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Wisconsin Department of Natural Resources
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Milwaukee, Wisconsin 53212

Re: Village of Whitefish Bay
Good Hope Road Property
5201 W. Good Hope Road
Milwaukee, Wisconsin
Investigation Data/Informational Package Submittal

Dear Jim and Pam,

Sigma Environmental Services, Inc. (Sigma), on behalf of the Village of Whitefish Bay, is hereby
submitting three copies of a subsurface investigation data/informational package for the
Village's property located at 5201 W. Good Hope Road in Milwaukee, Wisconsin. This package
summarizes results of initial subsurface investigative activities completed performed by STS
Consultants, LTD on the Village’'s property, results of additional investigative activities
completed by Sigma on the Village’s property, and results of investigative activities performed
on the Milwaukee Public School property which were conducted jointly by Sigma and Natural
Resources Technologies, Inc. (NRT) who is serving as consultant for the Presidio Square
property. Specifically, the following information is presented:

Tables

Table 1 Static Groundwater Elevations

Table 2 Summary of Soil Quality Analyticla Results
Table 3 Groundwater Quality Analytical Results
Table 4 Summary of Bioanalytical Results
Figures

Figure 2 Site Plan Map

Figure 3 Soil Quality Map

Figure 4 Groundwater Quality Map

Figure 5 Groundwater Contour Map

Figure 6 Potentiometric Map

Figure 7 Geologic Cross Section

Miscellaneous Information

Borings Logs/Well Construction Details
United States Air Force Natural Attenuation Screening Form
PHOSter Il Informational Package

The following summarizes the scope of work for the additional subsurface investigative
activities completed on the Village’s property and the MPS property.
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: AQE /\ ' ofis 58
bsurface investigation was performed in May and June of 1997

Tis phase of the additional su
and was overseen by Sigma.

o Installed four well nests on the Village’s property between May 19, 1997 and May 29,
1997. Each well nest consisted of one groundwater monitoring well and one
piezometer. Well nest MW-A/PZ-A was installed in the northeast corner of the southern
portion of the site (Figure 2); well nest MW-B/PZ-B was installed in the southeast corner
of the site; well nest MW-C/PZ-C was installed near the center of the southern portion
of the site; and well nest MW-D/PZ-D was installed in the southwest corner of the site
adjacent to existing monitoring well MW-22. Borehole logs and well construction details
are included as an attachment to this letter.

° Abandoned existing damaged monitoring wells MW-9 and MW-16 on May 19, 1997.

° The groundwater monitoring wells were screened to intercept the fill unit at the site and
the piezometers were screened to intercept the deeper sand and gravel unit. In addition,
the piezometers were installed through 10-inch PVC casing to minimize vertical cross
contamination between the lithologic units.

o One groundwater monitoring well, MW-E, was installed on May 27, 1997 adjacent to
the existing monitoring well MW-10 on the Village’s property.

o Each borehole advanced for installation of the wells and piezometers was continuously
logged and sampled for field screening of soil. In addition, one representative soil
sample was collected from boreholes PZ-A, PZ-B, PZ-C, and MW-E for laboratory
analysis of Volatile Organic Compounds (VOCs). Two representative soil samples were
collected from borehole PZ-D for laboratory analysis of VOCs. Results of the soil
analytical are presented in Table 2.

o One representative soil sample was collected from boreholes PZ-A, PZ-C, and PZ-D for
laboratory analysis of enumeration and nutrient parameters including total organic
carbon, nitrate, sulfate, phosphorous, iron, pH, moisture content, total kjeldahl nitrogen,
soluble ammonia nitrogen, total manganese, total heterotrophic bacteria plate count and
total hydrocarbon degrading bacteria plate count. Results of the biofeasibility analysis
are presented in Table 4.

° All site monitoring wells were surveyed for location and elevation to USGS datum.

o All newly installed groundwater monitoring wells and piezometers were developed prior
to sampling.

° Hydraulic conductivity testing (slug testing) was performed on MW-A, MW-B, MW-D,
PZ-A, PZ-C, and PZ-D.

° Two rounds (6/19/97 and 7/21/97) of water level data were obtained from all site
monitoring wells located on the Village’s property. Water level data is presented in
Table 1.

° All site monitoring wells were sampled on June 19th and 20th. All site monitoring wells
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were sampled for laboratory analysis of Volatile Organic Compounds (VOCs).
Groundwater from wells MW-A, MW-B, and MW-D were also sampled for laboratory
analysis of bioremediation and nutrient parameters including nitrate, sulfate, iron,
methane, ethane, ethene, total organic carbon, chloride, ammonia nitrogen, total kjeldahl
nitrogen, orthophosphate, total heterotrophic bacteria plate count, total hydrocarbon
degrading bacteria plate count, and aerobic methanotroph enumeration. Groundwater
analytical data is presented in Table 3.

Sut f I tigation - MPS P :
This phase of the additional investigation was performed in August of 1998. The work plan
for this phase of the investigation was developed jointly by Sigma and NRT. The investigative
activities for this phase were overseen by NRT personnel.

]

Three additional well nests (MPS MW-1/P-1, MPS MW-2/P-2 and MPS MW-3/P-3) were
installed between August 12 and August 14, 1998 on the MPS property to the south
of the Village's property. These wells were installed as part of a joint investigation
effort with Natural Resources Technologies, Inc. who is serving as consultant for the
Presidio Square property located to the west of the Village’'s property.

The groundwater monitoring wells installed on the MPS property were installed to
intersect the shallow groundwater table at the site, and the piezometers were screened
to intersect the deeper sand and gravel unit at the site. The piezometers were installed
using a double cased approach to minimize the potential for cross contamination
between the shallow groundwater unit and the deep groundwater unit. The first 25 feet
of the of the piezometers were advanced with 10 inch inside diameter hollow stem
augers. The remainder of the boring for each piezometer was completed using 6 inch
inner diameter hollow stem augers inserted through the 10 inch casing. Borehole logs
and well construction details are included as an attachment to this letter.

Each borehole advanced for installation of the wells and piezometers was continuously
logged and sampled for field screening of soil using a PID.

Each of the wells installed on MPS property were surveyed for location and elevation
to USGS datum.

Water level measurements were collected from the newly installed MPS wells, the wells
on the Village's property, and the wells on the Presidio Square property on August 18,
1998. Water level data is presented in Table 1.

MPS wells MW-1, P-1, P-2, and P-3 were sampled on August 19, 1998 for analysis of
VOCs in accordance with U.S. EPA Method 8260. The wells were also sampled for
nitrate-nitrite, sulfate, chloride, iron, methane, ethane, ethene, and total organic carbon
analysis. Wells MW-2 and MW-3 were not sampled because they were dry.
Groundwater analytical results are presented in Tables 3 and 4.

The following paragraphs summarize the results of the additional investigative activities
completed on the Village's and the MPS property.

Site Hydrogeology, Static water levels were measured in the monitoring wells and piezometers,
to determine the direction of groundwater flow, calculate horizonal and vertical hydraulic
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gradients and evaluate temporal fluctuations in the unconsolidated materials. Static water level
data is presented in Table 1.

Shallow groundwater elevation and gradients at the site generally reflect surface topography.
Groundwater ranged from 7.85 to 18.03 feet bgs in the shallow monitoring wells, and from
8.09 to 24.70 feet bgs in the piezometers (8/18/98 well/piezometer data). A shallow
groundwater contour map was drawn from the water level measurements collected from the
shallow monitoring wells on August 18, 1998 (Figure 5). A potentiometric surface map was
drawn from the water level measurements collected from the piezometers on August 18, 1998
(Figure 4). As shown on the shallow and the potentiometric groundwater contour maps,
groundwater flow is generally toward the east-southeast. There are steep horizontal and
vertical gradients near the western property line, which is consistent with topography.
Groundwater flow gradients flatten out near the central portion of the property. Additional
groundwater elevation data in the vicinity of Lincoln Creek will clarify what effect the
intermittent nature of the creek has on groundwater flow direction.

Water levei measurements (8/18/98 data) from the four well nests installed on the Village’'s
property (MW-A/PZ-A, MW-B/PZ-B, MW-C/PZ-C, and MW-D/PZ-D) were used to calculate
vertical hydraulic gradients. Downward gradients ranged from 0.053 to 0.411 feet/foot in the
other three well nests (MW-A/PZ-A, MW-B/PZ-B, MW-C/PZ-C). Horizontal hydraulic gradients
ranged from 0.0027 to 0.0145 feet/foot in the piezometers with a geometric mean of 0.0067
feet/foot. Horizontal hydraulic gradients ranged from 0.014 to 0.018 feet/foot in the shallow
monitoring wells, with a geometric mean of 0.016 feet/foot. Static water elevations and water
table elevations, referenced to mean sea level, are presented in Table 1.

Hydraulic conductivities of the unconsolidated materials were calculated from data obtained
during slug testing of monitoring wells MW-A, MW-B, and MW-D and piezometers PZ-A, PZ-C,
and PZ-D. Hydraulic conductivity values ranged from 1.1 x 10 to 5.7 x 10 centimeters per
second {cm/sec) in the three groundwater monitoring wells, to 8.2 x 10* to 3.8 x 102 cm/sec
in the piezometers. The geometric mean conductivity for the upper flow unit is 2.3 x 10®
cm/sec, and the geometric mean for the lower sand and gravel unit is 4.8 x 10 cm/sec. The
calculated values are consistent with the characteristic values for the materials adjacent to the
screens of the wells and piezometers (Fetter, 1988). The calculated values represent the
horizontal hydraulic conductivity of subsurface materials directly adjacent to the well screen,
but may not be indicative of overall aquifer conductivity. Additionally, the effect of disturbing
native soil conditions during drilling activities, prior to well installation, may influence the
conductivity values.

The average linear velocity for groundwater flow is determined by the formula:
V =Ki/n,

Where:
V =Groundwater Flow Velocity (feet/day)
n, =Effective Porosity (0.25 for the upper flow zone, 0.30 for the lower flow zone)
K =Hydraulic Conductivity [2.3 x 10 cm/sec (6.52 ft/day) for the upper zone, 4.8 x 10
cm/sec (13.61 ft/day) for lower zone]
I =Hydraulic Gradient (0.016 feet/foot for upper zone, 0.0067 feet/foot for the lower
zone)
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This formula indicates that the average linear groundwater flow velocity for the upper flow zone
is 0.42 feet/day and the average linear groundwater flow velocity for the lower saturated sand
and gravel unit is 0.30 feet/day. The calculated range of velocities may not be indicative of the
actual velocities of contaminant migration, since factors such as degradation, dispersion and
adsorption of the contaminants are not accounted for in the formula.

Soil Impacts - Contaminant Degree and Extent. Representative soil samples were collected from
boreholes PZ-A, PZ-B, PZ-C, PZ-D, and MW-E for laboratory analysis of VOCs. The results

confirm essentially the same combination of VOCs which were found during previous site
investigations conducted by STS. The VOCs appear to be a mixture of chlorinated solvents,
predominantly tetrachloroethene (PCE) and trichloroethene (TCE), and common petroleum based
solvents including ethylbenzene, xylenes and toluene.

The highest concentration of VOCs detected in the soil is in the southwestern portion of the
site. Reported concentrations of ethylbenzene and xylenes in the soil sample collected at the
8-10 foot depth interval from PZ-D were over an order of magnitude greater than the soil
cleanup standards for those compounds established in Chapter NR 720 of the Wisconsin
Administrative Code. Several other VOCs, including PCE and vinyl chloride, were detected at
elevated levels in this sample, however, no cleanup standard has been established for these
compounds. A second soil sample was collected at PZ-D from the 20-22 foot depth interval.
This sample also exhibited exceedances of NR 720 soil cleanup standards for ethylbenzene and
xylenes and elevated levels of several other VOCs, including PCE and TCE. The soil sample
collected from MW-E also had elevated concentrations of PCE and TCE.

Soil samples collected from boreholes PZ-A and PZ-C both had reportable concentrations of
various VOC compounds, but at much lower concentrations than reported for soil samples
collected from the southwest portion of the site. In addition, PCE and TCE were not detected
in the soil samples collected from these boreholes. The soil sample collected from borehole PZ-
B did not have any VOCs detected above the anaytical method detection limit. The soil
laboratory analytical results for soil samples collected from PZ-A, B, C, D, and MW-E are
summarized in Table 2 and on Figure 3.

The Photoionization Detector (PID) screening data, as noted on the boring logs, indicate that
depth of impacts varies from approximately four feet below ground surface to the water table
interface. There was a consistent pattern of low PID readings in surface soils to depths of
approximately four feet bgs even at locations where underlying soil contamination was
relatively high (PZ-D and MW-E). This may be due to clean fill placement which occurred during
site grading/closure operations.

Results of the additional investigation confirm that the highest concentration of VOCs in the
soil occur in the southwest portion of the site in the area roughly bounded by MW-10 to the
north, MW-11 to the east, and MW-D/PZ-D to the southwest. Based on the results of STS’s
investigation and soil vapor survey, there also appears to be soil contaminant hot spots
surrounding soil boring B-21 in the southern midsection of the Village’'s property and
surrounding soil boring B-15 in the central portion of the Village's property. Soil analytical
results for the Village's property, including results from the STS investigation, are shown on
Figure 3. Figure 3 also provides a preliminary delineation, based on STS and Sigma
investigation results, of the areas of highest source soil contamination which would be targeted
for remediation. It is estimated that approximately 24,000 cubic yards or 36,000 tons of
contaminated soil with PID readings greater than 100 ppm, based on the STS soil gas survey,
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are present at the site. In general, soil with PID, screening results above 100 ppm indicates the
presence of elevated VOC concentrations.

No soil impacts above the water table were identified during installation of the additional well
nests on the MPS property based on soil field screening performed by NRT.

- i ] As part of additional investigation,
groundwater samples were collected from all the monitoring wells located on the Village's
property for laboratory analysis of VOCs on June 19 and 20, 1997. The results of the analysis
are summarized on Figure 4 and Table 3. Analytical results for the August 19, 1998 sampling
of the MPS property wells are also presented as are analytical results from select wells installed
on the Presidio Square property. The results confirm the same combination of VOCs which
were found during previous investigations conducted by STS. The VOCs appear to be a
mixture of chlorinated solvents and associated daughter compounds, predominantly PCE, TCE,
dichloroethenes (DCE) and vinyl chloride, and petroleum based substances including
ethylbenzene, toluene and xylenes.

The highest concentration of VOCs on the Village’s property were reported at MW-D and PZ-D
in the southwest corner of the site. This is consistent with previous investigation results
reported by STS. Concentrations of several VOCs including PCE, TCE, cis-1,2-DCE, vinyl
chloride, ethylbenzene, toluene and xylenes are reported above the NR 140 Groundwater
Enforcement Standards. Enforcement Standards were also exceeded for various VOCs at MW-
25, MW-26, MW-4, MW-6, MW-10, MW-11, MW-18, PZ-A, MW-C, PZ-C, and MW-E.

In general, the concentration of VOCs in the groundwater across the Village’s property appears
to decrease to the north and to the east from the southwest corner of the site (MW-D/PZ-D).
Wells MW-B and PZ-B, located in the southeastern corner of the site, did not have any reported
Enforcement Standard exceedances for the June 1997 sampling event. Monitoring well MW-A,
located in the northeast corner of the southern portion of the site, also did not have any
Enforcement Standard exceedances. Well PZ-A, however, did have a reported Enforcement
Standard exceedance for vinyl chloride (0.79 ng/L). Monitoring well MW-6, located in the
northeast portion of the site, also had only one reported Enforcement Standard exceedance for
vinyl chloride (0.37 wg/l) during the June 1997 sampling event.

Groundwater samples were collected by NRT from the MPS monitoring wells on August 19,
1998 for laboratory analysis of VOCs. Samples could not be collected from shallow monitoring
wells MPS MW-2 and MPS MW-3 because these wells were dry on the sampling date. The
groundwater sample from MPS MW-1 did not have any detections for VOCs. Groundwater
samples collected from MPS P-1, P-2 and P-3 all had concentrations of cis-1,2 DCE and vinyl
chloride detected above their respective NR 140 Enforcement Standard. No PCE or TCE was
detected in any of the groundwater samples collected from the MPS property. The presence
of cis-1,2 DCE and vinyl chloride in the deep groundwater zone on the MPS property is likely
the result of the natural breakdown or attenuation of PCE and TCE found in upgradient source
areas on the Village’s property and the Presidio Square property. Based on the results of the
groundwater sampling on the MPS property, the down gradient extent of the groundwater
plume has not been defined.

As shown on Figure 4, there were also significant concentrations of VOC impacts in

groundwater samples collected from monitoring wells on the Presidio Square property.
Specifically, MW-27, MW-101 and MW-103 had concentrations of various chlorinated VOCs
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and BTEX compounds in excess of their respective Enforcement Standards. Based on the
presence of these groundwater impacts and the generally easterly flow direction of the
groundwater, it can be concluded that off-site impacts from the Presidio Square property are
contributing to groundwater impacts observed on the Village’'s property.

Natural Attenuation Screening. in order to evaluate the potential for natural attenuation of the

soil and groundwater contaminants, soil samples from the Village’s property and groundwater
samples from both the Village's property and the MPS property were collected for analysis of
parameters indicative of natural attenuation. Soil samples were collected from boreholes PZ-A,
PZ-C, and PZ-D for laboratory analysis of bioremediation and nutrient parameters including total
organic carbon, nitrate, sulfate, phosphorous, iron, pH, moisture content, total kjeldahl nitrogen,
soluble ammonia nitrogen, total manganese, total heterotrophic plate count and total
hydrocarbon degrader plate count. Groundwater samples were collected from MW-A, MW-B
and MW-D and analyzed for the same bioremediation and nutrient parameters plus methane,
ethane, ethene and methanotroph populations. Groundwater samples were also collected from
MPS monitoring wells MW-1, P-1, P-2, and P-3 for analysis of nitrate/nitrite, sulfate, TOC,
chloride, methane, ethane, and ethene. Results are presented in Table 4. In addition, water
in each monitoring well on both the Village property and the MPS property was field screened
for dissolved oxygen content. Dissolved oxygen readings are presented in Table 4.

A review of the data indicates that natural attenuation/biodegradation of the chiorinated
solvents is occurring at the site. This conclusion is supported by the following observations:

° Dissolved oxygen readings taken at the site monitoring wells are generally below 1.0
milligram per liter (mg/l) with the exception of monitoring wells MW-E, MW-10, and
PZ-C. The low dissolved oxygen readings observed in most of the wells indicate that
subsurface conditions are predominantly anaerobic. Dissolved oxygen concentrations
were the lowest at MW-D and PZ-D which are located in the most highly impacted area
of the site. Downgradient of the source areas, on the MPS property, the groundwater
generally becomes more aerobic.

o Vinyl chloride and various isomers of DCE are present at elevated levels across the site.
Vinyl chloride and DCE are daughter products resulting from the anaerobic
biodegradation of PCE and TCE. Downgradient of the contaminant source areas, on the
MPS property, PCE and TCE are no longer present and only the daughter products (DCE
and vinyl chloride) are present. In general, the concentrations of PCE and TCE decrease
as one moves further downgradient of the contaminant source areas.

° Elevated concentrations of methane, ethane, and ethene are present at monitoring wells
MW-A, MW-B, MW-D and in the downgradient MPS wells. These compounds are also
breakdown constituents resulting from the anaerobic degradation of chlorinated
compounds. It is important to note that concentrations of these breakdown
constituents increase in the downgradient direction indicating an accumulation of the
breakdown constituents.

o Despite the high concentrations of methane detected at MW-A, MW-B and MW-D,
methanotroph populations and chlorinated solvent degrader populations were very low
in the groundwater samples collected from these wells. These populations are strict
aerobes which utilize methane as an energy source to co-metabolize chlorinated solvents
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such as trichloroethene. The fact that these populations are so low also indicates that
anaerobic conditions exist at the site, which is a primary condition of reductive
_dechlorination processes. ,

In order to assess that natural attenuation of the chlorinated solvents is an effective remedial
strategy for groundwater contaminants at the site, Sigma performed an initial bioattenuation
screening using available site data. The screening process used is presented in the November
1996 United States Air Force guidance document titled “Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater”. This guidance document was
developed in cooperation with the United States Environmental Protection Agency. The
screening process uses site chemical and geochemical data to make a determination of the
probability that biodegradation of chlorinated solvents is taking place. The screening form is
presented as an attachment to this letter. According to the guidance document, a screening
score of greater than 20 indicates strong evidence that subsurface conditions are conducive to
biodegradation of chlorinated compounds. The initial screening score for the site was 26 which
indicates that there is strong evidence that biodegradation of chlorinated organics is occurring
at the site.

Recommended Remedial Strategy

As discussed during our October 23rd meeting, Sigma’s recommended remedial approach for
the site is source soil control in conjunction with a monitored natural attenuation program.
Sigma has evaluated several source control methods including soil vapor extraction, limited
excavation in conjunction with off-site or on-site treatment and in-situ treatment. Sigma is
recommending that an in-situ treatment technology (PHOSter Il) be implemented to address
source soil. The PHOSter Il process, an in-situ treatment technology, stimulates the growth of
indigenous degrader microorganisms by supplying an optimum quantity of food source and
nutrients in the subsurface thereby enhancing the biodegradation of chlorinated compounds on-
going at the site. Controlled injection of food source {(methane gas) and nutrients in the form
of phosphate and nitrogen gas mixture is forced into the soil through injection wells.
Indigenous microorganisms utilize the injected nutrients to degrade chlorinated solvent and
petroleum contamination. This system was originally developed by the U.S. Department of
Energy and the Savannah River Technology Center, and is being commercialized by Freeman
and Vaughn Engineering, Inc. (FVE) out of Savannah, Georgia. Sigma has teamed with FVE to
evaluate the site for PHOSter Il implementation. An information package on the PHOSter il
technology is included as an attachment to this letter.

Based on a preliminary review of site specific data, the Village’s property appears to be a good
candidate for implementation of the PHOSter Il technology. However, considering the relatively
high level of parent products (PCE and TCE) present at the source area and the variability of the
subsurface materials, a complete cleanup of the source area to background conditions may not
be practicable. Nonetheless, contaminant concentrations are expected to be reduced to less
than the 100 parts per billion (ppb) range within a relatively short time by the PHOSter
technology. The PHOQOSter Il technology would be utilized in a two phased approach. During
the initial phase, strictly anaerobic conditions would be maintained in the subsurface to
accelerate PCE and TCE breakdown to their daughter products. Once PCE concentrations are
reduced substantially, aerobic conditions would be created in the subsurface to promote
biodegradation of the remaining daughter products. The total duration of both phases is
expected to be approximately one year. Once the active injection is stopped, enhanced
biodegradation would continue for a period of time as a result of microbial enriched conditions
created by the process.
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Upon WDNR concurrence with our recommended conceptual approach of source soil control
utilizing the PHOSter Il technology in conjunction with monitored natural attenuation of
groundwater impacts, Sigma will prepare and submit a formal report presenting the subsurface
investigation data included herein, as well as more detailed work plans for implementation of
the PHOSter Il and monitored natural attenuation remedial strategies. In the meantime, if you
have any questions regarding the information presented herein, please contact Sigma at 414-
768-7144.

7
Sincerely,

SIGMA ENVIRONM/ENTAL SERVICES, INC.

7 5% Fa feee
, James B. Leedom P.E. Mafizul Islam, P.E.
~/Project Engineer Senior Project Engineer
&’

cc: Mr. Ed Henschel, Village of Whitefish Bay
Mr. Dennis Fisher, Meissner Tierney Fisher & Nichols
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TABLES
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- Ground Top of Top of
Monitoring | Surface Casing | Total Well fg;e‘:: Screen | Monitoring | Depth to E?;S:Rgnw?ft:;ﬂ
Location | Elevation | Elevation |Depth (feet) g Elevation Date |Water (feet)
(feet MSL) | (feet MSL) (feet) | (reet MSL) MSL)
SB-100 708.6 709.91 14.75 10 705.16 08/18/98  11.23 698.68
08/26/98  11.45 698.46
~ SB-101 708.86 709.93 13.79 10 706.14 08/18/98 1.4 698.53
08/26/98  11.57 698.36
—oB-102 708.24 - 709.51 10 719.51 08/18/98 1.4 698.11
08/26/98  11.61 697.9
~ SB-103 708.81 709.91 16.9 10 703.01 08/18/98  11.95 697.96 |
08/26/98  12.31 697.6
T MW-27 __ unknown 706.61 27.43 10 689.18 06/07/96 9.72 696.89
12/12/96  11.98 694.63
01/06/97  11.81 694.8
06/19/97  10.62 695.99
07/15/98  10.96 695.65
08/18/98  11.72 694.89
08/26/98  10.51 696.1
— MW-A 695.01 697.36 16.4 10 690.96 06/19/97 _ 11.89 685.47 |
07/21/97  11.27 686.09
08/18/98 9.62 687.74
. PZ-A 695.2 697.2 22 3 678.2 06/19/97 13.2 684
07/21/97  12.38 684.82
08/18/98  12.58 684.62
MW-B 691.42 693.04 15.6 10 687.44  06/19/97 8.05 684.99
07/21/97 7.8 685.24
08/18/98 7.85 685.19
PZ-B 690.81 692.61 25.3 5 672.31 06/19/97 8.65 683.96
07/21/97 7.87 684.74
08/18/98 8.09 684.52
MW-C 698.25 700.24 17 10 693.24 06/19/97 15.78 684.46
07/21/97  11.97 688.27
08/18/98  10.02 690.22
i:Wwhitefsh\3125\GW-ELEV.WK4 10/19/98



Ground ?op of Top of
Monitoring | Surface Casing Total Well E:’:’?ﬂ Screen Monitoring | Depth to E?gg:ggr‘:v?ft:;t
Location | Elevation Elevation | Depth (feet) (fegt) Elevation Date  |Water (feet) MSL)
(feet MSL) | (feet MSL) (feet MSL)
PZ-C 698.1 700.45 28.4 5 677.05 06/19/97 16.41 684.04
07/21/97 15.64 684.81
08/18/98 15.86 684.59
MPS MW-1__ 706.45 708.95 18.23 10 700.72 08/18/98 9.41 699.54
08/19/98 8.92 700.03
08/26/98 9.45 699.5
MPS P-1 __ 706.21 708.99 32.26 5 681.73 08/18/98 24.04 684.95
08/19/98 25.08 683.91
08/26/98 25.33 683.66
MPS MW-2 _ 700.83 703.42 17.82 10 695.6 08/18/98 DRY
08/19/98 DRY s
08/26/98 DRY -
TMPS P-2 __ 700.71 703.58 33.44 ~ 5 675.14 08/18/98 19.63 683.95
08/19/98 19.68 683.9
08/26/98 19.91 683.67
MPS MW-3 _ 693.22 696.41 10.99 6 691.42 08/18/98 10.73 685.68
08/19/98 10.82 685.59
08/26/98 DRY -
MPS P-3 693.5 696.58 31.05 5 670.53 08/18/98 12.58 684
08/19/98 12.64 683.94
08/26/98 12.9 683.68
MW-11 unknown 705.29 27.85 10 687.44 06/07/96 20.78 684.51
12/12/96 NM s
01/06/97 23 682.29
06/19/97 21.31 683.98
08/18/98 20.78 684.51
MW-18 _ unknown 703.65 27.46 10 686.19 06/07/96 16.42 687.23
12/12/96 NM
01/06/97 21.36 682.29
06/19/97 19.51 684.14
08/18/98 17.47 686.18
MW-D 707.08 709.2 19.1 10 ~700.1 06/19/97 14.2 695
07/21/97 13.16 696.04
08/18/98 13.48 695.72
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: Ground Top of — Top of
Monitoring | Surface Casing | Total Well ig;efg Screen | Monitoring | Depth to E?;S:{;g:aftggﬂ
Location | Elevation | Elevation |Depth (feet) g Elevation Date |Water (feet) (
(fest MSL) | (feet MSL) (feet) | (roet MSL) MSL)
MW-22  unknown 700.47 32.45 10 687.02  06/07/96  24.31 685.16
12/12/96 NM -
01/06/97 NM -
06/19/97  25.57 683.9
08/18/98  25.02 684.45
— PZD 707.36 709.17 31.3 5 682.87 06/19/97 _ 25.23 683.94
07/21/97  24.45 684.72
08/18/98 24.7 684.47
TMW-24D 711 08/16/98 12.31 698.69
08/26/98  12.84 698.16
MW-24S 711.01 08/18/98 __ 10.26 700.75 |
08/26/98  10.14 700.87
T MW-25 __ unknown 705.48 21.84 10 693.64 06/07/96 10.54 694.94
12/12/96 NM —
01/06/97  12.16 693.32
06/19/97  11.59 693.89
08/18/98  11.43 694.05
T MW-26  unknown 702.47 24.08 10 638.39 06/07/96 17.33 685.14
12/12/96 NM —
01/06/97  20.25 682.22
06/19/97  18.57 683.9
07/21/97  17.82 684.65
08/18/98  18.03 684.44
MW-106 _ 706.83 706.53 17.03 10 699.5 08/18/98 8.65 697.88
08/26/98 9.06 697.47
— P-106 706.86 706.51 31.73 5 679.78 08/18/98  21.78 684.73
08/26/98  22.05 684.46
MW-107 __ 707.95 707.67 16.76 10 "~ 700.91 08/18/98 7.82 699.85
08/26/98 8.11 699.56
P-107 708.18 707.87 29.76 5 683.11 08/18/98 13.62 694.25
08/26/98  14.04 693.83
TMW-108  707.36 707.07 16.65 10 700.42 08/18/98 8.2 698.87
08/26/98 8.35 698.72
~ P-108 707.55 707.18 69.09 5 643.09 08/18/98 21.18 686
08/26/98  21.82 685.36
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Ground Top of " Top of
Monitoring | Surface Casing Total Well Eg;e%r: Screen | Monitoring | Depth to E?;S:{;g:‘(’ftgéﬂ
Location | Elevation | Elevation |Depth (feet) (fegt) Elevation Date |Water (feet) MSL)
(feet MSL) | (feet MSL) (feet MSL)
MW-4 unknown 698.42 20.65 10 687.77 _ 06/07/96  13.15 685.27
12/12/96 NM —
01/06/97 16.1 682.32
06/19/97 14.4 684.02
08/18/98  13.86 684.56
— MW-6 701.1 703.3 20.3 5 688 06/19/97 18.42 684.88
07/21/97 17.4 685.9
08/18/98  17.27 686.03
~ MW-E 707.09 708.68 18.6 10 700.08  06/19/97 12.9 695.78
07/21/97 12.2 696.48
08/18/98  13.18 695.5
 MW-10 __ unknown 708.69 30.4 10 688.29 06/07/96 _ 23.44 685.25
12/12/96 NM —
01/06/97  26.37 682.32
06/19/97 24.7 683.99
08/18/98  24.15 684.54
T MW-101 708.88 708.57 15.05 10 703.52  12/12/96 9.05 699.52 |
01/06/97 8.31 700.26
06/19/97 8.19 700.38
07/15/98 8.7 699.87
08/18/98 8.01 700.56
08/26/98 8.24 700.33
 P-101 708.96 708.65 35.4 5 678.25 12/12/96 14.49 694.16
01/06/97  14.22 694.43
06/19/97  13.64 695.01
07/15/98  14.48 694.17
08/18/98  13.14 695.51
08/26/98  13.62 695.03
MW-102 __ 707.61 707.42 17.5 10 699.92  12/12/96  12.32 695.1
01/06/97  12.37 695.05
06/19/97  10.71 696.71
07/15/98  11.23 696.19
08/18/98  10.13 697.29
08/26/98  10.38 697.04
— P-102 706.97 706.53 32.31 5 679.22  08/18/98 18.97 687.56
08/26/98  19.27 687.26
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NM - water level not measured

: Ground Top of Top of
Monitoring | Surface Casing | Total Well fg{gﬂ Screen | Monitoring | Depth to E?Jszﬂgy?ff&
Location | Elevation Elevation | Depth (feet) (feet) Elevation Date |Water (feet) MSL)
(feet MSL) | (feet MSL) (feet MSL)

MW-103 716.34 715.68 19.05 10 706.63 12/12/96 16.05 699.63
01/06/97 15.34 700.34

06/19/97 15.28 700.4
07/15/98 15.84 699.84
08/18/98 15.11 700.57
08/26/98 15.35 700.33
TMW-104 _ 709.31 709.23 14.8 10 704.43  12/12/96 9.88 699.35
01/06/97 9.19 700.04
06/19/97 8.88 700.35

