... 
.;~> .. 

NA 

1.300 

NA 

1.800 

NA 

S80 

NA 

S30 - 11.000 

NA 

2.390 

~A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

S.7fiJ 

oo~ 
OO,VVV 

NA 

31~_llOo 

o 

NA 

....... ··.il 
~A .t kA 
88 o 

NA NA 

3.100.000 o 

NA NA 

3.100.000· o 

NA NA 

3.100.ooo
b o 

NA NA 

a Calculated from method described in USEPA Inttrim Supplttnenlal Guidana 10 lUGS: Region N Bulletins, Human Health Risk 
Assessment. Bulletin No.2, November 1995, 

b RBe not available fOf [his compound; fluoranthene RBe used as surrogate. 
- c RBe not available for this compound; naphthalene RBe used as suCTogak. 

NA Not applicable 
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Semi volatile Organic Compounds in Soil 

Finill Zont A RCRA Fadlity investigation RtP011 
NA VBASE Charleston 

Secrion iO - Sire-Spedjic Evaillfuions 
Revision: 0 

No SVOCs were detected in any of the first-interval samples at AOC 506. Nineteen SVOCs were 

detected in the second-interval samples. Five exceeded their SSL: benzo(a)anthracene 

(730 /.lg/kg), benzo(a)pyrene (4,100 lig/kg), benzo(b)f1uoranthene (2,300 lig/kg), carbazole 

(240 lig/kg), and dibenz(a,h)anthracene (700 lig/kg). Also, the resulting BEQ calculation exceeds 

the SSL for benzo(a)pyrene. 

All of the exceedances were in one second-interval sample, 506SBoo102. The concentrations 

detected in this sample were benzo(a)anthracene (5,700 lig/kg), benzo(a)pyrene (5,400 lig/kg), 

benzo(b)f1uoranthene (8,000 lig/kg), carbazole (1,200 lig/kg) , and dibenz(a,h)anthracene 

(1,300 t-lg/kg). The ordy other second-interval samples in which cPAHs were detected were 

506SB00202 and 506SB00402, but these detections were below the respective SSLs. 

Inorganics in Soil 

Twenty metals were detected in soil at AOC 506. Three warrant further evaluation: cobalt, 

manganese, and tin. 

Cobalt was detected above the RC (1.7 mg/kg) in both of the detections in six lower-interval 

samples. These detections do not exceed the SSL (990 mg/kg) for cobalt. 

Manganese was detected above the RC (85.5 mg/kg) in two second-interval samples - 506SBOOI02 

and 506SBOO202. This detection does not exceed the SSL (550 mg/kg) for manganese. 

Tin does not have an RC or RBC for comparison of the second-interval detection. This detection 

does not exceed the SSL (5,500 mg/kg) for tin. 

10.7.9 



Final Zone A RCRA Facility Investigation Repon 
NAVBASE Charleston 
Section IO - Site-Specific Evaluations 
Revision: 0 

10.7.5.1 AOC 506 - Soil to Groundwater Cross-Media Transport 

Tables 10.7.7 and 10.7.8 compare the maximum detected concentrations of organic and inorganic 

chemicals reported in soil to risk-based soil screening levels considered protective of groundwater. 

As shown on Table 10.7.7, five organics - benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, carbazole, and dibenzo(a,h)anthracene - were identified for further 

evaluation of soil to groundwater migration based on the screening process presented in Section 6. 

None of these organic chemicals were reported in shallow groundwater (including four rounds of 

groundwater sampling). As shown on Table 10.7.8, two inorganics - chromium and mercury 

- were identified for further evaluation of soil to groundwater migration. Chromium was detected 

in groundwater at a concentration less than its groundwater screening values; mercury was not 

detected in ground\vater (including four rounds of ground\vater sampling). 

All of the organic exceedences were reported in a single subsurface soil sample (506SBOO102). 

