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1. INTRODUCTION

Quarterly groundwater sampling was conducted at Operable Unit (OU) 2 in March 2003.  The fieldwork

was performed in accordance with the Work Plan for Well Installation and Groundwater Sampling,

Operable Unit 2 (Tetra Tech NUS, 2002a), and the Project Operations Plan (POP) (ABB-ES, 1997).

2. FIELD ACTIVITIES

Tetra Tech NUS mobilized to the field on March 19, 2003, to perform quarterly sampling at Study Area

(SA) 2, SA 52, OU 2 and OU 3.  Work at OU 2 began on March 24, 2003.

2.1 Water Level Survey

Groundwater levels were measured in all wells and piezometers that could be located or were not

submerged under water at OU 2 on March 24, 2003.  Groundwater elevations for this field event and

previous events are summarized in Table 1.  Well caps were removed at least 0.5 hour before the first

round of water level measurements was collected.  A second round of water levels was collected a

minimum of 0.5 hour after the initial round.  If the difference in the water levels was greater than 0.05 foot,
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additional measurements were collected every 0.5 hour until the water level stabilized.  Staff gauge

readings in the canals were also taken on March 25, 2003, and are summarized in Table 1.

2.2 Sampling

Groundwater sampling was conducted at OU 2 from March 25-26, 2003.  Fifty-two wells were purged and

sampled.  All wells were purged and sampled using the low-flow method described in the POP.  Purging

of wells consisted of removing groundwater with a peristaltic pump at a flow rate of approximately

100 ml/min until field parameters (temperature, pH, conductivity, turbidity, and dissolved oxygen had

stabilized.  Water levels in the 2-inch wells were continuously monitored to maintain drawdown at less

than 0.3 foot.  In the 0.5-inch microwells, the small diameter of the well casing prevented simultaneous

measurement of the depth to water during purging.  Groundwater sample log sheets are included in

Appendix A.

Groundwater samples from all of the sampled wells at OU 2 were analyzed for TCL VOCs using SW 846

8260B, and iron and manganese using Method SW 846 6010B.  VOC samples were collected by the tube

evacuation method.

Twenty-five samples were analyzed for ions using USEPA Method 300.0A and twenty-one of those

samples were also analyzed for alkalinity using USEPA Method 310.1.  Samples with a pH less than

5.0 were not analyzed for alkalinity.  Six of the samples were also analyzed for dissolved organic carbon

(DOC) using USEPA Method 415.1.  Samples for DOC analysis were filtered in the field.

Twenty-three of the groundwater samples were submitted to the laboratory for light hydrocarbons,

permanent gases (aqueous samples), and hydrogen (gaseous samples) analyses.  Hydrogen samples

were collected using a gas bubble stripper in the field.  In addition, these samples were analyzed in the

field for natural attenuation (NA) parameters.

Eight surface water samples were collected and analyzed for TCL VOCs using SW 846 8260B, iron and

manganese using Method SW 846 6010B, and chloride using USEPA Method 300.

All samples for light hydrocarbons, permanent gases, and hydrogen were placed in ice-chilled coolers

and shipped via overnight delivery to Vaportech Services in Valencia, Pennsylvania.  All other samples

were placed in ice-chilled coolers and picked up by Accutest Laboratories in Orlando, Florida, for

analysis.
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2.3 Problems Encountered

Turbidity continued to be a problem in several OU 2 wells.  Turbidity was greater than 10 NTUs in 14 of

the 52 wells that were sampled. The repurging of 10 wells (OLD-OU2-02A, -02B, -03A, -03B, -21A, -21B,

-29A, -29B, -30A, and -30B) on March 27, 2003, was not documented.  This action was required for the

collection of light hydrocarbons, permanent gases, and hydrogen samples, because more than six hours

had passed since the initial purging of the wells on March 26.

3. RESULTS

3.1 Water Level Survey

Groundwater elevation data at OU 2 are presented in Table 1 and the potentiometric surface contours for

the shallow, and intermediate aquifer zones are presented in Figures 1 and 2.  Groundwater flow in the

surficial aquifer at OU 2 contains both horizontal and vertical components.  Away from the canals that are

present along the eastern and portions of the southern and western boundaries of the site, the gradients

are small and groundwater flows both horizontally and downward.  Close to the canals, the horizontal

gradient increases and the vertical gradient reverses (i.e., becomes upward) as groundwater is

discharged into the canals.  The horizontal groundwater flow direction in the intermediate zone of the

aquifer is very similar to the flow in the shallow portion.  The flow direction in the deep Hawthorn zone is

generally toward the southwest and is thought to be independent from the shallow and intermediate

zones of the surficial aquifer.  These flow directions are consistent with those reported earlier

(TtNUS, 2001a, 2002b, 2002c, 2002d, and 2003).