709.31 *PVC removed for well repair in June 1997, 07/15/98 9.37 699.94

estimated elevation change of 0.08 feet. 08/18/98 8.67 700.64

08/26/98 8.92 700.39

Notes:

i:\whitefsh\3125\GW-ELEV.WK4
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Sample Location/Depth Below Ground Surface (bgs) | NR 720
PZ-A PZ-B PZ-C PZ-D MW-E || soil Clean-up
Analyte Units 6-8' 8-10' 112-14'] 8-10" | 20-22" | 12-14' || standards
05/19/97 ]05/20/97 105/21/97 }05/21/97 |05/21/97 }05/27/97
Chlorobenzene ualkg 380 ND ND ND ND ND NS
1,4-Dichlorobenezene uglk 150 ND ND ND ND ND NS
Cis-1,2-Dichlorobenezene uglk ND ND 83 69,000 | 98,000 84 NS
Trichloroethene ugl/k ND ND 190 1,400 | 2,200 1,200 NS
Sec-Butylbenzene Halkg ND ND ND 550 ND ND NS
Ethylbenzene ualk ND ND ND ND 2900
0-Xylene ual/k ND ND ND ND 4100
m- & p- Xylene uglk ND ND ND ND 4100
Toluene palkg ND ND ND 850 970 ND 1500
Isopropylbenzene uglk ND ND ND 1,300 ND ND NS
1,3,5-Trimethylbenzene uglkg ND ND ND 2,300 ND ND NS
Naphthalene 1a/kg ND ND ND 600 ND ND NS
n-Propylbenzene ugl/k ND ND ND 1,900 ND ND NS
n-Butylbenzene ualk ND ND ND 630 ND ND NS
1,2,4-Trimethylbenzene uglkg ND ND ND 3,900 ND ND NS
Tetrachloroethene uglk ND ND ND 2,200 | 4,700 6000 NS
1,1,1-Trichloroethane pa/kg ND ND ND 380 ND ND NS
Vinyl Chioride uglk ND ND ND 400 ND ND NS
trans-1,2-Dichloroethene ug/k ND ND ND ND 300 ND NS
KEY: ND = Not detected above the laboratory method of detection limit
Halkg = micrograms per kilogram
NS No established standard
Detected abave Wisconsin Administrative Code, Chapter NR 720 Soil Clean-up Standards
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Sample Location/Date NR 140
Analyte MwW-4 Mw-6 MW-9 MW-10 ES PAL
L i11/16/93 i06/27/95 06, 6 106/20/97 {11/16/93 | mmﬂmm_o_zze 0/97 111/16/93 | 9.@&1@.5.]@@@3_ 06/20/97 MQ&@JQQRM_M&QQQBQ@7
Benzene <0.2 NA NA <082 03 NA NA <041 | <10 NA NA NA 03 NA NA <8.2 5.0 0.5
Carbon Tetrachioride <0.5 NA NA <046 | <0.5 NA NA <023 | <25 NA NA NA <05 NA NA <4.6 5.0 0.5
1,1-Dichloroethane NA ND <05 NA NA <0.26 | <25 NA NA 850 85
1,1-Dichioroeth NA NA <04 NA ND <028 | <20 NA NA 7.0 0.7
1,2-Dichk hane <0.5 NA NA <048 | <05 NA NA <0.24 | <25 NA NA 5.0 0.5
cis+1,2-Dichk h NA 0.9 NA ND 0.45 NA NA 70.0 7.0
trans-1,2-Dichlorosthene i 2.2 NA ND 0.92 <05 NA ND <0.25 | <25 NA NA 100 20
Ethylbenzene <1.0 NA ND <0468 | <1.0 NA ND <023 | <5.0 NA NA 700 140
Tetrachiorosthene NA <0.5 NA ND <0.27 | <25 NA NA 5.0 0.5
Toluene NA <20 NA ND <0.28 | <100 NA NA 343 68.6
Trichiorosth NA NA ND <0.20 | <10 NA NA 5.0 0.5
1,1,1-Trichloroethane <0.5 NA <05 NA ND <0.27 | <25 NA NA 200 40
1,1 2-Trichloroethane NA NA NA NA NA 5.0 0.5
Vinyl Chloride NA : B NA ND NA NA 0.2 0.02
Total Xylenes <1.0 NA ND <1.56 1.0 NA ND <0.79 | <50 NA NA NA <1.0 NA ND. <15.6 620 124
1,2,4-Trimethylbenzene NA NA NA <0.60 NA NA NA <0.30 NA NA NA NA NA NA NA <6.0 - -
Chlorobenzene NA NA NA <0.54 NA NA NA <0.27 NA NA NA NA NA NA NA <54 - -
Chioroethane NA NA NA <0.50 NA NA NA <0.25 NA NA NA NA NA NA NA <50 400 80
Chioromethane NA NA NA <0.30 NA NA NA <0.15 NA NA NA NA NA NA NA <3.0 3.0 0.3
ropy! Ether NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA - -
KEY: Al resukts are reported in microgrems per kiter {(ug/) MW-9 and MW-16 abandoned $/22/98
NA = Not analyzed
ND = Not d d above the lab y method of detection fimit
-~ = Standard not established
£S = Wisoonsin Administrative Code, Chapter NR 140 Enforcement Standard
PAL = Wisconsin Administrative Code, Chapter NR 140 Preventive Action Limit
= Dy d above Wi in Administrative Cods, Chapter NR 140 ES
= Dy d sbove Wi in Administrative Cods, Chapter NR 140 PAL
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NA = Not analyzed
ND = Not d

d above the lab Y
- = Standard not established

£8 = Wisoonsin Administrative Code, Chapter NR 140 Enforcement Standard

PAL = Wisoonsin Administrative Code, Chapter NR 140 Preventive Aotion Limit

i Code, Chapter NR 140 ES

Code, Chapter NR 140 PAL

i SRS R 555 535
Sample Location/Date NR 140
Analyte MW-11 MW-16 MW-18 MW-22 ES PAL
11/16/93 |06/27/95 logm@e l06/20/97 111/16/93 (06127195 |06/07/96 [06/20/97 111/16/93 Ioam@s 06/07/96 |osg0@1 11/16/93 m@m&@gggg
Benzene NA NA <41 <0.2 NA NA NA 0.2 NA NA <40 NA NA 5.0 0.5
Carbon Tetrachioride <05 NA NA <23 <05 NA NA NA <0.5 NA NA <0.23 NA NA NA 5.0 0.5
1,1-Dichlorosthane NA ND 32 <0.5 NA NA NA 2.5 NA ND 094 <100 ND NA 850 85
1,1-Dichlorosth NA NA <28 <04 NA NA NA <04 NA NA 033 <80 NA NA 7.0 0.7
1,2-Dichloroethane NA NA <24 <05 NA NA NA <0.5 NA NA NA 5.0 0.5
ois-1,2-Dichloroethene NA <0.5 NA NA NA NA NA 70.0 7.0
trans-1,2-Dichlorosthene NA <05 NA NA NA 1.8 NA NA 100 20
Ethytbenzene NA <1.0 NA NA NA <1.0 NA NA 700 140
Tetrachiorosthens <05 NA ND <27 <05 NA NA NA <0.5 NA NA 5.0 0.5
Toluene NA <2.0 NA NA NA NA NA 343 68.68
Trichloroethene NA ND <20 <03 NA NA NA NA NA 5.0 0.5
1,1,1-Triohlorosthane 218 NA NO <27 <05 NA NA NA <05 NA NA 200 40
1,1,2-Triohlorosthane NA <0.5 NA NA NA NA NA 5.0 0.5
Vinyl Chioride NA <0.2 NA NA NA NA NA 0.2 0.02
Total Xy NA <1.0 NA NA NA <1.0 NA : NA 620 124
1,2,4-Trimethylbenzene NA NA NA <30 NA NA NA NA NA NA NA <0.30 NA 204 NA NA - -
Chiorobenzene NA NA NA <27 NA NA NA NA NA NA NA <0.27 NA <400 NA NA - -
Chiorosthane NA NA NA <25 NA NA NA NA NA NA NA <0.25 NA <400 NA NA 400 80
Ch thane NA NA NA <15 NA NA NA NA NA NA NA <0.15 NA ND NA NA 3.0 0.3
Isopr the NA NA NA NA NA NA NA NA NA NA NA NA NA <200 | NA NA - -
KEY:  All resulte are reported in micrograms per fiter (g/M MW-9 and MW-18 abandoned 5/22/98
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Al results are reported in micrograms per fiter (/1)
NA = Not analyzed
ND = Not d

d above the lab Y hod of d ion limit
- = Stendard not established
ES = Wisconsin Administrative Code, Chapter NR 140 Enforcement Standard
PAL = Wisconsin Administrative Code, Chapter NR 140 Preventive Action Limit
i Code, Chapter NR 140 ES
Code, Chapter NR 140 PAL

- D d above Wi A

MW-9 and MW-16 abandoned 5/22/98

3 BB % SIS
Sample Location/Date NR 140
Analyte MW-248 MW.-24D MW-26 ES PAL
11/16/93 |06/27/95 106/07/96 106120197 [11/16/93 106127795 (06/07/96 l06/20/97 111116, 11/16/93 106/27/95 106/07/96 lo6r20/97
Benzene <0.2 NA NA NA <0.2 NA NA NA NA <41 <20 NA <41 5.0 0.5
Carbon Tetrachioride <05 NA NA NA <05 NA NA NA NA <23 <50 NA <23 6.0 0.5
1,1-Dichlorosth <05 NA ND NA <05 NA ND NA NA <28 <50 ND <2.8 850 85
1,1-Dichloroethone <0.4 NA NA NA <0.4 NA NA NA NA <40 NA <28 7.0 0.7
1,2-Diohlorosthane <0.5 NA NA NA <0.5 NA NA NA NA <50 NA <24 6.0 0.5
cis-1,2-Dichk h <05 NA ND NA <0.5 NA ND NA NA 70.0 7.0
trans-1,2-Dichloroethene || <0.5 NA ND NA <0.5 NA ND NA NA 6.6 <50 ND 9.0 100 20
Ethylbenzene <1.0 NA ND NA <1.0 NA ND NA NA <23 <100 ND <23 700 140
Tetrachlorosthene <0.5 NA ND NA <0.5 NA ND NA NA <2.7 <50 ND <27 5.0 0.5
Tolsene NA NA NA 5.9 NA NA NA NA <28 <200 NA <28 343 68.6
Triohlorosthens NA ND NA <0.3 NA ND NA NA <2.0 <20 ND <2.0 5.0 0.5
1,1,1-Triohlorosthane <05 NA ND NA <0.5 NA ND NA NA <2.7 <50 ND <27 200 40
1,1,2-Trichlorosthane <0.5 NA NA NA <0.5 NA NA NA NA 6.0 0.5
Vinyl Chloride <0.2 NA ND NA <0.2 NA ND NA NA 0.2 0.02
Total Xylenes <1.0 NA ND NA <1.0 NA ND NA NA <18 <100 ND <198 620 124
1,2,4-Trimethylbenzens NA NA NA NA NA NA NA NA NA <3.0 <100 NA <3.0 - -
Chlorobenzens NA NA NA NA NA NA NA NA NA <2.7 <200 NA <2.7 -- -
Chiorosthane NA NA NA NA NA NA NA NA NA <25 <200 NA <25 400 80
hane NA NA NA NA NA NA NA NA NA <15 ND NA <15 3.0 0.3
| Ether NA NA NA NA NA NA NA NA NA NA <100 | NA NA - -
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Sample Location/Date NR 140
Analyte Mw-27 MW-270 MW-A PZ-A MW-B PZB Mw-C P2.C_| MW-D P20 MW-E_ [MPS MW-1| MPS P-1 | MPS P2 | MPS P-3 ES PAL
11/16/93 [06/27/95 1060796 106/20/97 111/16/93 {06/27/95 [0 06/20/97 06/19/97 997 o6t 08/19/98 |08/19/98 |06/19/98 [08/19/98
Benzene NA NA NA NA_ | NA NA <0.27 <54 <27 | <054 5.0 0.5
Carbon Tetrachloride NA <05 NA NA NA <0.5 NA NA <023 | <0.23 | <023 | <0.23 | <1.2 <4.8 <0.34 <6.8 <34 | <0.68 5.0 0.5
1,1-Dichlorosthans NA 40.8 ND NA NA 372.2 ND NA <0.26 | <0.26 | <0.26 | <026 | <13 <5.2 <0.35 8.4 5.2 <0.70 850 85
1,1-Dichloroeth NA NA Na_E NA NA <0.28 | <0.28 | <028 | <028 | <14 0.62 <70 42 <5.8 <0.43 <8.8 <43 | <086 7.0 0.7
1,2-Diohloroethans NA NA NA NA NA <0.24 | <0.24 | <0.24 | <0.24 <0.37 <74 <3.7 | <0.74 5.0 0.5
cie-1,2-Dichloroeth NA NA NA ND NA <0.28 0.64 0.34 048 <0.28 70.0 7.0
trans-1,2-Dichl h NA NA NA ND NA <025 | <0.25 | <0.26 | <0.25 <0.79 100 20
Ethylb NA NA NA ND NA <0.23 059 | <0.23 | <0.23 <0.32 <64 <3.2 | <0.64 700 140
Tetrachloroeth NA NA NA ND NA <0.27 <0.27 <0.43 <8.8 <43 | <0.88 5.0 0.5
Tolsene NA NA NA 10.1 NA NA <0.28 0.74 | <0.28 | <0.28 <0.27 <5.4 <27 | <054 343 68.6
Triohiorosthens NA NA NA ND NA <0.20 2.0 <0.20 | <0.20 <0.37 <74 <3.7 | <0.74 5.0 0.5
1,1,1-Triohloroethane NA <0.5 ND NA NA <0.5 ND NA <0.27 | <0.27 | <0.27 | <0.27 <0.30 <80 <30 | <0.60 200 40
1,1,2-Trichloroethane NA <0.5 NA NA NA <05 NA NA <0.30 | <0.30 | <030 | <030 | <15 | <030 | <75 <30 <6.0 <0.61 <12 <6.1 <1.2 5.0 0.5
Viayl Chioride NA R NA NA ND NA <0.23 <0.23 | <0.23 <4.8 <0.20 0.2 0.02
Total Xylenes NA <1.0 ND NA NA <1.0 ND NA <0.79 259 | <0.79 | <0.79 X <158 | <0.43 <8.8 4.6 <0.86 620 124
1,2 4-Trimethylbenzens NA <1.0 NA NA NA <1.0 NA NA <030 | 059 | <030 | <030 | <15 | <030 130 <30 <6.0 <0.22 <44 <22 | <044 - -
| Chiorobs NA 68 NA NA NA 2.9 NA NA <0.27 061 | <027 | <027 | <14 | <027 | <68 <27 <54 <0.23 <4.8 <23 | <046 - -
Chloroethans NA 6.4 NA NA NA 4.8 NA NA <0.25 | <0.25 | <0.25 | <025 | <1.2 <62 <25 <5.0 <0.54 <11 <54 <t1.1 400 80
Chioromethane NA ND NA NA NA ND NA NA <38 <15 <3.0 <0.81 <12 <861 <12 3.0 0.3
Isopropyl Ether NA 5.6 NA NA NA 5.4 NA NA NA NA NA <0.55 <11 <55 <141 -~ -

KEY: Al results are reported in micrograms per liter (ug/)

NA = Not analyzed

ND = Not d d above the lab Y hod of d ion kmit

— = Standard not established

ES = Wisconsin Administrative Code, Chapter NR 140 Enforcement Standard

Admini ive Code, Chapter NR 140 Preventive Action Limit
d above Wi in Admini Code, Chapter NR 140 ES

Code, Chapter NR 140 PAL

d above Wi A i

MW-3 and MW-16 abandoned 5/22/968
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G i GROUNDWATER
Analyte Units PZ-A PZ-C PZ-D MW-A MW-B MW-D MPS MW-1[ MPS P-1 | MPS P-2 | MPS P-3
8'-10' 12'-14' 14'-16'
05/22/97 | 05/22/97 | 05/22/97 106/19/97 106/19/97 | 06/19/97 |08/19/98 108/19/98 | 08/19/98 | 08/19/98
Bacterial Plate Counts: -
Heterotrophic Plate Count CFU/gm [|1.4E+04 |2.4E+05 J4.7E+0.2 NA NA NA NA NA NA NA
CFU/ml NA NA NA 5.9E+05 |2.7E+04 | 7.1E+04 NA NA NA NA
Petroleum Hydrocarbon Degraders CFU/gm [|2.5E+03 | 1.1E+05 |1.40E+02 NA NA NA NA NA NA NA
CFU/ml NA NA NA 2.3E+05 |1.6E+04 | 5.8E+04 NA NA NA NA
(Methanotrophs CFU/gm NA NA NA 48 19 62 NA NA NA NA
(Putative Chlorinated Solvent Degraders | CFU/gm NA NA NA 0.92 12 6.4 NA NA NA NA
Nutrients:
Total Organic Carbon ppm_ | 1.4E+05 | 7.0E+04 [1.16E+05] _ 20 8 49 11 52 6 4.8
Total Kjeldhal Nitrogen ppm 1803.5 698.9 1071.7 31.4 5.8 2.6 NA NA NA NA
Nitrogen, Ammonia ppm 8.3 0.5 0.1 <0.1 0.2 0.2 NA NA NA NA
Phosphate ppm 1.2 1.0 1.2 <0.1 <0.1 <0.1 NA NA NA NA
Total Organic Nitrogen ppm 1595.2 698.4 1071.6 31.4 5.3 2.4 NA NA NA NA
Sulfate, Total ppm <0.1 97.9 189 196.5 90 205 67 146 156 136
Nitrate ppm <0.1 <0.1 <0.1 0.9 0.5 0.9 0.018 0.22 0.11 0.15
((Manganese ppm 540 580 690 NA NA NA NA NA NA NA
([Chloride ppm NA NA NA NA NA NA 49 266 210 258
(iron, Total ppm 6.1 2.0 10.9 0.5 0.5 2.3 NA NA NA NA
“_Other Biofeasibility Indicators:
Moisture % 11.6 12.3 17.6 NA NA NA NA NA NA NA
’ H unitless 7.6 8.0 7.8 7.2 7.1 7.3 NA NA NA NA
Methane ng/| NA NA NA 341,663 | 170,461 | 407,794 1,582 539,293 | 185,948 | 200,588
(Ethane ng/l NA NA NA 356 107 22,792 63 1,189 1,647 1,925
‘Fthvlene ng/l NA NA NA 168 64 38,009 214 _|120611] 13,181 | 4,485
In Situ Field Measurements = - _
Dissolved Oxygen I magnh | NA |1 NA | NA | 062 | 045 | 0.27 Il 367 |1 339 | 270 | 3.49
fl—(ey: CFU/gm = Colony Forming Units per gram
CFU/ml = Colony Forming Unit per milliliter
mg/l = Milligrams per liter
ng/l = Nanograms per liter
mg/kg = Milligrams per Kilogram
% = Percentage
NA = Not Analyzed
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BORING LOGS/WELL CONSTRUCTION DETAILS
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State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources O Solid Waste O Haz. Waste Form 4400-122 Rev. 5-92
O Emergency Response [J Underground Tanks
O Wastewater [0 Water Resources
O Superfund ] Other Page 1 of 2
Facility/Project Name License/Permit/Momnitoring Number  |Boring Number
Village of Whitefish Bay PZ-A
ing Drilled By (Firm name and name ot crew chiet) Date Dnlling Started Date Dnlling Completed [Dniling Method
Boning ling
Mldwut Engineering Services _05 /_19 /.97 05 /_23 7/ 97 | Hollow Stem
MM DD YY MM DD YY Auger
Final Static Water Level [Surtace Elevation Borehole Diameter
Feet MSL 695.2 FeetMSL | 12.25 inches
it e + n |Local Gnd Location (If applicable)
———— ON OE
1/4 of NW _1/4 of Section 23T 8 NNR__21E |Long Feet 0 S FeatOW
County NR County Code [Civil Towr/City/ or Village
Milwaukee 41 Village of Whitefish Bay
~ Sample Soul Properties
4E 2|3 Soil/Rock Description 0
=3 = And Geological Origin For . 3 2
g& (2518 |= Bach Major Unit alg | Ela |85]|8: & g
S S S o |2 Sle S =R e =
Sl®8l 2z | & S.l52| S [E5 122|255 8 (BE
§<|53| 2 | B algwlss|2 |s5|85|5E| 25| ] |of
Z3 o] @ | A o |aa B2 |oa |So|33|=2s8] & |28
- Blind drill ground surface
. to 2 feet bgs.
1.0
2.0 p
1 24412 - 20 to 4.0 Top 4" Silty CLAY, dark gray | OL K 0.0 M
1 (10YR 4/1:M/W), organic e
6 PEso debris, 2" crushed rock at S
o 6". :
= Bottom 18" Sitly CLAY, brown Fo0080%s
2 gla [0 1 (10YR 5/3:M), medium stiff I or, B35 293 M
3 e to stiff, low plasticity, $320%ss
g :_5 " trace gravel. Bottom 2" o3e3e%e
e gray mottling. arasese
C 40 to 6.0 Silty CLAY, black s
6.0 (Z.5Y/1:M), trace broken OOOL
3 14 % o 1 glass, paper and orgainc XX 088 48.6 JM’W
2 = debris, medium stiff to Elina
6 7.0 stiff, medium plasticity. B 2
e Bottom 3" of sample grayish 3
" green, 5G 5/1. g
4 2004 F 6.0 to 8.0 Silty, sandy, CLAY, dark | % 143 MW
g C gray (10YR 4/1:M/W), loose, .
13 C o0 low plasticity, sand fine.
- Bottom 4" Silty CLAY, gray (
of 10YR 5/1:M), soft, medium ¥ .
—10.0 plasticity, trace roots. 23 W
I - ﬁ 8.0 to 10.0 Clayey SILT, brown (10YR r -
{% = 5/3:M/W), soft to medium
—_t stiff, low plasticity,
= plastic, paper and metal .
C12.0H fill debris. 4 ®

|_hereby cethy that the,‘:nforfﬁhtmn on this form 15 true and corect 1o the best of my knowiedge.

z

Sl

",

Firm Sigma Environmental Services, Inc.
220 E. Rvan Road, Oak Creek. WI 53154 (414) 768-7144

Thus form i/authonzed by Ghapters 144, 147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less
than $10 nér more than $5,000 for each violation. Fined not less than $10 or mare than $100 or impnsoned not less than 30 days or
both for edch violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

312533



State o’ Wisconsin . SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Reso Form 4400-122A Rev. 5-92
Boring Number PZ-A Use only as an attachment to Form 4400-122. Page __ 2 of 2
Sample Soll Properties
25| 2 :y: Soil/Rock Description @
w2 < 3 = And Geologxcal Ongm For - = :n-s ©_ > =
55|52 9 | = Each Major Unit o312 |_El€ [53|85|e<|Ex|a .
E- |§8| 2 | & zn |gw|32|d |ES|25|ZE| 28R |8
Z3|lax| @ | A D |63 |2A|a |oa |20 |33|2s| a |88
6 24 F 10.0 to 12.0 Top 10" Clayey SILT, grayish || M [3F:: 11.2 w
10 [ brown (2.5Y 5/2: W), soft,
5 —13.0 trace fine sand. Bottom 8"
— Silty SAND grayish brown
E_ (Z5Y 5/2:W), soft, loose, :
7 sl2 4.0 sand fine. sM 225 w
3 F 12.0 to 14.0  Silt and SAND, grayish brown 3
4 5.0 (2.5Y 5/2: W), soft, medium
~ dense to loose, trace medium
= gravel 1
—16.0ty 14.0 to 16.0  Silt and SAND, grayish browng o, [
sl sz £ 25Y 5/2:W), soft, loose to : 112 w
% = medium dense, trace gravel,
el sand fine.
E 16.0 to 18.0 Same as above.
18
9 12 % - 18.0 to 20.0 Same as above with coarse . 0.0 w
11 = gravel seams.
8 —19.0
(20, ey
10 2 ‘111 - 20.0 to 22.0 Coarse sand and GRAVEL, grqy W EE 0.0 w
6 - (10YR 5/1: W), loose, some 550'*3:' 3 3
11 —21.00 broken rock. F:?* \\
= Bt
- Py
22, Rake
=
24,
11 -— ? . 24.0 to 26.0 Blind drilled to 26 feet bgs - w
L - and encountered resistance.
5.0 Hammered 6" with bolder
= breaker, tryed to drill
E still had resistance. Set
:'15-0\ well screen 21 to 18 feet
- bes /|
—27.0
= -] .
':'28.0 . .
e
pa
9.0 ;
- e
30,0 -
310
320

Village of Whitefish Bay
3125S3



State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources O Solid Waste 0 Huz. Waste Form 4400-122 Rev. 5-92
O Emergency Response [J Underground Tanks
O Wastewater O Water Resources
O Superfund &I Other Page 1 of 2
Facility/Project Name License/Permit/Monitonng Number  [Boring Number
illage of Whitefish Bay Demolition Landfill MW-A
Bonng Driiled By (Firm name and name of crew chief) Date Drilling Started Date Dniling Completed Method
Midwest Engineering Services 05 7_23 /1 97 _0S /_23 / 97 | Hollow Stem
Dennis MM DD YY MM DD YY Auger
0 Common Well Name [Final Static Water Level [Surtace Elevation Borehole Diameter
MW-A Feet MSL 695.0 FeetMSL | 8.25 inches
Boning Location e 1+ = |Local Grid Location (II applicable)
State Plane N, E S Lat I ON OE
1/4of NW 1/4ofSection 23, T__ 8 N,R_ 21E |Long__ ' " Feet O S Fect OW
County INR County Code [Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soul Properties
4F 2 3 Soil/Rock Description ]
3 = And Geological Origin For kA 2
<g e 8 =
_§§: 5 8 3 | £ Each Major Unit b B gl |85 |52 |3 S
= |5 z | = O IE |=&|l% |2eg]|B88|5=|l=x]< \g
5z (58| 2 |2 @ [Fol|S1q [ES[SE(ZE(2S|R (§
g |l @a |Aa o |lel3|Ba|a |oa |=So 33|25 - |28
. Blind drilled to 15 feet T |
- bgs.
- =10
2.0
5.0
0 o
5.0
L 2
4
<0
e
:‘7.0
8.0
5.0
- =l
=10.0 o
C
- o
1.0
12,0 .

| hereby cerfify that the,information on this form is true and correct to the best of my knowledge.

e e

Fim Sigma Environmental Services, Inc.
220 E. Rvan Road, Oak Creek, WI 53154 (414) 768-7144

us torm uﬁaulhonzed byg(k)xg‘ﬁm 144, 147 and 162, Wis. Stats. Completion of this report is mandatory. Penaities: Forteit not less
more than $5,

«an $10

for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or

both for each violation. Each day of continued violation is a separate otfense, pursuant to ss 144.99 and 162.06, Wis. Stats.

312583



2

sjuaurc)
/adcd

——

£

00Zd

Rev. 5-92
2 o0

Xapu]
Anseld

Page

nurrg
. pmbry

Soul Properties

230D
amysiopy

3uang
aarssadwio)

ayad

urerdeiq

1PM |t

[y
uEmEm

SOIL BORING LOG INFORMATION SUPPLEMENT

Form 4400-122A

sSosn

Use only as an attachment to Form 4400-122.

Each Major Unit

Soil/Rock Description

And Geological Origin For

Terminated boring at 15 bgs.

Set screen 14 to 4 feet bgs.

129, ut (pday

[=]
L)
-
1

MW-A

sjumoe) molg

ent of Natural Resources

uy) pa1sA0d9y

2 W pduo]

State of Wisconsin
Boring Number
~ Sample

Departm

adA) pue
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-
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Village of Whitefish Bay Demolition Landfiil
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State of Wisconsin

Route To:

SOIL BORING LOG INFORMATION

Department of Natural Resources O Solid Waste [] Haz. Waste Form 4400-122 Rev. 5-92
[0 Emergency Response [J Underground Tanks
[0 Wastewater [0 Water Resources
O Superfund &I Other Page 1 of 2
Facility/Project Name License/Permut/Monitoring Number  |Boring Number
YVillage of Whitefish Bay PZ-B
Bonng Dniled By (Firm name and name of crew chiet) Date Dnlling Started  |Date Dnlling Completed [Dnlling Method
Midwest Engineering Services 05 /.20 /97 _0S 7_23 7/ 97 | Hollow Stem
Dennis MM DD YY MM DD YY Auger
Common Well Name |Final Static Water Level [Surtace Elevation Borehole Diameter
o PZ-B Feet MSL 690.8 Feet MSL | 12.25 inches
Boring Location % LCocal Gnd Location (If applicable
State Plane N, E S ILat e Ub(;app : OE
1/4of NW 1/4ofSection 23, T__ 8 N,R__21E |Long__ ' Feet O S Feet D W
County NR County Code le Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
- Sample Sou Properties
e : 3 Soil/Rock Description g
=3 e And Geological Origin For . ‘3 L]
g&l28| S | £ Each Major Unit 212 5|8 |i5)85]e |, | |LE
53|58 2 |2 o |E|32(5 |52 (35|28 28| 8 |52
zZg |8z a | a o |3 |28 | |Sa |Ed8|S3|=s] ~ (23
o Blind drilled ground surface
[ to 2 feet bgs.
1.0
2.0
i 124 F 20 to Silty CLAY, very dark gray | OL {2 0.0 M
¢ E (10YR 3/1:M), high organic s
8 C30 contents, roots and other s
i organic debris, soft to 25252
- medium stiff. F303s
2B s FY [0 o CLAY and SILT, dark ML 0.0 w
3 - yellowish brown (10YR
5 =5.0 4/4:M/W), soft, medium dense
L to dense. Bottom 2" medium
5 GRAVEL, yellowish brown
3 18l10 6.0 ‘ (10YR 5/4:W), loose, some / 25 w
18 Fr medium sand.
§9 10 6.0 to Coarse sand and GRAVEL
== yellowish brown (10YR
o 5/6:W), loose. Sand and
C 8.0 gravel angular. Bottom 2"
4 20 g n \ Clayey SILT, grayish brown / 12.0 w
5 " (10YR 5/2: W) soft, dense.
6 9.0 | 8.0 to Top 4" coarse sand and
- GRAVEL, grayish brown (10YR . ol
o 5/2:W), medium dense. - Wy
s 2214 L Bottom 16" Clayey SILT, ML 9.5 w
g C graysih brown (10YR 5/2: W)
) 1.0 soft to medium stiff, trace
[ medium sand.
C 10.0 to 12.0 Same as abave. 2,
=120 =

| hereby certify that the infogmation on this form is true and correct to the best of my knowiedge.

Signature wamll

Firm Sigma Environmental Services, Inc.
220 E. Ryan Road, Oak Creek. WI 53154 (414) 768-7144

“his torm 1s/uthonized by Chapters 144, 147 and 162, Wis. Stats. Completion of this report is mandatory. Penaities: Forteit not less
«han $10 nof/more than $5, for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or
both for violation. Each day of continued violation is a scparate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

31273



State of Wisconsin : SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources Form 4400-122A Rev. 5-92
Boring Number PZ-B Use only as an attachment to Form 4400-122. Page 2 of 2
~ Sample Soul Properties
<8 ; 3 Soil/Rock Description )
=9 " L = %
~2|<2l 3 | g And Geological Origin For A ©_ > =
351582 | = Each Major Unit 512 |_E|8 |88|28|eo|E] o |&E
waol 2 =3 Q  |=a €5 |22|5E|55] 3 QE
5= |58 2 9 @ g3zl |85 |88|8E|=8|_ |&5
Z8 || @ | A D |ga|Ba|a |oa |So|ag|las| a |28
6 - g - 12.0 to 14.0 No recovery rock in spoon.
3
=13.05
70 164 [T 140 to 160 Coarse sand and GRAVEL, grdyCW 02 10.2 w
% E (10YR 6/1:W), loose.
11 =150
= R
8 6|7, C'%T16.0 to 180 Sameas above. Medium ow EOE 1.0 w
04 [ etk 354
_—17.0
o sl 189180 to 20.0 Same as above. ow 10 w
23 [
17 =199
20
10 10 gg = 20.0 to 22.0 Same as above. Dense. Gw 0.8 w
20 [
25 =210
11 - g? - 22.0 to 24.0 Rock cought in speon. Gw 6'12' - w
12 C :
30 |=-nd
= 5
24, — =4
2zl - (15 24.0 to 26.0 No recovery. Rock chips in \ - w
él - spoon. Bedrock ?
17 |=2s5.0 \
6. — - \
13 a1s = 26.0 to 28.0 Rock chips in spoon. Dark  |POLO I?\ - w
50/4 ~ gray in color. Terminated — \
=27.0 boring at 28 feet bgs. == \
t — i
= =\
—29.9 -
530.0 -
'_-'-31.0
32,0

Village of Whitefish Bay
312983



State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources 3 Solid Waste [J Haz. Waste Form 4400-122 Rev. 5-92
O Emergency Response [ Underground Tanks
O Wastewater O Water Resources
[ Supertund X1 Other Page 1 of 2
“acility/Project Name cense/Permi/Monutoring Number  |Boring Number
Tllage of Whitefish Bay Demolition Landfill MW-B
Boring Drilled By (Firm name and name of crew chief) Date Drilling Started Date Dniling Completed [Driiling Method
Midwest Engineering Services 05 /_23 1 97 0S5 7_23 /97 | Hollow Stem
Dennis MM DD YY MM DD YY | Auger
BVAf Common Well Name |[Final Static Water Level [Surface Elevation Borehole Diameter
MW-B Feet MSL 691.4 Feet MSL 8.25  inches
° + w |Local Gnd Location (If appiicable)
N, E S Lat ON OE
1/4of NW 1/4ofSecion 23, T _8 N,R__21E |Long : Feet O S Fect I W
County : DNR County Code [Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soul Properties
45 g 3 Soil/Rock Description o
=37 = And Geological Origin For ‘@ o
Q [} >
BEEE d |5 Each Major Unit 12 [LE|E | &8 S5lz.E.] o [ E
S|23| 2 | & o |5=|32|5 |E5|22|52|55|8 |at
Zz8 |la2] @ | a o |83 |BA|s |oa |=Ed|S3d|zs| a |28
S Blind drilled to 15 feet :
= bgs.
:-I.O
2.0
3.0
4.0
5.0
6.0
7.0
E—&o
5.0 %
C & =
= o3 )
:I0.0 ,:'
1.0
12,0 XE
| hereby ceftify that the information on this form is true and correct to the best of my knowiedge.
Signature r Fim Sigma Environmental Services, Inc.
| 7 0 [T ——— 220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

us form ig’authonzed by
«an $10 nOr more than $5,

S(Tg

pters 144, 147 and 162, Wis. Stats. Compietion of this report is mandatory. Penalties: Forteit not less
tor each violation. Fined not less thun $10 or more than $100 or imprisoned not less than 30 days or

both for each violation. Each day of continued violation is a separate otfense, pursuant to ss 144.99 and 162.06, Wis. Stats.

31253
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-B

UELN g
/add

00z d

Xopyp
Aonseld

-

v

nug
pmbry

Jus3u0)
MmO

plusng

aarssaaduro)

aiy/ad

ure13siq :
IPM |

3o
QEQEM

sosn

Soil/Rock Description
Each Major Unit

And Geological Ongin For

Boring terminated at 15 feet
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State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources O Solid Waste [0 Haz. Waste Form 4400-122 Rev. 5-92
O Emergency Response [ Underground Tanks
[0 Wastewater [ Water Resources
[J Superfund &J Other Page 1 of 2
Facility/Project Name License/Permit/Momutoring Number  |Boring Number
Zillage of Whitefish Bay PZ-C
Jonng Dnlled By (Firm name and name of crew chief) Date Dniling Started  (Date Dnilling Completed [Drilling Method
Midwest Engineering Services 05 /_21/. 97 05 7_23 / 97 | Hollow Stem
ToHr Common Well Name |[Final Static Water Level [Surtace Elevation Borehole Diameter
= PZ-C __ FeetMSL 698.1 Feet MSL | 1225 inches
Boring Location o 1+ « |Local Gnd Location (If applicable
State Plane N, E S Lat ON - ) OE
1/4of NW 1/ ofSection 23, T__ 8 N,R__21E lLong_ ~_ '~ " Feet 0 S Feet OW
County IDNR County Code fml Town/Cuty/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soul Properties
Q5 = ] Soil/Rock Description o
39| 3 | = And Geological Origin For ‘@ 2
<g ; : g ot 2 =
FEIEHICHE- Each Major Unit alg |_§|8 |25 |55|e. |3 i
E< (B3] 2 [ & S.|352|5 |E5|2E|52|55|8 |_E
2lG8| 2 v #212¥|32|12 |35 |88|.TE|=s| s |O5
Zg'|RAx| @ | a D |3 |Ba|a |oa& |[=2o|33|as|  |&]
e Blind drilled ground surface
» to 2 feet bgs.
;-LO
2.0 . .
1 1215 - 2.0 to 4.0 Top two inches silty CLAY, OL peees 5.9 M
2 E brown (10YR 5/3:M), stiff, P2
4 C 30 grass and roots. Bottom 10" a5
S clay silt and medium sand, RS
c black (10YR 2/1:M), loose, :E <
) - s 4.0 1\ trash odor, fill materal /] . -
% - 4.0 to 6.0 No recovery.
2 o
6.0 -
3 415 - 6.0 to 8.0 Siity CLAY, brown (10YR ML 0.5 M
2 o 5/3:M), stiff, trace roots
) C.70 and organic materal Bottom
5 1" coarse sand and gravel, |
= black (10YR 2/1:M), loose,
4 1614 8.0 \ trace metal debris cought in / ML 5.0 M
4 4 spoon.
1o .0 | 80 to 100 Silty CLAY, light olive
E ) brown (2.5Y 5/3:M), medium
stiff, medium plasticity, - .
100 trace fine sand and coarse i
S BRI \ sravel /| 8.2 M _
9 o 10.0 to 12.0 Clay SILT, light olive green
10 —11.0 (2.5Y 5/3:M), stiff, low
- plasticity, trace medium )
 ai gravel and metal debris. B

| hereby ce that the information on this form is true and correct to the best of my knowiedge.

