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NAVY RESPONSE TO USEPA COMMENTS (DATED APRIL 2, 2013) AND PREQB 
COMMENTS (DATED MARCH 15, 2013) ON THE 

REVISED FINAL MtBE INVESTIGATION REPORT AOC F - SITE 1738  
DATED JANUARY 4, 2013 

 
The following comments were generated based on review of the Revised Final MtBE 
Investigation Report AOC F - Site 1738, dated January 4, 2013.  USEPA and PREQB comments 
are provided in italics and the Navy response is provided in regular print.   
 
USEPA COMMENTS 
 
USEPA GENERAL COMMENTS 
 
USEPA Comment 1:  The conceptual model presented for the site does not appear to be fully 
developed.  The nature of the saturated zone is not adequately described (see Specific Comments 
No. 1 and No. 2) and potential preferential migration pathways have not been fully identified 
based on the hydraulic conductivity zones mapped for the site (see Specific Comment No. 3).  The 
full extent of the MtBE plume may not have been fully assessed as a result of limiting the data 
used to develop plume depictions and improperly depicting concentration measured in 
groundwater (see Specific Comments No. 4, No. 5, and No. 6).  The conceptual model developed 
for the site, including the migration of the petroleum release from the former USTs, the migration 
of the nonaqueous phase liquids (NAPLs) in the subsurface, the partitioning of specific 
contaminants from the residual source material, and the fate and transport of the plume, does not 
appear appropriate and/or complete (see Specific Comments No. 7, No. 8, No. 9, No. 10, No. 11, 
and No. 12).  The conceptual model should be expanded to fully address the concerns identified 
in the specific comments.      
 
Navy Response:  The concerns regarding the conceptual site model (CSM) and Navy responses 
can be summarized as follows: 
 
Identification of preferential pathways 

• A discussion regarding a preferential pathway in the vicinity of 1738MW01 was added to 
Sections 5.2.2 – Hydrogeology and 6.5.3 - Hydrogeology (Navy response to USEPA 
Comment 3). 

 
Saturated zone description 

• The description of saturated zones versus unsaturated zones was clarified in Sections 
5.2.2 and 6.5.3 (Navy responses to USEPA Comments 1 and 2). 

 
MtBE extent figures 

• Concerns regarding the lack of MtBE contamination delineation appear to result from 
two issues; 1) An incorrect color concentration scale was used on Figure 6-8, and, 2) 
inadequate rationale description for the figures.  Section 6.3 and Figures 6-7 and 6-8 have 
been revised to address these issues (Navy responses to USEPA Comments 4, 5, 6 and 7). 

 
Migration of NAPL 

• The text in Section 6.5.4 will be revised to provide additional information on NAPL 
migration, including a comment on the specific gravity.  The cross sections (Figures 5-2 
through 5-6) will also be revised to show the groundwater table and potentiometric 
surface (Navy responses to USEPA Comment 8). 
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Partitioning of contaminants from source material 
• Changes in wording in Section 6.5.4 and depiction of the water table on cross sections 

(Figures 5-2 through 5-6) should aid in clarification (Navy responses to USEPA 
Comments 8 and 9).   

 
Fate and transport of the plume 

• It is acknowledged that biodegradation is an important natural attenuation factor.  The 
text in Section 6.5.4 will be revised to de-emphasize sorption.  Regarding MtBE plume 
stability, the position that the MtBE plume is not migrating was taken for the sake of the 
conceptual site model.  There is low confidence in either conclusion; the plume is 
migrating, or the plume is not migrating.  Continued monitoring is required, and the 
conclusion will be changed if the data suggests that the plume is migrating (Navy 
responses to USEPA Comments 10, 11 and 12). 

 
Detailed and more complete responses can be found after each comment.   
 
USEPA SPECIFIC COMMENTS 
 
Section 5.2, Hydrogeology, pages 5-2 through 5-4 
 
USEPA Comment 1:  The description of site hydrogeology indicates that "during drilling 
groundwater was encountered in various lithologies described above, and in relatively thin, 
discontinuous zones."  The text further indicates "the degree of saturation appears to vary, from a 
trace amount of moisture on particle surfaces to flowing water, and that these zones were 
observed to be separated by relatively dry matrix."  This language implies that a series of 
perched water tables were encountered during drilling.  However, the more likely explanation is 
that a series of strata were penetrated during drilling that exhibited differing degrees of 
permeability, with low permeability strata yielding little water and appearing dry, while higher 
permeability material appeared wet or yield flowing water.  Under such condition, the entire 
soil/rock matrix remains saturated but only the more permeable strata appear wet or yield 
flowing groundwater.   Please reexamine the above statements and modify as appropriate the 
description of saturated subsurface material encounter below the local water table.  The 
reference to water yielding zones throughout the text should be similarly modified. 
 
 Navy Response:  It is agreed that the observation of relatively dry zones and relatively wet 
zones is related to permeability and yield, not saturation.  However, groundwater occurrence was 
observed within one or two stratum (Saprolite or Residuum), rather than a series of multiple strata 
with differing degrees of permeability.  There are examples where the grain size/permeability 
varied within the Saprolite and the occurrence of water was coincident with these more permeable 
zones (e.g., 1738MW13 at 22- to 28-feet bgs).  However, this is the exception since the residuum 
and saprolite are fairly uniform in grain size, but exhibited marked differences in yields (e.g., 
1738MW07B below 20-feet bgs).  The last sentence of the first paragraph of Section 5.2.2 will be 
revised to read, “During drilling, groundwater was encountered in the saprolite (upgradient area) 
and in the residuum and saprolite (downgradient area) in relatively thin, discontinuous zones.”   
 
A new paragraph also will be added to Section 5.2.2, as follows: “Groundwater flow in the fine-
grained residuum and saprolite appears to be behaving like non-porous media (e.g., bedrock).  
The degree of groundwater yield observed during drilling varied greatly; from a trace amount of 
moisture on particle surfaces, to flowing water.  In a bedrock aquifer, the matrix is saturated 
below the groundwater table, but groundwater yield is predominantly from fractures.  Likewise, 
the residuum and saprolite are saturated below the first encountered groundwater; however, there 
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are a few thin water producing zones (possibly associated with weathered zones and fractures) 
separated by a relatively damp matrix.” 
 
USEPA Comment 2:  The text (page 5-3) states "at this site, confined conditions are likely 
controlled by the degree of fracture interconnectivity and the connection with the atmosphere."  It 
is recommended that this statement be reworded to state that "degree of facture interconnectivity 
and the connection with the water table (unconfined aquifer) and the overlying unsaturated 
zone."   
  
Navy Response:  That referenced phrase will be removed and replaced with a new paragraph that 
will read as follows: “The groundwater appears to be confined.  Gauged water levels in all the 
newly installed monitoring wells (shallow and deep) are higher than when groundwater was first 
encountered during drilling for these wells.  A similar trend is apparent for the existing 
monitoring wells.  Groundwater within the weathered and fractured zones appears to be under a 
pressure greater than atmospheric pressure.”   
 
USEPA Comment 3:  The distributions of hydraulic conductivity in the shallow and deep zone 
are modeled in Figures 5-11 and 5-12.  Figure 5-11 indicates that an area of significantly higher 
hydraulic conductivity exists in the vicinity of monitoring well 1738MW01 and 1738MW01B.  
Although not well defined, this area potential extends to the north and/or northeast from 
1738MW01.  The hydraulic conductivity in the deeper zone in this area is not modeled in Figure 
5-12 and does not appear to have been determined.  However, this area of higher permeability 
should be acknowledged in the text and identified as a potential preferential migration pathway 
for MtBE in groundwater from the source area.   
 
 Navy Response:  The hydraulic conductivity distribution pattern suggests that there is a 
preferential pathway between wells 1738MW13 and 1738MW01and potentially northward.  
Whether or not the higher hydraulic conductivity values are connected and form a corridor is not 
clear from the data, but it is agreed that this potential pathway exists and will be identified it in 
the text in Sections 5.2.2 and 6.5.3.   
 
This area of higher hydraulic conductivity may have influenced the shape of the MtBE plume.  
The plume shown in Figure 6-8 is broad in the vicinity of wells 1738MW10 and 173MW16, and 
is across the predominant hydraulic gradient.  This eastward spread of the MtBE plume could be 
related to this potential preferential pathway.   
 
Section 6.3, Groundwater, page 6-5 
 
 USEPA Comment 4:  The distributions of benzene and MtBE are mapped on Figures 6-7 and 6-
8, respectively.  However, the date of analytical data used to construct these maps is not 
identified in the text or on the figures.  It appears that the data displayed is from the 2012 
sampling program.  However, the figures do not appear to display all of the 2012 data.  For 
example, the 5,600 ug/l of MtBE observed in the sample taken from 1738MW01B on August 18, 
2012 is not displayed on Figure 6-8.  The text indicates that the data displayed has been limited 
to those locations where three or more samples exceed the PREQB Target Levels.  This 
constraint would appear to limit the use of the 2012 analytical data in depicting the benzene and 
MtBE plumes, since three samples are generally not available for all of the wells installed in 
2012.  The depiction of the plume based on such limited data potentially distorts the 
configuration of the plume revealed by the recent 2012 sampling data.  Please provide figures 
that depict the horizontal distribution of benzene and MtBE based on all 2012 data. 
  
Navy Response:  The distributions of contaminants shown on Figures 6-7 and 6-8 were mapped 
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using the 2012 analytical data.  The intent of these figures was to show the horizontal extent of 
contamination in groundwater.  Therefore, these plan view figures show data from wells screened 
at similar elevations.  Wells 1738MW02R and 1738MW03 appear to represent groundwater at the 
source zone. So, the planview map was created using the elevation represented by these two wells 
and depicts the horizontal migration from the source zone.  In addition, the elevation selection of 
these wells is similar to the 2010 well network and the MtBE plume representation.  This zone 
will become the intermediate aquifer zone.  Additional planview maps will be added depicting 
two other screened intervals.  This will include a shallow zone (generally including the “A” series 
wells) and a deep zone (generally including the “B” series wells and 1738MW05L).  Section 6.3 
will be revised to include this information.  It should be noted that Figure 6-11 depicts the vertical 
distribution of MtBE along the groundwater flow path through the Site.   
 
The discussion in Section 6.3 regarding limiting contaminant mapping to three or more samples 
exceed the PREQB Target Levels is true; however, it does not reflect what was evaluated versus 
what was presented.  The third paragraph in Section 6.3 will be revised to read, “Depictions 
include benzene and MtBE.  Toluene, ethylbenzene, xylenes, TPH GRO, and TPH DRO were 
mapped for evaluation, but not presented.  The concentrations are mostly below PREQB Target 
Levels, and the distributions are within the footprint of benzene plume footprint.”   
 
USEPA Comment 5:  The concentration of MtBE in Figure 6-8 has been portrayed using 
differing colors to indicate differing ranges of MtBE concentrations.  However, based on the 
legend provided in the figure, the colors do not always match the numerical values placed next to 
the individual well locations.  For example, the MtBE concentration shown at 1738MW15 is 160 
ug/l, while the color band is green which represents a range between 500 and 1000 ug/l.  
Similarly, the MtBE concentration shown at 1738MW11 is 6,900 ug/l, while the color band is 
yellow, which represents a range between 1000 and 5000 ug/l.  Please correct Figure 6-8 so that 
the color banding corresponds to the concentration measured in the monitoring wells.  Similarly, 
review other figures included in the report to ensure that proper color banding has been used. 
 
Navy Response:  The wrong color scale was used on Figures 6-7 and 6-8.  These figures have 
been revised with the correct color scale. 
 
USEPA Comment 6:  The estimated horizontal extent of MtBE in groundwater based on the 
September 2010 data is provided in Figure 6-9 for the purpose of the comparison with the 
depiction of the MtBE plume depicted in Figure 6-8.  Comparison of the MtBE plumes depicted in 
these two figures indicates that the plumes are significantly different in the two figures.  The 
1,000 ug/l plume in Figure 6-9 extends significantly more to the northeast than depicted in Figure 
6-8.  This difference appears to be based on a significantly reduced MtBE concentration observed 
in 1738MW01 than was observed in 2012, as well as the failure to depict the concentration of 
MtBE observed in 1738MW01B during the 2012 sampling round.  To ensure that the full extent 
and nature of the MtBE plume is displayed, a figure depicting the MtBE plume using the 
maximum concentration of MTBE observed overtime in each monitoring well should be 
presented.  
 
Navy Response:  Figures depicting three aquifer zones will be created; a shallow zone (“A” 
series wells), an intermediate zone (wells without a letter suffix), and a deep zone (“B” series 
wells and 1738MW05L).  Figures 6-8B (refer to Navy Response to USEPA Comment 4) and 
Figure 6-9 represent the distribution of MtBE in the intermediate zone from 2010 and 2012.  The 
plume renderings from 2010 and 2012 are comparable in that they both represent the intermediate 
aquifer zone; however, the 2012 data set has more data points.  This alters the depictions.  More 
than the decrease of MtBE at well 1738MW01, the addition of well 1738MW02R significantly 
changes the rendering of the MtBE plume.  Based on the 2012 data, it is apparent that MtBE is 
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migrating more northward (along a path represented by wells 1738MW03, 1738MW02R, and 
1738MW05R).  The MtBE detection at well 1738MW01B is depicted on Figure 6-8C along with 
other deeper aquifer wells.   
 
For a clearer comparison of the 2010 and 2012 data distributions, Figure 6-9 will be revised to 
include a superimposed 2012 MtBE color-scale plume over the 2010 MtBE line plume using the 
same contour intervals. 
 
Section 6.5.4, Groundwater, pages 6-11 through 6-13 
 
USEPA Comment 7:  The text in this section repeatedly indicates that gasoline has mostly 
dissociated into individual components.  It is unclear what is meant by the term dissociate in this 
context.  As indicated by the distribution of TPH GRO and BTEX depicted in Figures 6-1 and 6-2, 
the foot print of the TPH GRO and BTEX are very similar and do not appear to have become 
distinctively different.  It is likely that BTEX and MtBE slowly partition into groundwater from 
the residual gasoline in this area.  While the BTEX appears to be readily degraded, MtBE 
continues to migrate with only limited degradation.  If this is the process that is implied by the 
term "dissociate," it is recommended that the text be modified to more clearly reflect this process.  
Otherwise, please explain more clearly what is meant by disassociate in this context.   
 
Navy Response:   BTEX and MtBE have significantly partitioned from the gasoline into soil and 
groundwater, leaving low levels of “weathered” gasoline behind.  The data indicate that the 
distribution of TPH GRO and BTEX appear to be very similar; however, the TPH GRO 
concentrations in soil and groundwater are low compared with constituents such as BTEX and 
MtBE.  This idea will be explained in Section 6.5.4 and the term “partition” will be used rather 
than “disassociate”.   
 
USEPA Comment 8:  In the discussion of migration pathways, the AOC F Report indicates that 
the migration of gasoline after its release from the USTs follows the principles of NAPL 
migration.  However, the discussion of NAPL does not indicate whether the releases were likely 
to be light nonaqueous phase or dense nonaqueous phase liquid (LNAPL of DNAPL).  It is 
assumed that the releases were LNAPL and followed the pathways typical of such releases.  In 
such cases, the release likely migrated vertically to the water table where it tends to float and 
spread on top of the water table.  If the release were of sufficient volume, the LNAPL may have 
mounded on the water table and depressed the water table before the mound was able to 
dissipate laterally.  As the LNAPL lens dissipates, residual LNAPL is left behind and provides a 
continuing source of contaminants for release to groundwater.   This is why LNAPL source areas 
are generally found at and just below the water table surface.  However, at Site 1738 residual 
LNAPL has been detected at depths significantly below the water table.  This potentially suggests 
very large releases of gasoline and/or some other mechanism for the migration of LNAPL below 
the water table.  No explanation for the depth at which residual LNAPL has been found has been 
offered in the discussion.  The text should be revised to more clearly explain the migration of 
LNAPL from the release area into the subsurface and to provide an explanation for the relative 
depth at which LNAPL residual continues to be found.    
 
Navy Response:  The specific gravity of gasoline ranges from approximately 0.7 kg/L to nearly 
0.8 kg/L depending on the literature source, so the NAPL at Site 1738 is light.  LNAPL will 
migrate downward and laterally through the vadose zone by gravity and fluid pressure, often 
following a tortuous path controlled by the pore space pressures.  This vertical migration will end 
when pore pressures meet or exceed NAPL fluid pressure, which is often near the water table.  
The “pancake” model of LNAPL floating as a homogeneous mass on the water table is not 
accurate.  LNAPL tends to be heterogeneously distributed in the subsurface.  The Interstate 
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Technology and Regulatory Counsel (ITRC) defines the distribution as the vertical equilibrium 
model (ITRC, 2012).  Free-phase and residual-phase LNAPL can be present below the water 
table for a number of reasons.  As mentioned in USEPA Comment 8, LNAPL can temporarily 
depress the water table.  The water table will recover and can trap NAPL mass below the water 
table.  Free-phase and residual-phase LNAPL can also be present below the water table due to a 
low water table at the time of the release.  When the water table recovers, NAPL mass can be 
trapped in confined aquifers or fractures, or leave a residual-phase smear. 
 
Note that the residual-phase NAPL is mainly above the groundwater table.  The cross sections 
show the potentiometric water table based on gauged static water levels.  Due to confining 
conditions, the physical occurrence of groundwater is actually deeper.  For example, at well 
1738MW02R the gauged static water level was 104.30 feet above MSL on 6/29/2012; however, 
water was first observed at about 91 feet above MSL during drilling on June 16, 2012.  The 
residual NAPL mass is located at about 93 feet above MSL to 107 feet above MSL, which is 
above the first observed occurrence of water at this location.   
 
The text in Section 6.5.4 will be revised to specify that the product release was a light NAPL and 
more clearly explain LNAPL migration.  The cross sections (Figure 5-2 through 5-6) will be 
revised to show first encountered water and gauged water levels.   
 
References cited in Navy Response to USEPA Comment 8: 
 
Interstate Technology and Regulatory Counsel, April 2012. Light, Nonaqueous-Phase Liquids: 
Science, Management, and Technology, 2-Day Classroom Training manual. 
 
USEPA Comment 9:  The discussion on the partitioning of NAPL constituents into the water 
phase presented in the third paragraph on page 6-12 implies that the majority of the partitioning 
of LNAPL constituents into subsurface water occurs in the vadose zone.   While it is likely that 
some LNAPL constituents partitioned into the water phase in the vadose zone shortly after the 
release or from LNAPL currently trapped at the water table, the recently obtained soil data 
appear to indicate that most of the contaminant partitioning into groundwater is derived from 
LNAPL residual located well below the water table.  The discussion of the contaminant 
partitioning into groundwater should be expanded to include this more likely scenario. 
 
Navy Response:  Figures 5-2 through 5-6 will be revised to include groundwater elevation 
gauging of the monitoring wells and first encountered groundwater during drilling.  Since 
groundwater appears to be confined, the groundwater elevations based on well measurements are 
higher than the physical occurrence.  These revised figures will show that the NAPL mass is 
above the physical occurrence of groundwater.  Thus, a majority of the partitioning is in the 
vadose zone.   
 
USEPA Comment 10:  The text (last two paragraphs on page 6-12) indicates that the Navy 
believes that groundwater contamination is not migrating at Site 1738.  While acknowledging 
that MtBE concentrations are increasing downgradient of the source area, the Navy references 
the stability of the contaminant concentrations in the source area to support this contention.  
However, stable concentrations in the source area only indicate that the partitioning of 
contaminants from the residual source material into groundwater has reached a steady state.  
The source continues to feed the plume, which will continue to grow until the natural attenuation 
processes are sufficient to stop the migration of the leading edge of the plume into downgradient 
areas.  At this point, the downgradient data trends appear to indicate the contrary, and it does 
not appear possible to conclude that the MtBE plume is not continuing to expand.  The 
conclusions should be modified accordingly.  
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Navy Response:  The Navy agrees that the MtBE plume appears to be expanding; however, that 
is based on only two observations.  Additional monitoring is necessary to assess concentration 
trends with any confidence.  This hypothesis will be tested with continued groundwater 
monitoring and will be revised as necessary. (See Navy Response to PREQB Comment 19.) 
 
USEPA Comment 11:  The third bullet on page 6-13 indicates that "MtBE preferentially 
partitions to water compared with BTEX.  Thus, MtBE may be present in groundwater at higher 
concentrations."  While the basis for preferential partitioning of MtBE into groundwater has not 
been provided, the higher concentrations of MtBE relative to BTEX in the plume, particularly in 
the downgradient portions of the plume is likely due to greater potential for BTEX to degrade, 
even in anaerobic environment, than MtBE.  The high concentrations of MtBE observed in the 
subsurface are almost certainly due to the persistence in the environment of MtBE relative to 
BTEX.  This bullet should be expanded to more fully account for the greater concentrations of 
MtBE observed in the plume. 
 
Navy Response:  “MtBE preferentially partitions to water compared with BTEX” does not refer 
to the rate of dissolution from gasoline, but rather the distribution of the MtBE and BTEX in the 
environment.  This statement is based on properties of MtBE versus BTEX constituents (e.g., 
solubility, octanol-water partition coefficient, and distribution coefficient).  It is acknowledged 
that degradation of BTEX constituents is a factor, and will be included in the bullet item and 
conceptual site model summary.   
 
USEPA Comment 12:  The text (last paragraph on page 6-13) appears to be attributing the large 
extent of the MtBE plume relative to the BTEX plume to the greater retardation (adsorption) of 
BTEX.  However, BTEX is readily degraded in the environment, even in anaerobic environments, 
while MtBE is not easily degraded and is generally persistent in the environment.  This is 
evidenced by the fact that it is very unusual to observe extended plumes of BTEX (particularly 
benzene) because these compounds are so readily degraded.  The text should be revised to 
provide a more complete explanation for the relative size of the BTEX and MtBE plumes 
observed in groundwater at Site 1738. 
 
Navy Response:  The introductory sentences of the referenced paragraph will be revised to read, 
“Natural attenuation processes affect the fate and transport of contaminants such as BTEX and 
MtBE.  These natural attenuation processes conventionally include advection, mechanical 
dispersion, diffusion, sorption, biodegradation, infiltration, and volatilization.”  Two examples of 
natural attenuation processes (sorption and biodegradation) will be used to explain why the MtBE 
plume appears larger in groundwater compared with benzene.   
 
Section 7.1, Conclusions, page 7-1 
 
USEPA Comment 13:  While the conclusions acknowledge that MtBE concentrations in 
groundwater are not well determined vertically as compared to downgradient portions of the 
plume, the failure to characterize groundwater quality downgradient (to the northeast) of 
monitoring wells 1738MW01 and 1738MW01B has not been acknowledged (see Specific 
Comment No. 3).  The conclusions should be revised to include this data gap. 
 
Navy Response:  The potential preferential pathway has been addressed in the Navy Response to 
USEPA Comment 3, and will be incorporated into the text (including the CSM).  The concern 
regarding the exclusion of elevated MtBE data from well 1738MW01B in terms of a data gap has 
been addressed in Navy Response to USEPA Comment 4.   
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Section 7.2, Conceptual Site Model Conclusions, pages 7-1 through 7-3 
 
USEPA Comment 14:  The conclusions regarding the conceptual site model should be revised to 
fully address the numerous concerns regarding the conceptual model identified in the previous 
comments (see General Comment No. 1). 
 
Navy Response:  Refer to the Navy Response to USEPA Comment 1. 
 
Section 7.3, Recommendations, pages 7-3 through 7-4 
 
USEPA Comment 15:  The installation of additional deep wells in or near the source area has 
been recommended.  Depths of 60 and 100 feet have been recommended.  Since the deepest 
monitoring well in this area is only screened at a depth of 40 feet, the 60 and 100 foot proposed 
depths appear excessive and do not allow for the careful delineation of the vertical distribution of 
contaminant beneath the area of the release.  A more discrete sampling approach should be 
adopted for the vertical delineation of the groundwater plume beneath and immediately 
downgradient of the apparent area of residual LNAPL.  
 
 Navy Response:  Various depth intervals were considered.  There are no commercially available 
field analytical kits for MtBE.  Thus, real-time decisions regarding well depths are not possible at 
this time.  Quick-turn analysis is not a good option because of the logistical challenges in the field 
resulting from 1 to 2 day delay in obtaining results.  Given large migration potential of MtBE, 
conservative well separation depths were used.   
 
• The proposed wells near 1738MW01 and 1738MW01B are to be approximately 40 feet 

deeper than 1738MW01B.  Well 1738MW01B is approximately 30 feet deeper than 
1738MW01, and exhibits a higher MtBE concentration. So, a similar separation plus a 10-
foot cushion was considered (40 feet; hence the proposed 100-foot depth).   
 

• For the nested wells placed near wells 1738MW02R and 1738MW03, the 60 and 100 foot 
proposed depths would have similar separation depths as above, and also be at similar 
depths.   

 
• The proposed deeper well at 1738MW05L is approximately 100 feet deep (approximately 60 

feet deeper).  This depth could be adjusted.  Using the concentration gradient between 
1738MW05R and 1738MW05L, linear extrapolation can be used to estimate a depth where 
a concentration at the USEPA RSL would be expected.  That depth is approximately 16 feet.  
Adding a 10-foot cushion, the target depth of the proposed deeper well would be 
approximately 65 feet.  The recommendations will be revised to indicate of approximately 
65 feet for the deep monitoring well to be installed near 1738MW05L 

 
USEPA Comment 16:  Long-term groundwater monitoring has been recommended for Site 1738.  
While the long-term monitoring of MW1738MW07, 1738MW08, and 1738MW09 has been 
recommended, the remaining wells in these clusters, which were only recently installed in 2012, 
have not been identified for long-term monitoring.  All of the monitoring wells included in the 
downgradient monitoring locations should be included in the long-term monitoring program.    
 
Navy Response:  PREQB Comment 29 identified additional wells to be included in the long-
term monitoring program.  The list was reviewed, and will include the following: 
 

• 1738MW02R 
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• 1738MW03 
• 1738MW05R 
• 1738MW05L 
• 1738MW06 
• 1738MW07 and 1738MW07A 
• 1738MW08 and 1738MW08B 
• 1738MW09 and 1738MW09B 
• 1738MW16 
• Any additionally installed deep wells 

 
 
PREQB COMMENTS 
 
PREQB GENERAL COMMENTS 
 
PREQB Comment 1: Slug Tests.  The following concerns related to slug tests have been 
identified that could potentially impact the estimates of hydraulic conductivity based upon a 
review of AQTESOLV™ data plots provided in Appendix A: 
 

• There are several instances in which the well penetration depth is greater than the 
saturated thickness and appears to correspond to the depth below ground surface instead 
of the depth that the well extends into the aquifer, which is the correct reference. See 
plots for MW01, MW02, and MW-12 for tests completed in 20120 and MW01B, MW02R, 
MW07A/B, MW08A/B, MW09A/B, MW13, and MW15 for tests completed in 2012. 

 
Navy Response:  The penetration depths will be corrected to correspond to the depth that the 
well extends into the aquifer.  The slug test results output (Appendix A) and Tables 5-2 and 6-7 
will also be revised.  
 

• For several wells, the static water column is less than the screen length (e.g., wells 
MW03, MW05, MW12, and MWI5.   In cases where the static water column is less than 
the actual length of the screen, the screen length (Le) and static water column  depth or 
depth that the well penetrates the aquifer (Lw) need to be identical. 

 
Navy Response:  In instances where the static water column is less than the screen length, the 
static water column will be set to equal to the screen length.  The slug test results output 
(Appendix A) and Tables 5-2 and 6-7 will also be revised.  
 

• Based upon static water level elevations at the time of slug testing and well construction 
data, there are certain instances where falling head tests appear to have been performed 
in wells with partially submerged screens (e.g., MW03 during September 2010 and 
MW07A and MW15 during August 2012).   Falling head tests performed on wells with 
partially submerged screens will not provide reliable measurements of hydraulic 
conductivity. 

 
Navy Response:  In instances where the well screens were partially submerged, the falling head 
tests will not be evaluated.  The slug test results output (Appendix A) and Tables 5-2 and 6-7 will 
also be revised.  
 

• On the falling head test for monitoring well MW01 (September 2012 - Hvorslev Method), 
a double straight-line effect is apparent in the data. Instead of analyzing the second slope 
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of the line reflecting recharge from the aquifer, the tail end of the data was evaluated to 
estimate hydraulic conductivity which has in all likelihood resulted in an underestimate 
of hydraulic conductivity for this test.  Please reanalyze the data for that portion of the 
data between the initial slope at the beginning of the test and the tail end of the curve.  It 
is expected that the results will be more closely aligned with the results for the other two 
tests completed for this well during 2012.   

 
Navy Response:  The falling head test response data from well MW01 showed underdamped 
conditions (undulating curve).  Running the solution for that condition, a hydraulic conductivity 
of approximately 19 feet/day was estimated.  This is compared to approximately 8 feet/day for the 
rising head test (which did not show underdamped conditions).  Running the solution as indicated 
in the comment above, a hydraulic conductivity of approximately 8 feet/day was estimated.  This 
correlates well with the rising head test. Therefore, this solution will be used.  The slug test 
results output (Appendix A) and Tables 5-2 and 6-7 will also be revised.  
 

• Two different saturated thicknesses were assigned to the tests performed during 
September 2010 at monitoring well MW01: 18 feet was assigned for falling head tests 
and 30 feet was assigned for the rising head test.  Please provide the rationale for the 
differences in saturated thickness. 

 
Navy Response:  The use of 30 feet for the rising head test was in error.  The saturation thickness 
of 18 feet will be used for the rising head test and rerun.  The slug test results output (Appendix 
A) and Tables 5-2 and 6-7 will be revised.  
 

• Two different anisotropy ratios were used in the analysis of data for MW01.  An 
anisotropy ratio of 1 was used for the analyses using the Hvorslev Method and an 
anisotropy ratio of 0.1905 was used for the Butler-Zhan Solution.  Please discuss how the 
differences in anisotropy impact the estimates of hydraulic conductivity by the two 
methods. 

 
Navy Response:  The Butler-Zhan Solution and results will be deleted since the falling head test 
using the Hvorslev Method correlated better with the rising head test results.  An anisotropy ratio 
of 1.0 is used for all tests.   
   

• Water columns thicknesses depicted on several of the plots for tests performed during 
2010 do not appear to be comparable with static water levels provided in the  field  notes  
and  well  construction  data  presented  in  Table  4.4.  As one example, the total depth of 
monitoring well MW05 is 13.43 feet. The static water level at the time of the slug test was 
4.55 feet yielding a static water column of 8.9 feet.  The static water column and 
saturated thickness reported on the slug test plots for this well was only 3 feet which 
likely impacts the estimate of hydraulic conductivity. 

 
Navy Response:  Static water levels were checked, and the data from the same source will be 
used (the data from the 9/22/2010 synoptic gauging event).  The slug test results output 
(Appendix A) and Tables 5-2 and 6-7 will be revised.  As a note, the differing water levels have 
little impact on the hydraulic conductivity estimate.  Using 1738MW05 as an example, from the 
slug test date, the static water column of 8.9 feet yields a hydraulic conductivity estimate of 0.5 
feet/day.  From the 9/22/2010 synoptic gauging data, the static water column of 8.7 feet yields the 
same average hydraulic conductivity estimate of about 0.5 feet/day. Using a static water column 
of 100 feet, also yields the same average hydraulic conductivity estimate of about 0.5 feet/day.   
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Based upon the discrepancies identified above, please re-evaluate the slug test data for 2010 and 
2012 and recalculate the estimates of hydraulic conductivity.  The results of the re-evaluation 
may impact discussions of hydraulic conductivity and contaminant fate and transport in other 
parts of the report. 
 
Navy Response:  The discussions of hydraulic conductivity and contaminant fate and transport 
will be updated based on the re-evaluation of the slug test data.   
 
PREQB Comment 2:  An important benchmark for evaluating changes in a plume over time and 
effectiveness of a remedy are the mass of contaminant in a source zone and mass flux.  The data 
to evaluate these parameters and establish baseline conditions exists with the current data set.   
Please perform the calculations to establish baseline conditions for these parameters and include 
as part of the revised MtBE Investigation Report. 
 
Navy Response:  Baseline mass discharge will be calculated using the Transects based on 
Isocontours as presented in Use and Measurement of Mass Flux and Mass Discharge (ITRC, 
2010).  Section 6.5.4 will be revised accordingly. 
 
References cited in Navy Response to PREQB Comment 2: 
 
Interstate Technology and Regulatory Counsel, August 2010. Use and Measurement of Mass Flux 
and Mass Discharge, ITRC Integrated DNAPL Site Strategy Team, Washington, DC. 
 
 
PREQB PAGE-SPECIFIC COMMENTS 
 
PREQB Comment 1:  Page  2-1,  Section  2.2,  3rd  Sentence:     This  sentence  states   "These   
USTs   were reportedly removed in 1996. " Please con firm that the USTs were removed and if so, 
please remove the word "reportedly". 
 
Navy Response to PREQB Comment 1:  According to the Blasland, Bouck & Lee, Inc. (BBL) 
Site Characterization report in 1999, the Navy removed the USTs in 1996. The word “reportedly” 
will be removed.   
 
PREQB Comment 2:   Page 2-2, Section 2.3, Paragraph 1, Last Sentence:   According to this 
sentence, the SCR stated that the effectiveness of remedial options such as soil vapor extraction 
and bioremediation would be limited by low permeability soil encountered at the Site. Please note 
that when re-evaluating corrective measures as proposed in the document, the ability to deliver 
amendments in low permeability formations to enhance bioremediation  or  chemical  oxidation  
has  been  improved  through  use  of  tools available from Wavefront Technology (e.g., Prima 
Wave, sidewinder). 
 
Navy Response to PREQB Comment 2:  The Navy recognizes that the BBL report was written 
in 1999 and technology has changed in the past 14 years.  Corrective measures for the Site will 
initially be screened using the ITRC guidance entitled, “Evaluating LNAPL Remedial 
Technologies for Achieving Project Goals” (ITRC, 2009).  This guidance screens site and 
contaminant characteristics, and evaluates nine factors of 17 different and proven general 
remedial technologies to select an appropriate corrective measure. 
 
References cited in Navy Response to PREQB Comment 2: 
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Interstate Technology and Regulatory Counsel, December 2009. Evaluating LNAPL Remedial 
Technologies for Achieving Project Goals, ITRC LNAPL Team, Washington, DC. 
 
PREQB Comment 3:  Page 2-2, Section 2.3, Paragraph 2, 4th Sentence:   According to this 
sentence, "In Year 6 (May 2008) of the program, MtBE was added to the analytical suite due to 
the concern of gasoline additives in the environment."  Please note that during the years that Site 
1738 was operated as a gasoline station (i.e., since the late 1950s), certain regulated compounds 
have been used as gasoline additives (e.g., 1 ,2-dichloroethene and ethylene dibromide were used 
as anti-knock additives for leaded gasoline prior to the 1980s).  Given that the gasoline station 
was operated when these additives were used and since site data demonstrates that gasoline was 
released at the site, at least one round of groundwater samples from site monitoring wells needs 
to be analyzed for these two compounds as well as lead to assess whether these constituents are 
also present in groundwater.  In addition while specific remedial technologies have not yet been 
specified for evaluation at the site, if natural attenuation is a technology that Baker intends to 
evaluate for groundwater outside the NAPL source zone, it could be helpful for at least one future 
monitoring event to include analysis for tertiary butyl alcohol, a breakdown product of MtBE, 
and other electron acceptors/hydrocarbon degradation products e.g., methane and carbon 
dioxide). 
 
Navy Response to PREQB Comment 3:  Under the MNA program, groundwater samples were 
analyzed for the Appendix IX VOC list that included 1,2-dichloroethene and ethylene dibromide 
(aka 1,2-dibromoethane). Neither compound was detected in groundwater. Lead was analyzed 
for, but not detected or detected only at trace levels in groundwater samples collected during the 
Site Characterization; lead analysis was not included in the MNA program. These three 
compounds are not contaminants of concern; however, 1,2-dichloroethene and ethylene 
dibromide will be continued to be monitored for under the MNA program since they are included 
in the Appendix IX VOC list.  Lead will be sampled for and analyzed in one event to verify that 
is not a contaminant of concern at Site 1738.  The Navy concurs that at least one future 
groundwater sampling event should include tertiary butyl alcohol, lead, and natural attenuation 
parameters (including carbon dioxide, methane, nitrate, ferrous iron, and sulfate).  The 
recommendations in Section 7.3 will be revised to include these additional parameters. 
 
PREQB Comment 4:  Page 2-3, Section 2.3, Last Paragraph, Last Sentence:   According to this 
sentence, "This anaerobic condition tends to limit natural microbial bacteria from naturally 
degrading MtBE (Youngster, 2009)."     Please note that significant biodegradation of MtBE has 
been documented under anaerobic conditions by numerous authors (Wilson, et. al., 2000; Hansen 
et. al., 2003). 
 
Navy Response to PREQB Comment 4:  The Navy concurs.  The last two sentences in the last 
paragraph of Section 2.3 will be deleted.   
 
PREQB Comment 5:  Page 4-1, Section 4.0: 
 

a. Item#1:  This item states that five soil borings were installed in the vicinity of the former 
pump island during the 2010 investigation.  However, the last bullet on page 1-1 
indicates that samples were collected from seven soil borings during the investigation, 
and Figure 4-1 shows six soil borings installed during the September 2010 investigation.  
Please clarify the text and figure as appropriate. Note that this comment also impacts 
the third sentence of Section 4.1 .2. 
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Navy Response to PREQB Comment 5a: Five soil borings were installed in the vicinity of the 
former pump island in 2010.  The last bullet item on Page 1-1 and Figure 4-1 will be changed to 
show five soil borings.  
 

b. Next to Last Bullet at Bottom of Page:  According to this bullet, seven borings (identified 
with SB in the sample ID) were installed in the upper portion of the Site during the 
June/August 2012 investigation.  However, Figure 4-1 shows only six soil borings as 
being installed during 2012.  Please add a note to Figure 4-1 to indicate that an 
additional boring was drilled at SB l 04 during 2012. 

 
Navy Response to PREQB Comment 5b: Boring location 1738SB104A is incorrectly identified 
as a 2010 location (blue font). This will be changed to identify it as a 2012 location (pink font). 
 

PREQB Comment 6:  Page 4-4, Section 4.1.3: 
 

a. According to the field notes, the shallow subsurface soil sample from 1738SB108 on 
8/15/12 could not be collected for BTEX/MtBE and GRO with the Terracore due to the 
gravel nature of the matrix.  Please include this Work Plan deviation in this section of 
the report. 

 
Navy Response to PREQB Comment 6a: This Work Plan deviation will be included in Section 
4.1.3. 
 

b. Please include an explanation in this sect ion as to why samples 1 738SB108-13, 
1738SB109-10, 1738SB I 09-12, 1738SB110-08, 1738SB 110-10, and 1738SB110-12 
were not submitted for TPH-DRO analysis, as per the Work Plan. 

 
Navy Response to PREQB Comment 6b: Borings 1738SB108, 1738SB109, and 1738SB110 
were placed primarily to delineate observed residual-phase NAPL. The evidence collected up to 
that point suggested that the residual-phase NAPL was related to gasoline rather than diesel fuel. 
Thus, the Site Manager decided to focus the analysis on TPH GRO and BTEX/MtBE.  That 
decision proved reasonable since detections of TPH DRO are generally low, even in the residual-
phase NAPL area.  Section 4.1.3 will be revised accordingly.  
 
PREQB Comment 7:  Page 4-7, Section 4.2.1, 2nd Bullet at the Top of Page.   This bullet and a 
similar bullet on page 4-8 indicate that stabilization criterion for oxidation reduction potential is 
I 0 percent; however, low flow field forms indicate that the stabilization criterion for oxidation 
reduction potential is ± 10 millivolts.  As appropriate, please revise the text. 
 

 
Navy Response to PREQB Comment 7:  The text will be revised to reflect a stabilization 
criterion of +/- 10 millivolts. 
 
PREQB Comment 8: Page 4-7, Section 4.2.2, First Sentence: 
 

a. According to this sentence, fifteen monitoring wells were installed at seven locations; 
however, 10 locations are listed.  One of the locations is repeated (1738MW15- the 
first reference should be 1738MWI4) and MW15 through MW16 are preceded by 1739 
instead of 1738. Please revise accordingly.  
 

Navy Response to PREQB Comment 8a: The first sentence in Section 4.2.2 will be revised to 
read, “Fifteen monitoring wells were installed at ten locations (1738MW01, 1738MW02R, 
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1738MW07, 1738MW08, 1738MW09, 1738MW13, 1738MW14, 1738MW15, 1738MW16, and 
1738MW17)…” 

 
b. According to the field notes, the groundwater sample from 1738MW01A in August 2012 

went dry.  Please include this Work Plan deviation in this section of the report. 
 
Navy Response to PREQB Comment 8b:  Section 4.2.2 will be revised to discuss the 
referenced Work Plan deviation.  
 
PREQB Comment 9:  Page 4-10, Section 4.4, Paragraph 1:  This paragraph states that when 
analyzing the slug test data, the saturated thickness was set equal to the screen length for each 
well. However, an examination of the slug test plots indicates that in all cases, the screen 
length and saturated thicknesses arc not the same.    Please clarify and revise the 
text/analysis as appropriate. 
 
Navy Response to PREQB Comment 9:  The saturated thickness was set to equal the static 
water column height.  The 5th paragraph in Section 4.4 will be revised.  Also see Navy Response 
to PREQB General Comment 1 for specific slug test analysis corrections.   
 
PREQB Comment 10: Page 4-10, Section 4.4, Last Paragraph: This paragraph indicates that 
the Bouwer and Rice confined solution was used at several wells to determine if the K results 
were significantly different from those calculated using the Hvorslev Method.  Given the 
discrepancies identified in General Comment 1, it is not clear if the comparison remains 
valid.   Pending re-evaluation of the data to resolve the issues identified in General Comment 
1, re-analysis of the results for selected wells using the Bouwer and Rice Method may be 
warranted for comparison with estimates obtained by the Hvorslev and Butler-Zhan Methods. 
 
Navy Response to PREQB Comment 10:  Re-analysis was done using the Hvorslev method to 
address PREQB General Comment 1.  Internal analysis and comparison of Bouwer and Rice 
Method versus Hvorslev and confined versus unconfined was performed. There was no 
significant difference between the methods or assumptions, so the results of the Hvorslev method 
will be presented in the report.  Section 4.4 will be revised. 
 
PREQB Comment 11: Page 5-2, Section 5.2.1, Fourth Paragraph, First Sentence.   Please 
indicate if the residuum is continuous or discontinuous and discuss its implication on vertical 
migration of contaminants of potential concern. 
 
Navy Response to PREQB Comment 11:  The residuum is discontinuous in the upgradient 
portion of the Site.  The discontinuous nature of the residuum appears to have no impact on 
vertical migration.  There were little observable difference in the grain size of the residuum and 
underlying Saprolite.  The residual-NAPL body appears to be mainly below the residuum where 
present (Figure 5-2 and Figure 5-3). The capillary forces and water pressure in the Saprolite 
below the potentiometric surface are likely the primary factors on vertical migration.   
 
PREQB Comment 12: Page 5-3,  Section  5.2.2,  2nd  Full Paragraph, Third  Sentence:    
According  to  this sentence, well  screen  midpoints  were  used  as  the  di stances  for the  
purpose of calculating vertical hydraulic gradients.  This is appropriate for well screens that 
are fully submerged within the groundwater table but is not appropriate for calculating 
vertical gradients between a well couplet where one of the wells is screened across the 
phreatic surface.   I n  these instances, the vertical hydraulic gradient needs to be based upon 
the distance from the phreatic surface to the midpoint of the well screen that is fully 
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submerged within the aquifer.   Please revise the text accordingly and calculations in Table 5-
l if appropriate. 
 
Navy Response to PREQB Comment 12:  A comparison of the elevation of the top of well 
screens and static groundwater elevations is presented below: 
 

  Elevation Static Groundwater Elevation 

Well ID 
Top of 
Screen 22-Sep-10 2-Nov-10 29-Jun-12 26-Aug-12 

1738MW01A 105.4 -- -- 104.9 104.4 

1738MW01 109.1 108.1 107.6 104.7 104.3 

1738MW01B 72.2 -- -- 104.8 104.3 

1738MW05 106 107.7 106.7 104.1 103.6 

1738MW05R 95.1 107.6 106.6 104.0 103.5 

1738MW05L 79.5 107.6 106.6 104.0 103.6 

1738MW07A 92.6 -- -- 103.8 103.3 

1738MW07 102.1 107.3 106.3 103.8 103.5 

1738MW07B 77.5 -- -- 103.7 103.6 

1738MW08 93.1 106.2 105.2 102.9 102.8 

1738MW08A 100.9 -- -- 102.8 102.7 

1738MW08B 84.9 -- -- 102.9 102.8 

1738MW09A 93.2 -- -- 101.7 102.9 

1738MW09 101.2 107.0 106.1 103.4 100.2 

1738MW09B 76.1 -- -- 103.7 103.3 
 
As shown in the table above, there are only a few instances in which the phreatic surface is within 
the well screen interval (cells are highlighted red).  The vertical hydraulic gradients will be 
recalculated using the phreatic surface rather than the screen midpoint for these wells and 
presented on Table 5-1.   
 
PREQB Comment 13: Page  6-1 ,  Section  6.0:     Please  screen  all  analytical  soil  data  
using  soil-to- groundwater screening   criteria   to   evaluate   the   potential for residua soil 
contamination to be a continuing source of groundwater impacts.   Please add the 
dilution/attenuation factor (DAF) 1 soils screening level (SSL) values listed in the current 
Regional Screening Level (RSL) table or site-specific DAF SSL values, with supporting 
calculations for the DAF. 
 
Navy Response to PREQB Comment 13:  The continuing impact of residual soil contamination 
on groundwater is evident.  BTEX compounds and MtBE were detected in soil and groundwater.  
There is also a correlation in the location of the residual soil contamination and the groundwater 
plume.  Screening all the analytical soil data with the SSLs would not benefit the conceptual site 
model or aid in corrective measures evaluation.  Therefore, SSLs will not be used.  
 
PREQB Comment 14: Page 6-1, Section 6-1:  Ecological screening criteria including a 
hierarchy of references are presented in this section and in Table 6-1 for surface soil and 
groundwater.  The source used to select each ecological screening value needs to be identified 
on Table 6-1.   Currently, it is unclear how the ecological soil screening values for benzene, 
ethylbenzene, toluene and total xylenes were determined. Assuming these soil screening values 
were derived from the MHSPE reference, please present the target and intervention values 
for each of these constituents as well as the values calculated based on the assumed organic 
carbon content of 2 percent.  Intervention values based on environmental health versus 
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human health need to be specifically identified. In addition, please justify the rational for using 
the arithmetic  mean  rather  than  the  geometric  mean  (as  is  typically  done in 
calculating a Maximum Acceptable Toxicant Concentration from NOAEL and LOAEL TRVs). 
 
Navy Response to PREQB Comment 14:  Soil screening values for benzene, ethylbenzene, and 
toluene were calculated using Ministry of Housing, Spatial Planning and Environment (MHSPE, 
2000) target and intervention values.  Target values and intervention values published by MHSPE 
for these three VOCs are based on a standard soil with ten percent organic carbon.  These values 
are listed within the embedded table below. 
 

Chemical 
Target Value 

(µg/kg) 
Intervention Value 

(µg/kg) 
Benzene 10 1,000 
Ethylbenzene 30 50,000 
Toluene 10 130,000 

 
Target and intervention values for organic chemicals can be adjusted to account for the organic 
carbon content of soil (the organic carbon adjustment range is 2 percent to 30 percent).  As a 
measure of conservatism, the target and intervention values used to derive the soil screening 
values for benzene, ethylbenzene, and toluene were adjusted to reflect an assumed organic carbon 
content of two percent (minimum value within the adjustment range) using the following 
correction formula (MHSPE, 2000): 
 

(Targetsa/Interventionsa) =  (Targetss/Interventionss) x (% organic matter/10) 
 
where: 
 
Targetsa/Interventionsa = Target value or intervention value for the soil to be assessed (µg/kg) 
Targetss/Interventionss = Target value or intervention value for standard soil (µg/kg) 
 
Using the formula above and an assumed organic carbon content of two percent, adjusted target 
and intervention values for benzene, ethylbenzene, and toluene are as follows: 
 

Chemical 
Target Value 

(µg/kg) 
Intervention Value 

(µg/kg) 
Benzene 2.0 200 
Ethylbenzene 6.0 10,000 
Toluene 2.0 26,000 

 
 
The soil screening values listed in Table 6-1 were then derived by taking the average of these 
target and intervention values.  MHSPE (2000) does not indicate the specific basis for the 
intervention values.  However, the following is stated: 
 

“The ultimate intervention values for soil and sediment are based on an integration of the 
human and ecotoxicological effects.  In principle the most critical effects are definitive.”  

 
Information provided by Lijzen et al. (2001) indicate that the intervention values for benzene and 
ethylbenzene are human health-based values, while the intervention value for toluene is an 
ecological-based value.  With regard to total xylenes, the soil screening value listed in Table 6-1 
for this VOC is a USEPA Region 5 ecological screening level (ESL) based on exposure to plants.  
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USEPA Region 5 ESLs were inadvertently excluded from the hierarchy of references identified 
within Section 6.1.1.  
 
The text within Section 6.1.1 will be revised to include the information presented above.  Table 
6.1.1 will also be revised to include footnotes that identify the source of the ecological-based soil 
and groundwater screening values.  
 
The arithmetic mean of the target and intervention values were used as soil screening values in 
this investigation as this method of soil screening value development has previously been 
acceptable to the EPA and PREQB for ecological risk assessments (ERAs) conducted at SWMUs 
14, 56, 59, 69, 74, and 79. 
 
References cited in Navy Response to PREQB Page-Specific Comment 14: 
 
Lijzen, J.P.A., A. J. Baars, P. F. Otte, M. G. J. Rikken, F. A. Swartjes, E. M. J. Verbruggen, and 
A. P. van Wezel. 2001. Technical Evaluation of the Intervention of Values for Soil/Sediment and 
Groundwater - Human and Ecotoxicological Risk Assessment and Derivation of Risk Limits for 
Soil, Aquatic Sediment and Groundwater. RIVM Report 711701 023. 
 
Ministry of Housing, Spatial Planning and Environment (MHSPE). 2000. Intervention Values.  
Directorate-General for Environmental Protection, Department of Soil Protection, The Hague, 
Netherlands. 
 
PREQB Comment 15: Page 6-1, Section 6.1.1, First Paragraph:  Please update the Regional 
Screening Level table values to the current version, which is November 2012.    Note also that 
this section does not include a human health risk assessment, rather a preliminary screening 
has been conducted.  Please revise the text accordingly. 
 
Navy Response to PREQB Comment 15:  The November 2012 RSLs were used. Please refer to 
the Table foot notes. The text will be revised to indicate that November 2012 RSLs were used.  
The reference to the Human Health Risk Assessment (HHRA) will be deleted.   

 
PREQB Comment 16: Page 6-2, Section 6.1.2 and Table 6-1:  Please add a discussion of the 
human health groundwater screening criteria presented on Table 6-1.  Please ensure that the 
current RSL table is consulted for tapwater screening criteria.  Also, please note that Puerto 
Rico Water Quality Standards are an Applicable, Relevant and Appropriate Requirement 
(ARAR) for this site, and the lower of the PRWQS or MCL applies. Please revise this section 
and Table 6-l accordingly. 
 
Navy Response to PREQB Comment 16:  Section 6.1.2 will be revised to include the following 
paragraph: 
 

“The risk-based, human health screening values used in the comparison to the groundwater 
analytical data were tap water Regional Screening levels (RSLs) (USEPA, 2012), Maximum 
Contaminant Levels (MCLs) (USEPA, 2009a), and Puerto Rico Water Quality Standards 
(PRWQS) for groundwater (i.e., Class SG) contained within the Puerto Rico Water Quality 
Standards Regulation (PRWQSR) (PREQB, 2010).  When MCL and Class SG PRWQS were 
available for a given chemical, the more conservative value was selected.” 

 
Based on consideration given to Class SG PRWQS, the groundwater screening value listed under 
the sixth column within Table 6-1 for ethylbenzene will be revised from 700 µg/L (MCL) to 530 
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µg/L (PRWQS).  Tables 6-4a and 6-4b will also be revised to reflect an MCL/PRWQS value of 
530 ug/L.  Finally, detected ethylbenzene concentrations greater than 530 µg/L will be discussed 
where appropriate within the document. 
 
References cited in Navy Response to PREQB Page-Specific Comment 16: 
 
Puerto Rico Environmental Quality Board (PREQB). 2010. Puerto Rico Water Quality Standards 
Regulation. Regulation No. 7837. March 31, 2010.  
 
USEPA. 2012. Regional Screening Levels Table. http://epa-prgs.ornl.gov/cgi-
bin/chemicals/csl_search. November 2012. 
 
USEPA. 2009a. Drinking Water Regulations and Health Advisories. Office of Water.  
Washington, D.C. http://www.epa.gov/safewater/contaminants/index.html#mcls. May 2009. 
 
PREQB Comment 17: Page 6-5, Section 6.2, Paragraph 1, Last Sentence:  According to this 
sentence "No constituents in surface soil exceeded PREQB Target Levels." Please also state 
that no constituents exceeded the human health and ecological screening criteria as well. 
 
Navy Response to PREQB Comment 17:  The last sentence in Paragraph 1 of Section 6.2, will 
be revised to read, “No constituents exceeded PREQB Target Levels or human health and 
ecological screening criteria.” 
 
PREQB Comment 18: Page 6-5, Section 6-2: 
 

a. Paragraph 4, 4th Sentence:  According to this sentence, TPH DRO exceeded the 
PREQB Target Level in only one soil sample below 16 feet (i.e., 1738MW02R-10).  
However,  TPH  DRO  also  exceeded  the  Target  Level  in  soil  boring1738SB 111-
08 at a depth of 17 to 18 feet bgs. Please revise the text accordingly. Please note that 
this change also impacts the 7th sentence of this paragraph. 

 
Navy Response to PREQB Comment 18a:  This referenced sentence will be revised to read, 
“…only two samples (210 mg/kg at 1738MW02R-10 and 170 mg/kg at 1738SB111-08).” The 
“7th sentence” referenced in this comment will be revised to read, “The distribution of TPH DRO 
mimics that of TPH GRO; however, it was not mapped since there were only two detections 
above the PREQB Target Level.”   
 

b. Paragraph 5: The text states that TPH-GRO exceeded the PREQB Target Level in only 
one sample below 20 feet bgs (1738MW13-12). However, the PREQB Target Level was 
also exceeded for TPH-GRO in samples 1738SB107-11 and 1738SB110-10, both of 
which were below 20 feet bgs.  Please revise the text accordingly. 

 
Navy Response to PREQB Comment 18b:  The discussion of TPH GRO exceedences above the 
PREQB Target Level is actually based on a depth of 22-feet bgs.  The text and figures will be 
revised to indicate a 22-foot depth (e.g., “16- to 22-feet bgs” or “below 22-feet bgs”).  
 

c. Paragraph 5: The text states that BTEX exceeded 5000 ug/kg in only one sample below 
20 feet bgs (1738MW 13-12).  However, 5000ug/kg was also exceeded for BTEX in 
samples 1738SBI07-11, 1738SB110-10, and 1738SB111-11, all of which were below 20 
feet bgs. Please revise the text accordingly. 
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Navy Response to PREQB Comment 18c:  The discussion of BTEX exceedences above 5,000 
mg/kg is actually based on a depth of 22-feet bgs.  The text and figures will be revised to indicate 
a 22-foot depth (e.g., “16- to 22-feet bgs” or “below 22-feet bgs”). 
 
PREQB Comment 19:  Page 6-6, Last Paragraph, 3rd Sentence:  According to this sentence, 
concentrations of MtBE have increased in wells 1737MW07 through 1737MW09 compared with 
September 2010.  The increasing concentrations at these wells would suggest an expanding 
plume.  Please reconcile this statement with a later statement made in the last paragraph on page 
6-12 which states " ...based upon professional judgment, the groundwater contamination is not 
migrating."   Also, please identify the wells as1738MW07 through 1 738MW09, instead of 
1737MW07 through 1 737MW09. 
 

 
Navy Response to PREQB Comment 19:  The navy agrees that the MtBE plume appears to be 
expanding: however, that is based on only two observations.  Additional monitoring is necessary 
to assess concentration trends with any confidence.   
Also see Navy Response to USEPA Comment 10.  
 
PREQB Comment 20:  Page 6-6, Section 6.3: 
 

a. Paragraph 1: Change the sentence which refers to Table 6-3 for detected results in 
groundwater to Table 6-4. 

 
Navy Response to PREQB Comment 20a:  That 4th sentence in the 1st paragraph of Section 6.3 
is redundant and will be deleted.  Subsequent sentences reference Tables 6-4a and 6-4b. 
 

b. Paragraph 2: The text states that TPH-GRO was well below the PREQB Target Level in 
all groundwater samples.  However, TPH-GRO was detected at 40 ug/L in sample 
1738MW03-12C, which is just slightly below the PREQB Target Level of 50 ug/L. Please 
revise the text accordingly. 
 

Navy Response to PREQB Comment 20b:  The word “well” will be deleted from the 3rd 
sentence in the 2nd paragraph of Section 6.3 
 

c. Paragraph 4: Correct all sample identifications to represent 1738 instead of 1737. 
 
Navy Response to PREQB Comment 20b:  Sample ID prefixes will be changed to “1738.” A 
global check will be performed to assure that all prefixes read “1738.” 
 

d. Paragraph 4: The text discusses increases in concentrations of MTBE from 2010 to 
2012 for select wells but is missing 1738MW05 which increased from 5100 ug/L in 
2010 to 6700 ug/L in 2012.  Please revise the text accordingly. 

 

 
Navy Response to PREQB Comment 20b:  The context of the above-referenced paragraph is 
MtBE plume delineation and the mention of increasing concentrations in downgradient wells is 
supporting that argument.  It is acknowledged that the MtBE concentration in well 1738MW05 
has increased between 2010 and 2012; however, 1738MW05 is not located on the edge of the 
plume and is therefore not germane to the argument. 
 
PREQB Comment 21:  Page 6-7, Section 6.4.1, Last Paragraph, 3rd Sentence:  According to this 
sentence, no TPH GRO was detected in the seven trip blanks collected during 2012.   
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However according to Table 6-5b, trip blanks collected during 2012 were not analyzed for TPH 
GRO or DRO.  Please clarify.  Also the last sentence of this paragraph suggests that other 
than toluene, no constituents were detected i n the rinsate blanks analyzed during 2012.  
According to Table 6-5b, however, TPH DRO was present in every equipment rinsate sample.  
These detections, their impact on data, and any qualifying actions to the data as a result of 
these detections need to be discussed in this section. 
 
Navy Response to PREQB Comment 21:  Trip blanks were analyzed for TPH-GRO, but not 
TPH-DRO.  Table 6-5b will be revised to indicate this.  TPH-DRO was detected in every 
equipment rinsate and field blank sample analyzed during 2012.  Based on USEPA Region II 
blank contamination guidance, this resulted in 31 samples being qualified as “U” for TPH-DRO.  
The data validation reports, Appendix B Table and Table 6-3b have been revised to indicate this.  
Sentences will be added to the end of the last paragraph in Section 6.4.1 of the text that will read, 
“In addition, TPH DRO was detected at low levels in all equipment rinsate and field blank 
samples.  The detections were generally one or two orders of magnitude lower than detections in 
soil samples.” 
 
In addition, the last paragraph of Section 6.4.2 has been revised as follows: 
 
For the June/August 2012 Investigation, there were only minor QA/QC variances.  For example, 
in SDG 680-80447-3, samples 1738MW09B-03 and 1738MW09B-03D exhibited a noncompliant 
Relative Percent Difference (RPD) and concentrations were estimated “J”.  All equipment rinsate 
and field blank samples had detections of TPH-DRO.  Based on USEPA Region II blank 
contamination guidance, 31 samples were qualified as “U” at the reported concentration.  Since 
no data was qualified as “rejected” for the Site 1738 MtBE 2012 Investigation, the completeness 
goal of 90 to 95% for each parameter was met with 100% completeness and a 97.5% 
completeness for the 2010 and 2012 combined data. 
 