3.2 Data Validation

A limited data validation was performed using the USEPA Contract Laboratory Program guidelines for

inorganic and organic data review (USEPA, 1994 and 1999) and the Naval Facilities Engineering Service

Center (NFESC) guidelines “Navy Installation Restoration Chemical Data Quality Manual” (NFESC,

1999).  The data validation evaluated data completeness, holding time compliance, calibration

compliance, laboratory blank contamination, and detection limits.  The validation process results in

qualifiers that are shown with the analyte concentrations in Tables 2 through 8.

3.3 Analytical Results

The analyte detections for this round of sampling are summarized in Table 3 for groundwater and Table 4

for surface water.  The historical detections are compiled in Tables 5 and 6 for groundwater and surface

water, respectively.  Validated groundwater analytical data for the March 2003 sampling event are
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included as Table 7.  Shaded cells indicate concentrations equal to or greater than Florida Groundwater

Cleanup Target Levels (GCTLs) (FDEP, 1999) or established background concentrations

(ABB-ES, 1995).  Validated surface water analytical data for this event are included as Table 8.  Shaded

cells indicate concentrations equal to or greater than Florida Surface Water Cleanup Target Levels

(SWCTLs) (FDEP, 1999).  The distributions of contaminants detected above these criteria are shown on

Figure 3.

Some historical groundwater data provided in the tables and tag maps are Phase III results from the OU 2

Remedial Investigation (TtNUS, 2001).  If a well was not sampled during Phase III, data from Phase II are

provided.  Historical exceedances of inorganics from high turbidity wells are not shown on the tag maps,

but a note refers the reader to the Remedial Investigation Report.  Historical exceedances of organics in

high turbidity wells are shown on the exceedances maps.  If there is an exceedance of a screening

criterion in the current quarter, it is shown on the maps along with historical data.  If there was an

historical exceedance (excluding inorganics in high-turbidity wells) it is shown along with current data.

There are three groundwater contaminant plumes within OU 2, one in the northern section of the site, and

two to the south.  The north plume is identified by well pairs (A and B wells) OLD-OU2-02, OLD-OU2-03,

OLD-OU2-29, and OLD-OU2-30.  The upper south plume is defined by well pairs OLD-OU2-21, OLD-

OU2-27, and OLD-OU2-31, and the lower south plume is defined by well pairs OLD-OU2-18,

OLD-OU2-21, OLD-OU2-32, and OLD-OU2-33.  Although the southern plumes are discrete, well pair

OLD-OU2-21 serves as the upgradient, or background, pair for both plumes.

Iron was detected above screening criteria in most of the wells sampled and in all wells sampled in the

northern plume area.  The concentrations remained high in OLD-OU2-30A, –30B, and –3B and increased

significantly in –3A.  Manganese was also found above the screening criterion in four of the wells in this

area.  Benzene was detected slightly above the screening criterion in one well (OLD-OU2-30B) in the

northern plume area (1.5 µg/L).  No other organic constituent exceeded the screening criteria in the

northern plume area.

Benzene, trichloroethene (TCE), tetrachloroethene (PCE), and vinyl chloride were the primary VOCs

detected in the southern plumes (Figures 3 and 4).  Benzene, TCE, PCE, and vinyl chloride exceedances

were found in several intermediate wells.  The frequency of detection of benzene and TCE decreased,

and PCE increased compared to the December 2002 sampling event.  The frequency of vinyl chloride

detection reamined the same.  TCE exceeded its screening criterion in five wells (OLD-OU2-DP02A,

-32B, -18B, -DP02B, and -33B) in the area; benzene exceeded its criterion in five wells (OLD-OU2-27A,

-31B, -37B, -28B, and -33B); and vinyl chloride exceeded the screening criterion in nine wells (OLD-OU2-