Signature

Fimm Sigma Environmental Services, Inc.
220 E. Rvan Road, Oak Creek. WI 53154 (414) 768-7144

“us form is guthonzed by
an $10 nog/more than 35,

pu:xs 144, 147 and 162, Wis. Stats. Completion of this report 1s mandatory. Penalties: Forteit not less
for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

31253



State of Wisconsin ; SOIL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources Form 4400-122A Rev. 5-92
Boring Number PZ-C Use only as an attachment to Form 4400-122. Page 2 of 2
~ Sample So1l Properties
|5 2 E Soil/Rock Description Q
=30 3 . o B .
o [Zg| 3 = And Geological Origin For = a ©_ > =
25(52| 3 |2 Each Major Unit S |2, |=5|E |58 |38 |2x|2s| s [aE
5= 55| & | & @ |Sw|352|8 |58 |85|3E|23]| 2 |5E
Zz3 |lax| @3 | A o e |2a |2 |oa |[=So|Sdlz=s] a (28
3 2R E 120 to 14.0 Clayey SILT, gray (I0YR ML %7 M/W No Odor
2 . 5/1: M/W), soft, medium
7 1300 plasticity.
78 143 F'9 190 to 160 Same as above with fine ML . w
ﬁ} = sand.
7 —15.0
sl 2214+ [E'*7T160 to 180 Clayey SILT and FINE SAND, | M [} " w
g - gray (10YR 5/1: W) soft, :
4 . 17.0 medium plasticity. Top 10"
=t contain some medium to fine
C gravel.
9 23 189780 to 20.0 Same as above. ™M ; w
7 =
9 —19.0
[20.
10 4|5 - 20.0 to 22.0 Coarse sand and GRAVEL, grayGW - w
L E (10YR 5/1:W), loose to
12 1.0 medium dense.
C »| .-. 0
ufll 12013 E 7220 to 240 Sand and GRAVEL, gray (10YRSW FOZE 11 w No Odor
g - 5/1: W), loose to medium 3
38 :rn_u dense. Chips of rock in
= spoon. Rock grayish brown.
wd Sand and gravel coarse. .
fl 113 F7*T24.0 to 260 Sameas above ow EOX L6 w
21 E 3
26 =250
vl 127 F %0260 to 280 Same as above. Terminated | SV E ? 32 w
3 E boring at 28 feet bgs.
17 (=270
- &
: :
29,0
—30.0
E3l.0
320

Village of Whitefish Bay
312853



State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources [ Solid Waste (] Haz. Waste Form 4400-122 Rev. 5-92
O Emergency Response [J Underground Tanks
O Wastewater [0 Water Resources
O Superfund &I Other Page 1 of 2
Facility/Project Name License/Permut/Monitoning Number  |Boring Number
"illage of Whitefish Bay Demolition Landfill MW-C
gonng Drilled By (Firm name and name of crew chiet) Date Driiling Started  [Date Drilling Completed [Drilling Method
Midwest Engineering Services 05 /21 /97 0S5 7_21 /_97_ | Hollow Stem
i MM DD YY MM DD YY Auger
Final Static Water Level |Surtace Elevation Borehole Diameter
Feet MSL 698.5 FectMSL | 825 inches
o 1+ = |Local Gnd Location (If applicable)
State Plane E S Lat ON OE
1/4 of _NW_1/4 of Section 3T 8 NNR__21E |Long Feet O S FeetOW
County NR County Code [Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soul Properties
3 F ‘§ 3 Soil/Rock Description o
=3 EE And Geological Origin For k7] a
< g a o
g&|S8| S |8 Each Major Unit alg | 5la |85]8z]. |B 5
55 (T3] 2 | & o |5=|32(5 |25 |22|E8|58| 8 |5E
25 32| = | & > [83|5a8| £ |Sa |38 3|&2] = |28
- Blind drilled to 16 feet |
- bgs.
:lO
20

[=] (=]

(=]

; 5 é"'léll!lélllléllll&'llllillflllll

| RARRS RAAAS RAER

5
o

| hereby lfy that the informnation on this form is true and correct to the best of my knowledge.

e s, L s

Sigma Environmental Services, Inc.
220 E. Rvan Road. Oak Creek. WI 53154 (414) 768-7144

~is form if authorized by hapters 144, 147 and 162, Wis. Stats. Completion of this report i3 mandatory. Penalties: Forfeit not less

«an $10 more than $5,

for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

31203
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SOIL BORING LOG INFORMATION SUPPLEMENT

Form 4400-122A

Use only as an attachment to Form 4400-122.
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State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources 1 Solid Waste 0 Haz. Waste Form 4400-122 Rev. 5-92
[0 Emergency Response [ Underground Tanks
[0 Wastewater O Water Resources
O Superfund & Other Page 1 of 2
Facility/Project Name [License/Permut/Mormutoring Number  [Boring Number
Tillage of Whitefish Bay PZ-D
sonng Drlled By (Firm name and name of crew chiet) [Date Dnlling Started Date Dnlling Completed [Drilling Method
Midwest Engineering Services 05 /.21 /.97 _05 7_29 7/ 97 | Hollow Stem
Dennis MM DD YY MM DD YY Auger
R R Final Static Water Level {Surtace Elevation Borehole Diameter
__ FeetMSL 707.6 Feet MSL | 12.25 inches
o 1+ w |Local Gnd Location (If applicable)
State Plane N, E S 5 AP L ON OE
1/4 of NW 1/4 of Section 23T 8 NNR__21E |ILong Feetd S Fect O W
County NR County Code [Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soll Properties
85 2 |3 Soil/Rock Description g
23| § | = And Geological Origin For Z 2
g&|Z5| S | = Each Major Unit @ |.g gle |85 (5¢ g g
22 153 z | S o |E |5 °-é°=z.9.-‘-’-.—--::><o\t§:
5z (53| 2 | & @ |Ee|32 |52 |S5(EE[22| ] (G5
Zzilasl 8 |8 D |83 |BA|a |Oa |=So|3S|RS| a |88
- Blind drilled ground surface 1
S to 2 feet bgs.
1.0
20
1 16{6 » 2.0 to 4.0 Clayey SILT, brown (7.5YR OL 35 2.1 DM
¢ F 4/4:D/M), stiff, crumbly, s
4 3.0 trace to some roots and e
E organic debris. oS
= 333
—4.0 -
2 144 s 4.0 to 6.0 Clay SILT, dark yellowish ML 52 M
r brown (10YR 3/4:M), medium
4 5.0 stiff, crumbly, wood
C particals-fill materaL
5.0 -
3 61 F 6.0 to 8.0 Silty, sandy, GRAVEL, dark 2850 D/M
'9’ C yellowish brown (10YR
8 C 70 4/4:D/M), stiff crumbly,
C gravel medium, sand coarse
- to fine.
4 12{S ;8'0 8.0 to 10.0 Same as above with some fill 2287 MW o&:lcet
3 F materal including metal =
3 Foo debris. 2" SILT seam, dark
H yellowish brown (10YR
e 4/4:M/W) sweet odor. Battom .
5 24ls 0.0 Z' of sample wet. / 2500f M Sweet
5 = 10.0 to 12.0 SILT, grayish brown (10YR -« |Odor
1 . 5/2:M), soft, trace fine
- sand, strong odor paint
C smell
In =12.0
| hereby certify that the inforrpation on this form is true and comrect to the best of my knowiedge.
Signature W g 1 Fiom Sigma Environmental Services, Inc.
A L Ju/ ol > 220 E. Rvan Road, Oak Creek. WI 53154 (414) 768-7144
“us form

.an $10 ndr more than $5,

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

?/amhoxized by [Chapters 144, 147 and 162, Wis. Stats. Completion of this report 1s mandatory. Penalties: Forteit not less
r for each violation. Fined not less than $10 or mare than $100 or imprisoned not less than 30 days or

312¢53



State of Wisconsin

50IL BORING LOG INFORMATION SUPPLEMENT

Department of Natural Resources Form 4400-122A Rev. 5-92
Boring Number PZ-D Use only as an attachment to Form 4400-122. Page 2 of 2
~ Sample So1l Properues
45| 2 3 Soil/Rock Description 9
=4 3 . .. ‘A n
v [€ 2] 3 = And Geological Origin For - = A o_ > =
Ils2l 9 |2 Each Major Unit o |2 AEREIEEIEME "
= |oa| 2 2 8 |=&6|% e |alls=lax]|
- |58l 2 | & w [gwl3s|a [ES[25|ZE| 28] _ 8§
z3 |[3=z| @ |a o |63 |BE| = |[Oa |Eo|33|zs| o |88
3 188 | | 120 to 14.0 SILT, grayish brown (I0YR | ML 2500 M e
v E 5/2:M), soft, trace fine Oer
11 Fiaod sand. Strong odor.
7@ 175 E'*7 140 o 160 Sameasabove Bottom8" 2500 Sweet
&% E grayish brown (10YR 5/2:W), Eilor
16 5.0 strong sweet paint odor.
sl 203 -_7‘6' 16.0 to 18.0 SILT, gray (10YR 5/1:M/D), 1040 Sveet
%g - stiff, crumbly, strong odor: Odor
159 =70
9 2419 L 18.0 to 20.0 Same as above. 1502 Sweet
14 - Odor
19 -
23 =19.0
0.
10 24 ‘1/5 - 20.0 to 22.0 Same as above. Odor not as 693 g'ret
B E strong, °r
2 |0
22,
11 24{9 [ 22.0 to 24.0 Same as above. Bottom 1" 625 Sweet
{g b sand. Wet. Odor
5073 [=23.0
- Blind drilled.
|
:'2,6.0 U‘ﬁ;
12 6{37 [ | 260 to 280 Coarse SAND and GRAVEL, gha§% ot 0.8
3w E (10YR S/1:W), loase. Sweet 35
15 Fa7d paint odor. g
e .- o |
= Blind drilled to 30 feet -
o bgs. Terminated boring at
—29.0 30 feet bgs.
0.0 o
1.0
32,0
Village of Whitefish Bay

312553



State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources I Solid Waste [J Haz. Waste Form 4400-122 Rev. 5-92
[d Emergency Response [J Underground Tanks
O Wastewater [0 Water Resources
O Superfund &I Other Page 1 of 2
Facility/Project Name [License/Permit/Monitoring Number  [Boring Number
7illage of Whitefish Bay MW-D
Boning Drilled By (Firm name and name of crew chiet) Date Drilling Started Date Drilling Completed [Drilling Method
Midwest Engineering Services 05722797 | _0S /_22 /97 | Hollow Stem
Dennis ™MM DD YY MM DD YY Auger
P Common Well Name |Final Static Water Level [Surtace Elevation Borehole Diameter
MW-D Feet MSL 707.6 FeetMSL | 8.25 inches
Location o + = |Local Grd Location (If applicable)
State Plane N, E S L S anN OE
1/4of NW 1/4ofSection 23, T __8 N,R__21E |Long -~ ' ° Feet (I S Fect OW
County IDNR County Code [Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soul Properties
& E 2 3 Soil/Rock Description o
=73 b And Geological Origin For ‘@ a
< g i ; 2
g§: 59 S | & Each Major Unit ol = Ela gf’; g’fé _— g
=~ |Ba E S S Q c. = &b B g‘s Bi|la=m|lax] e BE
B2 |58 2 [ & @ |FelSE 5 |ES|S5|2E| 28| R |5
8 “|l@ |a D |da|zAla |oa |=So|ddlxms]| & &S
- Blind drilled to 18 feet '
- bgs.
:-l.O
20
3.0
.0
5.0 .
6.0
=7.0 3
- .
—8.0 3
- 5
.0
: . AR
—10.0 % b 2
i o =
5 . :
_—II.O g
~12.0 . F
| hereby ceqify that the info is form is true and correct to the best of my knowiedge.
Signature ) Fim Sigma Environmental Services, Inc.
[/ Y . 220 E. Rvan Road. Oak Creck. WI 53154 (414) 768-7144
“his form 1 ulhonzed by C ;apm 144, 147 and 162, Wis. Stats. Completion of this report 13 mandatory. Penaities: Forfeit not less
.aan $10 n¢f more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or

both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.

31X7S3
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SOIL BORING LOG INFORMATION SUPPLEMENT

Form 4400-122A

Use only as an attachment to Form 4400-122.

SOsn

Boring terminated at 18 feet
bgs. Well screen set 17 to

Soil/Rock Description
7 feet bgs.

And Geological Origin For
Each Major Unit

Department of Natural Resources
Boring Number MW-D

State of Wisconsin

. 5] I B T % o T 5 % % § 3
FECR R} = o o o
dutmesa ...._...._..:m....m.:...m....m:..m......w.....m:..m....m...:m....m..:.?....m
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[ur) paroaooay
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o
[=7
g 2d(y, pue
§ umN

Village of Whitefish Bay

312553




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources I Solid Waste O] Haz. Waste Form 4400-122 Rev. 5-92
[0 Emergency Response [J Underground Tanks
[0 Wastewater [ Water Resources
[ Superfund & Other Page 1 of 2
Facility/Project Name License/Permut/Monitoring Number  [Boring Number
“Tlage of Whitefish Bay MW-E
_onng Drilled By (Firm name and name of crew chiet) Date Drilling Started Date Dnlling Completed [Dniling Method
Midwest Engineering Services 05 /_27 197 _0S /_27 /1 97 | Hollow Stem
Dennis MM DD YY MM DD YY | Auger
TR T 1Common Well Name |Final Static Water Level |Surtace Elevation Borehole Diameter
. MW-E | ____FeetMsL 7079 FeetMSL [ 825 inches
Boring Locaton o 1+ n |Local Gnd Location (If applicable)
State Plane N, E S Lat ON OE
1/4 of NW 1/4 of Section 3T 8 NR__21E |Long Feet O S FeetCOW
County DNR County Code {Civil Town/City/ or Village
Milwaukee 41 Village of Whitefish Bay
Sample Soll Properties
=0 2 3 Soil/Rock Description o
g9 = And Geological Origin For z 2
g - 2 2
_'g§.‘ gg 3 _'z‘ Each Major Unit ’3 -3 gla |5 g‘&' - |3 g
=13l 2 | 2 S |l=2|% |E5|22|3zl55] S BE
5z 158| 2 | 3 @ [gw|32g [EE[35|5E|2S| R (85
z8 |3z| @ | A D |Sa|Ba|a |oa |=So|S3T =S| a |3
. Blind drilled ground surface
C to 2 feet bgs.
1.0
2.0 .
1 1114 - 20 to 4.0 Top 8" silty CLAY, dark 0.0 D
. yellowish brown (10YR
7 30 4/4:D/M), stiff, no odor.
C Bottom 3" Silt and fine
C SAND, very dark gray (10YR
2 1l —40 "\ 3{1:D), loose, trace gravel. A L6 M
3 = 4.0 to 6.0 Silty CLAY, strong brown
3 B (7.5Y 5/6:M), medium stifT,
e medium plasticity, trace
. roots and organic materal,
Cs.0 ke no odor. .
3 e P 6.0 to 80 Silty CLAY, yellowish brown 54 M
5 F (10YR 5/4:M). Bottom 8"
CR A Silty CLAY, very dark
- grayish brown (10YR 3/2:M),
Cen medium stiff, trace gray
4 16l6 0\ mottling and medium gravel /| 3.6 Mrw
?1 C 8.0 to 10.0 Clayey, sandy, SILT, strong
12 Eso * . brown (7.5Y 5/6:M/W), loase,
B soft. Sand fine. Trace
o fine gravel wl .
sl 175 F'°[ 100 o 1Z0 Silty SAND, yellowish brown 11.0f w e
3 F (10YR 5/4: W), loase to -
10 [Eio medium dense, sand medium ta
C fine, no odor.
120 v

| hereby dhénify that the,infoAnation on this form is true and correct to the best of my knowiedge.

Fimm Sigma Environmental Services, Inc.
220 E. Rvan Road, Oak Creek, WI 53154 (414) 768-7144

This form § authonized
an $10 for more than
both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99

and 162.06, Wis. Stats.

bz(Chapu:s 144, 147 and 162, Wis. Stats. Completion of this report 1s mandatory. Penaities: Farteit not less
355000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days or

312883



State of Wisconsin SOIL BORING LOG INFORMATION SUPPLEMENT
Department of Natural Raoum Form 4400-122A Rev. 5-92
Boring Number MW-E Use only, as an attachment to Form 4400-122. Page 2 of 2

So1l Properties

"
HH

Soil/Rock Description
And Geological Origin For
Each Major Unit

Length Att. &
Blow Counts
Graphic
Diagram
PID/FID
Compressive
Strength
Liquid

Limit
Plasticity
Index

P 200

RQD/
Comments

["E USCS
€| Moisture
2| Content

16.0

&3] Recovered (in

Num._..
| and Type

12.0 to 14.0 SILT, yellowish brown (10YR
5/4:M) stiff, crumbly, no-
odor-

RO wc“

TVy
él ' Depth in Feet
e

(=]

-
»

140 to 160 SILT, gray (10YR S/1:M), ML 1 129 M
very stiff, low plasticity, : '
no odor:

9
(%]
[y
LA LLLL

...
bl
=1

lllll

16.0 to 18.0 Sameasabove. Terminated ML # 1.4 M
boring at 17.5 feet bgs. - 41

UL RARL

5

UL LR RLLL
£ 8
= =Y 2 =Y

=)

(=]
’

(=]

- ?“J:Ww

prievsh

Q
'
DR s R IR 2 AL B
{
-

£y X
e

Y
Jae |
R o
r-g,

2 g é”llé””él”lé”lléllllé””élltf&llll

RARNRRRRNRRRL

4
B

Village of Whitefish Bay
312553



State of Wisconsin

Department of Natural Resources Route to:_

Solid Waste O0Haz. Waste 0 Wastewater O
Env. Response & Repair [ Underground Tanks [@ Other[X]

MONITORING WELL CONSTR
Form 4400-113A I}{erTgl(-)%

Facility/Project Name
Village of Whitefish Bay

Local Gnid Locatiortgif Well
ft N.
s

'Well Name
MW-A

Facility License, Permit or Monitoring Number

Grid Origin Location

_______ Lat. ' Lomg. _ __  or
Type of Well Water Table Observation Well @ 11| St. Plane ft. N, ft. E.|Date WellInstalled ¢ 5,2 3,9 7
Piezometer O 12Section Location of Waste/Source N E mm dd vy
Distance Well Is From Waste/Source Boundaryﬁ _ 1/4of NW1/4 of Sec.23, T. 8 N,R.21[] W Wiflli finstaltleEzli By: (Pe‘rson: Na:me and Firm)
4 = west Engineering Services
Ts Well A Point of Enforcement Std. Application? Lu"c‘ﬁt‘"{l;;,’ér%eign}fdm‘vest°DW§§§é§‘f£§;t
O Yes @ No |d g Downgradient n [0 NotKnown Dennis
A. Protective pipe, top elevation ft. MSL 1. Cap and Jock? X Yes O No
) , \1 ; — 2. Protective cover pipe:
B. Well casing, top elevation __697.36_ ft. MSL 4. Thside diametar
C. Land surface elevation __695.0 ft. MSL b. Length: S
c. Material: Steel ®
D. Surface seal, bottom _ _695.0 ft. MSL or _ ft. Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
g geoMO GCOGW O SW O SP O If yes, describe: Concrete
SME SsCgMLOgMH OgCL g CHQO b Bentonite 1 30
Bedrock O E::: 3. Surface seal: Concrete X
13. Sieve analysis attached? [JYes Kl No oo Other O
o
14. Drilling method used: Rotary [ 50 o 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 B Bentonite [
Other O .';:E f::: Annular space seal O
R B \ Other O
15. Drilling fluid used: Water 002  Air O 01 R 5. Annular space seal: a. Granular Bentonite [0 33
Drilling Mud 0003 None Kl 99 :, :33. b. Lbs/gal mud weight..Bentonite-sand slurry OO0 35
. . N R c. Lbs/gal mud weight ..... Bentonite slurry O 31
16. Drilling additives used? [ Yes EINo X B d. % Bentonite ........ Bentonite-cement grout OO0 50
b ,.3 ::'. e. Ft? volume added for any of the above
Describe KR f.  How installed: Tremie 0O
17. Source of water (attach analysis): :'.: »:EEE Tremie pumped O
A EE:E Gravity K
'EZE: EE:' 6. Bentonite seal: a. Bentonite granules [
E. Bentonite seal, top __694.0 ft. MSLor __ 1.0 ft. ':;. EEEE b. O1/4in. O3/8in. [X1/2 in. Bentonite pellets O
2K C. Other O
F. Fine sand, top __692.0 ft. MSLor __3.0 ft E:s I;:S:f 7. Fine sand material: Manufacturer, product name & mesh size
\ q a. Red Flint #45
G. Filter pack, top _ 6915 ft. MSLor __35 ft N N b. Volume added .17 fi®
8. Filter pack material: Manufacturer, product name & mesh size
H. Screen joint, top __691.0 ft MSLor __4.0 ft ——~— }j_F: a. Red Flint #30
b. Volume added _3.91 ft?
1. Well bottom 681.0 ft. MSL or 14.0 ft. 3 "_;:'- 9. Well casing: Flush threaded PVC schedule 40 & 23
Bl - \ =1 Flush threaded PVC schedule 80 O
J. Filter pack, bottom __680.0_ ft. MSLor _ 15.0 ft. ~—__ ke ?:7'\ _ Other O
7/ 10. Screen material: PYC
K. Borehole, bottom  __680.0 ft. MSLor _ 15.0 ft. / a. Screen type: Factory cut [
Continuous slot O
L. Borehole, diameter ~ _ 8.25 in. Other O
b. Manufacturer _ Timco
M. O.D. well casing _ 2.37 in. c. Slot size: 0.010_in
d. Slotted length: _0
N. LD. well casing 2.0 in. 11. Backfill material (below filter pack): None K
T Other O

rﬁereoy/cefmy tnat/ InF lprqrmanon on this form IS true and correct 10 the best oT my Knowledage.

o e

Firm
—

Sigma Environmental Services, Inc.
220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

and ch 141, Wis Ad

$5000 for each dalzI
day of violation.

312783

Pﬁe"ﬁﬁmlete both sid

of this form and return to the appropriate DNR ollice listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
ode. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than
of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each
OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin Route to:  Solid Waste 0Haz. Waste 0 Wastewater (0 MONITORING WELL CONSTRUCTION

Department of Natural Resources =2t=1t. - Form 4400-113A Rev. 4-90
Env. Response & Repair [ Underground Tanks [  OtherfX] -
Facility/Project Name Local Grid Locatiorﬁ% Well OE Well Name
Village of Whitefish Bay f.gs fgw PZ-A
Facility License, Permit or Monitoring Number | Grid Origin Location Visslnigue We:
_______ Lat. _ Long. _
Type of Well Water Table Observation Well 011 St. Plane ft. N,
Piezometer [¥ 12Section Location of Waste/Source NE
Distance Well Is From Waste/Source Boundary 14 of NW1/4 of Sec.23, T8 N,R.21[] W Well'Installed B?/: (Pe.rson's Na:me and Firm)
&t Location of Well Relative to Waste/Source Midwest Engineering Sexvices
s We oint o orcement Std. Application? |y g Upgradient s O Sidegradient
O Yes B No |d g Downgradient n [J NotKnown Dennis
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? X Yes 0O No
) L 13 2. Protective cover pipe:
B. Well casing, top elevation _ 69720 ft. MSL [ ] MO a. Thside:diameter:
C. Land surface elevation 6952 ft. MSL b. Length: R
e e c. Material: Steel X
D. Surface seal, bottom __695.2 ft. MSLor ___ _ ft Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
G gGaMpO GCc OGW O SW O SP O If yes, describe: _Concrete
SME SCOoMLOMH OCL O CHO d M Bentonite O
Bedrock O W ) 3. Surface seal: Concrete
13. Sieve analysis attached? [JYes Kl No ."é ::~§ Other O
14. Drilling method used: Rotary O 50 :‘ ‘:f: 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 ": X Bentonite [
Other O i 3 Annular space seal Kl
3 Other O
15. Drilling fluid used: Water [302  Air O 01 X ::.':f 5. Annular space seal: a. Granular Bentonite [0
Drilling Mud [J03 None Kl 99 ZEI;. IE:EZ; b. Lbs/gal mud weight.. Bentonite-sand slurry O
. EZEZS S:Eo,‘. (el Lbs/gal mud weight ..... Bentonite slurry O
16. Drilling additives used? [ Yes EINo ;EEEE i d._15 % Bentonite ........ Bentonite-cement grout [Xl
Describe :ngg :ffssf e.__min8 Ft* volume added for any of the above
X B f.  How installed: Tremie KX
17. Source of water (attach analysis): E.:EE X Tremie pumped O
:E::E s Gravity O
’EEEES §§§ 6. Bentonite §ea1: _ a. ‘Bentonite 'granules O
E. Bentonite seal, top __694.2 ft. MSLor __ 1.0 ft :‘:". 35555 b. O1/4in. OJ3/8 in. [X1/2 in. Bentonite pellets ]
Xd R c. Other O
F. Fine sand, top __679.7 ft. MSLor _ 155 ft. k :.: ?:E: 7. Fine sand material: Manufacturer, product name & mesh size
SHS a. Red Flint #45
G. Filter pack, top __679.2 ft. MSLor _ 16.0 ft ‘\ § b. Volumeadded _ 0.17  ft?
\ g 8. Filter pack material: Manufacturer, product name & mesh size
H. Screen joint, top 6782 ft. MSLor _ 17.0 ft. ~__f= a. Red Flint #30
S b. Volume added 1.7 ft2
I Well bottom 675.2 ft. MSL or 20.0 ft. i %g 9. Well casing: Flush threaded PVC schedule 40 [ 23
0.2 L \ g = Flush threaded PVC schedule 80 [0 24
J. Filter pack, bottom __674.7 ft. MSLor _ 205 ft. ~—__ SRt : Other O
Tt T T 10. Screen material: PVC
K. Borehole, bottom __674.2 ft. MSLor _ 21.0 ft /é a. Screen type: Factory cut B 11
\ %///’4 Continuous slot 0 01
L. Borehole, diameter ~ _12.25  in. ' = Other O
b. Manufacturer _ Timco
M. O.D. well casing _ 2.37 in. c. Slot size: 0010 _in.
d. Slotted length: _02 ft
N. ID. well casing _2.07 in. 11. Backfill material (below filter pack): None K

- Other O
MereDy Certity that the migrmation on this 10rm 15 (rue and Correct 10 the best of my Knowledge.
Fim  Sigma Environmental Services, Inc.

e "y v 1 — hen:
/,W W MWW = 220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

Please corgplete both sidgs of this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
141, Wis Ad €ode. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than

$5000 fér each day of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each
day of violation. NOTE: Shaded areas are for DNR use only. See insfructions for more information including where the completed form should be sent.

312783




State of Wisconsin

Department of Natural Resources Route to:

Solid Waste OHaz. Waste 0 Wastewater
Env. Response & Repair [J Underground Tanks [ OtherfX]

MONITORING WELL CONSTRU
Form 4400-113A RSVTEI(-)%

S
Facility/Project Name Local Grid Location_of Well Well Name
Village of Whitefish Bay ﬁ_rglgl. ft E %v 7-B
Facility License, Permit or Monitoring Number | Grid Origin Location
_______ Lat. . ' Long. _ _ or
‘Type of Well Water Table Observation Well 11| St. Plane ft. N, ft. E.|Date Well Installed ( 5 /2 3/9 17
Piezometer & 12fSection Location of Waste/Source N E mm dd yy
Distance Well Is From Waste/Source Boundaryft _ 1/40ofNW1/4 of Sec.23,T. 8 N,R21OW. Wc;}lllfinstaltleéi B?': (Pe.rson's N@e and Firm)
~fLocation of Well Relafive to Waste/Source Jwest SngitGering ervices
s We ot of Enforcement Std. Application? |y Upgradient s O Sidegradient ]
O Yes B No |d g] Downgradient n [0 Not Known Dennis
A. Protective pipe, top elevation ft. MSL _— 1. Cap and lock? X Yes O No
. . :1 ; 2. Protective cover pipe:
B. Well casing, top elevation __692.61 ft. MSL 4. Tnside diamister:
C. Land surface elevation __690.8  ft. MSL b. Length: L
c. Material: Steel X
D. Surface seal, bottom _ _690.8 ft. MSL or _ ft. Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
GgPgooMO GC OGW @ SW O SP O If yes, describe: Concrete
sMgsCogMLgMH OgCL O CHQO % G " Bentonite [ 30
Bedrock O0 e DALGS Seal Concrete X
13. Sieve analysis attached? [JYes Kl No Other O
14. Drilling method used: Rotary O 50 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 Bentonite @ 30
Other O 2 Annular space seal O
g Other O

15. Drilling fluid used: Water [302

Air O 01
Drilling Mud [J03 None KI 99

o

™~~~

XXX
XXX
asees:

3
23

£
533

-
&5
&2

33
o
o3¢

o 0e
323

o
o
33

23
523

23S
e
>

5.
b.
¢
d.
e.
f

Annular space seal:
Lbs/gal mud weight.. Bentonite-sand slurry O
Lbs/gal mud weight

O

a. Granular Bentonite

Bentonite slurry O

16. Drilling sdditivesused? [ Yes I No f.:'i :. % Bentonite ........ Bentonite-cement grout O
b ,j', .j': Ft* volume added for any of the above
Describe o How installed: Tremie 0O
17. Source of water (attach analysis): EEEE; ':EE? Tremie pumped O
EZ"E E::':' Gravity K
EE:E: 6. Bentonite seal: a. Bentonite granules O
E. Bentonite seal, top _ _689.8 ft MSLor __ 1.0 ft. EE;E b. O1/4in. O3/8 in. [@1/2 in. Bentonite pellets 0]
(2 c. Other O
F. Fine sand, top __6733 ft MSLor _ 175 ft. X E:'f:f 7. Fine sand material: Manufacturer, product name & mesh size
\ ey pa a. Red Flint #45
G. Filter pack, top __672.8 ft MSLor _ 18.0 ft N & b. Volume added 0.17 ft*
8. Filter pack material: Manufacturer, product name & mesh size
H. Screen joint, top __6723 ft. MSLor _ 185 ft. ——~—__ |7 a. Red Flint #30
b. Volume added 3.48 fi*
I. Well bottom _ 6673 ft. MSLor _ 23.5 ft % 9. Well casing: Flush threaded PVC schedule 40 @ 23
\;_ - Flush threaded PVC schedule 80 [J
J. Filter pack, bottom __666.8 ft. MSLor _ 240 fi. ~— PRl \_ _ Other O
7/ 10. Screen material: PVC
K. Borehole, bottom  _ _662.8 ft. MSL or _ 28.0 ft. / a. Screen type: Factory cut Xl
Continuous slot O
L. Borehole, diameter 12.25 in. Other O
b. Manufacturer _ Timco
M. O.D. well casing _ 2.37 in. c. Slot size:
d. Slotted length:
N. LD. well casing 207 in. 11. Backfill material (below filter pack):

[herepy certry that the inrormation on this 1orm 1S true and correct 10 the best oT my Knowledge.

Sign

il

Firm

Sigma Environmental Services, Inc.
220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

$ for each day o
day of violation.

3127S3

/—./
1des of this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
d Code. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than

violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each
OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin

Department of Natural Resources Route to:

Solid Waste O0Haz. Waste 0 Wastewater OO

MONITORING WELL CONSTRUCTION
Form 4400-113A Rev. 4-90

Env. Response & Repair [0 Underground Tanks [ Other[X]

Facility/Project Name
Village of Whitefish Bay

Local Grid Locatiofo Well
ft N.

-S.

Well Name

OE, MW-
. Ow. B

Facility License, Permit or Monitoring Number

Type of Well Water Table Observation Well (11}

Grid Origin Location
Lat.

St. Plane

Long.
ft. N,

.| Date Well Installed ¢ 5 /2 3,9 17

ft. E
_ Piezometer O 12]Section Location of Waste/Source B mm dd yy
Distance Well Is From Waste/Source Boundaryﬁ _ 1/4of NW1/4 of Sec. 23, T._8 N, R. 21 E W Wle\lllli (Iinstaltlc;;i By: (Pefsonés N@e and Firm)
g = west Engineering Services
Is Well A Point of Enforcement Std. Application? ]ﬁoc%o&?érm?}}n{{elauvitonwzési?égf;gf;t : .
O Yes @ No |d g Downgradient n [J Not Known Dennis
A. Protective pipe, top elevation ft. MSL = 1. Cap and lock? X Yes O No
. . | i% 2. Protective cover pipe:
B. Well casing, top elevation __693.04 ft. MSL / 4. Tnside diamister: o
C. Land surface elevation 691.4  ft. MSL b. Length: o
NS c. Material: Steel X
D. Surface seal, bottom _ _691.4 ft. MSL or _ ft. Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
GghPOoGMO GC OGW @ SW O SP O If yes, describe: _Concrete
SMOoscoMBMI gC O CHO - Bentonite O
Bedrock O E:i' ff::s 3. Surface seal: Concrete
13. Sieve analysis attached? [JYes K No §§ f;::; Other O
14. Drilling method used: Rotary [ 50 " ::: 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 4 "' ,": Bentonite
Other O .f::' :2;' Annular space seal O
“ b \ Other O
15. Drilling fluid used: Water [02  Air 0001 XX 5. Annular space seal: a. Granular Bentonite [
Drilling Mud 0003 None Kl 99 R b. Lbs/gal mud weight. Bentonite-sand shurry [J
) . v c. Lbs/gal mud weight ..... Bentonite slurry O
16. Drilling additives used? [1 Yes EINo EE:E ::f:f d. % Bentonite ........ Bentonite-cement grout [
Describe :": :: e. _ Ft* volume added for any of the above
2K f.  How installed: Tremie 0O
17. Source of water (attach analysis): :::j :EEE Tremie pumped [
33‘:5 o Gravity &
':::2; ; 6. Bentonite seal: a. Bentonite granules [0
E. Bentonite seal, top __690.4 ft. MSLor __ 1.0 ft. ; b. O1/4in. O3/8in. [1/2 in. Bentonite pellets [J
xq R c. Other O
F. Fine sand, top __688.4 ft MSLor __ 3.0 ft \ ;fE' 7. Fine sand material: Manufacturer, product name & mesh size
\ { R a. Red Flint #45
G. Filter pack, top _ 6879 ft MSLor __35 ft N B b. Volumeadded .17 fi?
\ 8. Filter pack material: Manufacturer, product name & mesh si
H. Screen joint, top  __687.4 ft. MSLor __4.0 f. ~—~_"f4 _F a. Red Flint #30
b. Volume added 3.91 ft*
L Well bottom 677.4 ft. MSLor 14.0 ft. 5= 9. Well casing: Flush threaded PVC schedule 40 @ 23
T T - \ Flush threaded PVC schedule 80 00 24
1. Filter pack, bottom  __676.4 ft. MSLor _ 15.0 ft. ~—__ [k ,,’:?'\ : Other O
zZ 10. Screen material: PVC
K. Borehole, bottom  __676.4 ft. MSLor _ 15.0 ft. / a. Screen type: Factory cut ® 11
\ Continuous slot O 01
L. Borehole, diameter _ 825 in. Other O
b. Manufacturer _ Timco
M. O.D. well casing _ 2.37 n. c. Slot size: 0010 _in
d. Slotted length: _02 fi
N. LD. well casing 207 in. 11. Backfill material (below filter pack): None K
Other O
y cenny T T 1S TOrm 15 e a €5L 01 1My KNnowledge.
Signa /I . ——|Fim  Sigma Environmental Services, Inc.