 PREQB Comment 22:  Page 6-10, Site Geology, Paragraph 4: According to this paragraph, 
groundwater was encountered in thin discontinuous zones.    However, discontinuous zones of 
groundwater would not explain the widespread distribution of MtBE in groundwater and is 
inconsistent with groundwater equipotential contours that indicate groundwater flow behavior 
for equivalent porous media.   Please reconcile or clarify the interpretation of groundwater 
being present in discontinuous zones with contaminant distribution and equipotential contours 
indicating flow consistent with a porous (or equivalent porous) media. 
 
Navy Response to PREQB Comment 22:  See Navy Response to USEPA Comment 1.   
 
PREQB Comment 23:  Page 6-12, Last Paragraph, First Sentence:  According to this sentence, 
it is not clear if the plume, particularly MtBE is migrating.  With additional monitoring events, 
it would be possible to evaluate the stability and potential expansion of the plume using 
statistical analysis (e.g., Mann Kendall test for trend).   Please include this type of analysis 
as part of the ongoing monitoring program at the site to evaluate plume stability. 
 
Navy Response to PREQB Comment 23:  Section 7.3 will be revised to include the following 
recommendation: “A groundwater concentration trend analysis should be performed after several 
rounds of groundwater sampling (e.g., two years of quarterly monitoring).  An examination of the 
concentration trends in downgradient wells (1738MW07, 1738MW08, 1738MW09) may provide 
evidence of plume stability.  Seasonal trends will need to be evaluated.  If no seasonal effects are 
evident, the Mann-Kendall trend analysis will be used to detect a trend.  If seasonal effects are 
evident, the Seasonal-Kendall trend analysis can be used to detect a trend.”    
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PREQB Comment 24:  Page 7-1, Section 7.l Conclusions 
 

a. Paragraph 1: Please include "define the vertical extent of MTBE in groundwater" as one 
of the primary objectives of this investigation. 

 
Navy Response to PREQB Comment 24a:  A bullet item will be added to the primary 
objectives that will read, “Define the vertical extent of MtBE in groundwater.” 
 

b. Paragraph 4: 
 

a. Please add 1738MW01B to the list of wells with MTBE concentrations above the 
PREQB Target Level that require further vertical delineation. 

 
Navy Response to PREQB Comment 24b1:  Well 1738MW01B will be added to the list of 
wells with MTBE concentrations above the PREQB Target Level in the 4th paragraph of Section 
7.1.   

 
b. Please  note  that  the  MtBE contamination  has also  not  been delineated 

laterally  in the area  of  l738MW16  or  vertically at wells 1738MW07B, 
1738MW08B, or 1738MW09B as concentrations of MtBE in these wells also 
exceeded the PREQB Target Level. 

 
Navy Response to PREQB Comment 24b2: An additional deep well will be proposed below 
1738MW08B to provide vertical delineation along Cross Section E-E’, which parallels the 
primary groundwater flow direction.  Additional vertical delineation wells will be warranted 
below 1738MW07B and 1738MW09B, and lateral delineation well(s) north and east of 
1738MW16 if continued groundwater monitoring shows elevated MtBE concentrations.  Bullet 
items 1 and 2 of Section 7.3 will be revised.   
 

 
PREQB Comment 25:  Page 7-3, Section 7.2, Item j of conceptual site model:  Please add 
"residual gasoline will continue to act as a source of BTEX and MtBE impact to groundwater 
until this source is removed through active remediation or these compounds are depleted from 
residual LNAPL through weathering and other processes." 
 
Navy Response to PREQB Comment 25: Item 5j of the conceptual site model will read, 
“Residual gasoline constituents will continue to act as a source of BTEX and MtBE impact to 
groundwater until this source is removed through active remediation or these compounds are 
depleted from residual LNAPL through weathering and other processes.” 
 
PREQB Comment 26:  Page 7-3, Section 7.3, Recommendations: 
 

a. According to the 20 l 0 Work Plan, groundwater monitoring wells l738MW07, 
1738MW08 and 1738MW09 were installed to determine if contamination has migrated 
farther horizontally.   Based on the results from these wells, it appears that the lateral 
extent of contamination has not been delineated, as also indicated in Paragraph 4 of 
Section 7.1.  Please clarify why further lateral delineation is not included in this section. 
 

Navy Response to PREQB Comment 26a: Based on the 2010 analytical results, horizontal 
delineation was achieved.  The 2012 groundwater analytical data indicated screening criteria 
exceedences at wells 1738MW07, 1738MW08, and 1738MW09.  Two data points are insufficient 
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to define a concentration trend.  Therefore, additional sampling will be recommended followed 
by trend analysis.  At that point, consideration will be given to additional wells for horizontal 
delineation. Also see Navy Response to PREQB Comment 24b2. 

 
b. Paragraph 2:  This   paragraph   presents   two possible remediation NAPL remediation 

strategies: NAPL mass reduction to decrease NAPL saturation, which will reduce mass 
(not necessarily concentrations) in soil and NAPL composition reduction to reduce 
concentrations of the fuel constituents impacting groundwater. Unless   significant   
reductions in NAPL mass can be achieved, elevated concentrations will persist in 
groundwater.   LNAPL composition reduction if focused on constituents impacting 
groundwater would have the greatest impact on improving groundwater quality, thus 
PREQB believes that the NAPL remediation strategy needs to include the reduction of 
concentrations of volatile contaminants in NAPL in addition to mass reduction to 
achieve soil and groundwater cleanup criteria. 

 
Navy Response to PREQB Comment 26b: There are some nuances between NAPL mass 
reduction and NAPL composition reduction.  Selection of the 17 common and appropriate NAPL 
remedial technologies (ITRC, 2009) is predicated on selecting a NAPL mass or NAPL 
composition reduction strategy.  Based on the comment above, a NAPL composition reduction 
appears to be the preferred strategy.  Focusing on selectively reducing the mass of BTEX 
constituents and MtBE will have the greatest impact on improving groundwater quality by 
reducing BTEX and MtBE concentrations in soil.  Thus, soil and groundwater cleanup of BTEX 
constituents and MtBE will be achieved; however, residual TPH DRO and GRO soil 
contamination may remain.  A treatment train that includes subsequent TPH DRO and GRO can 
be implemented; however, because TPH DRO and GRO contamination was observed to be 
relatively limited and are generally less toxic, the remnant soil contamination may not pose a risk.   
 

References cited in Navy Response to PREQB Comment 26b: 
 

Interstate Technology and Regulatory Counsel, December 2009. Evaluating LNAPL Remedial 
Technologies for Achieving Project Goals, ITRC LNAPL Team, Washington, DC. 

 
PREQB Comment 27:  Page 7-3, Section 7.3, Recommendations:  Additional borings are 
proposed north of 1738SB107 to better delineate the source zone. Note that there is limited 
information to the east and west of 1738SB107.   Two additional borings need to be 
completed approximately 50 feet to the east and west of 1738SB107 and sampled to delineate 
the source zone.  To the extent practicable, the borings need to be completed to a depth 
sufficient to delineate the vertical extent of impact to PREQB Target Levels. 
 
Navy Response to PREQB Comment 27: It is agreed that east and west boring locations will 
assist with delineation. While there is data to provide gross east/west delineation (e.g., 
1738MW15 and 1738MW01B), additional borings will refine that delineation.  The 3rd paragraph 
of Section 7.3 will be revised to read, “A limited soil sampling program is recommended.  
Additional soil borings (a maximum of ten) should be placed north of boring 1738SB107 in the 
downgradient area, and also to the east and west of boring 1738SB107 in the upgradient area to 
more fully delineate the soil source zone.”  The spacing suggested above will be considered in the 
planning process.  
 
PREQB Comment 28:  Page 7-3, Section 7.3, Item #1: Several deep wells are proposed to 
delineate the vertical extent of impact at  the site however no additional  wells are proposed 
to define  the  lateral  extent  of  impact  downgradient  of  the  Site.  Based upon a comparison 
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of MtBE concentrations versus distance along a flowpath extending from well 1738MW02R 
through 1738MW08B, the extent of MtBE impact above the 20 ug/L PREQB Target Level likely 
extends much further to the north than indicated on Figure 6-8.  In order to delineate the lateral 
extent of impacts, please install and sample an additional well couplets north of well 1738MW08 
and northeast of well 1738MW16.  Data from these wells can be used to verify that the plume is 
not expanding, a key piece of data to support MNA. 
 
Navy Response to PREQB Comment 28: Additional lateral delineation north of well clusters 
1738MW07, 1738MW08, and 1738MW09, as well as north and east of 1738MW16 will be 
warranted if continued groundwater monitoring shows elevated and increasing MtBE 
concentrations.  If continued groundwater monitoring shows low or occasionally elevated MtBE 
concentrations, then the wells are at the approximate leading edge of the MtBE plume. A 
contingency will be added indicating that additional wells will be required for lateral delineation 
if continued groundwater monitoring shows consistently elevated MtBE concentrations.  Bullet 
item 1 will be revised.  
  
PREQB Comment 29:  Page  7-4,  Section  7.3,  Item  #2:       PREQB  agrees  that  long-term  
groundwater monitoring needs to resume at the site until full scale remediation is initiated 
and a performance monitoring program is developed for full scale remediation.  Please include 
additional monitoring wells and parameters in the monitoring program as follows: 
 

a. Please  include  the  following  wells  in  the  long-term  monitoring  program  in 
addition to   those   proposed  in the   report; 1738MW06, 1738MW07A, 1738MW08B, 
1738MW09B, 1738MW12, 1738MW16 and any new wells.  Well 1738MW12 provides 
a background monitoring location.  Monitoring wells 1738MW06 and1738MW16 will 
provide data to verify the lateral stability of the plume.  Wells 1738MW07A, 
1738MW08B, and 1738MW09B contained the highest concentrations of MtBE at the 
downgradient portion of the plume.  Data from these wells will provide insight 
regarding plume stability. 

 
Navy Response to PREQB Comment 29a: The Navy agrees to the additional wells, with the 
exception of 1738MW12. The objective is to delineate to screening criteria and assess plume 
stability.  The addition of background data does not support this objective.  
 

b. In  addition   to  the  current   suite  of  analytical  parameters, at  least  one  round  
of groundwater monitoring needs to include  the following parameters to verify  
that other  regulated  gasoline additives used during the period  that gasoline was 
stored at the site have not impacted  groundwater and that biodegradation of 
dissolved contaminants  is  occurring:  ethylene dibromide, 1 ,2 dichloroethane, 
tert butyl alcohol,  carbon dioxide, methane,  nitrate, ferrous iron, and sulfate. 

 
Navy Response to PREQB Comment 29b: The VOC analysis already includes ethylene 
dibromide, and 1 ,2 dichloroethane.  Additional analysis will include tert butyl alcohol, carbon 
dioxide, methane, nitrate, ferrous iron, and sulfate.  Section 7.3 will be revised accordingly 
 
 
PREQB COMMENTS ON TABLES 
 
PREQB Comment 1:   Table 4-1: 

a. According to the field   notes, soil   samples   at   1738MW11 were   collected   on 
9/12/10. However, this table and the chain-of-custody in Appendix A show 9/13/10.  
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Please clarify and revise, as needed. 
 

Navy Response to PREQB Comment 1a: The field notes from Robert Roselius indicate 
mobilization on 9/12/10 and 1738MW11 sampling on 9/13/10.  9/13/10 is correct and Table 4-1 
will be revised. 
 

b. According to the boring log, a surface soil sample, shallow subsurface soil sample 
and subsurface soil samples were collected on 6/13/12 at 1738MW01A, not 
1738MW01B, as indicated on this table.  Please clarify and revise, as needed. 

 
Navy Response to PREQB Comment 1b: Soil samples were collected during 1738MW01B 
borehole advancement on 6/13/2012 (and submitted to the laboratory on 6/18/2012); however, 
due to the presence of coarse gravel and hard bedrock, the well could not be installed.  An air 
rotary rig was brought on Site on 6/20/2013 to complete well installation.  Due to collapsing 
borehole conditions at 1738MW01B on 6/20/13, it was decided to install the shallow well at that 
location, which was named 1738MW01A.  A footnote will be added to the logs for 1738MW01A 
that will read, “This borehole was originally for well 1738MW01B, but due to collapsing 
formation this shallow well was installed.” It should be noted that figures show the data in the 
correct spatial location. 
 

c. 738SB104-10 collected  on 6/27/12: 
1. Please change the identification on this table to 1738SB104A, as per the Figures.  
2. According to the field notes, this sample was collected for SPLP BTEX/MtBE but 

the associated results and chain-of-custody do not indicate this.  Please 
clarify. 

 
Navy Response to PREQB Comment 1c1: This Site ID will be changed to 1738SB104A; 
however, the sample ID will not be changed. That would affect the reporting tables, the appendix 
tables, as well as laboratory and data validator designations.   
 
Navy Response to PREQB Comment 1c2: SPLP analysis was not part of the scope of work for 
Site 1738.  The PM asked the field crew to collect some samples to provide some information for 
petroleum-contaminated sites at NAPR in general.  The PM later decided not to submit the 
samples. 
 

d. It appears that the duplicate for the surface soil sample collected from 1738MW16 
needs to be assigned to sample ID 1738MW16-00D instead of 1738MW16-00 as 
shown in the table. 

 
Navy Response to PREQB Comment 1d: The “Duplicate” comment was moved to be 
associated with 1738MW16-00D. 
 

e. 1738M W17-10: Please revise the depth to 20-21 ft bgs, as per the boring log. 
 
Navy Response to PREQB Comment 1e: The correct depth is 19-20.2 feet bgs.  The boring log 
will be corrected. 

 
PREQB Comment 2:   Table 4-2: 
 

a. Please define TCLP, GRO, and RCI in the notes. 
 

Navy Response to PREQB Comment 2a: The notes will be revised. 
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b. Per the field notes, 1738ER04 and   1738ER05 are also representative of the bladder 

pump.   Please revise accordingly. 
 

Navy Response to PREQB Comment 2b: The comments will be revised to include the bladder 
pump. 
 
PREQB Comment 3:  Table 5-2 and Table 6-7:  Please revise as appropriate based upon 
General Comment 1. 
 
Navy Response to PREQB Comment 3: Tables 5-2 and 6-8 [formerly Table 6-7] will be revised 
based on changes made in response to PREQB General Comment 1.  The revisions will affect 17 
separate test resuls on Table 5-2 (and will also affect the average K value and Figures 5-11 and 5-
12).  With the inclusion of a new table, Table 6-7 will become Table 6-8.  All the K values on 
Table 6-8 will be changed based on the slug test reanalysis, and will change the velocity 
calculation.   
 
PREQB Comment 4:   Table 4-4:  The screened interval for 1738MW09 should be 12-24 feet 
bgs according to the 9/16/10 field notes in Appendix A.  Please revise accordingly. 
 
Navy Response to PREQB Comment 4: The screen lengths used were 10 feet. The boring log 
for 1738MW09 shows a ten foot screen (14-24 feet bgs). Table 4-4 is correct; the field notes 
appear to be incorrect. 
 
PREQB Comment 5:   Table 6-1: An ecological groundwater screening value needs to be 
presented for MTBE.  The chronic LOAEL for saltwater listed in the Screening Quick 
Reference Tables (SQuiRTs) from   Buchman (2008) adjusted by a safety factor of 5 is 
specifically referenced as a screening value source in the text of the report (page 6-4).  Based on 
the saltwater LOAEL for MBTE (5,000 ug/L) and the safety factor an ecological-based 
screening value of 1,000 ug/L should be selected for MTBE.  Please add this value to Table 6-1 
and discuss monitoring wells where samples exceeded this screening threshold where 
appropriate in the document. 
 
Navy Response to PREQB Comment 4: The Navy agrees that a groundwater screening value 
for MtBE can be identified from literature sources.  However, the Navy believes that a more 
appropriate screening value is available from the literature than the value recommended within 
PREQB Comment 5 above.  Mancini et al (2002), developed marine-based criteria (Criteria 
maximum Concentration [CMC] and Criteria Continuous Concentration [CCC]) for MTBE using 
established EPA guidance (Stephan et al., 1985).  The Navy recommends that the CCC value 
from this study (18,050 µg/L) be used as the groundwater screening value for MtBE.  It is noted 
that the EPA cites the CMC and CCC values developed and reported by Mancini et al. (2002) in a 
fact sheet entitled Aquatic Life Criteria for MTBE – Methyl Tertiary Butyl Ether (available at 
http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/mtbe/index.cfm).   
 
Table 6-1 will be revised to include the CCC value from Mancini et al. (2002) as the groundwater 
screening value for MtBE.  The text within Section 6.1.2 will also be revised to include literature-
based criteria established using EPA guidance within hierarchy of references used to identify 
groundwater screening values.  Finally, detected concentrations exceeding the CCC value will be 
highlighted within Tables 6-4a and 6-4b and discussed where appropriate within the document. 
 
References cited in Navy Response to PREQB Page-Specific Comment 14: 
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Mancini, E.R., A. Steen, G.A. Rausiina, D.C.L. Wong, W.R. Arnold, F.E. Gostomski, T. Davies, 
J.R. Hockett, W.A. Stubblefield, K.R. Drottar, T.A. Springer, and P. Errico. 2002. MTBE 
Ambient Water Quality Criteria Development: A Public/Private Partnership. Environ. Sci. 
Technol. 36:125-129. 
 
Stephen, C.E., D.I. Mount, D.J. Hansen, J.H. Gentile, G.A. Chapman and W.A. Brungs. 1985. 
Guidelines for Deriving Numerical National Water Quality Criteria for the Protection of Aquatic 
Organisms and Their Uses. PB85-227049. National Technical Information Service, Springfield, 
VA. 
 
PREQB Comment 6:   Table 6-3b: 
 

a. Please add the results of total BTEX for sample 1738MW09B-03. 
 
Navy Response to PREQB Comment 6a: The BTEX results (1.3 U) will be added. 
 

b. 1738MW17-10: Please revise the depth to 20-21 ft bgs, as per the boring log. 
 

Navy Response to PREQB Comment 6b: See Navy Response to PREQB Table comment 1e; 
the correct depth interval is 19.0 to 20.2 ft bgs. 
 

c. 1738SB104-10 collected on 6/27/2012: Please change the identification on this table to 
1738SB104A, as per the figures. 

 
Navy Response to PREQB Comment 6c: See Navy Response to PREQB Comment 1c1; 
although the location identifier has been revised, the sample identifier will not be changed to 
maintain consistency with the chain of custody forms laboratory analytical data and data 
validation packages. 
 
PREQB Comment 7:   Table 6-4a: 
 

d. The USEPA MCL and PREQB UST Standard for Total BTEX are listed as 50 ug/L.  As 
per Table 6-1, these values should be listed as "NE".   Please revise accordingly. 

 
Navy Response to PREQB Comment 7a: The BTEX standards will be changed to “NE”. 
 

e. Please add the results for 1738MW03, sampled on 9/18/10. 
 
Navy Response to PREQB Comment 7b: The results for 1738MMW03 will be added.  
 
PREQB Comment 8:   Table 6-6: Please add "Benzene" under the list of VOCs. 
 
Navy Response to PREQB Comment 8: "Benzene" will be added under the list of VOCs. 
 
PREQB Comment 9:  Table 6-5b: According to this table, TPH DRO and total TPH were 
analyzed in equipment rinsate samples.  Table 4-2 indicates that the samples were analyzed 
for TPH GRO but not total TPH.  Please clarify and address this discrepancy. 
 
Navy Response to PREQB Comment 9: Total TPH was not an analyte. It is a sum in each table 
of DRO and GRO.  Total TPH is not necessary on Table 6-5b and will be removed.   
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PREQB COMMENTS ON FIGURES 
 
PREQB Comment 1:  Figure 5-2: 
 

f. Well 1738MW01B falls on cross section A-A' but is not shown on Figure 5-2.  Please 
include this well on the cross section. 

 
Navy Response to PREQB Comment 1a: Well 1738MW01B was not shown on cross section 
A-A because no soil samples were collected for logging. Nonetheless, well 1738MW01B will 
be shown.   
 

a. Please  include  the  units  for  PID and  analytical  results  in  the  legend. This 
comment also applies to Figures 5-3 through 5-6 and all other figures where 
analytical data are presented. 

 
Navy Response to PREQB Comment 1b: The PID units (ppm) will be added along with 
MtBE units (ug/L). 
 

b. It appears that the date of the static water level measurements needs to be 2012 
rather than 2010.  Please revise as appropriate. 

 
Navy Response to PREQB Comment 1c: 2012 is correct. The figure will be revised 
accordingly. 
 

c. There are notes on this and other cross sections such as "Residual NAPL Zone" and 
"Petroleum odor and staining".   It is not clear whether these conditions apply to the 
entire area delineated as the "Estimated Extent of Source" or to specific areas 
within this zone.  Please clarify.  This comment also applies to Figures 5-3 to 5-6. 

 
Navy Response to PREQB Comment 1d: The labels, “Petroleum odor and staining” and 
“Residual NAPL Zone” apply only to the specific areas within the purple, dashed lines.  The font 
of these labels will be changed to the same purple as the dashed lines. 

 
PREQB Comment 2:  Figure   5-3   through   Figure   5-6: The  data   of  water   level  
elevation   indicated  is September 20 I 0  but the water  level data shown  on  these  figures 
appears to  be from August  2012.   Please confirm and revise as appropriate. 
 
Navy Response to PREQB Comment 2: The August 2012 is correct.  Figures 5-3 through 5-6 
will be corrected.   
 
PREQB Comment 3:  Figure 5-4: The water level shown for 1738MW11 does not match the 
water level data shown in Table 4-5.  Please revise as appropriate. 
 
Navy Response to PREQB Comment 3: The water level (104.37) shown on Table 4-5 is 
correct.  Figure 5-4 will be revised.   
 
PREQB Comment 4:  Figure 5-9: The 104.75 foot contour is also labeled as 108.25.  Please 
revise the figure in the final report. 
 
Navy Response to PREQB Comment 4: The 108.25 label will be removed.   
 
PREQB Comment 5:  Figures 5-11 and 5-12: These figures may be affected by General 
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Comment 1. Please revise as appropriate. 
 
Navy Response to PREQB Comment 5: Figures 5-11 and 5-12 will be revised to reflect 
changes in the hydraulic conductivity estimates.   
 
PREQB Comment 6:  Figure 6-1 - Distribution of TPH GRO in Subsurface Soil  above  the  
PREQB  Target Level - 16-20  feet  bgs: Note  that the result shown  for location  
1738SB108 is for 15 to 16 feet  bgs.  The  GRO  result  for  the sample collected  from  17 to  
18 feet at  this location is 580 mg/kg  and needs to be used instead  of the result from  15 to 
16 feet bgs to develop the extent  of GRO  impact  shown  on this Figure.   Please also note 
that the concentration of GRO at 1738SB107 from 17 to 18 feet ranges from 560 to 780 
mg/kg.  The 330 mg/kg concentration is from 21to 22 feet bgs.  Please revise the figure using 
the data from the 17 to 18 foot intervals for these two locations. 
 
Navy Response to PREQB Comment 6: Figure 6-1 will be revised using 580 mg/kg at 
1738SB108 and 780 mg/kg at 1738SB107 (using the environmental sample).  Also note that the 
figure shows concentrations from a depth of 16-feet to 22-feet bgs.  See Navy Response to 
PREQB Comment 18b.  
 
PREQB Comment 7:  Figure 6-1: 
 

a. The figure currently shows all TPH-GRO results for samples from 16-20 ft bgs, not 
just those with concentrations above the PREQB Target Level.  Please revise the title 
accordingly. 

 
Navy Response to PREQB Comment 7a: The title of Figure 6-1 is correct; though all TPH 
GRO data are used, the distribution of TPH GRO (shown by the filled contours) represents 
concentrations above the PREQB Target Level.  
 

b. I738SB107: The figure shows a result of 330 mg/kg.  However, this is from 21-22 ft 
bgs.   The sample from 17-18 ft bgs had a TPH-GRO result of 780 mg/kg. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 7b: Figure 6-1 will be corrected; see Navy Response to 
PREQB Figure Comment 3. 
 

c. I738SB108: The figure shows a result of 0.57 mg/kg.  However, this is from 15-16 
ft bgs.  The sample from 17-18 ft bgs had a TPH-GRO result of 580 mg/kg. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 7c: Figure 6-1 will be corrected; see Navy Response to 
PREQB Figure Comment 3. 
 

d. 1738SB110: The figure shows a result of 1900 mg/kg. However, this is from 20-21 
ft bgs.  The sample from 16-17 ft bgs had a TPH-GRO result of 220 mg/kg. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 7d: Figure 6-1 represents a depth of 16-feet to 22-feet 
bgs, so the 1900 mg/kg concentration is used. See Navy Response to PREQB Comment 18b.  
 

e. 1738MW01B: The figure shows a result of 0.11 mg/kg.  However, this is from 11-13 
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ft bgs.  There were no samples collected from 16-20 ft bgs at this location. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 7e: That interval was used as a control point since data 
was not available from that depth.  The PID, visual, and olfactory evidence suggest that the TPH 
GRO concentration would be low or non-detect.  The label for well 1738MW01B will be changed 
to “NA” (not analyzed). “NA” will also be defined in the legend.   
 

f. 1738MW04: The figure shows a result of 63 mg/kg.  However, it is unclear where this 
result comes from.  There were no samples collected from 16-20 ft bgs at this location. 
Please revise accordingly. 

 
Navy Response to PREQB Comment 7f: The result of 63 mg/kg is associated with 
1738SB104A (19.0 - 20.0 feet bgs). 
 

g. 1738MW13: The figure shows a result of ND.  However, it is unclear where this result 
comes from.  There were no samples collected from 16-20 ft bgs at this location.  
Please revise accordingly. 

 
Navy Response to PREQB Comment 7f: As noted, there was no sample collected from 
1738MW13 from 16-22 feet bgs.  A non-detect (ND) was originally used to represent that 
interval; however petroleum contamination was evident beginning at a depth of 19 feet bgs.  The 
23-24 foot bgs interval concentration (260 mg/kg) will be used to represent to the 16-22 foot bgs 
interval, and will be explained in Section 6.2. 
 

h. 1738MW15: The figure shows a result of 0.073 mg/kg.  However, this is from 9-11 ft 
bgs.  The sample from 19-21 ft bgs was nondetect for TPH-GRO.  Please revise 
accordingly. 

 
Navy Response to PREQB Comment 7h: Figure 6-1 will show “ND” for well 1738MW15. 
 

i. Several ND results were missing from the figure for the 16-20 ft bgs interval: 
1738SB101, 1738SB102, l738MW11, and l738MW12. 

 
Navy Response to PREQB Comment 7i: An “ND” label will be added to wells 1738SB101, 
1738SB102, 1738MW11, and 1738MW12.   
 
PREQB Comment 8:  Figure 6-2: 
 

a. Please note that the units of mg/kg in the current title are incorrect. 
 
Navy Response to PREQB Comment 8a: The units will be changed to μg/kg. 
 

b. The  BTEX  result shown  for  1738SB108(not  detected)  does  not  match the 
concentration  reported in  Table  6-3b  (41 ,590  ug/kg).  Similarly, the results 
reported for 1738MW2R do not match the results reported in Table 3b.   Please revise 
the figure as appropriate. 

 
Navy Response to PREQB Comment 8b: The concentrations at 1738SB108 and 1738MW02R 
will be revised. 
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c. 1738SB107: The figure shows a result of 112,000 ug/kg.  However, this is from 21-
22 ft bgs. The sample from 17-18 ft bgs had a BTEX result of 292,000 ug/kg. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 8c: For intervals where two or more concentrations are 
available, the practice is to use the higher concentration. The concentration at 1738SB107 will be 
revised. 
 

d. 1738SBI08: The figure shows a result of ND.  The sample from 1 7-18 ft bgs had a 
BTEX result of 41,590 ug/kg. Please revise accordingly. 

 
Navy Response to PREQB Comment 8d: See Navy Response to PREQB Comment 8b; a 
concentration of 41,590 μg/kg will be used.   
 

e. l738SB110: The figure shows a result of 194,600 ug/kg.  However, this is from 20-21 ft 
bgs.  The sample from 16-17 ft bgs had a BTEX result of 3100 pg/kg. Please revise 
accordingly. 

 
Navy Response to PREQB Comment 8e: The figure depth interval is 16-feet to 22-feet bgs, and 
where two or more concentrations are available, the practice is to use the higher concentration.  
Thus, 194,600 μg/kg will be used for 1738SB110.  
 

f. 1738MW108: The figure shows a result of ND.  However, this is from 11-13 ft bgs.  There 
were no samples collected from 16-20 ft bgs at this location. Please revise accordingly. 

 
Navy Response to PREQB Comment 8f: See Navy Response to PREQB Comment 8b; a 
concentration of 41,590 μg/kg will be used.   
 

g. 1738MW02R: The figure shows a result of 122,000 ug/kg.  However, according to Table 
6-3b, this should be 125,[4]00 ug/kg. Please revise accordingly. 

 
Navy Response to PREQB Comment 8g: See Navy Response to PREQB Comment 8b; a 
concentration of 125,400 μg/kg will be used.   
 

h. 1738MW13: The figure shows a result of ND.  However, this is from 5-7 ft bgs.  There 
were no samples collected fron1 16-20 ft bgs at this location. Please revise accordingly.  

 
Navy Response to PREQB Comment 8h:  There was no sample collected from 1738MW13 at 
the 16-22 feet bgs interval.  A non-detect (ND) was originally used to represent that interval; 
however, petroleum contamination was evident beginning at a depth of 19 feet bgs.  The 23-24 
foot bgs interval concentration (6,100 μg/kg) will be used to represent the 16-22 foot bgs interval, 
and will be explained in Section 6.2. 
 

i. Please add the original 1738SB104 boring location to the figure (as in figure 6-1) and 
include a result of ND from the 15-17 ft bgs sample at this location. 

 
Navy Response to PREQB Comment 8i: The concentration 5,100 μg/kg will be associated with 
1738SB104A, and ND will be associated with 1738SB104.   
 

j. Several ND results were missing from the figure for the 16-20 ft bgs interval: 
1738SB101, 1738SB102, 1738MW11, and 1738MW12.  
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Navy Response to PREQB Comment 8j: An “ND” label will be added to wells 1738SB101, 
1738SB102, 1738MW11, and 1738MW12.   
 
PREQB Comment 9:  Figure 6-3: 
 

a. The figure currently shows all MTBE results for samples from 16-20 ft bgs, not just 
those with concentrations above 20 ug/kg. Please revise the title accordingly. 

 
Navy Response to PREQB Comment 9a: The title of Figure 6-3 is correct; though all MtBE 
data are used, the distribution of MtBE (shown by the filled contours) represents concentrations 
above the PREQB Target Level.  Also note that the figure shows concentrations from a depth of 
16-feet to 22-feet bgs.   
 

b. 1738SB104: The figure shows no result at this location.  However, the sample from 
15-17 ft bgs had a MTBE result of 4.9 ug/kg. Please revise accordingly. 

 
Navy Response to PREQB Comment 9b: 1738SB104 will be revised to show a result of 4.9 
μg/kg.   
 

c. 1738SB l 04A:  The figure shows a result of ND.   However, this is misleading as 
although the result was ND from 19-20 ft bgs, the quantitation limit exceeded the 
20 ug/kg criterion. Please note this on the figure. 

 
Navy Response to PREQB Comment 9c: A note will be added that reads, “Not detected; 
however, quantitation limit was greater than the PREQB target level.”   
 

d. 1738SB107: The figure shows a result of 32,000 ug/kg.   However, this is from 21-22 
ft bgs.   The sample from 17-18 ft bgs had a MTBE result of 3700 ug/kg. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 9d: As noted in Navy Response to PREQB Comment 9a, 
the figure shows concentrations from a depth of 16-feet to 22-feet bgs.  Additionally, where two 
or more concentrations are available, the practice is to use the higher concentration.   
 

e. 1738SB110: The figure shows a result of 5700 ug/kg.  However, this is from 20-21 
ft bgs.  The sample from 16-17 ft bgs had MTBE result of 3000 ug/kg. Please revise 
accordingly. 

 
Navy Response to PREQB Comment 9e: As noted in Navy Response to PREQB Comment 9a, 
the figure shows concentrations from a depth of 16-feet to 22-feet bgs.  Additionally, where two 
or more concentrations are available, the practice is to use the higher concentration.   
 

f. 1738MW01B: The figure  shows  a result  of ND.  However, this is from 21-23 ft 
bgs.   There were no samples collected from 16-20 ft bgs at this location. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 9f: As noted in Navy Response to PREQB Comment 9a, 
the figure shows concentrations from a depth of 16-feet to 22-feet bgs. It is noted that the sample 
interval is 21-23 feet bgs, but was nonetheless used for the 16-22 foot interval series figures 
because the 21-23 foot bgs interval overlaps the 16-22 foot bgs interval.   
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g. 1738MW 13: The figure shows a result of ND.  However, there were no samples 

collected from 16-20 ft bgs at this location.  Please revise accordingly. 
 
Navy Response to PREQB Comment 9g:  As noted in Navy Response to PREQB Comment 9a, 
the figure shows concentrations from a depth of 16-feet to 22-feet bgs. The ND was used for the 
16-22 feet bgs even though the sample depth interval was slightly deeper (23-24 feet bgs).  This 
will be explained in Section 6.2.   
 

h. The  following results were  not reported  on  the  figure:  1738MW11: 3.6 ug/kg 
(15-17 ft bgs);  1738SB101: 37 ug/kg (15-17  ft bgs);  1738SB102: 130  ug/kg  
(15-17 ft bgs), 1738MW12: ND 

 
Navy Response to PREQB Comment 9h: The figure will be revised showing the above results. 
 
 i. 1738MW17: According to the boring log, the result reported on the figure of 3.3 

ug/kg is actually from 20-21ft bgs and therefore should be on Figure 6-6 instead. 
 
Navy Response to PREQB Comment 9i: As noted in Navy Response to PREQB Comment 9a, 
the figure shows concentrations from a depth of 16-feet to 22-feet bgs. 
 
PREQB Comment 10:  Figure 6-4: 
 

a. The figure currently shows all TPH-GRO results for samples below 20 ft bgs, not 
just those with concentrations above the PREQB Target Level.  Please revise the title 
a ccordingly. 

 
Navy Response to PREQB Comment 10a: The title of Figure 6-4 is correct; though all TPH 
GRO data are used, the distribution of TPH GRO (shown by the filled contours) represents 
concentrations above the PREQB Target Level.  Also note that the figure shows concentrations 
from a depth below 22-feet bgs.   
 

b. 1738SB107: The figure shows a result of 0.47 mg/kg, which is from the 27-28 ft bgs 
sample.  However, 330 mg/kg GRO was detected from 21-22 ft bgs at this location.  
Please add to the figure. 

 
Navy Response to PREQB Comment 10b: As noted in Navy Response to PREQB Comment 
10a the figure shows a depth below 22-feet bgs. So, the result of 0.47 mg/kg is appropriate for 
1738SB107.  
 

c. 1738SB104A: The figure shows a result of 63 mg/kg.  However, this is from 19-20 ft 
bgs.  There were no samples collected from below 20 ft bgs at this location. Please 
revise accordingly. 

 
Navy Response to PREQB Comment 10c: The result shown for 1738SB104A will be removed.  

 
d. 1738SB110: The figure shows a result of 0.1 mg/kg, which is from the 24-25 ft bgs 

s ample.  However, 1900 mg/kg GRO was detected from 20-21 ft bgs at this 
location. Please add to the figure. 
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Navy Response to PREQB Comment 10d: As noted in Navy Response to PREQB Comment 
10a the figure shows a depth below 22-feet bgs. So, the result of 0.1 mg/kg is appropriate for 
1738SB110.   
 
PREQB Comment 11:  Figure 6-5: 
 

a. The figure currently shows all BTEX results for samples from below 20 ft bgs, not just 
those with concentrations above 5000 ug/kg.  Please revise the title accordingly.  In 
addition, please note that the units of mg/kg in the current title are incorrect. 

 
Navy Response to PREQB Comment 11a: The title of Figure 6-5 is correct; though all BTEX 
data are used, the distribution of BTEX (shown by the filled contours) represents concentrations 
above 5,000 ug/kg.  Also note that the figure shows concentrations from a depth below 22-feet 
bgs.  The units in the title will be changed to μg/kg. 
 

b. l738SB107: The figure shows a result of 150 ug/kg, which is from the 27-28 ft bgs 
sample.  However, 112,000 ug/kg of BTEX was detected from 21-22 ft bgs at this 
location. Please add to the figure. 

 
Navy Response to PREQB Comment 11b: As noted in Navy Response to PREQB Comment 
11a the figure shows a depth below 22-feet bgs. So, the result of 150 μg/kg is appropriate for 
1738SB107.  
 

c. 1738SB110: The figure shows a result of 103 ug/kg, which is from the 24-25 ft bgs 
sample.  However, 194,600 ug/kg BTEX was detected from 20-21 ft bgs at this 
location.  Please add to the figure.  In addition, the result from 24-25 ft bgs should be 
reported from the original sample (707 ug/kg) instead of  the field duplicate location 
(103 ug/kg)  which is much lower.  

 
Navy Response to PREQB Comment 11c: of the result of 707 μg/kg Will be used for 
1738SB110.  
 

d. 1738SB111: The figure shows a result of 762 ug/kg, which is from the 28-29 ft bgs 
sample.  However, 35, 100 ug/kg BTEX was detected from 21-22 ft bgs at this location. 
Please add to the figure. 

 
Navy Response to PREQB Comment 11d: As noted in Navy Response to PREQB Comment 
11a the figure shows a depth below 22-feet bgs. So, the result of 762 μg/kg is appropriate for 
1738SB111.  
 
PREQB Comment 12:  Figure 6-6: 
 

a. The figure currently shows all MTBE results for samples from below 20 ft bgs, not 
just those with concentrations above 20 pg/kg. Please revise the title accordingly. 

 
Navy Response to PREQB Comment 12a: The title of Figure 6-6 is correct; though all MtBE 
data are used, the distribution of MtBE (shown by the filled contours) represents concentrations 
above the PREQB Target Level.  Also note that the figure shows concentrations from a depth 
below 22-feet bgs.   
 

b. 1738SB107: The figure shows a result of 8100 ug/kg, which is from the 27-28 ft bgs 
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sample.  However, 32,000 ug/kg MTBE was detected from 21-22 ft bgs at this 
location. Please add to the figure. 

 
Navy Response to PREQB Comment 12b: As noted in Navy Response to PREQB Comment 
12a the figure shows a depth below 22-feet bgs. So, the result of 8100 μg/kg is appropriate for 
1738SB107. 
 

c. l738SB110: The figure shows a result of 1800 ug/kg, which is from the 24-25 ft bgs 
sample.  However, 5700 ug/kg MTBE was detected from 20-21 ft bgs at this location. 
Please add to the figure. 

 
Navy Response to PREQB Comment 12c: As noted in Navy Response to PREQB Comment 
12a the figure shows a depth below 22-feet bgs. So, the result of 1800 μg/kg is appropriate for 
1738SB110.  
 

d. 1738SB111: The figure shows a result of 6400 ug/kg, which is from the 28-29 ft bgs 
sample.   However, 48,000 ug/kg MTBE was detected from 21-22 ft bgs at this 
location. Please add to the figure. 

 
Navy Response to PREQB Comment 12d: As noted in Navy Response to PREQB Comment 
12a the figure shows a depth below 22-feet bgs. So, the result of 6400 μg/kg is appropriate for 
1738SB111. 
 

e. 1738MW04: The figure shows a result of ND at this location.  However, there were 
no samples analyzed below 20 ft bgs at this location. Therefore, remove the ND. 

 
Navy Response to PREQB Comment 12e: The ND noted above will be removed.   
 

f. 1738MW01B and 1738MWI3: The figure shows results of ND at these locations. 
However, this is misleading as although the results were ND, the quantitation limits exceeded 
the 20 tg/kg criterion. Please note this on the figure. 
 
Navy Response to PREQB Comment 12f: A note will be added that reads, “Not detected; 
however, quantitation limit was greater than the PREQB target level.”   
 
PREQB Comment 13:  Figure 6-7: 
 

a. The figure currently shows all benzene results for 2012 groundwater samples, not just 
those with concentrations above 5 ug/L.  Please revise the title accordingly and include 
"2012" in the title.  

 
Navy Response to PREQB Comment 13a: The title of Figure 6-7 is correct; though all BTEX 
data are used, the distribution of BTEX (shown by the filled contours) represents concentrations 
above the PREQB Target Level.  Also, “August 2012” will be included in the title.  
 

b. Please add the following results to Figure 6-7: 
(1) 1738MW01A: 2.4 ug/L 
(2)  l738MW01B, 1738MW05, 1738MW05L, 1738MW07A, 1738MW07B, 
1738MW08A, 1738MW08B, l738MW09A, 1738MW09B: ND 
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Navy Response to PREQB Comment 13b-d: In the Navy Response to USEPA Comments 4 
and 6, additional planview maps will be generated to represent all the screened intervals, and will 
include shallow, intermediate, and deep intervals.  There are too few or no detections of BTEX in 
the shallow and deep intervals to create additional figures for BTEX.   
 
PREQB Comment [14]:  Figure 6-8: 
 

a. The figure currently shows all MTBE results for 2012 groundwater samples, not just 
those with concentrations above 20 pg/L. Please revise the title accordingly, include 
"2012" i n the title and correct the criteria in the title from 12 ug/L to 20 ug/L. 

 
Navy Response to PREQB Comment 14a: The title of Figure 6-8 is correct; though all MtBE 
data are used, the distribution of MtBE (shown by the filled contours) represents concentrations 
above the PREQB Target Level.  Also, “August 2012” will be included in the title and 12 ug/L 
will be changed to 20 ug/L.  
 

b. Please add the following results to Figure 6-8: 
• 1738MW01A: 170 ug/L 
• 1738MWOIB: 5600 ug/L 
• 1738MW05: 6700 ug/L 
• 1738MW05L: 2400 ug/L 
• 1738MW07A: 130 ug/L 
• 1738MW07B: 93 ug/L 
• 1738MW08A: ND 
• 1738MW08B: 590 ug/L 
• 1738MW09A: 28 ug/L 
• 1738MW09B: 260 ug/L 

 
Navy Response to PREQB Comment 14b: The intent of the figure is to show concentrations 
from wells screened at similar elevations. Therefore, the shallow and deep wells in clusters are 
not shown on the figure.  This will be explained in Section 6.3.  
 
PREQB Comment [15]:  Figure 6-9: The figure currently shows all MTBE results for 2010 
groundwater samples, not just those with concentrations above 20 ug/L. Please revise the 
title accordingly and correct the criteria in the title from 12 ug/L to 20 ug/L. 
 
Navy Response to PREQB Comment 15: The title of Figure 6-9 is correct; though all MtBE 
data are used, the distribution of MtBE (shown by the dashed contours) represents concentrations 
above the PREQB Target Level.  Also, 12 ug/L will be changed to 20 ug/L.  
 
PREQB Comment 16:  Figure 6-8: Data for several monitoring wells were not included in this 
figure (e.g., data for wells l738MW01B, 1738MW07A/B, 1738MW08A/B, and 1738MW09B). 
Please include all data on this figure or provide the rationale for excluding these data. 
 
Navy Response to PREQB Comment 16: In the Navy Response to USEPA Comments 4 and 6, 
additional planview maps will be generated to represent all the screened intervals, and will 
include shallow, intermediate, and deep intervals.  Figures 6-8A and 6-8C include the wells 
identified in the comment.   
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PREQB Comment 17:  Appendix A: 
 

a. According to the field notes and the chains-of-custody, soil samples collected in 2010 
for GRO analysis were not collected and preserved in accordance with SW-846 method 
5035.  As per Table 4-3, this method needs to have been used and samples should 
have been collected with methanol preservation or using EnCore™ samplers.  As a 
result of the lack of preservation, the GRO nondetect results in all soil samples should 
have been rejected during data validation, in accordance with EPA Region II 
validation procedures for VOCs.  Please revise the report to reflect this and provide 
a discussion on how these results are not usable for project objectives 

 
Navy Response to PREQB Comment 17: The data validation reports will be revised to correctly 
indicate that non-detect results for TPH-GRO in soil samples have been rejected.  The data tables 
in Appendix B and Table 6-3a will also be revised.  Additionally, the penultimate paragraph in 
Section 6.4.2 of the text has been revised as follows: 
 

For the September 2010 Investigation, three samples from SDG 1009155, including 
1738MW11-01, 1738MW11-04, and 1738MW11-08, were extracted one day outside the 14 
day soil extraction holding time.  As a result, the reported TPH-DRO results in these samples 
were qualified as estimated.  In addition, all samples from SDGs 1009155 and 1009220 were 
not collected and preserved in accordance with SW-846 method 5035.  As a result, all non-
detect results for TPH-GRO were rejected.  Since 25 results for TPH-GRO were rejected, the 
completeness goal of 90 to 95% for each parameter was not met.  However, the completeness 
goal was met overall with 93.2% completeness for the data from the 2010 investigation and 
97.5% completeness for the 2010 and 2012 combined data. 

 
b. It was observed that the well development and groundwater sampling activities in 2010 

and 1738MW17-12C in  2012 were conducted between one and five days apart.  It 
is a common practice to wait for a period of one to two weeks following well 
development before sampling  is  conducted (refer  to the December  1995 USEPA 
OSWER article EPA/540/S-95/504  by Puls and Barcelona) to allow for physical and 
chemical equilibration in the area of newly-installed wells.  Please provide an 
explanation as to the short timeframe between well development and sampling. 

 
Navy Response to PREQB Comment 17b: Regarding well 1738MW17, a grab sample was 
collected to quickly determine if SWMU 74, JP-8 Hill was impacting the site, so that additional 
investigation considerations could be implemented during the mobilization.  In 2010, the time 
between development and sampling was shortened from the two-week ideal due to field 
scheduling and mobilizations.  
 

c. According to the field notes, groundwater samples were also collected from monitoring 
wells 1738GW01, 1738GW02, 1738GW03 and 1738MW05R on 11/2/1 0.  Please 
explain why the results of these analyses were not provided in this report. 

 
Navy Response to PREQB Comment 17c: Groundwater samples were collected on 11/2/10 for 
the AOC F - MNA, Year 8/Quarter 3 event.  Results of the sampling were included in a separate 
MNA report.  These field notes should not have been included in this report, and will be removed 
from the final report. 
 

d .  The depth of the pump intake in the 2010 and 2012 groundwater samples was not at the 
midpoint of the screened interval, as per the Region 2 low flow groundwater sampling 
protocol. In most instances, the depth of the pump intake was at the bottom of the 
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screened interval.  P lease explain how the pump intake depths were determined and 
how the selected pump intake depths will provide the most representative results.  

 
Navy Response to PREQB Comment 17d: Using low-flow sampling techniques, groundwater 
drawdown is minimized.  This means that pumping is at or near ambient yields.  Thus, 
groundwater flow is from the higher K zone(s) within the screened interval.  It can be argued then 
that the intake placement has no bearing on whether or not a sample is representative.  It is well 
documented and conventionally understood that stabilization of certain water quality parameters 
(WQPs) is a determining factor of sample representativeness.  Stabilization of the WQPs may 
take longer if the pump intake is farther from the higher K zone(s) because the water column 
between the higher K zone(s) and the pump intake need to be purged through the pump.    
 
The pump intake was generally set at or near the screen midpoint for the 2012 groundwater 
sampling.  In several instances the pump was set deeper than the screen midpoint to account for a 
drop in the water table (particularly where the water level was within the screen interval).  These 
wells included 1738MW01A, 1738MW06, 1738MW07A, 1738MW08A, 1738MW09A, 
1738MW12, and 1738MW15.  For well 1738MW01B, the well depth was measured from the top 
of the PVC whereas the screen interval was measured from the ground surface.  Accounting for 
this 2.7-foot discrepancy, the pump intake was actually near the well screen midpoint.   
 
In addition, the following issues need clarification:  
 
i. Sample 1738MW06:  The depth of the pump intake was 16 ft bgs but according to Table 4-4, 
the screened interval is 5-15 ft bgs. 
 
ii.   Sample 1738MW01A (8/18/12): The depth of the pump intake is listed as 25-27 ft bgs but 
according to Table 4-4, the screened interval is 15-25 ft bgs. 
 
iii.     Sample 1738MW08A (August 2012): 
1.  The groundwater sample form lists the screened interval as 8.63-13.63 ft bgs, but Table 4-4 
lists the screened interval as 6-11 ft bgs.  Please clarify the screened interval. 
 
2.  The pump intake depth is listed as 11 ft bgs but Table 4-4 lists the well depth as 10.8 ft bgs. 
 
Navy Response to PREQB Comment 17di-iii: The discrepancy is in the reference point.  
During construction, well screen depths were measured from the ground surface. These depths 
were used in boring logs.  During groundwater sampling depth-to-water measurements and pump 
intake was measured from the top of the PVC casing. In most cases depths from the PVC were 
converted to depths from ground surface and recorded on the forms; however, this conversion 
was not performed in the instances listed in comments i-iii. 
 
PREQB Comment 18:  Appendix B: Please add the results for o-xylene to the analytical 
summary data tables for the 2010 soil, groundwater, and QA/QC samples. 
 
Navy Response to PREQB Comment 18: The appendix tables for 2010 soil, groundwater, and 
QA/QC samples have been revised to include results for o-xylene. 
 
PREQB Comment 19:  Appendix C:  According to the data validation memo for laboratory 
sample delivery group I 0091 55, samples in this report were collected from 9/13/10 through 
9/20/10. All samples were received by the laboratory on 9/21/10.   Please explain where samples 
were stored between 9/13/10 and 9/20/10 (when they were shipped). 
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Navy Response to PREQB Comment 19: Groundwater samples were stored in the Baker 
storage area at NAPR.  This storage area is locked and only accessible to Baker personnel.  The 
samples were stored in coolers on ice, which was frequently changed to maintain a sample 
temperature at or near 4oC.   
 
Minor Comments 
 
1. Please conduct a review of the document for typographical errors, several of which are 
identified below: 
 
a. Page 1-1, Section 1.0, 1st sentence.   It appears that the word "Fat"   following 
"(aka Site 1738 or the Site)" should be the word "at". 
 
b. Page 1-2, Section 1.3, 7th Sentence.  Please expand this sentence to indicate that Section 6 also 
includes a discussion of the nature and extent of contamination as well as contaminant fate and 
transport. 
 
c. Page   4-3,   Section   4.1,   2nd   Sentence.  According to   this   sentence "Only subsurface soil 
samples were collected in September 2012."   Since   no investigations were performed in 
September 2012, it is presumed that the date referenced should be September 2010.  Please revise 
the text accordingly. 
 
d. Page 6-6, Section 6.3, 1st Paragraph, 4th Sentence.  The table referenced in this sentence 
(Table 6-3) is incorrect and should be Table 6-4.  Please revise accordingly. 
 
e. Page 6-7, Section 6.4, 1st Sentence.  Please note that the section referred to in this sentence 
should be Section 6.4.1. Please revise the text accordingly. 
 
f.    Page 6-7, Section 6.4.1, 3rd Paragraph, 1st Sentence.  It appears that the TPH referred to in 
this sentence should be DRO rather than GRO based upon the data presented in Table 6-5a.   
 
Navy Response to PREQB Minor Comment 1: The document will be reviewed for 
typographical errors, and the ones noted in comment 1 will be corrected.   
 
2. Several acronyms are defined on more than one occasion in the text.   In addition, certain 
acronyms (mostly in Section 6.1) are missing from the acronym list.  Please review the report 
to make sure that all acronyms are defined once and are included on the acronym list. 
 
Navy Response to PREQB Comment 19: The acronyms and acronym list will be checked and 
corrected as necessary. 
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1.0 INTRODUCTION 
 
This document presents the results of the investigation of methyl tertiary-butyl ether (MtBE) in 
soil and groundwater, for Area of Concern (AOC) F - Site 1738 (aka Site 1738 or the Site) at 
Naval Activity Puerto Rico (NAPR), Ceiba, Puerto Rico.  This report has been prepared by 
Michael Baker Jr., Inc. (Baker), for the Navy Base Realignment and Closure (BRAC) Program 
Management Office (PMO) Southeast (SE) office under contract with the Naval Facilities 
Engineering Command (NAVFAC), SE (Contract Number N62470-10-D-3000, Delivery Order 
[DO] JM07).   
 
Monitored Natural Attenuation (MNA) is currently being conducted at NAPR at eight different 
underground storage tank (UST) sites which have been collectively designated as AOC F. In May 
2008, MtBE was added to the list of parameters routinely monitored for Site 1738.  MtBE has 
been consistently detected in four monitoring wells, and detected at relatively high concentrations 
in two wells (1738MW03 and 1738MW05R) prompting the recommendation that MtBE 
contamination be investigated independently from the MNA program. A Draft AOC F – Site 
1738 MtBE Investigation Work Plan (Baker, 2010) was prepared based upon Navy responses 
dated December 30, 2009 and to United States Environmental Protection Agency (USEPA) 
comments dated September 29, 2009 on the Draft Monitored Natural Attenuation - AOC F Year 7 
Annual Report.  The Site 1738 MtBE Investigation Work Plan was approved by the USEPA on 
May 11, 2010.  In addition, a final AOC F – Site 1738 MtBE Investigation Report (Baker, 2011) 
was prepared in January 2011. Two rounds of comments were made with Navy responses dated 
February 24, 2011 and May 24, 2011. In the report, recommendations were made for further 
delineation.  This report presents the results of both phases of the MtBE investigation (September 
2010 and June/August 2012).   
 
1.1 Purpose of Report 
 
This report has been developed to address MtBE contamination detected in the soil and 
groundwater at Site 1738 during the MNA monitoring activities. This report has been prepared to 
document the findings of the September 2010 and June/August 2012 MtBE investigations for Site 
1738 in order to define the extent of MtBE contamination in soil and groundwater, as well as to 
characterize a source area.   
 
1.2 Objectives 
 
The objectives of the Site 1738 MtBE Investigation are to: 
 

 Confirm the presence of a potential source area in the soil near the pump island 
 

 Define the vertical and lateral extent of MtBE in groundwater 
 
Note that the Work Plan (Baker, 2010) also identified conducting a pilot-scale treatability study 
as one of the project objectives.  The Treatability Study Work Plan (Baker, 2011) is being 
delayed until site characteristics are better understood.   
 
Specific elements of the September 2010 field effort performed to support this MtBE 
investigation included: 
 

 Collection of 22 subsurface soil samples (excluding duplicates) from five boring 
locations; 
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 Collection of fourteen groundwater samples (excluding duplicates) from seven newly 
installed permanent monitoring wells, and seven existing permanent wells; 
 

 Performing slug tests (aquifer characterization tests) at eleven monitoring well locations; 
 

 Surveying newly installed borings and monitoring wells. 
 
The June/August 2012 additional characterization fieldwork was conducted in two separate 
mobilizations due to the length of the field program and Site conditions.  
 
Specific elements of the June/August 2012 field effort performed to support this MtBE 
investigation included: 
 

 Collection of 53 surface and subsurface soil samples (excluding duplicates) from 17 
boring locations (including monitoring well borings); 

 
 Collection of 28 groundwater samples (excluding duplicates) from 15 newly installed 

permanent monitoring wells, and 13 existing permanent wells; 
 

 Performing slug tests (aquifer characterization tests) at 10 newly installed monitoring 
wells; 
 

 Surveying newly installed borings and monitoring wells. 
 
1.3 Organization of the MtBE Investigation Report  
 
This report is organized into eight sections.  Section 1.0 of this document discusses the purpose 
and objectives of this MtBE investigation report.  Section 2.0 presents a brief summary of the 
background of NAPR and the history and previous investigations at Site 1738.  Section 3.0 
discusses the climatology, topography, regional geology, hydrology and hydrogeology for NAPR.  
The activities of the field investigation are provided in Section 4.0. Section 5.0 presents and 
discusses the physical characteristics of the study area observed during this investigation 
including the site geology and hydrogeology.  Section 6.0 presents the laboratory analytical 
results performed on the environmental samples,  quality assurance/quality control (QA/QC) 
samples collected, nature and extent of contamination, and contaminant fate and transport.  
Section 7.0 presents the conclusions and recommendations and Section 8.0 lists report references. 
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2.0 SITE BACKGROUND 
 
This section provides the history and description of current conditions at NAPR and Site 1738 
and also includes a summary of the results of previous investigations conducted at Site 1738. 

 
2.1 NAPR Description and History 
 
NAPR occupies over 8,800 acres on the northern side of the east coast of Puerto Rico; along 
Vieques Passage with Vieques Island lying to the east about 10 miles off the harbor entrance (see 
Figure 2-1).  NAPR also occupies the immediately adjacent islands of Piñeros and Cabeza de 
Perro, as presented on Figure 2-2.  The northern entrance to NAPR is about 35 miles east along 
the coast road (Route 3) from San Juan.  The property consists of 3,938 acres of upland 
(developable) property and 4,955 acres of environmentally sensitive areas including wetlands, 
mangroves, and wildlife habitat.  The closest large town is Fajardo (population approximately 
37,000), which is about 5 miles north of NAPR off Route 3. Ceiba (population approximately 
17,000) adjoins the west boundary of NAPR (see Figure 2-1). 
 
The facility was commissioned in 1943 as a Naval Operations Base, and re-designated as Naval 
Station Roosevelt Roads (NSRR) in 1957.  NSRR operated as a Naval Station from 1957 until 
March 31, 2004.  NSRR was one of the largest naval facilities in the world with more than 100 
miles of paved roads, approximately 1,300 buildings, a large scale airfield (Ofstie Field), a deep 
water port and over 30 tenant commands.  NSRR played a major role in providing 
communication support to the Atlantic and Caribbean areas and also served as a major training 
site for fleet exercises. 
 
Section 8132 of Fiscal Year 2004 Defense Appropriations Act, signed into law on September 30, 
2003, directed that NSRR be disestablished within 6 months, and that the real estate 
disposal/transfer be carried out in accordance with procedures contained in the BRAC Act of 
1990.  This legislation required that the base closure be conducted in accordance with the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as 
amended by the Community Environmental Response Facilitation Act (CERFA).  NSRR has 
undergone operational closure as of March 31, 2004 and has been designated as NAPR.  The 
mission of NAPR is to protect the physical assets remaining, comply with environmental 
regulations, and sustain the value of the property until final disposal of the property.  NAPR will 
continue until the real estate disposal/transfer is completed. 
 
A monitored natural attenuation program was initiated at NAPR for several UST sites in 2000; 
additional sites have been added to the program since 2000.  USEPA incorporated a total of eight 
UST sites (Sites 124, 520, 731, 734, 735, 1738, 1995 and 2842B) that were in the MNA program 
into the Resource Conservation and Recovery Act (RCRA) § 7003 Administrative Order on 
Consent dated January 29, 2007, USEPA Docket No. RCRA02-2007-7301 (USEPA, 2007a).  
These eight UST sites were designated as AOC F.   
 
2.2 Site 1738 Description and History 
 
Based on the information provided in the Site Characterization Report (SCR) prepared by 
Blasland, Bouck, and Lee, Inc., (BBL) in February 1999, four USTs operated until 1996 at Site 
1738.  Three of these USTs (10,000 gallon capacity each) contained unleaded gasoline, and the 
fourth UST (550 gallon capacity) contained waste oil.  These USTs were removed in 1996.  The 
SCR indicated that elevated concentrations of total petroleum hydrocarbons (TPH) were present 
in the subsurface soil and groundwater, and elevated concentrations of benzene, toluene, 
ethylbenzene and xylenes (BTEX) were detected in the groundwater.  In addition, light non-
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aqueous phase liquid (LNAPL) was detected in well 1738MW02.  The SCR recommended 
skimming of free product at well 1738MW02; however, it also recommended no corrective 
measures for soil, indicating that natural-attenuation processes would deplete the source area.   
 
Site 1738 was included in an MNA program beginning in the year 2000.  The initial MNA 
program did not include MtBE in the monitoring design.  Groundwater samples were not 
analyzed for MtBE until Year 6 (May 2008) when a new work plan (Baker, 2008) was developed 
for the MNA program which identified the need for monitoring of MtBE.   
 
A detailed description of the current site conditions is given in Section 5.1. 
 