27A, -27B, -31B, -37B, -28B, -DP02A, -18B, -DP02B, and -33B) (Figures 3 and 4).  PCE was found
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above the GCTL in three wells (OLD-OU2-18B, DP02A, and DP02B).  It should be noted that this event

marks the first occurrences of PCE and vinyl chloride in well OLD-OU2-DP02A, both are exceedances. In

addition, this is the first instance of cis-1,2-Dichlorethene exceedances in wells OLD-OU2-DP02 and

OLD-OU2-DP02B.  The maximum concentration of TCE (3550 J µg/L) was found in well OLD-OU2-18B

(duplicate sample).  The maximum benzene concentration was 17.9 µg/L in well OLD-OU2-27A, and the

maximum vinyl chloride concentration was 42 µg/L in well OLD-OU2-18B (Figure 4).

Iron concentrations exceeded the screening criterion in 5 surface water samples (SW29, SW33, SW30,

SW35, and SW36) collected in the drainage canals (see Figure 3). Manganese exceeded in one

sample (SW29).

3.4 Natural Attenuation Evaluation

Groundwater samples collected at the site during the March 2003 sampling event were analyzed for NA

indicator parameters to investigate the occurrence of conditions favorable for NA of the organic COCs in

the aquifer. The NA data are presented in Table 2.  The March 2003 sample results show consistently low

concentrations of the organic COCs in the shallow and intermediate portions of the aquifer in the northern

plume, but a significant increase in concentrations in the shallow portion of the aquifer in the southern

plume area (see Figures 3 and 4).  In the intermediate portion of the aquifer in the southern plume area,

concentrations of organic COCs exceeded GCTLs at eight well locations (OLD-OU2-18B, -27B, -28B,

-31B, -32B, –33B, -37B, -DP02B) (see Figure 4).  The concentrations of organics in the intermediate

portion of the aquifer were higher overall than in the shallow portion of the aquifer and were higher during

March 2003 than during any of the preceeding four quarters of sampling at several locations in the most

southern portion of the plume (e.g., OLD-OU2-18B).

The following discussion summarizes the NA indicator parameters that suggest that natural

biodegradation of the organic COCs is occurring in the aquifer.  The data are presented separately for the

shallow and intermediate aquifer depths, and only the key indicator parameter for wells located along the

longitudinal axes of the northern and southern plume areas of OU 2 are presented.  As indicated in the

following tables, the southern plume consists of two plume areas.  In addition to the NA parameter

summary data, hydrographs were prepared for monitoring wells within and around each of the plume

areas, separately for both shallow and intermediate depth wells, to help understand the hydrogeologic

setting and it’s potential impacts on the geochemistry of the aquifer (see Appendix B).
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NA Parameter Summary - Shallow Aquifer (March 2003)

Well(a) DO
mg/L

ORP
mV

NO3
mg/L

Diss. Fe
mg/L

SO4
mg/L

CH4
ug/L

H
nm/L

Ethene
ug/L

Ethane
ug/L

Cl
mg/L

29A 0.52 -19 <0.1 3.8 55.9 161.1 1.3 J 0.03 <0.01 55.6
30A <0.15 87 <0.1 T 33.6 2267.6 1 J 0.22 0.07 85.8
03A <0.15 -19 0.13/0.11 T <20 3729.6 2.2 J 0.03 0.15 <20N

or
th

Pl
um

e

02A <0.15 -43 <0.1 5.0 <20 3868.8 1.0 0.03 0.18 24

21A 0.50 86 <0.1 3.2 <20 <0.02 1.5 J <0.01 <0.01 <20
27A 0.48 24 <0.1 5.2 32.8 156.2 1.5 J 0.05 0.03 33.7

So
ut

h
Pl

um
e

31A 0.96 181 1.7 0.0 <20 4.6 2 J 0.01 <0.01 <20

21A 0.50 86 <0.1 3.2 <20 <0.02 1.5 J <0.01 <0.01 <20
32A 2.71 260 0.1 1.5 <20 0.4 1.8 J 0.04 <0.01 <20

So
ut

h
Pl

um
e

33A 1.29 181 1.7 0.0 <20 1.5 1.8 J 0.02 <0.01 <20
(a) Wells shown represent upgradient, in-plume, and downgradient wells, respectively along each plume axis.
T Elevated turbidity of groundwater prevented colormetric analysis.