220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

Pleas

and ch

$5000 fof each day of
day of violation.

312783

of this form and return to the appropriate

'DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
141, Wis Ad/Code. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than
olation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each
OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin

Department of Natural Resources Route to:

Solid Waste O0Haz. Waste 0 Wastewater ]
Env. Response & Repair [J Underground Tanks [ Other[{

Form 4400-113A

MONITORING WELL CONSTRUCTION
Rev. 4-90

Facility/Project Name
Village of Whitefish Bay

Local Grid Locati f Well
rid Loca f110112? Y
s

Well Name
MW-C

Facility License, Permit or Monitoring Number

Type of Well Water Table Observation Well [ 11

Grid Origin Location
Lat.

St. Plane

Long.

ft. N,

Date Well In:

Piezometer O 12]Section Location of Waste/Source B y
Distance Well Is From Waste/Source Boundary 1/4 of NW1/4 of Sec.23 T. 8 N.R. 21 gw: Well Installed By: (Person's Name and Firm)
i Location of Well Relative to Waste/Source Midvwest Enginegring Services
Is Well A Pomt of Enforcement Std. Application? |y [ Upgradient s O Sidegradient
O Yes B No |d g Downgradient n [0 NotKnown Dennis
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? XYes O No
. _ \\1 - 2. Protective cover pipe:
B. Well casing, top elevation __700.24 ft. MSL a. Inside diameter: i
C. Land surface elevation __698.5  ft. MSL b. Length: __ _Rk
c. Material: Steel & 04
D. Surface seal, bottom __698.5 ft. MSLor ___ _ ft. Other OO
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O

GPOGMMO GC OGW O0 SW O SP 0O
SMESCOMEMI OCL O CH QO

Bedrock O
13. Sieve analysis attached?

14. Drilling method used:
Hollow Stem Auger
Other

OYes Kl No

Rotary [0 50
Kl 41

0 o1
Kl 99

15. Drilling fluid used: Water 002  Air
Drilling Mud 003 None

16. Drilling additives used? [ Yes KINo

Describe
17. Source of water (attach analysis):

E. Bentonite seal, top _ _697.5 ft. MSLor __ 1.0 ft.
F. Fine sand, top _ 6955 ft MSLor __3.0 ft
G. Filter pack, top __6945 ft MSLor __4.0 ft
H. Screen joint, top __693.5 ft MSLor __5.0 ft

1. Well bottom

J. Filter pack, bottom

K. Borehole, bottom

L. Borehole, diameter ~ _ 8.25 in.
M. O.D. well casing _ 2.37 in.
N. I.D. well casing 207 in.

avaa

[t

i

If yes, describe: _Concrete

Bentonite O
Concrete X

Other O

4. Material between well casing and protective pipe:
Bentonite [
Annular space seal O
Other O
a. Granular Bentonite [
b. Lbs/gal mud weight..Bentonite-sand slurry O
c. Lbs/gal mud weight Bentonite slurry O
d. % Bentonite Bentonite-cement grout [
e
f.

3. Surface seal:

5. Annular space seal:

Ft* volume added for any of the above
Tremie O

Tremie pumped O

Gravity X

6. Bentonite seal: a. Bentonite granules [0
b. O1/4in. O3/8 in. [1/2 in. Bentonite pellets ]
c: Other O

How installed:

01

7. Fine sand material: Manufacturer, product name & mesh size

a. Red Flint #45
b. Volume added

34 ft*

8. Filter pack material: Manufacturer, product name & mesh size

a. Red Flint #30
b. Volume added 4.08 ft?
9. Well casing: Flush threaded PVC schedule 40 X
Flush threaded PVC schedule 80 O

Other O

10. Screen material: PVC
a. Screen type:

Factory cut [
Continuous slot O

23
24

11

Other O
b. Manufacturer _ Timco
c. Slot size: 0.010 _in.
d. Slotted length: _02 f.
11. Backfill material (below filter pack): None & 14
Other O

| nerewemry that the nlrormanon on this torm IS true and correct 10 the best or my Knowledge.

s i 5

Firm

Sigma Environmental Services, Inc.

220 E. Ryan Road, Oak Creck, WI 53154 (414) 768-7144

Please cgmplete both gides 6t this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,

and ¢ 141, Wis
$5004 for each daglI

day of violation.
312783

Code. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than
of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each
OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin
Department of Natural Resources

Route to:  Solid Waste (DHaz. Waste 0 Wastewater
Env. Response & Repair [0 Underground Tanks [ OtherfX]

MONITORING WELL CONSTRUCTION
Form 4400-113A Rev. 4-90

Facility/Project Name
Village of Whitefish Bay

Local Grid LocatioxBf Well
ft N.
s

Well Name
PZ-C

Facility License, Permit or Monitoring Number

Grid Origin Location

Type of Well Water Table Observation Well 11

Piezometer

-|Date Well Installed ¢ 5,2 3/

Distance Well Is From Waste/Source Boundary

| Llat Long. or
St. Plane ft. N, ft. E
[ 12§ Section Location of Waste/Source N E

_ 1/40f NW1/40f Sec.23 ,T._ 8 N,R.21OW.

mm d d

Well Installed By: (Person's Name and Firm)

o Location of Well Relative to Waste/Source Didwest Bgtoring Sersics
Is Well A Pont of Enforcement Std. Application? |y [q Upgradient s O Sidegradient
O Yes @ No |d K Downgradient n [J Not Known Dennis
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? KYes 0O No
. ) \T — 2. Protective cover pipe:
B. Well casing, top elevation __700.45 ft. MSL 4 Tnside:diameter:
C. Land surface elevation 698.1  fi. MSL b. Length: Y
N 8 c. Material: Steel X
D. Surface seal, bottom _ _698.1 ft. MSL or _ ft. A Other O
12. USCS classification of soil near screen: . d. Additional protection? Kl Yes O
GPOGMOGC OGW @ SW O SP O If yes, describe: _Concrete
sMOogsCgMLgMH OgCL O CH O Bentonite [
Bedrock O 3. Surface seal: Concrete X
13. Sieve analysis attached? [JYes Kl No Other O
14. Drilling method used: Rotary [0 50 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 4 Bentonite
Annular space seal O
% \ Other O
15. Drilling fluid used: Water [302  Air OO0 01 .ff 5. Annular space seal: a. Granular Bentonite [
Drilling Mud 0003 None Kl 99 2 b. Lbs/gal mud weight.. Bentonite-sand sturry O
. » §: c Lbs/gal mud weight ..... Bentonite slurry O
16. Drilling additives used? [ Yes EINo E:EE d._15 % Bentonite ........ Bentonite-cement grout [Xl
Describe -? e. . Ft* volume added for any of the .above
X3 f. How installed: Tremie [
17. Source of water (attach analysis): & Tremie pumped O
X Gravity O
'::f: 6. Bentonite seal: a. Bentonite granules O
E. Bentonite seal, top __697.1 ft. MSLor __ 1.0 ft. b. O1/4in. O3/8 in. [@1/2 in. Bentonite pellets ]
e Other O
F. Fine sand, top __678.1 ft. MSLor _ 20.0 fi. \ 7. Fine sand material: Manufacturer, product name & mesh size
\ SHS a. Red Flint #45
G. Filter pack, top __677.6 ft. MSLor _ 205 ft o ,‘! / b. Volume added 0.75 i
\ A 8. Filter pack material: Manufacturer, product name & mesh size
H. Screen joint, top  _ _677.1 ft MSLor _ 21.0 ft. ~~_"F] I / a. Red Flint #30
B o b. Volume added _4.125 ft3
1. Well bottom 672.1 ft. MSLor 26.0 ft - T-: 9. Well casing: Flush threaded PVC schedule 40 [ 23
== T - \;‘5 = Flush threaded PVC schedule 80 [0 24
J. Filter pack, bottom  __672.1 ft. MSLor _ 26.0 ft. ~—__[o&d 3:7'\ : Other O
ZZ 10. Screen material: PVC o
K. Borehole, bottom __670.1 ft. MSL or _ 28.0 ft. / a. Screen type: Factory cut ® 11
\ Continuous slot 0 01
L. Borehole, diameter 12.25 in. Other O
b. Manufacturer _Timco
M. O.D. well casing _ 2.37 in. c. Slot size: 0.010 _in
d. Slotted length: 02 ft
N. LD. well casing 207 in. 11. Backfill material (below filter pack): None K
Other O

I hereby 997”my that the m/rQ.(mauon on this Torm 1S true ana correct 1o the best or my Knowledge.

SignatU/é /
/IWU

Firm

Sigma Environmental Services, Inc.
220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

Please co

and ch 141, Wis Ad

lete both s1d¢s of this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
ode. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than

$5000 fof each day of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each

day of Violation.
312783

OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin Ronteto:  Solid Waste Dz Waste [ Wastewater Dl MONITORING WELL CONSTRUCTION

Department of Natural Resources X Form 4400-113A ¥

P e Env. Response & Repair [ Underground Tanks [ Other[X] — Rew. 430
Facility/Project Name Local Grid Location of Well Well Name

Village of Whitefish Bay ft_ng IS\I ft. E {EN MW-D
Tacility License, Permit or Monitoring Number | Grid Origin Location i} TR Vel mBer :

_______ Lat.  _  _  Lomg. _ __  or
Type of Well Water Table Observation Well @ 11] St. Plane fi. N, ft. E.[Date Well Installed 0 5/2 2/9 17
Piezometer O 12fSection Location of Waste/Source B mm dd vy
Distance Well Is From Waste/Source Boundary 1/4 of NW1/4 of Sec.23 T. 8 N.R. 21 EW: Well Installed By: (Person's Name and Firm)
ft. b— — e Midwest Engineering Services

Location of Well Relative to Waste/Source

3
o
e

Is Well A Pont of Enforcement Std. Application? | w3 Upgradient s O Sidegradient
O Yes B No |d O Downgradient n K Not Known Dennis
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? X Yes O No
) ) :I- 13 2. Protective cover pipe:
B. Well casing, top elevation __709.20 ft. MSL [ ][O 4. Friside diameter
C. Land surface elevation __707.6 ft. MSL b. Length: ——
c. Material: Steel X
D. Surface seal, bottom __707.6 ft. MSLor ___ _ ft Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
GghPOoGoMO GC OGW ® SW O SP O If yes, describe: Concrete
sMgSCgMLgMH gCL g CHQO Bentonite O
Bedrock O 3. Surface seal: Concrete X
13. Sieve analysis attached? [JYes Kl No Other O
14. Drilling method used: Rotary [0 50 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 Bentonite
Other O ; Annular space seal O
kR Other O
15. Drilling fluid used: Water 002  Air O 01 ::f' K 5. Annular space seal: a. Granular Bentonite [
Drilling Mud [J03  None Kl 99 K b. Lbs/gal mud weight.. Bentonite-sand slurry O
L - C. Lbs/gal mud weight ..... Bentonite slurry O
16. Drilling additives used? [ Yes EINo d. % Bentonite ........ Bentonite-cement grout [J
b e. Ft* volume added for any of the above
Describe X f.  How installed: Tremie O
17. Source of water (attach analysis): E;E: Tremie pumped [
| Gravity K
:é;'s; 6. Bentonite seal: a. Bentonite granules [0
E. Bentonite seal, top 706.6 f. MSLor __ 1.0 ft. X b. O1/4in. O3/8 in. [K1/2 in. Bentonite pellets ]

,'.._..
S
3338
S

¢ Other O

33

F. Fine sand, top __702.6 ft. MSLor __ 5.0 ft 2 o 7. Fine sand material: Manufacturer, product name & mesh size
\ SlS a. Red Flint #45
b\
G. Filter pack, top __701.6 ft. MSLor __ 6.0 ft & b. Volume added .34 ft*
8. Filter pack material: Manufacturer, product name & mesh size
H. Screen joint, top __700.6 ft. MSLor __7.0 ft. ——~—~__}% a. Red Flint #30 E

b. Volume added 3.74 fi3
9. Well casing: Flush threaded PVC schedule 40 @ 23
Flush threaded PVC schedule 80 0 24

Other O

P R KA

S
SRR B MY

I. Well bottom __690.6 ft. MSLor _ 17.0 ft \

J. Filter pack, bottom 689.6_ft. MSLor _ 18.0 ft. ~—__

10. Screen material: PVC

K. Borehole, bottom __689.6 ft. MSLor _ 18.0 ft. /é a. Screen type: Factory cut ® 11
¢//’¢ Continuous slot 00 01
=
L. Borehole, diameter ~ _ 8.25 in. ‘ Other O
b. Manufacturer _ Timco
M. O.D. well casing _ 2.37 in. c. Slot size: 0.010 _in.
d. Slotted length: _02 ft
N. ID. well casing 2.07 in 11. Backfill material (below filter pack): None K 14
e Other O
1Ty ) e]l\ 1 | m i ue (0] Yy w e.
Signature / — Firm  Sigma Environmental Services, Inc.
/ 220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

and ch 141, Wis Ad Code. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than
$5000/for each daﬁ of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each

Plea‘,s;g&f{\plete both zldes of this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.

day of violation.
312783



State of Wisconsin . : 3 MONITORING WELL CONSTRUCTION
Department of Natural Resources Route to:  Solid Waste DHaz. Waste 0 Wastewater O Form 4400-113A Rev. 4-90
Env. Response & Repair [ Underground Tanks [  Other[X]
Facility/Project Name Local Grid Location_of Well Well Name
Village of Whitefish Bay ﬁxgls‘l & BE PZ-D
Facility License, Permit or Monitoring Number ~ |Grid Origin Location Vi N
_______ Lat. . = Lomg. _ _  or
Type of Well Water Table Observation Well [111] St. Plane ft. N, ft. E.|Date Well Installed ¢ 5,2 9,9 7
Piezometer X 12fSection Location of Waste/Source B mm dd yy
Distance Well Is From Waste/Source Boundaryﬁ _ 1/4of NW1/4 of Sec.23 , T. 8 N, R. 21 E W Wle\}[li ?staltlcalf:i B}/: (Pe.rsonés Nsze and Firm)
~—] Location of Well Relafive to Waste/Source wes g neering oervices
Is Well A Pomt of Enforcement Std. Application? |y [ Upgradient s O Sidegradient .
O Yes B No |d [ Downgradient n K NotKnown Dennis
A. Protective pipe, top elevation ft. MSL / 1. Cap and lock? X Yes O No
. ) :I 2. Protective cover pipe:
B. Well casing, top elevation __709.17_ ft. MSL a. Inside diameter: o
C. Land surface elevation __1707.6 ft. MSL b. Length: N
c. Material: Steel X
D. Surface seal, bottom __707.6 ft. MSLor ___ _ ft Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
GPRGMO GC OGW O sSW O SP O If yes, describe: _Concrete
sMosCogMULKMH gCL g CH QO 5. S5k " Besitonite Ol
Bedrock O s LIS Sl Concrete
13. Sieve analysis attached? [JYes Kl No Other O
14. Drilling method used: Rotary [0 50 B 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 o Bentonite (X
Other O & ol Annular space seal O

o}
3

3

xX

E.‘ \ Other O

5. Annular space seal: a. Granular Bentonite O

e

e

25

15. Drilling fluid used: Water [302 Air O 01

=
-3¢

Drilling Mud 003 None Kl 99 X > b. Lbs/gal mud weight..Bentonite-sand slurry O

. N o c. Lbs/gal mud weight ..... Bentonite slurry O

16. Drilling additives used? [ Yes EINo B d._15 % Bentonite ........ Bentonite-cement grout [l
b .:. e. Ft* volume added for any of the above

Describe B f.  How installed: Tremie [

17. Source of water (attach analysis): b Tremie pumped OI
EEE: Gravity O

EES;. 6. Bentonite seal: a. Bentonite granules [

E. Bentonite seal, top _ _706.6 ft. MSLor __ 1.0 ft :;E: b. O1/4in. O3/8in. [1/2 in. Bentonite pellets ]
1 c. Other O

...
2505
5o

023!

o2a8;
X
Booose

7. Fine sand material: Manufacturer, product name & mesh size
a. Red Flint #45
b. Volume added 0.75 ft?
8. Filter pack material: Manufacturer, product name & mesh size
a. Red Flint #30
b. Volume added 4.5 ft?
9. Well casing: Flush threaded PVC schedule 40 @ 23
Flush threaded PVC schedule 80 O

\ Other O
10. Screen material: PVC

G. Filter pack, top 683.6 ft. MSLor _ 24.0 ft.

F. Fine sand, top __684.1 ft MSLor _ 23.5 ft. § :

H. Screen joint, top 683.1 ft. MSLor _ 24.5 fi.

I. Well bottom __678.1 ft MSLor _ 29.5 ft. \.Z’:ﬁ

J. Filter pack, bottom 677.6_ft. MSL or _

-
K. Borehole, bottom  __677.6 ft. MSL or _ 30.0 ft. a. Screen type: Factory cut [l
Continuous slot 0
L. Borehole, diameter ~ _12.25 in. Other O

b. Manufacturer Timco

M. O.D. well casing _ 2.37 in. c. Slot size: 0.010 in.

d. Slotted length: _02 ft

N. LD. well casing 2.0 in. 11. Backfill material (below filter pack): None KB 14
T Other O

157 nt ation [ mi ue an e e my Knowledage.

y
Sigrhtur —f 7 ___ |Firm  Sigma Environmental Services, Inc.
i //M 220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144
Please cgmplete both sides of this form and return to the appropriate DNR office Iisted at the top of this form as required by chs 144,147 & 160, Wis Stats,
and ch KR 141, Wis Ad Code. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than
$5000 for each daﬁ of yiolation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each

O

day of violation. : Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.

312783



State of Wisconsin

Department of Natural Resources Route to:

Solid Waste OHaz. Waste 0 Wastewater O
Env. Response & Repair [ Underground Tanks [ Other[X]

MONITORING WELL CONS
Form 4400-113A TRII{SVTE-)%

Facility/Project Name Tocal Grid Location gl Well Well Name
Village of Whitefish Bay g IS\I ft B %V MW-E
TFacility License, Permit or Monitoring Number ~ |Grid Origin Location
_______ Lat. ' Long. __  or
Type of Well Water Table Observation Well @ 11| St. Plane ft. N, ft. E.|Date Well Installed ¢ 5 /2 119

7
Piezometer O 12fSection Location of Waste/Source N E mm dd yy
Distance Well Is From Waste/Source Boundzuyft _ 1/4ofNW1/4 of Sec.23 ,T. 8 N,R21O0W. Wi}lli {dnstaltlel;l B?/: (Pe.rsonés Nafme and Firm)
~— Location of Well Relative to Waste/Source e e I P
Is Well A Pont of Entorcement Std. Application? |y @ Upgradient s K Sidegradient
O Yes B No |d g Downgradient n [J Not Known Dennis
A. Protective pipe, top elevation ft. MSL _— 1. Cap and lock? X Yes O No
. . ; 2. Protective cover pipe:
B. Well casing, top elevation __1708.68 ft. MSL 4 Tnside diameter:
C. Land surface elevation __707.9 ft. MSL b. Length: = -
c. Material: Steel
D. Surface seal, bottom __707.9 ft. MSLor ___ _ ft Other O
12. USCS classification of soil near screen: d. Additional protection? Kl Yes O
g gGoMO GC OGW O SW O SP O If yes, describe: _Concrete
SMEKSC® ML.OMH OCL K CH QO il - s i Bentonite O
Bedrock O E,i,f d R e Concrete X
13. Sieve analysis attached? [JYes Kl No “ Other O
14. Drilling method used: Rotary [0 50 i 4. Material between well casing and protective pipe:
Hollow Stem Auger Kl 41 Bentonite

=

55

15. Drilling fluid used: Water [J02

Air O 01
Drilling Mud 003 None Kl 99

o
o

oS0 2e T !
SESIITIIS
Sesvseseln

3

16. Drilling additives used? [0 Yes Kl No :E:g

Describe ;;.

17. Source of water (attach analysis): 5%%
E. Bentonite seal, top _ _706.9 ft. MSLor __1.0 ft
F. Fine sand, top 7029 ft MSLor __ 5.0 ft
G. Filter pack, top _ 7019 ft MSLor __ 6.0 ft
H. Screen joint, top __7009 ftt MSLor __7.0 ft

I. Well bottom

J. Filter pack, bottom

o
o

7!
ot

TeTe%e"
25384
oSotess:

Toze]
5
3

3%

>

23
>

=

TR
Jo2e s
RIS

/AN

e2s,
ot

RS
523

T3
o

4'.
2
23

-
29
3

K. Borehole, bottom

L. Borehole, diameter _ 825 in.
M. O.D. well casing _ 2.37 in.
N. LD. well casing _ 207 in.

o

Annular space seal

Other O

5. Annular space seal: a. Granular Bentonite [
b. Lbs/gal mud weight..Bentonite-sand slurry O
c, Lbs/gal mud weight ..... Bentonite slurry O
d.__ % Bentonite ........ Bentonite-cement grout [
€. Ft® volume added for any of the above
f.  How installed: Tremie O
Tremie pumped O

Gravity K

6. Bentonite seal: a. Bentonite granules [
b. O1/4in. J3/8 in. [X1/2 in. Bentonite pellets ]
c. Other O

7. Fine sand material: Manufacturer, product name & mesh size
a. Red Flint #45
b. Volume added .34 ft3
8. Filter pack material: Manufacturer, product name & mesh size
a. Red Flint #30 ;
b. Volume added 3.74 ft3
9. Well casing: Flush threaded PVC schedule 40 X
Flush threaded PVC schedule 80 O
Other O

10. Screen material: PVC
a. Screen type:

Factory cut K
Continuous slot O
Other O

b. Manufacturer Timco

c. Slot size: 0.010 _in.

d. Slotted length: _02 fi

11. Backfill material (below filter pack): None & 14
Other O

Mmereby /@iz fy that the |iiloiﬁiﬁuon/on this Torm IS true and correct 10 the best o my Knowledage.

- Firm
]
e

Signatu/re /f/vlby‘v g[ ‘ lh] B

Sigma Environmental Services, Inc.
220 E. Ryan Road, Oak Creek, WI 53154 (414) 768-7144

Please co
and ch NRA41, Wis Ad C

ete both sides pI this form and return to the appropriate DNR office listed at the top of this form as required by chs 144,147 & 160, Wis Stats,
e. In accordance with ch 144, Wis Stats, failure to file this form may result in a forfeiture of not less than $10, nor more than

$5000 forfach daIYI of violation. In accordance with ch 147, Wis Stats, failure to file this form may result in a forfeiture of not more than $10,000 for each

day of viplation.
312783

OTE: Shaded areas are for DNR use only. See instructions for more information including where the completed form should be sent.



State of Wisconsin
Department of Natural Resources

GROUNDWATER MONITORING WELL INFORMATION FORM
Chapter 144. Wis. Stats.

Form 4400-89 Rev. 1-90

Facility Name Facility ID Number | Date Completed By (Name and Firm)

Village of Whitefish Bay 07/08/97 Sigma Environmental Services, Inc.

DNR Well Casing Elevations Reference S Well Type of Well (3 ) Gradient
WellID Date Top of Ground |MSL [Site creen. | we sI Aban-| Enf Stds. [U,S,D
Well Name | Number ~ | Well Location |N|E|S|W| Established |Diam.[Type] Well Casing| e | (3) [Pagum | Length | Depth pizjowjewltyy  Other [/ | agply | or N
MW-A 05/23/97 2.07LCH4° 697.36 695.0 | X 10.0 14.0 X NO D
PZ-A 05/23/97 | 2.07pcH4 697.20 6952 | X 3.0 200 X NO D
MW-B 05/23/97 | 2.07pCHA 693.04 6914 | X 10.0 14.0 X NO D
PZ-B 05/23/97 | 2.07pCH4 692.61 6908 | X 5.0 235 X NO D
MW-C 05/21/97 | 2.07FcH4 700.24 6985 | X 10.0 15.0 X NO D
PZ-C 05/23/97 | 2.07pcH4 700.45 69811 X 50 260 X NO D
PZD 05/29/97 | 2.07pcH4 709.17 707.6 | X 5.0 295 X NO N
MW-D 05/22/97 | 2.07pCH4 709.20 7076 X 10.0 17.0 X NO N
MW-E T 05/27/97 | 2.07pCH40 708.68 70791 X 10.0 17.0 X . NO S
/1
1

Location Coordinates Are: Remarks : PSS Use:

LocalGrid System  State Plane Coordinates File Maint. Completed:

[ (preferred) (0 Northern

[ Central Other




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources  [J Solid Waste [JHaz. Waste Form 4400-122 Rev. 5-g2
[ Emergency Response  {J Underground Tanks ’
(O wastewater [ water Resources
Osu Other:
Page { of 2
dity/Project Name License/Permit/Monttoring Number Boring Number
Presidio Square Apts./Milw. Public School Property MPS P-2
Boring Drilled By (Firm name and name of crew chief) Date Driling Started Date Driling Completed | Drilling Method
Boart Longyear 8/13/98 8/13/98 6 I/4" HSA/mud rotary
Paul Dickinson
DNR Faclity Well No. |WI Unique Well No. Common Well Name Final Static Water Level | Surface Elevatlon Borehole Diameter
Feet MSL 700.71 Feet MSL inches
Boring Location 3309.10 Feet N Lat Local Grid Location (if applicable)
State Plane 7346.34 FeetE Long -~ = Ce
NEI/4, NKI/4, Sec. 23, T8N, R2IE Os Ow
County ’ BNR County Code | Clvii Town/City/ or Village
Milwaukee 41 Milwaukee
Sample Soif Properties
< ® . . o
@ = 2 2 Soil/Rock Description >
olEZ8| 8| ¢ And Geologic Origin For o |89€|lo. > 2
e al< =4 & o El 2 loegle®e = c
E>ls8| 9| = Each Major Unit w |2 Sl sl _|L2x]| o <8
Ev|28] 3| & e8| S |ES|E85|2E|28| R | g¢
ég_,g o It S (65|lxdl & lowizo|SSIE &l 28
I Grass and organic topsoil. 3 g
- oL ?
p-2 [ 5
4 7 2 77 1.8 M
2 — SILTY CLAY; light brown, some fine sand, trace
~ gravel, moist, no odor, mottied orange. L/ /
i 922 © | 5 4 L/ 0.7 M
- - cL /7,
P 5 —6 Same as above, organic odor. < 4“8 M
~ L/
sz s | 10 —8 /7 27 M
i SANDY SILT: light brown, trace clay and //77/
- - gravel, no odor, moist, mottled orange. o
F2l e | s Fwo L W 30 M
- | At10.5' fine sand seam (1), light brown, moist. 7,
p-2 — SILTY CLAY: trace gravel, light brown, moist, no 2
12 8 2 — 12 odor. o L/ / 2.8 M
— L/,
P21 6| 2 |14 4Ls 55 M
4 - SANDY GRAVEL: light brown, medium and coarse 0
— grained sand, moist, slight weathered fuel e 0
P-2 21 18| o9 26 55 W
6 | - 00 :
- SN
— 00
P-2 -
18 10 2 —18 same as above, wet, moderate weathered fuel 0. 4 6.8 "
- odor. 6P 50. 0
p-2 - o
R 18.0 w
20 12 23 = 20 00
— SN
P- — O
222 20 32— 22 same as above, color becomes gray. o OO B I % 35.2 W
— - 0ok
P-2 : g 0. w
e | 22 ] 28 F 5 302

I hereby certify that the information on this form is true and correct to the best of m> knowledge.

ature Firm

Natural Resource Technology

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penaities: Forfeit not less
than $10 nor more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 162.06, Wis. Stats.




‘Mliw. Public Schoo! Property MPS P-2 cont. Page 2 of 2

Sample Soil Properties
€l . | ® ) i o
Q@ = 2 R Soil/Rock Description =
g g§ 2| e And Geologic Origin For ° el o |8 £lex 2 E
E>lst : £ Each Major Unit w | g, L |lgel28|e %s o L2
o— (2] poad
Eo|88| 2| 8 2 |Bols8 o |E2|8E|2E|88| R | B¢
z‘% o m [=a) ] o 3lxo a. OMIZEZEO0|II|ax S a o O
-2 o1 g
24 22 28 [T GP 0 30.2 L]
p-2 L. SAND: uniform, fine and medium grained, sp |’
s | 24 B8 —26 \ wWeathered fuel odor, wet. / S 285 L]
~ SANDY GRAVEL: angutar gravel fragments, wet, .O, O‘f
P2 L gray, weathered fuel odor. . 5
16 n |—28 O 36.3 W
28 - e 190
— O _o'<
p-2 - 0.0
30 | 2] 20 30v o, 44 1.0 W
— AN
- End of Boring at 31 feet.
—32
— 34
— 36
— 38
— 40
42
44
— 46
— 48
50
52
54
— 56
— 58
— 60
62
—




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Jepartment of Natural Resources Ul solid Waste [ Haz. Waste Form 4400-122 Rev. 5
O Emergency Response [ Underground Tanks V. 5-82
O wastewater [J water Resources
W O other:
e Page 1 of 1

lity/Project Name License/Permit/Monitoring Number Boring Number
Presidio Square Apts./Milw. Public School Property . 4 MPS MW-3
Boring Drilled By (Firm name and name of crew chief) Date Driling Started Date Driling Completed | Driling Method

Boart Longyear 8/14/98 8/14/98 ' 6.25" HSA

Paul Dickinson
DNR Facliity Well No.

WI Unique Well No. Common KWell Name Final Static Water Level | Surface Elevation Borehole Diameter

Feet MSL 693.22 Feet MSL 8 inches
Boring Location 3486.70 Feet N Lat Local Grid Location (if applicable)
State Plane 7454.89 Feet E Long Ow Oe
NEI/4, NHI/4, Sec. 23, T8N, R2IE Os Ow
County DNR County Code | Clvil Town/City/ or Viliage
Milwaukee 41 Milwaukee
Sample Soil Properties
= ©
@=l 2| o Soil/Rock Description 2
_g z g 3| ¢ And Geologic Origin For ° el a 2 Slew 2 2
g>1sz © £ Each Major Unit w |E I L |I5EE|2 0|0 L.l o o
Ec(28| 2| & S |S2/58 S |52|285|88(28| S| 2¢
ZeEls&l & | S D |oa|FB| & |[O0|ZQ |5 S| a &8
[ Drilied borehole without sampling to 8 feet.
e 2 Refer to MPS P-3 boring log for soll
=~ descriptions.
— 4
= «
—8
- End of Boring at ¢ feet.
— 10
12
14
— 16
18
20
22

I hereby certify that the information on this form is true and correct to the best of my knowiedge.
Firm

ature Natural Resource Technology

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less
than $10 nor more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.89 and 162.06, Wis. Stats.




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources [ Solid Waste O Haz. waste Form 4400-122 Rev. 5-02
O Emergency Response [ Underground Tanks ) »
O wastewater J water Resources
{0 superfund O other:-
Page 1 f2
Fecllity/Project Name N FT License/Permit/Monltoring Number | Boring Number Y]
Presidio Square Apts./Milw. Public Scho® PAPRECE MPS P-3
Boring Drilled By (Firm name and name of crew chief) Date Driling Started Date Drilling Completed |Drlling Method
Boart Longyear 08/13/98 08/14/98 6 1/4" HSA/mud rotary
Paul Dickinson
DNR Facllity Well No. |WI Unique Well No. Common Well Name Final Static Water Level | Surface Elevation Borehole Diameter
Feet MSL 693.50 Feet MSL inches
Boring Location 3490.56 Feet N Local Grid Location (if applicable)
State PI Lat Ow
e Plane 7454.80 Feet E Long ° Oe
NEI/4, NW1/4, Sec. 23, T8N, R2IE Os Ow
County DNR County Code | Civil Town/City/ or Village
Milwaukee 41 Milwaukee
Sample Soil Properties
= T
‘3 = .2 2 Soil/Rock Bescription g
_elZ®| 2| ¢ And Geologic Origin For o el o |85|w= z 2
g,:g—g_,g - Each Major Unit o |E g [ ag.‘gﬁg Sx| o g
€ o o Q [&] col=sg| o eEPlec|{sEla < Qe
52|58 5| & 2 |55|28) = |SG|28|5E(2E| S| g8
- Grass and organic topsoll. ¥ g
— oL
P-3 [~ % I
2 — SILTY CLAY: light brown, some fine sand, trace /
- gravel, molst, no odor, mottied orange, organics L/
P;S 2 s [—4 (roots, grass). C 32 M
— Same as above, 2" angular grave! layer at 4
— teet, moist. /7,
P;" g8 | 8 |—6 c V7 30 W
- /7,
P;:‘ 0 | 6 (-8 /7, 37 W
— /7,
P-3 1 20 8 10 SANDY GRAVEL; gray, slight weathered \./'O'o 5.8 W
10 I~ petroteum odot, trace siit, wet. 2.0
- Q.5
P-3 —~ 00
2 6 6 - 12 5. 7.4 W
- 00
':'43 22 | 26 14 \ .5 1.4 W
- ; .0.0
P-3 - ' ?66
e | 10| 46 — 16 o o i) 1.1 W
' — 00
P";’ 20 | 34 18 0. 4 28.4 W
— 00
- © 5
el 22| 3 (20 00 8.8 W
- TN o
— /\\ AN L0
P-3 - ) 0.0
w | 20| © [F22 \/\ O, 58 7.6 W
- ) Oﬂ:.
P-3 24 17 .': SAND: uniform, medium gralngd wet, slight sp |- ] 8.6 W
1 hereby certify that\@ infoPMATOH Th HYsoTSm is true and correct to the best of my knowledge
Signature Firm Natural Resource Technology
This form is authorized by Chapters 144,147 and 182, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less
than $10 nor more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.09 and 162.06, Wis. Stats.