2.3 Previous Investigations 
 
The BBL SCR (BBL, 1999) indicated the presence of soil contamination in the form of elevated 
total organic vapors and total petroleum hydrocarbon vapors below 18 feet below ground surface 
(bgs) based on field screening; however, samples for laboratory analyses were generally collected 
above 18 feet bgs.  The BBL SCR did not discuss why soil samples were not collected at these 
deeper intervals.  The BBL SCR stated that TPH was not detected above Puerto Rico 
Environmental Quality Board (PREQB) Target Level in any of the soil samples collected at the 
site. In addition, soil samples were analyzed for total BTEX, for which there is no PREQB Target 
Level.  Total BTEX was elevated in only one soil boring, SB-2 (current location of MW03) at 
14,388 milligrams per kilogram (mg/kg) from 0.5- to 3.5-feet bgs.  The SCR recommended no 
further action for soil because no soil sample exhibited TPH above the PREQB Target Level. It 
addition, the SCR stated that the effectiveness of remedial options such as soil vapor extraction 
and bioremediation would be limited by low permeability soils encountered at the Site.   
 
Monitoring wells 1738MW01 through 1738MW06 were installed in 1998 by BBL as part of the 
SCR.  These wells have been sampled and analyzed for volatile organic compounds (VOCs) since 
2000 as part of the MNA program; monitoring wells 1738MW04 and 1738MW06 were 
suspended from sampling, following the Year 4, Quarter 4 sampling event.  Monitoring wells 
1738MW01, 1738MW02, 17MW03, and 1738MW05R are sampled quarterly and analyzed for 
BTEX constituents and MNA parameters. In Year 6 (May 2008) of the program, MtBE was 
added to the analytical suite due to the concern of gasoline additives in the environment.  
Monitoring well 1738MW05R (screened at a depth of 14.5 to 24.5 feet bgs) which is nested next 
to 1738MW05 (screened from 3.5 to 10.5 feet bgs) also was included in the MNA program 
during Year 6.   
 
Free product has not been detected at any monitoring well location at Site 1738 for five years.  
Free product was last detected at 1738MW02 in Year 2 Quarter 4.  Beginning in November 2009, 
samples collected from monitoring well1738MW05R were considered more representative than 
monitoring well 1738MW05 because it is screened at a deeper interval which is more comparable 
to the depth intervals monitored by the other groundwater wells; therefore, the data from 
1738MW05R began to be used for plotting trends in concentrations. 
 
As measured during the MNA program, the general groundwater flow direction in the shallow 
water-bearing zone at the site is to the north towards the estuarine wetland located north of the 
site.  Since MtBE was added to the MNA program in May 2008, it has been detected in all wells 
monitored at this site (1738MW01, 1738MW02, 1738MW03 and 1738MW05R [most down 
gradient well]).  The MNA data showed that the extent of MtBE in groundwater has not been 
delineated towards the north.  Because of the positive detections of MtBE in the groundwater 
from the most down gradient well at this site it was decided to collect surface water samples from 
the estuarine wetland north of the site in accordance with the Revised Final II Monitored Natural 
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Attenuation Work Plan for AOC F submitted on November 21, 2008.  These surface water 
samples were collected during the Year 6 (Quarter 2) sampling event in August 2008 from the 
estuarine wetland north of the site and did not contain detectable concentrations of MtBE.  The 
location of these surface water samples are presented on Figure 4-2.   
 
Monitoring wells 1738MW04 and 1738MW06 were removed from the MNA program following 
the Year 4/Quarter 4 event.  The Navy collected groundwater samples for analysis of MtBE and 
BTEX from 1738MW04 and 1738MW06 on March 23, 2010 to provide additional information to 
the east and west of the MtBE groundwater plume for preparation of the site characterization 
work plan.  Results from these samples showed MtBE concentrations of 0.044J micrograms per 
Liter (µg/L) in 1738MW04 and not detected (at the detection limit of 0.5 U µg/L) in 1738MW06.  
Based upon these results, the groundwater MtBE plume migration in the eastern and western 
directions is not expected to be as significant as in the northern direction. 
 
MtBE has been consistently detected in all four MNA monitoring wells (1738MW01, 
1738MW02, 1738MW03, and 1738MW05R) since it was added to the sampling program in May 
2008.  As noted previously, 1738MW02 was not sampled during the SCR (due to the presence of 
free product in the well) and MtBE was not previously detected at 1738MW03.  
 
The shallow groundwater conditions at the site are anaerobic as evidenced by historical field data.   
In particular, other than groundwater at monitoring well 1738MW05R, groundwater dissolved 
oxygen (DO) concentrations at the remaining monitoring wells during the Year 7/Quarter 4 
(February 2010) sampling event were generally less than 1 part per million (ppm) and 
oxidation/reduction potential (ORP) measurements were negative.   
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3.0 PHYSICAL CHARACTERISTICS OF STUDY AREA 
 
The physical setting of NAPR was documented in the 1984 Initial Assessment Study (IAS) 
(Naval Energy and Environmental Support Activity [NEESA], 1984).  This information is 
summarized in the paragraphs that follow.  
 
3.1  Climatology 
 
The climate associated with NAPR is characterized as warm and humid, with frequent showers 
occurring throughout the year.  A major factor affecting the weather is the pattern of trade winds 
associated with the Bermuda High, the center of which is in the vicinity of 30o North, 30o West 
(central Atlantic Ocean). The prevailing wind direction reflects the easterly trade winds.  The area 
receives a surface flow varying between the northeast to the southeast about 75 percent of the 
year, and as much as 95 percent of the time in July when the easterly winds are strongest.  The 
differential heating of the land and sea during the day tends to give a more northerly component 
to the flow on the northern side of the island and a more southerly component on the southern 
side.  During the night, a land breeze causes a prevailing southeasterly flow in the north and a 
prevailing northeasterly flow over the southern coast.  The mean annual wind velocity is 5.5 
knots, with a minimum in November and a maximum in August.  Gales associated with westward 
moving disturbances in the trade winds or hurricanes passing either north or south of the area 
have the highest probability of occurrence from June through October. 
 
Uniform temperatures prevail, with small diurnal ranges as a result of insular exposure and the 
relatively small land areas.  The warmest months are August and September, while the coolest are 
January and February.  Mean annual maximum temperatures range from 82.0° Fahrenheit (F) in 
January to 88.2° F in August.  The mean annual minimum temperatures vary from 64.0° F in 
January to 73.2° F in June. The highest maximum temperature recorded was 95.0° F, while the 
lowest minimum was 59.0° F.  Rain usually occurs at least nine days in every month, with an 
average of 60 inches per year although a dry winter season occurs from December through April.  
About 22 thunderstorm-days occur per year, with maximum frequencies of 3 days per month 
from May through October.  
 
In late summer, the mean sky cover begins a steady decrease from a monthly maximum average 
of 6.5-tenths coverage in September to a minimum monthly average of 4.4-tenths coverage in 
February. From March through August, the monthly average cloud cover increases steadily from 
4.5- to 6.0 tenths coverage during the period.  Over the open sea, a maximum of clouds (usually 
broken stratocumulus) occurs during early morning, with the skies clearing or becoming scattered 
with cumulus by afternoon.  Completely clear or overcast skies are rare during daylight hours, 
while clear skies frequently occur at night. 
 
The hurricane season is from mid-June through mid-September; maximum winds exceed 95 knots 
during severe hurricanes.  An average of two tropical storms per year occurs in the study area, 
one of which usually reaches hurricane intensity. 
 
3.2 Topography 
 
The regional area of NAPR consists of an interrupted, narrow coastal plain with small valleys 
extending from the Sierra de Luquillo range, which has been severely eroded by streams into 
valleys several hundreds of feet deep.  Slopes of up to 60o are common. 
 
In the immediate area of NAPR, elevations range from sea level to approximately 295 feet. 
Immediately to the north of the NAPR boundary, the hills rise abruptly to heights of 800 to 1,050 
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feet above mean sea level (msl), with the tallest peak located within 2 kilometers of the NAPR 
boundary.  There is a series of three hilly areas on NAPR, two of which separate the southern 
airfield area from the Port/Industrial, Housing, and Personnel Support areas.  The third set of hills 
is in the Bundy area. These ridgelines not only separate sections of NAPR, but also dictate the 
degree of allowable development.  The ridgeline south of the airfield provides an excellent 
barrier, which effectively decreases the aircraft-generated noise reaching the Unaccompanied 
Enlisted Personnel Housing areas to an acceptable level.  Relief is low along the shoreline and 
lagoons and mangrove swamps are common. 
 
Site 1738 consists of two areas; 1) an upgradient area where the gas station and associated 
facilities were, and 2) downgradient area, which is the undeveloped portion of the Site. The 
upgradient area is locally flat with an average elevation of approximately 23 feet above msl. The 
downgradient area is relatively flat with an average elevation of approximately 7 feet above msl.  
Section 5.1 provides additional information on these areas.  
 
3.3 Geology, Hydrology, and Hydrogeology 
 
The following subsections present the description of the geologic, hydrologic, and hydrogeologic 
conditions across NAPR.  These are generally applicable, but may or may not be specifically-
applicable, to the Site 1738 area.  Site specific geologic, hydrologic, and hydrogeologic 
information can be found in Sections 5.2.1 and 5.2.2. 
 
3.3.1 Soils 
 
The soil associations found at NAPR are predominantly of two types typical of humid areas, 
namely the Swamps-Marshes Association and the Mabi-Rio-Arriba-Cayagua Association, as well 
as the Descalabrado-Guayama Association, which is typical of dry areas.  In addition, isolated 
areas of the Caguabo-Mucara-Naranjito Association, the Coloso-Toa-Bajura Association, and the 
Jacana Amelia-Fraternidad Association are found at NAPR. 
 
The Swamps-Marshes and Mabi-Rio-Arriba-Cayagua associations cover over one half of NAPR's 
surface area and are equally distributed.  Primarily the Descalabrado-Guayama and Caguabo-
Mucara-Naranjito associations cover the remaining area. 
 
The Swamps-Marshes Association consists of deep, very poorly drained soils.  This association is 
found in level or nearly level areas that are slightly above sea level but are wet, and when the tide 
is high, are covered or affected by saltwater or brackish water.  The soils are sandy or clayey, and 
contain organic materials from decaying mangrove trees.  Coral, shells, and marl at varying 
depths underlie them.  The high concentration of salt inhibits the growth of all vegetation except 
mangrove trees, and in small-scattered patches, other salt-tolerant plants.   
 
The Mabi-Rio-Arriba-Cayagua Association consists generally of deep, somewhat poorly drained 
and moderately well drained, nearly level to moderately steep soils found on foot and side slopes, 
terraces, and alluvial fans.  Soils of this association at NAPR are basically clayey. 
 
The Descalabrado-Guayama Association generally consists of shallow, well drained, strongly 
sloping to very steep soils on volcanic uplands.  Soils of this association are found primarily in 
the hilly areas located directly inland and adjacent to the soils of the Swamps-Marshes 
Association. 
 
The Caguabo-Mucara-Naranjito Association consists generally of shallow and moderately deep, 
well drained, sloping to very steep soils on volcanic uplands.  This association consists of soils 
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that formed in residual material weathered from volcanic rocks.  This association is represented at 
NAPR by soils of the Sabana series, which are found on the side slopes and the hilly terrain west 
of Langley Drive in the Bundy area.  These soils are suited for pasture and woodland.  Steep 
slopes, susceptibility to erosion, and depth to bedrock are the main limitations for farming and for 
recreation and urban areas. 
 
The Coloso-Toa-Bajura Association consists of deep, moderately well drained to poorly drained, 
nearly level soils found on floodplains.  This soil association extends along the western boundary 
of NAPR and around the airfield.  The soils of this association formed in fine-textured and 
moderately fine-textured sediment of mixed origin on floodplains.  The Coloso soils are deep and 
somewhat poorly drained; the Toa soils are deep and moderately well drained; and the Bajura 
soils and Maunabo soils are deep and poorly drained.  The Reilly soils, also part of this 
association, are shallow sand and gravel and are excessively drained; they lie adjacent to streams.  
The minor soils are Talante, Vivi, Fortuna, Vega Alta, and Vega Baja.  The Talante, Vivi, 
Fortuna, and Vega Baja soils are found on floodplains, while the Vega Alta soils occupy slightly 
higher positions on terraces. 
 
The Jacana-Amelia-Fraternidad Association consists generally of moderately deep and deep, well 
drained and moderately well drained, nearly level to strongly sloping soils on terraces, alluvial 
fans, and foot slopes.  This association is represented at NAPR by soils of the Jacana series, 
which consist of moderately deep, well-drained soils found on the foot slopes and low rolling 
hills along Langley Drive and just east of the airfield.  These soils formed in fine-textured 
sediment and residuum derived from basic volcanic rocks. 
 
3.3.2 Regional Geology 
 
The underlying geology of the NAPR area is predominantly volcanic (composed of lava and tuff), 
as well as sedimentary (rocks derived from discontinuous beds of limestone).  These rocks all 
range in age from early Cretaceous to middle Eocene.  The volcanic rocks and interbedded 
limestone have been complexly faulted, folded, metamorphosed, and variously intruded by 
dioritic rocks.  This complex geological structuring occurred sometime after the deposition of the 
limestone during the middle Tertiary, when Puerto Rico was separated from the other major 
Antillean Islands by block faulting, and was arched, uplifted, and tilted to the northeast.  Culebra, 
Vieques, and the Virgin Islands are part of the Puerto Rican block; they are separated from the 
main island simply because of the drowning that resulted from the tilting. 
 
In addition to the predominant volcanic and sedimentary rock, unconsolidated alluvial and older 
deposits from the Quaternary period underlie the northwestern and western sectors of the base. 
 
The primary geologic formations on and near NAPR are various beach deposits, alluvium, quartz 
diorite and granodiorite, quartz keratophyre, the Daguao Formation, and the Figuera Lava.  The 
Peña Pobre fault zone traverses near NAPR. 
 
3.3.3 Local Geology 
 
In 2004, Baker conducted a Phase II Environmental Condition of Property (ECP) investigation 
involving 20 sites throughout NAPR (Naval Facilities Engineering Command, Atlantic Division 
[LANTDIV], 2004).  Some consistent stratigraphic trends were observed during the ECP, which 
is discussed in this subsection.  For the sake of simplicity, the NAPR regional geology can be 
divided into three regions:  
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 Upland areas 
 Near-shore flat lands 
 Inland flat lands 

 
The upland areas of NAPR includes the hills encompassing the Tow Way Fuel Farm and hospital 
areas, and the hills encompassing the area behind the Exchange, the former Atlantic Fleet 
Weapons Training Facility (AFWTF) Command, and the Bundy area.  These upland areas are 
underlain by bedrock (predominately Gabbro) and exhibit varying degrees of weathering. 
 
Typically, the bedrock is overlain be a relatively thin residual soil (i.e., residuum).  Residuum is 
unconsolidated soil, originating from weathered-in-place bedrock.  This residuum generally 
consists of sand, silt, and clay.   
 
The near-shore areas include the mangrove swamp areas as well as the shores of Ensenada Honda 
and Puerca Bay.  The near-shore areas are typically underlain by marine sand layers (with coral 
and shell fragments), silt and clay layers, and occasional peat layers.  In some near-shore areas, 
particularly by the harbor and Camp Moscrip in the southeastern portion of the base, fill material 
overlays the marine layers.  The fill consists of rock fragments, debris (e.g., brick), sand, silt, and 
clay.   
 
The inland flat land area generally encompasses the airfield and golf course areas.  The inland flat 
land area is typically underlain by relatively thick residuum.  The residuum generally consists 
predominately of clay.  Fill material overlays the residuum in some areas, particularly the airfield, 
and generally consists of sand and gravel with lesser amounts of silt and clay.   
 
3.3.4 Regional and Local Hydrology 
 
The surface waters that flow across the northeastern plain of Puerto Rico, where NAPR is 
located, originate on the eastern slopes of the Sierra De Luquillo Mountains.  Surface runoff is 
channeled into various rivers and streams that eventually flow into the Caribbean Sea.  The 
Daguao River and Quebrada Seca Stream (a tributary to Rio Daguao) collect surface waters from 
the hills immediately north of NAPR and, in periods of heavy rain, flooding on NAPR occurs. 
The Daguao-Quebrada Seca watershed comprises an area of approximately 7.6 square miles 
(4,900 acres), and the river falls some 700 feet from its source to sea level.  Increased 
development in the town of Ceiba, especially in areas adjacent to NAPR's northern boundary, has 
significantly increased the surface runoff reaching NAPR, causing ponding and erosion in the 
Boxer Drive area.  Boxer Drive, for a major portion of its length, is subject to surface water 
flooding, as are Hangar 200 and Hangar 379 and adjacent apron areas.  This condition has been 
alleviated by the construction of a new highway (Route 3) immediately outside the fence and the 
realignment of Boxer Drive both with attendant storm water management features. 
 
In the low-lying shore areas, seawater flooding results from storms, wind, and abnormally high 
tides. The tidal ranges in the NAPR area are rather small, with a maximum spring range of less 
than three feet.  The tides are semidiurnal and have a usual range of about one-foot in the main 
harbor of NAPR. 
 
Little information exists in the literature concerning groundwater of NAPR.  The only known 
potential sources of groundwater lie in lenticular beds of clay, sand and gravel, and rock 
fragments, which occur at a depth of less than 30 meters.  No wells have been developed on site 
from these layers.  Some wells had been developed upgradient of NAPR in Ceiba, some three 
kilometers from base headquarters, but were abandoned due to high levels of salinity.  
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The quality of surface waters is variable, reflecting the drainage area through which the water 
flows. Generally, surface waters have high turbidities and bio-organics (naturally occurring 
organics, such as decay products of vegetable and animal matter) due to the periodic heavy rains 
that can easily erode soils from steep slopes, exposed areas and disturbed streambeds.  Water 
from alluvial aquifers along the coast of NAPR is of a calcium bicarbonate type, and has high 
concentrations of iron and manganese.  The source of these minerals is unknown, but they may be 
derived from buried swamp or lagoon deposits.   
 
A seawater-freshwater interface is present in the aquifers throughout the coastal areas of Puerto 
Rico, usually within a short distance inland of the coastline.   
 
The NAPR potable water treatment plant receives raw water from the Rio Blanco through a 27-
inch reinforced concrete pipe that replaced the old, open channel.  The intake is located at the foot 
of the El Yunque rain forest.  This buried raw water line traverses a distance of 14 miles from the 
intake to the NAPR boundary.  A raw water reservoir is located at the water treatment plant and 
has a 45 million gallon capacity.  Additionally, there are two fire protection storage reservoirs 
with a total capacity of 520,000 gallons.   
 
NAPR has been served for over 30 years by the present water treatment facility.  The plant 
(Building 88) has a capacity of 4.0 million gallons per day (MGD).  Water flows by gravity into a 
45 million-gallon raw water storage basin from which the plant draws its supply at a rate of 1.3 
MGD on average. Treatment consists of pre-chlorination, coagulation sedimentation, filtration, 
and post-chlorination. 
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4.0 SITE INVESTIGATION ACTIVITIES 
 
This section summarizes the Site 1738 MtBE field investigation, analytical, and data validation 
activities that were associated with the two field investigation phases.  
 
The September 2010 field investigation included the following activities: 
 
1. Installation of five soil borings in the vicinity of the former pump island with the collection of 

a total of 16 subsurface soil samples for BTEX, TPH diesel range organics (DRO), TPH 
gasoline range organics (GRO) and MtBE analyses; 

 
2. Installation of seven soil borings for monitoring well installation.  Three subsurface soil 

samples each were collected from two borings (1738MW11 and 1738MW12) for a total of 
six subsurface soil samples for BTEX, TPH DRO, TPH GRO and MtBE analyses. 

 
3. Installation of a total of seven groundwater monitoring wells. 
 
4. Collection of groundwater samples from all (seven) existing monitoring wells and seven 

newly installed wells for a total of 14 groundwater samples for BTEX, TPH DRO, TPH GRO 
and MtBE analyses. 
 
 Conducting slug tests (aquifer characterization tests) in 11 of the 14 monitoring wells. 

 
 Abandoned monitoring well TEMPORARY WELL. 

 
 Surveying the newly installed borings and monitoring wells as well as resurveying the 

existing monitoring wells. 
 

 Additional field activities conducted in support of this investigation include utility 
clearance, site clearing, and management of investigation-derived wastes (IDW).   

 
The June/August 2012 field investigation had two primary tasks; installation and sampling of 
additional groundwater monitoring wells to delineate the MtBE plume, and advancement of soil 
borings and collection of soil samples to further define the presence or absence of a potential 
source zone.  The June 2012 mobilization provided some evidence that a potential source zone 
was present. The August 2012 mobilization focused on source zone characterization and 
delineation, based on the evidence from the June 2012 mobilization. The details of the evidence 
that a potential source zone exists are presented in Section 6.2.  The June/August 2012 field 
investigation included the following activities: 
 

 Installation of seven soil borings (identified with an “SB” in the sample ID) in the upper 
portion of the Site with the collection of a total of 53 surface and subsurface soil samples 
for BTEX, TPH DRO, TPH GRO, MtBE, fractional organic carbon (foc), and/or total 
oxidant demand (TOD) analyses. One of the seven borings was an extension of SB104. 
This boring was drilled to a depth of 19 feet bgs in September 2010, and was extended to 
a depth of 32 feet in June 2012.  

 
 Installation of 15 soil borings for monitoring well installation.  In general, one surface 

soil sample was collected from each soil boring, along with two or three subsurface soil 
samples (identified with an “MW” in the sample ID).  Analysis included BTEX, TPH 
DRO, TPH GRO and MtBE.  
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 Installation of a total of 15 groundwater monitoring wells. 
 

 Collection of groundwater samples from 13 existing monitoring wells and 15 newly 
installed wells for a total of 28 groundwater samples for BTEX, TPH DRO, TPH GRO 
and MtBE analyses. 
 

 Conducting slug tests (aquifer characterization tests) in 10 newly installed monitoring 
wells. 

 
 Surveying the newly installed borings and monitoring wells as well as resurveying the 

existing monitoring wells. 
 

 Additional field activities conducted in support of this investigation include utility 
clearance, site clearing, and management of IDW. 

 
The June/August 2012 investigation was completed in two mobilizations due to the length of the 
field program and Site conditions.  The first mobilization occurred between June 11 and July 1, 
2012. The main activities included installation of 14 monitoring wells and attempting soil 
borings. A Geoprobe® 7822DT rig was used for soil sampling (Macro-Core® Sampler [MC]) 
and well installation (4-1/4 inch inside diameter [ID] hollow stem augers [HSAs]).  There were 
two difficulties with well installation, heaving sediments and hard gravel or bedrock. Heaving 
sediments were encountered during well installation in the downgradient area. Well installation 
was slow and two wells (MW16 and MW07B) had to be re-installed due to collapsing formation 
during sand pack placement. Auger refusal or very slow advancement rates were encountered at 
several wells in the upper area (including wells MW01A, MW02R, and MW13) due to hard 
gravel or saprolite/weathered bedrock.  In addition, two soil borings could not be fully completed 
in the upper area (SB104A and SB106) due to hard saprolite or weathered bedrock.  To overcome 
these difficulties, an air rotary rig was brought on site during the first mobilization to complete 
well installation (wells MW01A, MW01B, MW02R, MW14, and MW15).  In addition, an auger 
rig was brought on site during the second mobilization to complete boring advancement/soil 
sampling (SB106A – SB111). Additional detail is provided in the sections that follow. The 
second mobilization occurred between August 13 and August 29, 2012. The main activities 
included groundwater sampling, boring advancement/soil sampling, and installation of one 
additional monitoring well.  
 
Both phases of the investigation were conducted in accordance with the Draft MtBE Investigation 
Work Plan, AOC F - Site 1738 (Baker, 2010).  Deviations from the Work Plan are described 
within subsequent sections of this report, as appropriate.  Refer to Figure 4-1 for soil boring and 
monitoring well locations.   
 
The environmental and QA/QC samples collected from the site were analyzed at a fixed-base 
laboratory (see Section 4.11) and the data was validated by an independent third party (see 
Section 4.12).  A summary matrix listing the primary environmental samples collected and the 
analyses conducted on each sample is shown in Table 4-1.  Field duplicates and matrix 
spike/matrix spike duplicate samples and the analyses conducted on these samples are also shown 
in Table 4-1.  Other QA/QC samples (trip blanks, field blanks, and equipment rinsates) collected 
and the analyses conducted on these samples are shown in Table 4-2.  The list of analytical 
parameters and the Contract Required Quantitation Limits (CRQLs) are provided in Table 4-3.   
 
Field notes containing descriptions of the site activities, site photographs (including a photograph 
location map), soil boring logs, and chain-of-custody records are presented in Appendix A.  
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Laboratory analytical results for soil, groundwater, QA/QC, and IDW are presented in Appendix 
B.  Data Validation report summaries are provided in Appendix C. 
 
4.1 Soil Sampling 
 
Surface and subsurface soil samples were collected as part of the 2012 Site investigation. Only 
subsurface soil samples were collected in September 2010. The sections that follow detail soil 
sampling. 
 
4.1.1 Surface Soil – June/August 2012 
 
Surface soil samples were collected during the June 2012 mobilization from nine well borings as 
shown on Table 4-1. Surface soil samples were collected at locations as proposed in the Draft 
MtBE Investigation Work Plan.  The samples were collected during soil boring advancement 
using a track-mounted direct push technology (DPT) rig (Geoprobe 7822 DT rig operated by 
JFA, Inc., of Aguadilla, Puerto Rico) and samples were collected using a 4-foot long Geoprobe® 
MC Sampler and disposable, clear acetate liners.  Soil boring logs are presented in Appendix A. 
 
Soil samples were field-screened for non-specific, total VOCs using a photoionization detector 
(PID) equipped with a 10.2 eV bulb and calibrated to isobutylene.  The PID readings were 
recorded on the drilling logs for each boring (Appendix A).  The field screening procedure for 
soils collected using the DPT MC sampler involved making a longitudinal cut along the entire 
length of the MC liner, separating the two edges of the liner, and screening the entire length of the 
soil core with a PID at approximately 1-foot intervals.  No measurable VOC vapors were detected 
in the surface soil samples.  
 
Surface soil samples were composited over a one-foot interval (0- to 1-foot bgs).  Samples for 
BTEX, MtBE, and TPH GRO were taken directly from the MC liner.  Method 5035 was utilized 
in collection of the BTEX, MtBE, and TPH GRO samples.  These samples were collected using a 
cut off plastic syringe to estimate 5 grams and were placed into 40 milliliter (ml) vials containing 
sodium bisulfite (2 vials) and methanol (1 vial).  The sodium bisulfite preservative was for low 
levels and the methanol preservative for high levels.  Samples for TPH DRO were placed in a 
clean, single-use aluminum pie pan, homogenized, and transferred to the sample container.  All 
samples were placed on ice after collection. The samples were shipped in coolers with chain-of-
custody forms (provided in Appendix A) to the fixed-base analytical laboratory for analysis.  
Surface soil samples were analyzed for MtBE, BTEX, TPH DRO and TPH GRO as outlined in 
the Work Plan and summarized on Table 4-1.   
 
4.1.2 Subsurface Soil - September 2010 
 
Two sets of soil borings were advanced at Site 1738:  one set in the vicinity of the pump island 
(1738SB101 through 1738SB105) and one set for monitoring well installation (1738MW05L and 
1738MW07 through 1738MW12). Boring locations are shown on Figure 4-1. As shown on Table 
4-1, 16 subsurface soil samples were collected from the five soil borings installed in the vicinity 
of the pump island, three subsurface soil samples were collected from 1738MW11 and three 
subsurface soil samples were collected from 1738MW12.   The same installation procedure, as 
discussed in the following paragraphs, was used for all of the soil borings.  Table 4-4 summarizes 
the soil boring and monitoring well specifications and construction information.  The soil borings 
and associated monitoring wells were installed at the locations proposed in the work plan, with 
the exception of boring 1738SB103, which was moved several times to the north, for a total of six 
feet to avoid an obstruction at one foot bgs.   
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Soil borings were advanced using a track-mounted DPT rig (Geoprobe 6610 DT rig operated by 
GeoEnviroTech, Inc., of San Juan, Puerto Rico) and samples were collected using a 5-foot long 
Geoprobe MC Sampler and disposable, clear acetate liners.  Soil boring logs are presented in 
Appendix A. 
 
Soil samples were field-screened for non-specific, total VOCs using a PID equipped with a 10.2 
eV bulb and calibrated to isobutylene.  The PID readings were recorded on the drilling logs for 
each boring (Appendix A).  The field screening procedure for soils collected using the DPT MC 
sampler involved making a longitudinal cut along the entire length of the MC liner, separating the 
two edges of the liner, and screening the entire length of the soil core with a PID at approximately 
0.5 foot intervals.  Measurable organic vapors above background levels were detected at boring 
locations 1738SB101, 1738SB102, and 1738SB104.  These readings ranged from a few ppm to a 
maximum of 90 ppm at 1738SB104 near the water table.  Organic vapors were detected (1 to 3 
ppm) in only one monitoring well location, 1738MW05L, below the water table. 
 
Subsurface soil samples were collected from varying depths ranging from the 1 to 3 foot interval, 
to the 15 to 17 foot interval bgs.  According to the Work Plan, subsurface soil samples were 
collected from 1 to 3 feet bgs, from whatever interval was just above the water table, and any 
interval which recorded an elevated PID concentration.  In the case of no elevated PID 
measurements, samples were collected to verify clean soil conditions at various elevations.  In 
some cases up to four samples were collected per boring for verification.  Soil samples were 
composited over the entire two foot interval by taking representative soil portions and avoiding 
mixing and volatilization loss.  The samples were transferred directly into pre-labeled, laboratory 
provided sample jars and placed on ice. Method 5035 was utilized in collection of the VOC 
samples.  VOC samples were collected using a cut off plastic syringe to estimate 5 grams and 
were placed into 40ml vials containing sodium bisulfite (2 vials) and methanol (1 vial).  The 
sodium bisulfite preservative was for low levels of VOCs and the methanol preservative for high 
levels of VOCs.  The samples were shipped in coolers with chain-of-custody forms (provided in 
Appendix A) to the fixed-base analytical laboratory for analysis.  Subsurface soil samples were 
analyzed for MtBE, BTEX, TPH DRO and TPH GRO as outlined in the Work Plan and 
summarized on Table 4-1.   
 
4.1.3 Subsurface Soil – June/August 2012 
 
Soil borings were advanced at Site 1738 for two purposes; 1) to characterize and delineate the 
potential source zone, and 2) install monitoring wells. Boring locations are shown on Figure 4-1. 
As shown on Table 4-1, 19 subsurface soil samples were collected from six soil borings advanced 
in the upper area.  Sixteen subsurface soil samples were also collected from ten monitoring well 
borings.  The same advancement/sampling procedure, as discussed in the following paragraphs, 
was used for all of the soil borings.  Note that a sample could not be collected from the 1 to 3 foot 
bgs interval at 1738SB108 due to the gravelly nature of the subsurface material at that depth.  
Also note that TPH DRO analysis was not performed on the deep samples from borings 
1738SB108, 1738SB109, and 1738SB110. These borings were placed primarily to delineate 
observed residual-phase non-aqueous phase liquid (NAPL), which is primarily related to gasoline 
constituents.  This represents a Work Plan deviation.  Table 4-4 summarizes the soil boring and 
monitoring well specifications and construction information.  The monitoring well borings were 
advanced at the locations proposed in the Draft MtBE Investigation Work Plan.  The location of 
the soil borings changed from the locations proposed in the Draft MtBE Investigation Work Plan.  
Observations during installation of wells MW02R and MW13 suggested that soil contamination 
existed primarily below a depth of 18 feet and encompassed a large portion of the upper area.  
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To characterize and delineate the potential source zone, a dynamic field approach was used.  This 
approach consisted of collection of soil samples below the water table, visual observations, and 
field screening. Field screening included the PID and a hydrophobic dye shake test (using Oil-N-
Soil™ kits). Observations and field screening evidence from wells MW02R and MW13 (see 
boring logs in Appendix A) provided an initial estimate of the horizontal extent of the source 
zone. The subsequent soil borings were advanced in locations to provide additional nature 
characterization and delineation.  
 
Soil borings were advanced using a track-mounted DPT rig (Geoprobe 7822 DT rig and samples 
were collected using a 4-foot long Geoprobe® MC Sampler and disposable, clear acetate liners.  
Soil boring logs are presented in Appendix A. 
 
Soil samples were field-screened for non-specific, total VOCs using a PID equipped with a 10.2 
eV bulb and calibrated to isobutylene.  The PID readings were recorded on the drilling logs for 
each boring (Appendix A).  The field screening procedure for soils collected using the DPT MC 
sampler involved making a longitudinal cut along the entire length of the MC liner, separating the 
two edges of the liner, and screening the entire length of the soil core with a PID at approximately 
1-foot intervals.  Measurable organic vapors above background levels were detected at most 
boring locations below a depth of 20 feet, which was generally below the first encountered 
groundwater.  Readings were above 1,000 ppm in the suspected source zone area.   
 
Select soil samples were field-screened for the presence of NAPL.  The Oil-N-Soil™ kit consists 
of a 2-ounce plastic container with a hydrophobic dye-impregnated sugar cube adhered to the lid.  
The user adds soil to a line on the label, adds water to another line on the label, and shakes the jar 
to release the dye.  A colored ring or spots indicates the presence of NAPL.   
 
Subsurface soil samples were collected from varying depths.  According to the Work Plan, 
subsurface soil samples were collected from 1 to 3 feet bgs, from whatever interval was just 
above the water table, and any interval which recorded an elevated PID concentration.  A 1 to 3 
foot interval was collected from all of the deep well soil borings, and three of the soil borings. 
Deeper subsurface soil samples were collected from varying depths, at the geologist’s discretion.  
These deeper subsurface soil samples were collected to characterize the nature of the source zone, 
and provide delineation. Selection of sampling intervals was based on PID readings, visual 
observation, or NAPL identification field tests.  Samples were collected below the water table 
since PID reading and field screening evidence suggested that soil contamination extended below 
the water table. 
 
Soil samples were composited over one- or two-foot intervals based on the distribution of 
observable contamination. In some instances, observable contamination was in a fairly narrow 
interval, so as to not dilute the concentration the sampling interval was limited.  Samples for 
BTEX, MtBE, and TPH GRO were taken directly from the MC liner.  Method 5035 was utilized 
in collection of the BTEX, MtBE, and TPH GRO samples.  These samples were collected using a 
cut off plastic syringe to estimate 5 grams and were placed into 40ml vials containing sodium 
bisulfite (2 vials) and methanol (1 vial).  The sodium bisulfite preservative was for low levels and 
the methanol preservative for high levels.  Samples for TPH DRO were placed in a clean, single-
use aluminum pie pan, homogenized, and transferred to the sample container.  All samples were 
placed on ice after collection. The samples were shipped in coolers with chain-of-custody forms 
(provided in Appendix A) to the fixed-base analytical laboratory for analysis.  Subsurface soil 
samples were generally analyzed for MtBE, BTEX, TPH DRO and TPH GRO as outlined in the 
Work Plan and summarized on Table 4-1.  In addition, select samples were analyzed for foc and 
TOD.    



 

4-6 

4.2 Monitoring Well Installation and Groundwater Sampling 
 
Monitoring wells were installed as part of the Site investigation during both the September 2010 
and June/August 2012 field efforts. The sections that follow detail well installations. 
 
4.2.1 Monitoring Well Installation and Sampling - September 2010 
 
Monitoring wells were installed at seven locations (1738MW05L, 1738MW07, 1738MW08, 
1738MW09, 1738MW10, 1738MW11, and 1738MW12) using 3-1/4-inch ID HSAs.  Refer to 
Figure 4-1 for soil boring and monitoring well locations and Table 4-4 for soil boring and 
monitoring well specifications and construction information.  The monitoring well network was 
proposed in order to further delineate the downgradient (northern) and sidegradient extent of 
MtBE at Site 1738 and to establish upgradient monitoring points.  The monitoring wells were 
installed at the approximate locations that were proposed in the work plan.  
 
Monitoring wells were constructed of 2.0-inch ID, Schedule 40 polyvinyl chloride (PVC), with 
flush joint threads.  Each well was constructed with 10-foot long well screens (0.01-inch slots) 
and attempts were made to install the screens to straddle the water table.  The well screen and 
bottom cap were set at the bottom of the borehole and the screen was connected to threaded, 
flush-joint riser.  The annular space around the well screen was backfilled with a well-graded, 
fine to medium sand as the augers were withdrawn from the borehole.  The sand was extended to 
approximately two feet above the top of the screened interval.  An approximately two-foot thick 
sodium bentonite seal was placed above the sand pack.  The bentonite was hydrated with potable 
water and allowed to set for one hour. The annular space above the bentonite seal was backfilled 
with a cement/bentonite grout to prevent surface water from infiltrating into the screened 
groundwater monitoring zone.  An expandable water tight locking cap with a vent hole was 
placed at the top of the casing.  The wells were completed at the surface with approximately three 
feet of four-inch square protective casing, with the exception of 1738MW11 which was finished 
at the ground surface with a flushmount cover due to potential traffic and grass cutting in this 
area.  The protective casing was placed over the riser and surrounded by an approximate 2 feet by 
2 feet (length x width) and 6 inches thick concrete pad.  Four steel bollards were installed around 
the concrete pad in areas of high vehicular traffic (1738MW12) as additional protection and 
painted a bright color to aid in visibility. 
   
Monitoring well development consisted of surge and bail using a decontaminated bailer.  A 
minimum of three well volumes were bailed from each of the newly installed wells.  In most 
cases more than three well volumes were removed in an effort to reduce turbidity and improve 
clarity to ensure successful low flow sampling parameter equilibrium.  Ideally, an attempt is made 
to reduce turbidity to less than 50 Nephelometric Turbidity Units (NTUs), which is stated in the 
Revised Final Monitored Natural Attenuation Work Plan for AOC F, dated September 8, 2008.  A 
two-week waiting period between well completion and well development is standard procedure 
when possible at NAPR.  Due to schedule and mobilizations, this two-week period did not occur. 
Records of the well development calculations and volumes are in the field notebooks found in 
Appendix A.  
 
The groundwater was sampled using a decontaminated bladder pump and low-flow sampling 
techniques at each well.  Field parameters of pH, temperature, turbidity, conductivity, dissolved 
oxygen, and oxidation-reduction potential were measured and recorded on the well detail and 
sampling logs presented in Appendix A.  The sampling criteria were met as there were no 
significant deviations of the required sample purge field parameters.  The required field parameter 
criteria included: 
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 pH    +/- 0.1 units 
 Specific Conductance  +/- 3 percent 
 Dissolved Oxygen  +/- 10 percent 
 Oxygen Reduction Potential +/- 10 millivolts (mV) 
 Turbidity   +/- 10 percent 

 
The groundwater samples, designated as “GW” for the well location, were placed into appropriate 
laboratory supplied containers.  The groundwater sample designations correspond to the 
representative monitoring well location.  For example, the groundwater sample collected from 
monitoring well location 1738MW02 was designated 1738GW02.  Following completion of 
sampling and surveying, each well was secured with a padlock. 
 
Fourteen groundwater monitoring wells, including the seven newly installed wells (1738MW05L, 
1738MW07, 1738MW08, 1738MW09, 1738MW10, 1738MW11, and 1738MW12) and seven 
existing wells (1738MW01, 1738MW02, 1738MW03, 1738MW04, 1738MW05, 1738MW05R, 
and 1738MW06), were sampled. The samples were transferred directly into pre-labeled, 
laboratory provided sample jars and placed on ice.  The samples were shipped in coolers with 
chain-of-custody forms (provided in Appendix A) to the fixed-base analytical laboratory for 
analysis.  Groundwater samples were analyzed for MtBE, BTEX, TPH DRO and TPH GRO as 
outlined on Table 4-1.   
 
4.2.2 Monitoring Well Installation and Sampling – June/August 2012 
 
Fifteen monitoring wells were installed at ten locations (1738MW01, 1738MW02R, 1738MW07, 
1738MW08, 1738MW09, 1738MW13, 1738MW14, 1738MW15, 1738MW16, and 1738MW17) 
using 4-1/4 inch ID HSAs (and 3-1/4 inch ID HSAs at 1738MW17).  Refer to Figure 4-1 for soil 
boring and monitoring well locations and Table 4-4 for soil boring and monitoring well 
specifications and construction information.  The monitoring wells were proposed to supplement 
the existing network to provide vertical and horizontal delineation of the MtBE groundwater 
plume. The monitoring wells were installed at the approximate locations that were proposed in 
the work plan.  
 
Monitoring wells were constructed of 2.0-inch ID, Schedule 40 PVC, with flush joint threads.  
Most of the shallow wells (1738MW07A, 1738MW08A, and 1738MW009A) were installed with 
5-foot long well screen (0.01-inch slots). The remaining wells were constructed with 10-foot long 
well screen (0.01-inch slots).  The well screen and bottom cap were set at the bottom of the 
borehole and the screen was connected to threaded, flush-joint riser.  The annular space around 
the well screen was backfilled with a well-graded, fine to medium sand as the augers were 
withdrawn from the borehole.  The sand was extended to approximately two feet above the top of 
the screened interval (one foot above the top of the screened interval for most of the shallow 
wells).  An approximately two-foot thick sodium bentonite seal was placed above the sand pack.  
The bentonite was hydrated with potable water and allowed to set for at least one hour. The 
annular space above the bentonite seal was backfilled with a cement/bentonite grout to prevent 
surface water from infiltrating into the screened groundwater monitoring zone.  An expandable 
water tight locking cap with a vent hole was placed at the top of the casing.  The wells were 
completed at the surface with approximately three feet of four-inch square protective casing.  The 
protective casing was placed over the riser and surrounded by an approximately 3 foot by 3 foot 
(length x width) and 6 inches thick concrete pad.  Four steel bollards were installed around the 
concrete pad.  To aid in visibility, the well casings and bollards were painted a bright color and a 
1-inch outside diameter (OD), 10-foot long PVC pipe was installed at each pad.  
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Monitoring well development consisted of surge and purge.  Surging was accomplished using a 
decontaminated, 2-inch diameter QWater-brand surge block. Purging was accomplished using a 
decontaminated PVC bailer.  Well development was performed at each well for 2 hours, with 
alternating surging and purging.  At least three well volumes were removed in an effort to reduce 
turbidity and improve clarity to ensure successful low flow sampling parameter equilibrium.  
Ideally, an attempt is made to reduce turbidity to less than 50 NTUs, which is stated in the 
Revised Final Monitored Natural Attenuation Work Plan for AOC F, dated September 8, 2008.  
Records of the well development calculations and volumes are in the field notebooks found in 
Appendix A.  
 
The groundwater was sampled using a decontaminated bladder pump and low-flow sampling 
techniques at each well.  Field parameters of pH, temperature, turbidity, conductivity, dissolved 
oxygen, and oxidation-reduction potential were measured and recorded on the well detail and 
sampling logs presented in Appendix A.  The sampling criteria were met as there were no 
significant deviations of the required sample purge field parameters.  The required field parameter 
criteria included: 
 

 pH    +/- 0.1 units 
 Specific Conductance  +/- 3 percent 
 Dissolved Oxygen  +/- 10 percent 
 Oxygen Reduction Potential +/- 10 mV 
 Turbidity   +/- 10 percent 

 
The groundwater samples were placed into appropriate laboratory supplied containers.  The 
groundwater sample designations correspond to the representative monitoring well location.  For 
example, the groundwater sample collected from monitoring well location 1738MW02R was 
designated 1738GW02R.  In addition, a suffix, “-12C” was added to distinguish different 
sampling events (“-12C” means the third quarter of the year 2012).  
 
The entire monitoring well network (28 groundwater monitoring wells) was sampled. The 
samples were transferred directly into pre-labeled, laboratory provided sample jars and placed on 
ice.  The samples were shipped in coolers with chain-of-custody forms (provided in Appendix A) 
to the fixed-base analytical laboratory for analysis.  Groundwater samples were analyzed for 
MtBE, BTEX, TPH DRO and TPH GRO as outlined on Table 4-1.  One deviation from the Work 
Plan occurred; well 1738MW01A was purged dry despite setting the pump to the lowest 
sustainable flow rate.  The water level was allowed to recover so that a sample could be collected. 
 
4.3 Groundwater Level Measurements 
 
Groundwater levels were gauged as part of the Site investigation during both the September 2010 
and June/August 2012 field efforts. The sections that follow detail groundwater level 
measurement. 
 
4.3.1 Groundwater Level Measurement - September 2010 
 
Depth to groundwater (DTW) measurements were collected from each of the newly installed 
monitoring wells shortly after installation and prior to and after well development and sampling 
activities.  Additionally, groundwater measurements were collected from existing wells 
1738MW01, 1738MW02, 1738MW03, 1738MW04, 1738MW05, 1738MW05R, and 1738MW06 
prior to and after sampling activities.  Groundwater elevations were measured in all monitoring 
wells at the end of the field investigation on September 22, 2010 and on November 2, 2010 
during the Year 8 third quarter MNA sampling event.   All groundwater level measurements are 
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provided in the field logbooks in Appendix A; the September 22 and November 2, 2010 
measurements are summarized on Table 4-5.   
 
Groundwater levels were measured from the top of the PVC riser and the groundwater elevations 
were calculated from the surveyed elevation of the top of riser.  A discussion of the survey 
activities is provided in Section 4.9.  The groundwater level measurements were used during well 
development and sampling activities (e.g., calculate well volumes and monitor draw down) and to 
develop a potentiometric surface/groundwater contour map.  Groundwater elevation contour 
maps for Site 1738 were developed using data collected on September 22, 2010 and on November 
2, 2010.  Site hydrogeology is discussed in Section 5.2.2.    
 
4.3.2 Groundwater Level Measurement – June/August 2012 
 
DTW measurements were collected from each of the newly installed monitoring wells shortly 
after installation and prior to and after well development and sampling activities.  In addition, 
synoptic DTW measurements were performed on June 29, 2012 and August 26, 2012. All 
groundwater level measurements are provided in the field logbooks in Appendix A; and are 
summarized on Table 4-5.  All wells in the network were gauged (including 1738MW17 on 
August 26, 2012) to support groundwater flow direction and gradient evaluation.  Site 
hydrogeology is discussed in Section 5.2.2. 
 
Groundwater levels were measured from the top of the PVC riser and the groundwater elevations 
were calculated from the surveyed elevation of the top of riser.  A discussion of the survey 
activities is provided in Section 4.9.  The groundwater level measurements were used during well 
development and sampling activities (e.g., calculate well volumes and monitor draw down).  
 
4.4 Slug Testing 
 
Slug tests were performed on 11 monitoring wells during the September 2010 field investigation, 
including: 1738MW01, 1738MW02, 1738MW03, 1738MW05, 1738MW05R, 1738MW05L, 
1738MW07, 1738MW08, 1738MW10, 1738MW11 and 1738MW12.  Slug tests were also 
performed on 10 monitoring wells during the August 2012 field investigation, including: 
1738MW01B, 1738MW02R, 1738MW07A, 1738MW07B, 1738MW08A, 1738MW008B, 
1738MW09A, 1738MW09B, 1738MW13, and 1738MW15.  Slug tests from two other wells 
(1738MW04 and 1738MW06) were conducted during the 1998 site characterization conducted 
by BBL. 
 
The purpose of the slug tests was to estimate the hydraulic conductivity (K) of the saturated zone 
in the immediate vicinity of the monitoring well by measuring the aquifer response to a change in 
static conditions induced by introduction or removal of a slug of known volume from the well.  A 
5-foot long, 1.5-inch diameter slug was used for the deeper wells, and a 3-foot long, 1.5-inch 
diameter slug was used for the shallow wells. 
 
Each test was initiated by measuring the static water level in the well and total well depth and 
recording this information in the field notes.  A pressure transducer attached to a computerized 
data logger was then installed in the well and the water levels allowed to re-equilibrate.  The slug 
was introduced into the well and the change in the water level over time was measured for the 
falling head portion of the slug test.  Measurements continued until water levels stabilized at 
which point the slug was removed from the well and the change in water level was again 
measured until the water levels stabilized for the rising head portion of the test.   
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The electronic water level measurements were processed using Microsoft Excel and 
AQTESOLV® for Windows®, version 3.5.  The Hvorslev method for confined aquifers 
(Hvorslev, 1951) was used for analyzing slug test data. As noted in Section 5.2.2 there is 
evidence to suggest that groundwater exists in confined conditions.  
 
Special consideration was given to the saturated thickness input into AQTESOLV®.  
Groundwater yields were observed in narrow zones, significantly less than the screen length. An 
error note is returned in AQTESOLV® when the saturated thickness is less than the screen length. 
To avoid this error, the saturated thickness was set to equal the static water column height at each 
well. The saturated thickness was subsequently varied (by an order of magnitude) to test if the 
saturated thickness impacted the K results.  This sensitivity analysis indicated that the change in 
K was negligible compared with the change in the saturated thickness.  
 
The remaining input parameters used for calculating hydraulic conductivity, in addition to the 
time and water level measurements, included initial displacement, total well penetration depth, 
static water column height, boring radius, casing radius, and screen length.  Aquifer anisotropy 
does not affect the K results.  These parameters varied by well location based on well 
construction and water level.  A summary of the input parameters used for calculating the 
hydraulic conductivity and the graphical analysis is provided in Appendix A.  The results from 
monitoring wells 1738MW07 and 1738MW08 were not used in the average calculation because 
slug tests were performed the same day as sample collection and the wells may not have reached 
total equilibrium.   
 
The slug test result at well 1738MW01 was re-evaluated due to the oscillation noticed in the 
falling head test data.  This is a common (but not necessary) phenomenon in wells with a long 
screen length or where the K is high, and is called underdamping. The screen length of well 
1738MW01 is 15 feet, and may be the cause of the underdamping.  AQTESOLV® has several 
solution options for underdamped conditions.  The Butler-Zhan (2004) solution was attempted.  
The curve fit to the data was not ideal, and the hydraulic conductivity estimate was more than 
twice rising head test estimate.  The Hvorslev method provided a similar estimate as the rising 
head test.  Therefore, this estimate was reported since the rising head test data did not exhibit 
undulating response data, and the falling head test solution using Hvorslev was similar to the 
rising head test estimate.   
 
Internal analysis and comparison of Bouwer and Rice Method versus Hvorslev, and confined 
versus unconfined assumptions was performed. There was no significant difference between the 
methods or assumptions, so the results of the Hvorslev method are presented.   
 
4.5 Well Abandonment 
 
The monitoring well “TEMPORARY WELL”, located in the southern portion of the site was 
abandoned as part of the September 2010 investigation.  Removal of the riser and screen was 
attempted; however, the casing broke approximately one foot below the ground surface.  The well 
was subsequently filled with grout to the ground surface. 
 
4.6  Utility Clearance 
 
All proposed boring locations were first checked for the presence of subsurface utilities.  Base 
utility mapping did not indicate the presence of utilities within the 1738 site boundary or vicinity; 
although, it is known that the Solid Waste Management Unit (SWMU) 74 fuel pipeline runs along 
Forrestal Road, south of the site.  The sampling locations were field-located using a Global 
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Positioning System (GPS), and the absence of subsurface utilities was field verified to the extent 
possible.   Underground utilities were not encountered during drilling activities. 
 
4.7 Site Clearing 
 
Once the proposed sample locations were located using a GPS unit and utility clearance was 
achieved, site clearing activities were performed to provide access routes for the drill rig to the 
proposed sample locations.  Specifically, site clearing was needed for monitoring well locations 
1738MW07, 1738MW08, 1738MW09, 1738MW10, 1738MW15, and 1738MW16.  Due to the 
dense vegetation present on site, an ASV RC-100 skidsteer equipped with a Magnum Systems 
Inc. mulcher (operated by Right Way Environmental Contractors, Inc. [RWEC Inc.]) was used 
for site clearing.    
 
4.8 Decontamination and Investigation Derived Waste 
 
Disposable sampling tools were used to the extent practicable in order to minimize the generation 
of liquid IDW from decontamination.  Non-disposable groundwater sampling equipment 
(stainless steel bladder pump components) was decontaminated both daily and between wells 
following USEPA’s Ground Water Sampling Procedures, Low Stress (Low Flow) Purging and 
Sampling (USEPA, 1998).  Additionally, portions of the pump (after disassembly) were 
decontaminated by rinsing with a 10 percent nitric acid solution (September 2010 only), followed 
by a deionized water rinse, rinsing with pesticide grade methanol followed by a second deionized 
water rinse.  A 10 percent nitric acid solution rinse during the June/August 2012 field effort was 
not required because samples were not collected for metals analysis.  
  
IDW associated with monitoring well installation, including soil cuttings, groundwater sampling 
purge water, and decontamination fluids, was containerized and stored in 55-gallon drums.  Two 
IDW samples were collected during the September 2010 field effort.  One composite aqueous 
sample (1738IDW01) was collected from drums containing decontamination fluid (from 
sampling equipment and drill rig), and one composite solid sample (1738IDW02) was collected 
from drums containing drill cuttings.  Two IDW samples were also collected during the 
June/August 2012 field effort.  One composite aqueous sample (1738IDW03) was collected from 
drums containing decontamination fluid (from sampling equipment and drill rig), and one 
composite solid sample (1738IDW04) was collected from drums containing drill cuttings.  The 
soil IDW sample was analyzed for toxicity characteristic leaching procedure (TCLP) VOCs and 
metals, ignitability, reactive sulfide, reactive cyanide, corrosivity, TPH DRO and TPH GRO; 
while the aqueous IDW sample was analyzed for TPH DRO and TPH GRO.  The IDW analytical 
data is presented in Appendix B.  The drums were moved and stored at a secure location on base 
following the field work completion.  The drums from the September 2010 field effort were 
disposed at the Penuelas Valley Landfill on March 31, 2011.  Documentation is provided in 
Appendix A.  Arrangements to remove and properly dispose of the June/August 2012 IDW by an 
approved vendor were ongoing at the submittal of this report.  
 
4.9 Surveying 
 
Prior to entering the field, an electronic "shape file" (which included each proposed soil boring 
location) was uploaded to the GPS data collector.  Once in the field, the GPS unit was used to 
navigate to each sample location.  Each sample location was flagged and identified using the 
numbering system as described in the work plan.   
 
As a sub-consultant to Baker, PJDC, Inc. conducted a site survey at Site 1738 in September 2010, 
July 2012, and September 2012.  After the monitoring wells were installed, their coordinates were 
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more accurately surveyed using conventional survey methods. Conventional surveying was 
selected specifically because of the accuracy of data they provide: +/- 0.01 feet vertical and +/- 
0.05 feet horizontal.  
 
Each existing and newly installed monitoring well at Site 1738 was surveyed.  An elevation was 
obtained from the top of PVC riser for water level elevation calculations and a spot ground 
surface elevation was also obtained.  In addition to the monitoring well survey; the locations of 
soil borings 1738SB101 through 1738SB111 were also surveyed by PJDC. 
 
All survey data was submitted to Baker for use in office application software such as Auto 
Computer Aided Design and Drafting (CADD).  Coordinates were obtained and input into a 
CADD/Geographic Information System (GIS) to produce the maps used in this report.  The 
datum for reporting elevations is the Mean Low Water plus 100.00 feet, as established by the U. 
S. Navy Survey Section (November, 1941). 
 
4.10 QA/QC Sampling 
 
The following QA/QC samples were collected during the investigation of this site: 
 

 Field Duplicates 
 Trip Blanks 
 Matrix Spike/Matrix Spike Duplicates (MS/MSDs) 
 Field Blank 
 Equipment Rinsate Blanks 

 
Tables 4-1 and 4-2 provide a summary of the QA/QC samples collected and their associated 
laboratory analysis. 
 
4.10.1 Field Duplicates 
 
4.10.1.1   September 2010 
 
Field duplicates were collected at a target rate of 10 percent of primary environmental samples.  
A total of 22 subsurface soil samples were collected as part of this investigation with three 
associated field duplicate samples; 1738101-01D, 1738105-01D, and 1738MW12-01D.  Two 
field duplicates for groundwater samples (1738GW02D and 1738GW04D) were collected 
corresponding to 14 groundwater samples.  Field duplicates were analyzed for the same 
parameters as the primary environmental samples and the results were used to evaluate the field 
sampling methodology. Field duplicate samples are shown on Table 4-1. 
 
4.10.1.2   June/August 2012 
 
Field duplicates were collected at a target rate of 10 percent of primary environmental samples.  
A total of 53 surface and subsurface soil samples were collected as part of this investigation with 
seven associated field duplicate samples; 1738MW07B-00D, 1738MW16-00D, 1738MW14-01D, 
1738MW08B-03D, 1738MW09B-03D, 1738SB107-09D, and 1738SB110-12D.  Three field 
duplicates for groundwater samples (1738MW02R-D-12C, 1738MW07D-12C, and 
1738MW16D-12C) were collected corresponding to 28 groundwater samples.  Field duplicates 
were analyzed for the same parameters as the primary environmental samples and the results were 
used to evaluate the field sampling methodology.  Field duplicate samples are shown on Table 4-
1. 
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4.10.2 Trip Blanks 
 
4.10.2.1   September 2010 
 
One trip blank sample was included in each cooler containing the samples from the site intended 
for BTEX, MtBE or TPH GRO analysis to evaluate whether cross contamination occurred during 
handling of samples.  As shown on Table 4-2, a total of three trip blanks (1738TB01, 1738TB02, 
and 1738TB03) accompanied samples from this site to the analytical laboratory and were 
analyzed for BTEX, MtBE, and TPH GRO.   
  
4.10.2.2  June/August 2012 
 
One trip blank sample was included in each cooler containing the samples from the site intended 
for BTEX, MtBE and TPH GRO analysis to evaluate whether cross contamination occurred 
during handling of samples.  As shown on Table 4-2, a total of seven trip blanks (1738TB04 
through 1738TB10) accompanied samples from this site to the analytical laboratory and were 
analyzed for BTEX, MtBE, and TPH GRO.   
  
4.10.3 Matrix Spike/Matrix Spike Duplicates  
 
4.10.3.1   September 2010 
 
MS/MSDs were collected at a target rate of approximately five percent of primary environmental 
samples from the subsurface soil and groundwater.  Two MS/MSD sets (1738SB101-01MS/MSD 
and 1738SB12-01MS/MSD) were collected corresponding to 22 subsurface soil samples.  One 
MS/MSD set (1738GW04MS/1738GW04MSD) was collected corresponding to 14 groundwater 
samples.  The MS/MSD samples were analyzed for the same parameters as the primary 
environmental samples and the results were used to evaluate the effect of each type of matrix on 
the analytical method.  The MS/MSD samples are shown on Table 4-1. 
 
4.10.3.2   June/August 2012 
 
MS/MSDs were collected at a target rate of approximately five percent of primary environmental 
samples from the subsurface soil and groundwater.  Three MS/MSD sets (1738MW09B-
00MS/MSD, 1738SB106-01MS/MSD, and 1738MW16-03MS/MSD) were collected 
corresponding to 53 surface and subsurface soil samples.  Two MS/MSD sets (1738MW02R-
MS/MSD-12C and 1738MW07MS/MSD-12C) were collected corresponding to 28 groundwater 
samples.  The MS/MSD samples were analyzed for the same parameters as the primary 
environmental samples and the results were used to evaluate the effect of each type of matrix on 
the analytical method.  The MS/MSD samples are shown on Table 4-1. 
 
4.10.4 Field Blanks 
 
4.10.4.1   September 2010 
 
One field blank sample (1738FB01) was collected from laboratory-grade deionized (DI) water 
used as the source water for the equipment rinsate samples.  The field blank sample was analyzed 
for BTEX, MtBE, TPH DRO and TPH GRO to determine whether the water used for generating 
the equipment rinsates and for decontamination was free of chemicals at levels of concern for the 
site.  The field blank sample is shown on Table 4-2.  4.10.3.2  June/August 2012. 
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Two field blank sample (1738FB03 and 1738FB04) was collected from laboratory-grade 
deionized (DI) water used as the source water for the equipment rinsate samples.  One field blank 
was collected for the soil sampling effort and one field blank was collected for the groundwater 
sampling effort.  The field blank samples were analyzed for BTEX, MtBE, TPH DRO and TPH 
GRO to determine whether the water used for generating the equipment rinsates and for 
decontamination was free of chemicals at levels of concern for the site. 
 