Soil concentrations reported for these organic chemicals are not likely to present a widespread 

threat to AOC 506 groundwater based on their limited areal extent at concentrations above their 

SSLs. Mercury was reported in a single surface soil sample (506SBOO201) at a concentration of 

1.3 mg/kg which marginally exceeds its SSL of 1 mg/kg. Although chromium was reported in 

one surface soil sample and four subsurface soil samples at concentrations exceeding its SSL, it 

was not reported in any soil sample at a concentration exceeding its background reference value. 

For screening purposes, chromium was conservatively assumed to exist in its soluble hexavalent 

state. Hexachrome analyses at AOC 506 and elsewhere in Zone A suggest that chromium in soil 

exists predominantly in less soluble valence states. These findings suggest that concentrations of 

inorganic soil constituents do not appreciably threaten AOC 506 groundwater. 

10.7.5.2 AOC 506 - Groundwater to Surface Water Cross-Media Transport 

As shown on Table 10.7.7, no organic constituents were detected in AOC 506 shallow 

·groundwater above tap water RBCs or surface water saltwater A WQCs. Therefore, it has been 

10.7.18 
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Attachment B 



SOUTHWEST LABORATORY OF OKLAIjOMA, INC. 
1700 West Albmy Broken Arrow, Okbhoma 74012 Orfice (918) 251·2858 Pax (918) 251·2599 

,:NSAfE INC. 
5724 SUMMER TRI:;ES DRIVE 
MEMPHIS, TN 18134 

Attn: HJAKE COUTURE 

PROJECT : 
LAB# 
SAMPLE ~: 

LOCATION: 
MATRIX 

ZON,: A, RELEASt: 87 
37527.01 
'>06SIJOOI02 

Soil 

MTSCELLANi:.OtJS F.EPORTf,D ON A DRY WEIGHT BASIS 

P.I\HAMETER Rf:SULTS' • 

ORGANIC CARBON J540 

REPOHT J7S~7.01 

~EPORTED 03/16/99 

SAMPLED 02/23/99 
SUBMITTED: 02/24/99 

%MOISTURE: 13.2 

DATF. DlITE HEfERENC[ 
UNITS PREPARED ANALYZED METHOD 

mg/kq 02/25/99 EPA 41S.l!SW 9060 

ZOO Il'1 an LS3:,\\Hl.OOS 6ssrrszsr6 lYd st:tr 3fiL 66/91/CO 



~J/12/99 ERr 11:01 fAX 9182511889 50UfliWESf LAJ:I 

Data File: /chem/p.i/p99030Sa.b/p19861.d 
Reoort Date: 12-Mar-1999 10:11 

southwest Laboratory of Oklahoma 

TARGET COMPOUNDS 

Client Name: ENSAFE 
Client Sample 10: 06SBOOI02 
Sample Location: 
Lab Sample 10: 37527.01 
sample Type: WATER 
Analysis Type: sv 
Data Type: MS DATA 

Client SDG: 37527 
Sample Date: 
Sample Point: 
Date Received: 02/24/99 
Quant Type: ISTD 
Level: LOW 

Misc Info: MS540*TB990225Al*INSTP*ENSAFE*37527.01*500ML/lML/2UL* 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ugjL or ug/KG) ug/L Q 

., '\., _A A _A __________ \....:. .... ''lI. _~""" i ..... ___ ..... +=t::.~ i \ """""'"' ...... _ ..,,, n" TT 
20.001 u 10S-9S-2--------Phenol ... "'2:"t:--~ - -- ----..... .J,.io:1\.c. '-u~v .... \..It; \...,u.l' ~} ~ '-LL~A- 4;. ...... vv v 