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources O solid waste [JHaz. Waste Form 4400-122 Rev. 5-92
a Emergency Response [Junderground Tanks : ;
O wastewater O water Resources
O supertund O other:,
i Page'_l of {
Faclity/Project Name mcense/Pemlt/Momtormg Number Boring Number R
Presidio Square Apts./Milw. Public School Property . MPS MW=-2
Boring Drilled By (Firm name and name of crew chief) Date Orilling Started Date Drilling Completed |Drilling Method
Boart Longyear 8/12/98 8/12/98 8.25" HSA
Paul Dickinson
DNR Facllity Well No, |WI Unique Well No, Common Well Name Final Static Water Level | Surface Elevation Borehole Dlameter
Feet MSL 700.83 Feet MSL 8 inches
Boring Location 3308.42 Feet N Lat Local Grid Location (if applicable)
State Plane 7340.98 Feet E Long up Qe
NEI/4, NWi/4, Sec. 23, T8N, R2IE Os Cw
County DNR County Code | Clvil Town/City/ or Village
Milwaukee 41 Milwaukee
Sample Soil Properties
= 76 . . o
=l £ o Soil/Rock Description =
g %8| 3| ¢ And Geologic Origin For o el o |80 = z 2
E>1s28 9| ¢ Each Major Unit o | £ Ol £ 52538 iv 18 x| o @
ES|28| 2| § % |82|z8 2 |52|85|3E|88| R | S&
2|88 @ | o 5 |68lza| & |[Cx|=28|35 |2 &l o g3
— Driiled borehole without sampling to 16 feet.
i 2 Refer to MPS P-2 boring log tor soll
- descriptions.
4
—6
—8
10
— 12
14
16
[~ End of Boring at 16 feet.
18
[
— 20
— 22
T hereby certify that the information on this form is true and correct to the best of my knowledge.
Signature Firm Natural Resource Technology
This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less
than $10 nor more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.88 and 162.08, Wis. Stats.




Page 2 of 2

MPS P-1 cont.

Milw. Public School Property

SuBUWOY
/0By

Soit Properties
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State of Wisconsin
Department of Natural Resources

Route To:
(O solid Waste

O Haz. Waste

SOIL BORING LOG INFORMATION

[J Emergency Response  [J Underground Tanks

SBRAF

O water Resources
Clother: <3 -

A - 7? O

Form 4400-122

Rev. 5-92

Page t of 1

dity/Project Name License/Permit/Monitoring Number Boring Number
Presidio Square Apts./Milw. Public School Property MPS MKk-1
Boring Drlled By (Firm name and name of crew chief) Date Drlling Started Date Drilling Completed | Drilling Method

Boart Longyear
Paul Dickinson

8/12/98 8/12/98

6.25" HSA

DNR Facllity Well No. [WI Unique Kell No. Common Well Name

Final Static Water Leve! | Surface Elevation

Borehole Diameter

Feet MSL 706.45 Feet MSL 8 inches
Boring Location 3369.62 Feet N Local Grid Location (if applicable)
Lat D N
State Plane 7077.26 Feet E Long ° Oe
NE1/4, NKi/4, Sec. 23, T8N, R2IE Os O
County DNR County Code | Civil Town/Clty/ or Village
Milwaukee 41 ’ Milwaukee
Sample Soil Properties
€ ® . I o
“-3 = .Z. N Soil/Rock Description >
0|2 8| B p And Geologic Origin For el e |85]o - > 2
- Q o] o - R o El = 958 E = £
313"‘:2";5 T ":d Each Major Unit ? -gc) 5 & sglZglz.|2£ 5] 8 2
g 9] & o TRl S sl8 6 E QE
2g|8&| a3 |8 2 |s5|258| & |85|28|2E|28| 2| &8
- Drilled borehole without sampling to 17 feet.
-y Refer to MPS P—1 boring log for soll
b descriptions.
— 4
6
8
; 10
[ 12
14
16
[ End of Boring at 17 teet.
— 18
20
22

I hereby certify that the information on this form is true and correct to the best of my knowledge.

ature

Firm Natural Resource Technology

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not Iess
than $10 nor more than $5,000 for each violation. Fined not less than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.89 and 162,06, Wis. Stats.




State of Wisconsin Route To: SOIL BORING LOG INFORMATION
Department of Natural Resources L] solid Waste [JHaz. Waste Form 4400-122 Rev. 5-92
d Emergency Response [ Underground Tanks ) :
O wastewater {0 water Resources
O superfund (O other:
Page 1 of 2
—

Facliity/Pro ject Name License/Permit/Monitoring Number

Presidio Square Apts./Milw. Public School Propelty

Borting Number
MPS P-{

Boring Drilled By (Firm name and name of crew chief)

Boart Longyear
Paul Dickinson

Date Driling Started
8/12/98

Date Drliling Completed
8/12/98

DONR Facliity RWell No.

WI Unique Well No.

Common Weli Name

Final Static Water Level
Feet MSL

Surface Elevation
706.21 Feet M5L

Driling Method
6 1/4" HSA/mud rotary

Borehole Diameter
inches

Boring Location

3367.82

Feet N

Lat Local Grid Location (if applicable)
State Plane 7082.64 Feet E Long Ow Qe
NE1/4, NWi/4, Sec. 23, T8N, R2IE Os Ow
County DNR County Code | Clvil Town/Clty/ or Village
Milwaukee 41 Milwaukee
Sample Soil Properties
€ p
@Sl 2| o Soil/Rock Description 2
olZ%8| 3| € And Geologic Origin For el @ |8£|0= > 2
§>ls8| 0| ¢ Each Major Unit b= Pl |52|28|ls |8 o
5125 5| 8 8180|358 o |EE|2E|52|88| 8| B¢
zg|8&| @ o S 168|z6| & |[SR|2ES|33|z €] o g8
- Grass and organic topsoll. ¥ 53 3
”2" 4 | 4 [-2 o s s 5 256 M
Pt —
P 6 —4 3 < f 48 M
— SANDY SILT: light brown, trace clay and //77
Pt — gravel, no odor. Vs
8 | 2 6 L, 7, 10.3 M
] - orange and black mottling 7./ 7
P-i - 7,7
Y 10 8 — 8 ML /z /7 5.0 M
- P /./
P-1 - 4
= L V. 7.
o | © | ” [0 5% a7 M
~ (1
P';' s | 1 12 SILTY CLAY: gray. very soft, wet, trace fine 7 2.6 W
. sand, no odor, trace gravel, 1 cm sand seam at L/
- 12.1 feet.
Pl - V//
w | 20| 12 14 same as above, firm / 26 "
— L/,
P-1 - 7
2 | 24 (—16 % 2.4 W
16 |— L //
— Ct
P11 20 | 30 18 7 35 W
18 — L/, :
‘ - Z
po —
20 | 22| 45 |20 / 3.3 W
— ?
Pt ] 20 | 33 |—22 4L L 6L.7 W
22 I~ SANDY GRAYEL: wet, slight odor, gray, medium . O'a
BT l and coarse-grained sand, angular and rounded GP O O<
24 12 L gravel fragments. C 0 74.2 W

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Signature Firm

Natural Resource Technology

This form is authorized by Chapters 144.147 and 162, Wis. Stats. Completion of this report is mandatory. Penalties: Forfeit not less
than $10 nor more than $5,000 for each violation. Fined not iess than $10 or more than $100 or imprisoned not less than 30 days,
or both for each violation. Each day of continued violation is a separate offense, pursuant to ss 144.99 and 182.06, Wis. Stats.




in. Public School Property MPS P-3 cont. Page 2 of 2

+ Sample . Soil Properties
: = D . . o
Q= g h Soil/Rock Description >
- . .. (44
b olZ8| 3| e And Geologic Origin For o el o |90~ > 2
Ce & g © = : ; £ o| o |2ols ¢ S c
@9 >le X < Each Major Unit n |5 sl L |gel2 9| £ x| o L8
12’- o Q z a [&] mm:go EQleecl|ls= "’g o DE
Exig el = © 6 | o|98| = joe=loc|lTEIDZ| e E
z% ac m [} = O a|x0 a. VMlEO|ISTLIT S a & O
Tl | v F sp 5e il
. P=3 24 2 26 GRAVE!L W/SAND: wet, slight odor, medium and 8.2 W
' 26 - coarse grained sand.
p=3 - 16.3 W
28 24 50 - 28 sp
"3‘03 24 | 43 =30 12.2 "
— End of Boring at 31 feet.
— 32
— 34
— 36
— 38
40
— 42
44
— 46
— 48
— 50
52
— 54
— 56
58
60
62
-
r




State of Wisconsin

fNat
Department of Naturat Resources Route To.  Watershed/Wastewater [ Waste Management [ MONITORING WELL CONSTRUCTION
Remediation/Redevelopment (] Other [ Form 4400-113A Rev. 6-97
Facility/Project Name Local Grid Location of Well OE Well Name

Presidio Square Apartments

ON.
—_ft. 05

__fiOw

MPS MW-1

Facility License, Permit or Monitoring No.

Facility ID

Grid Origin Location
Lat. ° '

"

Long.

(Check if estimated: [ ) |Wis. Unique Well NoJ[DNR Well Number

or

St. Plane

ft. N,

fE. S/C/N Date Well Installed

el 3410-9604 Section Location of Waste/Source . 08/12/1998
e Well Code 1 1/mw A of 14 of See. - T.——-RR __OW T : D e S
- Location of Well Relative to Waste/Source aul Dickinson
Distance Well Is From Waste/Source u O Upgradient s O Sidegradient
Boundary fi. | d O Downgradient n O Not Known Boart Longyear
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? Yes O No
. . 2. Protective cover pipe:
B. Well casing, top elevation ft. MSL a. Inside diameter: 40 o
C. Land surface elevation ft. MSL b. Length: 50 .
D. Surface seal, bottom . fi. MSLor __0.0 g ¢ Material: Steel & 0,,4
Other [0 24
12. USC classification of soil near screen: d. Additional protection? O Yes ® No
GPO GMO GCO GWO SwO Sp O If yes, describe:
ISBIc\:{iEck SC O MLD MHD CLO CH - & 3. Surface seal: Bentonite ® 30
. . b2 Concrete [0 01
13. Sieve analysis attached? O Yes ONo % Other O B2
14. Drilling method used: Rotary 050 ::3:3 4. Material between well casing and protective pipe:
| Hollow Stem Auger X4 1 : Bentonite 0 30
; Other O g; SAND Other R é&i
' o . . B2~ 5. Annular space seal: a. Granular Bentonite X 33
15. Drilling fluid used: Water 002 Air D01 b. Lbs/gal mud weight . Bentonite-sand slurry 01 3 5
‘ DrillingMud 003 None ®99 c. Lbs/gal mud weight... Bentoniteslurry O 31
, o . .
164, Drilling additives used? O Yes & No ‘i: % Be’gfa“‘i fh‘u‘n'e . dfe?‘f‘:r";;f)’;‘t‘:‘: o b 50
) o f.  How installed: Tremie 0 01
: Describe - - Tremie pumped O 02
' 17. Source of water (attach analysis): Gravity ® 08
6. Bentonite seal: a. Bentonite granules O 33
b. O1/4in. ®3/8in. [01/2 in. Bentonite pellets X 32
E.Bentoniteseal,btop ______ ft MSLor _____ 0.0 # c. Other O EZ
| 7. Fine sand material: Manufacturer, product name and mesh siz
 F. Fine sand, top ____ fuMSLor 40 £ a. #7 Badger &
b. Volume added i
G. Filter pack, top —  fiMSLor___ 50 f 8. Filter pack material: Manufacturer, product name and mesh si:
a. #30 American Material ol
H.Screenjoint.top ____ ft MSLor ___ 60 f b. Volume added i
. 9. Well casing;: Flush threaded PVC schedule 40 X
{. Well bottom - ftMSLor___160 g Flush threaded PVC schedule 80 O
: Other O
f. Filter pack, bottom __________ ft MSLor __17.0 # » \10. Screen material: PVC (
V/ ; a. Screen Type: Factory cut &
X.Borehole,bottom ___ fi MSLor ___17.0 Continuous slot (1
Other O
_. Borehole, diameter ___ 8.0 in. b. Manufacturer Boart Longyear
c. Slot size: 0.010 in.
M. O.D. well casing ___ 237 in. d. Slotted length: 100 g
11. Backfill material (below filter pack): None K 14
N LD. well casing  ___ 2.06 in. Other O =
reby certify that the information on this form is true and correct to the best of my knowledge.
sawre — 6/%\ Firm BOART LONGYEAR Tel: 715-359-7090
101 ALDERSON ST.. P.O. BOX 109 SCHOFIELD, WI 54476 Fax:

Picase compiete both Forms 4400-113A and 4400-113B and return to the appropnate DNR office and bureau. Completion of these reports is required by chs. 160, 281, 283, 289, 291,

292,293,295, and 299. Wis. Stats , and ch. NR 141, Wis. Adm. Code. In accordance with chs. 281, 289, 291, 292. 293, 295_ and 299, Wis. Stats., failure 1o file these forms may result
in a forfeiture of between $10 and $25,000. or imprisonment for up to one year, depending on the program and condut involved. Personnally identifiable information on these forms is

not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



Siate of Wisconsin
Department of Natural Resources

Route To:  Watershed/Wastewater [ Waste Management [] MONITORING WELL CONSTRUCTION
Remediation/Redevelopment [] Other (J Form 4400-113A Rev. 6-97
Facility/Project Name Local Grid Location E(!)f Well Well Name
Presidio Square Apartments —__ft. O ]g S 2 8 %} MPs P—1
Facility License. Permit or Monitoring No. |Grid Origin Location (Check if estimated: [} ) |Wis. Unique Well No[DNR Wi Number
Lat. o t " Long' [ L] " Or i
Facility ID St. Plane fiLN, fLE. S/CIN Date Well Installed -
N 3410-9604 Section Location of Waste/Source 08/12/1998
Type of We D E [Well Installed By: g H
P Well Code 12/ l/4of _ 1/dofSec.__T..___NR .___OW ¢ By: (Person's Name and Firm
- o008 ~2 Pz Location of Well Relative to Waste/Source Paul Dickinson
Distance Well Is From Waste/Source u O Upgradient s O Sidegradient
Boundary fi. | d O Downgradient n O NotKnown Boart Longyear
A. Protective pipe, top elevation i MSL 1. Cap and lock? ® Yes O No
) \\T — 2. Protective cover pipe:
B. Well casing, top elevation . ft MSL a. Inside diameter: 40
. : Y in.
C. Land surface elevation - ft. MSL b. Length: 7.0 g
' ¢. Material:
D. Surface seal, bottom ___ ft. MSLor __1.0 f Steel & 04
Other O i
12. USC classification of soil near screen: d. Additional protection? O Yes ® No
GPO GMO GCO GWO SwO Sp O If yes, describe:
SMO SCO MLO MHO CLO CHO .
Bedrock(J 3. Surface seal: Bentonite [
13. Sieve analysis attached? O'Y N Conerete [
. Sieve analysis attached? es O No Other O
14. Drilling method used: Rotary ®50 4. Material between well casing and protective pipe:
Hollow Stem Auger &i&} Bentonite O
Other O SAND Other ®
. . B 5 5. Annular space seal: a. Granular Bentonite [
15. Drilling fluid u§efi: Water 002 Air O01 b. Ebs/gal mud weight . Bentonite-sand slurry {3
DrillingMud ®03 None K99 c. Y _Lbs/gal mud weight... Bentonite slumy ® 31
o . d. % Bentonite ... Bentonite-cement grout 3 50
»
16. Drilling additives used? O Yes X No . Ff’ volume added for any of the above i
. f. How installed: - Tremie O
- Is)escnbef — Tremie pumped ® 02
. Source of water (attach analysis): Gravity O 08
6. Bentonite seal: a. Bentonite granules O 33
b. OV4in. ®3/8in. OJ1/2 in. Bentonite pellets X 32
E.Bentoniteseal. top ________ ft MSLor ___200 g c. Other O 2%
. Fine sand material: Manufacturer, product name and mesh siz
F. Fine sand, top — ftMSLor__220 g a #7 Badger g
b. Volume added f
G.Filterpack,top _______ ft MSLor __23.0 g . Filter pack material: Manufacturer, product name and mesh si:
\ a #30 Flint B
H. Screen joint.top . ft. MSL or 250 g \ b. Volume added e
. Well casing: Flush threaded PVC schedule 40 ® 23
1. Well bottom —  ftMSLor__300 f Flush threaded PVC schedule 80 O 24
\ Other O EE
J. Filter pack,bottom _____ ft MSLor ___310 g _ Screen material: PVC &
a. Screen Type: Factorycut ® 11
K. Borehole,bottom ____ ft MSLor 350 g Continuous slot 0 0 1
Other O EE
L. Borehole, diameter ____10.0. in. b. Manufacturer Boart Longyear
c. Slot size: 0.0'10 in.
M.OD. wellcasing 237  in. d. Slotted length: 50 f.
11. Backfill material (below filter pack): None & }r?
N.LD. well casing . 2.06 in. Other [3 fx

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Signature é — l/%\

Firm BOART LONGYEAR Tel: 715-359-,490
101 ALDERSON ST.. P.O. BOX 109 SCHOFIELD, W1 54476 Fax:

Please complete both Forms 4400-113A and 4400-] }3B and return to the appropriate DNR office and bureau. Completion of these reports is required by chs. 160, 281, 283, 289, 291,

292,293,295, and 299, Wis. Stats., and ch. NR 141, Wis. Adm. Code.

in accordance with chs. 281, 289, 291, 292, 293, 295, and 299, Wis. Stats., failure to file these forms may result

in a forfeiture of between $10 and $25.000, or imprisonment for up to one year, depending on the program and condut involved. Personnally identifiable information on these forms is
not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



State of Wisconsin

Department of Natural ResourccsRomc To;  Watershed/Wastewater _J Waste Management [] MONITORING WELL CONSTRUCTION
Remediation/Redevelopment [J Other OJ Form 4400-113A Rev. 6-97
Facility/Project Name Local Gyid Location of Well Well Name
Presidio Square Apartments - fi %TQ\ A 8 %’ MPS MW-2
T-~ility License. Permit or Monitoring No. |Grid Origin Location (Check if estimated: [} ) |[Wis. Unique Well No]DNR Well Number
) Lat. ° ' Long. : " or
Facility ID St. Plane fi N, R E S/c/N |Date Well Installed
o 3410-9604 Section Location of Waste/Source 08/13/1998
peetie Well Code 11/mw _1/4 of : 1/4 of Sec. T. N, R. 8 %/ Well Installed By: (P'crs‘on's Name and Fim
- - Location of Well Relative 10 Waste/Source Paul Dickinson
Distance Well Is From Waste/Source u [ Upgradient s O Sidegradient
Boundary fi. | d O Downgradient n O Not Known Boart Longyear
A. Protective pipe, top elevation ) 1. Cap and lock?
) pipe. P . fi MSL \T X /2. Pr:tective cover pipe: ® YesO No
B. Well casing, to;? elevation - ft MSL a. Inside diameter: 4.0 i
C. Land surface elevation - ftMSL b. Length: 50 f
D. Surface seal, bottom _____ ft MSLor __1.0 f ¢ Material: Steel ® Qﬁ
....... Other O EL
12. USC classification of soil near screen: o d. Additional protection? O Yes ® No
GPO GMO GCO GwO SwQO SpP O If yes, describe:
gr:figckl:lsc B MLO O MHD CLD cHOD 3. Surface seal: Bentonite X
] . 3 Concrete 3
13. Sieve analysis attached? [ Yes ONo ; Other I
14. Drilling method used: Rotary 350 4. Material between well casing and protective pipe:
Hollow Stem Auger R4 1 b Bentonite O
Other D). 3 SAND Other ®
L . . R ————— 5. Annular space seal: a. Granular Bentonite & 33
15. Drilling fluid used: Water 002 Air D01 f b. Lbs/gal mud weight . Bentonite-sand slurry O 3 5
Drilling Mud 003 None 899 c. Lbs/gal mud weight... Bentonite slurry O3 3 1
. - .. ; d. % Bentonite ...  Bentonite-cement grout [3 50
4, Drilling additives used? {3 Yes X No f e. Ff volume added for any of the z%;ove
] ) : f.  How installed: Tremie O 01
Describe . 1 Tremie pumped O 02
17. Source of water (attach analysis): .: Gravity ® 08
§§§ 6. Bentonite seal: a. Bentonite granules O 3 3
§§§ b. O1/4in. ®3/8in. O1/2in. Bentonite pellets & 32
E.Bentoniteseal,top ___ ft MSLor 00 g §§f c. Other O #&
EZE: 7. Fine sand material: Manufacturer, product name and mesh siz
F. Fine sand, top —— ftMSLor___30 :E a. #7 Badger 3
b. Volume added f
G. Filter pack, top — fiMSLor__ 40 f 8. Filter pack material: Manufacturer, product name and mesh si:
a #30 American Material B
H. Screenjoint,top _______ ft. MSLor 50 g b. Volume added %
9. Well casing: Flush threaded PVC schedule 40 ® 23
L. Well bottom — fiMSLor___150 g Flush threaded PVC schedule 80 O
Other O
1. Filter pack, bottom ___ fi MSLor __ 160 g .\10. Screen material: PVC
; a. Screen Type: Factory cut
K. Borehole,bottom _____ fi MSLor __ 16.0 Continuous slot
Other
" L. Borehole. diameter ____ 8.0 in. b. Manufacturer Boart Longyear
c. Slot size: 0.010 jn.
M.O.D. well casing ___2.37 in. d. Slotted length: 10.0 g
1. Backfill material (below filter pack): None K 14
N.ID. well casing ~ ___2.06 in. Other O £

reby certify that the information on this form is true and correct to the best of my knowledge.

renare /Q__y “ Al Fim BOART LONGYEAR Tel: 715-359-7090
101 ALDERSON ST., P.O. BOX 109 SCHOFIELD, Wi 54476 Fax:

Please complete both Forms 4400-113A and 4400-113B and return to the appropniate DNR office and bureau. Completion of these reports is required by chs. 160, 281, 283, 289, 291,
292, 293. 295, and 299, Wis. Stats., and ch. NR 141, Wis. Adm. Code. In accordance with chs. 281, 289, 291, 292, 293, 295, and 299, Wis. Stats.. failure to file these forms may result
1n a forfeiture of between $10 and $25,000, or imprisonment for up to one vear, depending on the program and condut involved. Personnally identifiable information on these forms is
not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



Siate of Wisconsin
Department of Natural Resources

Watershed/Wastewater [

Route To; Waste Management [ MONITORING WELL CONSTRUCTION
Remediation/Redevelopment [] Other [ Form 4400-113A Rev. 6-97
Facility/Project Name Local Grid Location E(])g\l Well OE Well Name
Presidio Square Apartments —  _ftOgs ——  ftOwW MPS P-2.
Facility License, Permit or Monitoring No. |Grid Origin Location (Check if estimated: (] ) |Wis. Unique Well No|]DNR Well Number
Lat. ° ' Long ' " or
Facility ID St. Plane £ N fLE. S/C/N Date Well Installed -
: 3410-9604 Section Location of Waste/Source T 08/13/1998
Type of Wel ell Installed By: ' ;
P Well Code 12/ Vdof __ 1/4ofSec. T NR __ OW ¥: (Person's Name and Firm
_ ¢ ode 14/pz Location of Well Relative to Waste/Source Paul Dickinson
Distance Well Is From Waste/Source u O Upgradient s O Sidegradient
Boundary ft. | d O Downgradient n O NotKnown Boart Longyear

A. Protective pipe, top elevation ft. MSL _— 1. Cap and lock? X Yes O No
A . 122; 2. Protective cover pipe:
B. Well casing, top elevation ft. MSL - a. Inside diameter: 40 i
C. Land surface elevation ft. MSL b. Lcngtp: —-"—7—0‘ f
D. Surface seal, bottom f MSLor __1.0 f ¢ Material OStt:zi g %@é
12. USC classification of soil near screen: d. Additional protection? 0 Yes ® No
GPO GMO GCO GwO sSwO SP O If'yes, describe:
gﬁggckgc 0 MLO O MHO CLO cHOD 3. Surface seal: Bentonite & 30
Concrete O 01
13. Sieve analysis attached? O Yes ONo Other O BB
14. Drilling method used: Rotary 850 4. Material between well casing and protective pipe:
Hollow Stem Auger R4 1 Bentonite [0 30
Other DL SAND Other ® HE
. & ——— 5. Annular space seal: a. Granular Bentonite [3 33
15. Drilling fluid used: Water 002  Air 001 b. Lbs/gal mud weight . Bentonite-sand slurry [ 3 5
DrillingMud ®03 None ®99 c._ Y Lbs/gal mud weight... Bentonite slurry ® 31
. o . .
16. Drilling additives used? (] Yes ® No :: % B°‘;§§“V‘Z°h;;,;c adf;mfz?:i; zr:;:: fb?:,i B30
i f.  How installed: Tremie ‘
Describe . Tremie pumped ® 02
17. Source of water (attach analysis): Gravity O 08
6. Bentonite seal: a. Bentonite granules {0 33
b. O1/4in. ®3/8in. 01/2 in. Bentonite pellets ® 32
E. Bentonite seal, top fi. MSLor 200 £ c. Other O &&
. Fine sand material: Manufacturer, product name and mesh siz
F. Fine sand, top ft. MSLor 220 a. #7 Badger B
b. Volume added i
G. Filter pack, top ft. MSL or 23.0 f . Filter pack material: Manufacturer, product name and mesh si:
a #30 American Material e
H. Screen joint, top ft. MSLor ___250 # b. Volume added f
. Well casing: Flush threaded PVC schedule 40 X 23
1. Well bottom ft. MSLor ___300 £ Flush threaded PVC schedule 80 (O 24
: Other 0O B
J. Filter pack, bottom ft MSLor ___31.0 f . Screen material: PVC B
a. Screen Type: Factorycut ® 11
K. Borehole, bottom ft. MSL or 310 g Continuous slot O 01
Other O EE
L. Borehole, diameter 10.0 in. b. Manufacturer Boart Longyear
' c. Slot size: 0.010 jn.
M. O.D. well casing 237 in. d. Slotted length: 50 fi
11. Backfill material (below filter pack): None ® 14
N. L.D. well casing 2.06 in. Other O &i
I hereby certifv that the information on this form is true and correct to the best of my knowledge. _
Signature — Firm “BOART LONGYEAR Tel: 715-359-4490
101 ALDERSON ST., P.O. BOX 109 SCHOFIELD, W1 54476 Fax:

Please complete both Forms 4400-113A and 4400-113B and return 1o the appropnate DNR office and bureau. Completion of these reports is required by chs. 160, 281, 283, 289, 291,
292, 293, 295, and 299, Wis. Stats., and ch. NR 141, Wis. Adm. Code. In accordance with chs. 281, 289, 291, 292, 293, 295, and 299, Wis. Stats., failure to file these forms may result
in a forfeiture of between $10 and $25,000, or imprisonment for up to one year, depending on the program and condut involved. Personnally identifiable information on these forms is
not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



State of Wisconsin
Department of Natural Resource

$Route To: Watershed/Wastewater [ Waste Management [ MONITORING WELL CONSTRUCTION
Remediation/Redevelopment [ Other {J Form 4400-113A Rev. 6-97
Facility/Project Name Local Grid Location of Well E Well Name
Presidio Square Apartments —__ft B TS\] —ft. EW MPS MW- 3
Facility License, Permit or Monitoring No. |Grid Origin Location (Check if estimated: (] ) [Wis. Unique Well No]DNR Well Number
Lat. ° ' Long. i " or
Facility ID St. Plane i N R E S/C/N Date Well Installed
o 3410-9604 Section Location of Waste/Source 08/14/1998

Tvoe of We OE [Well Installed By: ! i

P 1/4 of ____ 1/4 of Sec. T.____NR ow ¥: (Person’s Name and Firm

Well Code | 1/mw

Distance Well Is From Waste/Source

Location of Well Relative to Waste/Source

u O Upgradient s O Sidegradient

Paul Dickinson

Boundary ft. | d O Downgradient n O Not Known Boart Longyear
A. Protective pipe, top elevation ft. MSL 1. Cap and lock? K Yes O No
. . ) 2. Protective cover pipe:
B. Well casing, top elevation ft. MSL a. Inside diameter: 4.0 i
C. Land surface elevation ft. MSL b. Length: 40 f
D. Surface seal, bottom ft MSLor 15 f. o Material Steel ® 04
Other (O &
12. USC classification of soil near screen: d. Additional protection? O Yes ® No
GPO GMO GCO GwO swOgO SO If yes, describe:
ISSrf\:/(I:IrE()]ckSC 0 MLO MADCLO o CHO 5 3. Surface seal: Bentonite & 3
. . : Concrete O 01
13. Sieve analysis attached? [J Yes O No : Other O B
14. Drilling method used: Rotary 050 ; 4. Material between well casing and protective pipe:
Hollow Stem Auger 41 : Bentonite 1 30
Other D& } SAND Other ® B
I . . { B& 5. Annular space seal: a. Granular Bentonite ® 33
15. Drilling fluid used: Water 002  Air 001 { b. Lbs/gal mud weight . Bentonite-sand slurry [ 35
DrillingMud [J03 None ®99 ] c. Lbs/gal mud weight. ..  Bentonite sturry [J 3 1
ie .. : d. % Bentonite. ..  Bentonite-cement grout [J 50
14, Drilling additives used? [0 Yes & No . Ff volume added for any of the 'flr)ove
. ; £ 'How installed: Tremie (1
Describe . Tremie pumped O
17. Source of water (attach analysis): { Gravity ®
1 6. Bentonite seal: a. Bentonite granules
J b. O1/4in. ®3/8in. O1/2 in. Bentonite pellets X
E. Bentonite seal, top ft MSLor ___ 00 § c. Other O
) 7. Fine sand material: Manufacturer, product name and mesh siz
F. Fine sand, top fi MSLor ____NA g : a. N/A B
. \ . b. Volume added f’
G. Filter pack, top ft. MSL or 1.5 ¢ 8. Filter pack material: Manufacturer, product name and mesh si:
\ a #30 American Material g
H. Screen joint, top ft. MSLor 2.0 \ b. Volume added i
g 9. Well casing: Flush threaded PVC schedule 40 & 23
1. Well bottom f MSLor 80 fi \ Flush threaded PVC schedule 80 [J
Other O
1. Filter pack, bottom f MSLor ___ 90 . _ \10. Screen material: PVC
? a. Screen Type: Factory cut
K. Borehole, bottom fi. MSL or 9.0 Continuous slot (1
Other O
L. Borehole, diameter 8.0 in. b. Manufacturer Boart Longyear
c. Slot size: 0.010 in.
M.O.D. well casing ___ 237 o d. Slotted length: 6.0 f
11. Backfill material (below filter pack): None X 14
N. 1.D. well casing 2.06 in. Other O =
rreby certify that the information on this form is true and correct to the best of my knowledge.
vignature g — Firm BOART LONGYEAR Tel: 715-359-7090
101 ALDERSON ST.. P.O. BOX 109 SCHOFIELD. WI 54476 Fax:

Piease complete both Forms 4400-113A and 4400-113B and return to the appropriate DNR office and bureau. Completion of these reports 1s required by chs. 160, 281, 283, 289, 291,
292293 295, and 299, Wis. Stats.. and ch. NR 141, Wis. Adm. Code. In accordance with chs. 281, 289, 291, 292, 293, 295, and 299, Wis. Stats., failure to file these forms may result
in a forfeiture of between $10 and $25,000, or imprisonment for up to one year, depending on the program and condut involved. Personnally identiftable information on these forms is
not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



State of Wisconsin
Department of Natural Resources

Route To:  Watershed/Wastewater [ Waste Management [ MONITORING WELL CONST
Remediation/Redevelopment {] Other [J Form 4400-113A Rev. 6-;{7UCTION
Facility/Project Name Local Grid Location of Well Well Name
Presidio Square Apartments - ft B ]S\] ft. 8 %} MPS P-3
Facility License, Permit or Monitoring No. |Grid Origin Location (Check if estimated: [J ) |Wis. Unique Well NoJ]DNR Well Numb
[ 1 " [l " cr
Lat. Long. or T
Facility ID St Plane fLUN. fLE  S/C/N Date Well Installed —
e 3410-9604 Section Location of Waste/Source 5 08/14/1998
Type of We O E |Well Installed By~ T :
ype oL 1/4 of 1/4 of Sec. T. N.R. ow ¢d By: (Person's Name and Firm

Well Code 12/pz

Distance Well Is From Waste/Source

Location of Well Relative to Waste/Source

u O Upgradient

s O Sidegradient

Paul Dickinson

Boundary ft. | d O Downgradient n [ Not Known Boart Longyear
A. Protective pipe, top elevation ft. MSL _— 1. Cap and lock? X Yes 3 No
. . 2. Protective cover pipe:
B. Well casing, top elevation — ft. MSL a. Inside diameter: 40
y : Y _in
C. Land surface elevation ft. MSL b. Length: 7.0 g
c. Material: Steel & 04
D. Surface seal, bottom fu MSLor 10 £ ok Other 0 B
12. USC classification of soil near screen: 2 d. Additional protection? O Yes ® No
GPO GMO GCO GwOo SwO SpP O If yes, describe:
sMO SCO MLO MHO CLO CHO .
BedrockOl 3. Surface seal: Bentonite ®
. alysis atiached? OY N Concrete O 01
13. Sieve analysis attached? es O No Other O %%
14. Drilling method used: “Rotary 50 4. Material between well casing and protective pipe:
Hollow Stem Auger ® 41 Bentonite 01 30
Other OEE SAND Other ® £i
. ) ] % 35. Annular space seal: a. Granular Bentonite 3 3 3
15. Drilling fluid “§3f13 Water (002  Air 001 b. Lbs/gal mud weight . Bentonite-sand slurry [ 3 5
DrillingMud & 03 None K99 c._Y Lbs/gal mud weight... Bentonite slurry ® 3 1
N » d. % Bentonite . .. Bentonite-cement grout 0 50
f)
16. Drilling additives used? O Yes X No . Ff* volume added for any of the above
Describ f.  How installed: Tremie [ i
escribe . .
T d ® u2
17. Source of water (attach analysis): remte pGu::S;y 0 o8
6. Bentonite seal: a. Bentonite granules O 33
b. O1/4in. ®3/8in. [J11/2in. Bentonite pellets ® 32
E. Bentonite seal, top fr MSLor 190 # c. Other O BE
Fine sand material: Manufacturer, product name and mes

F. Fine sand, top fiuMSLor 220 g
G. Filter pack, top f. MSLor 230 f
H. Screen joint, top ft MSLor ___25.0
L Well bottom f. MSLor 300 #
3. Filter pack, bottom ft. MSLor 310 g
K. Borehole, bottom ft. MSLor 310 f
L. Borehole, diameter ___ 10.0. in.

M.OD. welicasing 237 in,

N. L.D. well casing 206 in.

a #7 Badger

b. Volume added i
. Filter pack material: Manufacturer, product name and mesh si:
a #30 American Material

b. Volume added f°

. Well casing: Flush threaded PVC schedule 40
Flush threaded PVC schedule 80
Other

. Screen material: PVC
a. Screen Type: Factory cut
Continuous slot
Other

b. Manufacturer Boart Longyear

c. Slot size:
d. Slotted length:
11. Backfill material (below fiiter pack):

I hereby certify that the information on this form is true and correct to the best of my knowledge.