4.10.5 Equipment Rinsates 
 
4.10.5.1  September 2010 
 
One equipment rinsate was collected per day for one piece of sampling equipment (i.e., 
groundwater sampling equipment, and macro core liners) and the selected analysis for the rinsate 
samples corresponds to the sampling and analytical program developed for SWMU 1738.  
Equipment rinsate samples 1738ER01 and 1738ER02 were collected from disposable acetate MC 
Liners used on September 13 and 14, 2010.  Equipment rinsate sample 1738ER03 was collected 
on September 16, 2010 from groundwater sampling equipment (i.e., stainless steel pump 
components).  Equipment rinsate samples 1738ER04, 1738ER05, and 1738ER06 were collected 
from Teflon lined groundwater sampling tubing used on September 17, 18, and 19, 2010.  On 
September 20 and 21, 2010, 1738ER07 and 1738ER08 were collected from groundwater 
sampling equipment (with Teflon bladders) used for groundwater sampling.  All equipment 
rinsate samples were analyzed for BTEX, MtBE, TPH GRO, and TPH DRO.   
 
4.10.5.1  June/August 2012 
 
Equipment rinsate samples were collected at a target rate of one per day per media sampled. 
There were exceptions to this, particularly with soil sampling.  Equipment rinsate samples were 
collected at the discretion of the Geologist to maximize daily sample collection when possible. 
Furthermore, single-use equipment (e.g., MC Liners, pie pans, disposable stainless steel spoons) 
was used for soil sampling. In addition, equipment rinsate samples were not collected during 
groundwater sampling if only one or two samples were collected in a given day, and also to 
maximize daily sample collection when possible.  
 
Equipment rinsate samples 1738ER10 and 1738ER14 were collected from disposable acetate MC 
Liners used on June 16 and 27, 2012.  Equipment rinsate samples 1738ER09, 1738ER12, and 
1738ER16 were collected from disposable aluminum pie pans used on June 17 and 21, 2012, as 
well as August 17, 2012.  Equipment rinsate samples 1738ER11 and 1738ER13 were collected 
from disposable stainless steel spoons used on June 17 and 24, 2012.  Equipment rinsate sample 
1738ER21 was collected on August 24, 2012 from a split-spoon sample barrel. Equipment rinsate 
samples 1738ER15, 1738ER17-1738ER20, and 1738ER22 were collected from the bladder pump 
and tubing on August 17, 18, 19, 21, 24, and 26, 2012.  All equipment rinsate samples were 
analyzed for BTEX, MtBE, TPH GRO, and TPH DRO.   
 
4.11 Laboratory Analysis 
 
For the September 2012 Investigation, fixed-base laboratory analysis was conducted by 
CompuChem Laboratories, Cary, North Carolina.  For the June/August 2012 Investigation, fixed-
base laboratory analysis was conducted by Test America Savannah, Savannah, Georgia.  The list 
of parameters under the analytical program and the CRQLs are provided in Table 4-3.  The 
laboratory analytical results are provided as Appendix B. 
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4.12 Data Validation 
 
All fixed-base laboratory data was validated by DataQual Environmental Services, LLC. of St. 
Louis Missouri, an independent third party.  The USEPA Region II Data Validation Standard 
Operating Procedures were followed.  Data Validation Summaries for each Sample Delivery 
Group (SDG) and the Puerto Rican Chemist Certifications are provided as Appendix C. 
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5.0 PHYSICAL RESULTS 
 
The following sections provide a brief discussion of the current site conditions at Site 1738 based 
on the September 2010 and June/August 2012 MtBE investigations.  The site geology and 
hydrogeology, as ascertained from the soil boring program and other available information, is 
described herein. 
 
5.1 Current Conditions 
 
Site 1738 is located along Forrestal Drive, across from JP-5 Hill, and the Defense Reutilization 
and Marketing Office (DRMO) facility (Buildings 1973, 2009, 2009A, 2009B, 2009C, and 
2009D).  The entire site is approximately 2.1 acres in size (most of which is heavily vegetated).  
There are no structures located on site.   
 
Site 1738 is comprised of two distinct areas; an upgradient (raised surface/fill) area and a 
downgradient area.  The upgradient area is not heavily vegetated as the site is bisected by an 
overhead utility right-of-way.  The field team observed mowing on September 20, 2010, but no 
maintenance is evident since then.  The upgradient area includes monitoring wells 1738MW01, 
738MW01A, 738MW01B, 1738MW02, 1738MW02R, 1738MW03, 1738MW04, 1738MW11, 
1738MW12, 1738MW13, 1738MW14, and 1738MW15.  Ground elevations in this upgradient 
area range between 122 and 125 feet above datum.  The downgradient area, in contrast, does not 
contain fill and is heavily vegetated with secondary growth.  This area includes monitoring wells 
1738MW05, 1738MW05L, 1738MW05R, 1738MW06, 1738MW07, 1738MW07A, 
1738MW07B, 1738MW08, 1738MW08A, 1738MW08B, 1738MW09, 1738MW09A, 
1738MW09B, 1738MW10, and 1738MW16.  Ground elevations in this downgradient area range 
between approximately 107 and 112 feet above datum.   
 
A cursory field inspection of the wetland boundary north of Site 1738 was conducted on 
September 13, 2010, while locating proposed environmental sampling locations.  A field 
delineation of the wetland boundary was deemed unnecessary, as no obvious discrepancies were 
observed with the December 1999 delineation by GeoMarine.  The previous delineation by 
GeoMarine identified one unit, E2SS3 (estuarine, intertidal, scrub-shrub, broad-leaved evergreen) 
with the boundary approximately 95 feet northeast of monitoring well 1738MW08 (see Figure 4-
1).  The furthest downgradient groundwater monitoring well clusters (1738MW07, 1738MW08, 
and 1738MW09) are located in an upland transitional area, which was evident by the dominant 
herbaceous species; guinea grass (Urochloa maxima).  Guinea grass is considered a facultative 
upland (FACU) plant.  FACU plants occur sometimes (1-33%) in wetlands, but occur more often 
(67%-99%) in non-wetlands. 
 
Sitewide, dominant vegetation within the herbaceous layer includes guinea grass (Urochloa 
maxima), ocean blue morning glory (Ipomoea indica), crack open (Casearia sylvestris), small 
flower swallow-wort (Cynanchum parviflorum), wild pea (Vigna adenantha), small cane 
(Lasiacis divaricata), and goatweed (capraria biflora).  Dominant trees and shrubs identified 
include white lead tree (Leucaena leucocephala), red manjack (Cordia collococca), white indigo 
berry (Randia aculeata), gumbo limbo (Bursera simaruba), and sweet acacia (Acacia 
farnesiana). 
 
5.2 Geology/Hydrogeology 
 
The following sections discuss the geology and hydrogeology in the vicinity of AOC F - Site 
1738. 
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5.2.1 Geology 
 
Site 1738 is located in an upland area within the Forrestal Area of the base.  The upland areas of 
NAPR include the hills encompassing the Tow Way Fuel Farm and hospital areas, and the hills 
encompassing the area behind the Exchange, the former AFWTF Command, and the Bundy area.  
These upland areas are underlain by bedrock (predominately Gabbro) and exhibit varying degrees 
of weathering.  Typically, the bedrock is overlain by a relatively thin residual soil (i.e., residuum).  
Residuum is unconsolidated soil, originating from weathered-in-place bedrock.  This residuum 
generally consists of clay, silt, and/or sand.  Below the residuum, chemically weathered bedrock 
or saprolite, typical in hot humid climates, is present to some degree.  This “saprolite” retains the 
bedrock structure but is weathered to a brittle consistency. 
 
Twelve soil borings were advanced at Site 1738 to identify a source area for MtBE in the vicinity 
of the former pump island and tank pit.  Geologic cross sections were prepared to depict the 
shallow subsurface conditions at Site 1738.  The cross section locations are provided on Figure 5-
1 and cross sections A-A’ through E-E’ are shown on Figures 5-2 through 5-6, respectively.  
Boring logs are provided in Appendix A.  Note that the datum plane used is the Mean Low Water 
plus 100.00 foot as established by the U.S. Navy Survey Section (November 1941). 
   
The upgradient area of Site 1738 is underlain by gravelly silt and clay fill material. A 
predominant gravel fill was observed in the vicinity of 1738MW01A.  In addition, pea gravel was 
observed during the BBL investigation where the former tank pits and fuel lines were located.  
The fill appears to be the thickest in the north central portion of the Site (18-feet thick near 
1738MW03 on cross section C-C’, Figure 5-4).  The fill thins southward, which was observed to 
be less than 1-foot thick at 1738MW12.   
 
The fill is underlain by a relatively thin silt and clay residuum in the northern portion of the 
upgradient area (cross sections A-A’ and B-B’, Figures 5-2 and 5-3, respectively).  The silt and 
clay residuum thickens northward in the downgradient area (cross section E-E’, Figure 5-6).  Off 
cross section borings such as 1738MW09B exhibit residuum at least 12 feet thick.  
 
Bedrock, exhibiting varying degrees of weathering, was encountered throughout the Site beneath 
the residuum.  The top of the bedrock undulates considerably, but generally dips southward. The 
top of the bedrock is near the surface, in the vicinity of 1738MW12, to 16-feet bgs near 
1738MW05L (cross section E-E’, Figure 5-6).  The bedrock is generally saprolitic in appearance 
and weathered.  The exception is in the vicinity of 1738SB106A, where very hard, less weathered 
gabbro was observed. The saprolite tends to be silt and clay in content, but can be gravelly 
(notably at 1738MW13 and 1738SB110).  
 
5.2.2 Hydrogeology 
 
Groundwater was encountered approximately 15 to 20 feet below the ground surface in the 
upgradient area to less than 5 feet below the ground surface in the downgradient area.  During 
drilling groundwater was encountered in the saprolite (upgradient area) and in the residuum 
(downgradient area) and saprolite in relatively thin, discontinuous zones.   
 
Groundwater flow in the fine-grained residuum and saprolite appears to be behaving like non-
porous media (e.g., bedrock).  The degree of groundwater yield observed during drilling varied 
greatly; from a trace amount of moisture on particle surfaces, to flowing water.  In a bedrock 
aquifer, the matrix is saturated below the groundwater table, but groundwater yield is 
predominantly from fractures.  Likewise, the residuum and saprolite are saturated below the first 
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encountered groundwater; however, there are a few thin water producing zones (possibly 
associated with weathered zones and fractures) separated by relatively damp matrix.   
 
The groundwater appears to be confined.  Gauged water levels in all the newly installed 
monitoring wells (shallow and deep) are higher than when groundwater was first encountered 
during drilling for these wells.  A similar trend is apparent for the existing monitoring wells.  
Groundwater within the weathered and fractured zones appears to be under a pressure greater 
than atmospheric pressure.   
 
Groundwater contour maps were developed from synoptic DTW gauging in September and 
November 2010, and June and August 2012. Figures 5-7 through 5-10 shows the potentiometric 
surface based on September 2010, November 2010, June 2012, and August 2012 gauging data, 
respectively.  All four months show a consistent overall flow pattern to the north. There are some 
minor variation in direction and gradient.  In September and November 2010 groundwater in the 
upgradient area appears to be slightly mounded in the vicinity of the former USTs. Note that 
monitoring wells 1738MW02 and 1738MW03 were reportedly installed through the pea gravel 
backfill.  These wells generally exhibit slightly higher groundwater elevations compared with 
surrounding monitoring wells.  The groundwater flow gradient varies temporally and spatially. 
Temporally the groundwater flow gradient between the upgradient and downgradient areas is 
generally 0.01 feet/foot. The exception is November 2010, in which the gradient was 0.02 
feet/foot. Spatially, the groundwater flow gradient tends to be flat in the upgradient area. For 
example, in August 2012 the groundwater flow gradient was calculated to be 0.002 feet/foot; an 
order of magnitude less than between the upgradient and downgradient areas.   
 
Groundwater elevations from the nested well clusters (1738MW01, 1738MW05, 1738MW07, 
1738MW08, and 1738MW09) were examined for indications of vertical hydraulic gradient 
trends.  The USEPA’s on-line site assessment vertical gradient calculator 
(http://www.epa.gov/athens/learn2model/part-two/onsite/vgradient02.html) was used as the basis 
for vertical gradient calculations presented in Table 5-1.  Well screen midpoints were used for the 
distance. Table 5-1 shows spatial and temporal changes in the vertical gradient using the mid-
point value calculations. The upgradient area well cluster (1738MW01) generally shows an 
overall downward gradient trend in June and August 2012, with a slight upward trend in the 
lower portion of the monitored aquifer in June 2012. Well cluster 1738MW05 shows an overall 
downward gradient trend in three of the four months gauged, with the lower portion of the 
monitored aquifer generally showing an upward gradient trend. Well clusters 1738MW07, 
1738MW08, and 1738MW09 show a variable overall gradient trend in June 2012, with 
differences in the shallow and deeper portions of the monitored aquifer. Well clusters 
1738MW07, 1738MW08, and 1738MW09 show a consistent upward gradient trend in August 
2012.  The limited data at this time suggests that the upgradient area (at least in the vicinity of 
1738MW01) is a groundwater recharge area with a fairly consistent, albeit weak downward trend.  
The downgradient area vertical gradient appears to vary temporally. This area can be 
characterized as a predominantly lateral groundwater flow regime, with variable and generally 
weak vertical gradient (predominantly upward) in June 2012, but exhibits a generally weak 
upward gradient in August 2012.   
 
A summary of the results of the slug test analysis is presented in Table 5-2.  The average K values 
(rising head and falling head) calculated from the slug test data ranged from approximately 0.004 
feet per day (ft/d) at well 1738MW04 to 17.5 ft/d at well 1738MW13.  The site-wide average K 
value was calculated from the slug test data determined representative and summarized on Table 
5-2.  The average hydraulic conductivity for Site 1738 is approximately 2.5 ft/d. 
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The distribution of K was modeled for Site 1738 to ascertain any spatial patterns.  Wells 
exhibiting similar screen interval elevations were examined separately.  Figure 5-11 shows the 
distribution of K for the relatively shallow wells.  There appears to be some zones of relatively 
high K in the upgradient area within Site 1738.  The relatively high K zones appear in the vicinity 
of wells 1738MW01 and 1738MW13.  It is not clear if theses zone are interconnected and create 
a larger preferential pathway that could extend north of well 1738MW01.  The well configuration 
and density are such that the presence of this preferential pathway cannot be determined.  The 
relatively low K values at wells 1738MW02 and 1738MW03 suggest that there is limited 
connection.  A relatively low K zone is apparent between wells 1738MW02 and 1738MW07A, 
where the K value is approximately an order of magnitude lower than other wells in the 
downgradient area of Site 1738.  The relatively high K of the pea gravel backfill is not reflected 
in this distribution figure since well 1738MW02 was screened below the pea gravel.  
 
Figure 5-12 shows the distribution of K for the relatively deep wells.  A moderate K zone is 
apparent in the vicinity of wells 1738MW01B and 1738MW05L.  A relatively low K zone is 
apparent in the downgradient area of Site 1738.  
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6.0 ANALYTICAL RESULTS 
  
This section discusses the analytical results of environmental samples collected from Site 1738 
during the September 2010 and June/August 2012 field investigations.  The validated analytical 
data tables are included in Appendix B; data validation report narratives and Puerto Rican 
Chemist certifications are provided in Appendix C.   
 
6.1 Screening Criteria 
 
Soil and groundwater samples collected at Site 1738 were analyzed for MtBE, BTEX, TPH DRO 
and TPH GRO.  Detected compounds for each media are compared to the applicable PREQB 
Target Levels. These Target Levels are summarized in Table 6-1. 
 
For completeness, detected analytical results for the soil and groundwater samples were also 
compared to applicable human health and ecological screening criteria, which are summarized in 
Table 6-1. 
 
6.1.1 Soil Screening Values 
 
The RgionalSL Tables contains human health risk-based screening levels derived from 
standardized equations (representing ingestion, dermal contact, and inhalation exposure 
pathways), calculated using the latest toxicity values, default exposure assumptions and physical 
and chemical properties.  The screening levels (SLs) contained in the RSL Table are generic; they 
are calculated without site-specific information.  RSLs should be viewed as Agency guidelines, 
not legally enforceable standards.  The SLs for potentially carcinogenic chemicals are based on a 
target Incremental Lifetime Cancer Risk (ILCR) of 1x10-06.  The SLs for noncarcinogens are 
based on a target hazard quotient (HQ) of 1.0. However, in order to account for cumulative risk 
from multiple chemicals in a medium, the noncarcinogenic SLs were divided by a factor of ten, 
yielding a target HQ of 0.1.  For potential carcinogens, the toxicity criteria applicable to the 
derivation of SL values are oral Cancer Slope Factors (CSFs) and inhalation unit risk (IUR) 
factors; for noncarcinogens, they are chronic oral reference doses (RfDs) and inhalation reference 
concentrations (RfCs).  These toxicity criteria are subject to change as more updated information 
and results from the most recent toxicological/epidemiological studies become available.  The SL 
table is updated periodically to reflect such changes.  The November 2012 RSL table was used in 
this evaluation.     
 
USEPA ecological soil screening levels (Eco-SSLs) (documentation available at 
http://www.epa.gov/ecotox/ecossl/) were preferentially used as soil screening values. 
 
Eco-SSLs have been developed for eight receptor groups: plants, soil invertebrates, avian 
herbivores, avian ground insectivores, avian carnivores, mammalian herbivores, mammalian 
ground insectivores, and mammalian carnivores.  For a given chemical, the lowest Eco-SSL value 
for plants, soil invertebrates, avian herbivores, avian ground insectivores, avian carnivores, 
mammalian herbivores was selected as the soil screening value.  Eco-SSLs for mammalian 
ground insectivores were not considered for soil screening value development because there are 
no mammalian ground insectivores in Puerto Rico (mammalian insectivores are limited to aerial 
insectivores [i.e., bats]).  As discussed in Guidelines for Developing Ecological Soil Screening 
Levels (USEPA, 2005), aerial and arboreal insectivorous birds and mammals were excluded from 
Eco-SSL development because they are considered inappropriate (i.e., they do not have a clear or 
indirect exposure pathway link to soil [indirect exposure pathways involve ingestion of prey that 
have direct contact with soil]).  Eco-SSLs for mammalian carnivores also were not considered for 
soil screening value development because there are no carnivorous mammals on Puerto Rico.  
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With the exception of bats, the terrestrial mammals represented by potentially complete exposure 
pathways are limited to nonindigenous, nuisance species (i.e., Norway rat, black rat, and 
mongoose) that have been implicated in the decline of native reptilian and bird populations (Mac 
et al., 1998 and United States Fish and Wildlife Service [USFWS], 1996).  Eco-SSLs for 
mammalian herbivores are considered appropriate for soil screening value development based on 
the presence of fruit-eating and nectarivorous bats in Puerto Rico. 
 
For those chemicals lacking plant, soil invertebrate, avian herbivore, avian ground insectivore, 
avian carnivore, and mammalian herbivore Eco-SSLs, the literature-based toxicological 
benchmarks listed below were used as soil screening values. 
 

 USEPA Region 5 (2003) ecological screening levels (ESLs) for soil based on exposures 
to plants or invertebrates 

 
 Toxicological thresholds for earthworms and microorganisms (Efroymson et al., 1997a) 

 
 Toxicological thresholds for plants (Efroymson et al., 1997b) 

 
Identical to the Eco-SSLs, when more than one screening value was available for a given 
chemical from USEPA (2003) and Efroymson et al. (1997a and 1997b), the lowest value was 
selected as the soil screening value. For those chemicals lacking plant, soil invertebrate, avian 
herbivore, avian ground insectivore, avian carnivore, and mammalian herbivore Eco-SSLs, 
USEPA Region 5 ESLs based on exposure to plants or terrestrial invertebrates, and a 
toxicological threshold from Efroymson et al. (1997a and 1997b), the following literature-based 
values, listed in their order of decreasing preference, were used as soil screening values: 
 

 Toxicity reference values for plants and invertebrates listed in USEPA (1999) 
 
 Soil standards developed by the Ministry of Housing, Spatial Planning and Environment 

(MHSPE, 2000) 
 
 Canadian soil quality guidelines (agricultural land use) developed by the Canadian 

Council of Ministers of the Environment (CCME, 2001 and 2007) 
 
Soil screening values developed by CCME (2001 and 2007) were given the lowest preference 
since many are based on background concentrations or detection limits, not effect-based 
concentrations. 
 
As evidenced by Table 6-1, soil screening values for benzene, ethylbenzene, and toluene are 
based on soil standards developed by MHSPE (2000).  MHSPE (2000) soil standards are 
expressed as target values and intervention values.  The target and intervention values published 
by MHSPE for these three VOCs are based on a standard soil with ten percent organic carbon.  
These values are listed within the table below. 
 

Chemical Target Value (µg/kg) Intervention Value (µg/kg) 
Benzene 10 1,000 
Ethylbenzene 30 50,000 
Toluene 10 130,000 

 
Target and intervention values for organic chemicals (excluding polynuclear aromatic 
hydrocabons [PAHs]) can be adjusted to account for the organic carbon content of soil (the 
organic carbon adjustment range is 2 percent to 30 percent).  As a measure of conservatism, the 
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target and intervention values used to derive the soil screening values for benzene, ethylbenzene, 
and toluene were adjusted to reflect an assumed organic carbon content of two percent (minimum 
value within the adjustment range) using the following correction formula (MHSPE, 2000): 
 

(Targetsa/Interventionsa) =  (Targetss/Interventionss) x (% organic matter/10) 
 
where: 
 
Targetsa/Interventionsa = Target value or intervention value for the soil to be assessed (microgram 
per kilogram [µg/kg]) 
Targetss/Interventionss = Target value or intervention value for standard soil (µg/kg) 
 
Using the formula above and an assumed organic carbon content of two percent, adjusted target 
and intervention values for benzene, ethylbenzene, and toluene are as follows: 
 

Chemical 
Target Value 

(µg/kg) 
Intervention Value 

(µg/kg) 
Benzene 2.0 200 
Ethylbenzene 6.0 10,000 
Toluene 2.0 26,000 

 
The soil screening values listed in Table 6-1 were derived by taking the average of the adjusted 
target and intervention values. 
 
6.1.2 Groundwater Screening Values 
 
The risk-based, human health screening values used in the comparison to the groundwater 
analytical data were tap water RSLs (USEPA, 2012), Maximum Contaminant Levels (MCLs) 
(USEPA, 2009a), and Puerto Rico Water Quality Standards (PRWQS) for groundwater (i.e., 
Class SG) contained within the Puerto Rico Water Quality Standards Regulation (PRWQSR) 
(PREQB, 2010]).  When an MCL and Class SG PRWQS were available for a given chemical, the 
more conservative value was selected.  
 
PRWQS for Class SB coastal and estuarine waters listed in the PRWQSR) dated March 31, 2010 
(PREQB, 2010) were preferentially used as ecological-based groundwater screening 
values.  PRWQS for Class SB coastal and estuarine waters were selected based on groundwaqter 
flow direction (i.e., toward an estuarine wetland) and the classifications contained within Rule 
1302.1 of the PRWQSR.  For those chemicals lacking PRWQS for Class SB coastal and estuarine 
waters, groundwater screening values were identified from the following information listed in 
their order of decreasing preference:  

 
 Chronic saltwater National Ambient Water Quality Criteria (NAWQC) (USEPA, 2009b) 

or, in the absence of NAWQC, chronic literature-based values derived in accordance with 
USEPA guidance (Stephan et al., 1985). 

 
 Final Chronic Values (FCVs) for saltwater contained in ECO Update Volume 3, Number 

2 (USEPA, 1996) 
 
 USEPA Region 4 chronic screening values for saltwater contained in Ecological Risk 

Assessment Bulletins – Supplement to Risk Assessment Guidance for Superfund (RAGS) 
(USEPA 2001) 
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 Minimum chronic toxicity test endpoints (No Observed Effect Concentration [NOEC], 
No Observed Effect Level [NOEL], and Maximum Acceptable Toxicant Concentration 
[MATC] values based on reproduction, growth, or survival) for marine species reported 
in the ECOTOXicology (ECOTOX) Release 4.0 Database System (USEPA, 2007b) 

 
 Chronic Lowest Observable Effect Levels (LOELs) for saltwater contained in National 

Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Tables 
(SQUIRTs) (Buchman, 2008) with a safety factor of 5 (Wentsel et al., 1996) 

 
The order of preference was selected based on their level of protection.  For example, NAWQC 
and FCVs would be expected to offer a greater degree of protection than a single species NOEC, 
MATC, or LOEL since their derivation considers a larger toxicological database.  In the absence 
of the above-mentioned NAWQC, FCVs, USEPA Region 4 chronic screening values, chronic test 
endpoints, and chronic LOELs, screening values were derived from the literature-based acute 
saltwater values listed below: 
 

 Acute LOELs for saltwater contained in NOAA SQUIRTs (Buchman, 2008) 
 

 Acute toxicity test endpoints (NOEC, NOEL, LOEL, Lowest Observed Effect 
Concentration [LOEC], median lethal concentration [LC50], and median effective 
concentration [EC50] values) for marine species contained in the ECOTOX Release 4.0 
Database System (USEPA, 2007b) 

 
 LC50 values for marine species contained in Superfund Chemical Matrix (USEPA,  

2004) 
 
Chronic-based screening values were extrapolated from acute NOEC, NOEL, LOEC, LOEL, 
LC50, and EC50 values as follows: 
 

 A safety factor of 30 was used to convert an acute NOEC or NOEL to a chronic-based 
screening value (Wentsel et al., 1996) 

 
 A safety factor of 50 was used to convert an acute LOEC or LOEL to a chronic-based 

screening value (Wentsel et al., 1996) 
 

 A safety factor of 100 was used to convert an EC50 or LC50 to a chronic-based screening 
value (Wentsel et al., 1996) 

 
When acute toxicity data were used to extrapolate a chronic screening value, NOECs/NOELs 
were given preference over LOECs/LOELs, LOECs/LOELs were given preference over LC50 and 
EC50 values, and EC50 values were given preference over LC50 values.  When more than one 
value was available from the literature for a given test endpoint (e.g., NOEC), the minimum value 
was conservatively used to extrapolate a chronic screening value. 

For those chemicals lacking saltwater toxicological thresholds and literature values (i.e., xylenes), 
surface water screening values were identified or developed from freshwater values using the 
sources and procedures listed below. 
 
PRWQS for Class SD surface waters listed in the PRWQSR dated March 31, 2010 (PREQB, 
2010) were preferentially used as freshwater screening values.  PRWQS for Class SD surface 
waters were selected based on the classifications contained within Rule 1302.2 of the 
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PRWQSR.  For those chemicals lacking PRWQS for Class SD surface waters, screening values 
were identified from the following information listed in their order of decreasing preference: 
 

 Chronic freshwater NAWQC (USEPA, 2009b) or, in the absence of NAWQC, chronic 
literature-based values derived in accordance with USEPA guidance (Stephan et al., 
1985) 
 

 FCVs for freshwater contained in ECO Update Volume 3, Number 2 (USEPA, 1996) 
 

 USEPA Region 4 chronic screening values for freshwater contained in Ecological Risk 
Assessment Bulletins – Supplement to RAGS (USEPA 2001a) and USEPA Region 5 
ESLs (http://www.epa.gov/reg5rcra/ca/ESL.pdf) (USEPA, 2003) 
 

 Minimum chronic toxicity test endpoints (NOEC, NOEL, and MATC values based on 
reproduction, growth, or survival) for freshwater species reported in the ECOTOX 
Release 4.0 Database System (USEPA, 2007b) 
 

 Great Lakes basin Tier II Secondary Chronic Values (SCVs) listed in the Great Lakes 
Initiative Toxicity Data Clearinghouse (http://www.epa.gov/gliclearinghouse/) (USEPA, 
2011) 

 
 Chronic LOELs for freshwater contained in NOAA SQUIRTs (Buchman, 2008) with a 

safety factor of 5 (Wentsel et al., 1996) 
 
Identical to the marine/estuarine-based groundwater screening values presented, the order of 
preference was selected based on their level of protection.  It is noted that USEPA Region 4 and 
Region 5 screening values were given equal preference.  When a value was available from both 
sources, the minimum value was selected as the surface water screening value.   
 
Further evaluation is not needed because the above procedures resulted in the identification of 
screening values for the chemicals of concern (MtBE, BTEX, TPH DRO, and TPH GRO).   
 
6.1.3 PREQB Target Levels 

 
The PREQB promulgated Underground Storage Tank Control Regulations in 1990, with 
amendments in 2002.  Rule 606 regulates investigations for soil and groundwater cleanup, and 
Rule 607 regulates corrective action plans. PREQB Target Levels were established to set 
standards for cleanups and are used in the detection summary tables.  These PREQB Target 
Levels were used for each site within the MNA Program and carried over to this investigation and 
are shown on Table 6-1.   

6.2 Soil Sampling 
 
Nine environmental surface soil samples (excluding duplicates) were collected during the 
June/August 2012 investigation and analyzed during the investigation for BTEX, MtBE, TPH 
DRO and TPH GRO as outlined on Table 4-1.  Detected results for the surface soil data set are 
presented in Table 6-2.  No constituents exceeded PREQB Target Levels or human health and 
ecological screening criteria. 
 
Twenty-two environmental subsurface soil samples (excluding duplicates) were collected during 
the September 2010 investigation and analyzed during the investigation for BTEX, MtBE, TPH 
DRO and TPH GRO as outlined on Table 4-1.  Detected results for the subsurface soil data are 
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presented in Table 6-3a.  Forty-one environmental subsurface soil samples (excluding duplicates) 
were collected during the June/August 2012 investigation and analyzed for BTEX, MtBE, TPH 
DRO and/or TPH GRO as outlined on Table 4-1.  Detected results for the subsurface soil data are 
presented in Table 6-3b.    The complete data set is provided in Appendix B. 
 
The data indicates that BTEX, MtBE, TPH DRO and TPH GRO were generally not detected in 
the surface or near subsurface soil samples collected.  Detections were scattered and well below 
PREQB Target Levels.  TPH DRO was detected in 36 samples (including duplicates) and 
generally at low levels; however two samples exceeded PREQB Target Levels.   
 
Significant detections of BTEX, MtBE, and TPH GRO were observed in samples collected below 
16-feet bgs. MtBE and TPH GRO were most frequently detected, in 25 and 21 of 47 samples 
(including duplicates), respectively.  Total xylenes exhibited the highest observed concentration 
(240,000J ug/kg at 1738SB107-09D, 17- to18-feet bgs).  TPH DRO was the most frequently 
detected constituent (in 36 of 41 samples analyzed), but exceeded the PREQB Target Level in 
only two samples (210 mg/kg at 1738MW02R-10 and 170 mg/kg at 1738SB111-08).   
 
The horizontal distributions of contaminants were mapped using the 2012 analytical data.  Two 
zones were mapped separately in planview: 
 

1. 16- to 22-feet bgs zone, which exhibits the most frequent detections and the highest 
concentrations 

 
2. Below 22-feet bgs, which exhibits significant reduction in concentrations 

 
More than one sample might have been collected from some borehole locations from the zones 
identified above.  The highest concentration was selected for mapping.  Depictions included total 
BTEX, MtBE, and TPH GRO.  The individual BTEX compounds exhibited similar distribution 
patterns, so were combined for one figure.  The distribution of TPH DRO mimics that of TPH 
GRO; however, it was not mapped since there were only two detections above the PREQB Target 
Level. Figure 6-1 shows the distribution of TPH GRO in subsurface soil samples collected from 
approximately 16- to 22-feet bgs.  A relatively narrow zone of TPH GRO is present above the 
PREQB Target Level of 100 mg/kg with the highest concentrations present west and south of the 
area that once contained two USTs.  The distribution model uses deeper soil samples from well 
1738MW13 (23-24 feet bgs) to represent the 16- to 22-foot bgs interval since no soil samples 
were collected from that interval.  The distribution of TPH DRO mimics that of TPH GRO; 
however, it was not mapped since there were only two detections above the PREQB Target 
Level.  Figure 6-2 shows the distribution of total BTEX constituents above the PREQB Target 
Level of 5,000 ug/kg (the lowest PREQB constituent Target Level; benzene) in subsurface soil 
samples collected from approximately 16- to 22-feet bgs.  The BTEX constituents are presented 
as total in one figure since the distribution of the individual constituents share nearly identical 
footprints.  The distribution model uses deeper soil samples from well 1738MW13 (23-24 feet 
bgs) to represent the 16- to 22-foot bgs interval since no soil samples were collected from that 
interval.  The BTEX footprint is quite similar to the TPH GRO footprint, but with much higher 
concentrations west and south of the area that once contained two USTs.  Figure 6-3 shows the 
distribution of MtBE above the PREQB Target Level of 20 ug/kg in subsurface soil samples 
collected from approximately 16- to 22-feet bgs.  The highest levels of MtBE correspond to the 
TPH GRO/BTEX footprints; however, its overall distribution is somewhat more extensive.  
 
Concentrations of BTEX, MtBE, and TPH GRO diminish in samples collected below 22-feet bgs. 
Figure 6-4 shows the distribution of TPH GRO in subsurface soil samples collected below 
approximately 22-feet bgs.  Only one sample exhibits a concentration above the PREQB Target 
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Level of 100 mg/kg (260 mg/kg at 1738MW13-12).  Likewise, the same sample exhibits the only 
total BTEX constituent detection above 5,000 �g/kg (Figure 6-6). Figure 6-7 shows that MtBE is 
still persistent with depth, but with diminished concentrations.  
 
The presence of free-phase or residual-phase LNAPL was analyzed in the field using a dye-shake 
test (Oil-N-Soil™ kits).  The results of the dye shake test are presented on the boring logs in 
Appendix A and interpreted on the cross sections (Figure 5-2 through Figure 5-6).  No free-phase 
LNAPL was observed; however, residual-phase LNAPL was observed in several samples that 
appeared to be homogeneously distributed and contributed to the interpretation of the source zone 
area (discussed in detail in Section 6.6).  A discussion of the nature and extent of the soil source 
zone is given in Section 6.6.4.   
 
To support remedial selection, select subsurface soil samples were collected for foc and TOD 
during the June/August 2012 Investigation (Table 6-3b).  In addition, several additional analyses 
were performed in the 2010 Investigation, including iron, manganese, chemical oxygen demand 
(COD), nitrate, and microbial plate counts in groundwater and total organic carbon (TOC) in 
subsurface soil.  These results are presented in Appendix B, Additional Data Table.  A discussion 
and evaluation of the results will be included in the remedial alternative re-evaluation (which is 
proposed in Section 7.3).   
 
6.3 Groundwater 
 
Fourteen groundwater samples were collected from the monitoring well network that existed from 
the September 2010 investigation.  Twenty-eight groundwater samples were collected from the 
expanded monitoring well network during the June/August 2012 investigation.  All groundwater 
samples from both investigations were analyzed for BTEX, MtBE, TPH DRO and TPH GRO as 
outlined on Table 4-1.  Detected results for the groundwater data set are presented in Table 6-4a 
for the 2010 sampling and Table 6-4b for the 2012 sampling.  The complete data set is provided 
in Appendix B. 
 
MtBE appears to be the primary contaminant in groundwater at Site 1738.  MtBE was detected in 
24 of 28 samples.  MtBE exhibited the highest observed concentration (43,000 ug/L at well 
1738MW03), and the highest average concentration in groundwater (approximately 5,050 ug/L).  
TPH GRO was the next most-frequently detected contaminant (19 of 28 samples), but 
concentrations were below the PREQB Target Levels.  Of the BTEX constituents, benzene was 
the most frequently detected (in eight of 24 samples), and exhibited the highest concentrations 
(up to 19,000 ug/L at well 1738MW03).   
 
The distributions of contaminants were mapped using the 2012 analytical data.  The distribution 
of benzene and/or MtBE was mapped for three zones within the aquifer.  This includes Figure 6-7 
(benzene in the intermediate zone), Figure 6-8A (the shallow zone including the “A” series 
wells), Figure 6-8B (an intermediate zone including wells without a letter suffix), and Figure 6-
8C (a deep zone including the “B” series wells and 1738MW05L).  Benzene was detected in one 
shallow zone well (1738MW01A at 2.4 ug/L), and no deep zone wells; therefore, no figures were 
created.  Toluene, ethylbenzene, xylenes, TPH GRO, and TPH DRO were mapped for evaluation, 
but not presented.  The concentrations are mostly below PREQB Target Levels, and the 
distributions are within the footprint of benzene plume footprint.  The distributions of benzene 
and MtBE in groundwater are presented in plain view on Figure 6-7 and Figure 6-8, respectively.  
Figure 6-9 shows the estimated horizontal extent of MtBE in groundwater based on the 
September 2010 data for comparison purposes.  The distributions of benzene and MtBE are also 
presented in cross section parallel to groundwater flow (Cross Section E-E’) on Figure 6-10 and 
Figure 6-11, respectively.    
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Figure 6-7 shows that the extent of benzene in groundwater is limited to the upgradient area of 
Site 1738, and is generally collocated with the BTEX soil source zone (Figure 6-3).  Figure 6-10 
shows the limited extent of benzene in the upgradient area, but with an unbounded vertical extent 
below wells 1738MW02R and 1738MW03.   
 
Figure 6-8 shows that the extent of MtBE is larger compared with benzene, with MtBE present in 
the downgradient area of the Site.  The area exhibiting the highest MtBE concentrations is 
generally collocated with the MtBE soil source zone (Figure 6-4).  The horizontal extent is not 
bounded to the PREQB Target Level in the downgradient direction due to an increase in 
concentrations in wells 1738MW07, 1738MW08, and 1738MW09 compared with September 
2010 (Figure 6-9). Figure 6-11 shows that MtBE has spread vertically (e.g., wells 1738MW05R 
and 1738MW05L). MtBE concentrations have not been bounded vertically, and are present in the 
deepest wells on Site (1738MW01B at an elevation of approximately 62.2-feet above datum and 
1738MW05L at an elevation of approximately 64.5-feet above datum.   
 
The presence and location of benzene and MtBE in groundwater makes sense given the nature 
and extent of the soil source zone. While wells 1738MW11 and 1738MW13 are hydraulically 
upgradient of the former USTs and pump island, these wells are near or within the soil source 
zone.  In addition, temporal groundwater mounding is evident near the former UST area, with a 
minor, southerly groundwater flow component.   
 
6.4    Laboratory Data Validation Summary 
 
A discussion of the compounds detected in the field QA/QC samples is presented in Section 
6.4.1.  A summary of the data validation findings is provided in Section 6.5.2.  Data validation 
reports are included in Appendix C.  In addition, the Puerto Rican Chemist Certification for each 
SDG is also presented in Appendix C. 
 
6.4.1   Summary of Detected Compounds in Field QA/QC Samples 
 
Field generated QA/QC samples for the Site 1738 MtBE Investigation consisted of three field 
blanks, ten trip blanks, and 22 equipment rinsates.  Trip blanks were only analyzed for MtBE, 
BTEX and TPH GRO.  Field blanks and equipment rinsates were analyzed for MtBE, BTEX, 
TPH DRO and TPH GRO.  Table 6-5a and Table 6-5b present the detected compounds in the trip 
blanks, equipment rinsates, and field blanks from 2010 and 2012, respectively. 
 
Overall, toluene was detected in every September 2010 Investigation QA/QC sample with a low 
estimated “J” qualified detection.   
 
Detections in September 2010 Investigation field blank 1738FB01 included a low detection of 
TPH-DRO (0.091 J milligrams per Liter [mg/L]), in addition to toluene.  Detections in 
June/August 2012 Investigation field blanks 1738FB03 and 1738FB04 were limited to low levels 
of TPH DRO.   
 
Three trip blanks were collected during the September 2010 Investigation, and one trip blank 
1738TB02 reported a low estimated detection of benzene at a concentration of 0.11 J µg/L, in 
addition to toluene.  Seven trip blanks were collected during the June/August 2012 Investigation.  
No BTEX constituents or TPH GRO were detected in these trip blanks.  Analysis of the eight 
equipment rinsate samples, during the September 2010 Investigation, indicated detections of three 
VOCs (benzene, ethylbenzene, and MtBE) in addition to toluene.  Each of these detections were 
estimated detections below the method detection limit (MDL). In the June/August 2012 
Investigation, toluene was detected in only two of 14 equipment rinsate samples, at low estimated 
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“J” qualified detections.  In addition, TPH DRO was detected at low levels in all equipment 
rinsate and field blank samples.  The detections were generally one or two orders of magnitude 
lower than detections in soil samples. 
 
No other constituents were detected in these equipment rinsate samples.   
 
6.4.2     Validation Summary 
 
For the September 2010 Investigation, laboratory analyses were performed by CompuChem, a 
Division of Liberty Analytical Corporation located in Cary, North Carolina.  For the June/August 
2012 Investigation analyses were performed by the Savannah laboratory of Test America, Inc.  
Validation services for both the 2010 and 2012 investigations were provided by DataQual 
Environmental Services, LLC located in St. Louis, Missouri.  For the September 2010 
Investigation, there were a total of six SDGs, including two SDGs for IDW water and soil 
(1009240 and 1009241) that were not validated.  For the June/August 2012 Investigation, there 
were a total of nine SDGs, including one SDG for IDW (680-82452-1 [but is not shown since the 
data were not validated]).  Validation conclusions are provided in Appendix C.  Each SDG is 
certified by a Puerto Rico Chemist, these certifications are included as part of Appendix C.  
 
The validation indicted that most sample preparation and analysis was performed within Region 
II and/or method holding time requirements, exceptions are discussed below. Changes in the 
results due to the application of the data validation objectives did not significantly compromise 
the data quality objectives for this investigation.  The data, as qualified by the validator is 
acceptable for its intended use. 
 
For the September 2010 Investigation, three samples from SDG 1009155, including 1738MW11-
01, 1738MW11-04, and 1738MW11-08, were extracted one day outside the 14 day soil extraction 
holding time.  As a result, the reported TPH-DRO results in these samples were qualified as 
estimated.  In addition, all samples from SDGs 1009155 and 1009220 were not collected an 
preserved in accordance with SW-846 method 5035.  As a result, all non-detect results for TPH-
GRO were rejected.  Since 25 results for TPH-GRO were rejected, the completeness goal of 90 to 
95% for each parameter was not met.  However, the completeness goal was met overall with 
93.2% completeness for the data from the 2010 investigation and 97.5% completeness for the 
2010 and 2012 combine data (Table 6-7). 
 
For the June/August 2012 Investigation, there were only minor QA/QC variances.  For example, 
in SDG 680-80447-3, samples 1738MW09B-03 and 1738MW09B-03D exhibited a noncompliant 
Relative Percent Difference (RPD) and concentrations were estimated “J”.  All equipment rinsate 
and field blank samples had detections of TPH-DRO.  As a result, 31 samples were qualified as 
“U” at the reported concentration.  Since no data was qualified as “rejected” for the Site 1738 
MtBE 2012 Investigation, the completeness goal of 90 to 95% for each parameter was met with 
100% completeness and a 97.5% completeness for the 2010 and 2012 combined data (Table 6-7). 
 
6.5 Conceptual Site Model 
 
The Conceptual Site Model (CSM) that follows in a synthesis of data and information from the 
investigations conducted to date.  This section is designed to be easily updated (as needed) as 
additional data/information is obtained.  This CSM combines normally separated information and 
compiles it into one coherent section.  The American Society for Testing and Materials (ASTM) 
E1689-95 guidance (ASTM, 1995) was used to develop the CSM. 
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6.5.1 Background Information 
 
According to the BBL Site Characterization report, Site 1738 was an industrial gas station in 
operation from the late-1950s to the early or mid-1990s.  One 10,000 gallon gasoline UST was in 
operation beginning in 1959.  Two additional 10,000 gallon gasoline USTs became operational in 
1973.  One 550 gallon waste oil UST was added in 1984.  All four USTs were reportedly 
removed in 1996.  The US Navy reported to BBL that no accidental releases occurred at the Site.  
Consequently, the age and duration of the release responsible for site contamination is not known, 
nor is the quantity of gasoline released known.   
 
MtBE was first used in the United States in 1979 as an octane enhancer for gasoline (at 3 percent 
to 8 percent of gasoline).  The use of MtBE in gasoline as an oxygenate (at 11 percent to 15 
percent) was initiated by the U.S. Environmental Protection Agency in 1992 to reduce carbon 
monoxide and ozone emissions (Florida Department of Environmental Protection [FDEP], 2007 
and GeoInsight, 2000).  The USEPA designated certain metropolitan areas in the United States as 
nonattainment in terms of air pollution and mandated the use of reformulated gasoline or 
oxygenated gasoline.   
 
The properties of MtBE make it more mobile in the environment compared with other gasoline-
related compounds.  MtBE is more soluble than other constituents in gasoline, and only weakly 
absorbs onto soil particles (U.S. Geological Survey [USGS], 1998).  According to one case study, 
the natural attenuation of MtBE is generally not completed in a reasonable timeframe (Carpenter, 
2000).  Thus, MtBE can be present on the leading edge of plumes and remain after other 
gasoline-related compounds have attenuated.   
 
6.5.2 Site Topography, Surface Features, and Surface Drainage 
 
Site 1738 consists of two areas; 1) an upgradient area where the gas station and associated 
facilities were, and 2) downgradient area.  The upgradient area is locally flat with an average 
elevation of approximately 23 feet above msl.  The downgradient area is relatively flat with an 
average elevation of approximately 7 feet above msl.  Section 5.1 provides additional information 
on these areas.  The two areas are divided by a fairly steep slope across the Site, but becomes less 
steep toward the western end of the Site.   
 
The upgradient area is heavily vegetated near the steep slope.  Much of the upgradient area is not 
heavily vegetated; however, since maintenance is no longer being performed at the Site, grasses 
are becoming overgrown.  The surface of the upgradient area is gravelly, and a portion of the 
asphalt driveway remains.  Ground elevations in this upgradient area range between 122 and 125 
feet above datum (i.e., Mean Low Water plus 100 feet).   
 
The downgradient area contains a mix of wooded and grassy areas.  Wooded areas occur along 
the western overhead utility right-of-way, and near the steep slope that divides the two areas.  
Much of the downgradient area is dominated by Guinea grass.  The surface of the downgradient 
area is native residual soil.  Ground elevations in this down gradient area range between 
approximately 107 and 112 feet above datum.   
 
Surface drainage is controlled by the grasses and wooded areas.  Overland sheet flow is likely to 
be limited by the vegetation.  No engineered surface drainage ways were noted at the Site.      
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6.5.3 Hydrogeology  
 
This section presents the regional geology/hydrogeology of NAPR and Site 1738 based on 
published literature and information and data from the investigations.   
 
Regional Geology/Hydrogeology 
{tc  \l 23 ".4 Geology "} 
For the sake of simplicity, the NAPR regional geology can be divided into three regions:  
 

 Upland areas 
 Near-shore flat lands 
 Inland flat lands 

 
The upland areas of NAPR includes the hills encompassing the Tow Way Fuel Farm and hospital 
areas, and the hills encompassing the area behind the Exchange, the former AFWTF Command, 
and the Bundy area.  These upland areas are underlain by bedrock (predominately Gabbro) and 
exhibit varying degrees of weathering. Typically, the bedrock is overlain be a relatively thin 
residual soil (i.e., residuum).  Residuum is unconsolidated soil, originating from weathered-in-
place bedrock.  This residuum generally consists of sand, silt, and clay.   
 
The near-shore areas include the mangrove swamp areas as well as the shores of Ensenada Honda 
and Puerca Bay.  The near-shore areas are typically underlain by marine sand layers (with coral 
and shell fragments), silt and clay layers, and occasional peat layers.  In some near-shore areas, 
particularly by the harbor and Camp Moscrip in the southeastern portion of the base, fill material 
overlays the marine layers.  The fill consists of rock fragments, debris (e.g., brick), sand, silt, and 
clay.   
 
The inland flat land area generally encompasses the airfield and golf course areas.  The inland flat 
land area is typically underlain by relatively thick residuum.  The residuum generally consists 
predominately of clay.  Fill material overlays the residuum in some areas, particularly the airfield, 
and generally consists of sand and gravel with lesser amounts of silt and clay. 
 
Site Geology 
 
Site 1738 lies in a transition between the Upland (the upgradient area) and the Inland flat lands 
(the downgradient area).  The upgradient area of Site 1738 is underlain by gravelly silt and clay 
fill material. A predominantly gravel fill was observed in the vicinity of 1738MW01A.  In 
addition, pea gravel was observed during the BBL investigation where the former tank pits and 
fuel lines were located.  The fill appears to be the thickest in the north central portion of the Site 
(18-feet thick near 1738MW03).  The fill thins southward. It was observed to be less than 1-foot 
thick at 1738MW12.   
 
The fill is underlain by a relatively thin silt and clay residuum in the northern portion of the 
upgradient area.  The silt and clay residuum thickens northward in the downgradient area. 
Borings in the downgradient area such as 1738MW09B exhibit residuum at least 12 feet thick.  
 
Bedrock, exhibiting varying degrees of weathering, was encountered throughout the Site beneath 
the residuum.  The top of the bedrock undulates considerably, but generally dips northward. The 
top of the bedrock is near the surface, in the vicinity of 1738MW12, to 16-feet bgs near 
1738MW05L.  The bedrock is generally saprolitic in appearance and weathered.  The exception is 
in the vicinity of 1738SB106A, where very hard, less weathered Gabbro was observed. The 
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saprolite tends to be silt and clay in content, but can be gravelly (notably at 1738MW13 and 
1738SB110).  
 
Groundwater was encountered approximately 15 to 20 feet below the ground surface in the 
upgradient area to less than 5 feet below the ground surface in the downgradient area.  
Groundwater was encountered in the residuum (downgradient area) and saprolite in relatively 
thin, discontinuous zones.  Groundwater flow in the fine-grained residuum and saprolite appears 
to be behaving like non-porous media (e.g., bedrock).  The degree of groundwater yield observed 
during drilling varied greatly; from a trace amount of moisture on particle surfaces, to flowing 
water.  In a bedrock aquifer, the matrix is saturated below the groundwater table, but groundwater 
yield is predominantly from fractures.  Likewise, the residuum and saprolite are saturated below 
the first encountered groundwater; however, there are a few thin water producing zones (possibly 
associated with weathered zones and fractures) separated by relatively damp matrix.   
 
The groundwater appears to be confined.  Gauged water levels in all the newly installed 
monitoring wells (shallow and deep) are higher than the first encountered groundwater during 
drilling for these wells.  A similar trend is apparent for the existing monitoring wells.  
Groundwater within the weathered and fractured zones appears to be under a pressure greater 
than atmospheric pressure.   
 
Groundwater consistently flows north across Site 1738, with small spatial and temporal 
variations.  In 2010, groundwater in the upgradient area appeared to be slightly mounded in the 
vicinity of the former USTs.  This may be a result of preferential recharge due to the presence of 
pea gravel backfill in the vicinity of wells 1738MW02 and 1738MW03.  The hydraulic gradient 
in the upgradient area tends to be less than in the downgradient area; 0.002 to 0.008 feet/foot in 
the upgradient area, and 0.01 to 0.02 feet/foot in the downgradient area.   
 
Vertical flow in the upgradient area (at least in the vicinity of 1738MW01) is weakly downward, 
suggesting a groundwater recharge area.  The downgradient area can be characterized as a 
predominantly lateral groundwater flow regime, with variable and generally weak vertical 
gradients.   
 
The average K value across the entire Site is approximately 2.5 ft/d; however, some distributional 
heterogeneities were observed. There appears to be some zones of relatively high K in the 
upgradient area within Site 1738.  The K in the vicinity of wells 1738MW13 and 1738MW01  is 
at least 5 ft/d.  This relatively high K area might be a preferential pathway that could be 
connected, and extend north of 1738MW01.  A relatively low K zone is apparent between wells 
1738MW02 and 1738MW07A, where the K value is less than 1 ft/d.  A moderate K zone is 
apparent in the vicinity of deeper wells 1738MW01B and 1738MW05L, and is at least 2 ft/d.  
The relatively low hydraulic gradient observed in portions of the upgradient area may be related 
to the presence of a relatively high K zone; groundwater flows relatively fast through the high K 
zone, but slows and “backs up” in the lower K downgradient area manifesting in tightly spaced 
isoelevation lines.   
 
6.5.4 Nature and Extent of Contamination 
 
This section presents findings related to contaminants of concern, background concentrations, 
source characteristics, migration pathways, and identification of receptors.   
 
  



 

6-13 

Contaminants of Concern 
 
The contaminants of concern appear to be gasoline-related constituents, including BTEX and 
MtBE.  Three 10,000 gallon UST were reportedly used for the storage of gasoline. One small 
UST (550 gallons) was added for the storage of waste oil relatively late in the operation of the gas 
station.  The analytical data indicate that individual gasoline constituents such as benzene, xylene, 
ethylbenzene, toluene, and MtBE have significantly partitioned into the environment, leaving low 
remnant concentrations of gasoline.  TPH GRO is present throughout the soil source zone area, 
but mostly below the PREQB Target Level. TPH DRO was present in soil samples, but at 
concentrations below TPH GRO concentrations and generally below the PREQB Target Level. 
 
Source Characteristics and Contaminant Distribution in Soil 
 
Soil contamination is evident in the upgradient area (between borings 1738SB107 and 
1738SB110), and is relatively thin in the east-west direction.  Soil contamination has been 
currently observed below 16-feet bgs, but was in the past observed to be shallow in the boring for 
well 1738MW03, near the former pump island (BBL, 1999).  Table 6-6 shows average 
concentrations of BTEX, MtBE, and TPH GRO within the estimated source zone area.  Within 
this zone, total xylenes exhibited the highest average concentration (approximately 52,682 ug/kg).  
MtBE exhibited an average concentration within the soil contamination zone of approximately 
9,288 ug/kg.  The average concentration of TPH GRO is approximately 407 mg/kg.  It appears 
that the gasoline (observed as TPH GRO) has mostly dissociated into its constituents, including 
BTEX and MtBE.   
 
LNAPL has been observed at Site 1738.  Free-phase LNAPL was observed in well 1738MW02 
until 2002.  Free-phase LNAPL was not observed in the current investigation.  Residual-phase 
LNAPL was observed in relatively small, discontinuous zones, and associated with the higher 
BTEX and MtBE concentrations observed in soil.   
 
Migration Pathways 
 
Neither the time of the release nor its duration is known.  Given the age of the USTs (1959 to 
1996) and the use of MtBE (1979 with phase outs beginning in 2000), the release probably 
occurred between 1979 and 1996. The fact that TPH was detected only at relatively low levels 
compared with BTEX in the 1998 BBL site characterization, the release may have occurred in the 
1980s.     
 
The release appears to have occurred at the two former USTs near well 1738MW02, and/or near 
the former pump island (based on the BBL report and findings herein).  The specific gravity of 
gasoline ranges from approximately 0.7 kilograms per liter (kg/L) to nearly 0.8 kg/L depending 
on the literature source, so the NAPL at Site 1738 is light.  Migration of NAPL follows the same 
principles from site to site, and can be summarized as follows.  LNAPL will migrate downward 
and laterally through the vadose zone by gravity and fluid pressure, often following tortuous path 
controlled by the pore space pressures.  This vertical migration will end when pore pressures meet 
or exceed NAPL fluid pressure, which is often near the water table.  Lateral migration of NAPL 
can follow the predominant groundwater flow direction, but can also follow preferential pathways 
of low capillary pressure that may be different from groundwater flow.  A relatively permeable 
zone is evident near well 1738MW13 (upgradient from the suspected source area), and it is 
apparent that the NAPL migrated to/through this zone.  The NAPL continues to migrate as long 
as the release continues.  Once the release stops, the NAPL could still migrate under the influence 
of fluid pressure.  As the NAPL migrates the fluid pressure dissipates.  LNAPL does not float on 
the water table in a homogeneous mass, but is rather heterogeneously distributed, following a 
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vertical equilibrium model (as described in Interstate Technology and Regulatory Counsel 
[ITRC] documents and training. At a certain point the capillary pressure becomes greater than the 
fluid pressure resulting in the cessation of NAPL migration. It is widely accepted that NAPL 
migration ceases within weeks or months of the release cessation.   
 
Figure 6-12 shows the estimated horizontal extent of residual-phase NAPL based on the dye 
shake test results and interpolation support from elevated PID readings. It is important to note that 
the NAPL in this area is not a continuous body, but is probably distributed like ganglia.  
Residual-phase NAPL was observed in areas located hydraulically upgradient of the probable 
release area(s) (e.g., 1738MW13).  It is likely that this distribution is the result of migrating 
NAPL encountering the relatively permeable material between wells 1738MW01 and 
1738MW13 (Figure 5-11).   
 
Within the vadose zone, volatilization, sorption, biodegradation, vapor advection, and diffusion 
are the primary attenuation processes.  The fuel constituents will partition from the source 
material at different rates based on their chemical properties.  Volatilization of released fuel will 
occur into the air-filled pore spaces of the vadose zone (ITRC, 2005).  The partial pressure of 
MTBE and other ether oxygenates in recently released oxygenated fuels is initially higher than 
other fuel constituents, and will volatilize more readily during the time period immediately 
following the release.  As a result of volatilization, however, the partial vapor pressure is reduced, 
making it more difficult for the remaining constituents to completely volatilize.  Soil moisture in 
the vadose zone will interact with soil vapor and allow exchange of volatile fuel constituents 
between the air phase and the water phase.  If the soil moisture content in the vadose zone is 
moderate to high (as it is at NAPR), then fuel constituents with a relatively low Henry’s law 
constant will partition into the water phase.  In comparison to benzene, MtBE tends to partition 
strongly from the gas phase into the water phase.  Recharging groundwater will migrate 
downward to the aquifer.  The residual gasoline constituents in soil will also partition to the water 
phase driven by a concentration gradient.  
 
Dissolved contaminant migration in groundwater is controlled by advection.  Natural attenuation 
of BTEX and MtBE is primarily through dilution, dispersion, sorption, diffusion, and 
biodegradation (ITRC, 2005).  Dispersion is more apparent in more heterogeneous aquifer 
systems, such as observed at the Site.  Dilution of dissolved constituents by mixing with 
unaffected groundwater recharge is also common, especially in unconfined aquifers.  At a certain 
point (in time and/or space) the natural attenuation processes can stop plume migration.   
 
Elevated concentrations of BTEX and MtBE in groundwater generally correspond spatially to 
elevated concentrations in soil.  The exception is in the eastern portion of the downgradient area 
where the MtBE plume is broad.  It is possible that the preferential pathway in the vicinity of 
wells 1738MW13 and 1738MW01 has influence migration of MtBE.   
 
Based on the MtBE investigation, it is not clear if the plume, particularly MtBE, is migrating; 
however, based on professional judgment, it is believed that the groundwater contamination is 
migrating.  There is limited data to make this conclusion.  So, the confidence level is low.  The 
MtBE investigation groundwater sampling show increasing concentrations in the downgradient 
wells; however, there are only two data points, and the magnitude of the concentration change is 
within the Monitored Natural Attenuation program quarter-to-quarter historical fluctuations.  The 
hypothesis of MtBE plume migration will be tested with continued groundwater monitoring 
(Section7.3), and will be revised as necessary. 
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Based on the fate and transport characteristics, BTEX and MtBE tend to exhibit the following 
characteristics, and are manifest at Site 1738:  
 

 BTEX and MtBE will initially volatilize in the vadose zone; however, this process slows 
as the partial vapor pressure decreases.  Figure 6-2 and Figure 6-3 show that BTEX and 
MtBE remain in soil.   

 
 MtBE may be at lower concentrations in soil compared with BTEX due to higher vapor 

pressure and initial volatilization loss (Figure 6-2 shows higher BTEX concentrations 
remaining in soil compared with MtBE shown on Figure 6-3).   

 
 Due to the physical properties of MtBE (e.g., solubility, octanol-water partition 

coefficient, and distribution coefficient), it preferentially partitions to water compared 
with BTEX.  In addition, there is a greater potential for BTEX constituents to degrade 
compared with MtBE.  Thus, MtBE may appear in groundwater at higher concentrations 
(compare the benzene plume on Figure 6-7 with the MtBE plume on Figure 6-8).  

 
 MtBE is more mobile than the BTEX constituents.  This may partially explain the 

relatively small benzene plume on Figure 6-7 compared with the relatively larger MtBE 
plume on Figure 6-8).   

 
The estimated average linear groundwater velocity was calculated by using a variation of Darcy's  
equation as shown on Table 6-8.  As shown on Table 6-8, groundwater velocities vary spatially 
and temporally, from approximately 0.22 ft/d (80 feet/year [ft/y]) in the downgradient area to 
0.83 ft/d (303 ft/y) in the upgradient area.   