95-57-8---------2-Chlorophenol 20.00 U 
541-73-1--------1,3-Dichlorobenzene 20.00 U 
106-46-7--------1,4-Dichlorohenzene 20.00 U 
100-51-6--------Benzyl alcohol 20.00 U 
95-50-1---------1,2-Dichlorobeniene 20.00 U 
9S-48-7---------2-Methylphenol 20.00 U 
108-60-1--------bis(2-Chloroisopropyljetfier 20.00 U 
106-44-S--------4-Methylphenol -- 20.00 U 
621-64-7--------N-Nitroso-di-n-propylam~ne 20.00 U 
67-72-1---------Hexachloroethane --- 20.00 U 
9S-95-3---------Nitrobenzene 20.00 U 
78-59-1---------Isophorone 20.00 u 
88-7S-5---------2-Nitrophenol 20.00 U 
10S-67-9--------2,4-DimethylphenoI 20.00 U 
111-91-1--------bis(2-Chloroethoxy}metfiane 20.00 U 
65-S5-0---------Benzoic Acid --- 50.00 U 
120-82-1--------1, 2, 4-Trichlorobenzene 20.00 U 
91-20-3---------Naphthalene 20.00 U 
106-47-8--------4-Chloroanil~ne 20.00 U 
87-68-3---------Hexachlorobutad~ene 20.00 U 
59-S0-7---------4-Chloro-3-methylphenol 20.00 U 
91-57-6---------2-Methylnaphthalene 20.00 U 
77-47-4---------Rpv~rh'nrn~ur'nnon~~rl'DnD 20.00 u 
88-06-2---------2~4~6::T;i;;hl;;;;;ph;;~;;i--··--- 20.00 U 
95-95-4---------2,4,5-Trichlorophenol 50.00 U 
120-83-2--------2,4-Dichlorophenol 20.00 U 
91-58-7---------2-Chloronaphthalene 20.00 U 
88-74-4---------2-Nitroaniline 50.00 U 
131-11-3--------Dimethylphthalate 20.00 U 
208-96-8--------Acenaphthylene 20.00 u 
606-20-2--------2,6-Dinitrotoluene 20.00 u 
121-14-2--------2,4-Dinitrotoluene 20.00 U 
99-09-2---------3-Nitroaniline 50.00 U 
83-32-9---------Acenaphthene 20.00 U 
51-28-5---------2,4-Dinitropfienol 50.00 U 
100-02-7--------4-Nitrophenol 50.00 U 
132-64-9--------Dibenzofuran 20.00 U 



D~~~ File: /ehem/p.i/p990305a.b/p1986l.d 
R rt Date: 12-Mar-1999 10:21 

southwest Laboratory of Oklahoma 

Client Name: ENSAFE 
Client Sample IO: 06SB00102 
Sample Location: 
Lab Sample 10: 37527.01 
Sample Type: WATER 
Analysis Type: sv 
Data Type: MS DATA 

TARGET COMPOUNDS 

client SDG: 37527 
Sample Date: 
Sample Point: 
Date Received: 02/24/99 
Quant Type: ISTD 
Level: LOW 

Mise Info: MS540*TB990225A1*INSTP*ENSAFE*37527.01*500ML/~/2UL* 

= 

CAS NO. COMPOUND 
CONCENTRATION UNITS: 
(ug/L or ug/KG) ug/L 

S4-66-2---------D~ethylphthalate 20.00 
86-73-7---------Fluorene 20.00 
7005-72-3-------4-ChlorophenyI-phenylether 20.00 
100-01-6--------4-Nitroaniline --- 50.00 
86-30-6---------N-Nitrosodiphenvlamine 20.00 
534-52-l--------4,6-Dinitro~2-methylphenol ___ 50.00 
101-55-3--------4-Bromophenylphenylether 20.00 
118-74-1--------Hexachlorobenzene 20.00 
87-86-5---------pentachlorophenol 50.00 
85-01-B---------Phenanthrene 20.00 
120-12-7--------Anthraeene 20.00 
84-74-2---------Di-n-butylphthalate 20.00 
206-44-0--------Fluoranthene 20.00 
129-00-0--------Pyrene 20.00 
85-68-7---------Butylbenzylphtlialate 20.00 
56-55-3---------Benzo(a)anthraeene 20.00 
91-94-1---------3,3'-Dichlorobenzidlne 40.00 
218-01-9--------Chrysene 20.00 
117-81-7--------bis {2-Ethvlhexvll ohthalate 17.67 
11. 7 -84-0--------oI-n.:.octyipil.tiialate ... . .. -- 20.00 
205-99-2--------Benzo(b)fluoranthene 20.00 
207-08-9--------Benzo(k)fluoranthene 20.00 
50-32-8---------Benzo(a)pyrene 20.00 
~~_~n_~ _________ ~~~ ___ ,_ ~' __ ~L_~ ___ 