Signature e — V%\

Firm BOART LONGYEAR
101 ALDERSON ST., P.O. BOX 109 SCHOFIELD, WI 54476

Tel: 715-35.....90
Fax:

Please complete both Forms 4400-113A and 4400-113B and rewrn to the appropriate DNR office and bureau. Completion of these reports 1s required by chs. 160, 281, 283, 289, 291,
292, 293, 295, and 299, Wis. Stats., and ch. NR 141, Wis. Adm. Code. In accordance with chs. 281, 289, 291, 292, 293, 295, and 299, Wis. Stats., failure to file these forms may reSl_JlI
in a forfeiture of between $10 and $25,000, or imprisonment for up 10 one year, depending on the program and condut involved. Personnally identifiable information on these forms 1s
not intended to be used for any other purpose. NOTE: See the instructions for more information, including where the completed forms should be sent.



USAF NATURAL ATTENUATION SCREENING FORM

Nwhitefsh\3125\inv/rap.let



VILLAGE OF WHITEFISH BAY-GOOD HOPE ROAD PROPERTY

Initial Site Screening for

Implementation of Natural Attenuation

Parameter Possible Site Site
Parameter Criteria Comment Score* Data Score
Oxygen <0.5 mg/l Promotes reduction 3 0.22 3
>1 mg/l Indicative of aerobic degradation -3
Nitrate <1 mg/l Indicative of reduction 2 <0.1 2
Iron Il >1 mg/l Reductive pathway possible 3 NA 0
Sulfate <20 mg/Il Indicative of reduction 2 >20 0
Sulfide >1 mg/l Reductive pathway possible 3 NA 0
Methane <0.5 mg/I Vinyl Chloride is oxidized 0
>0.5 mg/I Ultimate reductive daughter product 3 max 0.54 mg/l 3
Redox Potential <50 mV Reductive pathway possible 1 NA 0
<-100 mV Reductive pathway likely 2
pH 5<pH<9 Indicative of reduction 1 72t07.4 1
5>pH>9 Outside optimal range for reduction -2
Carbon and energy source that 116 E+05 @
TOC >20 mg/l drives dechlorination 2 PZ-D 2
Carbon Dioxide >2x background |Ultimate oxidative daughter product 1 NA 0
Indicative of presence of carbon
Alkalinity >2x background |dioxide 1 NA 0
Chloride >2x background |Daughter product of organic chlorine 2 NA 0
Hydrogen >1nM Indicative of reduction 3 NA 0
BTEX >0.1 mg/Il Carbon and energy source 2 5.3 2
Tetrachloroethene Parent product 0 YES 0
Trichloroethene Parent product 0
Daughter product 2 YES 2
Dichloroethene Parent product 0
Daughter product of TCE (likely if cis is
greater than 80% of total) 2 YES 2
Vinyl Chloride Parent product 0
Daughter product of DCE 2 YES 2
Ethene Daughter product of vinyl chloride 3 YES <
Ethane Daughter product of ethene 2 YES 2
Daughter product of vinyl chloride
Chloroethane under reducing conditions 2 <MDL 0
1,1,1-Trichloroethane Parent product 0 ND 0
1,2-dichlorobenzene Parent product 0 ND 0
1,3-dichlorobenzene Parent product 0 ND 0
1,4-dichlorobenzene Parent product 0 ND 0
Chlorobenzene Parent product 0
Daughter product of
dichlorobenzene 2 <MDL 0
Daughter product of TCE or
1,1-Dichloroethene chemical reaction of 1,1,1-TCA 2 YES @ MW-4 2
TOTAL 26

-NA: Data Not Available

-Screening document taken from the November 1996 Technical Protocol for Evaluating Natural Attenuation of
Chlorinated Solvents in Groundwater - developed by the US Air Force in cooperation with the USEPA




PHOSTER Il INFORMATION PACKAGE

N\whitefsh\3125\inv/rap.let



06-13/97 FRI 17:28 FAX 770+642+6808 id1003

Freeman & Vaughn Engineering, Ine.
PHOSter ™ Vapor Phase Nutrient Injection Technology

Background

Natursl attenuation, of VOC and semi-VOC contaminants, occurs as indigenous microbes desive energy
from cometaholiziom of particular components within the contaminant’s molecular structure. The growth
rate of microbial population numbers (MPN) directly correfates to the rate and volume of contaminant
degradation. The rate of growth of MNP are limited to the availability of one or more essential factors;
food source, mutrients, oxygen, moisture and pH. Properly supplied with the correct ratio of carbon to
nitrogen to phosphoraus and oxygen, MNP can grow from 10 colosies per cubic cemtimeter 1o over 10
billion colonies per cubic centimeter within a week.

Process Development

* Delivery of essential nutrients to contaminzted soi? and grouadwater has historically been limited by the
hydraulic conductivity of the impacted soil. Liquid nutrient delivery system Emitation thresholds are reached
at soil permeability of 10‘4, with the tendency to over stinoulate microbial growth at the “end of the pipe
Tine”, thus prohibiting nutcient delivery throughout the impacted areas. Depariment of Energy (DOE)
scientist at the Savannah River Technology Center and Oak Ridge National Laboratory determined that a
vapor delivery system could more effectively distribute matrients throngh soils with permeability as dense as
107, Inthe largest DOE pilot demonstration to date, the feasibility of such a defivery system was
dramatically proven at Savannzh River Site’s “M” Seepage Basin. In some aveas of the demonstration,
10,000 ppb of PCE and TCE were degraded to <2 ppb in 13 weeks, while overall levels of PCE and TCE
were reduces by >95%.

Pilot Demongtration Summary

Abstract from “Summary of In-Situ Bioremediation Demonstration (Methane Biostimmniation) Via
Horizontal Wells At The Savannah River Site Integrated Demonstration Project” by T. C. Hazen K. H.
Lombard, B. B. Loony, M. V. Ensien, . M. Dougherty, C. B. Fliermans, J. Wear and C. A. Eddy-Dilek .
Thirty~Third Hanford Symposium on Heahth and the Environment, November 7-11, 1994, Pagco,
Washington.

“The UJ. S. Department of Energy’s Office of Technology Development has been sponsoring full-scale
envirormental restoration technology demonstrations jor the past 4 years. The Savevmah River Site (SRS)
Tmtegrated Demonstration focuses on “Clean-up of Soils and Groundwater Contaminated with Chiorinated
VOC.™ Several laborataries, including SRS, had demonstrated the ability of methamotropic bacteria
(found in 30if and aquifer material} to completely degrade or mineralize chiorinated solvents. The test
consisted of injecting methune mived with air into the contaminated aquifer via a horizontal well and
extracting it from the vadose zone via a parallel horizontal well  Groundwater was mopitored biweekly
from 13 wells for a vaviety of chemical and micrebiclogicad parameters. The water from wells in affected
areas showed increases in methanotrops of move tham  order of mognitude every 2 weeks for several
weeks after 196 methane in air mjection stted. Simultaneous with the increase in metfumotrops was a
decrease inweter and soil gas concentrations of rrichioroethylene (TCE) and tetrachloroetlylene (PCE).
In two wells, the FCE/PCE concentration in the water declined by more than 90%, to below 2 ppb. All of
the wells in the effected zone showed significarnt decreases in corteninutes in less than 1 month. Chloride
concentraiions in the water were inversely correlated with TCE/PCE concentration. In four of the five
vadase zome piezometers (each with three sompling depths} declined from concemrations as high as 10,000
ppb (volfol) to less than 5 ppb in less than six weeks, The fifth cluster also declined by more than 95%. A
variety af micrabial parameters increased with methane injection, indicating the extent and type of
stimulation than had occurved. History-maiching models constructed by Los Almnos National
Laborataries (1.ANT,) have shown that 41% more TCE is removed by bioremediation than by physical
stripping alone. The LANL model has aiso shown that in-situ bioremediation can reach a lower
concendration than in-situ air-stripping or pump-and-treat methods and that the thne required to reach
959 removal is less thait half the time required by ihe physical process. ™
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Freeman & Vaughn Engineering, Inec.
PHOSter 1™ Vapor Phase Nutrient Injection Technology

“HOW THE CONCEPT WAS PROVEN” from The U. 8. Department of Energy’s Savannah River
Technojogy Center publication “IN-SITU BIOREMEDIATION OF CHLORINATED SOLVENTS WITH
NATURAL GAS” Terry C. Hazen, Ph. D, C. B. Fliarman, Ph. 1., M. Enzien, Ph. D. and K. Lombard of
the Savaanah River Technology Center,

Key Results

During the demonstration peniod, 4,838 Ibs of PCE/TCE VOCs were degraded and mineralized,
Mass balance calculations indicated that bigremediation destroyed 40% more PCE/VCE VOCs than
simple air sparging (based on previous in sity air sparging demonstration).

= Gaseour nutrient injection of carbon, nitrogen, and phosphorus was achieved simulttanconsly for the first
time and better mass transfer than previous methods of liquid injection.

*  This nutrient injection strategy stirmisted a specific functional group of bacteria that is known to
degrade spevific contaminants.

= No toxic intermediates were produces by the bioremediation stratepy. Contaminants were completely

»  The best operating campaign used contimuos air and nutrent (N & P) plus the pulsed addition of 4%
methane.

*  Los Alamos National Laboratory completed a cost-benefit analysis showing that ISB could ceducs costs
by over 30%compared to the baseline technology of an integrated Soil Vapor Extraction/Pump- and-
Treat System (SVE/PT).

= ISB could reduce the time required to remediate a site by 5-7 years compared to the technology of
SVE/PT.

Through & cooperative agreement with the Southeastern Technology Center in Augusta, GA and the
Savarmah River Techanology Center in Aiken, SC, Freeman and Vaughn Engineering, Inc. (FVE) was
awarded the rights 1o privatize the technology. FVE commercialized the technology uoder the name of
PHOSter 11124,

Process Description

PHOSter TI™ 5 3 patented biostimulation process that delivers a measured and predetermined combination
of phosphorous, nitrogen, oxygen and, if required, metbane in a pulsed injection of vapor 1o VOC and/or
semi-VOC contaminated soil and groundwater. The volume and mixture of gaseous nutrient, flow rate,
pressure and frequency of the pulsed injections are determined by the types and volumes of contaminants of
concern. Calcolations are also based on site conditions such as soil types, groundwater flow rates, dissolved
oxygen in the groundwater, base line metrients Jevels and microbial plate counts.

‘The gas injection volumes and rates are far below the levels that could induce sir sparging and the methane
mjection levels are well below the Lower Explosion Limits. Because nutrients are injected in a mixture with
air, the terms bioventing, { defined as “air slowly injected into the unsaturated soils”) and biosparging,
(defined as “air and specific gases mjected into saturated sediments™), may be applied to the PHOSter Iiv
process. Injection points are sealed against air, gnses or vaporized contsminates venting to the atmosphere,

Injection of gaseous nutrients into soil and groundwater can be administered throngh vertical or horizontal
Air Injection Wells or may incorporate existing monitoring wells throngh specially fitted ports in the well
heads. i there is a sufficient monitoring well matsix on site, no additionsl injectton wefls may be required.
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Freeman & Véughn Engineering, Inec.
PHOSter II™ Vapor Phase Nutrient Injection Technology

Biodegradation Process of Chlorinated Contaminants

Aerobic degradation of TCE and Jess complex chiarinated VOCs such as DCE and VC by microbial
communities, if fed a measured vapor mixture of nitrogen, phosphotous, oxygen and methane, has been
demonstrated in laboratory studies, pifot studies and field applications. PCE dechlorination has only been
ohserved in anaerobic conditions, degrading 1o TCE, DCE apd finally VC. During in-situ bioremediation,
the system must become aerobic once the breakdown of PCE has occurred to prevent the formation of VC.,
The responsible organisms for degradation, Methanotrops, do not appear to derive energy from
transformation of chlorinated compounds. The conversion is brought about by co-metabolism, an
inferaction of the VOC chiosine atoms with enzymes, or co-factors produced by the microorganisms for
other purposes. Methanotrop bacteria derives their energy from the oxidation of methane, secreting an
enzyme, methane monaoxygenese (MMO), ta catalyze the oxidation of methane ta methanol, MMO i not
very substrate-specific, and will oxidize the chlorine to an unstable epoxide, which then undergoes
decomposition into a chloride salt. Degradation of the resulting declorinated VOC molecules are
accomplished by heterotrophic microbes.

Unit Description

The basic PHOSter IT™ units are self contained and housed in a covered metal trailer with fockable double
rear entry doors. The standard unit conforms to all DOT standards for size and weight, and are towed by a
fil size pickup truck or utility vehicle. Once mobilized fo a site, ang project engineer ar technician can set
up, program and operate four units. The units require a 220 volt, single phase electrical power supply.

Some units may require a telephone line for off site monitoring via modem. Specific gases used are nitrous
oxide, vapor phase trietyl-phosphate, prabvient sir snd methane, Basic units are equipped 10 through, up to,
10 separate igjection ports, but can be modified for additional injection ports. Site size and other factors will
dictate the mumber of umits to be employed, but 4 basic unit can easily treat a site of about 2 acres in surface
area.

Sampling and Treatment Confirmation

During operations of the PHOSter II™ ynits, FVE’s technicians, project engineer and/or qualified
subcontractor will conduct confirmatery testing fo determine the nerease in population growth of
methanotrophs and other degrading organisms. Other test to be conducted will include, confirmation of
chloride in the saturated zone, pH decrease, and anafysis to quantify the reduction in the mass of
confaminants after stimulation of indigenous organisms. These test are the accepted cdteria for
biodegradation evidence as detailed by the Natiomal Research Council, 1994,

Data Required Prior to Proposal Preparation

Site assessment, Corrective Action Plan or the equivalent, containing current and accurate analysis of the
types and levels of contaminants in soit and ground water, location of existing monitoring wells, divection of
flow of groumd water, soil type, and soil permeability. We afso will need to know the reguiatory clean up
levels for the contaminants of concern, soll moisture levels, baseline nutrient levels of phosphorous and
xg’t;ogmandmicrobial plate caunts to determine the presence and abundance of indigencus bacterial

OIS
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PHOSter I Fact Sheet

In Situ Bioremediation of a Sanitary Landfill

Iroplementation of PHOSter ™ for remediation of VOC plume, excerpted from document
WSRC-TC-96-0065, Rev, 1, April 1, 1996, Executive Summary, “Sanitary Landfill In Situ
Bioremediation Optimization Test Final Report™ (U for unclassified)

“...in the early 1970 s, these areas were consolidated into a single samitary lendfili located near the center
of SRS (Savarmah River Site), on Road C near Upper Tivee Runs Creek.”

- “SRS Sanitary Landfill hegan receiving solid waste from site construction areas, offices, shops, and
cafeterias in 1974 in its original 32 acre site. In 1987, as the original area reached capacity, a 16 acre
Northern Expansion was filled and ceased operations in 1993. The Northern Expansion, also known as the
Interim Samitary Landfilf (IS1) continued to receive SRS solid wasie on a case by case basis and is
rigorously cortrolled to enswre that hazardous waste is nos accepted. During the course of ils aperation,
Semsitary Landiill received muanerous materials that con feach or generate hazardous compounds, e g..
paints, thinner, splvents, batteries, and rags and wipes wused with F-listed waste...”

"On March 31, 1994 a Corrective Action Plan (CAP) based on the asswmption that the ACL (Alernate
Concentration Limit) Demonstration would be approved was submitied to SCDHEL (South Caroling
Department of Health and Environmentad Control) which addressed corrective actions to remediote the
groundwaier at the Semitary Landfill. Based on em evaluation of groundwater analytical dota for the
period af 1984 throught 1993 (up Yo and including 2093}, as described in the CAP, the GWPS has been
exceedded at or dovwngradient of the Point of Compliance (POC) for vinyl chloride (VC) and
trichloroettylene (TCE). "

“Bioremediation has been found to be among the least costly technologies in applications where it is
Jeasible. Full soale demonstrations of this technology have already been completed as part of the SRS
Integrated Demanstration at a solfvent disposal basin system in M-grea (Hezen, 1994). Because the M
basin differed from the Sanitary Langfill in having only TCE and tetrachloroethylene (PCE), no other
waste disposai, and a groundwoter that was only aerabic (-2 mg/l. dissolved axygen), it ways decided that a
treeability study was prudent for the Sanitary Londfill. The nine week bench-scale treatability test was
dore to determine: 1] if the contaminants of concern (COC), (F, TCE, and chlorobenzene) were
biodegradable in the specific soil and grosndwater samples. This included determining if pretreatment
was necessary ta dilyte intibitory compownds, 2) the vate of biodegradation of COCs, 3) the extent of
contemtinant biodegradation, and 4) the optimad conditions for biodegradation, including natriem
optimization and choice of inoculum,

“The treatabilify study using soil columns to simulate both vadose and groundwater conditions used svil
and groundwater from the most contamingied areas of the Sanitary Landfill (WSRC-TR-94-011%). These
Studies showed that all of the COCs were biodegradable 8y indigenous soil bacteria and that their ability
to degrade the COCs o undetectable levels greatly exceedad the highest concentrations found at the
Sanitary {amdfill. The soil coivmn simulations showad that the biostimulated soil microbes could reduce
more than 100,000 pph of the coriaminanis in the water to undetectable levels in just a few days... The
treatability study showed thut the COCs were biodegraded in both the satwrated cond wnsaturated colunms,
The major limitation to soil microbes at the SRC Samitary Landfill was oxygen, supplemental carbon
SOUTEES, . frace nutrients {phaosphorus and nitrager), in that order.”

“Historical groundwater data and landfifl usoge information confirmed that there existed two separare
plumes of concern. One plme comained TCE as its major comaminant of concern and the other plume
comtained VO as its major constituent. Because these two plumes were also quite different in terms of
dissofved oxygen concentration, Total organic, and other trace natrients a pilpt-scale optimisation test was
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deemed necessary to determine the best strategy for both plumes and also fo gather critical physical and
chemical information an input for the final remediation system for the two parts of the landfill.. "

“Site f and Site 2 were also significantly different in terms of COCs, dissolved oxygren, chloride, nitrite,
and nitrate concentrations, and response to nutrient stimulation, thus each site s considered separately.
Overall, both sites were found to have indigenons microorgamisms that could be stimulated to degrade
chioroberzene, trichiorlethyiene and, its daughter products, vinyl chloride in situ by the addition of oxygen
-.utrients, and methare to the contaminated zone. Biostimulation at both resulted in undetectable Jevels
of COCs and many other orgarics in both the groundwater and vadose zones. It was also shown that
chloride concentrations in the groundwater ai both sites increased significantly as bacteria densities
increased. This correfation shows that biodegradation af chiorinated solvents in situ was compiete and
resulted in production of chloride.”

“Site 1...When gaseous midrients were added to the air some decrease in TCE concentration was observed;
however, when methane was also added 1o the rutrient air mixture, the TCE concentration in ail affected
wells deciined 1o non detect levels (<2 ppb). After the air/mutrient/methane injection was ceased the TCE
was deteciable in 7 days and reached low pre-injection levels within 3-4 weeks. Biodegrader densities
increased anly slightly during air alone injections, but increased 2.3 orders of magnitude after
gir/muirient/methane injection storted, The densities of biodegraders slowly declined over ihe course of the
campaign. After severd weeks the densities of biodegraders still had not reached pre-injection levels.
Statistical enalyses showed that there was a significant positive correlation between DO (dissolved oxyger)
and biodegrader density, i.e. as the DO increases, the manber of bacteria increased. . Al of the data from
the site demonsirate that oxygen is limiting o the biodegraders at this site. Carbon, nitrogen and
phosphate must be supplied to bioremediate the site to non detect concentrations. Biodegrader activity at
this site can be maintained at a level effective for groundwater bioremediation by pulsed injection of
gaseous nutrients and carbon source. Monthly groundwater mormitoring should be sufficient to mainterin an

appropriate pulse schednle.”

Site 2...VC and chilorobenzenes as COCS...reflects the nature of the point source as being refuse that was
put in the landfill mony years earfier... This has aflowed more leaching and thus more biologicol activity
which creaied the VC from TCE under anaerobic conditions caused by the high carbon contem.. Monthly
monitoring and puised infection of air with occasional nitrogen and phosphorous gaseons supplements
should be all that is necessary to maintain compiete bioremediation of solvents at this site.”
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PHOSter’s Phosphms-Charged Bacteria Speeds Chanups

A new rechnology that uses phosphorus ro stimulate
naturally-occurring bacteria that consume hydrocar-
bons provides a cheaper, more effective remediation
technology for owners of conteminared underground
storage tank (UST) sites, zccording to its marketer,
Freeman & Vaughn Engineering Inc.

The new rechnology, known 25 PHOSter 1, is a
scaled-down version of a bioremediation technalogy
developed by the Deparoment of Energy (DOE).
Because ir does not reguire expensive equipment
and takes place in site, PHOSrer [ offers an inexpen-
sive and more effective bioremediation alternative,
said Vanghn Adams of Angusta, Ga.-based Freeman
& Vaughn. 706.'7?0 ~Rpoe

~ 3008
According to Adams, PHOSter I rechnology
works well in many differenr environments, such
as sands, silts and sands, sandy clays and dense clays.
He estimates that contamination at most leaking
UST sites can be cleaned in abour 90 days with chis
technology. “Pump and treat or air stripping can
take more than a yezr,” Adams said. DOE studies
show that vapor injection, such as that used by
PHOS«er 11, penetrates soils with permeability as
low as 10 centimeters per second (cm/s). This
compares favorably with liquid murient injection
dhar will not penetrate.soils with permeability lower
than 10* emfs.

Adams aksa said the PHOSter II technology is less
expensive than other technologies. “Depending on
the site, the cost is around $22 to $25 per pound of
soil and groundwater remediated, or about $10 lexs
per cubic foor than pump and treat or air sparging
technologies,” Thomas said.

How it Works

PHOSter Il injects a gas mixture containing phospho-
rus into the soil to stimulars the naturally-oocurming
aerobic bacteria already present in the soil at most
contaminated sites. Once stirmlaced, the bacteria—
called methanomopes—¥eat up” volatile organic
compounds, mchmbemmc,mhmmmdxyhmea:
am increased pace.

PHOSter [1 units are mountad on treiless —about the
size of a horse trailer—s0 they can be located ac any
sice (see figure). Each unir consists of the gas source,
compressor, regulating equipment, timers and a
modem. “The unirs are capable of remote monitoring

_andoommlwamdcmscmomevmhastobe
- onsite,” said Adams, . . .

May 1997

Frceman&\faug}mpufommmmgateachmem

determine if the necessary methanotropes ave already
present, which they often are at older sites. These

bacreria sometimes are nor present at younger sires
simply because the bacteria colonies have not fully
formed. “If they aren’t present, they can be inrro-
duced,” Adams said.

Using the nunaber of methanotrapes and the size of
the conramination plume, the contracror caladares
the mixtute of phospherus and nitrogen from: the
ambienc zix it with need to inject to stimulate the
microorganisms. “We hook die system up to the
monirering wells and seal the well-hasds 5o there is no
volarilizing contamination,” Adams said. The unit
then pulses the gas mixture into the wells. The pheme
size and microbe population determine the number
and length of the pulses. “You:don't want t over-
stiraulare che microbes either became oo muny
microbes can clog up the particles of soil,” Adams said.

Freeman & Vaughn monivors the progress from off site
andvmm&msxteemytwowaehmmtﬁm
remediation progress by mondtoring the carhan dioxide '
cmwdby&xehy&ombmmmm C .
are shue down and che wells aré allowed oo Rz
with warer ence a sufficient level of hydrocarbon
degradation has been reached. Igroundwater monitor-
ing shaws char hydracarbon contamination has noe
been sufficiently reduced, the process is repeated.

The target hydrocarbens are mineralized by the
microbes, leaving no secondary waste products and
requiring no additional oreattnent g6 achieve a cleapup
level of less than § pamperha‘!hm {ppb), the com-
pany said.

Demonsiration Sites

At several demonstration sites; PHOSter IT bas
effectively removad hydmacatbens from soil and
groundwater. At an old feaking UST site in Augusra-
Richmond County, Ga., PHOSter H was used o clean
up an old public works faciliry.: "'I'lwmmwasaﬁwh\g
stadon for the city,” said Jim Leiper; with the citpof
Augusta. City officials noticed warer-in thelr diesel
fuel and a subsequent investigstion revealed ground-
water contaminadon from a {eaking ST, Leiper
explained, Benzene was detecred ar fevels ashigh as
1,400 ppb, mdmhaxcmdcm@aiatlevebaslad\
as 8,200 ppb.

"rheﬁmmﬂoecbxwkwgymmdﬁxm%
days, hx%pucmrofthqckmmpmémaﬁu
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45 days,” Leiper said Because of the age of the con-
raminacion, the methanomope colony was already well
established, and the PHOGSter Il rechnology super-
charged it. “We are very pleased wich the outcome,”
said Leiper. o

The city of Aiken, S.C., also benefited from a demon-
stration project, according to Assistant City Manager
Frances Thamas. An abandoned gas station in
downtown Alken had significant hydrocarbon
contamination, with xylene lavels as high as 21,000
prb. “The site was abandoned for about five or six
years, and it was a real eyesore,” Thomas said.

Afrer six months of geatment wich the PHOSter
1I technology, che site was certified for no further
action by the South Carolina Deparoment of
Health and Environmental Control. “Since then,

41423988897 TO 97687158

the city hae sald dhe property 2o the Chamber of
Commerce o build a wurist center,” Thomas said.
The city was very heppy with the remediation msults,
she said. S . .

History of the Technology

In 1995, DOE demonstrated that namrally occinring
methanotropic bacteria, if properly stimulated,

would completely degrade or mineratize hydrocatbons.
The Savannah River Technology Center developed
PHOSter I and demonstrated it successfully. In

1996, Freeman & Vaughn, werking with the South-
eastern Technology Center and the Oak Ridge
Narionat Laboratory, redesigned the large and
immobile PHOSter prototype for comumercial applica-
tions nationwide. PHOSer Il features hardware
appropriate: for smaller sires and is mounted on reailers
for easy mobility. O

Diagram of PHOSter 1l System
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In Situ Bioremediation of
Chlorinated Solvent With Natural Gas

Terry C. Hazen, Principal Investigator K. H. Lombard, B. B. Looney, C. B. Fliermans, C. A. Eddy-Dilek

Westinghouse Savannah River Company
Savannah River Technology Center
Savannah River Site

Aiken, SC 29808 (USA)

Terry C. Hazen

803/557-7713; 803/557-7223

Primary Contacts

Description

This patented bioremediation technology combines natural gas injection and air stripping to stimulate
microbes to completely degrade and remove chlorinated solvents in sifu in groundwater and sediment in a
short time, at a low cost, without harmful side effects. This technology has global applications: almost
every highly developed country in the world has used chlorinated solvents for industrial purposes and
suffers from the concomitant contamination.

Primary Function

Bioremediation with natural gas injection harnesses the natural cleansing capacity of the environment to
decontaminate underground water and soil. What we did was stimulate naturally occurring microbes to
degrade chlorinated solvents, such as trichlorethylene (TCE) and tetrachlorethylene (PCE). This
technology represents a significant breakthrough in environmental remediation: we showed that resistant
contaminants can be degraded very effectively in sifu by injection of natural gas (methane). Furthermore,
we proved this technology to be much more efficient and cost effective than any preexisting commercial
technique.

Our technique remediates to 2 ppb (undetectable levels), rather than to 1000 ppb, as is common through
other remediation techniques in a heterogeneous environment. Our technique collapses the time needed to
achieve 95% contaminant removal from >10 years to <4 years. The cost of remediation falls from as
much as $38/Ib to less than $21/b when using our technique.

Chlorinated solvent contaminants are known to exist in thousands of sites in the U. S. and in
industrialized countries around the world. Such contamination damages the ecosystem and poses serious

10/29/97 12:21 PM
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potential health problems if local groundwater is used as a source of drinking water or irrigation water or
if the soil is used for growing crops. Contamination of groundwater by organic compounds is recognized
as one of the most important pollution problems of the industrialized nations. It is estimated that more
than 15% of community drinking water in the U. S. is already contaminated with chlorinated
hydrocarbons.

The specific microbes used in this process are called methanotrophs--methane oxidizing bacteria.
Methanotrophs exist everywhere, but generally in populations too small to have an effect on coexisting
contamination. We injected very low concentrations of methane through a well drilled horizontally below
the water table in a test site to stimulate the growth of the bacterial population. We withdrew air through
an upper, parallel well to increase air flow. We determined that methanotrophic bacteria could effectively
remove chlorinated solvents and their breakdown products with no harmful side effects. This process cut
the time for in sifu cleanup in half.

The concept of methane-induced bioremediation had been demonstrated in the laboratory, but no in sifu
demonstration had been done, nor had the wide-scale effectiveness or cost of the technology been
determined. Proving this concept was the final task of a continuing Savannah River Site technology
project that focused on the selection, full-scale demonstration, and evaluation of in sifu environmental
remediation processes for treating soil and ground water contaminated with TCE/ PCE and associated
daughter products. In the final project phase, we combined biostimulation and biodegradation with an air
stripping process.

We used a test bed located along an abandoned process sewer line at the Savannah River Site for this
entire project. Over many years, solvents had been disposed of in a basin under the sewer. In 1986, the
basin was closed and the sewer line removed. We drilled two horizontal wells in the test site: one below
the water table, and one above. The horizontal orientation was chosen to maximize the area of
decontamination, since the plume was horizontal in shape, and to enhance the distribution of the
microbes. Air and methane were then injected into the lower well and were withdrawn from the upper
well. Methane was injected in several low concentrations to stimulate microbial growth. Samples of
sediment, soil gas, and ground water were taken at regular intervals during the study to monitor progress.

Our tests showed that the methane injection caused the density of contaminant-degrading bacteria to
increase by 7 orders of magnitude (10 million times). Biostimulation was immediate with injection of low
concentrations of methane. Concentrations of TCE/PCE in water, soil gas, and sediment decreased by as
much as 99%, reaching below detectable limits. In fact, our process removed 42% more TCE than did air
stripping (the underlying process) alone.

This technology demonstrated the validity of the theories of biostimulation and biodegradation to achieve
effective environmental remediation. These theories were turned into methodologies that work more
effectively than conventional technologies.

Competitors
Our technology includes important new concepts, such as a defined approach for injecting methane as a
nutrient to stimulate and enhance microorganism breakdown of contaminants, as well as an innovative

application of horizontal well drilling technology.

In situ bioremediation is a well-known process; however, many of the techniques developed so far are too

10/29/97 12:21 PM
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costly to execute and are not effective enough to overcome barriers to commercial development. A
slow-paced process, for example, or a process that produces other toxins, such as vinyl chloride, fails to
overcome barriers to successful commercialization.

The principal existing method for remediation of TCE-contaminated ground water is pump and treat,
followed by air stripping. Unsaturated sediment contamination can only be remediated by vapor
extraction. None of these are TCE destruction technologies: the TCE is either discharged to the
atmosphere or captured for subsequent disposal (incineration).

Since the overall SRS project was a collaborative effort of industry, academia, and government partners,
our results were independently verified by several labs which were project participants. We determined
that destruction of contaminants in sifu was complete and that no harmful daughter products had been
produced.

For this entry, we are comparing our technology to alternate existing remediation techniques such as
pump and treat, vapor extraction, and air stripping.

Product Comparison

Comparison Matrix

30f10 10/29/97 12:21 PM
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Product Advantages

Our process destroys and removes contaminants in their original location. To remove contaminants
at concentrated sites, the traditional environmental methods involve transferring toxic wastes from one
medium to another -- from water to air, for example.

When the total degradation into elemental components such as carbon dioxide and oxygen is required,
existing methods favor incineration for breaking down polluted materials. But the public outcry over this
process is so pronounced that it is no longer an attractive option.

Our technology is superior to competing technologies in several respects, but especially in that the
decontamination is to drinking water levels. Figure 1 shows the location of the contaminant plume in our
demonstration site and shows schematically the system we used to inject methane for subsurface
microbial stimulation.

40f 10 10/29/97 12:21 PM
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Our technology is more effective than any other. Our tests demonstrated that PCE was biodegraded
when methane was injected into the site, even though PCE can only be degraded anaerobically. Our data
proved that enough anaerobic pockets were created by the increasing biomass to allow a significant
amount of anaerobic reductive dechlorination of PCE to TCE, which was then oxidized by
methanotrophs.

Determining the correct nutrient, methane, and the correct methane concentrations for biostimulation
(1% of air or pulses of 4% of air), was just part of the total solution. Combining biostimulation with a
unique nutrient delivery system is an important part of our technology. We drilled horizontal wells, which
bear on both performance and cost.

The horizontal wells greatly extend the area in which the microbes can penetrate. A pair of horizontal
wells can run as far as 1500 feet underground and affect an area 300 to 400 feet wide.

The actual area decontaminated during our test was about the size of a football field, 300 feet long by
150 wide by 200 feet deep. Furthermore, the horizontal wells can reach hard-to-treat places, such as
beneath existing buildings and structures (such as a runway).

Bioremediation reached extremely high levels using our combined nutrient injection and well drilling
concepts. Water concentrations of TCE and PCE decreased by as much as 95%, reaching concentrations
below detectable limits (<2 ppb). Soil gas TCE and PCE declined by more than 99%, also reaching
undetectable limits.

In comparison, conventional technologies usually level off at about 1000 ppb in heterogeneous
environments, a probable limitation of ground water and soil adsorption/desorption properties.
Homogeneous environments are not common; therefore, finding a suitable remediation technique must be
in the context of a heterogeneous environment.

Our demonstration showed that 42% more TCE/PCE was degraded and removed by our bioremediation
process than by in sifu air stripping alone.

A pump and treat system may not be effective over the long term at some sites because it does not
remove contaminants bonding with soils and clays. The contaminants which remain slowly leach back into
the cleaned up areas and ground water.

Air stripping systems also leave residual contaminants in clay soils. Vapors removed from ground water
and soil require further treatment, usually some form of incineration. Offgas systems not only incur
additional cost, but are not generally acceptable to the public.

Our combined biostimulation and air stripping process is cost and time effective. /n situ air
stripping is more cost effective than baseline technologies (soil vapor extraction and ground water pump
and treat).

The in situ bioremediation process tested was 40% less expensive than the baseline technology.

With this technology, we removed more contaminant than either in situ air stripping or pump and treat
systems. The added cost of methane injection to air stripping was only 8%.

As little as 900 pounds of contaminant needs to be biodegraded to offset this additional cost to the in situ
air stripping system. Further, our demonstration showed that when methane is added to a process such as
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air stripping, cleanup that would normally take 10 years to reach acceptable levels (95%) could be
achieved in about 4 years to undetectable levels (<2 ppb).

This difference alone would result in a $1.5 million savings over the conventional system for just the
Savannah River Site demonstration area.

For the entire Savannah River Site, savings would be multiple millions. Since bioremediation destroys
contaminants in sifu, before they contaminate underlying groundwater, the cost of any pump and treat
system is reduced.

When we coupled in situ bioremediation with air stripping, we saw a significant reduction in the time
required to complete the remediation because bioremediation provides a second simultaneous pathway
for removal (destruction) of TCE. Also, the microbes, when stimulated by methane, reached TCE in the
vadose zone and aquifer matrixes that was very difficult to remove by air stripping, and which was not
removable by the pump and treat method.