NA Parameter Summary - Intermediate Aquifer (March 2003)

Well(a) DO
mg/L

ORP
mV

NO3
mg/L

Diss. Fe
mg/L

SO4
mg/L

CH4
ug/L

H
nm/L

Ethene
ug/L

Ethane
ug/L

Cl
mg/L

29B 0.63 -56 <0.1 3.0 <20 2.2 1.4 J <0.01 <0.01 <20

30B <0.15 -95 <0.1 6.4 <20 4188.5 1.8 J 0.10 0.23 93.1

03B <0.15 51 <0.1 3.0 <20 881.2 1.0 J <0.01 0.03 49.6N
or

th

Pl
um

e

02B <0.15 76 <0.1 4.2 24.4 97.6 1.4 J <0.01 <0.01 54.2

21B <0.15 -42 <0.1 4.2 <20 1637.8 50 J 0.03 0.09 <20

27B <0.20 -7 <0.1 2.0 40.6 1923.4 1.8 J 0.38 0.09 <20

So
ut

h
Pl

um
e

31B <0.15 -39 0.14 0.10 23.3 180.6 2.1 J 0.37 0.07 20.1

21B <0.15 -42 <0.1 4.2 <20 1637.8 50 J 0.03 0.09 <20

32B <0.15 -145 <0.1 1.1 <20 334.4 2.4 J 0.05 0.01 <20

33B <0.15 -158 <0.1 1.4 <20 1091.1 1.6 J 0.49 0.28 <20

18B <0.15 -141 <0.1 1.0 <20 795.7 2.3 J 5.11 0.43 <20

So
ut

h
Pl

um
e

DP02B 0.22 -82 <0.1 1.1 <20 1235.1 2.7 J 6.11 1.03 <20
(a) Wells shown represent upgradient, in-plume, and downgradient wells, respectively along each plume axis.

• The concentration of dissolved oxygen (DO) in groundwater across the plumes was typically less than

1.0 mg/L, but with some exceptions primarily in shallow wells in the southern plume area.  Recharge

to the aquifer that began in September 2002 (see Appendix B) appears to correlate with an influx of

oxygen to the groundwater, but the pronounced effect at wells OLD-OU2-31A, -32A, and –33A is not

readily explained by this mechanism alone.  Typically, DO concentrations below 1.0 mg/L indicate

conditions that tend to favor anaerobic reactions.  The oxidation–reduction potential (ORP) of the

aquifer was within the range favorable for anaerobic reactions (i.e., less than 250 millivolts) at nearly
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every location.  For most plume areas, the ORP in the intermediate portion of the aquifer was within

the negative range, between 0 and -199 millivolts than is indicative of iron and sulfate reduction

and/or methanogensis.  Like oxygen, ORP was relatively higher at shallow in-plume wells -31A, -32A,

and -33A in the south plume area.

• Ferrous iron (i.e., dissolved iron) concentrations were relatively high (typically 1 to 4 mg/L) at the in-

plume wells and the up-gradient wells.  This suggests that because oxygen is depleted the ferric iron

in the aquifer has been used as an electron acceptor under increasingly anaerobic conditions.  The

anomolusly low ferrous iron in the downgradient portions of the southern plume areas (i.e., wells -31A

and –33A) is consistent with the higher dissolved oxygen concentrations that are indicative of aerobic

conditions.  Again, it appears that geochemical conditions may have been affected by aquifer

recharge.

• Concentrations of sulfate were generally less than 20 mg/L, but several exceptions were noted in

both the shallow and intermediate portion of the aquifer (wells -29A, -30A, -27A, -27B, -028,

and -31B).  The relatively low sulfate concentrations indicate that sulfate is not over-competing for

electron donors. Persistent concentrations of sulfate >20 mg/L in the southern plume area

(i.e., wells –27A, -27B, and –31B) suggest that reductive dechlorination of the chlorinated COCs such

as PCE and TCE may be at a standstill; however, these COCs do not have a significant presence in

this area of the plume.