~n 
,..,.. 

~~ , v - 0.1 - - -- - --IJ~ ... t::;.u.c.. \ Q, I.I.} a.u ,,"~'.L C;:U .. ;t:UC: ~v.vv 

193-39-5--------Indeno(1,2,3-cd)pyrene 20.00 
191-24-2--------Benzo(g,h,i)perylene 20.00 
86-74-8---------Carbazole 20.00 

- --- --- --::::=- ----- e========== 
367-12-4--------2-Fluorophenol 131. 79 
4165-62-2-------phenol-d5 131.26 
4165-60-0-------Nitrobenzene-d5 77.16 
321-60-8--------z-Fluorobiphenyl 77.86 
118-79-6--------2,4,6-Tribromophenol 86.45 
9B904-43-9------Terphenyl-d14 70.78 
93951-73-6------2-Chlorophenol-d4 124.03 
2199-69-1-------1,2-Diehlorobenzene-d4 64.47 

l{!J UUJ 

Q 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
;r 
U 
U 
U 
U 
n 
u 

U 
U 
U 

==== 



SOUTHWEST LABORATORY OF OKLAHOMA, INC, 
SemivolaWe 

Test Code 
Method 
Matrix 
Extract Volume 

MSSOO 

$W8466270C 

Water-Soil 
1000mL,30g 

Initial Calibration 
Continuing Calibration 

10.20.50.60. 100 ng,%RSO lor CCC compounds"30%. SPCC"RF > 

50 ng, %0" 20% lor CCC Compounds. SPCC = RF > 0 05 

PAGE 1 OF 2 
PQL's 

COMPOUND CAS NUMBE WATER SOIL 

1,2,4-T nchlorobenzene 120-82-1 
1,2-Dichlorobenzene 95-50-1 
1,3-Dichlorobenzene 541-73-1 
1,4-Dlchlonobenzene • 106-46-7 
2,3,4,6-Tetrachlorophenol 58-90-2 
2,4,5-Trichlorophenol 95-95-4 
2,4,6-T richlorophenol · 88-06-2 
2,4-Dichlorophenol · 120-83-2 
2,4-Dimethylphenol 105-67-9 
2,4-Dinitrophenol .. 51-28-5 
2,4--Dinitrotoluene 121-14-2 
2,6-Dinitrotnluene 606-20-2 
2-Chloronaphthalene 91-58-7 
2-Ghlorophenol 95-57-8 
2-Methylnaphthalene 91-57,6 
2-Methylphenol 95-48-7 
2-Nitroan,line 88-74-4 
2-Nitrophenol • 88-75-5 
3,3'-Dichlorobenzidine 91-94-1 
3-Nitroaniline 99-09-2 
4,6-Dinitro-2-methylphenol 534-52-1 
4-Bromophenyl-phenylether 101-55-3 
4-Ghloro-3-methylphenol · 59-50-7 
4-Ghloroaniline 10647-8 
4-Chlorophenyl-phenylether 7005-72-3 
4-Methylphenol 106-44-5 
4-Nitroaniline 100.01-6 
4-Nitrophenol .. 100-02-7 
Acenaphthene • 83-32-9 
Acenaphthylene 208-96-6 
Anthracene 120.12-7 
Benzo(a)anthracene 56-55-3 
Benzo(a)pyrene · 50-32-8 
BenzO(b)ftuoranthene 205-99-2 
Benzo(g,h,i)perylene 191-24-2 
Benlo(k)fluoranthene 207-08-9 
BenzOic acid 65-85-0 
Benzyl alcohol 100-51-6 
Buytylbenzylphthalate 85-68-7 
WATER MDLS PERFORMED ON INST V <01/09/98> 
SOIL MDL'S PERFORMED ON INST P <01/08/98> 