This technology is easy to use. Our system is completely automated and extremely trouble-free. It is so
easy to use that one technician can operate at least six systems at once. Concurrently, the technician can
be responsible for site monitoring equipment.

Conventional risks are avoided altogether. Since in sifu bioremediation technology is based on
biological destruction of the contaminants at the site, risks associated with handling, transporting,
treating, and storing contaminated residuals are avoided. This is a significant reduction of risk to workers
and to the public.

This technology is generally acceptable. Bioremediation techniques enjoy relatively high regulatory
acceptability. Further, bioremediation is generally acceptable to the public, because it is accurately
perceived to be a natural environmental cleanup solution.

Figure 1

Schematic diagram of the methane air and nutrient injection into a horizontal well below the water table
with parallel vapor extraction from above the water table. The enlargement shows how oxygen and
methane from the injection gas stream is taken up by methane oxidizing bacteria in the sediment and

converted into chloride and CO2. Contaminants in the vapor extracted for the initial demonstration from
unsaturated (vadose) zone was thermal catalytically converted to CO2 and chloride.

Figure 2

This three-dimensional portrayal shows the trichlorethylene concentration in sediment before the in in sifu
bioremediation test.

Figure 3

This three-dimensional portrayal shows the trichlorethylene concentration in sediment after the in situ
bioremediation test.

Figure 4

This portrayal shows the densities of methanotrophs (methane-oxidizing bacteria) after the in situ
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bioremediation test-after stimulation. Densities are in log units and pre-test densities were less than 10.

Source: All figures are from SRTC internal data generated during the in situ bioremediation
demonstration.

Principal Applications

This technology applies to contaminated sites around the world. The primary application of our
technology is environmental remediation at sites where principal contaminants are chlorinated solvents.
This technology can be used anywhere in the world where underground chlorinated solvent contaminants
exist which are susceptible to aerobic microbial actions.

The contamination of soil and ground water with contaminants such as TCE and PCE is a wide-spread
problem existing at more than 1600 government and industry sites in the United States. It is also a
significant problem in industrialized countries around the globe.

According to a recent EPA paper (ref. 11), chlorinated volatile organic compounds are by far the most
common organic contaminant. Most contaminated sites require both groundwater and soil remediation,
and our technology addresses both of these. About 26 million cubic yards of soil, sludge, and sediment
need to be cleaned up, just in 1600 U. S. sites.

The second-most common contaminant (after metals) on the National Priorities List of polluted sites is
chlorinated volatile organic compounds such as TCE and PCE. Figure 5 gives the data.

Other Applications

Our demonstration test showed that this technique for bioremediation could be extended to other
contaminants of similar composition, such as benzene, xylene, and toluene, or any biodegradable organic
where <10 ppm cleanup standards are required.

Potential Applications

There are no other known applications for this technology which are not feasible. This technology works

for any biodegradable organic solvent; the in sifu approach makes the technology applicable in a wide
variety of soils, geographical situations, and overall environments.
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Figure S. Frequency of Contaminants Present in National Priorities List Sites
(Source: U. S. EPA, Technology Innovation Office, site assessment data, 1992.)

Summary

Our patented bioremediation process is already in use in industry. The process moved directly from
full-scale demonstration to commercial application, with seven different environmental firms acquiring
licenses immediately.

The potential savings from our bioremediation technology are so large as to be difficult to quantify in
easily grasped numbers. For example, just in the demonstration area at the Savannah River Site--the area
of a football field, 200 feet deep--savings over existing methods total $1.2 million. For the 1600 sites in
the U. S., savings would be in the billions. Worldwide, savings accumulate beyond billions.

Our technology resulted from one of the most comprehensive R&D projects ever performed in the field
of environmental remediation. The overall project, of which our technique was the ultimate result,
represents the best ideas and most rigorously tested methods collected from industry, government, and
academic researchers in the country. The comprehensive base of integrated demonstrations of various
remediation technologies upon which our technique rests has caused it to be an immediate commercial
success.

The Department of Energy, which owns the Savannah River Site, has already granted seven commercial
licenses to environmental firms, and a dozen more companies have either applied for a license to use this
technology or have expressed a serious interest in it. In addition, a U. S. patent has been granted on our
methane injection technology. SRTC holds two additional patents on the integrated horizontal well
technology also.

Although various bioremediation processes have been demonstrated in the lab and in bioreactors, ours is
the first to show full-scale applicability to in sifu bioremediation for industrial sites. Our technology is a
solution to environmental contamination which offers in-place destruction of contaminants without

harmful side effects and delivers value for the money spent on the cleanup.

The technology lends itself to cost effectiveness because it is less capital intensive, takes less time than
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1
conventional means, incorporates conventional means to achieve remediation, and can be automated for
low-cost and easy operation.

We see global applications for our technology: the microbe central to the process occurs naturally
everywhere, and the types of contaminants it removes are chlorinated solvents that were used extensively
in all industrial nations of the world.

In general, bioremediation enjoys wide public acceptance, and our specific technique is expected to be
accepted by both the public and the regulatory agencies. It is a long-term solution to environmental
cleanup which creates no harmful side effects and is perceived to be a natural process.

In summary, our technology works, and works effectively:

1. We showed that naturally occurring bacteria capable of degrading TCE/PCE can be stimulated in situ
by adding relatively simple and naturally occurring nutrients.

2. We proved that biostimulation and biodegradation occurred in sifu without production of toxic
daughter products such as vinyl chloride.

3. Our automated process is easy to use.

4. The cost of adding the methane injection capability is low and is easily recovered during the lifetime of
the remediation.

5. Gaseous nutrient injection represents a significant new delivery technique for in sifu bioremediation.

6. Combined with air stripping, this technology represents a significant decrease in cost (about 50%) and
a significant improvement in efficiency (to undetectable levels) over conventional technologies (pump and
treat, vapor extraction) now used for remediation of chlorinated solvent.

Remediation to drinking water levels (<5 ppb) was achieved in less than half the time (<4 years), at less
than half the cost, with our in sifu bioremediation technique than would have been possible with any
existing systems. In fact, this bioremediation process may be the only one that can achieve drinking water
standards at many sites.

Primary Contacts

Brian Hinman

Technology Licensing

Westinghouse Savannah River Company
Savannah River Research Campus

22’7 Gateway Drive

Aiken, SC 29803

United States of America
803/652~1860; 803/652-1898
1-800-228-3843

Terry C. Hazen
Fellow Scientist
Savannah River Technology Center
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Savannah River Technology Center; 773-A
Aiken, SC 29808

United States of America

803/557-7713; 803/557-7223
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. U. S. Patent 5,384,048. Bioremediation of Contaminated Groundwater. Filed March 8, 1994.
Granted January 25, 1995.

Videotape, "Integrated Demo Closeout," Movie #1

. "Nuclear into Environmental: The Transformation of Savannah River," by Bruce M. Cadotte and
Terry C. Hazen, ECON, December 1994

"Environmental Biotechnology: Business and Government Are Looking to Biotech for Answers
About How to Clean Up the Environment," by Stephen M. Edgington, Biotechnology, Vol. 12,
December 1994

"Preliminary Technology Report for In Situ Bioremediation Demonstration (Methane
Biostimulation) of the Savannah River Site Integrated Demonstration Project," by Terry C. Hazen,
WSRC-TR-93-670, Rev. 0.

"Cleanup of VOCs in Non-Arid Soils -- The Savannah River Integrated Demonstration," published
by the U. S. Department of Energy, Environmental Restoration and Waste Management, Office of
Technology Development, WSRC-MS-91-290, rev 1.

"Commercialization Plan for /»n Situ Bioremediation Process Using Methane Injection and a
Horizontal Well Configuration," [TTP SR1-0-11-01 Validation and Publication of SR-ID
Bioremediation Activities -- In Situ Remediation Technology Development IP (GS091)], by Terry
C. Hazen, Principal Investigator

"Test Plan for In Situ Bioremediation Demonstration of the Savannah River Integrated
Demonstration Project," DOE/OTD TTP No: SR 0566-01 (U), September 18, 1991, revised April
23, 1992, Westinghouse Savannah River Company, Savannah River Site, Aiken, South Carolina,
29808. Prepared for the Department of Energy under Contract No. DE-AC09-89R180035.

"In Situ Remediation: Scientific Basis for Current and Future Technologies," Thirty-Third Hanford
Symposium on Health and the Environment, Pasco, Washington, November 1994.

"Full-Scale Demonstration of In Situ Bioremediation of Chlorinated Solvents at SRS," by Terry C.
Hazen, The South Carolina Engineer, Winter 1993.

"Cleaning Up the Nation's Waste Sites: Markets and Technology Trends," U. S. Environmental
Protection Agency, EPA 542-R-02-012, April 1993 (not attached; for data source only).
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In Situ Bioremediation System Using PHOSter® at an Industrial Site in Florida

PHOSter®

Site Need

® Cost-effectively treat soils contaminated with VOCs, particularly as a result of
petrochemical contamination.

Technology Description

® PHOSter® is a patented system that effectively delivers phosphorous to
stimulate microorganisms in bioremediation systems. A mixture of air and
triethyl phosphate is injected through wells to a contaminated area. The
nutrient encourages the growth of naturally occurring microbes that destroy
contaminants in situ, which reduces the risk of personnel exposure and of

surface release of contaminants.
Benefit

® Application of the PHOSter® system is inexpensive and effective.

® The system has broad applicability across the DOE complex and in the
commercial sector.

® PHOSter® is a Research and Development (R&D) 100 award winner.

Point-of-Contact

® Terry Hazen: telephone (803) 557-7713
® Brian Looney: telephone (803) 725-3692
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B Sciemistsalthe
Savannah Bver Technology
Center, in partnership with
{ak Ridae National Labora-
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the center far the Dopart
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Controlled addition of phosphorus
aids bioremediation

“]" n biaremediation pracesses that are phosphorus-iimited
{where the amount of phosphorus determines biomass growih
and reaciion rates), controlied additian of this nutrient is the key
to sffsctive process contrai and o reducing time neaded to
destroy contaminants.

The PHOSter system is a new, improved pracess 1o control the
addition of vapor-phasae phasphorus to bioremediation systams,
bioreactars and ather biotechnology applications, Developed by
scientists at the Savannah River Technology Center. in partnership
with Oak Ridge Mationaf L aboratory and Ecova Corporation,
PHOSter offers significant advantages over existing technologics,
such as the use of iquid fertilizer or phosphoric acid vapor.

A timad-reicase systom

For exampie, in a bioventing process used 10 remediate an oil-
contaminated site, air is drawn through the soil to stimulate aero-
bie bactaria, which brealk down the contaminant. The PHOSter
aystem alfows a controfled amoeunt of a relatively safe form of
organic phesphorus to be added to the aiy, providing a uniform
“timed-reiease” stimulation of biomass growth, The operator can
maximize oif degradation without averstimulating the microbes.

Traditional approaches of adding phosphaorus at remediation
sites are based an the addition of liquid fertilizer sniutiona to the
ground surface or to weils, Such systems have been shownta
influence very smali areas, overstimulating them, and resufting
in nggative consequences fike formation clogging.

Adding phosphoric acid vapor has also been proposed as an alter-
native, but like the other inarganic system, this approach tends to
ovarstimutate a relatively small area because of the high solubil-
Tyfionizability of the acid. Moreover, full-scale process control and
efficient utilization of such a system have never beendemanstrated.

Faster rate of bioremediation

When added to a full-scale, field damonstratian utifizing horizen-
tal weli technology, the PHOSter system’s stimulation of indige-
natis methanotrophs resuited in majar impravements in the

in situ destruction of chlorinated salvents in soil and ground water
at the site. (n a second test, a customer using the invention ata
bioventing site saw an increase in the bioremediation rate of a
factor of five in the tirst 40 hours of use. Successful field applica-
tions include remediation of leaking underground storage tanks,
regional gasoiine terminals, and industrial facilities.

The PHOSter process can improve moslenvironmontal bioreme-
diation and biotechnology activities. It is flexible for use in
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bioventing and other in siti bioremediation projects, as well os
in surface bioreactors and other processes that ara phosphorus-
limited. PHOStar may also enhance biological-based praduction
of chemicals and pharmageuticals.

Injecting & mixture of aiv and triethyl phasphate through
horizontal wells encourages the growth of miernorganiams
that destroy contaminants in siti. Tha process reduces
exposurs of personnel to potentiaf risk and prevents

surface rolease of contaminants.
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SUMMARY PERFORMANCE ASSESSMENT OF IN SITU REMEDIATION
TECHNOLOGIES DEMONSTRATED AT SAVANNAH RIVER

by

Nina D. Rosenberg, Bruce A. Robinson, Kay H. Birdsell and Bryan J. Travis

ABSTRACT

The Ofl"ce of Technology Development (OTD) in the Department of
Energy’s (DOE) Office of Environmental Restoration and Waste
Management is investigating new technologies for 'better, faster,
cheaper, safer'' environmental remediation. A program at DOE’s .
Savannah River site was designed to demonstrate innovative
technologies for the remediation of volatile organic compounds
(VOCs) at nonarid sites. Two remediation technologles, in situ air
stripping and in situ bioremediation—both using horizontal wells,
were demonstrated at the site between 1990-1993. This brief report
summarizes the conclusions from three separate modeling studies on
the performance of these technologies. '

Volatile organic.compounds (VOCs) including chlorinated solvents such as trichloroethylene
(CoHCl3, TCE) are among the most common contaminants in groundwater and soils. A common
remediation approach-has been to pump the contaminated groundwater to the surface where the
water is treated to remove the contaminants. This pump-and-treat approach has been successful in
containing contamination and removing much of the contaminant mass at many sites. - Tt has been
less successful at remediating sites to the low levels of residual contamination required by
. regulatory agencies. Moreover, cleanup efforts based on pump-and-treat are often-costly and
slow, and they do nothing to remediate VOCs in the vadose zone which may be a long-term source
of groundwater contamination.

' The Office of Technology Development (OTD) in the Department of Energy’s (DOE) Ofﬁce of
Environmental Restoration and Waste Management is investigating new technologies for "better,
faster, cheaper, safer" environmental remediation. A program at DOE’s Savannah River site was
designed to demonstrate innovative technologies for the remediation of sites contaminated with
VOCs in nonarid environments. The Savannah River Integrated Demonstration (SRID) focused on
-two in situ remediation technologies aimed at remediating VOC contamination in both the
groundwater and the vadose zone atone locat,xon at Savannah River facility.

The first technology, in'situ air stripping, was demonstiited during a field test in 1990 (Looney et

al. 1991). In sizu air stripping is a combination of air injection below the water table and vacuum

extraction in the vadose zone. A second technology, in situ bioremediation, was demonstrated
using the same wells during a field test in.1992-1993 (Hazen 1992). The goal of the in situ
‘bioremediation demonstration was to stimulate naturally occurring methanotrophic bacteria at the
site with injection of various -amounts of methane, air and air-phase nutrients (nitrogen and
phosphate) such that significant amounts of the chlonnated solvents present in the subsurface
would be degraded




Both the in situ air stripping and in situ bioremediation demonstrations used a pair of horizontal
wells. Wells used for site remediation are typically vertical. Over the past few years, however,
there has been an increased interest in horizontal wells for environmental remediation. In some
cases, such as remediating areas where vertical access is limited, such as under buildings or waste
sites, horizontal wells are clearly advantageous. In cases where access is not an issue, the
advantage of horizontal over vertical wells is less clear.

We assessed the performance of the remediation technologies demonstrated at the SRID site using
numerical simulation as-a tool. We believe that significant value is added to the technology
demonstrations through the assessment and evaluation of field data combined with flow and
transport modeling. Field demonstrations of in situ remediation technologies are complex and
expensive. Moreover, a field demonstration provides data on only one particular design
implementation at one particular place and time. We have used modeling to learn more about the
fundamental flow, transport and chemical processes involved in technology performance. We also
- suggest possible improvements to the technology design, predict technology performance over
longer time and at dlfferent sites, and compare the perfoxmance of these and other remediation

technologies. =

We divided our performance assessment work into three separate studies. The first study is based
~ on the construction of a history-match model of the in sifu air stripping demonstration using the

FEHM computer code. The second study is based on site-specific simulations of the in situ
bioremediation demonstration using the TRAMP code. The third study is more general. It focuses
on the relative performance of horizontal versus vertical vapor extraction wells in highly simplified
systems using the code TRACR3D The main conclusions from-thes¢ Studies are give below. For
details about these modeling studies, see Robinson et al. (1994), Birdsell et al. (1994) and Travis
and Rosenberg (1994). Information about the computer codes is glven in Travis and Birdsell
(1991), Zyvoloskl (1992) and ’I‘rcms (1993).

[ Situ Air Striopi
* The TCE concentration at the extracuon well versus time can be simulated very well using a
relatively, simple model with a dual porosity formulation. The model assumes a mass
transfer limitation between liquid-phase TCE held up in clay lenses and the moving air, -
which travels mainly in the surrounding sandy zones of higher permeability.

¢ Cyclic operation of the system may offer substantial cost savings for only a marginal
performance cost. Similarly, operating the system at lower flow rates may offer substantial
cost savings for only a margmal performance cost.

« The injection of heated air through the lower well i is unlikely to result in increased TCE
removal. This is because only a small region is heated at any one time and as soon as air
travels from a heated regxon to one at amblent temperature, any “extra” TCE in the air phase
will redissolve. S

» Aligning the injection and extraction wells at any particular angle to one another is probably -
not necessary. Heterogeneities in, the.medjum are likely to be the dominant factor in
governing the spreading of air in the saturated zone and for any reasonable configuration, it
is very unlikely that TCE smppcd from the saturated zone would not be captured by the
extraction well. - The injection well should be directly aligned with the major axis of the
plume in the horizontal plane for thc greatest likelihood of adequate air sweep through the
plume.

* The TCE removal curve is asymptotic.

«  The main characteristic in assessmg the performance of thxs technology at another site is the
heterogeneity of the site. For a site with 10 times less heterogeneity (as measured by the-




average effective clay lens size). than the Savannah River site but otherwise identical,
removing 95% of contamination would take about half the time.

. Replacing the lower air injection well with a groundwater pumping well (also horizontal)
results in more TCE being extracted from the groundwater, but the amount of TCE below
the water table that is removed in both cases is small.

» Time required for remediation is decreased dramatically if in situ destruction methods can
be successfully employed in the field.

I Situ Bioi fiation
* A successful strategy should include pulsing of methane. It is important to remember,
however, that the diffusivity of methane in air is about 10,000 tirnes larger than in water.
Therefore, pulsing in the unsaturated zone is less effective at saturated zone pulsing rates
because discrete pulses of methane will not remain as spatially separated.

* Addition of nutrients significantly accelerates the biodegradation process by allowing the
methanotroph population to grow rapidly. However, nutrient injection must be controlled
to prevent explosive growth of bacteria near the injection wells, resulting in pore clogging
and consumption of all the food substrate (methane) before it has a chance to spread
throughout the system. _

« If the methane and nutrients have the same transport properties (e.g., Henrys Law
coefficient), then one should- inject them together. If the methane and nutrients have
significantly different transport properties, as in the Savannah River demonstration, then
pulsing nutrients out of phase with the methane injection and systematically varying the
phase lag would allow a larger region to be remediated efficiently and effectively.

* The goal in pulsing should be to maintain discrete pulses, without creating regions where
methane and nutrient levels are too low (the bacteria will die) or too high (the bacteria will
grow too much). To achieve this goal, several smaller wells may be more effective than a
single pair of wells in some cases. »

* The total amount of TCE extracted or biodegraded by in situ bioremediation is significantly
(~40%) higher than the amount that would have been extracted in an otherwise identical
remediation without microbial degradation (in situ air stripping).

+ In -addition to removing a greater total amount of TCE from the system, in situ
bioremediation results in lower residual levels of TCE than in situ air stripping—in places
by a factor of three to six lower.

* Many of these same hrmtauons of in situ air stnppmg apply to in situ bioremediation (e. g
long remediation times due mainly to VOCs in lower permeability clays), but in situ
bioremediation can reduce remediation times and residual contaminant levels substantially.

¢ The main requlrement for success is that methanotrophic bacteria exist at the site. Since
methanotrophs are fairly common bactena, this should not be a problem. :

* In situ bioremediation with methandtrophs ismot very dependent on site-specific factors at
- Savannah River, so the basic design of this technology should work at other sites.

* The details of technology implementation (e.g., injection strategy, well placement) which
are key to its success, -however, must be’carefully evaluated for each new site.
Site-specific scoping calculations will be necessary at each new site to determine the
optimal number of wells, injection/extraction strategy, and so forth. Site-specific testing to
obtain biokinetic rates to support these scoping calculations (i.e., laboratory tests on
samples from the site which cover the range of nutrient, food and contaminant
concentrations likely to be used or éncountered) is strongly recommended.



= If VOC concentrations are much higher than at the SRID site, in sifu bioremediation may
not be effective. This is because at high concentrations, the contaminants can be poisonous
to bacteria. In this case, in situ air stripping should be used to reduce the levels of VOCs 1o
more moderate values before in situ bioremediation is attempted.

Jorizontal Vertical V B o0 Well

* Horizontal wells have the advantage only for long, linear plumes or if surface capping or
vertical access is problematic. Often several vertical wells with site capping outperforms a
single honizontal well (and may be less expensive).

* A system consisting of a horizontal air injection well and vertical extraction well(s) in the
vadose zone with surface capping may be an optimal in sifu air stripping system, provided
access is not an issue and capping is possible.

¢ Intuition and modeling assumptions that commonly hold for saturated flow must be
reexamined for vapor extraction. - Also, the success of horizontal wells in the oil industry is
not directly relevant to the success of horizontal vapor extraction wells—the economics and
hydrological environment are significantly different.

* For maximum removal efficiencies during vapor-extraction the following guidelines are
suggested. Surface capping should be used with vertical extraction wells. Both horizontal
and vertical wells should be screened over the entire length of the plume A horizontal well
should be placed at the lower edge of the plume and aligned witirthe plume’s major axis in
the horizontal plane. ‘A vertical well should be placed in the center of the plume.

Both in situ air stripping and in situ bioremediation as demonstrated at Savannah River, while not a
panacea for VOC remediation, are valuable additions to the existing "toolkit" of technologies
available for environmental remediation. Details are contained in Robinson et al. (1994), Birdsell
‘et al. (1994) and Travis and Rosenberg (1994). ,
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. taminated site at a depth of 160ft below ground surface to stimulate methanotrophic biode-
' '?gradauon of tnehloroethylene (TCE). Sediment samples were analyzed after 35 weeks of

‘ ;- injection of - the gases mtrous oxide" and methyl phosphate Methanottoph most-probable-v

. number (MPN) values were very low in most of the samples prior to-the addition of nitrogen
"~ and phosphorus to the site, and increased several orders-of magmtude following the addition.

Similarly, .the frequency . of TCE biodegradative potential in methanotrophic. enrichments

T 'mcreased approxlmatcly three orders of magnitude after the addition of nitrogen and phos-

" phorus to-the site. The MPN and biodegradative potential data indicated that the zone of -
.+ influence after the addltlon of nitrogen and phosphorus extended. toat least 60ft from the.; -
- xnjecuon Well in both the vertlcal and honzontal dlrectlons. A
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mdustnal and government sites: Cost-efficient strategies are needed for bioremediat-

. ing these contaminants it deep ( > 50 ft) subsurface environments. The use of honzon-
tal wells to eﬁicnently deliver multiplegaseous nutrients to stimulate the growth and

. . activity of indigenous. microflora able to degrade TCE has been the focus of an
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River Site near Aiken, South Carolina [1,2]. Horizontal injection and extraction
wells, as compared to vertical wells, maximize the volume of the treatment zone with
a minimum number of wells. In addition, the injection of carbon, nitrogen, and
phosphorus as gases promotes nutrient transport over greater distances. The use of
methane as the carbon source targeted the stimulation of the indigenous methano-
trophic microorganisms at the site [3]. Under aerobic conditions, these microorgan-
isms oxidize both methane and TCE using the methane monooxygenase enzyme, but
do not derive energy from TCE oxidation [4,5].

TCE contamination of the site occurred between 1952 and 1982 from a leaking
process sewer line.[1]. At the beginning of the bioremediation demonstration, ground
water TCE concentrations were <1-14ppm and sediment concentrations were

< 1 ppm with most samples below detection (2 ppb) [6]. The highest TCE concentra-
tions were in the layers with high clay content. While non-aqueous phase TCE exists
at the end of the sewer line, several lines of evidence indicate that non-aqueous TCE
probably did not exist at the site of the bioremediation demonstration [6-8]. The
majority of the TCE was located at 100140 ft below ground surface (bgs) in a stratum
termed the tan clay zone, which is composed of discontinuous, interlayered sand and
clay beds of varying thickness [9]. The water table at the site was 130-140ft bgs. The
lower horizontal well was located in the aquifer at 160 ft bgs and the upper horizontal
well ‘was located in the unsaturated zone at 70ft bgs. Injection of gaseous nutrients
through the lower ‘well and a vacuum exerted on the upper well moved nutrients
through the contaminated region to promote the growth and activity of methano-
trophic microorganisms. A 21-week air stripping demonstration (i.c., air injection
only) was performed prior to the bioremediation demonstration (air, methane, and
later, nitrogen-and phosphorus injection) as a control experiment to monitor TCE
removal in the absence of injected microbial nutrients [2]..The geology, hydrology,
geochemistry, and microbiology of the site and the distribution of contaminants have
been summarized [9]. Complete descriptions of sampling, permits, the_oversight
panel, and the components and operating oondmons of the field system have been
published [1, 10]. -

The objectlve of the bioremediation demonstratlon was to demonstrate and
document that injection ‘of microbial nutrients would result in’enhanced TCE
removal compared to air-stripping alone. The - bioremediation demonstration
consisted of a 35-week injection of 1=4% methane (by volume) in air, followed
by a 13 week injection of 4% methane supplcmented with nitrous oxide (0.07%
by volume) and tncthyl phosphate (0.007% by volume). - Analyses included
contaminant inventories in_ground water sediment, soil gas, and the extraction

well; methanotroph numbers, biodegradative potential, and activity; and slte-specxﬁc
- numerical simulations of the bioremediation demonstrauon versus air-stripping
(1,61 : :
In this paper we report on the effect of the mtrogen and phosphorus addition, by
comparing the density of culturable methanotrophs and TCE biodegradative poten--
tial under methanotrophic enrichment conditions, in sediment samples from the 100
to 140ft depths 1mmedxately before, and after, nitrogen and phosphorus addmon to
- the site. . .
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‘cluster 10

-

" borehole 10

cluster 9
@ borehole 13

- borehole 11@)

- Fig. l Plan \new of borehok: Iowtmns, boreholc clustcts, and horizontal i mjectlon and extractlon wells at _

. the Savannah River. Area M bioremediation site: (erosses) boreholes sampled before nitrogen and phos-
phoms addmou. (sohd am) boreholes sampled aftet mtrogcn and phosphorus addmon. T

S Fig. l shows the lowtxon of boreholes from whlch seduncnt samples were analyzed.
L Aseptxc samplmg techmques were used, mcludmg sterile lexan liners, steam cleaning of .
- core ban’els,and useof: wdlment from only the inner portion of the ¢ cores [1]. The four‘

IR ately 200¢ Was bagged, and:samples were shipped by overnight Federal Express in .
s - in msulated boxes contammg ice to mamtam a temperatu(e Of approxxmately 49C

The number of culturable methanottophs was estunated in ennchments set up in

, ~of homogemzed sediment was added to 95ml 0.1% pyrophosphate (pH 7.0) and
... shaken'at 180 rpm for 30min on a feciprocating shaker before carrying out serial:

- o vmedmm was. Shelton s mmeral salts [12] amended thh 2. gM cupnc sulphate and 1 ml'- R

locations selected formmplmg attheend of the N/P/pulsed 4% methane i m_]ectlon are.” %: L
g destgnated as elusters. At 10f¢ mterva]s, 2ft of core was homogemzed and. appromm—_.v .

a 3-v1a1/d|1ut10n MPN format [11]. Upon receipt of sediment samples, a 10-g ahquot R

"'dllutlons (lml moculum) to 20ml’ headspace vials ‘containing 10m} of media. The - -
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of a vitamin mixture [ 13] per liter. After inoculation, the vials were closed with silicon
septa, methane was added to 25% of the headspace, and the vials were sealed with
aluminum crimp closures. Inoculated vials were incubated at room temperature. The
presence of turbidity, a biofilm, or suspended or floating pellicles after 4 months
incubation was scored as a positive result. MPNs below the detection limit (< 3/g) and
exceeding the upper detection limit ( >2400/g) were assigned values of 50% and 200%
of the calculated MPN, respectively, to allow an approximate mean value to be
calculated for specific boreholes [14].

2.3. Biodégradative potential

Biodegradative potential under methanotrophic enrichment conditions was assessed
using the same format, medium, and inoculum as described above. An additional
medium was employed by omitting copper from the Shelton’s mineral salts medium.
A-very low (<1 uM) to zero copper concentration results in expression of the soluble
form of the methane monooxygenase (sMMO) enzyme, whereas higher copper concen-
trations result in expression of the membrane-associated or particulate form of the
methane monooxygenase (pMMO) enzyme {5, 15]. Glassware was not acid-washed to
remove all traces of copper from the latter medium because low levels of copper are
present in most sediments and ground water. Immediately before vials were sealed,
a gas-tight syringe was slipped alongside the 20-mm-thick Teflon-lined rubber septa
and 10l of methanol containing 10.9 mM TCE was delivered to the headspace to give
an actual concentration (calculated using Henry's constant) of 7.8 uM (1.0pg/ml) in the
. medium. Enrichments from samples taken after the -addition of nitrogen and phos-
phorus were set up in replicate sets of vials and an equal amount of TCE was delivered
in water instead of methariol. Vials were immediately sealed with the septa and anm . .
aluminium crimp closure. No-sediment. controls with TCE added were included to
account for abiotic losses. Vials: were incubated inverted in the dark at room temper-
ature. Headspace in the vials was analyzed after 14-22 weeks using a Hewlett-Packard
5880A series gas chromatograph equipped with a Supelco Vocal capillary column
(105m, 53 mm id., 3 um film thickness), an electron capture detector, and an automatic

“headspace sampler. The colunin was operated at 50°C for 1 min, 7°C increase/min to
" 150°C, and a 25°C increasé/min to 200°C with a helium carrier gas flow of 58 ml/min
and- a flow of 24ml/min from the headspace sampler. TCE. 'had a retention time of
12.8 min under these conditions. Dué in part to the extended incubation time, 5-15%
loss of TCE was common in the control vials. Much greater losses were infrequently
(< 5% of the time) encountered, probably due to a poor seal. Therefore, a positive result
was conservatively defined as removal of >75% of the TCE in at least two of the
triplicate vxals.

3. Results .
3.1. Methanotroph MPN index in response to addition of nitrogen and phosphoru.i‘

The methanotroph MPN index was <3/gin 79% of the sediment samples prior to
the addition of nitrogen and phosphorus to the site (Fig. 2). The addition of nitrogen
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. . MPNindex/lg ~ Injection (number of
o NS A sediment _ samples)

Flg. 2 Percent of 100—140 ft. sedlment samples oontammg Ievels ol‘ methanotrophs before and after
mtrogen and phosphorns addmon. e i .

and phosphorus resulted in an approxtmately one to three order of magnitude

“*.. increase in the- methadotroph MPN index, with only 3% of the samples contammg .

- N <3/g and 19% of the samples contammg >2400/g

'.3 2 Zone of mﬂuence as deﬁned by metlzanotroph WN mdex

Mean valnes for methanottoph MPN mdexes had,hngh standard devnat:ons (Flg 3) . )

- .Due’ to. the assumptxons made for the purpose of determining. approxlmate means, -

" -actual means and standard déviations: were likely greater than shown in Fig. 3. Prior. -~ - * . . |
“to the addttlon of mtrogen and phospherus,lz of the 15'samples were below detection -~ = == ¢
anotraphs weré not detected in clusters 4 and '6, the two locations.closest to. = % .. v -
.~ both the mjectxon'and extraction wells. The mean for cluster 10 resulted from a'single ©. = - " "7
R sample (165 l/g) ‘above detection. Following. 13’ Weeks of mitrogen’ and phosphorus:""‘, RTINS

e addmon, methanotroph MPN eans increased approxlmately two orders of magni--

. tude-in clusters 4 arid-6, and-one order of magmtude in cluster 9..Only one of the - ©." ~
C- 3% samples ‘was’ below detectlon after - nitrogen and phosphorus addition:: MPN .
co ;mdexes >2400/g -were: present in' borehole 12 (three samples), borehole 9 (one - :
e sample), cluster 10 (one sample), and cluster 9«(two samplee) The mean MPN indexat =
BT 1401t (3192/3) was 4 tlmes greater than the means at'the 100 110 120 and 130ft .
BRcE -depths (data not shown) . :

RN HR

_'”3 3 TCE bzodegradatwe potentlal in response to addmon of mtrogen and phosphorus

Pnor to the addmon of mtrogen and phosphorus to- the s1te, TCE degradat:on'- T
under methanotrophlc ennchment ooudmons (coppet omltted, TCE dehvered in
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Frg. 3. .Mecan methanotroph MPN index in 100140t sedlment samples by borchole loeauon. The positive -

standard dev;auon is shown by the vertical lines: (solid bar) before nitrogen and ‘phosphotus addition; .

(stippled bat) a[ter nitrogen and phosphorus addition. na; borehole Ioeatlon was not analyzed for
. methanotroph MPN bcfore mtrogen and phosphorus addmon.

y methanol) was not observed thh an moculum equtvalent to 100 mg sedtmentlvtal
_After the addition of - mttogen and phosphorus to the sité, TCE degradauon (copper
_ omttted, TCE .delivered in methanol) occuited- in '81% of the samples with an”
" equivalent of 100 mg sediment/vial, and in 68%. of the sediment samples with a equiv-
alent of. 1 mg sedimént/vial (data not shown) ‘Thus, the frequency of TCE btode- 5
_gradativé potential increased by approxnmate}y three orders of magmtudc in response
to the addition of mtrogen and.phosphorus:: R
- The precenoe of methanol can inhibit ‘methane. and TCF. ox1dat10n in some meth-
_. .-anotrophs [16 17]. To ascertain-if theuse of methanol as:the cariier for TCE aﬁ'ected
" "the, meaéurement of TCE blodegtadatlve potentxal, Separate ennchments were’ per-
' formed w1th and. withéut methanol as the carriér for samples taken after the addmon
“of mtrogen and phosphorus. The: reeults for enrichments in the absenoeand presenoe

L . of methanol were very -similiar (data not.shown). This was -true for enrichments

lackmg exogenous copper (permnsswe -of soluble methane monooxygenase [sSMMO] -

L 'exprecsxon) and. containing: exogenous. copper (penmssrve of particulate methane

'_'monooxygenase [_pMMO] expressron). Thus,- over the length of.the' meubatron and
“with the criteria used for a positive result; the presenee of methanol dld not sxgmﬁ- :

', ‘cantly effect TCE biodegradative potential. -

. TCE bxodegradatlve ‘potential was exammed under methanotrophrc ‘conditions -
selective for both forms of the methane monoxygenase enzyme. Three of 7 locations.
(boreholes 10, 9, and 13) showed a much higher- frequency .of TCE bnodegradatlve
potential under conditions permissive:of-one. form of the methane monooxygenase:
' ’-versus the other form (Fig, 4) Because all mcthanotrophs are thought to contam the

4 - - N . - N '
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Flg. 4, Perwnt of 100—140& sedxment samples from cach boreholc showmg TCE blodegmdauve potenual
B _'under methanotrophic conditions (TCE delivered in water), after the addmon of nitrogen and phosphorus
© ‘to the site: (solid bar) conditions permissive of sMMO expression; (stlppled bar) conditions permissive of :

’ pMMO expraslon). ua, ot analyzed for TCE blodegradatwe potenuaL .