• The concentration of methane in many of the in-plume wells in the shallow (north plume) and

intermediate portion of the aquifer was greater than 500 µg/L.  These concentrations suggest that

methane is being produced as an end-product of the reductive dechlorination of the chlorinated

COCs.  However, the presence of methane also suggests that conditions are not favorable for the

oxidation of vinyl chloride (VC) and that this daughter product may accumulate in “strongly reduced“

areas within the aquifer.  As expected, methane production is very low in the more aerobic portions of

the plume (see DO discussion).  It was noted that VC was not detected in the aerobic plume areas

(wells –31A, -32A, and –33A) although VC was present at nearby up- or down-gradient wells.  The

presence of relatively high methane concentrations in the shallow, north plume area is not attributed

to reductive dechlorination, but may be related to other fermentative processes associated with

landfilled materials.

• The concentration of hydrogen in groundwater ranged between about 1 to 2.7 nanomoles per

liter (nm/L) in the in-plume and downgradient wells in both the shallow and intermediate portions of

the aquifer.  The concentration at upgradient well –21B (50 nm/L) is considered spurious data.  The

plume-well concentrations are characteristic of redox conditions that favor sulfate-reduction and is a
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good indicator that microbially-mediated reductive dechlorination is occurring. The high hydrogen

concentration at well 21A and the detection of 5.7 µg/L of TCE in this well during the December 2002

sampling event were not observed in March 2003 and suggest a temporal cause and effect event

related to high aquifer recharge prior to and during the December event.

In summary, the groundwater chemistry across the plume areas during the March 2003 sampling event

were generally indicative of anaerobic conditions that favor reductive dechlorination of chlorinated

compounds such as PCE, TCE, and DCE that are COCs.  In addition, benzene may be used as an

electron donor and thus destroyed during this process. On the other hand, aquifer conditions may be less

favorable for the in situ destruction of vinyl chloride; however, the transition zone from the aquifer to the

canal appears to facilitate geochemical conditions that prevent the discharge of COCs to surface water.  It

was noted that the March 2003 groundwater levels have fallen from the high levels observed during

December 2002.

4. GROUNDWATER EVALUATION SUMMARY

Five quarters of groundwater monitoring were conducted at OU 2 between March 2002 and March 2003.

A summary of NA indicator parameter results for samples collected from wells selected to represent each

of the plume areas at OU 2 has been presented in each quarterly report.  Figures 3 and 4 in this report

present the concentrations of all COCs that exceeded the screening criteria for OU 2 during all five

monitoring events.  In the northern plume area the COCs of concern are primarily iron and manganese

with only very low concentrations of benzene and vinyl chloride.  The northern plume area is defined by

concentrations of iron significantly greater than the background screening value (BSV) for McCoy Annex

(i.e. 1227 µg/L) and higher than on-site concentrations observed in wells OLD-OU2-22A and -22B

(maximum concentrations of 8050 and 1750 µg/L, respectively) that are upgradient of the landfill plume

area.  Within the iron plume, two wells showed concentrations of manganese above the screening level.

And, only one well showed concentrations of benzene and vinyl chloride above their screening level of

1 µg/L (i.e., well -03A) in the shallow aquifer, and two wells showed an exceedance of benzene in the

intermediate aquifer (i.e., wells 03B and -30B).  The maximum concentrations observed for these two

COCs were 7 µg/L and 4 µg/L, respectively.  The NA indicator parameters showed a persistent signature

of low dissolved oxygen, low ORP range, methane production, and available hydrogen in groundwater to

suggest a strongly reducing environment.  While these aquifer conditions may not be highly favorable for

microbial-mediated destruction of benzene and vinyl chloride, the low concentrations of these organics

present in the aquifer and their absence in surface water samples suggest that attenuation is limiting their

discharge to surface water.  On the other hand, iron is suspected to be a significant component of the

landfill material and geophysical surveys suggest the iron plume is related to landfill trenches in the
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northern plume area.  Therefore, the strongly reducing environment is likely to continue to support high

levels of dissolved (i.e., ferrous) and total iron in groundwater.  Surface water samples collected

immediately upstream and downstream of the area where the Northern plume contacts the drainage

canal did not indicate impacts from discharge of iron to surface water during the June, September, and

December 2002 sampling events (note: surface water samples were not collected in March 2002).

Anomalously high iron in both the upgradient and downgradient surface water samples detected during

the March 2003 event appears to be related to upgradient sources (or possibly sample turbidity).

The southern plume consists of a northern and southern section; the center lines of these areas are

approximately defined by the well sets shown in the NA Parameter Summary tables (see above).