uglL 
10 
10 
10 
10 
10 
50 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
20 
50 
50 
10 
10 
10 
10 
10 
50 
50 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 

NR = NonRou\ine Compounds. Analyzed only upon request. 

uglKg 
330 
330 
330 
330 
330 
1600 
330 
330 
330 
1600 
330 
330 
330 
330 
330 
330 
1600 
330 
660 
1600 
1600 
330 
330 
330 
330 
330 
1600 
1600 
330 
330 
330 
330 
330 
330 
330 
330 
1600 
330 
330 

MOL's 
WATER SOIL 

ug/L uglKg 
3,7 65 
3.7 74 
4.1 31 
4.2 58 
8.2 71 
6.1 120 
4.6 85 
4.7 70 
40 210 
7.1 64 
2.9 74 
3.1 85 
3.3 63 
5.0 92 
3.2 43 
5,1 170 
3.4 57 
7.7 93 
3.3 6.4 
57 3.6 
7.3 93 
3.1 72 
4,1 75 
4.6 87 
4.1 49 
6.0 220 
2.5 62 
7.1 93 
3.4 65 
3.5 69 
2.7 47 
2 56 

2.6 38 
2.8 160 
2,8 81 
4.2 96 
7,9 440 
5.2 98 
0,3 87 

rev 5.0 03/17/99 



SOUTHWEST LASORA TORY OF OKLAHOMA, INC. 

Test Code 
Method 
Matrix 

Semivoiatile 
MS500 
SW8468270C 

Water-Soil 

1000 mL· 309 Extract Volume 
Initial Calibration 
Continuing Calibration 

'0.20.50.80, '00 ng.%RSD forCCC compounds~30%. SPCC~RF > 

SO ng, %D ~ 20% for cec Compounds, SPCC 0 RF > 0.05 

PAGE 2 OF 2 

PQL's MOL's 
COMPOUND CAS NUMBE WATER SOIL WATER SOIL 

ug/L ug/Kg ug/L ug/Kg 
Carbazole 86-74·8 10 330 2.3 89 
Chrysene 218-1-9 10 330 2.5 51 
Di-n-octylphthalate · 117-84-0 10 330 1.8 46 
Dibenz( a, h )anthracene 53-70-3 10 330 3.0 150 
Dibenzofuran 132-64-9 10 330 3.3 50 
Diethylpthalate 84-60-2 10 330 0.4 64 
Fluoranthene · 206-44-0 10 330 2.2 71 
Fluorene 86-73-7 10 330 3.2 40 
Hexachlorobenzene 118-74-1 10 330 2.8 59 
Hexachlorobutadiene · 87-68-3 10 333 3.3 56 
HexachiorocyciopentaCliene "''' 17-47-4 iO 330 0.0 13 
Hexachloroethane 67-72-1 10 330 3.6 120 
Indeno(1,2,3-cd)pyrene 193-39-5 10 330 3.3 280 
Isophorone 78-59-1 10 330 4.1 69 
N-Nitroso-di-n-propylamine .. 621-64-7 10 330 4.1 110 
N-Nitrosodiphenylamine · 86-30-6 10 330 2.0 56 
Naphthalene 91-20-3 10 330 3.7 30 
Nitrobenzene 98-95-3 10 330 3.8 74 
Pentachlorophenol · 87-86-5 50 1600 8.4 130 
Phenanthrene 85-01-8 10 330 2.9 42 
Phenol · 108-95-2 10 330 4.2 66 
Pyrene 129-00-2 10 330 2.4 47 
bis(2-ChloroethoxY)methane 111-91-1 10 330 4.0 69 
bis{2-Chloroethyljether 111-44-4 10 330 3.5 61 
bi~2-Chloroisopropyl)ether 108-60-1 10 330 4.5 73 
bis(2-Ethylhexyljphthalate 117-81-7 10 330 1.9 80 . .. CCC compounds SPCC compounds 
WATER MDLS PERFORMED ON INST. H <01/09/98> 
SOIL MDLS PERFORMED ON INST. H <01/08/98> 