 
Natural attenuation processes affect the fate and transport of contaminants such as BTEX and 
MtBE.  These natural attenuation processes conventionally include advection, mechanical 
dispersion, diffusion, sorption, biodegradation, infiltration, and volatilization.  Due to these 
natural attenuation processes, contaminant velocities can be substantially less than groundwater 
velocities.  For example, the velocity of MtBE aqueous transport relative to the transport of 
groundwater is not significantly retarded by sorption and tends to be transported at velocities near 
the rate of groundwater flow.  A retardation factor can be calculated as shown on Table 6-9.  The 
velocity of MtBE is calculated at 0.39 ft/d (143 ft/y), compared with benzene at 0.17 ft/d (64 
ft/y).   

 
Adsorption alone tends to overestimate contaminant velocity in groundwater.  Other processes 
further inhibit migration of contaminants such as BTEX and MtBE.  Biodegradation for example, 
is an important process since it destroys both BTEX and MtBE mass; however, degradation of 
MtBE is slower than BTEX constituents.  Branched compounds like MtBE are more resistant to 
biodegradation than cyclic compounds like benzene (Lyman, et al 1982).  MtBE degrading 
bacteria are slower to grow than other bacteria (Wilson, 2005), resulting in slower MtBE 
degradation relative to BTEX.  Thus, the extent of MtBE in groundwater is expected to be much 
larger than that of benzene.  This is evident in the data collected (Figure 6-8 shows that the 
distribution of MtBE in groundwater is larger than benzene as shown in Figure 6-7).   

Mass discharge can provide information about source strength, natural attenuation rates, and 
preferential migration pathways.  It can also be used to estimate changes in plume discharge 
conditions over time as well as before and after source zone remediation.  Mass discharge will be 
calculated for MtBE and used at Site 1738 to monitor plume changes over time and provide 
indications of source zone remediation performance.   
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The terms “mass flux” and “mass discharge” have been used interchangeably.  For the purposes 
of this report mass flux (Mdj) is the mass of a contaminant that passes through a specific point 
over a period of time (i.e., the contaminant concentration and the groundwater flux).  Mass 
discharge (Md) represents the total mass of a contaminant moving in the groundwater across a 
given area.   
 
Baseline mass discharge was calculated using the transects based on iso-contours method as 
described in Use and Measurement of Mass Flux and Mass Discharge (ITRC, 2010).  Figure 6-13 
shows three transects across the MtBE plume that are approximately perpendicular to 
groundwater flow.  Figure 6-13 also shows the MtBE distribution above the PREQB Target Level 
superimposed over the K estimate distribution from the shallow wells.  The transects were located 
as follows:  the first located was placed near the source area; the second was placed immediately 
downgradient of the source area, and the third was placed farther downgradient of the source area 
to provide an indication of natural attenuation.   
 
Mass discharge was calculated for polygons constructed along each transect.  The polygons were 
bounded horizontally by the MtBE iso-concentration lines, and vertically be the well thickness of 
well along or near each transect (15 feet at Transect 1 and 10 feet at Transects 2 and 3).  Each 
polygon is labeled on Figure 6-13.  A concentration was assigned to each polygon by calculating 
a geometric mean of the value for each bounding iso-concentration line.  A K value was assigned 
to each polygon by calculating a geometric mean of the value of iso-K lines that cross each 
transect.  Mass Discharge was calculated as follows:  
 
Md = A x q x C  where:  
 

A is the area of a polygon 
 

q (Darcy flow) = K x i (i = 0.002 in the upgradient area and i = 0.006 in 
the downgradient area as shown on Figure 5-10) 

 
Table 6-10 presents the mass discharge for each polygon and transect, and the mass discharge for 
each transect.  It should be noted that since units are metric for concentration (mg/L) and mass 
discharge (g/d), lengths, areas, and K values were converted to metric to perform the calculation.  
The mass discharge at Transect 1 ranges from 6.28x10-7 g/d to 8.69x10-4 g/d, with a total mass 
discharge of 0.001 g/d.  The mass discharge at Transect 2 ranges from 1.93x10-6 g/d to 3.41x10-4 
g/d, with a total mass discharge of 0.001 g/d.  The mass discharge at Transect 3 ranges from 
5.08x10-6 g/d to 6.59x10-4 g/d, with a total mass discharge of 0.002 g/d.  Despite the elevated 
MtBE concentrations in groundwater, the mass discharge is low: 
 

 Averaging 5.89x10-4 g/d (0.59 mg/d) in the >10,000 ug/L MtBE lobe 
 0.002 g/d (2 mg/d) over the width of the plume downgradient of the source area 

 
The “corridor” of highest mass discharge occurs immediately east of the >10,000 ug/L MtBE 
lobe as shown on Figure 6-8, with an average mass discharge of 6.23x10-4 g/d.  There is no 
apparent decrease in the mass discharge between Transect 2 and 3, indicating that natural 
attenuation of MtBE is negligible at this time in this portion of the plume.   

 
There is uncertainty in the mass discharge caclucations, primarily associated with interpolation of 
the MtBE concentrations and K values.  This uncertainty can be controlled by examining the 
interpolation results.  For this mass discharge estimate, the interpolation was prepared by a senior 
geologist using Surfer and reviewed by a different senior geologist.  The concentration and K 
value distribution patterns were judged to be reasonable representations based on the available 
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data.  Differences in the interpolation methods can cause differences in mass discharge estimates.  
Figure 6-13 shows the concentration and K value distribution using the Kriging method.  Using 
the Natural Neighbor methods shows very similar results (not shown); however, the slight 
differences lead to differences in the mass discharge estimates for the various polygons on the 
transects.  Table 6-11 provides a summary of the mass discharge estimates using Kriging and 
Natural Neighbor interpolation methods, and the RPD comparison of the two mass discharge 
estimates.  The closer the RPDs is to zero, the better the correlation between the Kriging and 
Natural Neighbor interpolation methods.  An examination of the RPDs shows varying degrees of 
correlation.  The mass discharge estimate for each transect generally shows a good correlation 
between the two methods, indicating the interpolation uncertainty is low. 
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7.0   CONCLUSIONS AND RECOMMENDATIONS 
 
7.1 Conclusions 
 
The primary objectives of the MtBE investigation at Site 1738 were to: 
 

 Confirm the presence of a potential source area in the soil near the former USTs and 
pump island, 
 

 Define the lateral extent of MtBE in groundwater, and 
 

 Define the vertical extent of MtBE in groundwater.   
 
The borings and monitoring wells provided additional information regarding the subsurface 
materials at Site 1738.  The former gas station area is built upon a predominately silt and clay fill 
material with some gravel in the areas were former tanks and piping runs existed.  A thin silt and 
clay residuum is present beneath the fill in the upgradient area.  A chemically weathered bedrock 
or saprolite is present below the residuum. 
 
A zone of soil contamination was identified that may be a continuing source for groundwater 
contamination.  This zone was generally delineated.  The exception is the area to the north of 
boring 1738SB107, which is located near the top of the slope.  The elevation difference between 
the top and bottom of the slope is approximately 16 feet, the depth at which the soil 
contamination was observed.  If the source zone continues to the north it would be in shallow 
subsurface soil, and could be in groundwater.   MtBE exhibits an average concentration of 9,288 
ug/kg within the estimated source zone. Benzene, the other significant groundwater contaminant 
exhibits an average concentration of 4,322 ug/kg.  A rough volume estimate of this source zone is 
approximately 3,280 cubic yards (an area of 9,845 square feet by an average thickness of 
approximately 9 feet).   
 
The overall extent of MtBE contamination in the groundwater appears to be largely delineated; 
however, MtBE concentrations in the downgradient wells (1738MW07, 1738MW08, and 
1738MW09) were above the PREQB Target Level in the August 2012 groundwater sampling 
event.  The vertical extent of MtBE has not been delineated either. Concentrations of MtBE in 
wells 1738MW01B, 1738MW02R, 1738MW03, and 1738MW05L are above the PREQB Target 
Level.   
 
7.2     Conceptual Site Model Conclusions 
 

1. Background Information 
a. The Site was an industrial gas station from the late-1950s to the early/mid-1990s 
b. One 10,000 gallon gasoline UST was in operation beginning in 1959 
c. Two additional 10,000 gallon gasoline USTs became operational in 1973 
d. The age, duration, and quantity of the release are not known 
e. Based on some simple forensics, the release may have occurred in the 1980s 

 
2. Site Topography, Surface Features, and Surface Drainage 

a. Site 1738 consists of two areas: 
i. An upgradient area that contained the gas station and associated facilities 

ii. A downgradient area, which is undeveloped and about 16 feet lower 
b. Both areas are locally flat 
c. Much of the upgradient area is not heavily vegetated, but has become overgrown 
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d. The downgradient area contains a mix of wooded and grassy areas 
e. Surface drainage is controlled by the grasses and wooded areas 

i. Overland sheet flow is likely to be limited by the vegetation 
ii. No engineered surface drainage ways were noted at the Site 

 
3. Hydrogeology 

a. Site 1738 lies in a transition between the Upland and the Inland flat lands  
b. The Upland (upgradient area) is underlain by: 

i. A surficial gravelly silt and clay fill material, then; 
ii. A relatively thin silt and clay residuum, and finally; 

iii. Bedrock exhibiting varying degrees of weathering 
c.   The Inland flat lands (downgradient area) is underlain by: 

i. A relatively thick silt and clay residuum, then 
ii. Bedrock exhibiting varying degrees of weathering 

d. Groundwater was encountered approximately 15 to 20 feet bgs in the upgradient 
area 

e.  Groundwater was encountered less than 5 feet bgs in the downgradient area 
f. Groundwater was encountered in the residuum and saprolite 

i. In relatively thin, discontinuous zones 
ii. The groundwater yield appeared to vary 

iii. The relatively thin zones are separated by saturated, but limited/non-
yielding zones 

iv. Groundwater occurrence is likely associated with weathered zones and 
fractures 

v. Groundwater consistently flows the north across the Site 
vi. Small spatial & temporal variations exist, with frequent mounding near 

the former USTs 
vii. Vertical flow in the upgradient area is weakly downward 

viii. The downgradient area groundwater appears to vary (lateral flow in June 
2012, but vertically upward in August 2012 

g. The average K value across the entire Site is approximately 2.5 ft/d 
i. The K in the vicinity of wells 1738MW01 & 1738MW13 is >10 feet/day 

ii. The K zone in the vicinity of wells 1738MW02 & 1738MW07A is <1 
ft/d 

iii. A moderate K in the vicinity around some deeper wells is >2 ft/d 
iv. A preferential pathway of relatively higher K is apparent in a corridor in 

an area including wells 1738MW13, 1738MW01, and trending 
northward 

 
4. Nature and Extent of Contamination 

a. Contaminants of Concern 
i. Primarily BTEX constituents and MtBE 

ii. To a lesser degree, TPH GRO 
b. Source Characteristics and Contaminant Distribution in Soil 

i. Residual soil contamination is evident in the upgradient area 
1. Near the former UST and fuel island 
2. Thin in the E-W direction 
3. Currently about 16- to 20-feet bgs 
4. BBL noted shallow contamination at 1738MW03 

ii. Light Free-phase NAPL was present, but has not been observed since 
2002 

iii. Residual-phase NAPL has been observed in small, discontinuous zones 
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iv. BTEX and MtBE in higher concentrations than TPH GRO, indicating 
significant gasoline decomposition  

 
5. Migration Pathways 

a. Release likely at pump island and USTs near 1738MW02 
b. Fluid pressure drives the NAPL in relatively permeable zones 
c. The NAPL continues to migrate as long as the release continues 
d. Once the release stops, the NAPL could still migrate by continued fluid pressure 
e. As the NAPL migrates the fluid pressure dissipates.   

i. At a certain point the capillary pressure becomes greater than the fluid 
pressure 

ii. NAPL migration stops 
iii. This typically occurs within weeks or months of the release cessation 

f. Only residual-phase NAPL was observed; no free-phase NAPL 
i. Not as a continuous body, but is probably distributed like ganglia 

ii. NAPL is no longer migrating 
g. Volatilization of released fuel will occur into the air-filled pore spaces of the 

vadose zone 
i. MtBE will volatilize more readily in the period immediately following 

the release 
ii. Complete volatilization doesn’t occur due to lowering partial pressure 

h. Soil vapor contamination will dissolve into infiltrating moisture 
i. Recharging groundwater will migrate downward to the aquifer 
j. Residual gasoline constituents will continue to act as a source of BTEX and 

MtBE impact to groundwater until this source is removed through active 
remediation or these compounds are depleted from residual LNAPL through 
weathering and other processes 

k. BTEX and MTBE migrate in groundwater through advection 
l. The MtBE plume shape may be partially influenced by the preferential high-K 

pathway in the vicinity of well 1738MW13 and 1738MW01.   
m. As known processes indicate: 

i. BTEX remains in soil at higher concentrations compared with MtBE 
ii.  MtBE is in groundwater at higher concentrations compared with BTEX 

iii. MtBE has migrated farther in groundwater compared with BTEX 
1. Physical properties suggest that MtBE will migrate faster than 

BTEX 
2. Preferential biodegradation of BTEX might also explain larger 

MtBE plume in groundwater 
n. Calculations estimate that: 

i. The velocity of MtBE is 0.39 ft/d (143 ft/y) 
ii. The velocity of benzene is 0.17 ft/d (64 ft/y) 

iii. Adsorption alone is likely to overestimate contaminant velocity 
o. Mass discharge of MtBE across the site varies 

i. It is relatively low, at 0.002 g/d across the width of the plume and 
downgradient of the source area 

ii. Is highest between the >10,000 ug/L lobe and the relatively high K 
preferential pathway (averaging 6.23x10-4 g/d) 

 
7.3 Recommendations 
 
A re-evaluation of remedial alternatives should be initiated, and can be despite that some 
additional delineation needs to be performed. Because the impacted soil and groundwater areas 



 

7-4 

have been mainly delineated, the additional delineation is not expected to significantly change the 
size.  A re-evaluation is appropriate considering that a relatively large soil source zone has been 
identified.  A screening of the 17 common and appropriate NAPL remedial technologies should 
be evaluated using the Interstate Technology and Regulatory Council “Evaluating LNAPL 
Remedial Technologies for Achieving Project Goals.”  The short list of NAPL remedial 
technologies as well as groundwater remedial technologies should be evaluated in a Corrective 
Measures Study (CMS).   
 
There are two overall NAPL remediation strategies; NAPL mass reduction or NAPL composition 
reduction. Mass reduction will decrease NAPL saturation, which will be evident in a decrease of 
fuel constituent concentrations in soil.  NAPL composition reduction will preferentially reduce 
contaminant concentration of those fuel constituents impacting groundwater (i.e., MtBE and 
benzene).  At Site 1738, a NAPL composition reduction appears to be the preferred strategy.  
Focusing on selectively reducing the mass of BTEX constituents and MtBE in soil will have the 
greatest impact on improving groundwater quality by reducing BTEX and MtBE concentrations 
in soil.  Thus, soil and groundwater cleanup of BTEX constituents and MtBE will be achieved; 
however, residual TPH DRO and GRO soil contamination may remain.  A treatment train that 
includes subsequent TPH DRO and GRO can be implemented.  Because TPH DRO and GRO 
contamination was observed to be relatively limited and many of these hydrocarbons are less 
toxic, the remnant soil contamination may not pose a risk, and further soil remediation may not be 
warranted.   

 
A limited soil sampling program is recommended.  Additional soil borings (a maximum of ten) 
should be placed north of boring 1738SB107 in the downgradient area, and also to the east and 
west of boring 1738SB107 in the upgradient area to more fully delineate the soil source zone.   
 
Additional groundwater monitoring is also recommended. The groundwater monitoring should 
consist of the following elements:   
 

1. Additional monitoring wells to provide further delineation: 
 

 Five additional deep monitoring wells should be installed to provide vertical 
delineation of MtBE contamination in groundwater.  Two nested wells should be 
placed near wells 1738MW02R and 1738MW03 (one at each). The nested wells 
should include two wells installed to depths of 60 and 100 feet.  Two other deep 
wells should be placed near well 1738MW05L (at a depth of approximately 65 
feet) and well 1738MW01B  (at a depth of approximately 100 feet).  A fifth deep 
well should be installed at cluster 1738MW08 at a depth of approximately 60 
feet.  Two additional deep wells (approximately 60 feet deep) should 
conditionally be installed at well clusters 1738MW07 and 1738MW09 to provide 
vertical delineation if continued groundwater monitoring at deep wells shows 
consistently elevated MtBE concentrations.   

 
 Four additional mid-depth wells should conditionally be installed to provide 

horizontal delineation if continued groundwater monitoring shows consistently 
elevated MtBE concentrations.  These wells should be located north of 
1738MW07, 1738MW08, 1738MW09, and northeast of 1738MW16.   

 
2. Long-term groundwater monitoring should resume at the Site while the above 

recommendations are being implemented, and until full-scale remediation is initiated.  It 
is recommended that the following wells be monitored;  
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 1738MW02R 
 1738MW03 
 1738MW05R 
 1738MW05L 
 1738MW06 
 1738MW07 and 1738MW07A 
 1738MW08 and 1738MW08B 
 1738MW09 and 1738MW09B 
 1738MW16 
 Any additionally installed wells 

 
3. Groundwater monitoring should be performed quarterly until remediation is initiated. 

Analytical parameters will include: 
 

 Appendix IX VOCs 
 TPH GRO 
 BTEX and MtBE 
 Tert butyl alcohol (MtBE daughter product) 
 Select natural attenuation parameters including carbon dioxide, methane, nitrate, 

ferrous iron, and sulfate in at least the initial sampling event 
 Lead in at least the initial sampling event to confirm the BBL SCR findings 

 
4. A groundwater concentration trend analysis should be performed after several rounds of 

groundwater sampling (e.g., two years of quarterly monitoring).  An examination of the 
concentration trends in downgradient wells (1738MW07, 1738MW08, 1738MW09) may 
provide evidence of plume stability.  Seasonal trends will need to be evaluated.  If no 
seasonal effects are evident, the Mann-Kendall trend analysis will be used to detect a 
trend.  If seasonal effects are evident, the Seasonal-Kendall trend analysis can be used to 
detect a trend.   

 
5. Perform slug testing at newly installed wells and wells 1738MW09 and 1738MW16, 

which are two downgradient wells that were not tested during the Site Investigation. 
 

6. Perform mass flux/mass discharge calculations to support plume migration and 
remediation analysis.   
 

7. Provide recommendations for additional wells to provide lateral plume delineation if the 
trend analysis indicates plume expansion. 
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
(ft bgs)

Sample       
Date M
tB

E
 

B
T

E
X
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P

H
 D

R
O

T
P

H
 G

R
O

F
O
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T
O

D

Comment
1738MW01B 1738MW01B-00 0.0-1.0 6/13/2012 X X X X
1738MW02R 1738MW02R-00 0.0-1.0 6/16/2012 X X X X

1738MW07B-00 0.0-1.0 6/24/2012 X X X X
1738MW07B-00D 0.0-1.0 6/24/2012 X X X X Duplicate

1738MW08B 1738MW08B-00 0.0-1.0 6/23/2012 X X X X
1738MW09B-00 0.0-1.0 6/17/2012 X X X X

1738MW09B-00MS/MSD 0.0-1.0 6/17/2012 X X X X Matrix Spike/Matrix Spike Duplicate
1738MW13 1738MW13-00 0.0-1.0 6/15/2012 X X X X
1738MW14 1738MW14-00 0.0-1.0 6/16/2012 X X X X
1738MW15 1738MW15-00 0.0-1.0 6/16/2012 X X X X

1738MW16-00 0.0-1.0 6/21/2012 X X X X
1738MW16-00D 0.0-1.0 6/21/2012 X X X X Duplicate
1738SB101-01 1.0-3.0 9/20/2010 X X X X

1738SB101-01D 1.0-3.0 9/20/2010 X X X X Duplicate
1738SB101-01MS/MSD 1.0-3.0 9/20/2010 X X X X Matrix Spike/Matrix Spike Duplicate

1738SB102 1738SB102-01 1.0-3.0 9/20/2010 X X X X
1738SB103 1738SB103-01 1.0-3.0 9/20/2010 X X X X

1738SB104A 1738SB104-01 1.0-3.0 9/20/2010 X X X X
1738SB105-01 1.0-3.0 9/20/2010 X X X X

1738SB105-01D 1.0-3.0 9/20/2010 X X X X Duplicate
1738MW11 1738MW11-01 1.0-3.0 9/13/2010 X X X X

1738MW12-01 1.0-3.0 9/14/2010 X X X X
1738MW12-01D 1.0-3.0 9/14/2010 X X X X Duplicate

1738MW12-01MS/MSD 1.0-3.0 9/14/2010 X X X X Matrix Spike/Matrix Spike Duplicate
1738MW01B 1738MW01B-01 1.0-3.0 6/13/2012 X X X X
1738MW02R 1738MW02R-01 1.0-3.0 6/16/2012 X X X X
1738MW07B 1738MW07B-01 1.0-3.0 6/24/2012 X X X X
1738MW08B 1738MW08B-01 1.0-3.0 6/23/2012 X X X X
1738MW09B 1738MW09B-01 1.0-3.0 6/17/2012 X X X X

Shallow 
Subsurface 

Soil

1738MW07B

1738MW09B

1738MW16

1738SB101

1738SB105

1738MW12

Surface Soil
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
(ft bgs)

Sample       
Date M
tB
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Comment

1738MW13 1738MW13-01 1.0-3.0 6/14/2012 X X X X
1738MW14-01 1.0-3.0 6/16/2012 X X X X

1738MW14-01D 1.0-3.0 6/16/2012 X X X X Duplicate
1738MW15 1738MW15-01 1.0-3.0 6/16/2012 X X X X
1738MW16 1738MW16-01 1.0-3.0 6/21/2012 X X X X

1738SB106-01 1.0-3.0 6/27/2012 X X X X
1738SB106-01MS/MSD 1.0-3.0 6/27/2012 X X X X Matrix Spike/Matrix Spike Duplicate

1738SB108 1738SB108-01 1.0-3.0 8/15/2012 X
1738SB109 1738SB109-01 1.0-3.0 8/22/2012 X X X X

1738SB101-04 7-9 9/20/2010 X X X X
1738SB101-06 11-13 9/20/2010 X X X X
1738SB101-08 15-17 9/20/2010 X X X X
1738SB102-04 7-9 9/20/2010 X X X X
1738SB102-08 15-17 9/20/2010 X X X X

1738SB103 1738SB103-04 7-9 9/20/2010 X X X X
1738SB104-04 7-9 9/20/2010 X X X X
1738SB104-06 11-13 9/20/2010 X X X X
1738SB104-08 15-17 9/20/2010 X X X X
1738SB105-04 7-9 9/20/2010 X X X X
1738SB105-07 13-15 9/20/2010 X X X X
1738MW11-04 7-9 9/13/2010 X X X X
1738MW11-08 15-17 9/13/2010 X X X X
1738MW12-04 7-9 9/14/2010 X X X X
1738MW12-08 15-17 9/14/2010 X X X X

1738SB104A 1738SB104-10 19-20 6/27/2012 X X X X
1738MW01B-06 11-13 6/13/2012 X X X X
1738MW01B-11 21-23 6/13/2012 X X X X
1738MW02R-07 13-15 6/16/2012 X X X X
1738MW02R-10 19-20 6/16/2012 X X X X

Shallow 
Subsurface 

Soil 
(continued)

Subsurface 
Soil

1738SB101

1738SB102

1738MW01B

1738SB106

1738MW14

1738SB104

1738SB105

1738MW11

1738MW12

1738MW02R
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
(ft bgs)

Sample       
Date M
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1738MW02R-17 33-35 6/16/2012 X X X X
1738MW07B 1738MW07B-03 5-7 6/24/2012 X X X X

1738MW08B-03 5-7 6/23/2012 X X X X
1738MW08B-03D 5-7 6/23/2012 X X X X Duplicate
1738MW09B-03 5-7 6/17/2012 X X X X

1738MW09B-03D 5-7 6/17/2012 X X X X Duplicate
1738MW13-03 5-7 6/14/2012 X X X X
1738MW13-12 22-24 6/14/2012 X X X X
1738MW14-09 17-19 6/16/2012 X X X X
1738MW14-11 21-23 6/16/2012 X X X X
1738MW15-05 9-11 6/16/2012 X X X X
1738MW15-10 19-21 6/16/2012 X X X X
1738MW16-03 5-7 6/21/2012 X X X X

1738MW16-03MS/MSD 5-7 6/21/2012 X X X X Matrix Spike/Matrix Spike Duplicate
1738MW17 1738MW17-10 19-20 8/21/2012 X X X X

1738SB107-09 17-18 8/20/2012 X X X X
1738SB107-09D 17-18 8/20/2012 X X X X Duplicate
1738SB107-11 21-22 8/20/2012 X X X X
1738SB107-14 27-28 8/20/2012 X X X X
1738SB108-08 15-16 8/15/2012 X X X X
1738SB108-09 17-18 8/16/2012 X X X X
1738SB108-13 26-27 8/16/2012 X X X
1738SB109-10 19-20 8/24/2012 X X X X X
1738SB109-12 23-24 8/24/2012 X X X X

Subsurface 
Soil 

(continued)

1738SB107

1738SB108

1738SB109

1738MW14

1738MW15

1738MW16

1738MW08B

1738MW09B

1738MW13
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
(ft bgs)

Sample       
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1738SB110-08 16-17 8/24/2012 X X X X X
1738SB110-10 20-21 8/24/2012 X X X
1738SB110-12 24-25 8/24/2012 X X X

1738SB110-12D 24-25 8/24/2012 X X X Duplicate
1738SB110-13 26-27 8/24/2012 X
1738SB111-08 17-18 8/17/2012 X X X X
1738SB111-11 21-22 8/17/2012 X X X X
1738SB111-14 28-29 8/17/2012 X X X X

1738MW01 1738GW01 NA 9/16/2010 X X X X
1738GW02 NA 9/16/2010 X X X X

1738GW02D NA 9/16/2010 X X X X Duplicate
1738MW03 1738GW03 NA 9/18/2010 X X X X

1738GW04 NA 9/16/2010 X X X X
1738GW04D NA 9/16/2010 X X X X Duplicate

1738GW04MS NA 9/16/2010 X X X X Matrix Spike
1738GW04MSD NA 9/16/2010 X X X X Matrix Spike Duplicate

1738MW05 1738GW05 NA 9/18/2010 X X X X
1738MW05R 1738GW05R NA 9/20/2010 X X X X
1738MW05L 1738GW05L NA 9/18/2010 X X X X
1738MW06 1738GW06 NA 9/17/2010 X X X X
1738MW07 1738GW07 NA 9/21/2010 X X X X
1738MW08 1738GW08 NA 9/21/2010 X X X X
1738MW09 1738GW09 NA 9/19/2010 X X X X
1738MW10 1738GW10 NA 9/19/2010 X X X X
1738MW11 1738GW11 NA 9/17/2010 X X X X
1738MW12 1738GW12 NA 9/20/2010 X X X X
1738MW01 1738MW01-12C NA 8/18/2012 X X X X

1738MW01A 1738MW01A-12C NA 8/18/2012 X X X X
1738MW01B 1738MW01B-12C NA 8/18/2012 X X X X

1738MW02

1738MW04

Subsurface 
Soil 

(continued)

Groundwater

1738SB110

1738SB111
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
(ft bgs)

Sample       
Date M
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1738MW02 1738MW02-12C NA 8/18/2012 X X X X
1738MW02R-12C NA 8/19/2012 X X X X

1738MW02R-D-12C NA 8/19/2012 X X X X Duplicate
1738MW02R-MS-12C NA 8/19/2012 X X X X Matrix Spike

1738MW02R-MSD-12C NA 8/19/2012 X X X X Matrix Spike Duplicate
1738MW03 1738MW03-12C NA 8/18/2012 X X X X
1738MW04 1738MW04-12C NA 8/18/2012 X X X X
1738MW05 1738MW05-12C NA 8/21/2012 X X X X

1738MW05L 1738MW05L-12C NA 8/24/2012 X X X X
1738MW05R 1738MW05R-12C NA 8/24/2012 X X X X
1738MW06 1738MW06-12C NA 8/26/2012 X X X X

1738MW07-12C NA 8/25/2012 X X X X
1738MW07D-12C NA 8/25/2012 X X X X Duplicate

1738MW07MS-12C NA 8/25/2012 X X X X Matrix Spike
1738MW07MSD-12C NA 8/25/2012 X X X X Matrix Spike Duplicate

1738MW07A 1738MW07A-12C NA 8/24/2012 X X X X
1738MW07B 1738MW07B-12C NA 8/25/2012 X X X X
1738MW08 1738MW08-12C NA 8/21/2012 X X X X

1738MW08A 1738MW08A-12C NA 8/22/2012 X X X X
1738MW08B 1738MW08B-12C NA 8/21/2012 X X X X
1738MW09 1738MW09-12C NA 8/20/2012 X X X X

1738MW09A 1738MW09A-12C NA 8/21/2012 X X X X
1738MW09B 1738MW09B-12C NA 8/20/2012 X X X X
1738MW10 1738MW10-12C NA 8/19/2012 X X X X
1738MW11 1738MW11-12C NA 8/19/2012 X X X X
1738MW12 1738MW12-12C NA 8/16/2012 X X X X
1738MW13 1738MW13-12C NA 8/15/2012 X X X X
1738MW14 1738MW14-12C NA 8/17/2012 X X X X
1738MW15 1738MW15-12C NA 8/17/2012 X X X X

Groundwater 
(continued)

1738MW07

1738MW02R
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TABLE 4-1
              

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - ENVIRONMENTAL SAMPLES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

 
Laboratory Analysis

Media Site ID Sample ID

Sample 
Depth      
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Sample       
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1738MW16-12C NA 8/19/2012 X X X X
1738MW16D-12C NA 8/19/2012 X X X X Duplicate

1738MW17 1738MW17-12C NA 8/27/2012 X X X X

Notes:

   BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
   DRO - Diesel Range Organics
   FOC - Fractional Organic Carbon
   ft bgs - feet below ground surface
   GRO - Gasoline Range Organics
   MtBE - Methyl tertiary-Butyl Ether
   NA - Not Applicable
   TOD - Total Oxidant Demand
   TPH - Total Petroleum Hydrocarbons

Groundwater 
(continued)

1738MW16
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TABLE 4-2

SUMMARY OF SAMPLING AND ANALYTICAL PROGRAM - QA/QC AND IDW SAMPLES
AOC F SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Aqueous Samples 
Analysis Requested

Solid Samples Analysis 
Requested

Sample 
Media Sample ID Sample Date
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R
O
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Comment

1738TB01 9/16/2010 X X X
1738TB02 9/17/2010 X X X
1738TB03 9/21/2010 X X X
1738TB04 6/18/2012 X X X
1738TB05 6/25/2012 X X X
1738TB06 6/28/2012 X X X
1738TB07 8/20/2012 X X X
1738TB08 8/22/2012 X X X
1738TB09 8/27/2012 X X X
1738TB10 8/28/2012 X X X
1738ER01 9/13/2010 X X X X Acetate Macro Core Liner
1738ER02 9/14/2010 X X X X Acetate Macro Core Liner
1738ER03 9/16/2010 X X X X Groundwater Sampling Equipment 
1738ER04 9/17/2010 X X X X Teflon-lined polyethylene tubing & bladder pump
1738ER05 9/18/2010 X X X X Teflon-lined polyethylene tubing & bladder pump
1738ER06 9/19/2010 X X X X Teflon-lined polyethylene tubing

1738ER07 9/20/2010 X X X X Groundwater Sampling Equipment & Teflon bladder

1738ER08 9/21/2010 X X X X Groundwater Sampling Equipment & Teflon bladder

1738ER09 6/15/2012 X X X X Aluminum pie pan
1738ER10 6/16/2012 X X X X Acetate liner
1738ER11 6/17/2012 X X X X Stainless Steel Spoon
1738ER12 6/21/2012 X X X X Aluminum pie pan
1738ER13 6/24/2012 X X X X Stainless Steel Spoon
1738ER14 6/27/2012 X X X X Acetate liner
1738ER15 8/17/2012 X X X X Bladder pump and Tubing
1738ER16 8/17/2012 X X X X Aluminum pie pan
1738ER17 8/18/2012 X X X X Bladder pump and Tubing
1738ER18 8/19/2012 X X X X Bladder pump and Tubing
1738ER19 8/21/2012 X X X X Bladder pump and Tubing
1738ER20 8/24/2012 X X X X Bladder pump and Tubing
1738ER21 8/24/2012 X X X X Split-Spoon Sample Barrel
1738ER22 8/26/2012 X X X X Bladder pump and Tubing
1738FB01 9/14/2010 X X X X Lab Grade Deionized Water
1738FB03 6/15/2012 X X X X Lab Grade Deionized Water
1738FB04 8/26/2012 X X X X Lab Grade Deionized Water

1738IDW01 9/21/2010 X X Aqueous
1738IDW02 9/21/2010 X X X X Solid
1738IDW03 8/28/2012 X X X X Aqueous
1738IDW04 8/28/2012 X X X X Solid

Notes:
   MtBE - Methyl tertiary-Butyl Ether
   QA/QC - Quatliy Assurance/Quality Control
   TPH - Total Petroleum Hydrocarbons

BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
DRO - Diesel Range Organics
GRO - Gasoline Range Organics
TCLP - Toxicity Characteristic Leaching Procedure
IDW - Investigation Derived Waste

   RCI - Reactivity, Corrosivity, Ignitability

Field Blank 
Samples

IDW

Trip Blanks

Equipment 
Rinsates
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Water Low Soil
Volatiles (μg/L) (μg/kg) Analytical Method

Volatiles
Benzene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Ethyl benzene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Methyl tertiary-butyl ether (MtBE) 10 50 8260B (low level) 5030 B 5035 GC/MS
Toluene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Xylene 2.0 10 8260B (low level) 5030 B 5035 GC/MS

Water Low Soil
Total Petroleum Hydrocarbons (μg/L) (μg/kg) Analytical Method

TPH DRO 100 3300 8015C 3520C 3550B GC
TPH GRO 50 250 8015C 5030B 5035 GC

Soil Water Method 
TCLP Metals (mg/L) (μg/L) Analytical Method  Description

Arsenic 1.0 10 6010C ₋₋ 1311/3010A ICP
Barium 1.0 10 6010C ₋₋ 1311/3010A ICP
Cadmium 0.50 5 6010C ₋₋ 1311/3010A ICP
Chromium 1.0 10 6010C ₋₋ 1311/3010A ICP
Lead 0.50 5.0 6010C ₋₋ 1311/3010A ICP
Mercury  0.020 0.20 7470A/7471A ₋₋ 1311/3010A Cold Vapor AA
Selenium 1.0 10 6010C ₋₋ 1311/3010A ICP
Silver 1.0 10 6010C ₋₋ 1311/3010A ICP

Quantitation Limits* Preparation Methods

Water Soil

Quantitation Limits* Preparation Methods
Method

Description
Water Soil

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Quantitation Limits* Preparation Methods
Method

Description
Water Soil

MtBE INVESTIGATION REPORT

TABLE 4-3a

METHOD PERFORMANCE LIMITS
CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) - 2010

 AOC F - SITE 1738
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NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO
MtBE INVESTIGATION REPORT

TABLE 4-3a

METHOD PERFORMANCE LIMITS
CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) - 2010

 AOC F - SITE 1738

Water Soil
TCLP Volatiles (μg/L) (μg/L) Analytical Method

Benzene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Carbon tetrachloride ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Chlorobenzene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Chloroform ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
1,2-Dichloroethane ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
1,1-Dichloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
2-Butanone (MEK) ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Tetrachloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Trichloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Vinyl chloride ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS

Water Low Soil
(mg/L) (mg/kg)

Reactive Cyanide 1 1 9014 9012A 9012A Titrimetric

Flashpoint/Ignitability ₋₋ ₋₋ 1010A ₋₋ ₋₋ Pensky-Marten Closed-
Cup Tester

pH (s.u.) ₋₋ ₋₋ 9045D ₋₋ ₋₋ Electrometric
Reactive Sulfide 1 10 9034 ₋₋ 9030B Titrimetric

Notes:  
    *  Quantitation limits listed for soil/sediment are based on wet weight.  The quantitation limits calculated
    by the laboratory for soil/sediment, calculated on dry weight basis, will be higher.
   μg/L - micrograms per liter.

μg/kg - micrograms per kilogram.
   mg/kg - milligrams per kilogram.

mg/L - milligrams per liter

   ICP - Inductively Coupled Plasma

Soil

   GC - Gas Chromotography
   GC/MS - Gas Chromotography/Mass Spectrometry 

Method
Description

Water Soil

Reactivity, Corrosivity, Ignitability

Quantitation Limits*

Analytical Method

Preparation Methods
Method

Description
Water

Quantitation Limits* Preparation Methods
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TABLE 4-3b

METHOD PERFORMANCE LIMITS
CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) - 2012

 AOC F - SITE 1738
MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Water Low Soil
Volatiles (μg/L) (μg/kg) Analytical Method

Volatiles
Benzene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Ethyl benzene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Methyl tertiary-butyl ether (MtBE) 10 60 8260B (low level) 5030 B 5035 GC/MS
Toluene 1.0 5.0 8260B (low level) 5030 B 5035 GC/MS
Xylene 2.0 10 8260B (low level) 5030 B 5035 GC/MS

Water Low Soil
Total Petroleum Hydrocarbons (μg/L) (μg/kg) Analytical Method

TPH DRO 100 3300 8015C 3520C 3550B GC
TPH GRO 50 250 8015C 5030B 5035 GC

Soil Water Method 
TCLP Metals (mg/L) (μg/L) Analytical Method  Description

Arsenic 0.2 10 6010C ₋₋ 1311/3010A ICP
Barium 1.0 10 6010C ₋₋ 1311/3010A ICP
Cadmium 0.10 5 6010C ₋₋ 1311/3010A ICP
Chromium 0.2 10 6010C ₋₋ 1311/3010A ICP
Lead 0.20 5.0 6010C ₋₋ 1311/3010A ICP
Mercury  0.020 0.20 7470A/7471A ₋₋ 1311/3010A Cold Vapor AA
Selenium 0.5 10 6010C ₋₋ 1311/3010A ICP
Silver 0.1 10 6010C ₋₋ 1311/3010A ICP

Quantitation Limits* Preparation Methods
Method

Description
Water

Water

Quantitation Limits*

Preparation Methods

Soil

Method
Description

Water

Preparation Methods

Quantitation Limits*

Soil

Soil
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TABLE 4-3b

METHOD PERFORMANCE LIMITS
CONTRACT REQUIRED QUANTITATION LIMITS (CRQL) - 2012

 AOC F - SITE 1738
MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Water Soil
TCLP Volatiles (μg/L) (μg/L) Analytical Method

Benzene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Carbon tetrachloride ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Chlorobenzene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Chloroform ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
1,2-Dichloroethane ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
1,1-Dichloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
2-Butanone (MEK) ₋₋ 200 8260B ₋₋ 1311/5030A GC/MS
Tetrachloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Trichloroethene ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS
Vinyl chloride ₋₋ 20 8260B ₋₋ 1311/5030A GC/MS

Water Low Soil
(mg/L) (mg/kg)

Total Cyanide 0.1 0.5 9014 9012A 9012A Titrimetric

Flashpoint/Ignitability ₋₋ ₋₋ 1010A ₋₋ ₋₋ Pensky-Marten Closed-
Cup Tester

pH (s.u.) ₋₋ ₋₋ 9045D ₋₋ ₋₋ Electrometric
Sulfide 1 60 9034 ₋₋ 9030B Titrimetric

Notes:  
    *  Quantitation limits listed for soil/sediment are based on wet weight.  The quantitation limits calculated
    by the laboratory for soil/sediment, calculated on dry weight basis, will be higher.
   μg/L - micrograms per liter.

μg/kg - micrograms per kilogram.
   mg/kg - milligrams per kilogram.

mg/L - milligrams per liter

   ICP - Inductively Coupled Plasma
   GC/MS - Gas Chromotography/Mass Spectrometry 

Quantitation Limits* Preparation Methods

Preparation Methods
Method

Description
Water

Water
Method

Description

   GC - Gas Chromotography

Quantitation Limits*

Analytical Method
Soil

Reactivity, Corrosivity, Ignitability

Soil
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TABLE 4-4

SUMMARY OF SOIL BORING AND MONITORING WELL SPECIFICATIONS

AOC F - SITE 1738

MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Soil Boring and 
Monitoring Well 

Designation

Date 
Installed

Easting Northing
Ground 

Elevation        
(ft. datum)

Top of PVC 
Elevation     

(ft. datum)

Feet         
(approx. bgs)

Elevation      
(ft. datum)

Feet          
(approx. bgs)

Elevation      
(ft. datum)

Feet          
(approx. bgs)

Elevation       
(ft. datum)

1738SB101 9/20/2010 936931.667 804729.042 124.8 NA 20.0 104.8 NA NA NA NA
1738SB102 9/20/2010 936956.067 804728.843 125.4 NA 18.0 107.4 NA NA NA NA
1738SB103 9/20/2010 936946.167 804755.843 124.7 NA 14.0 110.7 NA NA NA NA
1738SB104 9/20/2010 936934.767 804743.642 124.7 NA 19.0 105.7 NA NA NA NA
1738SB105 9/20/2010 936915.466 804760.942 124.2 NA 15.0 109.2 NA NA NA NA
1738MW01 4/15/1998 936962.288 804779.156 124.4 124.00 34.0 90.4 34.0 90.4 19 to 34 105.4 to 90.4

1738MW01A 6/19/2012 936969.453 804778.979 124.1 126.66 60.0 64.1 25.0 99.1 15 to 25 109.1 to 99.1
1738MW01B 6/26/2012 936932.840 804780.269 124.0 126.73 61.8 62.2 61.8 62.2 51.8 to 61.8 72.2 to 62.2
1738MW02 4/16/1998 936906.973 804779.844 123.3 123.07 33.5 89.8 33.0 90.3 18 to 33 105.3 to 90.3

1738MW02R 6/26/2012 936882.282 804782.582 123.1 125.50 41.0 82.1 40.0 83.1 30 to 40 93.1 to 83.1
1738MW03 4/20/1998 936913.588 804745.971 124.4 124.16 30.0 94.4 30.0 94.4 15 to 30 109.4 to 94.4
1738MW04 4/21/1998 937032.561 804708.503 125.1 124.95 28.5 96.6 28.5 96.6 18.5 to 28.5 106.6 to 96.6
1738MW05 4/30/1998 936883.484 804902.036 109.5 112.43 10.5 99.0 10.5 99.0 3.5 to 10.5 106.0 to 99.0

1738MW05R 5/14/2008 936876.230 804908.342 109.6 111.06 24.5 85.1 24.5 85.1 14.5 to 24.5 95.1 to 85.1
1738MW05L 9/15/2010 936882.675 804911.339 109.5 111.96 45.0 64.5 40.0 69.5 30 to 40 79.5 to 69.5
1738MW06 4/30/1998 936697.407 804871.838 112.1 114.95 15.0 97.1 15.0 97.1 5 to 15 107.1 to 97.1
1738MW07 9/17/2010 936748.175 804959.738 107.6 110.11 25.0 82.6 25.0 82.6 15 to 25 92.6 to 82.6

1738MW07A 6/24/2012 936755.482 804954.382 107.6 110.18 10.5 97.1 10.3 97.3 5.5 to 10.5 102.1 to 97.1
1738MW07B 6/27/2012 936759.884 804957.720 107.5 110.13 45.0 62.5 44.8 62.7 30 to 40 77.5 to 67.5
1738MW08 9/17/2010 936882.054 804997.787 107.1 109.55 25.0 82.1 24.0 83.1 14 to 24 93.1 to 83.1

1738MW08A 6/23/2012 936880.031 804992.331 106.9 109.65 11.0 95.9 10.8 96.1 6 to 11 100.9 to 95.9
1738MW08B 6/23/2012 936884.587 804990.880 106.9 109.40 42.5 64.4 31.8 75.1 22 to 32 84.9 to 74.9
1738MW09 9/16/2010 937059.275 804911.926 107.2 110.10 25.0 82.2 24.0 83.2 14 to 24 93.2 to 83.2

1738MW09A 6/20/2012 937066.886 804915.958 106.7 109.41 10.5 96.2 10.3 96.4 5.5 to 10.5 101.2 to 96.2
1738MW09B 6/20/2012 937062.311 804908.255 107.1 109.77 43.0 64.1 40.8 66.3 31 to 41 76.1 to 66.1
1738MW10 9/16/2010 937041.456 804816.652 110.1 112.50 25.0 85.1 25.0 85.1 15 to 25 95.1 to 85.1
1738MW11 9/13/2010 936805.916 804737.100 122.7 122.67 26.0 96.7 26.0 96.7 16 to 26 106.7 to 96.7
1738MW12 9/14/2010 936942.465 804633.108 125.6 128.06 27.5 98.1 27.5 98.1 17.5 to 27.5 108.1 to 98.1
1738MW13 6/20/2012 936893.920 804688.995 124.4 126.77 35.8 88.6 35.8 88.6 25.8 to 35.8 98.6 to 88.6
1738MW14 6/20/2012 936713.968 804712.857 121.4 123.74 42.0 79.4 40.4 81.0 30.4 to 40.4 91 to 81
1738MW15 6/20/2012 936791.850 804834.924 121.5 123.53 26.0 95.5 24.8 96.7 14.8 to 24.8 106.7 to 96.7
1738MW16 6/22/2012 937136.460 804795.269 109.1 111.39 27.0 82.1 24.8 84.3 14.8 to 24.8 94.3 to 84.3
1738MW17 6/22/2012 936847.058 804670.158 124.2 127.12 30.0 94.2 29.8 94.4 19.8 to 29.8 94.4 to 104.4

Notes:
bgs = Below Ground Surface     (1) Well not installed    NA = Not Applicable

    The datum plan used is the Mean Low Water + 100.00 foot as established by the U.S. Navy Survey Section (November 1941).
    AOC F Site 1738 field program implemented June 2012.

Coordinates Borehole Depth Well Depth Screened Interval
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TABLE 4-5

SUMMARY OF DEPTH TO WATER MEASUREMENTS AND GROUNDWATER ELEVATIONS

AOC F - SITE 1738

MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Groundwater Level and Elevation

22-Sep-10 2-Nov-10 29-Jun-12 26-Aug-12

Monitoring Well ID
Date 

Installed

Reference 
Elevation     

(ft. datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)

1738MW01 4/15/1998 124.00 15.88 108.12 16.45 107.55 19.29 104.71 19.68 104.32
1738MW01A 6/19/2012 126.66 (1) (1) (1) (1) 21.78 104.88 22.26 104.40
1738MW01B 6/26/2012 126.73 (1) (1) (1) (1) 21.92 104.81 22.43 104.30
1738MW02 4/16/1998 123.07 14.13 108.94 14.45 108.62 18.03 105.04 18.69 104.38

1738MW02R 6/26/2012 125.50 (1) (1) (1) (1) 20.73 104.77 21.20 104.30
1738MW03 4/20/1998 124.16 15.91 108.25 16.64 107.52 19.30 104.86 19.79 104.37
1738MW04 4/21/1998 124.95 16.82 108.13 17.54 107.41 20.07 104.88 20.60 104.35
1738MW05 4/30/1998 112.43 4.74 107.69 5.74 106.69 8.35 104.08 8.86 103.57

1738MW05R 5/14/2008 111.06 3.46 107.6 4.51 106.55 7.08 103.98 7.55 103.51
1738MW05L 9/15/2010 111.96 4.41 107.55 5.4 106.56 7.93 104.03 8.38 103.58
1738MW06 4/30/1998 114.95 6.88 108.07 7.5 107.45 10.10 104.85 10.56 104.39
1738MW07 9/17/2010 110.11 2.85 107.26 3.83 106.28 6.27 103.84 6.61 103.50

1738MW07A 6/24/2012 110.18 (1) (1) (1) (1) 6.34 103.84 6.85 103.33
1738MW07B 6/27/2012 110.13 (1) (1) (1) (1) 6.48 103.65 6.58 103.55
1738MW08 9/17/2010 109.55 3.37 106.18 4.37 105.18 6.68 102.87 6.78 102.77

1738MW08A 6/23/2012 109.65 (1) (1) (1) (1) 6.84 102.81 6.92 102.73
1738MW08B 6/23/2012 109.40 (1) (1) (1) (1) 6.55 102.85 6.63 102.77
1738MW09 9/16/2010 110.10 3.14 106.96 4.02 106.08 6.69 103.41 9.93 100.17

1738MW09A 6/20/2012 109.41 (1) (1) (1) (1) 7.70 101.71 6.52 102.89
1738MW09B 6/20/2012 109.77 (1) (1) (1) (1) 6.05 103.72 6.49 103.28
1738MW10 9/16/2010 112.50 4.46 108.04 5.15 107.35 7.77 104.73 8.25 104.25
1738MW11 9/13/2010 122.67 14.47 108.2 14.88 107.79 17.83 104.84 18.30 104.37
1738MW12 9/14/2010 128.06 19.82 108.24 20.4 107.66 23.16 104.90 25.68 102.38
1738MW13 6/20/2012 126.77 (1) (1) (1) (1) 21.98 104.79 22.47 104.30
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TABLE 4-5

SUMMARY OF DEPTH TO WATER MEASUREMENTS AND GROUNDWATER ELEVATIONS

AOC F - SITE 1738

MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Groundwater Level and Elevation

22-Sep-10 2-Nov-10 29-Jun-12 26-Aug-12

Monitoring Well ID
Date 

Installed

Reference 
Elevation     

(ft. datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)
DTW      

(ft-PVC)
Elevation   

(ft-Datum)

1738MW14 6/20/2012 123.74 (1) (1) (1) (1) 19.08 104.66 19.58 104.16
1738MW15 6/20/2012 123.53 (1) (1) (1) (1) 18.52 105.01 19.03 104.50
1738MW16 6/22/2012 111.39 (1) (1) (1) (1) 7.08 104.31 7.60 103.79
1738MW17 6/22/2012 127.12 (1) (1) (1) (1) (1) (1) 22.51 104.61

Notes:
  ft = feet
  ft-Datum = Feet below datum

     DTW = Depth to water
     ft-PVC = Feet below the top of PVC casing
    datum - The datum plan used is the Mean Low Water + 100.00 foot as established by the U.S. Navy Survey Section (November 1941).
    (1) Well not installed
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TABLE 5-1

SUMMARY OF VERTICAL GRADIENT CALCULATIONS BETWEEN WELL PAIRS
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

22-Sep-10 2-Nov-10 29-Jun-12 26-Aug-12 22-Sep-10 2-Nov-10 29-Jun-12 26-Aug-12

Monitoring Well 
ID

Screen 
Midpoint

Elevation  
(ft-Datum)

Elevation   
(ft-Datum)

Elevation   
(ft-Datum)

Elevation   
(ft-Datum) Well Pairs Gradient Direction Gradient Direction Gradient Direction Gradient Direction Comments

1738MW01A 104.1 (1) (1) 104.88 104.40 1738MW01A 1738MW01B NA NA NA NA 0.002 Down 0.003 Down Overall gradient
1738MW01 97.9 108.12 107.55 104.71 104.32 1738MW01A 1738MW01 NA NA NA NA 0.166 Down 0.076 Down Shallow gradient

1738MW01B 67.2 (1) (1) 104.81 104.30 1738MW01 1738MW01B NA NA NA NA -0.003 Up 0.001 Down Deep gradient
1738MW05 102.5 107.69 106.69 104.08 103.57 1738MW05 1738MW05L 0.005 Down 0.005 Down 0.002 Down 0.000 Neutral Overall gradient

1738MW05R 90.1 107.6 106.55 103.98 103.51 1738MW05 1738MW05R 0.007 Down 0.011 Down 0.007 Down 0.004 Down Shallow gradient
1738MW05L 74.5 107.55 106.56 104.03 103.58 1738MW05R 1738MW05L 0.003 Down -0.001 Up -0.003 Up -0.004 Up Deep gradient
1738MW07A 99.6 (1) (1) 103.84 103.33 1738MW07A 1738MW07B NA NA NA NA 0.007 Down -0.008 Up Overall gradient
1738MW07 87.6 107.26 106.28 103.84 103.50 1738MW07A 1738MW07 NA NA NA NA 0.000 Down -0.014 Up Shallow gradient

1738MW07B 72.5 (1) (1) 103.65 103.55 1738MW07 1738MW07B NA NA NA NA 0.013 Down -0.003 Up Deep gradient
1738MW08 88.1 106.18 105.18 102.87 102.77 1738MW08A 1738MW08B NA NA NA NA 0.002 Down 0.000 Up Overall gradient

1738MW08A 98.4 (1) (1) 102.81 102.73 1738MW08A 1738MW08 NA NA NA NA -0.005 Up -0.003 Up Shallow gradient
1738MW08B 79.9 (1) (1) 102.85 102.77 1738MW08 1738MW08B NA NA NA NA -0.002 Up -0.002 Up Deep gradient
1738MW09A 98.7 (1) (1) 101.71 102.89 1738MW09A 1738MW09B NA NA NA NA -0.073 Up -0.014 Up Overall gradient
1738MW09 88.2 106.96 106.08 103.41 100.17 1738MW09A 1738MW09 NA NA NA NA 0.361 Down -1.852 Up Shallow gradient

1738MW09B 71.1 (1) (1) 103.72 103.28 1738MW09 1738MW09B NA NA NA NA -0.010 Up -0.107 Up Deep gradient

Notes:
The phreatic surface rather than the well screen midpoint was used to calculate the gradient in wells 1738MW01 (Jun & Aug 2012 only), 1738MW01A, 1738MW01 (Jun & Aug 2012 only),
and 1738MW09 (Aug 2012 only)
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TABLE 5-2

SUMMARY OF SLUG TEST RESULTS

AOC F - SITE 1738 

MtBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Location Date
Rising Head Test  

(feet/day)
Falling Head Test  

(feet/day)

Average 
Hydraulic 

Conductivity    
(feet/day)

1738MW01 9/21/2010 8.866 8.141 8.504
1738MW01B 8/27/2012 0.146 6.208 3.177
1738MW02 9/19/2010 0.597 0.376 0.486

1738MW02R 8/27/2012 1.288 0.885 1.087
1738MW03 9/19/2010 0.533 (4) 0.533

1738MW04(1) 1998 -- 0.004 0.004
1738MW05 9/21/2010 0.192 0.778 0.485

1738MW05R(2) 9/21/2010 1.954 -- 1.954
1738MW05L 9/21/2010 1.931 2.533 2.232
1738MW06(1) 1998 -- 2.600 2.600
1738MW07 9/21/2010 0.316 0.405 --(3)

1738MW07A 8/27/2012 0.320 (4) 0.320
1738MW07B 8/27/2012 0.607 0.994 0.801
1738MW08 9/21/2010 0.481 0.583 --(3)

1738MW08A 8/26/2012 1.689 1.729 1.709
1738MW08B 8/26/2012 1.480 1.253 1.367
1738MW09A 8/26/2012 2.938 0.331 1.634
1738MW09B 8/26/2012 0.589 1.198 0.893
1738MW10 9/21/2010 1.659 1.964 1.812
1738MW11 9/21/2010 0.261 0.286 0.273
1738MW12 9/21/2010 0.227 0.299 0.263
1738MW13 8/26/2012 19.500 20.990 20.245
1738MW15 8/27/2012 0.133 (4) 0.133

Average Hydraulic Conductivity (ft/day) 2.405

Notes:
       (1) Falling head slug test were conducted on 1738MW04 and 1738MW06 by 
         Blasland, Bouck & Lee, Inc., 1998.  
    (2)Error in data recorder readings during falling head test, only rising head data recoverable.
    (3)Data from 1738MW07 and 1738MW08 were not used in the average calculation.  
       Sample collection and slug test performed on the same day;
       equilibrium may not have been acheived.
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TABLE 6-1

SUMMARY OF SOIL AND GROUNDWATER SCREENING VALUES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Analyte

Regional 
Screening 
Levels for 

Residential Soil 
(1)(2)

Regional 
Screening 
Levels for 
Industral       

Soil (1)(2)

Ecological       
Soil            

Screening 
Values

PREQB UST 

Standards (3)

Regional 
Screening 

Levels          
for Tap         

Water (1)(2)

MCL/          

PRWQS (4)

Ecological 
Groundwater 

Screening 

Values (5)

PREQB UST 

Standards (3)

Volatile Organics

Benzene 1,100 5,400 101 (6) 5,000 0.39 5 109 (8) 5
Ethylbenzene 5,400 27,000 5,003 (6) 10,000 1.3 530 4.3 (8) 700
Methyl tert-butyl ether 43,000 220,000 NE 20 12 NE 18,050 (9) 20
Toluene 500,000 4,500,000 13,001 (6) NE 86 1,000 37 (8) 1,000
Xylenes, Total 63,000 270,000 1,000 (7) 10,000 19 10,000 27 (10) 10,000
BTEX
Total BTEX NE NE NE NE NE NE NE NE
TPH DRO and GRO
Diesel Range Organics NE NE NE 100 NE NE NE 50
Gasoline Range Organics NE NE NE 100 NE NE NE 50
Total TPH NE NE NE 100 NE NE NE 50

Notes:

   BTEX - Benzene, toluene, ethylbenzene, xylene    MtBE - Methyl tert-butyl ether
   DRO - Diesel Range Organics    NE - Not Established
   GRO - Gasoline Range Organics    PREQB - Puerto Rican Environmental Quality Board
   MCL - Maximum Contaminant Level    PRWQS - Puerto Rico Water Quality Standard
   µg/kg - microgram per kilogram    TPH - Total Petroelum Hydrocarbons
   mg/kg - milligram per kilogram    USEPA - United States Environmental Protection Agency
   µg/L - microgram per liter    UST - Underground Storage Tank
   mg/L - milligram per liter

   (1)  November 2012 Regional Screening Levels (USEPA 2012).
   (2)  Noncarcinogenic  Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.

Soil Groundwater

mg/kg mg/L

µg/L

µg/Lµg/kg

µg/kg
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TABLE 6-1

SUMMARY OF SOIL AND GROUNDWATER SCREENING VALUES
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes (continued):

   (3)  The values shown are PREQB UST Control Regulations Corrective Action Requirements (November 7, 1990).
   (4)  The more stringent of the USEPA MCL (USEPA, 2009) or Class SG PRWQS (PREQB, 2010) is listed.
   (5)  The values shown are marine/estuarine screening values unless otherwise noted.
   (6)  The soil screening value shown is an average of the target and intervention soil standards for soil remediation developed by the Ministry of Housing
        Spatial Planning and Environment (MHSPE, 2000).  The value is based on a default organic carbonn organic carbon content of 2.0 percent (minumum
        value within the adjustment range [2.0 percent to 30 percent]).
   (7)  The value is a USEPA Region 5 ecological screening level based on exposures to plants (USEPA, 2003).
   (8)  The value is a USEPA Region 4 chronic screening value for saltwater (USEPA, 2001)
   (9)  The value is a literature-based Criteria Continuous Concentration derived in accordance with USEPA guidence (Mancini, 2002).
   (10)  The chemical lacks a marine/estuarine screening value.  The value shown is a USEPA Region 5 ecological screening level for freshwater (USEPA, 2003).

Table References:

   Mancini, E.R., A. Steen, G.A. Rausiina, D.C.L. Wong, W.R. Arnold, F.E. Gostomski, T. Davies, J.R. Hockett, W.A. Stubblefield, K.R. Drottar, T.A. Springer, 
   and P. Errico. 2002. MTBE Ambient Water Quality Criteria Develomnet: A Public/Private Partnership. Environ. Sci. Technol. 36:125-129.

   Ministry of Housing, Spatial Planning and Environment (MHSPE). 2000. Circular on Target Values and Intervention Values for Soil Remediation. 
   Directorate-General for Environmental Protection, Department of Soil Protection, The Hague, Netherlands. February 4, 2000.

   Puerto Rico Environmental Quality Board (PREQB). 2010. Puerto Rico Water Quality Standards Regulation. Regulation No. 7837. March 31, 2010.

   USEPA. 2012. Regional Screening Levels Table. http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search. November 2012.

   USEPA. 2009. Drinking Water Regulations and Health Advisories. Office of Water.  Washington, D.C. 
   http://www.epa.gov/safewater/contaminants/index.html#mcls. May 2009.

   USEPA. 2003. USEPA Region 5 Ecological Screening Levels Table. http://epa.gov/region05/waste/cars/pdfs/ecological-screening-levels-200308.pdf.