Although iron exceeds the BSV in many of the southern plume wells, as documented in the RI and FS

reports, the concentrations observed are consistent with locally high iron (both on- and off-site) and are

attributed to reducing aquifer conditions; as such, iron is not considered a COC in either of the southern

plume areas, although it was monitored and the results have been presented (TtNUS, 2001b).   As

described above for the northern plume area, high iron in surface water appears to be the exception and

related to episodic events rather than the continual discharge from groundwater.  As can be seen in

Figures 3 and 4, high iron is much more prevalent in the intermediate aquifer depth which appears to be

even more strongly reduced than the shallow aquifer.

The northern section of the southern plume is defined primarily by benzene and VC in the intermediate

aquifer.  Only one shallow well, -27A, contained a persistent exceedance of these COCs during the five

quarters of sampling (one exceedance was observed at well -21A only during Dec-02).  Because well

-27A is located away from the drainage canal in what is considered to be a recharge area for the local

water-table aquifer, the benzene is likely the result of residual contamination in landfill material that was

detected in the area.  However, because trenches used to bury waste likely extended below the current

water table, it appears that most of the source material is impacting the lower portion of the water table

aquifer (i.e., COCs primarily detected in the intermediate wells).  The NA indicator parameters for this

plume area showed a persistent signature of low dissolved oxygen, low ORP range, methane production,

and available hydrogen in groundwater and suggest a strongly reducing environment.  While these

aquifer conditions may not be highly favorable for microbial-mediated destruction of benzene and vinyl

chloride, the relatively low concentrations of these organics (max. benzene = 17.9 µg/L;  max. VC =

6.6 ug/L) present in the aquifer and their absence in surface water samples suggest that attenuation is

limiting their discharge to surface water.  It was noted that the most downgradient portion of the shallow

portion of the plume (i.e., well -31A location) appears to be less reducing (e.g., higher DO, lower

methane) that may aid in limiting the discharge of benzene and VC by means of increased oxidation at

the groundwater/surface water interface (hyporheic zone).  This zone of exchange is an ecotone that lies
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between the surface water and groundwater environments (Hayashi, 2002) and is often characterized by

higher “dissolved oxygen provided by surface water exchange, particulate organic carbon occasionally

reburied by streambed deposition, dissolved organic carbon in groundwater, and microbes that are

typically associated with organic particles or biofilms that coat inorganic sediment particles.”

The southern section of the southern plume area is defined primarily by PCE and TCE (thought to be

components of land filled wastes) and their daughter products cis-1,2-dichloroethene and VC.  The

strongest source area is located adjacent to the southern portion of the drainage canal (i.e., well -18B)

where groundwater discharges to the canal and persistently lower concentrations of COCs have been

detected at wells located in more upgradient, recharge areas of the aquifer.  As described above for the

northern section of the southern plume, only one shallow well, -DP02A, contained an exceedance of

COCs during the five quarters of sampling.  Because well -DP02A is located adjacent to the drainage

canal in what is considered to be a discharge area for the local water-table aquifer, the COCs at this

location are considered to reflect upward flow of the deeper  contaminated groundwater toward the canal.

As described above for the northern section of the southern plume area, the NA indicator parameters for

this plume area showed a persistent signature of low dissolved oxygen, low ORP range, methane

production, and available hydrogen in groundwater and suggest a strongly reducing environment.  These

aquifer conditions may be highly favorable for microbial-mediated destruction of PCE and TCE and may

be responsible for the relatively low concentrations observed in wells located away from the canal.  A

reduction in the concentration of COCs between closely-spaced intermediate wells (i.e. -18B and DP02B)

and in a shallow/intermediate well pair located adjacent to the canal (i.e. DP02A and -02B) indicates that

attenuation processes are reducing the contaminant mass prior to groundwater discharge.  It was also

noted that the shallow portion of the plume (i.e., well -32A and -33A locations) appears to be less

reducing (e.g., higher DO, lower methane) that may aid in limiting the discharge of benzene and VC by

means of increased oxidation processes.  And, the hyporheic zone that lies between the surface water

and groundwater environments (see description above) appears to be providing additional attenuation

that further limits the discharge of COCs to the canal.  COCs were not detected in any of the surface

water samples collected immediately adjacent to wells -18B, -DP02B, and -DP02A (i.e., SW35 location).
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APPENDIX A

GROUNDWATER SAMPLE LOG SHEETS
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APPENDIX B

HYDROGRAPHS
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