rev 5.0 03/17/99 
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SOIL SCREENING LEVEL PARTITIONING EQUATION FOR MIGRATION TO GROUNDWATER 

ZONE A: AOC 506 

'IMPlIPYlNr. ASS[fMPTTnN~ pnR SW Mlr.RATfnN Tn r.w PATHWAY -- -- '-- --.. ~.-------- --_ .. ,-. --.-'---'------------ - - _. - --- - . --
1) Infmite source 
2) Unifonn contamination distribution from surface to top aquifer 
3) No contamination attentuation (Le., adsorption, biodegradation) 
4) Instantaneous and linear equilibrium soil-water partitioning 
5) Homogeneous, isotroplc, unconfined aquifer 
6) Receptor well at dowllgradient edge of source and screened in plume 
7) No contaminant attenuation in aquifer 
8) No NAPLs present. 

SSL (sOIl) = Cw(~ + (ew + ea H')IPbJ Site-Specific Input Data: ZONE A Kh (jild) 

where: n ( Zone A)# - 0.35 506001~ Ll 
SSL (rod, ~ screenmg levelm soil (mglkg) Kh' (ftld) ~ 1.1 IQS' ~ 3.6 

C. ~ target soil leachate conc. (mg/l) [MCL] convert to m1yr ~ 12238 

Kc. = sotl·water partItion caeff. pb (sand/sty sd) Ib/fi 122.34 

Ow = water fiiied soil porosity (LwateILso'l) convert to kg/L = 1.959 

S, ~ air-fi1!ed soil porosity (L.",,/L,,,,) f~ A(mglkg)~ 3540 

Pb ~ dry soil bulk density (kglL) as % ~ 0.00354 

H' ~ Henry's law constant (dimensionless) * geomean of all Qs deposits regardless of depth 

other variables: # avg of 3 STsji-om sand <13.5 ji bgs 

foc ~ fraction organic carbon in soil (gig) 

K"., =soil organIC carbon/water partItion coeff (Llkg) 

Literature Data: 
Contaminant ~ benzo( a )pyrene 

Cw ~ 2.00E-04 MCL [mg/l] 
1) Calc. avg. soil moist. content. H' ~ 4.63E-05 

Assume D represents avg. annual soil moisture conditions K"., = L02E+06 

S" = n(I!KJ"[1I(2b+3)] 
I ~ infiltration rate (in/yr) = 1.2 5) Apply dilution attenuation factor 

convert to rnIyr = 0.03048 Assuming 0.5 acre source area: 
1/(2b+ 3) = soil-specific exponential parameter (unitless) AtDAF= 10 SSL = 7,222 ug/kg 

~ 0.09 for sand 
S ~ • 0.166 AtDAF~ 20 SSL ~ 14,444 Ug/kg 

2) Calc.. avg. air-filled soil porosity 

n=6w + e. 
Sa ~ 0.184 

3) Calc.. Kd 

K" ~ K"., • foc 
K,,~ 3610.8 

4) Calc.. SSL (~il) 

SSL ( .. ill = 0.722177 
in uglkg ~ 722.177 

g:\navy\cto-C29\SSL model\sitc spc-cific trials. xIs 

I 

3119/99 
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