   USEPA. 2001. Region 4 Ecological Risk Assessment Bulletins - Supplement to RQGS. Waste Management Division, Atlanta, GA. 
   http://www.epa.gov/region4/superfund/programs/riskassess/ecolbul.html
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TABLE 6-2

SUMMARY OF DETECTED ANALYTICAL RESULTS - SURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
         
Volatile Organics (µg/kg)
Benzene 1100 5400 101 5000 1.3 U 0.99 U 0.96 U 0.93 U

BTEX (µg/kg)
Total BTEX NE NE NE NE 1.7 U 1.3 U 1.2 U 1.2 U

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100 36  20  13  9.6  
Gasoline Range Organics NE NE NE 100 0.077 J 0.06 U 0.049 UJ 0.066 J
Total TPH NE NE NE 100 36.077 J 20 13 9.666 J

0.0 - 1.0 0.0 - 1.0
6/13/2012 6/16/2012 6/24/2012 6/24/2012

1738MW01B-00 1738MW02R-00 1738MW07B-00 1738MW07B-00D
1738MW07B 1738MW07B1738MW02R

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 
Values (2)

PREQB UST 
Standards (3)

1738MW01B

0.0 - 1.0 0.0 - 1.0
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TABLE 6-2

SUMMARY OF DETECTED ANALYTICAL RESULTS - SURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/kg)
Benzene 1100 5400 101 5000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 
Values (2)

PREQB UST 
Standards (3)

        

1 U 1 U 1.3 J 0.93 U

1.3 U 1.3 U 1.3 J 1.2 U

24  28  25  56  
0.056 U 0.053 U 0.048 U 0.054 U

24 28 25 56

0.0 - 1.0
6/15/2012 6/16/2012

0.0 - 1.0 0.0 - 1.0 0.0 - 1.0

1738MW14-00
6/23/2012 6/17/2012

1738MW08B-00 1738MW09B-00 1738MW13-00
1738MW08B 1738MW09B 1738MW13 1738MW14
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TABLE 6-2

SUMMARY OF DETECTED ANALYTICAL RESULTS - SURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/kg)
Benzene 1100 5400 101 5000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 
Values (2)

PREQB UST 
Standards (3)

      

1 U 1.1 U 1.1 U

1.2 U 1.5 U 1.4 U

14  17  16  
0.24 J 0.12 J 0.14 J

14.24 J 17.12 J 16.14 J

0.0 - 1.0
6/16/2012 6/21/2012 6/21/2012
0.0 - 1.0 0.0 - 1.0

1738MW15-00 1738MW16-00 1738MW16-00D
1738MW15 1738MW16 1738MW16
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TABLE 6-2

SUMMARY OF DETECTED ANALYTICAL RESULTS - SURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Note/Qualifiers:

   J - Estimated:  The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
   DRO - Diesel Range Organics
   ft bgs - feet below ground surface
   GRO - Gasoline Range Organics
   µg/kg - microgram per kilogram 
   mg/kg - milligram per kilogram
   MtBE - Methyl tert-butyl ether
   NE - Not Established
   PREQB - Puerto Rico Environmental Quality Board
   TPH - Total Petroleum Hydrocarbons
   UST - Underground Storage Tank

   (1)  November 2012 USEPA Regional Screening Levels.
   (2)  The screening value shown is an average of the target and intervention soil standards for soil remediation.  The value is based on a default organic carbon 
         content of 0.02 (2 percent), which represents a minimum value (adjustment range is 2 to 30 percent).
   (3)  The values shown are PREQB UST Control Regulations Corrective Action Requirements (November 7, 1990).
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 1738SB101 1738SB101 1738SB101 1738SB101
Sample ID 1738SB101-01 1738SB101-01D 1738SB101-04 1738SB101-06
Sample Date 9/20/2010 9/20/2010 9/20/2010 9/20/2010
Sample Depth (ft bgs) 1.0 - 3.0 1.0 - 3.0 7.0 - 9.0 11.0 - 13.0

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE 8.8 U 7.1 U 10 U 8.6 U
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0 4.4 U 3.6 U 5 U 2.1 J
Benzene 1,100 5,400 101 5,000 4.4 U 3.6 U 5 U 4.3 U
Ethylbenzene 5,400 27,000 5,003 10,000 4.4 U 3.6 U 5 U 9.6
Xylenes, total 63,000 270,000 1,000 10,000 4.4 U 3.6 U 5 U 4.3 U

BTEX (µg/kg)
Total BTEX NE NE NE NE 4.4 U 3.6 U 5 U 9.6

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100 11 U 11 U 13 U 12 U
Gasoline Range Organics NE NE NE 100 0.56 R 0.57 R 0.63 R 0.6 R
Total TPH NE NE NE 100 11 U 11 U 13 U 12 U

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Xylenes, total 63,000 270,000 1,000 10,000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values

1738SB101 1738SB102 1738SB102 1738SB102
1738SB101-08 1738SB102-01 1738SB102-04 1738SB102-08

9/20/2010 9/20/2010 9/20/2010 9/20/2010
15.0 - 17.0 1.0 - 3.0 7.0 - 9.0 15.0 - 17.0

9.3 U 9.8 U 9.2 U 8.6 U
37 4.9 U 4.6 U 130

4.6 U 4.9 U 4.6 U 4.3 U
4.6 U 4.9 U 4.6 U 4.3 U
4.6 U 4.9 U 4.6 U 4.3 U

4.6 U 4.9 U 4.6 U 4.3 U

12 U 12 U 13 U 12 U
0.62 R 0.6 R 0.64 R 0.58 R

12 U 12 U 13 U 12 U
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Xylenes, total 63,000 270,000 1,000 10,000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values

1738SB103 1738SB103 1738SB104 1738SB104
1738SB103-01 1738SB103-04 1738SB104-01 1738SB104-04

9/20/2010 9/20/2010 9/20/2010 9/20/2010
1.0 - 3.0 7.0 - 9.0 1.0 - 3.0 7.0 - 9.0

8.2 U 7.4 U 0.58 J 9.1 U
4.1 U 3.7 U 4.5 U 13
4.1 U 3.7 U 4.5 U 4.6 U
4.1 U 3.7 U 4.5 U 4.6 U
4.1 U 3.7 U 0.58 J 4.6 U

4.1 U 3.7 U 1.16 J 4.6 U

12 U 11 U 11 U 17
0.59 R 0.56 R 0.55 R 0.64 R

12 U 11 U 11 U 17
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Xylenes, total 63,000 270,000 1,000 10,000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values

1738SB104 1738SB104 1738SB105 1738SB105
1738SB104-06 1738SB104-08 1738SB105-01 1738SB105-01D

9/20/2010 9/20/2010 9/20/2010 9/20/2010
11.0 - 13.0 15.0 - 17.0 1.0 - 3.0 1.0 - 3.0

 

8.8 U 8.6 U 8.8 U 9.4 U
4.4 U 4.9 4.4 U 4.7 U
4.4 U 4.3 U 4.4 U 4.7 U
4.4 U 4.3 U 4.4 U 4.7 U
4.4 U 4.3 U 4.4 U 4.7 U

4.4 U 4.9 4.4 U 4.7 U

12 U 11 U 12 U 12 U
0.6 R 0.57 R 0.61 R 0.6 R
12 U 11 U 12 U 12 U
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Xylenes, total 63,000 270,000 1,000 10,000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values

1738SB105 1738SB105 1738MW11 1738MW11
1738SB105-04 1738SB105-07 1738MW11-01 1738MW11-04

9/20/2010 9/20/2010 9/13/2010 9/13/2010
7.0 - 9.0 13.0 - 15.0 1.0 - 3.0 7.0 - 9.0

7.6 U 10 U 7.5 U 9.8 U
3.8 U 5.1 U 3.8 U 4.9 U
3.8 U 5.1 U 0.61 J 4.9 U
3.8 U 5.1 U 3.8 U 4.9 U
3.8 U 5.1 U 3.8 U 4.9 U

3.8 U 5.1 U 0.61 J 4.9 U

11 U 11 U 12 UJ 13 UJ
0.53 R 0.54 R 0.6 R 0.63 R

11 U 11 U 12 U 13 U
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p- 63, 000 (3) 270,000 1,000 (3) NE
Methyl tert-Butyl Ether (MtBE) 43,000 220,000 NE 20.0
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Xylenes, total 63,000 270,000 1,000 10,000

BTEX (µg/kg)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

PREQB 
UST 

Standards (2)

Regional 
Screening Levels 
Resdiential Soil 

(1)

Regional 
Screening 

Levels Industrial 
Soil (1)

Selected 
Ecological 
Screening 

Values

1738MW11 1738MW12 1738MW12 1738MW12 1738MW12
1738MW11-08 1738MW12-01 1738MW12-01D 1738MW12-04 1738MW12-08

9/13/2010 9/14/2010 9/14/2010 9/14/2010 9/14/2010
15.0 - 17.0 1.0 - 3.0 1.0 - 3.0 7.0 - 9.0 15.0 - 17.0

9.4 U 8.9 U 9 U 9.8 U 8.5 U
3.6 J 4.4 U 4.5 U 4.9 U 4.2 U
4.7 U 4.4 U 4.5 U 4.9 U 4.2 U
4.7 U 4.4 U 4.5 U 4.9 U 4.2 U
4.7 U 4.4 U 4.5 U 4.9 U 4.2 U

4.7 U 4.4 U 4.5 U 4.9 U 4.2 U

12 UJ 12 U 12 U 11 U 11 U
0.6 R 0.61 R 0.59 R 0.57 R 0.54 R
12 U 12 U 12 U 11 U 11 U
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TABLE  6-3a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Qualifiers/Notes:

U - Undetected at the Method Detection Limit
UJ - Reported quantitation limit is qualified as estimated
J -  Estimated: The analyte was positively identified; the quantitation is an estimation

ft bgs - feet below ground surface    NA - Not Analyzed
µg/kg -  micrograms per kilogram NAPR - Naval Activity Puerto Rico
mg/kg - milligrams per kilogram NE - Not Established
BTEX - benzene, toluene, ethylbenzene and xylenes    PREQB - Puerto Rico Environmental Quality Board

   DRO - Diesel Range Organics TPH - Total Petroleum Hydrocarbons
GRO - Gasoline Range Organics USEPA - United States Environmental Protection Agency

(1)  November 2012 USEPA Regional Screening Levels; noncarcinogenic Regional Screening Levels based on target hazard quotient 
 of 0.1 for conservative screening purposes.

(2)  The values shown are PREQB Underground Storage Tank Control Regulations Corrective Action Requirements (November 7, 1990)
(3)  Value for total xylene used as a surrogate.

Table References:

Baker Environmental, Inc, (2010). Revised Final II Summary Report for Environmental Background Concentrations of Inorganic Compounds, 
Naval Activity Puerto Rico, Ceiba, Puerto Rico. July 30, 2010.

Ministry of Housing, Spatial Planning and Environment (MHSPE). 2000. Circular on Target Values and Intervention Values for Soil Remediation
Directorate-General for Environmental Protection, Department of Soil Protection, The Hague, Netherlands. February 4, 2000.
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
           
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000 1 U 0.98 U 100 U 1.2 U 1.1 U
Ethylbenzene 5,400 27,000 5,003 10,000 1.4 U 1.3 U 4500  1.5 U 1.4 U
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20 2.1 U 2 U 200 U 2.3 U 2.2 U
Toluene 500,000 4,500,000 13,001 NE 1 U 0.98 U 100 U 1.2 U 1.1 U
Xylenes, Total 63,000 270,000 1,000 10,000 1.1 U 1.1 U 110 U 1.3 U 1.2 U

BTEX (µg/kg )
Total BTEX NE NE NE NE 1.4 U 1.3 U 4500  1.5 U 1.4 U

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100 22 U 33  42  14  5.9  
Gasoline Range Organics NE NE NE 100 0.056 U 0.11 J 11  0.049 U 1.3  
Total TPH NE NE NE 100 22  33.11 J 53  14  7.2  

General Chemistry
FOC (%) NE NE NE NE NA NA NA NA NA
TOD (g/kg) NE NE NE NE NA NA NA NA NA

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

1738MW01B 1738MW01B

6/13/2012 6/13/2012
1.0 - 3.0 11.0 - 13.0 21.0 - 23.0

1738MW01B-01 1738MW01B-06 1738MW01B-11 1738MW02R-01 1738MW02R-07
1738MW01B 1738MW02R 1738MW02R

1.0 - 3.0 13.0 - 15.0
6/13/2012 6/16/2012 6/16/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

12000  4.8  0.96 U 1 U 0.93 U
19000  1.2 U 1.2 U 1.3 U 1.2 U
12000  120  1.9 U 29  1.9 U

3400  4.9  0.96 U 1 U 0.93 U
91000  5.6 J 1.1 U 1.1 U 1 U

125400  15.3  1.2 U 1.3 U 1.2 U

210  4.4 U 6.2 U 4.5 U 6.9 U
1000 J 0.05 U 0.063 J 0.057 U 0.048 U
1210  4.4  6.263 J 4.5  6.9  

NA NA NA NA NA
NA NA NA NA NA

1738MW02R-17 1738MW07B-01 1738MW07B-03 1738MW08B-01

33.0 - 35.0 1.0 - 3.0 5.0 - 7.0 1.0 - 3.0
6/23/2012

1738MW07B 1738MW07B 1738MW08B
1738MW02R-10

1738MW02R 1738MW02R

19.0 - 20.0
6/16/2012 6/16/2012 6/24/2012 6/24/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

0.98 U 1 U 0.93 U 0.98 U 0.99 U
1.3 U 1.3 U 1.2 U 1.3 U 1.3 U
8.3 J 17 J 1.9 U 46  32  

0.98 U 1 U 0.93 U 0.98 U 0.99 U
1.1 U 1.1 U 1 U 1.1 U 1.1 U

1.3 U 1.3 U 1.2 U 1.3 U 1.3 U

5.3 U 2.8 U 4.8 U 1.3 U 5.6 U
0.047 U 0.053 U 0.046 U 0.047 U 0.047 U

5.3  2.8 U 4.8  13 J 5.6 J

NA NA NA NA NA
NA NA NA NA NA

1738MW08B
1738MW08B-03

6/23/2012
5.0 - 7.0

1738MW08B-03D
1738MW09B1738MW08B 1738MW09B 1738MW09B

1738MW09B-01 1738MW09B-03 1738MW09B-03D
6/23/2012 6/17/2012 6/17/2012

5.0 - 7.05.0 - 7.0
6/17/2012

1.0 - 3.0 5.0 - 7.0
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

0.89 U 0.98 U 140 U 0.86 U 0.82 U
1.2 U 1.3 U 2900  1.1 U 1.1 U
1.8 U 2 U 280 U 1.7 U 1.6 U

0.89 U 0.98 U 140 U 0.86 U 0.82 U
0.98 U 1.1 U 3200  0.95 U 0.91 U

1.2 U 1.3 U 6100  1.1 U 1.1 U

9 U 6.5 U 31  12  8.4  
0.054 U 0.053 U 260  0.04 U 0.041 U

9  6.5  291  12  8.4  

NA NA NA NA NA
NA NA NA NA NA

1738MW13 1738MW13 1738MW13 1738MW14 1738MW14
1738MW14-01 1738MW14-01D1738MW13-03 1738MW13-121738MW13-01

1.0 - 3.0 5.0 - 7.0 23.0 - 24.0
6/14/2012 6/14/2012 6/14/2012 6/16/2012 6/16/2012

1.0 - 3.0 1.0 - 3.0
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

0.96 U 0.92 U 0.88 U 0.81 U 0.92 U
1.2 U 1.2 U 1.1 U 1.1 U 1.2 U
1.9 U 1.8 U 1.8 U 1.6 U 1.8 U

0.96 U 0.92 U 0.88 U 0.81 U 0.92 U
1.1 U 1 U 0.96 U 0.89 U 1 U

1.2 U 1.2 U 1.1 U 1.1 U 1.2 U

6.9  5.1 U 7  10  4.1 U
0.038 U 0.042 U 0.046 U 0.073 J 0.043 U

6.9  5.1  7  10.073  4.1  

NA NA NA NA NA
NA NA NA NA NA

1738MW14 1738MW14 1738MW15 1738MW15 1738MW15
1738MW14-11 1738MW15-01 1738MW15-051738MW14-09 1738MW15-10

17-19 21.0 - 23.0 1.0 - 3.0 9.0 - 11.0
6/16/2012 6/16/2012

19.0 - 21.0
6/16/2012 6/16/2012 6/16/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

1 U 1.1 U 1.1 U 35 U 0.89 U
1.3 U 1.4 U 1.4 U 2200  1.2 U

2 U 2.2 U 3.3 J 70 U 1.8 U
1 U 1.1 U 1.1 U 35 U 0.89 U

1.1 U 1.2 U 1.2 U 2900  0.98 U

1.3 U 1.4 U 1.4 U 5100  1.2 U

10  7.8 U 2.5 U 27 J 5.7 U
0.048 U 0.056 U 0.047 U 63  0.042 U

10  7.8  2.5 U 90 J 5.7  

NA NA NA NA NA
NA NA NA NA NA

1738MW16 1738MW17 1738SB104A 1738SB1061738MW16
1738SB106-011738MW16-01 1738MW16-03 1738MW17-10 1738SB104-10

6/21/2012 8/21/2012 6/27/2012 6/27/2012
1.0 - 3.0 5.0 - 7.0 19.0 - 20.2 19.0 - 20.0 1.0 - 3.0

6/21/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

         

4100 J 5100 J 17000  150 J NA  
24000 J 47000 J 46000  51 U NA  

3600 J 3700 J 32000  8100  NA  
950 J 2900 U 970 U 40 U NA  

120000 J 240000 J 49000  43 U NA  

149050  292100  112000  150 J NA  

100  77  48  2.5 U 63  
780  560  330  0.47  NA  
880  637  378  0.47  NA  

NA NA NA NA NA
NA NA NA NA NA

1738SB107 1738SB107 17386B1081738SB107 1738SB107
1738SB107-09 1738SB107-09D 1738SB107-11 1738SB107-14 1738SB108-01

8/20/2012
17.0 - 18.0 17.0 - 18.0

8/20/2012
1.0 - 3.021.0 - 22.0 27.0 - 28.0

8/20/2012 8/20/2012 8/15/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

530  1600  32 U 1.1 U 0.9 U
110 J 7800  41 U 1.5 U 1.2 U

3400  3400  490  1.2 J 2.9 J
35 U 190 J 32 U 1.1 U 0.9 U
39 U 32000  35 U 1.2 U 0.99 U

640 J 41590 J 41 U 1.5 U 1.2 U

4 U 46  NA  10  NA  
0.57  580  0.038 U 0.058 U 0.05 U
4.57  626  NA  10  NA

NA NA NA NA 0.51
NA NA NA NA 3.6

1738SB108 1738SB108 1738SB108 1738SB109 1738SB109

8/16/2012 8/16/2012
1738SB109-01 1738SB109-101738SB108-08 1738SB108-09 1738SB108-13

8/22/2012 8/24/2012
17.0 - 18.0 26.0 - 27.015.0 - 16.0

8/15/2012
1.0 - 3.0 19.0 - 20.0
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

        

0.84 U 190 J 7600  40 J
1.1 U 510  18000  67 J

8 J 3000  5700 J 1800  
0.84 U 41 U 59000  190 J
0.92 U 2400  110000  410 J

1.1 U 3100 J 194600  707 J

NA  NA  NA  NA  
0.048 U 220  1900  0.18 J

NA  NA  NA  NA  

0.93 0.63 NA NA
NA 1.3 NA NA

1738SB1101738SB110
1738SB110-10

1738SB109 1738SB110
1738SB109-12 1738SB110-08 1738SB110-12

8/24/2012
20.0 - 21.0

8/24/2012 8/24/2012
24.0 - 25.023.0 - 25.0 16.0 - 17.0
8/24/2012
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene 1,100 5,400 101 5,000
Ethylbenzene 5,400 27,000 5,003 10,000
Methyl tert-butyl ether (MtBE) 43,000 220,000 NE 20
Toluene 500,000 4,500,000 13,001 NE
Xylenes, Total 63,000 270,000 1,000 10,000

BTEX (µg/kg )
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/kg)
Diesel Range Organics NE NE NE 100
Gasoline Range Organics NE NE NE 100
Total TPH NE NE NE 100

General Chemistry
FOC (%) NE NE NE NE
TOD (g/kg) NE NE NE NE

Regional 
Screening Levels 

Residential Soil (1)

Regional 
Screening Levels 
Industrial Soil (1)

Selected 
Ecological 
Screening 

Values

PREQB UST 
Standards (2)

          

38 J NA 7000  9200  280  
50 UJ NA 26000  4900  72 J

1900  NA 15000  48000  6400  
65 J NA 8000  2000  140 J
43 UJ NA 120000  19000  270 J

103 J NA 161000  35100  762 J

NA  NA 170  8.8 U 2.4 U
0.1 J NA 790  39  0.33  
NA  NA 960  47.8  0.33  

NA 1 NA NA NA
NA NA NA NA NA

8/24/2012
26.0 - 27.024.0 - 25.0 17.0 - 18.0 21.0 - 22.0 28.0 - 29.0

8/17/2012

1738SB111

8/17/2012 8/17/2012
1738SB110-12D 1738SB111-08 1738SB111-11 1738SB111-14

1738SB111
1738SB110-13

8/24/2012

1738SB110 1738SB1111738SB110
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TABLE 6-3b

SUMMARY OF ANALYTICAL LABORATORY RESULTS - SUBSURFACE SOIL (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   J - Estimated: The analyte was postiviely identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   UJ - Reported quantitation limit is qualified as estimated.
   BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
   DRO - Diesel Range Organics
   FOC - Fractional Organics Carbon
   ft bgs - feet below ground surface
   g/kg - gram per kilogram
   GRO - Gasoline Range Organics
   µg/kg - microgram per kilogram
   mg/kg - milligram per kilogram
   MtBE - Methyl tert-butyl ether
   NA - Not Analyzed
   NE - Not Established
   % - Percent
   PREQB - Puerto Rico Environmental Quality Board
   TOD - Total Oxidant Demand
   TPH - Total Petroleum Hydrocarbons
   UST - Underground Storage Tank

   (1)  November 2012 USEPA Regional Screening Levels; noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative 
         screening purposes.
   (2)  The values shown are PREQB UST Control Regulations Corrective Action Requirements (November 7, 1990).
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TABLE  6-4a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2010)
AOC F - SITE 1738

MTBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 1738MW01 1738MW02 1738MW02 1738MW03 1738MW04
Sample ID 1738GW01 1738GW02 1738GW02D 1738GW03 1738GW04
Sample Date 9/16/2010 9/16/2010 9/16/2010 9/18/2010 9/16/2010

Volatiles (µg/L)
Benzene 0.39 5 109 5.0 190 0.5 U 0.5 U 17,000 0.5 U
Ethylbenzene 1.3 530 4.3 530 100 0.5 U 0.5 U 1,700 0.5 U
Methyl tert-Butyl Ether (MtBE) 12 NE 18,050 20.0 1,100 10 11 44,000 0.5 U
Toluene 83 1,000 37 1,000 0.5 U 0.5 U 0.5 U 1,100 0.5 U
Xylene, m/p- 19 (5) 10,000 (5) 25 (5)(6) NE 1 U 1 U 1 U J 1,000 J 1 U
Xylene, o- 19 NE 25 (5)(6) NE 0.5 U 0.5 U 0.5 U J 200 0.5 U
Xylenes, total 19 10,000 25 (6) 10,000 0.5 U 0.5 U 0.5 U 1,200 0.5 U

BTEX (µg/L)
Total BTEX NE NE NE NE 290 0.5 U 0.5 U 21,000 0.5 U

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50.0 0.5 U 0.54 U 0.53 U 3.7 0.5 U
Gasoline Range Organics NE NE NE 50.0 1.7 0.5 U 0.5 U 36 0.5 U
Total TPH NE NE NE 50.0 1.7 0.54 U 1.03 U 39.7 0.5 U

PREQB UST 
Standards (4)

USEPA 
MCLs (1)

Selected 
Ecological 
Screening 

Regional Screening 

Levels Tapwater 
(1)(2)

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Revised FINAL 6-2013\Table 6-3a_6-4a_6-5a_Rev.xlsx GW Page 1 of 4



TABLE  6-4a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2010)
AOC F - SITE 1738

MTBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (µg/L)
Benzene 0.39 5 109 5.0
Ethylbenzene 1.3 530 4.3 530
Methyl tert-Butyl Ether (MtBE) 12 NE 18,050 20.0
Toluene 83 1,000 37 1,000
Xylene, m/p- 19 (5) 10,000 (5) 25 (5)(6) NE
Xylene, o- 19 NE 25 (5)(6) NE
Xylenes, total 19 10,000 25 (6) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50.0
Gasoline Range Organics NE NE NE 50.0
Total TPH NE NE NE 50.0

PREQB UST 
Standards (4)

USEPA 
MCLs (1)

Selected 
Ecological 
Screening 

Regional Screening 

Levels Tapwater 
(1)(2)

1738MW04 1738MW05 1738MW05L 1738MW05R 1738MW06
1738GW04D 1738GW05 1738GW05L 1738GW05R 1738GW06

9/16/2010 9/18/2010 9/18/2010 9/20/2010 9/17/2010

0.5 U 0.5 U 2.5 130 U 0.5 U
0.5 U 0.5 U 0.57 130 U 0.5 U
0.5 U 5,100 3,400 9,700 0.5 U
0.5 U 0.5 U 0.5 U 130 U 0.5 U

1 U 1 U 0.43 J 250 U 1 U
0.5 U 0.5 U 0.078 J 130 U 0.5 U
0.5 U 0.5 U 0.51 130 U 0.5 U

0.5 U 0.5 U 3.58 130 U 0.5 U

0.5 U 0.5 U 0.54 U 0.54 U 0.51 U
0.5 U 1.5 1.1 2.5 0.5 U

1 U 1.5 1.1 2.5 0.51 U
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TABLE  6-4a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2010)
AOC F - SITE 1738

MTBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (µg/L)
Benzene 0.39 5 109 5.0
Ethylbenzene 1.3 530 4.3 530
Methyl tert-Butyl Ether (MtBE) 12 NE 18,050 20.0
Toluene 83 1,000 37 1,000
Xylene, m/p- 19 (5) 10,000 (5) 25 (5)(6) NE
Xylene, o- 19 NE 25 (5)(6) NE
Xylenes, total 19 10,000 25 (6) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50.0
Gasoline Range Organics NE NE NE 50.0
Total TPH NE NE NE 50.0

PREQB UST 
Standards (4)

USEPA 
MCLs (1)

Selected 
Ecological 
Screening 

Regional Screening 

Levels Tapwater 
(1)(2)

1738MW07 1738MW08 1738MW09 1738MW10 1738MW11 1738MW12
1738GW07 1738GW08 1738GW09 1738GW10 1738GW11 1738GW12
9/21/2010 9/21/2010 9/19/2010 9/19/2010 9/17/2010 9/20/2010

0.5 U 0.5 U 0.5 U 0.66 71 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U 3.1 0.5 U
25 3 6.3 1,600 9,800 0.5 U

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
1 U 1 U 1 U 0.15 J 32 1 U

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.15 J 32 0.5 U

0.5 U 0.5 U 0.5 U 0.81 106.1 0.5 U

0.5 U 0.51 U 0.5 U 0.56 U 1.1 0.56 U
0.5 U 0.5 U 0.5 U 0.8 2.8 0.5 U
0.5 U 0.51 U 0.5 U 0.8 3.9 0.56 U
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TABLE  6-4a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2010)
AOC F - SITE 1738

MTBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Qualifiers/Notes:

U - Undetected at the Method Detection Limit
UJ - Reported quantitation limit is qualified as estimated
J -  Estimated: The analyte was positively identified; the quantitation is an estimation
BTEX - benzene, toluene, ethylbenzene, and xylenes

   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics

MtBE - methyl tertiary-butyl ether
   MCL - Maximum Contaminant Level

µg/L -  micrograms per liter
   mg/L - milligrams per liter
   NA - Not Analyzed
   NAPR - Naval Activity Puerto Rico
   NE - Not Esablished
   PREQB - Puerto Rico Environmental Quality Board
   TPH - Total Petroleum Hydrocarbon
   USEPA - United States Environmental Protection Agency
   UST - Underground Storage Tank

(1)  November 2012 USEPA Regional Screening Levels.
(2)  Noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.
(3)  The values shown are marine/estuarine screening values unless otherwise noted.
(4)  The values shown are PREQB Underground Storage Tank Control Regulations Corrective Action Requirements (November 7, 1990)
(5)  Value for total xylene used as a surrogate.
(6)  The chemical lacks a marine/estuarine surface water screening value/literature-based toxicity value.  The value shown is a freshwater screening value/toxicity value.

Table References:

USEPA. 2003. USEPA Region 5 Ecological Screening Levels Table. http://www.epa.gov/reg5rcra/ca/ESL.pdf.
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
             
Volatile Organics (µg/L)
Benzene 0.39 5 109 5 1.2  2.4  0.25 U 2.5  
Ethylbenzene 1.3 530 4.3 1.9  9.5  0.25 U 0.66 J
Methyl tert-butyl ether 12 NE 18,050 20 210  170  5600  3.2 J
Toluene 86 1,000 37 1,000 0.33 U 0.33 U 0.33 U 0.33 U
Xylenes, Total 19 10,000 27 (5) 10,000 0.75 U 9.6  0.75 U 0.75 U

BTEX (µg/L)
Total BTEX NE NE NE NE 3.1  21.5  0.75 U 3.16 J

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50 0.65  2.5  0.19 U 0.35  
Gasoline Range Organics NE NE NE 50 0.071  0.29  0.44  0.3  
Total TPH NE NE NE 50 0.721  2.79  0.44  0.65  

8/18/2012 8/18/2012 8/18/2012 8/18/2012
1738MW01B-12C 1738MW02-12C
1738MW01B-12C 1738MW02-12C1738MW01A-12CRegional 

Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

1738MW01-12C
1738MW01-12C 1738MW01A-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

4200  3900  19000  0.25 U
570  540  1700  0.25 U

39000  39000  43000  0.5 U
610  550  1500  0.33 U

2500  2600  2100  0.75 U

7880  7590  24300  0.75 U

4.4 J 3.9  4.9  0.07 U
17  19  40  0.025 U

21.4 J 22.9  44.9  0.07 U

8/18/2012 8/18/2012 8/18/2012 8/18/2012
1738MW02R-D-12C 1738MW03-12C 1738MW04-12C1738MW02R-12C

1738MW02R-12C 1738MW02R-D-12C 1738MW03-12C 1738MW04-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U

6700  2400  14000  0.5 U
0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.75 U 0.75 U 0.75 U

0.077 U 0.05 U 0.05 U 0.049 U
0.12  0.2  0.62  0.038 J
0.12  0.2  0.62  0.038 J

8/22/2012 8/24/2012 8/24/2012 8/26/2012
1738MW05-12C 1738MW05L-12C 1738MW05R-12C 1738MW06-12C
1738MW05-12C 1738MW05L-12C 1738MW05R-12C 1738MW06-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U

69  69  130  93  
0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.75 U 0.75 U 0.75 U

0.05 U 0.051 U 0.24  0.1  
0.025 U 0.025 U 0.025 U 0.025 U

0.05 U 0.051 U 0.24  0.1  

8/24/2012 8/25/20128/25/2012 8/25/2012
1738MW07-12C 1738MW07D-12C 1738MW07A-12C 1738MW07B-12C

1738MW07A-12C 1738MW07B-12C1738MW07D-12C1738MW07-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U
130  0.5 U 590  31  

0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 75 U 0.75 U 0.75 U

0.061 U 0.06 U 0.087 U 0.073 U
0.014 J 0.025 U 0.061  0.025 U
0.014 J 0.06 U 0.061  0.073 U

8/21/2012 8/22/2012 8/21/2012 8/20/2012
1738MW08-12C 1738MW08A-12C 1738MW08B-12C 1738MW09-12C

1738MW08A-12C 1738MW09-12C1738MW08-12C 1738MW08B-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

0.25 U 0.25 U 0.51 J 16 J
0.25 U 0.25 U 0.19 J 13 U

28  260  1300  6900  
0.33 U 0.33 U 0.33 U 20 J
0.75 U 0.75 U 0.87 J 38 U

0.75 U 0.75 U 1.57 J 36 J

0.28  0.066 U 0.074 U 1.2  
0.025 U 0.019 J 0.12  0.62  

0.28  0.019 J 0.12  1.82  

8/21/2012 8/20/2012 8/18/2012 8/18/2012
1738MW11-12C1738MW09A-12C 1738MW09B-12C 1738MW10-12C

1738MW09A-12C 1738MW09B-12C 1738MW10-12C 1738MW11-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

        

0.25 U 0.48 J 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U

0.5 U 44  0.38 J 160  
0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.75 U 0.75 U 0.75 U

0.055 U 0.2 U 0.067 U 0.43  
0.025 U 0.024 J 0.025 U 0.011 J
0.055 U 0.024 J 0.067 U 0.441 J

8/17/2012 8/17/20128/15/20128/16/2012
1738MW12-12C 1738MW13-12C 1738MW14-12C 1738MW15-12C

1738MW14-12C 1738MW15-12C1738MW13-12C1738MW12-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
     
Volatile Organics (µg/L)
Benzene 0.39 5 109 5
Ethylbenzene 1.3 530 4.3
Methyl tert-butyl ether 12 NE 18,050 20
Toluene 86 1,000 37 1,000
Xylenes, Total 19 10,000 27 (5) 10,000

BTEX (µg/L)
Total BTEX NE NE NE NE

TPH DRO and GRO (mg/L)
Diesel Range Organics NE NE NE 50
Gasoline Range Organics NE NE NE 50
Total TPH NE NE NE 50

Regional 
Screening Values 

Tap Water (1)(2)

USEPA 
MCLs (1)

Selected Ecological 
Screening Values 

(3)

PREQB UST 
Standards (4)

      

0.25 UJ 1.1 J 0.25 U
0.25 U 0.5 U 0.11 J
180  200  1.1 J

0.33 UJ 1.4 J 0.33 U
0.75 U 1.5 U 0.22 J

0.75 U 2.5 J 0.33 J

0.17 U 0.19 U 0.25 J
0.015 J 0.013 J 0.025 U
0.015 J 0.013 J 0.25 J

8/18/2012 8/18/2012 8/27/2012
1738MW16D-12C 1738MW17-12C

1738MW16-12C 1738MW16D-12C 1738MW17-12C
1738MW16-12C
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TABLE 6-4b

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - GROUNDWATER (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   J - Estimated: The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   UJ - Reported quantitation limit is qualified as estimated.
   BTEX - Benzene, toluene, ethylbenzene, xyelene
   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   MCLs - Maximum Contaminant Levels
   µg/L - microgram per liter
   mg/L - milligram per liter
   MtBE - Methyl tert-butyl ether
   NE - Not Established
   PREQB - Puerto Rico Environmental Quality Board
   TPH - Total Petroleum Hydrocarbons
   USEPA - United States Environmental Protection Agency
   UST - Underground Storage Tank

   (1)  November 2012 USEPA Regional Screeing Values.
   (2)  Noncarcinogenic Regional Screening Levels based on a target hazard quotient of 0.1 for conservative screening purposes.
   (3)  The values shown are marine/estuarine screening values unless otherwise noted.
   (4)  The values shown are PREQB UST Control Regulations Corrective Action Requirements (November 7, 1990).
   (5)  The chemical lacks a marine/estuarine surface water screening value/literature-based tocicity value.  The value shown is a freshwater screening value/toxicity value.
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TABLE  6-5a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - QA/QC (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID Equipment Rinsates
Sample ID 1738ER01 1738ER02 1738ER03 1738ER04 1738ER05 1738ER06 1738ER07 1738ER08
Sample Date 9/13/2010 9/14/2010 9/16/2010 9/17/2010 9/18/2010 9/19/2010 9/20/2010 9/21/2010

Volatiles (µg/L)
Benzene 0.5 U 0.5 U 0.5 U 0.27 J 0.2 J 0.17 J 0.13 J 0.071 J
Ethylbenzene 0.5 U 0.5 U 0.5 U 0.065 J 0.046 J 0.041 J 0.5 U 0.5 U
Methyl Tert-Butyl Ether (MTBE) 0.5 U 0.5 U 0.5 U 0.12 J 0.059 J 0.042 J 0.042 J 0.5 U
Toluene 0.13 J 0.13 J 0.11 J 0.11 J 0.1 J 0.13 J 0.089 J 0.088 J
Xylene, m/p- 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Xylene, o- 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Xylenes, total 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

TPH (mg/L)
Diesel Range Organics (DRO) 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.51 U 0.5 U
Gasoline Range Organics (GRO) 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
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TABLE  6-5a

SUMMARY OF DETECTED ANALYTICAL LABORATORY RESULTS - QA/QC (2010)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (µg/L)
Benzene
Ethylbenzene
Methyl Tert-Butyl Ether (MTBE)
Toluene
Xylene, m/p-
Xylene, o-
Xylenes, total

TPH (mg/L)
Diesel Range Organics (DRO)
Gasoline Range Organics (GRO)

Field Blank Trip Blanks
1738FB01 1738TB01 1738TB02 1738TB03
9/14/2010 9/16/2010 9/17/2010 9/21/2010

0.5 U 0.5 U 0.11 J 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U

0.11 J 0.093 J 0.091 J 0.1 J
1 U 1 U 1 U 1 U

0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U

0.091 J NA NA NA
0.5 U 0.5 U 0.5 U 0.5 U
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TABLE 6-5b

SUMMARY OF DETECTED ANALTYICAL LABORATORY RESULTS - QA/QC (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Equipment Rinsates
Sample ID
Date
                     
Volatile Organics (µg/L)
Toluene 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.34 J 0.33 U

BTEX (µg/L)
Total BTEX 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.72 U 0.34 J 0.75 U

TPH DRO and GRO (mg/L)
Diesel Range Organics 0.66  0.14  0.21  0.12  0.16  0.29  0.29  0.42  0.31  0.25  
Gasoline Range Organics Not detected

1738ER17 1738ER18
6/15/2012 6/16/2012 6/17/2012 6/21/2012 6/24/2012 6/27/2012 8/17/2012 8/17/2012 8/18/2012 8/19/2012
1738ER09 1738ER10 1738ER11 1738ER12 1738ER13 1738ER14 1738ER15 1738ER16

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Revised FINAL 6-2013\Table 6-5b_Rev.xlsx     QAQC Page 1 of 4



TABLE 6-5b

SUMMARY OF DETECTED ANALTYICAL LABORATORY RESULTS - QA/QC (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Date
 
Volatile Organics (µg/L)
Toluene

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics

Equipment Rinsates

            

0.33 U 0.33 U 0.33 U 0.36 J 0.33 U 0.33 U

0.75 U 0.75 U 0.75 U 0.36 J 0.75 U 0.75 U

0.19  0.15  0.14  0.081 J 0.18  0.057 J

8/24/2012 8/24/2012 8/26/2012 6/15/2012 8/26/20128/21/2012
1738ER19 1738ER20

Field Blanks
1738ER21 1738ER22 1738FB03 1738FB04
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TABLE 6-5b

SUMMARY OF DETECTED ANALTYICAL LABORATORY RESULTS - QA/QC (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Date
 
Volatile Organics (µg/L)
Toluene

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics

              

0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U

0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

NA  NA  NA  NA  NA  NA  NA  
Not detected

8/28/20126/18/2012 6/24/2012 6/28/2012 8/20/2012 8/22/2012 8/27/2012
1738TB06 1738TB07 1738TB08 1738TB091738TB05

Trip Blanks
1738TB101738TB04
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TABLE 6-5b

SUMMARY OF DETECTED ANALTYICAL LABORATORY RESULTS - QA/QC (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   J - Estimated: The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the limit of detection.
   BTEX - Benzene, toluene, ethylbenzene, xylene
   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   µg/L - microgram per liter
   mg/L - milligram per liter
   MtBE - Methyl tert-butyl ether
   QA/QC - Quality Assurance/Quality Control
   TPH - Total Petroleum Hydrocarbons
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TABLE 6-6

SOURCE ZONE AVERAGE CONCENTRATION CALCULATIONS (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
             
Volatil Organics (µg/kg)
Benzene 12000  4.8  ND ND 4100 J 5100 J
Ethylbenzene 19000  ND 2900  2200  24000 J 47000 J
Methyl tert-butyl ether 12000  120  ND ND 3600 J 3700 J
Toluene 3400  4.9  ND ND 950 J ND
Xylenes, Total 91000  5.6 J 3200  2900  120000 J 240000 J

TPH DRO and GRO (mg/kg)
Diesel Range Organics 210  4.4  31  27 J 100  77  
Gasoline Range Organics 1000 J ND 260  63  780  560  

23.0 - 24.033.0 - 35.0
6/16/2012

17.0 - 18.0 17.0 - 18.019.0 - 20.0
6/27/2012 8/20/2012 8/20/20126/14/2012
19.0 - 20.0

6/16/2012
1738SB104-101738MW13-121738MW02R-17 1738SB107-09 1738SB107-09D1738MW02R-10

1738SB104 1738SB107 1738SB1071738MW131738MW02R 1738MW02R
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TABLE 6-6

SOURCE ZONE AVERAGE CONCENTRATION CALCULATIONS (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics

              

17000  150 J 530  1600  ND 190 J 7600  
46000  ND 110 J 7800  ND 510  18000  
32000  8100  3400  3400  490  3000  5700 J

970 U ND 35 U 190 J ND ND 59000  
49000  ND 39 U 32000  ND 2400  110000  

48  ND 4  46  NA  NA  NA  
330  0.47  0.57  580  ND 220  1900  

17.0 - 18.0 26.0 - 27.0 16.0 - 17.021.0 - 22.0 27.0 - 28.0 15.0 - 16.0 20.0 - 21.0
8/24/2012 8/24/20128/20/2012 8/20/2012 8/15/2012 8/16/2012 8/16/2012

1738SB108-09 1738SB108-13 1738SB110-08 1738SB110-101738SB107-11 1738SB107-14 1738SB108-08
1738SB110 1738SB1101738SB107 1738SB107 1738SB108 1738SB108 1738SB108
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TABLE 6-6

SOURCE ZONE AVERAGE CONCENTRATION CALCULATIONS (2012)
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatil Organics (µg/kg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics

Minimum Maximum
Average Concentration Concentration

          

40 J 38 J 7000  9200  280  4,322.19 ND 17,000
67 J ND 26000  4900  72 J 14,182.79 ND 47,000

1800  1900  15000  48000  6400  9,288.13 ND 48,000
190 J 65 J 8000  2000  140 J 6,245.41 ND 59,000
410 J ND 120000  19000  270 J 52,681.64 ND 240,000

NA  NA  170  8.8  ND 66.02 ND 210
0.18 J 0.1 J 790  39  0.33  407.73 ND 1900

8/24/2012 8/17/2012 8/17/2012
28.0 - 29.024.0 - 25.0 24.0 - 25.0 17.0 - 18.0 21.0 - 22.0
8/17/20128/24/2012

1738SB111-11 1738SB111-141738SB110-12
1738SB111 1738SB111 1738SB1111738SB110

1738SB110-12D 1738SB111-08
1738SB110
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TABLE 6-7

PERCENT COMPLETENESS BY METHOD AND MATRIX
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA PUERTO RICO

2010 Investigaion
VOCs 8260 175 0 175 100%

TPH DRO and GRO 8015/8015C 50 25 25 50%
VOCs 8260 112 0 112 100%

TPH DRO and GRO 8015/8015C 32 0 32 100%
2010 Investigation Total 369 25 344 93.2%
2012 Investigation

VOCs 8260 55 0 55 100%
TPH Dro and GRO 8015/8015C 22 0 22 100%

VOCs 8260 235 0 235 100%
TPH DRO and GRO 8015/8015C 88 0 88 100%

VOCs 8260 155 0 155 100%
TPH DRO and GRO 8015/8015C 62 0 62 100%

2012 Investigation Total 617 0 617 100%

Total 986 25 961 97.5%

Notes:

   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   TPH - Total Petroleum Hydrocarbons
   VOCs - Volatile Organic Compounds

Groundwater

Total                 
Unique Results

Fully                  
Rejected Results Difference Perecent CompleteMatrix Analaytical Method

Subsurface Soil

Subsurface Soil

Groundwater

Surface Soil

Parameter           
Class

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Revised FINAL 6-2013\Table 6-7.xlsx     Table 6-X Page 1 of 1



TABLE 6-8
              

GROUNDWATER VELOCITY CALCULATIONS
AOC F - SITE 1738

MtBE CHARACTERIZATION  
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

Equation: V = Ki/ne Where: V = groundwater velocity (feet per day)
K = hydraulic conductivity (feet per day)

i  = hydraulic gradient (feet per foot)
ne = Effective porosity

Area K i ne 
(1)

V

Upgradient (Sep 2010) 3.199 0.005 0.105 0.15
Upgradient (Aug 2012) 3.199 0.002 0.105 0.06
Upgradient (higher gradient) 3.199 0.006 0.105 0.18
Downgradient (Sep 2010) 1.437 0.016 0.105 0.22
Downgradient (Aug 2012) 1.437 0.008 0.105 0.11

Average Groundwater Velocity: 0.14

Notes:
Upgradient (Sep 2010) - Average K value from all Upgradient Area Wells /Gradient calc "B" on Figure 5-7
Upgradient (Aug 2012) - Average K value from all Upgradient Area Wells/Gradient calc "B" on Figure 5-10
Upgradient (higher gradient) - Average K value from all Upgradient Area Wells/Gradient calc "B" on Figure 5-9
Downgradient (Sep 2010) - Average K value from all Downgradient Area Wells (excluding MW07 and MW08)/
                                                Gradient calc "A" on Figure 5-7
Downgradient (Aug 2012) - Average K value from all Downgradient Area Wells (excluding MW07 and MW08)/
                                                Gradient calc "A" on Figure 5-10
(1)Median from Techincal Protocol for Implementing Intrinsic Remediation with
    Long-Term Monitoring for Natural Attenuation of Fuel Contamination
    Dissolved in Groundwater (Wiedemeier, 1995)

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Revised FINAL 6-2013\Tables 6-8_6-9_Rev.xlsx Page 1 of 1



TABLE 6-9
              

RETARDATION FACTOR CALCULATIONS
AOC F - SITE 1738

MtBE CHARACTERIZATION  
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO 

Equation:  R = 1 + (Pb/n)(Kd) Where: Pb = bulk density (dry)
n = porosity
Kd = distribution coefficient
        (koc x FOC)

Distribution Coefficient Estimates

Koc 
(1) FOC (2)

Kd

Solute (L/kg) (%)
Benzene 66 0.81 0.5346
Toluene 145 0.81 1.1745
Ethylbenzene 207 0.81 1.6767
Total Xylenes (used m-Xylene) 204 0.81 1.6524
Methyl tertiary-Butyl Ether 11 0.81 0.0891

Retardation Factor Estimates

Pb (3) n (4)

Solute (g/mL) (%) Kd R

Benzene 1.7 47 0.5346 2.93
Toluene 1.7 47 1.1745 5.25
Ethylbenzene 1.7 47 1.6767 7.06
Xylenes 1.7 47 1.6767 7.06
Methyl tertiary-Butyl Ether 1.7 47 0.0891 1.32

Notes:
(1)Koc values from http://www.epa.gov/superfund/health/conmedia/soil/pdfs/part_5.pdf
   Koc for MtBE from Overview of Groundwater Remediation - Technologies for MTBE 
   and TBA (IRTC, 2005)
(2)Average of Site measurements
(3) and (4)Median from Techincal Protocol for Implementing Intrinsic Remediation with
    Long-Term Monitoring for Natural Attenuation of Fuel Contamination
    Dissolved in Groundwater (Wiedemeier, 1995)
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TABLE 6-10

MASS DISCHARGE CALCULATIONS
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Transect 1
Polygon T1-1 T1-2 T1-3 T1-4 T1-5 T1-6 T1-7 feet
A 390 375 450 1560 255 345 375 sq ft
q 0.0014 0.0010 0.0010 0.0017 0.0052 0.0095 0.0095 ft/d
C 0.03 0.32 3.16 10.00 3.16 0.32 0.03 mg/L
Mdj 6.28E-07 3.89E-06 4.66E-05 8.69E-04 1.37E-04 3.39E-05 4.03E-06 g/d 0.001 Md (g/d)

Transect 2
Polygon T2-1 T2-2 T2-3 T2-4 T2-5 T2-6 T2-7 feet
A 300 260 380 260 300 1510 950 sq ft
q 0.0057 0.0040 0.0040 0.0040 0.0070 0.0183 0.0007 ft/d
C 0.03 0.32 3.16 10.00 3.16 0.32 0.03 mg/L
Mdj 1.93E-06 1.08E-05 1.58E-04 3.41E-04 2.16E-04 2.87E-04 1.29E-05 g/d 0.001 Md (g/d)

Transect 3
Polygon T3-1 T3-2 T3-3 T3-4 T3-5 T3-6 T3-7 feet
A 430 500 480 300 710 1780 560 sq ft
q 0.0057 0.0040 0.0040 0.0057 0.0090 0.0080 0.0007 ft/d
C 0.03 0.32 3.16 10.00 3.16 0.32 0.03 mg/L
Mdj 2.77E-06 2.07E-05 1.99E-04 5.58E-04 6.59E-04 1.48E-04 5.08E-06 g/d 0.002 Md (g/d)

Conversions
1 foot = 0.3048 meters
1 foot per day = 3.53E-4 centimeters per second

Notes:
A = Area (distance between iso-contours x screen length [15-ft Transect 1 / 10-ft Transects 2 & 3])
q = K x i K = Hydraulic Conductivity

i = Hydraulic gradient: 0.002 Transect 1 / 0.006 Transects 2 & 3
C = Concentration
Mdj = Mass discharge at each polygon
Md = Mass discharge
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APPENDIX A 
 FIELD ACTIVITIES 



2010 FIELD ACTIVITIES 



Site Photographs 



 
Photo 1.  Drilling equipment – subcontractor, GeoEnviroTech, Inc., of San Juan, PR 

Upgradient portion of Site 1738.  View looking west. 
 

 
Photo 2.  Drilling activities at 1738MW11. View looking northeast. 

 



 
Photo 3.  Soil boring advancement and soil sample collection at 1738SB101.   

View looking southeast. 
 

 
Photo 4.  Groundwater sample extraction (TPH DRO analysis) at 1738MW04  

View looking west. 



 
Photo 5.  Site survey activities – PJDC, Inc. 

View looking west. 
 

 
Photo 6.  Groundwater purge activity - groundwater monitoring wells 1738MW05 (left)  

1738MW05R (center), and 1738MW05L (right).  View looking west. 



 
Photo 7.  Groundwater monitoring well installation for 1738MW09  

View looking northwest. 
 

 
Photo 8.  Site clearing activities, and existing monitoring well 1738MW06  

View looking northeast. 



Field Log Book Notes 











































































Soil Boring and Monitoring Well Logs 



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738SB101
COORDINATES: EAST: 780629.1 NORTH: 149275.5
ELEVATION:SURFACE: 124.8

Rig: Geoprobe Track Rig 6610 DT Depth to
Macro Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) 1.48" 9/20/2010 0.0 - 20.0 sunny, mid-80s ~17
Length 5'
Type
Hammer Wt.
Fall
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push        P = Piston BKG/PS = Background/Point Source
N = No Sample ppm = parts per million

Sample Sample Lab PID Elevation
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)

No. (Ft.,%) ps/bg
TOPSOIL (organics) 0.2 124.6

1 FILL; CLAY and SILT, coarse gravel, orange 1.0

brown, damp, slight plasticity, soft to medium stiff  
2 FILL; Clay to gravel, brown and lt gray, damp  

non to slight plasticity, loose to medium stiff  
3 D-1 4.6 1738SB101-01 BKG  

92% +duplicate  
4 +MS/MSD  

+TOC  
5 5.0  

FILL; Clay to fine sand, some medium grained sand,  
6 some gravel, damp  

 
7  

D-2 5.0 1738SB101-04 BKG  
8 100%  

  
9  

 
10 10.0  

 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB101     SHEET 1 OF 2



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
SO NO.: 119197, 18.1 On Island BORING NO.: 1738SB101

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)
No. (Ft.,%) ps/bg

11 SILT and CLAY; some fine sand, dark gray  
and olive with white inclusions/specs, damp  

12 non plastic, medium stiff, slight petroleum odor

D-3 4.0 1738SB101-06  
13 100% +TOC  

 
14     

 
15  

 
16   

 
17 D-4 4.7 1738SB101-08 wet at 17'  

94%  
18    

 
19  

 
20  104.8

End of Boring 20.0'  
21  

 
22  

 
23  

 
24  

 
25  

 
26  

 
27  

 
28  

 
29  

 
30  

 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB101     SHEET 2 OF 2

17.0

3.0

7.0
to

15.0
to



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738SB102

COORDINATES: EAST: 780653.5 NORTH: 149275.3
ELEVATION: SURFACE: 125.4

Rig: Geoprobe Track Rig 6610 DT Depth to
Macro Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) 1.48" 9/20/2010 0.0 - 18.0 sunny, mid-80s ~17
Length 5'
Type
Hammer Wt.
Fall
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push        P = Piston BKG/PS = Background/Point Source
N = No Sample ppm = parts per million

Sample Sample Lab PID Elevation
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)

No. (Ft.,%) ps/bg
TOPSOIL (organics) 0.2 125.2

1 FILL; Clay to Gravel, brown and light gray, damp

non to slight plasticity, loose to medium stiff  
2  

 
3 D-1 4.6 1738SB102-01 BKG  

92%  
4  

 
5 5.0  

FILL; SILT and Clay; orange brown, damp, non-plastic,  
6 soft to moderately hard  

 
7  

D-2 3.0 1738SB102-04 BKG  
8 60% +TOC  

  
9  

 
10 10.0  

 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB102     SHEET 1 OF 2



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
SO NO.: 119197, 18.1 On Island BORING NO.: 1738SB102

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)
No. (Ft.,%) ps/bg

11 same as above but stiff, hard  
 

12
D-3 2.8  

13 70%  
 

14 14.0    
FILL; SILT and CLAY; orange brown, damp  

15 BKG non plastic, med stiff  
to 16  

16  4.0 1738SB101-08  
100% +TOC  

17   wet at 17'  
at 17'  

18 18.0 107.4
End of Boring 18.0'  

19  
 

20   
 

21  
 

22  
 

23  
 

24  
 

25  
 

26  
 

27  
 

28  
 

29  
 

30  
 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB102     SHEET 2 OF 2

14 - 16

BKG

D-4



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738SB103
COORDINATES: EAST: 780643.6 NORTH: 149302.3
ELEVATION: SURFACE: 124.7

Rig: Geoprobe Track Rig 6610 DT Depth to
Macro Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) 1.48" 9/20/2010 0.0 - 10.0 sunny, mid-80s -
Length 5'
Type
Hammer Wt.
Fall
Remarks: PID background (BKG) is 0.0.  Refusal at 1' bgs.  offset 1' west-same, offset 3' south -same,

offset 6' Northwest - OK
SAMPLE TYPE DEFINITIONS

S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push        P = Piston BKG/PS = Background/Point Source
N = No Sample ppm = parts per million

Sample Sample Lab PID Elevation
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)

No. (Ft.,%) ps/bg
TOPSOIL (organics) 0.3 124.4

1 FILL; Clay to Gravel, brown and light gray, damp

non to slight plasticity, loose to medium stiff  
2  

 
3 D-1 3.4 1738SB103-01 BKG  

68%  
4  

 
5 5.0  

same as above, more gravel, light gray, dry to damp,  
6 non-plastic, loose  

 
7  

D-2 3.0 1738SB103-04 BKG  
8 60%  

  
9  

 
10 10.0 114.7

refusal, very hard, no recovery  

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB103     SHEET 1 OF 2



Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
SO NO.: 119197, 18.1 On Island BORING NO.: 1738SB103

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)
No. (Ft.,%) ps/bg

11 refusal, very hard, no recovery  
 

12
D-3 0.0  

13 0%  
 

14 14.0    
End of Boring 14.0'  

15  
 

16   
 

17  
 

18  
 

19  
 

20   
 

21  
 

22  
 

23  
 

24  
 

25  
 

26  
 

27  
 

28  
 

29  
 

30  
 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738SB104
COORDINATES: EAST: 780632.2 NORTH: 149290.1
ELEVATION:SURFACE: 124.7

Rig: Geoprobe Track Rig 6610 DT Depth to
Macro Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) 1.48" 9/20/2010 0.0 - 19.0 sunny, mid-80s ~17
Length 5'
Type
Hammer Wt.
Fall
Remarks: PID background (BKG) is 0.0.  

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push        P = Piston BKG/PS = Background/Point Source
N = No Sample ppm = parts per million

Sample Sample Lab PID Elevation
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)

No. (Ft.,%) ps/bg
TOPSOIL (organics) 0.3 124.4

1 FILL; Clay to Gravel, brown and light gray, damp

non to slight plasticity, loose to medium stiff  
2  

 
3 D-1 3.6 1738SB104-01 BKG  

72%  
4  

 
5 5.0  

same as above, more gravel, light gray, dry to damp,  
6 non-plastic, loose  

 
7  

D-2 4.6 1738SB104-04 BKG  
8 92% FILL; CLAY and SILT, trace gravel, dark gray olive,  

damp to moist, non to slight plasticity, loose to soft  
9  

 
10 10.0  

 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
SO NO.: 119197, 18.1 On Island BORING NO.: 1738SB104

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)
No. (Ft.,%) ps/bg

11 same as above, orange brown, dry  
 

12
D-3 5.0 1738SB104-06  

13 100% +TOC  
 

14    
 

15 15.0  
same as above  

16   
4.0 1738SB104-08  

17 100% +TOC  
orange brown, damp, petroleum odor  

18      
 

19 19.0 105.7
End of Boring 19.0'  

20   
 

21  
 

22  
 

23  
 

24  
 

25  
 

26  
 

27  
 

28  
 

29  
 

30  
 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB104     SHEET 2 OF 2
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Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738SB105
COORDINATES: EAST: 780612.9 NORTH: 149307.4
ELEVATION:SURFACE: 124.2

Rig: Geoprobe Track Rig 6610 DT Depth to
Macro Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) 1.48" 9/20/2010 0.0 - 10.3 sunny, mid-80s -
Length 5'
Type
Hammer Wt.
Fall
Remarks: PID background (BKG) is 0.0.  

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push        P = Piston BKG/PS = Background/Point Source
N = No Sample ppm = parts per million

Sample Sample Lab PID Elevation
Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)

No. (Ft.,%) ps/bg
TOPSOIL (organics) 0.2 124.0

1 Silt to coarse sand, brown, damp, non-plastic, loose

 
2  

D-1 2.9 1738SB105-01 BKG  
3 58% + duplicate  

 
4  

 
5 5.0  

FILL; coarse gravel  
6  

 
7  

D-2 2.2 1738SB105-04 BKG  
8 44%  

 
9  

 
10 10.0  

 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING  RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
SO NO.: 119197, 18.1 On Island BORING NO.: 1738SB105

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description (Ft. MSL)
No. (Ft.,%) ps/bg

11 very little recovery, Sand; coarse grained  
attempted two samples of 10-15'  

12
D-3 0.3 1738SB105-07  

13 6%  
 

14    
 

15 15.0 109.2
End of Boring 15.0'

16

17

18

19
 

20   
 

21  
 

22  
 

23  
 

24  
 

25  
 

26  
 

27  
 

28  
 

29  
 

30  
 

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW05L
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 45.0 Sunny, mid 80s -
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~+2.5 30.0
N = No Sample Schedule 40 PVC Screen 2" 30.0 40.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

111.96
780580.1

109.5
149457.8

--

1.48"
5'
--
--

9/15/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

1 Begin macrocore sampling at 20'

See log for 1738SB5R

2
cement

3 grout

to surface

4  

 

5 2" PVC 

A NA NA  Riser

6
 

7  

 

8  

  

9

10  

see next page

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW05L

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11

12  

2" PVC 

13 Riser

14

15

16

17

18

19

20 20.0 89.5
CLAY, trace silt; brown with white cement

21 specs/inclusions; moist; medium grout

~1.5 plasticity; medium stiff: saprolite

22  

4.2
23 84%

~2.0

24
~3.0

25 25.0 84.5
similar to above; CLAY; trace silt;

26 brown, light. orange tint, with white 83.5
~1.5 inclusions and some black mottling;

27 moist; soft; medium plasticity Bentonite

3.9 saprolite 26 to 28'

28 78% 81.5
Sand

29 ~0.5 28 to 40'

2" PVC

30 30.0 Screen 79.5
see next page 30 to 40'

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB05L   SHEET 2 OF 3
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW05L

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

31 same as above with black fracture 

traces

32 ~1.0  

3.2
33 64%

34
~2.0 medium stiff at 33.5' Sand 

35 35.0 28 to40' 74.5

36
2" PVC

37 1 to 3 Screen

3.8 30 to 40'

38 76%

39
BKG

40 40.0 69.5
CLAY, some silt,

41 trace rock fragments; less white

inclusions and black fracture traces Soil

42 Cuttings

4.1 BKG
43 82%

44

45 45.0 64.5
End of Boring at 45.0'

46

47

48

49

50

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB05L   SHEET 3 OF 3
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW07
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 25.0 Sunny, mid 80s
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~+2.5 15.0
N = No Sample Schedule 40 PVC Screen 2" 15.0 25.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

110.11
780445.6

107.6
149506.2

--

1.48"
5'
--
--

9/17/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.2 107.4
1 CLAY, trace silt; brown damp to

moist; high plasticity; soft

2
4.9 BKG cement

3 98% grout

CLAY, trace silt; yellow tan with light to surface

4 gray and olive, trace rust mottling;  

moist; high plasticity; soft

5 5.0 2" PVC 

 Riser

6
 

7 wet at ~7.0'  

D-2 4.6 BKG  

8 92%  

  

9 CLAY, some silt; orange brown
with rust and white inclusions;

10 10.0 moist to wet; low to med plasticity;  

stiff.           see next page

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB07     SHEET 1 OF 2
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW07

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 no rust but with black fracture traces 96.6
(near horizontal and angled) Bentonite

12 11 to 13'

3.1 BKG
13 62% 94.6

14 2" PVC 

Riser

15 15.0 15 92.6
Clay and SILT (soup/muck); dark Sand 

16 gray w/olive, saturated; non plastic; 13 to 25'

very soft

17
4.1 BKG

18 82%

19

20 20.0
increase in silt; non-plastic

21 very stiff (less weathered)

22  

3.0 BKG 2" PVC

23 60% Screen

15 to 25'

24

25 25.0 82.6
End of Boring at 25.0'

26

27

28

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB07     SHEET 2 OF 2
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW08
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 25.0 Sunny, mid 80s
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~+2.5 14.0
N = No Sample Schedule 40 PVC Screen 2" 14.0 24.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

109.55
780579.5

107.1
149544.2

--

1.48"
5'
--
--

9/18/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.1 107.0
1 CLAY, some silt; brown with slight 

orange; moist; medium plasticity; 

2 medium stiff

4.1 BKG cement

3 82% grout

to surface

4 increase in orange color ~4.0'  

5 5.0 2" PVC 

CLAY, trace silt; yellow tan with Riser

6 light gray and rust mottling;

moist to wet;  high plasticity; soft  

7  

D-2 4.7 BKG  

8 94% wet/saturated at ~8'  

  

9

10 10.0 97.1
see next page

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW08

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 Clay and SILT; orange brown with 96.1
little light gray and maroon, Bentonite

12 several black and near horizontal 10 to 12' 95.1
3.4 BKG fracture traces; moist to wet; non to Sand

13 68% slight plasticity, saprolite 12 to 24'

14 2" PVC 93.1
Riser

15 15.0  

soft to medium, stiff

16

17
3.8 BKG

18 76%

19

20 20.0
less silt; saturated;

21 slight plasticity; soft

22  

2.3 BKG 2" PVC

23 46% Screen

14 to 24'

24 83.1
soil

25 25.0 cuttings 82.1
End of Boring at 25.0'

26

27

28

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB08     SHEET 2 OF 2
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW09
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 25.0 Sunny, mid 80s
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~+2.5 14.0
N = No Sample Schedule 40 PVC Screen 2" 14.0 24.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

110.12
780756.7

107.2
149458.4

--

1.48"
5'
--
--

9/16/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.3 106.9
1 CLAY, trace silt; brown; wet; 

high plasticity; soft

2
3.1 BKG cement

3 62% grout

to surface

4  

5 5.0 2" PVC 

CLAY, trace silt; yellow tan with Riser

6 light gray and rust mottling; (coarse

sand and hard); wet/saturated; soft;  

7 high plasticity  

D-2 3.2 BKG  

8 64%  

  

9

10 10.0 97.2
see next page

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW09

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 CLAY; trace silt; brown, light gray,

olive and maroon, some small white Bentonite

12 inclusions and fracture trace; moist; 10 to 12' 95.2
3.6 BKG medium plasticity; medium stiff Sand

13 72% 12 to 24'

14 2" PVC 93.2
Riser

15 15.0  

increase in grain size

16 (some silt and fine sand);

saturated; very soft; medium plasticity

17
4.1 BKG

18 82%

19

20 20.0
same as above

21

22  

3.9 BKG 2" PVC

23 78% Screen

14 to 24'

24 81.2
soil

25 25.0 cutttings 82.2
End of Boring at 25.0'

26

27

28

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW10
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 25.0 Sunny, mid 80s
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~+2.5 15.0
N = No Sample Schedule 40 PVC Screen 2" 15.0 25.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

112.49
780738.9

110.1
149363.1

--

1.48"
5'
--
--

9/16/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.2 109.9
1 CLAY, little silt and fine sand; brown

moist; medium plasticity; soft; gravel

2 ~1.0' 108.1
4.1 BKG CLAY, trace silt; yellow tan, some cement

3 82% light gray and rust /maroon mottling; grout

moist; high plasticity; soft to medium to surface

4 stiff (saprolite)  

5 5.0 2" PVC 

increase of light gray Riser

6 and maroon (variegated)

 

7  

D-2 5.0 BKG  

8 100%  

  

9

10 10.0  

see next page
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW10

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 same as above 99.1
Bentonite

12 11 to 13'

4.1 BKG
13 82% CLAY, trace silt; brown, dark gray, 97.1

and yellow with olive and white

14 specs/inclusions;(similar to SB05L but 2" PVC 

with less inclusions (saprolite) Riser

15 15.0 moist; med plasticity; stiff 95.1
Sand 

16 13 to 25'

liner stuck in macrocore sampler

17 material in nose similiar 

NA NA to above

18

19

20 20.0
limited recovery; mostly slough;

21 increase in coarse sand sized

rock fragments, less weathered,

22 saturated  

1.5 BKG 2" PVC

23 30% Screen

15 to 25'

24

25 25.0 85.1
End of Boring at 25.0'

26

27

28

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
DRILLER: William Rodrigez BORING NO.: 1738SB10     SHEET 2 OF 2
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW11
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 26.0 Sunny, mid 80s ~17+
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.  Sample designations include the prefix 1738.  Completed at surface 

with a flushmount.

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~0.2 16.0
N = No Sample Schedule 40 PVC Screen 2" 16.0 26.0

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

122.67
780503.4

122.7
149283.6

--

1.48"
5'
--
--

9/13/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.3 122.4
1 FILL; silt and fine sand, little clay and

medium sand to gravel, trace shells, 

2 yellow tan to brown; damp, non to 

3.6 MW11-01 BKG slight plasticity, loose cement

3 72% grout

to surface

4  

5 5.0 2" PVC 117.7
CLAY, some silt; dark orange brown; Riser

6 damp; medium plasticity; stiff

(residuum)  

7 SILT and FINE SAND, little clay,  

D-2 5.0 MW11-04 BKG light gray, yelllow tan and brown; dry   

8 100% to damp; non plastic; loose (weather  

bedrock/saprolite)   

9

10 10.0  

see next page
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW11

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 medium dense; very 

hard drillling; refusal at 14', 2" PVC 

12 Riser 110.7
40.0 BKG

13 100% Bentonite

12 to 14'

14 14.0 108.7
very hard and becoming denser

15
3.0 MW11-08 BKG Sand 

16 100.0 13 to 25' 106.7

17 17.0
olive tint and less yellow brown,

18 specks of white,

3.0 BKG mottled clay; very dense

19 100%

20 20.0
terminated sampling due to hardness;

21 augered to 26' bgs to construct well.

slow/tough augering, cuttings similar

22 to above  

NA 2" PVC

23 Screen

16 to 26'

24

25

26 26.0 96.7
End of Boring at 26.0'

27

28

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW12
COORDINATES: EAST: NORTH:
ELEVATION: SURFACE: TOP OF PVC CASING:

Rig: Geoprobe 6610DT Depth to
MC Casing Augers Core Date Progress Weather Water

Sampler Barrel (Ft.) (Ft.)
Size (ID) -- 3.25" -- 0.0 - 27.5 Sunny, mid 80s
Length -- 5' --
Type -- HSA --
Hammer Wt. -- -- --
Fall -- -- --
Remarks: PID background (BKG) is 0.0.  Sample designations include the prefix 1738.  

SAMPLE TYPE WELL INFORMATION
S = Split Spoon   A = Auger Top Bottom
T = Shelby Tube  W = Wash Type Diam. Depth Depth
R = Air Rotary     C = Core (Ft.) (Ft.)

D = Direct Push        P = Piston Schedule 40 PVC Riser 2" ~2.5 16.0
N = No Sample Schedule 40 PVC Screen 2" 17.5 27.5

Sample Sample Lab PID Well Elevation
Depth (Ft ) Type & Rec SPT ID (ppm) Visual Description Installation (Ft MSL)

128.06
780639.9

125.6
149179.6

--

1.48"
5'
--
--

9/14/2010

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) Detail

TOPSOIL (organics) 0.4 125.2
1 SILT and FINE SAND, some clay, 

light gray, yelllow tan and brown; dry 

2 to damp; non plastic; loose (weathered

4.8 MW12-01 BKG bedrock/saprolite) cement

3 96% +duplicate grout

+MS/MSD to surface

4  

5 5.0 2" PVC 120.6
increase in rock Riser

6 fragments

 

7  

D-2 5.0 MW12-04 BKG  

8 100%  

  

9 SILT and FINE SAND, maroon with 
olive specs; dry; non plastic; very 

10 10.0 dense  

see next page
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Baker TEST BORING AND WELL CONSTRUCTION RECORD
Michael Baker Jr., Inc.

PROJECT: Naval Activity Puerto Rico AOC F Site 1738
PROJ. NO.: 119197, 18.1 On Island BORING NO.: 1738MW12

SAMPLE TYPE DEFINITIONS
S = Split Spoon   A = Auger SPT = Standard Penetration Test (ASTM D1586)
T = Shelby Tube  W = Wash PID = Photo Ionization Detector Measurement
R = Air Rotary     C = Core MSL = Mean Sea Level

D = Direct Push  P = Piston  N = No Sample ps/bg = point source/background
Sample Sample Lab PID Well Elevation

Depth (Ft.) Type & Rec. SPT ID (ppm) Visual Description Installation (Ft. MSL)
No. (Ft.,%) ps/bg Detail

11 very hard 

olive, gray and light 2" PVC 

12 maroon; non plastic; very dense Riser

4.5 BKG
13 100%

112.1
14 refusal at 14'

14.5 Bentonite

15 very hard 13.5 to 15.5'

same as above with increasing in gray 110.1
16 rock fragments; especially 18 to 18.5

4.0 MW12-08 BKG rock in sampler nose Sand 

17 100.0 15.5 to 27.5'

108.1
18

18.5 refusal at 18.5'

19 terminated sampling due to hardness;

augered to 27.5' bgs to construct well

20 slow/tough augering, cuttings similar

to above

21

22  

NA NA 2" PVC

23 Screen

17.5 to 27.5'

24

25

26

27
27.5 98.1

28 End of Boring at 27.5'

29

30

DRILLING CO.: GeoEnviroTech, Inc. BAKER REP.: Robert Roselius
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Well Detail and Sampling Logs 



























































Daily Meter Calibration Record 





















Slug Test Data Plots 
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RISING HEAD

Data Set:  K:\...\MW01R_MKD_DMG.aqt
Date:  05/10/13 Time:  09:14:59

PROJECT INFORMATION

Location:  1738
Test Well:  MW01
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 8.866 ft/day
y0 = 0.6289 ft

AQUIFER DATA

Saturated Thickness:  18. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW01)

Initial Displacement:  1.54 ft Static Water Column Height:  18. ft
Total Well Penetration Depth:  18. ft Screen Length:  15. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft
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FALLING HEAD

Data Set:  K:\...\MW01F_MKD_DMG.aqt
Date:  03/26/13 Time:  09:57:55

PROJECT INFORMATION

Location:  1738
Test Well:  MW01
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 8.141 ft/day
y0 = 0.2098 ft

AQUIFER DATA

Saturated Thickness:  18. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW01)

Initial Displacement:  1.98 ft Static Water Column Height:  18. ft
Total Well Penetration Depth:  18. ft Screen Length:  15. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft

Gravel Pack Porosity:  0.3
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Data Set:  K:\...\MW02R Hvorslev-MKD_Rev.aqt
Date:  04/04/13 Time:  06:38:39

PROJECT INFORMATION

Location:  1738
Test Well:  MW02
Test Date:  9/19/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.5965 ft/day
y0 = 0.5684 ft

AQUIFER DATA

Saturated Thickness:  18.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW02)

Initial Displacement:  1.51 ft Static Water Column Height:  18.7 ft
Total Well Penetration Depth:  18.7 ft Screen Length:  15. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft
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Data Set:  K:\...\MW02F Hvorslev-MKD_Rev.aqt
Date:  04/04/13 Time:  06:38:02

PROJECT INFORMATION

Location:  1738
Test Well:  MW02
Test Date:  9/19/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.3762 ft/day
y0 = 0.8611 ft

AQUIFER DATA

Saturated Thickness:  18.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW02)

Initial Displacement:  1.101 ft Static Water Column Height:  18.7 ft
Total Well Penetration Depth:  18.7 ft Screen Length:  15. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft
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RISING HEAD (2)

Data Set:  K:\...\MW03R2_Rev.aqt
Date:  04/04/13 Time:  06:39:51

PROJECT INFORMATION

Location:  1738
Test Well:  MW03
Test Date:  9/19/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.5333 ft/day
y0 = 0.7945 ft

AQUIFER DATA

Saturated Thickness:  16.34 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW03)

Initial Displacement:  2.04 ft Static Water Column Height:  16.34 ft
Total Well Penetration Depth:  16.34 ft Screen Length:  15. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft

Gravel Pack Porosity:  0.3
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Data Set:  K:\...\MW05R_Rev.aqt
Date:  04/04/13 Time:  06:42:22

PROJECT INFORMATION

Location:  1738
Test Well:  MW05
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.1915 ft/day
y0 = 1.266 ft

AQUIFER DATA

Saturated Thickness:  8.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW05)

Initial Displacement:  1.65 ft Static Water Column Height:  8.7 ft
Total Well Penetration Depth:  8.7 ft Screen Length:  7. ft
Casing Radius:  0.083 ft Well Radius:  0.417 ft

Gravel Pack Porosity:  0.3
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Data Set:  K:\...\MW05F_Rev.aqt
Date:  04/04/13 Time:  06:40:36

PROJECT INFORMATION

Location:  1738
Test Well:  MW05
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.7782 ft/day
y0 = 2.499 ft

AQUIFER DATA

Saturated Thickness:  8.7 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW05)

Initial Displacement:  2.69 ft Static Water Column Height:  8.7 ft
Total Well Penetration Depth:  8.7 ft Screen Length:  7. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.3
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Data Set:  K:\...\MW05RR Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:43:43

PROJECT INFORMATION

Location:  1738
Test Well:  MW05R
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.954 ft/day
y0 = 1.407 ft

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW05R)

Initial Displacement:  1.48 ft Static Water Column Height:  23. ft
Total Well Penetration Depth:  23. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW05LR HvorslevMKD_Rev.aqt
Date:  04/04/13 Time:  06:41:50

PROJECT INFORMATION

Location:  1738
Test Well:  MW05L
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.931 ft/day
y0 = 0.8685 ft

AQUIFER DATA

Saturated Thickness:  38. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW05L)

Initial Displacement:  0.882 ft Static Water Column Height:  38. ft
Total Well Penetration Depth:  38. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW05LF Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:41:15

PROJECT INFORMATION

Location:  1738
Test Well:  MW05L
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 2.533 ft/day
y0 = 3.283 ft

AQUIFER DATA

Saturated Thickness:  38. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW05L)

Initial Displacement:  2.46 ft Static Water Column Height:  38. ft
Total Well Penetration Depth:  38. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW07R Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:44:38

PROJECT INFORMATION

Location:  1738
Test Well:  MW07
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.3161 ft/day
y0 = 2.592 ft

AQUIFER DATA

Saturated Thickness:  25. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW07)

Initial Displacement:  2.72 ft Static Water Column Height:  25. ft
Total Well Penetration Depth:  25. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW07F Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:44:08

PROJECT INFORMATION

Location:  1738
Test Well:  MW07
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.4048 ft/day
y0 = 2.39 ft

AQUIFER DATA

Saturated Thickness:  25. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW07)

Initial Displacement:  2.74 ft Static Water Column Height:  25. ft
Total Well Penetration Depth:  25. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW08R Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:45:32

PROJECT INFORMATION

Location:  1738
Test Well:  MW08
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.4812 ft/day
y0 = 2.185 ft

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW08)

Initial Displacement:  2.28 ft Static Water Column Height:  23. ft
Total Well Penetration Depth:  23. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW08F Hvorslev_Rev.aqt
Date:  04/04/13 Time:  06:45:08

PROJECT INFORMATION

Location:  1738
Test Well:  MW08
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.583 ft/day
y0 = 2.964 ft

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW08)

Initial Displacement:  3.03 ft Static Water Column Height:  23. ft
Total Well Penetration Depth:  23. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW10R_Rev.aqt
Date:  04/04/13 Time:  06:46:31

PROJECT INFORMATION

Location:  1738
Test Well:  MW10
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.659 ft/day
y0 = 1.582 ft

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW10)

Initial Displacement:  1.83 ft Static Water Column Height:  23. ft
Total Well Penetration Depth:  23. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW10F_Rev.aqt
Date:  04/04/13 Time:  06:45:56

PROJECT INFORMATION

Location:  1738
Test Well:  MW10
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.964 ft/day
y0 = 1.656 ft

AQUIFER DATA

Saturated Thickness:  23. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW10)

Initial Displacement:  2.6 ft Static Water Column Height:  23. ft
Total Well Penetration Depth:  23. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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Data Set:  K:\...\MW11R_Rev.aqt
Date:  04/04/13 Time:  06:52:04

PROJECT INFORMATION

Location:  1738
Test Well:  MW11
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.2606 ft/day
y0 = 1.95 ft

AQUIFER DATA

Saturated Thickness:  11.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW11)

Initial Displacement:  2.37 ft Static Water Column Height:  11.5 ft
Total Well Penetration Depth:  11.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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0.001
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FALLING HEAD

Data Set:  K:\...\MW11F_Rev.aqt
Date:  04/04/13 Time:  06:50:48

PROJECT INFORMATION

Location:  1738
Test Well:  MW11
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.2858 ft/day
y0 = 2.073 ft

AQUIFER DATA

Saturated Thickness:  11.5 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW11)

Initial Displacement:  2.6 ft Static Water Column Height:  11.5 ft
Total Well Penetration Depth:  11.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft
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0.1
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RISING HEAD

Data Set:  K:\...\MW12R_Rev.aqt
Date:  04/04/13 Time:  06:53:32

PROJECT INFORMATION

Location:  1738
Test Well:  MW12
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.2268 ft/day
y0 = 0.4923 ft

AQUIFER DATA

Saturated Thickness:  10. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW12)

Initial Displacement:  2.4 ft Static Water Column Height:  10. ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.3
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FALLING HEAD

Data Set:  K:\...\MW12F_Rev.aqt
Date:  04/04/13 Time:  06:52:43

PROJECT INFORMATION

Location:  1738
Test Well:  MW12
Test Date:  9/21/10

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.2987 ft/day
y0 = 0.4106 ft

AQUIFER DATA

Saturated Thickness:  10. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW12)

Initial Displacement:  2.04 ft Static Water Column Height:  10. ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.25 ft

Gravel Pack Porosity:  0.3
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME: Site 1738 MtBE Investigation 

PHOTOGRAPH 
 
 

1 
 
 
 

VIEW 
 

South 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Geoprobe 7822DT Rig Used for Soil Sampling and Monitoring Well Installation 

PHOTOGRAPH 
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VIEW 
 

Southwest 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Reichdrill 650-WII Rig Used for Soil Sampling and Monitoring Well Installation 
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME: Site 1738 MtBE Investigation 

PHOTOGRAPH 
 
 

3 
 
 
 

 

VIEW 
 

Down 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Example of Clay Residuum With Mineralization of Diagonal Fractures 

PHOTOGRAPH 
 
 

4 
 
 
 

 

VIEW 
 

Down 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Example of Saprolite 
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME: Site 1738 MtBE Investigation 

PHOTOGRAPH 
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VIEW 
 
 

North 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Augering for Monitoring Well Installation 

PHOTOGRAPH 
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VIEW 
 
 

Northeast 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Monitoring Well Installation Process 
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME:  Site 1738 MtBE Investigation 

PHOTOGRAPH 
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VIEW 
 

Southeast 
 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Monitoring Well Surface Completion 

PHOTOGRAPH 
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VIEW 
 
 

Southeast 
 

 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Completed Monitoring Well 
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME: Site 1738 MtBE Investigation 

PHOTOGRAPH 
 
 

9 
 
 
 

VIEW 
 

Northeast 
 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Well Development Equipment (Surge Block) 

PHOTOGRAPH 
 
 

10 
 
 
 

 

VIEW 
 

East 
 

 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments:  Well Development Using the Surge Block 
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MICHAEL BAKER JR., INC. – PHOTOGRAPHIC RECORD 

SITE NAME: Site 1738 MtBE Investigation 

PHOTOGRAPH 
 
 

11 
 
 
 

VIEW 
 
 

West 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Groundwater Sampling Setup 

PHOTOGRAPH 
 
 

12 
 
 
 

 

VIEW 
 

North 
 
 

PHOTOGRAPHS 
BY 

 
 

Baker 
 
 
 

Comments: Ancillary Activities - Clearing for Soil Sampling and Monitoring Well Installation 
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Soil Boring and Monitoring Well Logs 
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17

  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

75%

100%

80%

75%

1738MW01-00(0.0-1.0)
PID=0 

-

1738MW01-01(1.0-3.0)
PID=0 

-

1738MW01.06(11.0-
13.0)
PID=0 

  0.0' - EL 124.1   
GRAVEL, SANDY, with clay; (GP); gray and brown; dry;
dense; sand is fine to coarse; gravel is fine to coarse,
subangular, igneous.

  4.0' - EL 120.1   
GRAVEL, with clay; (GP); gray; dry; dense; gravel is fine to
coarse, subangular, igneous.

  8.0' - EL 116.1   
SAND, GRAVELLY, with clay; (SP); gray; dry; medium
dense; sand is fine to coarse; gravel is fine to coarse,
subangular, igneous.

 11.5' - EL 112.6   
CLAY, SILTY, with sand; (CL); dark brown; damp; stiff; sand
is medium to coarse.
wet zone from about 12-12.5.

 15.0' - EL 109.1   
CLAY; (CL); gray, greenish; damp; medium stiff.

As above, but brown and gray zones.

FILL.

-

FILL.

-

FILL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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19
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29
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34

35
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37

38

 20.0

 24.0

 28.0

 32.0

 36.0

DP-5

DP-6

DP-7

DP-8

DP-9

DP-10

50%

100%

85%

80%

75%

100%

-

S-1(20.0-21.0)
PID=0 

-

1738MW01-11(21.0-
22.0)
PID=0 

-

1738MW01-11(22.0-
23.0)
PID=5.2 

-

S-4(23.0-24.0)
PID=3.9 

-

S-5(24.0-28.0)
PID=0 

-

S-6(28.0-32.0)
PID=0 

-

S-7(32.0-36.0)
PID=0 

-

S-8(36.0-40.0)
PID=0 

Green staining and petroleum odor.

No odor or staining; Brown.

Brown and orange-brown layering, w/ zones of rust.

Brown and orange-brown layering, w/ zones of rust.

Brown and orange-brown layering, w/ zones of rust.

Gray and orangish-brown layering.

LOG OF BORING NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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59

 40.0

 44.0

 48.0

DP-11

DP-12

H-N

100%

8%

-

S-9(40.0-44.0)
PID=0 

Moist zone at 40.3 ft. Yellowish-brown layering.

Soupy-wet clay; Water from above.

Sampler refusal.

LOG OF BORING NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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65

66

67
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69
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80

 60.0  60.0' - EL 64.1   
End of Boring at 60.0.

LOG OF BORING NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 4 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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T
E

M
P

LA
T

E
=

8B
K

T
C

A
E

  F
IL

E
=

S
ite

17
38

.G
E

O
  D

A
T

E
 P

R
IN

T
E

D
=

3/
29

/2
01

3 
 S

.O
.#

=
12

52
01

4



-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

-3.0' - EL. 127.1
-2.6' - EL. 126.7
-2.6' - EL. 126.7
-2.5' - EL. 126.6

0.0' - EL. 124.1

1.0' - EL. 123.1

11.0' - EL. 113.1

13.0' - EL. 111.1

15.0' - EL. 109.1

2-in OD, Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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WELL INSTALLATION

SKETCH DETAILS
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37

38

25.0' - EL. 99.1
25.2' - EL. 98.9 Borehole collapse

WELL INSTALLATION LOG NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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WELL INSTALLATION

SKETCH DETAILS
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40
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43
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59

WELL INSTALLATION LOG NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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End of Boring at 60.0

WELL INSTALLATION LOG NO.: 1738MW01A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 4 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/13/2012 END: 6/19/2012

NORTH: 804778.969 EAST: 936969.453 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822 DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.78 TIME: 16:20 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.13

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS due to auger refusal at 3-ft
This borehole was originally for well 1738MW01B, but due to collapsing formation this shallow well was installed.
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-3.2' - EL. 127.2
-2.8' - EL. 126.8
-2.8' - EL. 126.8
-2.7' - EL. 126.7

0.0' - EL. 124.0

WELL INSTALLATION LOG NO.: 1738MW01B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/26/2012 END: 6/26/2012

NORTH: 804780.259 EAST: 936932.84 COORD. DATUM: PA/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Ammon DeLong

EQUIPMENT: Reichdrill 650-WII DRILL CO.: CWPS

METHOD DETAILS:                       5-7/8 roller bit 5-3/4 downhole hammer

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.92 TIME: 16:15 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.03

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

The well borehole advanced by CWPS
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WELL INSTALLATION LOG NO.: 1738MW01B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/26/2012 END: 6/26/2012

NORTH: 804780.259 EAST: 936932.84 COORD. DATUM: PA/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Ammon DeLong

EQUIPMENT: Reichdrill 650-WII DRILL CO.: CWPS

METHOD DETAILS:                       5-7/8 roller bit 5-3/4 downhole hammer

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.92 TIME: 16:15 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.03

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

The well borehole advanced by CWPS
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42.0' - EL. 82.0

46.8' - EL. 77.2

49.5' - EL. 74.5

51.8' - EL. 72.2

2-in OD, Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10-slot PVC

WELL INSTALLATION LOG NO.: 1738MW01B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/26/2012 END: 6/26/2012

NORTH: 804780.259 EAST: 936932.84 COORD. DATUM: PA/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Ammon DeLong

EQUIPMENT: Reichdrill 650-WII DRILL CO.: CWPS

METHOD DETAILS:                       5-7/8 roller bit 5-3/4 downhole hammer

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.92 TIME: 16:15 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.03

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

The well borehole advanced by CWPS
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61.8' - EL. 62.2

WELL INSTALLATION LOG NO.: 1738MW01B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 4 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/26/2012 END: 6/26/2012

NORTH: 804780.259 EAST: 936932.84 COORD. DATUM: PA/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Ammon DeLong

EQUIPMENT: Reichdrill 650-WII DRILL CO.: CWPS

METHOD DETAILS:                       5-7/8 roller bit 5-3/4 downhole hammer

WATER DEPTH 1: 12.0 TIME: 11:00 DATE: 6/13/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 21.92 TIME: 16:15 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.03

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

The well borehole advanced by CWPS
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WELL INSTALLATION
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  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

75%

78%

68%

45%

1738MW02R-00(0.0-
1.0)
PID=0 

-

1738MW02R-01(1.0-
4.0)
PID=0 

-

S-1(4.0-8.0)
PID=0 

-

S-2(8.0-12.0)
PID=0 

-

S-3(12.0-16.0)
PID=7 

-

1738MW02R-07(13.0-
15.0)

-

S-4(16.0-17.0)

PID=20 

  0.0' - EL 123.1   
GRAVEL, SANDY, with clay; (GP); gray; dry; dense; sand is
fine to coarse; gravel is fine to coarse, subangular, igneous.

  3.0' - EL 120.1   
CLAY, GRAVELLY, with silt; (CL); brown; damp; stiff; gravel
is fine to coarse, subangular, igneous.  Green at bottom.

 11.0' - EL 112.1   
CLAY, SILTY; (CL); dark brown; damp; stiff.

 12.0' - EL 111.1   
CLAY, with silt; (CL); brown and gray; damp; stiff; stratified;
petroleum odor. Upper half green stained w/ fuel odor

Greenish-brown w/ staining and fuel odor.

FILL.

-

FILL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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38

 20.0

 24.0

 28.0

 32.0

 36.0

DP-5

DP-6

DP-7

DP-8

DP-9

H-N

68%

68%

60%

70%

75%

PID=635 

-

1738MW02R-10(19.0-
20.0)
PID=1068 

-

S-5(21.0-22.0)
PID=174 

-

S-6(22.0-23.0)
PID=702 

-

S-7(23.0-24.0)
PID=102 

-

S-8(24.0-26.0)
PID=886 

-

S-9(26.0-28.0)
PID=1900 

-

S-10(29.0-30.0)
PID=1321 

-

S-11(30.0-31.0)
PID=250 

-

S-12(31.0-32.0)
PID=22 

-

S-13(32.0-33.0)
PID=109 

-

1738MW02R-17(33.0-
35.0)
PID=7 

-

S-15(35.0-36.0)
PID=0 

Greenish-brown w/ white inclusions; staining and fuel odor.

No NAPL.

Brown w/ white inclusions. Fuel odor, but no staining.

Residual-Phase NAPL.

Green staining and fuel odor.

Green staining; Wet zone.

Brown and tan; Moist zone.

Damp.

End of sample boring at 36.0.

LOG OF BORING NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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 41.0  41.0' - EL 82.1   
End of Boring at 41.0.

LOG OF BORING NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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-1

0

1

2

3

4

5
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7
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9

10

11
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14

15
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17

-2.9' - EL. 126.0
-2.5' - EL. 125.6
-2.5' - EL. 125.6
-2.4' - EL. 125.5

0.0' - EL. 123.1

1.0' - EL. 122.1 2-in OD, Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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26.0' - EL. 97.1

28.0' - EL. 95.1

30.0' - EL. 93.1

Medium chips

20-30 sand

2-in OD, Sch 40, 10-slot PVC

WELL INSTALLATION LOG NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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53

54

55

56

57

58

59

40.0' - EL. 83.1
40.2' - EL. 82.9

End of Boring at 41.0.

WELL INSTALLATION LOG NO.: 1738MW02R
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/26/2012

NORTH: 804782.572 EAST: 936882.282 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 32.0 TIME: 12:00 DATE: 6/16/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.12

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
JFA sampled soil/CWPS advanced the well borehole PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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WELL INSTALLATION

SKETCH DETAILS

T
E

M
P

LA
T

E
=

8B
K

W
C

A
E

  F
IL

E
=

S
ite

 1
73

8.
G

E
O

  D
A

T
E

 P
R

IN
T

E
D

=
9/

14
/2

01
2 

 S
.O

.#
=

12
52

01

3



-3

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11
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17

-3.1' - EL. 110.7
-2.7' - EL. 110.3
-2.7' - EL. 110.3
-2.6' - EL. 110.2

0.0' - EL. 107.6

1.0' - EL. 106.6

2.0' - EL. 105.6

4.0' - EL. 103.6

5.5' - EL. 102.1

10.3' - EL. 97.3

2-in OD, Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10-slot PVC

End of Boring at 10.5.

WELL INSTALLATION LOG NO.: 1738MW07A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/24/2012 END: 6/24/2012

NORTH: 804954.372 EAST: 936755.482 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 17:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.34 TIME: 11:55 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.60

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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20

  4.0

  8.0

 12.0

 16.0

 20.0

DP-1

DP-2

DP-3

DP-4

DP-5

50%

43%

100%

50%

100%

1738MW07B-00/D(0.0-
1.0)
PID=0 

-

1738MW07B-01(1.0-
3.0)
PID=0 

-

S-1(8.0-12.0)
PID=0 

-

S-2(12.0-16.0)
PID=0 

-

S-3(20.0-24.0)
PID=0 

CLAY, with gravel; (CL); dark brown; damp; stiff; gravel is
fine, subangular, igneous.

Moist zone.

  4.0' - EL 103.5   
CLAY, with silt; (CL); brown and rust; moist; medium stiff.
Greenish-gray fracture traces.

Wet zone to 8.5.

Reddish-brown with black and white fracture traces.

Light brown with brown and tan mottles.

As above with dark gray silty clay wet zone near 16 ft.

 16.0' - EL 91.5   
CLAY, with silt; (CL); dark gray; wet; very soft;  Soupy wet.

 17.2' - EL 90.3   
CLAY, with silt; (CL); brown and tan; damp; medium stiff.

Soupy wet zone to 21.3.

RESIDUAL.

-

RESIDUAL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/24/2012 END: 6/26/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

PID - MiniRAE 2000
The well was improperly installed and subsequently abandoned. A separate borehole was augered for well re-installation.
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34
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39
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41

 24.0

 28.0

 32.0

 36.0

 40.2

DP-6

DP-7

DP-8

DP-9

DP-10

A-N

95%

88%

80%

90%

100%

-

S-4(28.0-32.0)
PID=0 

-

S-5(32.0-36.0)
PID=0 

-

S-6(36.0-40.0)
PID=0 

Soupy wet zone to 27.

Soupy wet zone to 29.6.

Soupy wet zone to 33.2.

LOG OF BORING NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/24/2012 END: 6/26/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

PID - MiniRAE 2000
The well was improperly installed and subsequently abandoned. A separate borehole was augered for well re-installation.
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 42.0  42.0' - EL 65.5   
End of Boring at 42.0.

LOG OF BORING NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/24/2012 END: 6/26/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

PID - MiniRAE 2000
The well was improperly installed and subsequently abandoned. A separate borehole was augered for well re-installation.
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-3.1' - EL. 110.6
-2.7' - EL. 110.2
-2.7' - EL. 110.2
-2.6' - EL. 110.1

0.0' - EL. 107.5

1.0' - EL. 106.5 2-in OD, Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/27/2012 END: 6/27/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.48 TIME: 11:56 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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SKETCH DETAILS
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19

20
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23
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26

27

28

29

30

31

32

33

34

35

36

37

38

26.0' - EL. 81.5

28.0' - EL. 79.5

30.0' - EL. 77.5

Medium chips

20-30 sand

2-in OD, Sch 40, 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/27/2012 END: 6/27/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.48 TIME: 11:56 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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40.0' - EL. 67.5

44.8' - EL. 62.7
Auger refusal at 45-ft; hard saprolite

WELL INSTALLATION LOG NO.: 1738MW07B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/27/2012 END: 6/27/2012

NORTH: 804957.71 EAST: 936759.884 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA.

WATER DEPTH 1: 8.0 TIME: 14:00 DATE: 6/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.48 TIME: 11:56 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 107.54

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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DEPTH/ELEV.

WELL INSTALLATION

SKETCH DETAILS
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17

-3.3' - EL. 110.2
-2.9' - EL. 109.8
-2.9' - EL. 109.7
-2.8' - EL. 109.7

0.0' - EL. 106.9

1.0' - EL. 105.9

1.5' - EL. 105.4

4.0' - EL. 102.9

6.0' - EL. 100.9

10.8' - EL. 96.1

2-in OD Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10 slot PVC

End of Boring at 11.0.

WELL INSTALLATION LOG NO.: 1738MW08A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804992.321 EAST: 936880.031 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. None

WATER DEPTH 1: 8.0 TIME: 17:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.68 TIME: 15:45 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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0

1

2

3

4

5

  0.00

  4.00

  8.00

 12.00

 16.00

DP-1

DP-2

DP-3

DP-4

75%

100%

100%

78%

1738MW08B-00(0.00-
1.00)
PID=0 

-

1738MW08B-01(1.00-
3.00)
PID=0 

-

1738MW08B-01 &
03D(5.00-7.00)
PID=0 

-

S-1(8.00-12.00)
PID=0 

-

S-2(12.00-16.00)
PID=0 

-

S-3(16.00-20.00)
PID=0 

Sample not described.

 1.00m - EL 105.88   
CLAY, SILTY, with gravel; (CL); dark brown; dry; medium
stiff; gravel is fine, subangular, igneous.

 1.50m - EL 105.38   
CLAY, with gravel; (CL); brown, yellowish with red
mottles; moist; soft; gravel is fine, rounded, igneous.

 4.00m - EL 102.88   
CLAY, SILTY, with gravel; (CL); light brown and red;
moist; medium stiff; gravel is fine, rounded, igneous.
Gray fracture traces.

 8.00m - EL 98.88   
CLAY, with silt; (CL); brown and red; damp; medium stiff.
Wet zone 8-9.5 ft.

Reddish-brown with gray mottles.

Red and yellowish-brown with gray mottles; gray fracture
traces; damp.

0.5-ft thick wet zone. Red and yellowish-brown with gray
mottles; gray fracture traces; damp.

Red with yellowish brown mottles; less gray fracture
traces; damp.

-

RESIDUAL.
-

RESIDUAL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

PID - MiniRAE 2000
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6

7

8

9

10

11

 20.00

 24.00

 28.00

 32.00

 36.00

DP-5

DP-6

DP-7

DP-8

DP-9

DP-10

68%

55%

93%

100%

100%

68%

-

S-4(20.00-24.00)
PID=0 

-

S-5(24.00-28.00)
PID=0 

-

S-6(28.00-32.00)
PID=0 

-

S-7(32.00-36.00)

-

S-8(36.00-40.00)
PID=0 

Yellowish brown and red; white and gray fracture traces
near bottom.

As above, but moist.

Soupy wet zone to 26.1. Yellowish brown with gray and
white fracture traces; damp.

Soupy wet zone to 29.9.

Soupy wet zone to 34.

Yellowish brown with red; black fracture traces; damp.

LOG OF BORING NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

PID - MiniRAE 2000
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 40.00

 42.50

A-N

42.50m - EL 64.38   
End of Boring at 42.5.

LOG OF BORING NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

PID - MiniRAE 2000
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17

-3.0' - EL. 109.8
-2.6' - EL. 109.5
-2.6' - EL. 109.4
-2.5' - EL. 109.4

0.0' - EL. 106.9

1.0' - EL. 105.9

2-in OD Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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WELL INSTALLATION
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33

34

35

36

37

38

21.0' - EL. 85.9

23.0' - EL. 83.9

24.0' - EL. 82.9

33.8' - EL. 73.1
34.0' - EL. 72.9

Medium chips

20-30 sand

2-in OD, Sch 40. 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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End of Boring at 42.5

WELL INSTALLATION LOG NO.: 1738MW08B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/23/2012 END: 6/23/2012

NORTH: 804990.87 EAST: 936884.587 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 8.0 TIME: 10:00 DATE: 6/23/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.55 TIME: 15:47 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 106.88

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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DEPTH/ELEV.

WELL INSTALLATION

SKETCH DETAILS
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17

-3.1' - EL. 109.8
-2.8' - EL. 109.5
-2.8' - EL. 109.4
-2.7' - EL. 109.4

0.0' - EL. 106.7

1.0' - EL. 105.7

2.0' - EL. 104.7

4.0' - EL. 102.7

5.5' - EL. 101.2

10.3' - EL. 96.4

2-in OD, Sch 40 PVC

Medium chips

20-30 sand

2-in OD. Sch 40, 10 slot PVC

Eno of boring at 10.5.

WELL INSTALLATION LOG NO.: 1738MW09A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/20/2012 END: 6/20/2012

NORTH: 804915.949 EAST: 937066.886 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First emcountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 hours ELEV. DATUM: MSL+100

WATER DEPTH 3: 7.70 TIME: 15:43 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW GROUND ELEV.: 106.68

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge
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  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

50%

95%

35%

88%

1738MW09B-00(0.0-
1.0)
PID=0 

-

1738MW09B-01(1.0-
3.0)
PID=0 

-

S-1(4.0-5.0)
PID=0 

-

1738MW09B-03(5.0-
7.0)
PID=0 

-

S-2(8.0-12.0)
PID=0 

-

S-3(12.0-16.0)
PID=0 

-

S-4(16.0-20.0)
PID=0 

  0.0' - EL 107.1   
CLAY, with silt; (CL); brown; damp; soft.

  4.0' - EL 103.1   
CLAY, SILTY, with sand; (CL); light brown and red; moist;
soft; sand is coarse.

Mottled; brown, gray, tan, and red. Damp. Wet at 7.8 ft.

 12.0' - EL 95.1   
CLAY, SILTY; (CL); mottled; damp; medium stiff.  Red and
green w/ diagonal white fractures.
Wet zone 13-13.7 ft.

 16.0' - EL 91.1   
CLAY, SILTY; (CL); red and green; damp; stiff.  White
inclusions.

RESIDUAL.

-

RESIDUAL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

PID - MiniRAE 2000
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32

33

34

35
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37

38

 20.0

 24.0

 28.0

 32.0

 36.0

DP-5

DP-6

DP-7

DP-8

DP-9

DP-10

88%

100%

85%

78%

78%

80%

-

S-5(20.0-24.0)
PID=0 

-

S-6(24.0-28.0)
PID=0 

-

S-7(28.0-32.0)
PID=0 

-

S-8(32.0-36.0)
PID=0 

-

S-9(36.0-40.0)
PID=0 

Wet zone 20-22.3 ft.

Wet zone 25-26 ft.

Wet zone 28-29.5 ft.

Brown, green, and gray w/ white inclusions.

Moist.

LOG OF BORING NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

PID - MiniRAE 2000
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 40.0

 43.0

A-N

 43.0' - EL 64.1   
Drilled deeper to seal flowing mud. End of hole at 43 ft.

LOG OF BORING NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

PID - MiniRAE 2000
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17

-3.1' - EL. 110.2
-2.8' - EL. 109.9
-2.8' - EL. 109.9
-2.7' - EL. 109.8

0.0' - EL. 107.1

1.0' - EL. 106.1

2-in OD. Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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26.8' - EL. 80.3

28.8' - EL. 78.3

31.0' - EL. 76.1

Medium chips

20-30 sand

2-in OD, sch 40. 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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40.8' - EL. 66.3
41.0' - EL. 66.1

End of hole at 43 ft

WELL INSTALLATION LOG NO.: 1738MW09B
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/17/2012 END: 6/20/2012

NORTH: 804908.246 EAST: 937062.311 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 7.8 TIME: 9:30 DATE: 6/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 6.0 TIME: 9:00 DATE: 6/18/2012 DESCRIPTION: 24 Hrs. ELEV. DATUM: MSL+100

WATER DEPTH 3: 6.05 TIME: 15:42 DATE: 6/29/30 DESCRIPTION: Synoptic DTW GROUND ELEV.: 107.11

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000

S
T
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DEPTH/ELEV.

WELL INSTALLATION

SKETCH DETAILS
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18

  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

75%

100%

100%

100%

1738MW13-00(0.0-1.0)
PID=0 

-

1738MW13-01(1.0-3.0)
PID=0 

-

S-1(4.0-8.0)
PID=0 

-

1738MW13-03(5.0-7.0)

-

S-2(8.0-12.0)
PID=0 

-

S-3(12.0-16.0)
PID=0 

-

S-4(16.0-17.0)
PID=0 

-

S-5(17.0-18.0)
PID=1 

  0.0' - EL 124.4   
SAND, GRAVELLY, with clay; (SP); light gray; dry; dense;
sand is medium to coarse; gravel is fine to coarse,
subangular, igneous.

  1.0' - EL 123.4   
CLAY, SILTY; (CL); dark brown, reddish; damp; medium
stiff.

  4.0' - EL 120.4   
CLAY, SILTY, with gravel; (CL); brown and tan; dry; medium
stiff; gravel is fine, subangular, igneous.

Gray, light-brown and tan.

FILL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW13
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/14/2012 END: 6/20/2012

NORTH: 804688.985 EAST: 936893.92 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 22.0 TIME: 14:30 DATE: 6/14/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 18.03 TIME: 16:13 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.40

PID - Mini-RAE 2000
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 20.0

 24.0

 28.0

 32.0

 36.0

DP-5

DP-6

DP-N

DP-7

DP-8

100%

50%

75%

100%

-

S-6(18.0-19.0)
PID=59 

-

S-7(19.0-20.0)
PID=123 

-

1738MW13-11(22.0-
23.0)
PID=2026 

-

1738MW13-12(23.0-
24.0)
PID=1953 

-

S-8(28.0-31.0)
PID=0 

-

S-9(32.0-33.0)
PID=35 

-

S-10(33.0-34.0)
PID=32 

-

S-11(34.0-35.0)
PID=19 

-

S-12(35.0-36.0)
PID=0 

Petroleum odor.

Petroleum odor.  Gray, brown and green; Trace rock
fragments.

 22.0' - EL 102.4   
CLAY, GRAVELLY, with silt; (CL); brown and green; damp;
medium stiff; gravel is fine to coarse, subangular, igneous;
petroleum odor.  Trace water in pores.

Interval accidentally skipped.

 28.0' - EL 96.4   
CLAY, SILTY; (CL); brown and tan; damp; medium stiff.

Brown.

Wet zone.

Moist zone.

Wet zone.

 36.0' - EL 88.4   

-

SAPROLITE

-

SAPROLITE

LOG OF BORING NO.: 1738MW13
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/14/2012 END: 6/20/2012

NORTH: 804688.985 EAST: 936893.92 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 22.0 TIME: 14:30 DATE: 6/14/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 18.03 TIME: 16:13 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.40

PID - Mini-RAE 2000
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-2.9' - EL. 127.3
-2.5' - EL. 126.9
-2.4' - EL. 126.8
-2.4' - EL. 126.8

0.0' - EL. 124.4

1.0' - EL. 123.4

2-in OD, Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW13
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/14/2012 END: 6/20/2012

NORTH: 804688.985 EAST: 936893.92 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 22.0 TIME: 14:30 DATE: 6/14/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 18.03 TIME: 16:13 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.40

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - Mini-RAE 2000
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WELL INSTALLATION

SKETCH DETAILS
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21.8' - EL. 102.6

23.8' - EL. 100.6

25.8' - EL. 98.6

35.8' - EL. 88.6

Medium chips

20-30 Sand

2-in OD, Sch 40, 10-slot PVC

WELL INSTALLATION LOG NO.: 1738MW13
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/14/2012 END: 6/20/2012

NORTH: 804688.985 EAST: 936893.92 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 22.0 TIME: 14:30 DATE: 6/14/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 18.03 TIME: 16:13 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.40

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - Mini-RAE 2000

S
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DEPTH/ELEV.

WELL INSTALLATION

SKETCH DETAILS
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  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

83%

85%

100%

90%

1738MW14-00(0.0-1.0)
PID=0 

-

1738MW14-01 &
01D(1.0-3.0)
PID=0 

-

S-1(4.0-8.0)
PID=0 

-

S-2(8.0-12.0)
PID=0 

-

S-3(12.0-16.0)
PID=0 

-

S-4(16.0-17.0)
PID=0 

-

1738MW14-09(17.0-
19.0)

  0.0' - EL 121.4   
GRAVEL, SANDY, with clay; (GP); gray; dry; dense; sand is
fine to coarse; gravel is fine to coarse,  subangular, igneous.

  1.5' - EL 119.9   
CLAY, SILTY; (CL); brown, orangish; dry; stiff.

  3.5' - EL 117.9   
CLAY, GRAVELLY, with silt; (CL); brown, reddish; damp;
stiff; gravel is coarse, subangular, igneous.

  4.0' - EL 117.4   
CLAY, SILTY; (CL); brown, orangish; dry; stiff.

1-in thick fine gravel layer.

Gray and tan.

 12.0' - EL 109.4   
CLAY, with silt; (CL); gray and light brown; damp;  stiff.
Green mottles.

Gray.

Reddish-brown w/ green mottles.

FILL.

-

RESIDUAL.

-

RESIDUAL.
-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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 20.0

 24.0

DP-5

DP-6

H-N

100%

50%

PID=0 

-

S-5(19.0-20.0)
PID=0 

-

1738MW14-11(21.0-
23.0)
PID=0 

Dark gray and brown w/ green mottles.

Refusal at 24.0. End of sample hole.

LOG OF BORING NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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 42.0  42.0' - EL 79.4   

LOG OF BORING NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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-2.9' - EL. 124.3
-2.5' - EL. 123.9
-2.4' - EL. 123.8
-2.3' - EL. 123.7

0.0' - EL. 121.4

1.0' - EL. 120.4

2-in OD Sch 40 PVC

WELL INSTALLATION LOG NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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24.5' - EL. 96.9

27.5' - EL. 93.9

30.4' - EL. 91.0

Medium chips

2-in OD, sch 40, 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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40.4' - EL. 81.0
40.6' - EL. 80.8

End of hole at 42.0

WELL INSTALLATION LOG NO.: 1738MW14
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 3 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804712.847 EAST: 936713.968 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado/Ammon

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 28.0 TIME: 9:00 DATE: 6/19/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 19.08 TIME: 15:57 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.41

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS

S
T

R
A

T
A

D
E

P
T

H

DEPTH/ELEV.

WELL INSTALLATION

SKETCH DETAILS

T
E

M
P

LA
T

E
=

8B
K

W
C

A
E

  F
IL

E
=

S
ite

 1
73

8.
G

E
O

  D
A

T
E

 P
R

IN
T

E
D

=
9/

14
/2

01
2 

 S
.O

.#
=

12
52

01

3



-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

DP-5

90%

85%

68%

63%

25%

1738MW15-00(0.0-1.0)
PID=0 

-

1738MW15-01(1.0-3.0)
PID=0 

-

S-1(4.0-8.0)
PID=0 

-

S-2(8.0-12.0)
PID=0 

-

1738MW15-05(9.0-
11.0)

-

S-3(12.0-16.0)
PID=0 

  0.0' - EL 121.5   
GRAVEL, SANDY, with clay; (GP); gray and brown; dry;
dense; sand is fine to coarse; gravel is fine to coarse,
subangular, igneous.

  4.0' - EL 117.5   
CLAY, GRAVELLY, with silt; (CL); brown and gray; damp;
stiff; gravel is fine to coarse, subangular, igneous.

 11.0' - EL 110.5   
CLAY, SILTY; (CL); dark brown and gray; damp; stiff.

 12.0' - EL 109.5   
CLAY, with silt; (CL); gray and brown; damp; stiff.  White
inclusions. More brown color with depth.

Sampler refusal at 20.0 ft.

FILL.

-

FILL.

-

RESIDUAL.

-

SAPROLITE.

SAPROLITE.

LOG OF BORING NO.: 1738MW15
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804834.915 EAST: 936791.85 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 20.0 TIME: 1:33 DATE: 6/20/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.54

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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 20.0

 26.0

H-N

Greenish gray and white. End of Boring at 20.0.

 26.0' - EL 95.5   
End of Boring at 26.0.

LOG OF BORING NO.: 1738MW15
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804834.915 EAST: 936791.85 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 20.0 TIME: 1:33 DATE: 6/20/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.54

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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-2.6' - EL. 124.1
-2.2' - EL. 123.7
-2.1' - EL. 123.6
-2.0' - EL. 123.5

0.0' - EL. 121.5

1.0' - EL. 120.5

10.0' - EL. 111.5

12.0' - EL. 109.5

14.8' - EL. 106.7

2-in OD Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW15
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804834.915 EAST: 936791.85 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 20.0 TIME: 1:33 DATE: 6/20/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.54

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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24.8' - EL. 96.7
25.0' - EL. 96.5

End of Boring at 26.0

WELL INSTALLATION LOG NO.: 1738MW15
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/16/2012 END: 6/20/2012

NORTH: 804834.915 EAST: 936791.85 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Maldonado/DeLong

EQUIPMENT: GeoProbe 7822DT/Reichdrill 650-WII DRILL CO.: JFA/CWPS

METHOD DETAILS:                       5-3/4 in down hole hammer. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 20.0 TIME: 1:33 DATE: 6/20/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: 20.73 TIME: 16:09 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 121.54

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
The soil was sampled by JFA and the well borehole advanced by CWPS
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  0.0

  4.0

  8.0

 12.0

 16.0

DP-1

DP-2

DP-3

DP-4

88%

100%

100%

100%

1738MW16-00 &
00D(0.0-1.0)
PID=0 

-

1738MW16-01(1.0-3.0)
PID=0 

-

1738MW16-03, MS &
MSD(5.0-7.0)
PID=0 

-

S-1(8.0-12.0)
PID=0 

-

S-2(12.0-16.0)
PID=0 

-

S-3(16.0-20.0)
PID=0 

  0.0' - EL 109.1   
CLAY, SILTY; (CL); dark brown; damp; medium stiff.

  1.0' - EL 108.1   
CLAY, with silt; (CL); brown and gray; moist; medium stiff.
Mottled.

More gray beginning at 7 ft.

Wet zone 9-11 ft. Brown and gray; moist at 11 ft.

 12.0' - EL 97.1   
CLAY, SILTY; (CL); brown and gray; damp; stiff.

Brown; black vertical and horizontal fractures.

RESIDUAL.

-

RESIDUAL.

-

RESIDUAL.

LOG OF BORING NO.: 1738MW16
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/21/2012 END: 6/22/2012

NORTH: 804795.259 EAST: 937136.459 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 9.0 TIME: 17:00 DATE: 6/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 7.08 TIME: 15:35 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 109.08

PID - MiniRAE 2000
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 20.0

 24.0

 27.0

DP-5

DP-6

A-N

90%

78%

-

S-4(20.0-24.0)
PID=0 

As above with wet zone at 21.6-22.3, damp below.

 27.0' - EL 82.1   
End of Boring at 27.0.

LOG OF BORING NO.: 1738MW16
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/21/2012 END: 6/22/2012

NORTH: 804795.259 EAST: 937136.459 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 9.0 TIME: 17:00 DATE: 6/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 7.08 TIME: 15:35 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 109.08

PID - MiniRAE 2000
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18

-2.8' - EL. 111.9
-2.4' - EL. 111.5
-2.4' - EL. 111.4
-2.3' - EL. 111.4

0.0' - EL. 109.1

1.0' - EL. 108.1

11.0' - EL. 98.1

12.8' - EL. 96.3

14.8' - EL. 94.3

2-in OD, Sch 40 PVC

Medium chips

20-30 sand

2-in OD, Sch 40, 10 slot PVC

WELL INSTALLATION LOG NO.: 1738MW16
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/21/2012 END: 6/22/2012

NORTH: 804795.259 EAST: 937136.459 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 9.0 TIME: 17:00 DATE: 6/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 7.08 TIME: 15:35 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 109.08

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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24.8' - EL. 84.3
25.0' - EL. 84.1

End of Boring at 27.0

WELL INSTALLATION LOG NO.: 1738MW16
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/21/2012 END: 6/22/2012

NORTH: 804795.259 EAST: 937136.459 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       4.25 in ID HSA. 1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 9.0 TIME: 17:00 DATE: 6/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: 7.08 TIME: 15:35 DATE: 6/29/2012 DESCRIPTION: Synoptic DTW ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 109.08

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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WELL INSTALLATION

SKETCH DETAILS
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  0.0

 15.0

 15.5

A-N

S-1

A-N

100% 50/6"
-

S-1(15.0-15.5)
PID=0.0 

  0.0' - EL 124.2   
SILT, CLAYEY, with gravel; (ML); gray; damp; gravel is fine,
subrounded, igneous.

 15.0' - EL 109.2   
GABRO; brown; damp; very hard; highly weathered;
indistinctly bedded; extremely closely fractured.

FILL

-

WEATHERED
GABBRO

LOG OF BORING NO.: 1738MW17
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END:

NORTH: 804670.158 EAST: 936847.058 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.5 TIME: 9:00 DATE: 8/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.20

PID - MiniRAE 2000

S
A

M
P

LE
D

E
P

T
H

 (
F

T
.)

S
A

M
P

LE
 T

Y
P

E
-N

U
M

B
E

R

R
E

C
O

V
E

R
Y

%

S
P

T
 B

LO
W

S
/

0.
5 

F
T

.
or

 (
R

Q
D

)

TEST
RESULTS

S
T

R
A

T
A

D
E

P
T

H

DESCRIPTION REMARKS

T
E

M
P

LA
T

E
=

8B
K

T
C

A
E

  F
IL

E
=

S
ite

17
38

.G
E

O
  D

A
T

E
 P

R
IN

T
E

D
=

3/
29

/2
01

3 
 S

.O
.#

=
12

52
01

2



18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

 19.0

 20.2

 22.0
 22.4

 30.0

S-2

A-N

S-3

A-N

100%

100%

25
30
50/4"

50/5"

-

1738MW17-10(19.0-
20.2)
PID=0.0 

-

S-2(22.0-22.4)
PID=0.0 

Highly fractured, weathered Gabbro; dry; becoming highly
weathered, moist, with green and tan weathering.

Brown and decomposed; damp.

 30.0' - EL 94.2   
End of Boring at 30.0.

LOG OF BORING NO.: 1738MW17
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END:

NORTH: 804670.158 EAST: 936847.058 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.5 TIME: 9:00 DATE: 8/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.20

PID - MiniRAE 2000
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17

-3.3' - EL. 127.5
-3.0' - EL. 127.2
-2.9' - EL. 127.1
-2.9' - EL. 127.1

0.0' - EL. 124.2

1.7' - EL. 122.5

13.5' - EL. 110.7

2-in OD Sch 40 PVC

Bentonite crumbles seal

WELL INSTALLATION LOG NO.: 1738MW17
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END:

NORTH: 804670.158 EAST: 936847.058 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.5 TIME: 9:00 DATE: 8/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.20

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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18.0' - EL. 106.2

19.8' - EL. 104.4

29.8' - EL. 94.4

20-30 Sand

2-in OD Sch 40, 10-slot PVC

End of Boring at 30.0

WELL INSTALLATION LOG NO.: 1738MW17
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END:

NORTH: 804670.158 EAST: 936847.058 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.5 TIME: 9:00 DATE: 8/21/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 124.20

WELL LEGEND

Backfill Symbols
Pipe Symbols

Concrete Casing Cap

Grout Riser Cap

Cuttings Casing

Mixed Cuttings
and Bentonite

Riser

Bentonite Screen

Sand
Endcap or
Sensor

Gravel Cable

Packer

Void/ no
Backfill

For strata symbols, see attached legend sheet.

INSTALLATION/ DEVELOPMENT DESCRIPTION:

2-hour surge and purge

PID - MiniRAE 2000
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DEPTH/ELEV.

WELL INSTALLATION
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20

 16.0

 18.0

 20.0

DP-N

DP-1 73%

0

-

S-1(16.0-17.0)

-

S-2(17.0-18.0)
PID=6 

-

S-3(18.0-19.0)

-

1738SB104-10(19.0-
20.0)
PID=801 

-

S-5(20.0-21.0)

 16.0' - EL 106.6   
SAND, GRAVELLY, with clay; (GP); green; dry; medium
dense; sand is fine to coarse; gravel is fine to coarse,
subangular, igneous; petroleum odor.

 17.0' - EL 105.6   
SAND, with clay; (GP); green; damp; medium dense; sand
is fine to coarse; petroleum odor.

Residual-phase NAPL

 20.0' - EL 102.6   
CLAY, SILTY; (CL); green; damp; medium stiff; petroleum
odor.

-

RESIDUAL.

-

RESIDUAL.

-

SAPROLITE.

LOG OF BORING NO.: 1738SB104A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/27/2012 END: 6/27/2012

NORTH: 804772.795 EAST: 936813.032 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 29 TIME: 15:00 DATE: 6/27/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 122.57

PID - MiniRAE 2000
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41

 24.0

 28.0

 32.0

DP-2

DP-3

DP-4 100%

PID=361 
-

S-6(21.0-22.0)
PID=500 

-

S-7(22.0-23.0)
PID=1044 

-

S-8(23.0-24.0)
PID=919 

-

S-9(24.0-25.0)
PID=1478 

-

S-13(28.0-29.0)
PID=1 

-

S-14(29.0-30.0)
PID=25 

-

S-15(30.0-31.0)
PID=3 

-

S-16(31.0-32.0)

No NAPL

No LNAPL. Liner stuck in Sampler.

Wet zone 29-30 ft.

 32.0' - EL 90.6   
End of boring at 32.0

LOG OF BORING NO.: 1738SB104A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 6/27/2012 END: 6/27/2012

NORTH: 804772.795 EAST: 936813.032 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Edwin Maldonado

EQUIPMENT: GeoProbe 7822DT DRILL CO.: JFA

METHOD DETAILS:                       1.5 in ID macrocore w/ actetate liner.

WATER DEPTH 1: 29 TIME: 15:00 DATE: 6/27/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 122.57

PID - MiniRAE 2000
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 18.0

A-N

S-1 50/0"
 18.0' - EL 107.3   

GABRO; dark gray; very hard; slightly weathered;
indistinctly bedded to very thickly bedded.  End of Boring at
18.0.

-

LOG OF BORING NO.: 1738SB106A
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/22/2012 END: 8/22/2012

NORTH: 804729.26 EAST: 936967.795 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: 8-ft East of SB106 BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1:  Dry TIME: 12:00 DATE: 8/22/2012 DESCRIPTION: During drilling INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 125.27
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 16.0

 18.0

 20.0

A-N

S-1

S-2

90%

90%

10
16

21

NR

7
8

9

12

5
6

-

S-1(16.0-17.0)
PID=175.0 

-

1738SB107-08(17.0-
18.0)
PID=1705.0 

-

S-2(18.0-20.0)
PID=1240.0 

-

S-3(20.0-21.0)
PID=303.0 

  2.0' - EL 121.3   
GRAVEL, with silt; (GP); gray and brown; dry; very dense;
gravel is fine to coarse, subangular, igneous.  From
cuttings.

  6.0' - EL 117.3   
SILT, CLAYEY, with gravel; (CL); brown and gray; damp;
hard; gravel is fine to coarse, subangular, igneous.  From
cuttings.

 16.0' - EL 107.3   
CLAY, SILTY; (CL); brown, grayish; damp; stiff; petroleum
odor.
Residual NAPL.

Olive drab; brown vertical fracture traces; moist; residual
NAPL.

Brown with gray and green staining.

-

FILL

-

FILL

-

SAPROLITE

LOG OF BORING NO.: 1738SB107
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END: 8/20/2012

NORTH: 804815.243 EAST: 936898.59 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 22.0 TIME: 1:00 DATE: 8/20/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.34

PID - MiniRAE 2000
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 22.0

 24.0

 26.0

 28.0

 30.0

S-3

S-4

S-5

S-6

S-7

95%

55%

100%

75%

95%

8
NR

3
3

5

NR

6
6

9

10

13
10

23

31

12
15

15

NR

-

1738SB107-11(21.0-
22.0)
PID=811.0 

-

S-4(22.0-24.0)
PID=117.0 

-

S-5(24.0-26.0)
PID=1422.0 

-

1738SB107-14(26.0-
28.0)
PID=175.0 

-

S-6(28.0-30.0)
PID=43.0 

Olive drab; nearly wet.

Olive drab and gray with brown vertical fractures; moist;
residual NAPL.

Brown with red and orange, weathered fracture; very
weathered zone; damp to moist; no staining, faint petroleum
odor.

Brown and light gray; damp; no staining or odor.

 30.0' - EL 93.3   
End of Boring at 30.0.

LOG OF BORING NO.: 1738SB107
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/20/2012 END: 8/20/2012

NORTH: 804815.243 EAST: 936898.59 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 22.0 TIME: 1:00 DATE: 8/20/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.34

PID - MiniRAE 2000
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  1.0

  3.0

  9.0

 11.0

 14.0

 16.0

 18.0

 19.0

 20.0

 20.6

A-N

S-1

A-N

S-2

A-N

S-3

S-4

S-5

A-N

S-6

50%

75%

95%

60%

80%

67%

8
11

17

17

14
15

14

16

25
26

24

25

25
50

50

-

S-1(1.0-3.0)
PID=0.0 

-

S-2(9.0-11.0)
PID=2.7 

-

S-3(14.0-16.0)
PID=8.0 

-

1738SB108-08(15.0-
16.0)
PID=108.0 

-

S-4(16.0-17.0)
PID=Over. 

-

1738SB108-09(17.0-
18.0)
PID=Over. 

-

S-5(18.0-19.0)
PID=1340.0 

-

S-6(20.0-20.6)
PID=Over. 

Gravel is fine to coarse, subangular, igneous.

  1.0' - EL 122.2   
GRAVEL, with silt; (GP); brown, grayish; dry; very dense;
gravel is fine to coarse, subangular, igneous.

  9.0' - EL 114.2   
SILT, CLAYEY, with sand; (CL); brown and gray; damp;
stiff; sand is fine.

 14.0' - EL 109.2   
CLAY, SILTY; (CL); brown and gray; damp; stiff.

Petroleum odor at 15.5 ft.

Green staining; petroleum odor; residual-phase NAPL; hard.

 20.0' - EL 103.2   
CLAY; (CL); dark green; damp; hard; petroleum odor.
Staining; no NAPL.

FILL

-

FILL

-

RESIDUAL

-

SAPROLITE

-

SAPROLITE

LOG OF BORING NO.: 1738SB108
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/15/2012 END: 8/16/2012

NORTH: 804759.431 EAST: 936840.47 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 27.8 TIME: 12:55 DATE: 8/15/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.23

PID - MiniRAE 2000

S
A

M
P

LE
D

E
P

T
H

 (
F

T
.)

S
A

M
P

LE
 T

Y
P

E
-N

U
M

B
E

R

R
E

C
O

V
E

R
Y

%

S
P

T
 B

LO
W

S
/

0.
5 

F
T

.
or

 (
R

Q
D

)

TEST
RESULTS

S
T

R
A

T
A

D
E

P
T

H

DESCRIPTION REMARKS

T
E

M
P

LA
T

E
=

8B
K

T
C

A
E

  F
IL

E
=

S
ite

 1
73

8.
G

E
O

  D
A

T
E

 P
R

IN
T

E
D

=
9/

14
/2

01
2 

 S
.O

.#
=

12
52

01

2



21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

 22.0

 23.5

 24.0

 26.0

 28.0

 30.0

A-N

S-7

A-N

S-8

S-9

S-10

100%

70%

100%

65%

22
30

30

-

S-7(22.0-23.5)
PID=9100.0 

-

S-8(24.0-25.0)
PID=93.0 

-

S-9(25.0-26.0)
PID=175.0 

-

S-10(26.0-27.0)
PID=186.0 

-

S-11(28.0-29.0)
PID=25.0 

-

S-12(29.0-30.0)
PID=28.0 

Olive drab; petroleum odor; residual NAPL.

Brown, gray, and tan; damp; no NAPL.

Wet zone; no NAPL.
Moist; no staining; faint odor.

 30.0' - EL 93.2   
End of Boring at 30.0.

LOG OF BORING NO.: 1738SB108
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/15/2012 END: 8/16/2012

NORTH: 804759.431 EAST: 936840.47 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 27.8 TIME: 12:55 DATE: 8/15/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.23

PID - MiniRAE 2000
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  1.0

  3.0

 16.0

 18.0

 20.0

A-N

S-1

A-N

S-2

S-3

45%

85%

6
13

15

18

3
5

-

1738SB109-01(1.0-3.0)
PID=0.0 

-

S-1(16.0-18.0)
PID=0.2 

-

S-2(18.0-19.0)
PID=0.0 

-

1738SB109-10(19.0-
20.0)
PID=0.2 

-

S-3(20.0-22.0)

  1.0' - EL 121.3   
GRAVEL, SILTY, with clay; (GP); gray; dry; dense; gravel is
fine to coarse, subangular, igneous.

Silty clay stringer at 11.0

 16.0' - EL 106.3   
CLAY, SILTY; (CL); green and gray; damp; very stiff; faint
petroleum odor.

No odor.

 20.0' - EL 102.3   
CLAY, with silt; (CL); gray and white; damp; medium stiff.

-

FILL

-

SAPROLITE

-

SAPROLITE

LOG OF BORING NO.: 1738SB109
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/22/2012 END:

NORTH: 804773.268 EAST: 936820.685 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.0 TIME: 9:30 DATE: 8/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 122.28

PID - MiniRAE 2000
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 22.0

 24.0

 26.0

S-4

S-5

S-6

95%

100%

100%

10
11

4
11

14

24

11
11

15

18

PID=0.0 

-

S-4(22.0-23.0)
PID=0.0 

-

1738SB109-12(23.0-
24.0)
PID=0.0 

-

S-5(24.0-25.0)
PID=0.0 

-

S-6(25.0-26.0)
PID=0.0 

Wet zone to 22.3.

 24.0' - EL 98.3   
CLAY, GRAVELLY, with silt; (CL); dark gray; wet; stiff;
gravel is fine to coarse, angular, igneous.

 25.0' - EL 97.3   
CLAY, SILTY, with gravel; (CL); brown, tan and gray; damp;
stiff; gravel is fine, angular, igneous.

 26.0' - EL 96.3   
End of Boring at 26.0.

-

SAPROLITE

-

SAPROLITE

LOG OF BORING NO.: 1738SB109
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/22/2012 END:

NORTH: 804773.268 EAST: 936820.685 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 20.0 TIME: 9:30 DATE: 8/24/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 122.28

PID - MiniRAE 2000
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A-N

A-1

S-2

S-3

80%

75%

80%

11
20

31

NR

8
30

14

NR

-

S-1(15.0-16.0)
PID=144.0 

-

1738SB110-08(16.0-
17.0)
PID=697.0 

-

S-2(17.0-19.0)
PID=3869.0 

PID=875.0 

-

1738SB110-10(20.0-
21.0)

 15.0' - EL 108.7   
SILT, CLAYEY; (ML); olive drab; damp; very stiff; petroleum
odor.  Staining; no NAPL.

Brown and tan; petroleum odor, no staining; Residual-phase
NAPL.

-

SAPROLITE

LOG OF BORING NO.: 1738SB110
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/24/2012 END: 8/24/2012

NORTH: 804730.299 EAST: 936861.399 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: TIME: DATE: DESCRIPTION: INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.69

PID - MiniRAE 2000
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 21.0

 23.0

 25.0

 27.0

S-4

S-5

S-6

55%

70%

65%

21
42

30

NR

16
17

26

NR

26
32
50/5"

PID=3485.0 
-

S-4(21.0-23.0)
PID=986.0 

-

S-5(23.0-24.0)
PID=51.0 

-

1738SB110-12(24.0-
25.0)
PID=59.0 

-

S-6(25.0-26.0)
PID=13.0 

-

1738SB110-13(26.0-
27.0)

Brown and rusty brown; vertical fracture traces stained
green; no NAPL.

 23.0' - EL 100.7   
SILT, GRAVELLY, with clay; (ML); brown; dark brown and
green; damp; very stiff; gravel is fine, subangular, igneous.
Faint petroleum odor.
Horizontal fracture; green; wet.

Wet zone.
Light brown, rusty brown and tan; damp; faint petroleum
odor.

 27.0' - EL 96.7   
End of Boring at 27.0.

-

LOG OF BORING NO.: 1738SB110
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/24/2012 END: 8/24/2012

NORTH: 804730.299 EAST: 936861.399 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: TIME: DATE: DESCRIPTION: INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.69

PID - MiniRAE 2000
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A-N

S-1

A-N

S-2

S-3

20%

75%

70%

11
15

12

6

14
24

14

NR

16
18

24

NR

15
17

-

S-1(5.0-7.0)
PID=0.0 

-

S-2(16.0-17.0)
PID=9999.0 

-

1738SB111-08(17.0-
18.0)
PID=9999.0 

-

S-3(18.0-20.0)
PID=9999.0 

-

S-4(20.0-21.0)
PID=9999.0 

GRAVEL, with silt and clay; (GP); brown and gray; damp;
very dense; gravel is fine to coarse, subangular, igneous.

 16.0' - EL 107.7   
SILT, CLAYEY, with gravel; (CL); dark brown, grayish;
damp; very stiff; gravel is fine, subangular, igneous;
petroleum odor. Residual-phase NAPL.

 18.0' - EL 105.7   
CLAY, with silt; (CL); brown, greenish; damp; very stiff;
petroleum odor.

Olive drab; vertical fracture traces; no NAPL.

FILL

-

SAPROLITE

-

SAPROLITE

LOG OF BORING NO.: 1738SB111
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 1 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/17/2012 END: 8/17/2012

NORTH: 804751.647 EAST: 936879.708 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 28.0 TIME: 14:00 DATE: 8/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.69

PID - MiniRAE 2000
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 22.0

 24.0

 26.0

 26.8

 28.0

 29.0

 30.0

 30.5

S-4

S-5

S-6

S-7

A-8

S-9

A-N

S-1

85%

75%

133%

100%

100%

23
NR

9
13

18

NR

13
27

40

NR

23
50/3"

NR

NR

28
60

NR

NR

50
NR

NR
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1738SB111-11(21.0-
22.0)
PID=9999.0 

-

S-5(24.0-26.0)
PID=9999.0 

-

S-6(26.0-26.8)
PID=9999.0 

-

1738SB111-14(28.0-
29.0)
PID=9999.0 

-

S-9(30.0-30.5)
PID=75.0 

Vertical fractures stained blue-green; no NAPL.

Olive drab; no staining.

Brown; no staining or fractures.

Brown; no staining or fractures; diminished odor.

 30.0' - EL 93.7   
IGNEOUS ROCK; light green; wet; very hard.  Faint
petroleum odor.

 30.5' - EL 93.2   
End of Boring at 30.5.

-

WEATHERED
GABBRO

LOG OF BORING NO.: 1738SB111
PROJECT: Site 1738 - Additional MtBE Investigation SHEET: 2 OF

LATITUDE: LONGITUDE: GEO. DATUM: START: 8/17/2012 END: 8/17/2012

NORTH: 804751.647 EAST: 936879.708 COORD. DATUM: PR/VI 5200 LOGGER: Mark DeJohn

STATION: OFFSET: BASELINE: DRILLER: Abraham Nunez

EQUIPMENT: Acker II Trailer DRILL CO.: GeoEnviroTech

METHOD DETAILS:                       3.5 in ID HSA. 1.375 in ID spoon. 140 lb donut hammer, 30 in fall.

WATER DEPTH 1: 28.0 TIME: 14:00 DATE: 8/17/2012 DESCRIPTION: First encountered INCLINATION:

WATER DEPTH 2: TIME: DATE: DESCRIPTION: ELEV. DATUM: MSL+100

WATER DEPTH 3: TIME: DATE: DESCRIPTION: GROUND ELEV.: 123.69

PID - MiniRAE 2000
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STRATIGRAPHIC SYMBOLS
Granular soils Cohesive Soils

Gravel Sand Silt Clay

Gravel, Sandy Sand, Gravelly Silt, Gravelly Clay, Gravelly

Gravel, Silty Sand, Silty Silt, Sandy Clay, Sandy

Gravel, Clayey Sand, Clayey Silt, Clayey Clay, Silty

Miscellaneous Materials

Cobbles, Boulders Peat or Muck Topsoil Fill

Slag Concrete Void Asphalt

Water Wood Coarse Waste Fine Waste

Sedimentary Rocks

Conglomerate Breccia Sandstone Siltstone

Shale Chert Claystone Silty Sandstone

Calcareous
Sandstone

Limestone Dolomite Chalk

Marl Coal Mudstone Argilaceous Limestone

Shaley Limestone
Carbonaceous
Shale

Shaley Dolomite Fire Clay

Shaley Sandstone Quartz
Carbonaceous
Limestone

Cherty Limestone

Silty Dolomite
Dolomitic
Limestone

Igneous Rocks

Diabase Pegmatite Granite Igneous Rock

Basalt

Metamorphic Rocks

Gneiss Schist Phyllite Gneissoid Granite

Quartzite Slate Metamorphic Rock Hornfels Porcelanite

Marble
Soapstone, Talc,
or Serpentine

Undifferentiated
Bedrock
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Well Detail and Sampling Logs 















































































































Daily Meter Calibration Record 



























Slug Test Data Plots 
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1738MW01B RISING HEAD TEST

Data Set:  K:\...\MW01B Rising Head Test_DMG.aqt
Date:  03/22/13 Time:  13:26:59

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW01B 
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.1456 ft/day
y0 = 0.01787 ft

AQUIFER DATA

Saturated Thickness:  42. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW01B)

Initial Displacement:  0.011 ft Static Water Column Height:  42. ft
Total Well Penetration Depth:  42. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft



0. 10. 20. 30. 40.
0.001

0.01

0.1

1.

Time (sec)

D
is

pl
ac

em
en

t (
ft)

1738MW01B FALLING HEAD TEST

Data Set:  K:\...\MW01B Falling Head Test_DMG.aqt
Date:  03/22/13 Time:  13:26:22

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW01B
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 6.208 ft/day
y0 = 0.03202 ft

AQUIFER DATA

Saturated Thickness:  42. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW01B)

Initial Displacement:  0.714 ft Static Water Column Height:  42. ft
Total Well Penetration Depth:  42. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW02R RISING HEAD TEST

Data Set:  K:\...\MW02R Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:30:47

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW02R
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.288 ft/day
y0 = 0.2542 ft

AQUIFER DATA

Saturated Thickness:  21. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW02R)

Initial Displacement:  1.904 ft Static Water Column Height:  21. ft
Total Well Penetration Depth:  21. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW02R FALLING HEAD TEST

Data Set:  K:\...\MW02R Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:30:20

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW02R
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.8852 ft/day
y0 = 0.1827 ft

AQUIFER DATA

Saturated Thickness:  21. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW02R)

Initial Displacement:  1.217 ft Static Water Column Height:  21. ft
Total Well Penetration Depth:  21. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW07A RISING HEAD TEST

Data Set:  K:\...\MW07A Rising Head_DMG.aqt
Date:  04/02/13 Time:  11:12:20

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW07A
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.3201 ft/day
y0 = 0.6446 ft

AQUIFER DATA

Saturated Thickness:  6. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW07A)

Initial Displacement:  0.744 ft Static Water Column Height:  6. ft
Total Well Penetration Depth:  6. ft Screen Length:  5. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW07B RISING HEAD TEST

Data Set:  K:\...\MW07B Rising Head_DMG.aqt
Date:  04/02/13 Time:  11:13:21

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW07B
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.6071 ft/day
y0 = 1.526 ft

AQUIFER DATA

Saturated Thickness:  36. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW07B)

Initial Displacement:  2.658 ft Static Water Column Height:  36. ft
Total Well Penetration Depth:  36. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW07B FALLING HEAD TEST

Data Set:  K:\...\MW07B Falling Head_DMG.aqt
Date:  04/02/13 Time:  11:14:13

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW07B
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.9942 ft/day
y0 = 1.72 ft

AQUIFER DATA

Saturated Thickness:  36. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW07B)

Initial Displacement:  2.321 ft Static Water Column Height:  36. ft
Total Well Penetration Depth:  36. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW08A RISING HEAD TEST

Data Set:  K:\...\MW08A Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:33:18

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW08A
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.689 ft/day
y0 = 1.063 ft

AQUIFER DATA

Saturated Thickness:  7. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW08A)

Initial Displacement:  1.822 ft Static Water Column Height:  7. ft
Total Well Penetration Depth:  7. ft Screen Length:  5. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW08A FALLING HEAD TEST

Data Set:  K:\...\MW08A Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:32:56

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW08A
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.729 ft/day
y0 = 1.011 ft

AQUIFER DATA

Saturated Thickness:  7. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW08A)

Initial Displacement:  1.19 ft Static Water Column Height:  7. ft
Total Well Penetration Depth:  7. ft Screen Length:  5. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW08B RISING HEAD TEST

Data Set:  K:\...\MW08B Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:34:16

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW08B
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.48 ft/day
y0 = 2.162 ft

AQUIFER DATA

Saturated Thickness:  28. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW08B)

Initial Displacement:  2.787 ft Static Water Column Height:  28. ft
Total Well Penetration Depth:  28. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW08B FALLING HEAD TEST

Data Set:  K:\...\MW08B Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:33:53

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW08B
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.253 ft/day
y0 = 2.019 ft

AQUIFER DATA

Saturated Thickness:  28. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW08B)

Initial Displacement:  2.364 ft Static Water Column Height:  28. ft
Total Well Penetration Depth:  28. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW09A RISING HEAD TEST

Data Set:  K:\...\MW09A Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:36:15

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW09A
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 2.938 ft/day
y0 = 0.04845 ft

AQUIFER DATA

Saturated Thickness:  7. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW09A)

Initial Displacement:  0.138 ft Static Water Column Height:  7. ft
Total Well Penetration Depth:  7. ft Screen Length:  5. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW09A FALLING HEAD TEST

Data Set:  K:\...\MW09A Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:34:44

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW09A
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.3305 ft/day
y0 = 0.1957 ft

AQUIFER DATA

Saturated Thickness:  7. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW09A)

Initial Displacement:  0.228 ft Static Water Column Height:  7. ft
Total Well Penetration Depth:  7. ft Screen Length:  5. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW09B RISING HEAD TEST

Data Set:  K:\...\MW09B Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:37:07

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW09B
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.5887 ft/day
y0 = 2.47 ft

AQUIFER DATA

Saturated Thickness:  37. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW09B)

Initial Displacement:  2.362 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  37. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW09B FALLING HEAD TEST

Data Set:  K:\...\MW09B Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:36:41

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW09B
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 1.198 ft/day
y0 = 1.666 ft

AQUIFER DATA

Saturated Thickness:  37. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW09)

Initial Displacement:  2.485 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  37. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW13 RISING HEAD TEST

Data Set:  K:\...\MW13 Rising Head_DMG.aqt
Date:  03/22/13 Time:  13:44:35

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW13
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 19.5 ft/day
y0 = 2.199 ft

AQUIFER DATA

Saturated Thickness:  16. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW13)

Initial Displacement:  2.321 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  16. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW13 FALLING HEAD TEST

Data Set:  K:\...\MW13 Falling Head_DMG.aqt
Date:  03/22/13 Time:  13:44:14

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW13
Test Date:  August 26, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 20.99 ft/day
y0 = 1.841 ft

AQUIFER DATA

Saturated Thickness:  16. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW13)

Initial Displacement:  1.874 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  16. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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1738MW15 RISING HEAD TEST

Data Set:  C:\...\MW15 Rising Head_DMG.aqt
Date:  03/25/13 Time:  10:43:05

PROJECT INFORMATION

Company:  Michael Baker Jr., Inc.
Client:  NAPR
Project:  125201
Location:  1738
Test Well:  1738MW15
Test Date:  August 27, 2012

SOLUTION

Aquifer Model:  Confined
Solution Method:  Hvorslev

K  = 0.1326 ft/day
y0 = 0.3948 ft

AQUIFER DATA

Saturated Thickness:  10. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (1738MW15)

Initial Displacement:  0. ft Static Water Column Height:  10. ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.083 ft
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - SUBSURFACE SOIL
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 1738SB101 1738SB101 1738SB101 1738SB101 1738SB101 1738SB102 1738SB102 1738SB102
Sample ID 1738SB101-01 1738SB101-01D 1738SB101-04 1738SB101-06 1738SB101-08 1738SB102-01 1738SB102-04 1738SB102-08
Sample Date 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010
Sample Depth (ft bgs) 1.0 - 3.0 1.0 - 3.0 7.0 - 9.0 11.0 - 13.0 15.0 - 17.0 1.0 - 3.0 7.0 - 9.0 15.0 - 17.0

Volatiles (µg/kg)
Xylene, m/p- 8.8 U 7.1 U 10 U 8.6 U 9.3 U 9.8 U 9.2 U 8.6 U
Methyl Tert-Butyl Ether (MTBE) 4.4 U 3.6 U 5 U 2.1 J 37 4.9 U 4.6 U 130
Benzene 4.4 U 3.6 U 5 U 4.3 U 4.6 U 4.9 U 4.6 U 4.3 U
Toluene 4.4 U 3.6 U 5 U 4.3 U 4.6 U 4.9 U 4.6 U 4.3 U
Ethylbenzene 4.4 U 3.6 U 5 U 9.6 4.6 U 4.9 U 4.6 U 4.3 U
o-xylene 3.8 U 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U 4.4 U
Xylenes, total 4.4 U 3.6 U 5 U 4.3 U 4.6 U 4.9 U 4.6 U 4.3 U

BTEX (µg/kg)
Total BTEX 4.4 U 3.6 U 5 U 9.6 U 4.6 U 4.9 U 4.6 U 4.3 U

TPH (mg/kg)
Diesel Range Organics (DRO) 11 U 11 U 13 U 12 U 12 U 12 U 13 U 12 U
Gasoline Range Organics (GRO) 0.56 R 0.57 R 0.63 R 0.6 R 0.62 R 0.6 R 0.64 R 0.58 R
Total TPH 11 U 11 U 13 U 12 U 12 U 12 U 13 U 12 U

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Revised FINAL 6-2013\SB 2010 Appendix_REV.xlsx,  SB Page 1 of 3



APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - SUBSURFACE SOIL
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p-
Methyl Tert-Butyl Ether (MTBE)
Benzene
Toluene
Ethylbenzene
o-xylene
Xylenes, total

BTEX (µg/kg)
Total BTEX

TPH (mg/kg)
Diesel Range Organics (DRO)
Gasoline Range Organics (GRO)
Total TPH

1738SB103 1738SB103 1738SB104 1738SB104 1738SB104 1738SB104 1738SB105 1738SB105
1738SB103-01 1738SB103-04 1738SB104-01 1738SB104-04 1738SB104-06 1738SB104-08 1738SB105-01 1738SB105-01D

9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010
1.0 - 3.0 7.0 - 9.0 1.0 - 3.0 7.0 - 9.0 11.0 - 13.0 15.0 - 17.0 1.0 - 3.0 1.0 - 3.0

8.2 U 7.4 U 0.58 J 9.1 U 8.8 U 8.6 U 8.8 U 9.4 U
4.1 U 3.7 U 4.5 U 13 4.4 U 4.9 4.4 U 4.7 U
4.1 U 3.7 U 4.5 U 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U
4.1 U 3.7 U 4.5 U 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U
4.1 U 3.7 U 4.5 U 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U
3.6 U 5 U 4.3 U 4.6 U 4.9 U 4.6 U 4.3 U 4.1 U
4.1 U 3.7 U 0.58 J 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U

4.1 U 3.7 U 0.58 J 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U

12 U 11 U 11 U 17 12 U 11 U 12 U 12 U
0.59 R 0.56 R 0.55 R 0.64 R 0.6 R 0.57 R 0.61 R 0.6 R

12 U 11 U 11 U 17 12 U 11 U 12 U 12 U
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - SUBSURFACE SOIL
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date
Sample Depth (ft bgs)

Volatiles (µg/kg)
Xylene, m/p-
Methyl Tert-Butyl Ether (MTBE)
Benzene
Toluene
Ethylbenzene
o-xylene
Xylenes, total

BTEX (µg/kg)
Total BTEX

TPH (mg/kg)
Diesel Range Organics (DRO)
Gasoline Range Organics (GRO)
Total TPH

1738SB105 1738SB105 1738MW11 1738MW11 1738MW11 1738MW12 1738MW12 1738MW12 1738MW12
1738SB105-04 1738SB105-07 1738MW11-01 1738MW11-04 1738MW11-08 1738MW12-01 1738MW12-01D 1738MW12-04 1738MW12-08

9/20/2010 9/20/2010 9/13/2010 9/13/2010 9/13/2010 9/14/2010 9/14/2010 9/14/2010 9/14/2010
7.0 - 9.0 13.0 - 15.0 1.0 - 3.0 7.0 - 9.0 15.0 - 17.0 1.0 - 3.0 1.0 - 3.0 7.0 - 9.0 15.0 - 17.0

7.6 U 10 U 7.5 U 9.8 U 9.4 U 8.9 U 9 U 9.8 U 8.5 U
3.8 U 5.1 U 3.8 U 4.9 U 3.6 J 4.4 U 4.5 U 4.9 U 4.2 U
3.8 U 5.1 U 0.61 J 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U
3.8 U 5.1 U 3.8 U 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U
3.8 U 5.1 U 3.8 U 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U
3.7 U 4.5 U 4.6 U 4.4 U 4.3 U 4.4 U 4.7 U 3.8 U 5.1 U
3.8 U 5.1 U 3.8 U 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U

3.8 U 5.1 U 0.61 J 4.9 U 4.7 U 4.4 U 4.5 U 4.9 U 4.2 U

11 U 11 U 12 UJ 13 UJ 12 UJ 12 U 12 U 11 U 11 U
0.53 R 0.54 R 0.6 R 0.63 R 0.6 R 0.61 R 0.59 R 0.57 R 0.54 R

11 U 11 U 12 U 13 U 12 U 12 U 12 U 11 U 11 U
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - GROUNDWATER
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 1738MW01 1738MW02 1738MW02 1738MW03 1738MW04 1738MW04 1738MW05 1738MW05L
Sample ID 1738GW01 1738GW02 1738GW02D 1738GW03 1738GW04 1738GW04D 1738GW05 1738GW05L
Sample Date 9/16/2010 9/16/2010 9/16/2010 9/18/2010 9/16/2010 9/16/2010 9/18/2010 9/18/2010

Volatiles (µg/L)
Xylene, m/p- 1 U 1 U 1 U 1000 J 1 U 1 U 1 U 0.43 J
Methyl Tert-Butyl Ether (MtBE) 1100 10 11 44000 0.5 U 0.5 U 5100 3400
Benzene 190 0.5 U 0.5 U 17000 0.5 U 0.5 U 0.5 U 2.5
Toluene 0.5 U 0.5 U 0.5 U 1100 0.5 U 0.5 U 0.5 U 0.5 U
Ethylbenzene 100 0.5 U 0.5 U 1700 0.5 U 0.5 U 0.5 U 0.57
o-xylene 0.5 U 0.5 U 0.5 U 160 J 0.5 U 0.5 U 0.5 U 0.078 J
Xylenes, total 0.5 U 0.5 U 0.5 U 1200 0.5 U 0.5 U 0.5 U 0.51

BTEX (µg/L)
Total BTEX 290 0.5 U 0.5 U 21,000 0.5 U 0.5 U 0.5 U 3.58

TPH (mg/L)
Diesel Range Organics (DRO) 0.5 U 0.54 U 0.53 U 3.7 0.5 U 0.5 U 0.5 U 0.54 U
Gasoline Range Organics (GRO) 1.7 0.5 U 0.5 U 36 0.5 U 0.5 U 1.5 1.1
Total TPH 1.7 1.04 U 1.03 U 39.7 1 U 1 U 1.5 1.1
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - GROUNDWATER
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Sample Date

Volatiles (µg/L)
Xylene, m/p-
Methyl Tert-Butyl Ether (MtBE)
Benzene
Toluene
Ethylbenzene
o-xylene
Xylenes, total

BTEX (µg/L)
Total BTEX

TPH (mg/L)
Diesel Range Organics (DRO)
Gasoline Range Organics (GRO)
Total TPH

1738MW05R 1738MW06 1738MW07 1738MW08 1738MW09 1738MW10 1738MW11 1738MW12
1738GW05R 1738GW06 1738GW07 1738GW08 1738GW09 1738GW10 1738GW11 1738GW12

9/20/2010 9/17/2010 9/21/2010 9/21/2010 9/19/2010 9/19/2010 9/17/2010 9/20/2010

250 U 1 U 1 U 1 U 1 U 0.15 J 32 1 U
9700 0.5 U 25 3 6.3 1600 9800 0.5 U

130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.66 71 0.5 U
130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 3.1 0.5 U
130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.15 J 32 0.5 U

130 U 0.5 U 0.5 U 0.5 U 0.5 U 0.81 106.1 0.5 U

0.54 U 0.51 U 0.5 U 0.51 U 0.5 U 0.56 U 1.1 0.56 U
2.5 0.5 U 0.5 U 0.5 U 0.5 U 0.8 2.8 0.5 U
2.5 1.01 U 1 U 1.01 U 1 U 0.8 3.9 1.01 U
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - ADDITIONAL DATA
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID 1738MW05R 1738MW12 1738SB101 1738SB101 1738SB102 1738SB102 1738SB104 1738SB104
Sample ID 1738GW05R 1738GW12 1738SB101-01 1738SB101-06 1738SB102-04 1738SB102-08 1738SB104-06 1738SB104-08
Sample Date 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010 9/20/2010
Depth 1.0 - 3.0 11.0 - 13.0 7.0 - 9.0 15.0 - 17.0 11.0 - 13.0 15.0 - 17.0

Total Inorganics (µg/L)
Iron 649 J 500 UJ
Manganese 580 J 583 J

Dissolved Inorganics (µg/L)
Manganese 554 J 564 J

Conventionals (mg/L)
Chemical Oxygen Demand 96 64
Nitrate (as N) 0.34 0.67

General Chemistry
Total Organic Carbon (mg/kg) 9660 3940 3110 2870 15700 4650

Microbial Plate Counts (# of colonies)
Actinobacillus 450
Brevundimonas vesicularis 5000
Ralstonia 13000
Pseudomonas resinovorans 28000
Pseudomonas aeruginosa 2000
Pasturella 700000

Qualifiers/Notes:
UJ - Reported quantitation limit is qualified as estimated
J - The analyte was positively identified; the quantitation is an estimation
µg/L -  micrograms per liter
mg/L - milligrams per liter
mg/kg - milligrams per kilogram
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Equipment Rinsates
Sample ID 1738ER01 1738ER02 1738ER03 1738ER04 1738ER05 1738ER06 1738ER07 1738ER08
Sample Date 9/13/2010 9/14/2010 9/16/2010 9/17/2010 9/18/2010 9/19/2010 9/20/2010 9/21/2010

Volatiles (µg/L)
Xylene, m/p- 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U
Methyl Tert-Butyl Ether (MtBE) 0.5 U 0.5 U 0.5 U 0.12 J 0.059 J 0.042 J 0.042 J 0.5 U
Benzene 0.5 U 0.5 U 0.5 U 0.27 J 0.2 J 0.17 J 0.13 J 0.071 J
Toluene 0.13 J 0.13 J 0.11 J 0.11 J 0.1 J 0.13 J 0.089 J 0.088 J
Ethylbenzene 0.5 U 0.5 U 0.5 U 0.065 J 0.046 J 0.041 J 0.5 U 0.5 U
o-xylene 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Xylenes, total 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U

BTEX (µg/L)
Total BTEX 0.13 J 0.13 J 0.11 J 0.45 J 0.35 J 0.34 J 0.22 J 0.16 J

TPH (mg/L)
Diesel Range Organics (DRO) 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.51 U 0.5 U
Gasoline Range Organics (GRO) 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Total BTEX 1 U 1 U 1 U 1 U 1 U 1 U 1.01 U 1 U
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APPENDIX B

SUMMARY OF ANALYTICAL  RESULTS - QUALITY ASSURANCE / QUALITY CONTROL
1738 MTBE INVESTIGATION REPORT

NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Sample Date

Volatiles (µg/L)
Xylene, m/p-
Methyl Tert-Butyl Ether (MtBE)
Benzene
Toluene
Ethylbenzene
o-xylene
Xylenes, total

BTEX (µg/L)
Total BTEX

TPH (mg/L)
Diesel Range Organics (DRO)
Gasoline Range Organics (GRO)
Total BTEX

Field Blank Trip Blanks
1738FB01 1738TB01 1738TB02 1738TB03
9/14/2010 9/16/2010 9/17/2010 9/21/2010

1 U 1 U 1 U 1 U
0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.11 J 0.5 U

0.11 J 0.093 J 0.091 J 0.1 J
0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U
0.5 U 0.5 U 0.5 U 0.5 U

0.11 J 0.09 J 0.2 J 0.1 J

0.091 J NA NA NA
0.5 U 0.5 U 0.5 U 0.5 U

0.09 J 0.5 U 0.5 U 0.5 U
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
             
Volatile Organics (µg/kg)
Benzene 1.3 U 0.99 U 0.96 U 0.93 U 1 U 1 U
Ethylbenzene 1.7 U 1.3 U 1.2 U 1.2 U 1.3 U 1.3 U
Methyl tert-butyl ether 2.7 U 2 U 1.9 U 1.9 U 2 U 2.1 U
Toluene 1.3 U 0.99 U 0.96 U 0.93 U 1 U 1 U
Xylenes, Total 1.5 U 1.1 U 1.1 U 1 U 1.1 U 1.1 U

BTEX (µg/kg)
Total BTEX 1.7 U 1.3 U 1.2 U 1.2 U 1.3 U 1.3 U

TPH DRO and GRO (mg/kg)
Diesel Range Organics 36  20  13  9.6  24  28  
Gasoline Range Organics 0.077 J 0.06 U 0.049 UJ 0.066 J 0.056 U 0.053 U
Total TPH 36.077 J 20 13 9.666 J 24 28

1738MW09B1738MW01B 1738MW02R 1738MW07B 1738MW07B 1738MW08B
1738MW01B-00 1738MW02R-00 1738MW07B-00 1738MW07B-00D 1738MW08B-00

6/17/2012
1738MW09B-00

6/13/2012 6/16/2012 6/24/2012 6/24/2012 6/23/2012
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/kg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics
Gasoline Range Organics
Total TPH

          

1.3 J 0.93 U 1 U 1.1 U 1.1 U
1.5 U 1.2 U 1.3 U 1.5 U 1.4 U
2.4 U 1.9 U 2 U 2.3 U 2.2 U
1.2 U 0.93 U 1 U 1.1 U 1.1 U
1.3 U 1 U 1.1 U 1.2 U 1.2 U

1.3 J 1.2 U 1.2 U 1.5 U 1.4 U

25  56  14  17  16  
0.048 U 0.054 U 0.24 J 0.12 J 0.14 J

25 56 14.24 J 17.12 J 16.14 J

1738MW16-00 1738MW16-00D
1738MW13 1738MW14 1738MW15 1738MW16 1738MW16

1738MW13-00 1738MW14-00 1738MW15-00

0.0 - 1.0
6/15/2012 6/16/2012 6/16/2012 6/21/2012 6/21/2012
0.0 - 1.0 0.0 - 1.0 0.0 - 1.0 0.0 - 1.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Note/Qualifiers:

   J - Estimated:  The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
   DRO - Diesel Range Organics
   ft bgs - feet below ground surface
   GRO - Gasoline Range Organics
   µg/kg - microgram per kilogram 
   mg/kg - milligram per kilogram
   MtBE - Methyl tert-butyl ether
   TPH - Total Petroleum Hydrocarbons
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
             
Volatile Organics (µg/mg)
Benzene 1 U 0.98 U 100 U 1.2 U 1.1 U 12000  
Ethylbenzene 1.4 U 1.3 U 4500  1.5 U 1.4 U 19000  
Methyl tert-butyl ether 2.1 U 2 U 200 U 2.3 U 2.2 U 12000  
Toluene 1 U 0.98 U 100 U 1.2 U 1.1 U 3400  
Xylenes, Total 1.1 U 1.1 U 110 U 1.3 U 1.2 U 91000  

BTEX (µg/kg)
Total BTEX 1.4 U 1.3 U 4500  1.5 U 1.4 U 125400  

TPH DRO and GRO (mg/kg)
Diesel Range Organics 22 U 33  42  14  5.9  210  
Gasoline Range Organics 0.056 U 0.11 J 11  0.049 U 1.3  1000 J
Total TPH 22  33.11 J 53  14  7.2  1210  

General Chemistry
FOC (%) NA NA NA NA NA NA
TOD (g/kg) NA NA NA NA NA NA

1738MW01B 1738MW01B 1738MW01B 1738MW02R 1738MW02R 1738MW02R
1738MW01B-01 1738MW01B-06 1738MW01B-11 1738MW02R-01 1738MW02R-07 1738MW02R-10

6/13/2012 6/13/2012 6/13/2012 6/16/2012 6/16/2012 6/16/2012
1.0 - 3.0 11.0 - 13.0 21.0 - 23.0 1.0 - 3.0 13.0 - 15.0 19.0 - 20.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

4.8  0.96 U 1 U 0.93 U 0.98 U 1 U
1.2 U 1.2 U 1.3 U 1.2 U 1.3 U 1.3 U
120  1.9 U 29  1.9 U 8.3 J 17 J
4.9  0.96 U 1 U 0.93 U 0.98 U 1 U
5.6 J 1.1 U 1.1 U 1 U 1.1 U 1.1 U

15.3  1.2 U 1.3 U 1.2 U 1.3 U 1.3 U

4.4 U 6.2 U 4.5 U 6.9 U 5.3 U 2.8 U
0.05 U 0.063 J 0.057 U 0.048 U 0.047 U 0.053 U
4.4  6.263 J 4.5  6.9  5.3  2.8 U

NA NA NA NA NA NA
NA NA NA NA NA NA

1738MW02R 1738MW07B 1738MW07B 1738MW08B 1738MW08B 1738MW08B
1738MW02R-17 1738MW07B-01 1738MW07B-03 1738MW08B-01 1738MW08B-03 1738MW08B-03D

6/16/2012 6/24/2012 6/24/2012 6/23/2012 6/23/2012 6/23/2012
33.0 - 35.0 1.0 - 3.0 5.0 - 7.0 1.0 - 3.0 5.0 - 7.0 5.0 - 7.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

0.93 U 0.98 U 0.99 U 0.89 U 0.98 U 140 U
1.2 U 1.3 U 1.3 U 1.2 U 1.3 U 2900  
1.9 U 46  32  1.8 U 2 U 280 U

0.93 U 0.98 U 0.99 U 0.89 U 0.98 U 140 U
1 U 1.1 U 1.1 U 0.98 U 1.1 U 3200  

1.2 U   1.3 U 1.2 U 1.3 U 6100  

4.8 U 1.3 U 5.6 U 9 U 6.5 U 31  
0.046 U 0.047 U 0.047 U 0.054 U 0.053 U 260  

4.8  13 J 5.6 J 9  6.5  291  

NA NA NA NA NA NA
NA NA NA NA NA NA

1738MW09B 1738MW09B 1738MW09B 1738MW13 1738MW13 1738MW13
1738MW09B-01 1738MW09B-03 1738MW09B-03D 1738MW13-01 1738MW13-03 1738MW13-12

6/17/2012 6/17/2012 6/17/2012 6/14/2012 6/14/2012 6/14/2012
1.0 - 3.0 5.0 - 7.0 5.0 - 7.0 1.0 - 3.0 5.0 - 7.0 23.0 - 24.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

0.86 U 0.82 U 0.96 U 0.92 U 0.88 U 0.81 U
1.1 U 1.1 U 1.2 U 1.2 U 1.1 U 1.1 U
1.7 U 1.6 U 1.9 U 1.8 U 1.8 U 1.6 U

0.86 U 0.82 U 0.96 U 0.92 U 0.88 U 0.81 U
0.95 U 0.91 U 1.1 U 1 U 0.96 U 0.89 U

1.1 U 1.1 U 1.2 U 1.2 U 1.1 U 1.1 U

12  8.4  6.9  5.1 U 7  10  
0.04 U 0.041 U 0.038 U 0.042 U 0.046 U 0.073 J

12  8.4  6.9  5.1  7  10.073  

NA NA NA NA NA NA
NA NA NA NA NA NA

1738MW14 1738MW14 1738MW14 1738MW14 1738MW15 1738MW15
1738MW14-01 1738MW14-01D 1738MW14-09 1738MW14-11 1738MW15-01 1738MW15-05

6/16/2012 6/16/2012 6/16/2012 6/16/2012 6/16/2012 6/16/2012
1.0 - 3.0 1.0 - 3.0 17-19 21.0 - 23.0 1.0 - 3.0 9.0 - 11.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

0.92 U 1 U 1.1 U 1.1 U 35 U 0.89 U
1.2 U 1.3 U 1.4 U 1.4 U 2200  1.2 U
1.8 U 2 U 2.2 U 3.3 J 70 U 1.8 U

0.92 U 1 U 1.1 U 1.1 U 35 U 0.89 U
1 U 1.1 U 1.2 U 1.2 U 2900  0.98 U

1.2 U 1.3 U 1.4 U 1.4 U 5100  1.2 U

4.1 U 10  7.8 U 2.5 U 27 J 5.7 U
0.043 U 0.048 U 0.056 U 0.047 U 63  0.042 U

4.1  10  7.8  2.5 U 90 J 5.7  

NA NA NA NA NA NA
NA NA NA NA NA NA

1738MW15 1738MW16 1738MW16 1738MW17 1738SB104 1738SB106
1738MW15-10 1738MW16-01 1738MW16-03 1738MW17-10 1738SB104-10 1738SB106-01

6/16/2012 6/21/2012 6/21/2012 8/21/2012 6/27/2012 6/27/2012
19.0 - 21.0 1.0 - 3.0 5.0 - 7.0 19.0 - 20.0 19.0 - 20.0 1.0 - 3.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

4100 J 5100 J 17000  150 J NA  530  
24000 J 47000 J 46000  51 U NA  110 J
3600 J 3700 J 32000  8100  NA  3400  
950 J 2900 U 970 U 40 U NA  35 U

120000 J 240000 J 49000  43 U NA  39 U

149050  292100  112000  150 J NA  640 J

100  77  48  2.5 U 63  4 U
780  560  330  0.47  NA  0.57  
880  637  378  0.47  NA  4.57  

NA NA NA NA NA NA
NA NA NA NA NA NA

1738SB107 1738SB107 1738SB107 1738SB107 17386B108 1738SB108
1738SB107-09 1738SB107-09D 1738SB107-11 1738SB107-14 1738SB108-01 1738SB108-08

8/20/2012 8/20/2012 8/20/2012 8/20/2012 8/15/2012 8/15/2012
17.0 - 18.0 17.0 - 18.0 21.0 - 22.0 27.0 - 28.0 1.0 - 3.0 15.0 - 16.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

            

1600  32 U 1.1 U 0.9 U 0.84 U 190 J
7800  41 U 1.5 U 1.2 U 1.1 U 510  
3400  490  1.2 J 2.9 J 8 J 3000  
190 J 32 U 1.1 U 0.9 U 0.84 U 41 U

32000  35 U 1.2 U 0.99 U 0.92 U 2400  

41590 J 41 U 1.5 U 1.2 U 1.1 U 3100 J

46  NA  10  NA  NA  NA  
580  0.038 U 0.058 U 0.05 U 0.048 U 220  
626  NA  10  NA  NA  NA  

NA NA NA 0.51 0.93 0.63
NA NA NA 3.6 NA 1.3

1738SB108 1738SB108 1738SB109 1738SB109 1738SB109 1738SB110
1738SB108-09 1738SB108-13 1738SB109-01 1738SB109-10 1738SB109-12 1738SB110-08

8/16/2012 8/16/2012 8/22/2012 8/24/2012 8/24/2012 8/24/2012
17.0 - 18.0 26.0 - 27.0 1.0 - 3.0 19.0 - 20.0 23.0 - 25.0 16.0 - 17.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
Depth Range (ft bgs)
 
Volatile Organics (µg/mg)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/kg)
Total BTEX

TPH DRO and GRO (mg/kg)
Diesel Range Organics 
Gasoline Range Organics
Total TPH 

General Chemistry
FOC (%)
TOD (g/kg)

              

7600  40 J 38 J NA 7000  9200  280  
18000  67 J 50 UJ NA 26000  4900  72 J
5700 J 1800  1900  NA 15000  48000  6400  

59000  190 J 65 J NA 8000  2000  140 J
110000  410 J 43 UJ NA 120000  19000  270 J

194600  707 J 103 J NA 161000  35100  762 J

NA  NA  NA  NA 170  8.8 U 2.4 U
1900  0.18 J 0.1 J NA 790  39  0.33  

NA  NA  NA  NA 960  47.8  0.33  

NA NA NA 1 NA NA NA
NA NA NA NA NA NA NA

1738SB110 1738SB110 1738SB110 1738SB111 1738SB111 1738SB1111738SB110
1738SB110-10 1738SB110-12 1738SB110-12D 1738SB111-08 1738SB111-11 1738SB111-141738SB110-13

8/24/2012 8/24/2012 8/24/2012 8/17/2012 8/17/2012 8/17/20128/24/2012
20.0 - 21.0 24.0 - 25.0 24.0 - 25.0 17.0 - 18.0 21.0 - 22.0 28.0 - 29.026.0 - 27.0
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - SUBSURFACE SOIL
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVTY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   J - Estimated: The analyte was postiviely identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   UJ - Reported quantitation limit is qualified as estimated.
   BTEX - Benzene, Toluene, Ethylbenzene, Xylenes
   DRO - Diesel Range Organics
   FOC - Fractional Organics Carbon
   ft bgs - feet below ground surface
   g/kg - gram per kilogram
   GRO - Gasoline Range Organics
   µg/kg - microgram per kilogram
   mg/kg - milligram per kilogram
   MtBE - Methyl tert-butyl ether
   NA - Not Analyzed
   % - Percent
   TOD - Total Oxidant Demand  
   TPH - Total Petroleum Hydrocarbons
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
               
Volatile Organics (µg/L)
Benzene 1.2  2.4  0.25 U 2.5  4200  3900  19000  
Ethylbenzene 1.9  9.5  0.25 U 0.66 J 570  540  1700  
Methyl tert-butyl ether 210  170  5600  3.2 J 39000  39000  43000  
Toluene 0.33 U 0.33 U 0.33 U 0.33 U 610  550  1500  
Xylenes, Total 0.75 U 9.6  0.75 U 0.75 U 2500  2600  2100  

BTEX (µg/L)
Total BTEX 3.1  21.5  0.75 U 3.16 J 7880  7590  24300  

TPH DRO and GRO (mg/L)
Diesel Range Organics 0.65  2.5  0.19 U 0.35  4.4 J 3.9  4.9  
Gasoline Range Organics 0.071  0.29  0.44  0.3  17  19  40  
Total TPH 0.721  2.79  0.44  0.65  21.4 J 22.9  44.9  

1738MW01 1738MW01A 1738MW01B 1738MW02 1738MW02R 1738MW02R 1738MW03
1738MW01-12C 1738MW01A-12C 1738MW01B-12C 1738MW02-12C 1738MW02R-12C 1738MW02R-D-12C 1738MW03-12C

8/18/20128/18/2012 8/18/2012 8/18/2012 8/18/2012 8/18/2012 8/18/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
 
Volatile Organics (µg/L)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics
Total TPH

              

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

0.5 U 6700  2400  14000  0.5 U 69  69  
0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

0.07 U 0.077 U 0.05 U 0.05 U 0.049 U 0.05 U 0.051 U
0.025 U 0.12  0.2  0.62  0.038 J 0.025 U 0.025 U

0.07 U 0.12  0.2  0.62  0.038 J 0.05 U 0.051 U

1738MW061738MW04 1738MW05 1738MW05L 1738MW05R 1738MW07 1738MW07
1738MW04-12C 1738MW05-12C 1738MW05L-12C 1738MW05R-12C 1738MW06-12C 1738MW07-12C 1738MW07D-12C

8/26/20128/18/2012 8/22/2012 8/24/2012 8/24/2012 8/25/2012 8/25/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
 
Volatile Organics (µg/L)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics
Total TPH

              

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
130  93  130  0.5 U 590  31  28  

0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.75 U 0.75 U 75 U 0.75 U 0.75 U 0.75 U

0.24  0.1  0.061 U 0.06 U 0.087 U 0.073 U 0.28  
0.025 U 0.025 U 0.014 J 0.025 U 0.061  0.025 U 0.025 U

0.24  0.1  0.014 J 0.06 U 0.061  0.073 U 0.28  

1738MW07A 1738MW07B 1738MW08 1738MW08A 1738MW08B 1738MW09 1738MW09A
1738MW07B-12C 1738MW08-12C 1738MW08A-12C 1738MW08B-12C 1738MW09-12C 1738MW09A-12C1738MW07A-12C

8/24/2012 8/25/2012 8/21/2012 8/22/2012 8/21/2012 8/20/2012 8/21/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
 
Volatile Organics (µg/L)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics
Total TPH

              

0.25 U 0.51 J 16 J 0.25 U 0.48 J 0.25 U 0.25 U
0.25 U 0.19 J 13 U 0.25 U 0.25 U 0.25 U 0.25 U
260  1300  6900  0.5 U 44  0.38 J 160  

0.33 U 0.33 U 20 J 0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.87 J 38 U 0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 1.57 J 36 J 0.75 U 0.75 U 0.75 U 0.75 U

0.066 U 0.074 U 1.2  0.055 U 0.2 U 0.067 U 0.43  
0.019 J 0.12  0.62  0.025 U 0.024 J 0.025 U 0.011 J
0.019 J 0.12  1.82  0.055 U 0.024 J 0.067 U 0.441 J

1738MW111738MW09B 1738MW10 1738MW12 1738MW13 1738MW14 1738MW15
1738MW09B-12C 1738MW10-12C 1738MW11-12C 1738MW12-12C 1738MW15-12C1738MW13-12C 1738MW14-12C

8/18/20128/20/2012 8/18/2012 8/16/2012 8/15/2012 8/17/2012 8/17/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Sample ID
Date
 
Volatile Organics (µg/L)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics
Total TPH

      

0.25 UJ 1.1 J 0.25 U
0.25 U 0.5 U 0.11 J
180  200  1.1 J

0.33 UJ 1.4 J 0.33 U
0.75 U 1.5 U 0.22 J

0.75 U 2.5 J 0.33 J

0.17 U 0.19 U 0.25 J
0.015 J 0.013 J 0.025 U
0.015 J 0.013 J 0.25 J

1738MW171738MW16 1738MW16
1738MW16-12C 1738MW16D-12C 1738MW17-12C

8/27/20128/18/2012 8/18/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - GROUNDWATER
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   J - Estimated: The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the Limit of Detection.
   UJ - Reported quantitation limit is qualified as estimated.
   BTEX - Benzene, toluene, ethylbenzene, xyelene
   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   MCLs - Maximum Contaminant Levels
   µg/L - microgram per liter
   mg/L - milligram per liter
   MtBE - Methyl tert-butyl ether
   TPH - Total Petroleum Hydrocarbons
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - QA/QC
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Date
                         
Volatile Organics (µg/L)
Benzene 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
Ethylbenzene 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
Methyl tert-butyl ether 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Toluene 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.34 J 0.33 U 0.33 U 0.33 U
Xylenes, Total 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

BTEX (µg/L)
Total BTEX 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.72 U 0.34 J 0.75 U 0.75 U 0.75 U

TPH DRO and GRO (mg/L)
Diesel Range Organics 0.66  0.14  0.21  0.12  0.16  0.29  0.29  0.42  0.31  0.25  0.19  0.15  
Gasoline Range Organics 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U
Total TPH 0.66  0.14  0.21  0.12  0.16  0.29  0.29  0.42  0.31  0.25  0.19  0.15  

8/24/20126/27/2012 8/17/2012 8/17/2012 8/18/2012 8/19/2012 8/21/2012
1738ER19 1738ER201738ER15 1738ER16 1738ER17 1738ER18

6/15/2012 6/16/2012 6/17/2012 6/21/2012 6/24/2012

Equipment Rinsates
1738ER09 1738ER10 1738ER11 1738ER12 1738ER13 1738ER14
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - QA/QC
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Site ID
Date
 
Volatile Organics (µg/L)
Benzene
Ethylbenzene
Methyl tert-butyl ether
Toluene
Xylenes, Total

BTEX (µg/L)
Total BTEX

TPH DRO and GRO (mg/L)
Diesel Range Organics
Gasoline Range Organics
Total TPH

                      

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U
0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
0.33 U 0.36 J 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U 0.33 U
0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

0.75 U 0.36 J 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U 0.75 U

0.14  0.081 J 0.18  0.057 J NA  NA  NA  NA  NA  NA  NA  
0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U 0.025 U

0.14  0.081 J 0.18  0.057 J NA  NA  NA  NA  NA  NA  NA  

Notes/Qualifiers:

   J - Estimated: The analyte was positively identified; the quantitation is an estimation.
   U - Non detected at the limit of detection.
   BTEX - Benzene, toluene, ethylbenzene, xylene
   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   µg/L - microgram per liter
   mg/L - milligram per liter
   MtBE - Methyl tert-butyl ether
   QA/QC - Quality Assurance/Quality Control
   TPH - Total Petroleum Hydrocarbons

8/28/20128/24/2012 8/26/2012 6/15/2012 8/26/2012 6/18/2012 6/24/2012 6/28/2012 8/20/2012 8/22/2012 8/27/2012
1738TB06 1738TB07 1738TB08 1738TB091738TB05

Equipment Rinsates Field Blanks Trip Blanks
1738TB101738ER21 1738ER22 1738FB03 1738FB04 1738TB04

K:\_SOUTHNAVFAC\125201 JM07\Site 1738\Report\Appendices\Appendix B\Data Tables-2012\4_QAQC Appendix.xlsx     QAQC App Page 2 of 2



IDW 



APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - IDW
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Sample ID
Date

Volatile Organics
Benzene 0.25 U NA
Ethylbenzene 0.25 U NA
Methyl tert-butyl ether 10 NA
Toluene 0.33 U NA
Xylenes, Total 0.75 U NA

TCLP Metals
Arsenic NA 0.2 U
Barium NA 1 U
Cadmium NA 0.1 U
Chromium NA 0.2 U
Lead NA 0.2 U
Mercury NA 0.02 UJ
Selenium NA 0.5 U
Silver NA 0.1 U

TCLP Volatile Organics
1,1-Dichloroethene NA 0.02 U
1,2-Dichloroethane NA 0.02 U
1,4-Dichlorobenzene NA 0.02 U
2-Butanone NA 0.2 U
Benzene NA 0.02 U
Carbon tetrachloride NA 0.02 U
Chlorobenzene NA 0.02 U
Chloroform NA 0.02 U
Hexachlorobutadiene NA 0.02 U
Tetrachloroethene NA 0.02 U
Trichloroethene NA 0.02 U
Vinyl chloride NA 0.02 U

TPH DRO and GRO
Diesel Range Organics 0.31 M 27 M
Gasoline Range Organics 0.025 U 1.1

RCI
Cyanide, Total (mg/kg) NA 0.34 U
Ignitability (mm/sec) NA NB
pH NA 8.59
Sulfide (mg/kg) NA 73 UH

mg/L mg/kg

mg/L

mg/L

µg/L

1738IDW03
8/28/2012

1738IDW04

Aqueous Solid
8/28/2012
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APPENDIX B

SUMMARY OF ANALYTICAL RESULTS - IDW
AOC F - SITE 1738

MtBE INVESTIGATION REPORT
NAVAL ACTIVITY PUERTO RICO, CEIBA, PUERTO RICO

Notes/Qualifiers:

   U - Non detected at the limit of detection.
   UJ - Reported quantitation limit is qualified as estimated.
   M - 
   NB - 
   UH - 
   DRO - Diesel Range Organics
   GRO - Gasoline Range Organics
   IDW - Investigation Derived Waste
   µg/L - micorgram per liter
   mg/kg - milligram per kilogram
   mg/L - milligram per liter 
   mm/sec - millimeter per second
   MtBE - Methyl tert-butyl ether
   NA - Not Analyzed
   RCI - Reactivity, Corrosivity, Ignitability
   TCLP - Toxicity Characteristic Leach Procedure
   TPH - Total Petroleum Hydrocarbons
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APPENDIX C 
2010 DATA VALIDATION SUMMARIES 

 



CompuChem SDG 1009153 
 

















CompuChem SDG 1009155 
 













CompuChem SDG 1009220 
 













CompuChem SDG 1009222 & 1009223 
 



















Puerto Rican Chemist Certification 
 
 
 



















2012 DATA VALIDATION SUMMARIES 
 



TA-Savannah SDG 680-80447-2 
 

















TA-Savannah SDG 680-80447-3 
 















TA-Savannah SDG 680-80651-1 
 
 















TA-Savannah SDG 680-80791-1 
 
 















TA-Savannah SDG 680-82163-1 
 
 



















TA-Savannah SDG 680-82287-1

















TA-Savannah SDG 680-82411-3 

















TA-Savannah SDG 680-82452-1 
 
 















Puerto Rican Chemist Certificates 
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