- &

i pMMO gene whlle only some contam both the sMMO and pMMO genes [18] the- _ A_

fcommon occurrence across the site of- TCE degradatxon under enrichment conditions ... - - _
R selective for- both forms -of the methane monooxygenase enzyme suggest that meth- . .. -
anotrophs oontammg the SMMO § gene were dominant at-the slt‘e after the addition of -

"'j__.mtrogen and phosphorus However, the form of the enzyme that was actually-

.The Zone, of mﬂuenoe after the l3-week mjectlon of mtrogen and phosphorus_'
mcluded all borehole locations (Fi 1g.4) TCE biodegradative potentlal showed a trend

-.of mcreased frequency thh greater depth over the, 100 140ft mterval (data not D

... The Savannah RJVCI‘ bxoremedlatlon demonstratlon represents the first use of o
. .honzontal well- technolggy to deliver nutrients for. bioremediation and the first time- :
_that mrbon, mtrogen, and phosphorus nutnent sourees have all been mjected as
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methanotroph populations and methanotrophic TCE biodegradative potential in
sediment samples were analyzed before and after the injection of gaseous sources of

nitrogen and phosphate to assess the magnitude and spatial extent of the nitrogen and

phosphorus addition.

Methane injection was initially at 1% by volume in air (15 weeks), followed by 4%
methane (11 weeks), and pulsed 4% methane (9 weeks) [19]. Prior to methane
injection, air was injected for 21 weeks as a control experiment to monitor TCE
removal in the absence of injected microbial nutrients. Samples analyzed after 15
weeks of 1% methane injection, as compared to after 21 weeks of air injection, showed
a rapid and large increase in the density of methanotrophic microorganisms.and in
methanotrophic TCE biodegradative potential as measured by '*CO, evolution from
'4C-TCE [19-21]. This increase was followed by a decline in methanotroph popula-
tions and TCE biodegradative potential over the next 20 weeks of methane injection.
Total microbial biomass in sediments, as measured by acridine orange direct micro-
scopic counts, increased only-30-fold during the 35 weeks of methane and air injection.
These results suggested that the increase in biomass was limited by bioavailable
nitrogen and/or phosphorus. This situation may have led to a transient, less stable
microbial community that was subject to successional processes (i.e., one or more
groups of organisms replace other groups of organisms). In an effort to increase the
methanotrophic population and improve biodegradative performance, the oversight
panel decided to add the gases nitrous oxide and triethyl phosphate to the site.
Injection of the nutrients as gases served to maximize the travel distance of the
nutrients and minimize the potential for plugging of ‘the injection well by excessive
microbial growth in two ways. First, injection of air and methane caused water
saturation in the 130140 ft bgs (initially saturated) sediments to drop 40-50% over

- the entire site, resulting in much higher diffusivities for any gaseous nutrient (diffusivi-
ties in a pure air phase are approximately 10000 times greater than in a pure liquid
phase) [6]. Secondly, nitrous oxide and triethyl phosphate are not readily assimilated
by most microorganisms and must be transformed before they can be taken into the cell.

Delivery of nutrients as gases resulted in a zone:of bioremediation influence that
extended at least 60ft above and to each side of the horizontal i injection well. Prior to

" the injection of nitrogen and-phosphorus,: mcthanotroph MPN indexes were high in -

clusters 9 and 10, the locations with the least communication with the injection well
(based on’ methanotroph populations and biodegradative potential, and TCE and
methane present in ground water and soil gas [19-21]), and below detection in
clusters 4 and 6, the locations in good communication with the injection well. The

_ pattern of lowest methanotroph populations near the injection well is consistent with

nitrogen and phosphorus limitation caused by injection -of electron donor and
electron acceptor, and replacement of the methanotrophs by other microorganisms.
Indirect evidence that nitrous oxide and trietliyl phosphate were delivered 60 ft above
and to each side of the horizontal injection well was shown by the two order of
_ magnitude increase in methanotrophxc MPN indexes in clusters 4 and 6 and the one
order of magnitude increase in cluster 9, and the much higher levels of TCE biode-
gradative potential at all sampled locations of the site. The addition of nitrogen and
phosphorus in previous field bioremediation efforts had been unsuccessful [22,23],
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probably hemuse the nutrients (ammonia, nitrate, and trimetaphosphate) were de-
livered to the vadose zone by surface irrigation and did .not. reach the volume of
sediment being remediated due to sorptron to the solid phase and utlhzatron by

microorganisins near the surface.

After the addition of nitrogen and phosphorus to the site, increases in methano-
trophic TCE brodegradatrve potentral were greater than increases in methanotroph

MPN indexes. This result may be, in part, because ihe addition of nitrogen and

phosphorus- to the site. improved the physiological status of the methanotrophxc
population and/or caused changes in other portions of the community structure in
situ, resulting-in improved ability to degrade TCE in the subsequent enrichments.
Methanotroph MPN indexes are generally assumed fo be an estimate of the numbers -
of culturable methanotrophs in-sediments. Given. that the methanotrophs ‘were the

" population targeted for stimulation by addition ©of methane and air, the relatively low

methanotroph MPN :indéxes (generally - <2400/g) were surprising. Methanotroph

MPN indexes in- sedrment samples were several orders of magnitude lower than in

ground water samples [19-21]. A contributing l‘actor may be that sampling of ground
water favors récovery “of water from high oonductlvtty reglons and .preferential flow

© paths.’ Methane and oxygen avaxlabrhty to microorganisms is likely to be greater at
. these locations as’ oompared to the average sediment sample. A second factor may be
o that sediment-associated methanotrophlc rmcrooolomes are not eastly dlsrupted into

individual cells or small groups of cells desprte the rigorous treatment prior to carrying”

' out dilutions-in the MPN method. In support of this possibility, a nucleic acid probe -
oo .speellic for the soluble methane monooxygenasé gene suggested that the, MPN method )
<. underestimated methanotrophic. biomass in-sediment samples [24].. - e ‘

“The absence - of TCE bxodegradatlve potentral in 12 of the 15 samples prror to.the

e addrtron of mtrogen -and phosphorus to the site was not unexpected due to the low
- MPN indexes. However, three of the 15 samples had MPN indexes > 30/g {with one
sample at >2400/g), yet . TCE dcgradatlon -was not observed with an inoculum.
. equivalent to 100 mg of sedrment. This result could be an artifact of sarnplmg (i.e., due :
2o spatxalheterogenerty) It isalso possible; that methanotrophs unable to oxidize TCE -
< i -were selected: for at the srte,‘because mtermedratec of TCE degradatxon inhibit oellular
st metabohsm [25] In sedrmé:nt samples taken ‘after the addition of: nitrogen’ and "’
- phosphorus, the ‘opposite situation was observed: 32 of the 37 samples showed TCE
SRR brodegradauve potenual in one'or ‘both.of- the miedia with'an inoculam equrvalent to’
Tl 1mg sedtment, yet 23 of the samples had MPN' indexes. <250/g. This may result from -
the underestimation of methanotrophrc biomass by the MPN. method due to mabrhty

. to dlsrupt sedxment-assocrated mlcrocolomes, or due to a growth habit in the enrich-
... ment that prevents the -‘attamment of cell densmes whlch are hxg‘h enough to detect
e '--’fwrth the ‘naked eye.

onremedtatlon petformanee was also assessed by measurmg TCE conoentratrons

- - in soil gas, ground water, and sediment, and by numerwal simulations that modeled
* the broremedratron _progess. Simulations were critical. because contaminated water
* ... and air were constantly moving into the treatment.zone due to vertical recharge (ie.,.

.. " heavy precrpltatton events), horizontal. recharge, induced water flow created by the-
T mjectron prooess, and mﬂux of arr from the very large awal mﬂuenoe of the (vadose ‘.
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zone) extraction well. The simulations showed that the addition of nitrogen and
phosphorus to the site resulted in a 5-fold lower residual level of TCE and a doubhng
of the TCE removal rate [6]. Thus, the higher culturable methanotroph populations
and greater methanotrophic TCE -biodegradative potential after, as compared to
before, the methane—air—nitrogen—phosphorus injection were consistent with TCE
inventories and the numerical simulations.

Considering the entire bioremediation demonstration (35 weeks of methane and air
injection plus 13 week of methane—air-nitrogen—phosphorus injection), simulations
showed that TCE removal was 41% higher than for air-stripping alone [6]. In
addition, in situ bioremediation acheived a final TCE concentration 3-6 times lower
than that acheived by in situ air-stripping alone. Bioreactor studies using Savannah
River sediment, ground water, and groundwater flow rates estimated that an average
of 1.5 mg TCE was biodegraded/m*/d throughout the demonstration, a rate similar to
that estimated by the simulations [26]. Sediment concentrations of TCE declined to
below detection (<2 ppb) over most of the site [19]. Soil gas TCE declined by more -
than 99%, with samples from near the injection well consistently being below
detection by the end.of the methane-air—nitrogen—phosphorus injection. Ground
water concentrations of TCE decreased by.as much as 95%, reaching concentrations
‘below detection in some ground water monitoring wells. Moreover, direct chemical.
evidence that losses were due to bioremediation was indicated by the inverse correla-
tion between ground water chloride concentrations and TCE concentrations in most
samples.

S. Conclusions

1.. Methanotroph MPN indexes in sediment samples taken after the addition, of
. nitrogen and phosphorus, as compared to before the addition, increased approxim-
ately one to three orders of magnitude.
"2 The frequency of TCE biodegradative potential increased by approxlmately three
orders of magnitude in response to the addition of nitrogen and phosphorus to the site.
3. Spatial analysis of the methanotroph MPN and TCE biodegradative potential
results inidicate that the delivery of ‘methane, oxygen, nitrogen, and phosphorus as
gases resulted in a zone of bioremediation influence that extended at least 601t above
. and to each side of the horizontal injection well.
" 4. The higher culturable methanotroph populations and greater methanotrophic
TCE biodegradative - potential after, as.compared to before, the methane-air—
nitrogen—phosphorus injection were consistent with TCE inventories and the results
of numencal snmulatlons
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ABSTRACT

The demonstration consisted of injection of methane mixed
with air into the contaminated aquifer via a horizontal well
and extraction from the vadose zone via a parallel horizontal
well. This configuration has the advantage of simultaneously
stimulating methanotrophic activity in both the groundwater
and vadose zone, and inhibiting spread of the plume.
Groundwater was monitored biweekly from 13 wells for a
variety of chemical and microbiological parameters.
Groundwater - from wells in affected areas showed increases in
methanotrophs of more than one order of magnitude every two
weeks for several weeks after 1% methane in air injection was
started. Some wells had increases as much as 7 orders of
magnitude. Simultaneous with the increase in methanotrophs
was a decrease in water and soil gas concentrations of
trichloroethylene (TCE) and tetrachloroethylene (PCE). Two
wells declined in TCE/PCE concentration in the water by more
than 90% to below 2 ppb. All of the wells in the affected
zone showed significant decreases in contaminants in less
than 1 month. Chloride concentrations in the water were
inversely correlated with TCE/PCE concentration. Four of




five vadose zone piezometers (each with three sampling
depths) declined from concentrations as high as 10,000 ppm
{vol/vol) to less than S5 ppm in less than six weeks. The
fifth cluster also declined by more than 95%. After only 3
months of injection >30% decline in TCE/PCE in the sediment
was also observed, with TCE/PCE being undetectable in most
sediments at the end of the 14 month test. Gene probes-and
direct isolation form the water and sediment revealed that
the right types of methanotrophs were being stimulated, ie.
those producing soluble methane monooxygenase, and that
isolates could degrade TCE at a high rate. A variety of
other microbial parameters increased with methane injection
indicating the extent and type of stimulation that had ‘

occurred.



In Situ Methanotrophic Bioremediation using Horizontal Well
Technology

INTRODUCTION

The U.S. Department of Energy, Office of Technology
Development, has been sponsoring full-scale environmental
restoration technology demonstrations for the past three
yvears. The Savannah River Site Integrated Demonstration
focuses on the clean-up of soils and groundwater contaminated
with chlorinated volatile organic compounds (VOCs). To
optimize resources, the project is simultaneously evaluating
and testing a large number of drilling, monitoring, -
characterization, and remediation technologies developed by
SRS, other DOE sites, national labs, industry and
universities. During fiscal year 1992 alone, more than 44
different technologies were tested at the site. The
principal remediation technology being tested during 1992 was
in situ bioremediation. 1In situ air stripping was. the
first remediation technology demonstrated at the test site.
during 1990 using parallel horizontal wells (one below the
water-table and one above). This first very successful
demonstration provided the impetus and the characterization’
and monitoring data to serve as an excellent control for the
in gitu biostimulation demonstration. Several laboratories
including our own had demonstrated the ability of .
methanotrophic bacteria to completely degrade or mineralize
chlorinated solvents, and these bacteria were naturally found
in soil and aquifer material (1, 2). Thus the test consisted
of injection of methane mixed with air into.the contaminated
aquifer via a horizontal well and extraction from the vadose .
zone via a parallel horizontal well. This configuration has™
the advantage of simultaneously stimulating methanotrophic
activity in both the groundwater and vadose zone, and
inhibiting spread of the plume. .

This project is de31gned to demonstrate in situ
bioremediation of groundwater and sediment contaminated with
chlorinated solvents. Indigenous microorganisms were
stimulated to degrade TCE, PCE and their daughter products in
situ by addition of nutrients to the contaminated zone. 1In
"gitu biodegradation is a highly attractive technology for
‘remediation because contaminants are destroyed, not simply
moved to another location or immobilized, thus decreasing
costs, risks, and time, while increasing efficiency and
public and regulatory acceptability. Bioremediation has been
found to be among the least costly" technologles in
applications where it will work (3).



Subsurface soils and water adjacent to an abandoned
process sewer line at the SRS have been found to have
elevated levels of TCE (4). This. area of subsurface and
groundwater contamination is the focus of a current
integrated demonstration of new remediation technologies
utilizing horizontal wells (Figure 1). Bioremediation has
the potential to enhance the performance of in gitu air
stripping as well as offering stand-alone remediation of this
and other contaminated sites (5). Horizontal wells could
also be used to enhance the recovery of groundwater
contaminants for bioreactor conversions from deep or
inaccessible areas (e.g., under buildings) and to enhance the
distribution of nutrient or microbe additions in an in gitu
bioremediation. .

MATERIALS AND METHODS

The horizontal wells that form the basis for the SRS
Integrated Demonstration are expected to provide significant
advantages over conventional bioremediation nutrient delivery
techniques. The increased surface area allows better delivery
of nutrients and easier recovery of gas and water, as well as
minimizing formation clogging and plugging phenomena. The
principal nutrient to be supplied via the horizontal wells in
this test was methane, at a low concentration in air (<4%).
The lower horizontal well provides a very efficient delivery
of gas throughout the contaminated region (Figure 2). A
vacuum was applied to the upper well (vadose zone) to
encourage air/methane movement through the upper saturated
zone and lower vadose zone and inhibit spreading of the
plume. Air/methane mixtures have been demonstrated to
stimulate selected members of the indigenous microbial
community that have the capability to degrade TCE (2, 6). An
extensive characterization and monitoring program using
existing monitoring wells and periodic borings for sediment
was used to measure the response of the soil and water
following injection of air/methane (7). In addition, offgas
from the upper horizontal well was assayed for methane, total
VOC, TCE, PCE, and potential break down products of TCE/PCE
(e.g., DCE, VC, and carbon dioxide).  For a complete listing-
of all analytical assays, protocols, pernuts, collaborators,
expert panel, 'etc. see Hazen (8).

‘ Initially 1% methane/air was injected continuously into
the lower well; however, to ensure process optimization
(i.e., to further stimulate the indigenous microorganisms to
peak biodegradation rates and efficiencies), the injection



protocol was altered for subsequent campaigns. At three-
month intervals during the 14-month demonstration, the data
from the current operating campaign and process support
activities were examined by an expert panel and a decision
was made as to how to alter the injection protocol for the
subsequent campaign. Thus, the final test consisted of the
following operating campaigns:

1. air extraction alone from the upper well at 240 scfm
(2/26/92—3/18/92)
. air only injection was added at 200 scfm (3/18/92-4/20/92)
injection -with 1% methane/air (4/20/92-8/5/92)
. injection with 4% methane/air (8/5/92-10/23/92)
. pulsing 4% methane/air (10/23/92-1/25/93)

. pulsing 4% methane and continuous injection of nitrous
ox1de at 0.07% in air and trl—ethyl phosphate at 0.007% «in
air (1/25/93-4/30/93) :

6mpwm

RESULTS AND DISCUSSION

The flow and vacuum conditions of the extraction system
have remained constant with a flow rate of 240 scfm and 7.6
in. Hg. VOCs in the offgas were composed entirely of TCE and
PCE. Dissolved oxygen content in the water did not changed
during this period. Overall VOC concentrations increased
slightly during the first S days and then steadily declined.
During the previous extraction demonstration with this same
well the VOC concentration started 10 times higher and
declined rapidly over the next S days. Since the previous
test extraction rate was double the current rate, the current
stabilized VOC concentration is about what would be expected
at the end of the previous demonstration, taking into N
consideration the lower flow rate. Because the previous
demonstration finished nearly 15 months ago, we believe this
result indicates that the effect of this type of extraction
is long term and that a permanent reduction has occurred in.
the amount VOCs in the vadose zone at the site. Comparison -
of VOCs in pretest and post-test borings support - this
observation since sediment concentrations decreased by more
than 30%. Interim borings at four holes done at the end of
the 1% methane injection also reveal a further 50% decline in
the amount of VOCs in the sediment (Figure 3). Indeed, few
of these samples had detectable levels remaining.

" Air injection (200 scfm) seemed to have little effect on
the extraction efficiency. One percent and 4% iethane
injection had little effect on extraction efficiency or
offgas quality though overall there was -a small but



significant decline in VOC concentration over time for both
operating campaigns. In addition, the ratio of TCE/PCE
significantly and consistently declined over time. This
observation is consistent with our knowledge that
methanotrophs will degrade TCE but not PCE and that PCE is
degraded at a slower rate by syntrophic anaerobes. However,
pulsing of methane injection has caused a significant
decrease in VOC concentration in the extraction well. When
the methane was injected again for five days after air-alone
injection, the VOC concentration increased but-declined again
as soon as this pulse was stopped. These observations
coincide with our understanding of competitive inhibition.
(i.e., when the methane is withdrawn once high biomass is
achieved, more contaminants are degraded since there is more
available enzyme active sites). In addition, it appears -that
the long interval pulsing decreased methanotroph density - .
during the first six weeks of the pulsing campaign; during
the subsequent six weeks, the short-interval pulsing
increased methanotroph densities. Carbon dioxide
concentrations from the extraction well suggest an upward
trend beginning 2-3 weeks post air-injection startup; this
may be indicative of increased microbial respiration in the
subsurface caused by the air injection. There is also a
striking positive correlation between VOC concentration in
vadose zone soil gas and CO2 concentrations. After VOCs
disappeared, the CO2 concentration subsequently declined.
When new VOCs move into the area, the CO2 concentrations
subsequently increase until after the VOCs have declined
again. Since pulsing began vadose zone concentrations
declined significantly and then increased in some wells.
Since nitrogen and phosphorus (N&P) injection began, the
concentration of VOC in all vadose zone wells has declined
dramatically, more than 90%. This again supports the theory
of competitive inhibition and nutrient limitations discussed .
above. More than 108,206,345 scf of air were injected during
this test. As expected, even though more than 1,392,774 scf
.of methane were injected into the subsurface during 53 weeks,
only trace quantities of methane were detected in the
extraction wells or any of the vadose zone piezometers during
the 1% methane injection campaign (i.e., most if not all of
the methane injected was consumed by the subsurface TCE-
degrading microflora). Simultaneous injection of helium as a
conservative tracer has shown that more than 50% of the
injected methane is being consumed.

Monitoring of the groundwater has shown that
methHanotrophs increased at the rate of one order of magnitude
every two weeks since methane injection (1%) began (Figure
4). However, increases substantially slowed and began
declining slightly. This change coincides with .reduction in



nitrates in the water of these same wells. Several other
measures of microbial activity and abundance have also
increased dramatically concomitantly with the start of
methane injection and have shown a similar response to
nitrates. After 4% methane injection was started (8/5/92),
methanotroph densities continued to increase. The wells _
showing the greatest decrease in TCE/PCE concentrations have
experienced as much as a five order-of-magnitude increase in
methanotrophs. These same wells have also shown increased
concentrations of chloride in the water, an aerobic
biodegradation end product for TCE. Stimulation of
biodegradation activity by the indigenous microflora appears
to have been great during the initial phase-of the 1% methane
injection. After two months of the 4% methane/air campaign,
it appeared that the methanotroph population was further
stimulated but that n1trogen-f1x1ng bacteria may have beer
inhibited causing severe nitrogen limitations. However, the
outer wells started showing significant densities of
methanotrophs and for the first time the concentrations of
TCE/PCE either remained the same or declined slightly. Prior
to this they had been slowly increasing. The 4% methane
injection may have been inhibitory to nitrogen-transforming
bacteria; therefore, we began the pulsing campaign, which
initially consisted of air injection alone for 5-14 days,
followed by injection of 1% methane for 4-5 days. It was
believed this would reduce competitive inhibition of the
methane and TCE for the same enzyme and reduce the inhibition
of nitrogen fixers shown to be stimulated by air injection
alone. Pulsing caused a significant increase in nitrogen-
transforming bacteria, a decrease in TCE in the well water
and vadose zone (Figure 5), and a decrease in methanotroph
densities. On December 11, 1992, we started a short pulse
interval of 8 h of 4% methane every other day. The final
campaign (1/25/93) included pulsed injection of methane and
.continuous injection of nitrous oxide at 0.07% in air and
tri-ethyl phosphate at 0.007% in air. This decision was
based on enrichment and mineralization studies. It was felt
that this last injection would overcome both N&P limitations
and allow higher biomass and higher degradation rates of TCE
to be achieved by the methane-stimulated subsurface bacteria.
For a partial discussion of nucleic acid probe studies
conducted during this demonstration see Bowman et ‘al. (9).
Since injection of N&P started, and with only limited
analyses complete, we can report that densities in the water
have gone up, and TCE concentration in the vadose zone and
water has declined.

Tﬁe test has demonstrated that gaseous nutrient
injection stimulates indigenous soil bacteria to degrade
TCE and PCE without risk of formation plugging or fouling.
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Map of M-area site.

Schematic of horizontal wells and process
configuration.

Concentrations of Trichloroethylene in the sediment
profile before and after 3 months of methane
injection ‘at Cluster 10.

Densities of Methanotrophs vs. Concentrations of
Trichloroethylene over time in well MHT-2C.
Concentration of Total VOC (TCE/PCE) in the soil
gas at three depths (A=100 ft, B=75 ft, C=40 ftJ
over time in vadose zone piezometer MHVS.
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Department of
Environmental Protection

Twin Towers Office Building
tawton Chiles 2600 Blair Stone Road Virginia B. Wetherell
Governor Tallahassee, Florida 32399-2400 Secretary

August 8, 1997

Mr. Vaughn Adams

Freeman & Vaughn Engineering, Inc.
P.O. Box 767601

Roswell, Georgia 30076

Re: PHOSter Nutrient Injection System
Dear Mr. Adams:

The Bureau of Petroleum Storage Systems thanks you and

Ms. Regina Porter for the May 29, 1997 briefing about the
PHOSter vapor-phase nutrient injection system, for in situ
bioremediation of petroleum hydrocarbons in soil and
groundwater by indigenous microorganisms. It is our
understanding that this system was developed by the U.S.
Department of Energy and the Savannah River Technology
Center, and that the technology is being transferred through
a cooperative agreement with the Southeastern Technology
Center and commercialized by Freeman & Vaughn Engineering.

The process is a pulsed injection system that stimulates the
growth of indigenous petrophilic microorganisms by supplying
an optimum quantity and ratio of oxygen, nitrogen, and
phosphorus. Briefly, compressed air (the oxygen source) is
contacted with liquid triethylphosphate (TEP) (the phosphate
source) in a vessel, and emerges as air laden with
triethylphosphate. This TEP-laden air is mixed with nitrous
oxide (the nitrogen source) and the entire air-TEP-nitrous
oxide mixture is then forced into the soil or groundwater to
be remediated via injection wells, each of which has a timer
to control its pulsed injection cycle. Indigenous
microorganisms utilize the injected nutrients to aerobically
degrade petroleum contamination, producing biomass, carbon
dioxide, and water. A schematic of the system is enclosed.

The Bureau recognizes the PHOSter system as a viable
technology for the remediation of petroleum contaminated
sites in Florida, pursuant to Chapter 62-770, Florida
Administrative Code (F.A.C.). There are no objections to
its use, provided: (a) the considerations of this letter are
taken into account; (b) a Remedial Action Plan is approved
by the Department for each site prior to the commencement of
work; and (c) appropriate and applicable underground
injection control rules are observed. For your information,

“Protect, Conserve and Manage Florida’s Environment and Natural Resources™

Printed on recycled paper.
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the following Florida Administrative Code chapters are cited
as pertinent, as portions of them may be applicable:

Chapter 62-550, F.A.C., for primary and secondary water
quality standards; Chapter 62-520, F.A.C. for groundwater
classes and standards; Chapter 62-522, F.A.C., for
groundwater permitting and monitoring requirements; and
Chapter 62-528, F.A.C., for underground injection control,
particularly Part V, for Class V, Group 4 aquifer
remediation projects.

Even though Chapter 62-528, F.A.C., is a comprehensive
document pertaining to underground injection, it could not
have anticipated technological advances creating the need to
regulate vapor-phase injection concentrations for the
purpose of aquifer remediation, just those of a liquid. And
Chapter 62-550, F.A.C., whose primary and secondary drinking
water standards are cited as criteria for the underground
injection of fluids, pertains only to liguid-phase
concentrations as well. The Department, in response to this
situation, instead of using a front-end approach to
protecting groundwater quality by ensuring that injected
liquids meet drinking water standards, will seek assurance,
through monitoring, that no primary or secondary water
quality standards or background values are exceeded. The
onus shall therefore be on users of the PHOSter system to
ensure that all applicable groundwater contaminant standards
will be met at the time of project completion for any
residuals associated with the injected substances, any
byproducts produced as a result of the chemical
transformation of those substances or the petroleum, and the
remaining traces of the original petroleum contaminants.

While the Department of Environmental Protection does not
provide endorsement of specific or brand name remediation
products or processes, it does recognize the need to
determine their acceptability from an environmental
standpoint with respect to applicable rules and regulations,
and the interests of public health, safety, and welfare.
Vendor’s must then market the products and processes on
their own merits regarding performance, cost, and safety in
comparison to competing alternatives in the marketplace.
For the PHOSter system, the major environmental and
regulatory items of interest are below.

a. Background samples: Prior to commencement of
remediation, at least one (1) monitoring well
located outside the petroleum contamination plume
shall be sampled and analyzed for background
concentration of nitrates, nitrites, and phosphorus.
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If only one well is sampled, then it should be
upgradient, pursuant to Rule 62-520.420(3), F.A.C.
If more than one well is sampled, then the average
value of each parameter can be used as the .
background value for the site. As a matter of good
practice, but not as a regulatory requirement, it
may be beneficial to obtain background values of
dissolved oxygen, pH, temperature, total dissolved
solids, hydraulic conductivity, moisture content of
soil (if soil is to be remediated) and other
pertinent bioremediation parameters or
micronutrients of interest.

b. Groundwater monitoring: During active remediation,
the appropriate petroleum contaminants of concern
shall be sampled in accordance with the frequency
specified in Rule 62-770.700(3) (i), F.A.C. For the
cleanup of sites where the period of active
remediation is expected to be brief (60 to 90 days
for example) it may be necessary to conduct sampling
more frequently than quarterly, in order to
accurately gauge the progress of the cleanup.

Like any other petroleum site remediation project,
PHOSter system projects shall include at least

one (1) year of quarterly post remediation
groundwater monitoring for the petroleum
contaminants of concern, at a minimum of two (2)
wells, one located in the area of maximum
contamination, the other downgradient, pursuant to
Section 62-770.750, F.A.C.

For underground inijection control, during both the
active and post remediation periods, the Department

has determined that the frequency and parameters of
groundwater monitoring, for tracking PHOSter system
byproducts, shall be at least quarterly, for
nitrates, nitrites, and total phosphorus. The
sampling shall be conducted at a minimum of two (2)
wells, one located in the central region of the
PHOSter injection points, the other downgradient.
For a given remediation site, costs may be kept to a
minimum by installing two monitoring wells in
locations such that they may serve as both the
petroleum remediation tracking wells, pursuant to
Section 62-770.750, F.A.C., and the PHOSter
parameters tracking wells, pursuant to Rule
62-528.615(2), F.A.C. The PHOSter system parameters
to be sampled for comparison to drinking water
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standards listed in Chapter 62-550, F.A.C., {(or a
site’s background concentrations) are as follows:
nitrate [10,000 micrograms per liter (ug/L) maximum,
as nitrogen, NJ], nitrite (1,000 ug/L maximum, as.N),
and total phosphorus [groundwater concentration not
regulated, (as P)].

The selection of nitrate, nitrite, and phosphorus
for underground injection monitoring purposes is a
technical decision to track the fate of nitrogen and
phosphorus atoms contained in the originally
injected nitrous oxide and triethylphosphate,
neither of which is a regulated primary or secondary
drinking water contaminant. In the event that
chemical or biochemical processes transform the
nitrogen to nitrate and/or nitrite, in
concentrations which exceed primary drinking water
standards, then monitoring will detect the problem.

Phosphorus tracking does not allow for a comparison
to groundwater or primary or secondary drinking
water standards, since phosphorus compounds in
groundwater are not regulated. Attention usually
focuses on the eutrophication of surface waters.

So, in cases where a PHOSter groundwater remediation
project may impact surface water, it is advised that
the concentration of phosphorus in the surface water
not be raised above the 0.1 microgram per liter
(ug/L), as P, concentration set forth in Rule
62-302.530(54), F.A.C., for surface water quality
standards.

For oxygen injected by the PHOSter system in the
form of compressed air, the Department determines
that tracking shall not be mandatory for injection
control purposes, since the presence of dissolved
oxXygen in a groundwater is generally not considered
to be a problem. It is, however, recommended that
dissolved oxygen concentration be measured as a
matter of good bioremediation practice.

c. UIC Inventory: PHOSter system Remedial Action Plans
shall include information pursuant to Rule
62-528.630(2) (c)1 through 6, F.A.C., for the
inventory purposes of underground injection control.
Per Rule 62-528.630(2) (c), F.A.C., aquifer
remediation projects involving injection wells are
authorized under the provisions of a Remedial Action
Plan, provided the construction, operation, and
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monitoring requirements of Chapter 62-528, F.A.C.,
are met. A memorandum outlining the information to
be transferred from the Bureau of Petroleum Storage
Systems to the Underground Injection Control Section
within the Department is enclosed.

d. Operation:

1. Avoidance of migration: Injection of nutrients
shall be performed in such a way, and at such a
rate and volume, that no undesirable migration
of either nutrients or petroleum contaminants in
the agquifer results, pursuant to Rule
62-528.630(3), F.A.C. Placing injection points
around the perimeter of the contamination plume
may be one way of preventing migration, since
groundwater flowing out of the plume area will
be treated as it passes through those points.

2. Operating permit: Although an operating permit
is not required for aquifer remediation wells
pursuant to Rule 62-528.640(1) (b), and
62-528.640(1) (¢), F.A.C., since no movement of
the petroleum contamination plume is expected to
accompany the PHOSter treatment process, the
Department requests that the information items
listed in Rule 62-528.640(1) (b), F.A.C., be
considered and included in Remedial Action Plan
proposals as a matter of good and thorough
design practice. Briefly summarized, they are:
quality of water in the aquifer; quality of the
injected fluid; existing and potential uses of
the affected aquifer; and well construction
details. Additionally, each Remedial Action
Plan should include an estimate of the total
mass of nutrients to be injected over the life
of the project, with a breakdown showing at
least the number of pounds of nitrous oxide (on
a pure basis) and the number of pounds of
triethylphosphate (on a pure basis).

e. Abandonment: Upon issuance of a petroleum Site
Rehabilitation Completion Order, or a declaration of
“No Further Action”, PHOSter system injection wells
shall be abandoned pursuant to Section 62-528.645,
F.A.C. The Underground Injection Control Section of
the Department shall be notified so that the
injection wells can be removed from the inventory
tracking list.
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Preparers of Remedial Action Plans for state-funded cleanups
may wish to include a copy of this letter in the appendix of
plans they submit, and call attention to it in the text of
their document. In this way, technical reviewers throughout
the state and its contracted local reviewing programs will
be informed that you have contacted the Department of
Environmental Protection to inquire about the environmental
acceptability of this process. To aid those reviewers, the
Bureau of Petroleum Storage Systems lists some items below.

a. Nutrient ratio: The 20:12:1 molar ratio of oxygen,
nitrogen, and phosphorus is the cornerstone of the
PHOSter technology. The objective is to encourage
nmicroorganism growth by supplying these essential
nutrients in a ratio that closely approximates their
molar ratios in a standard cell of composition
C,H, O,,N,,P. The general equations describing the
biological oxidation process for a hydrocarbon, and
an example of an approximately balanced equation for
the oxidation of ethylbenzene (C.H, ), using nitrous
oxide (N,0) as the nitrogen source and
triethylphosphate [(C,H,0),PO] as the phosphorus
source are:

HYDROCARBON + OXYGEN + NITROGEN + PHOSPHORUS --> CELL MASS + CARBON DIOXIDE + WATER

CgH1o + 2.85702 + 0.857N20 + 0.143 (C2H50)3PO --> 0.143 CgoHa7023N12P + 0.286CO; + 2.43 H.0

It should be noted that not all of the carbon in the
ethylbenzene is converted directly to carbon
dioxide, and that a large portion is assimilated as
cell mass, which will, in turn, degrade when the
microorganisms die.

b. Mass ratios: If the molar ratios of the equation in
the preceding paragraph are converted to mass
ratios, then for every pound of CH,, contaminant
degraded it can be seen that 0.862 pounds of O,,
0.356 pounds of N,0, and 0.232 pounds of (C,H,0),PO
must be injected via the PHOSter system. Since
ethylbenzene is one of the heaviest molecules in the
BTEX group (benzene, toluene, ethylbenzene, and
xXylene), thereby requiring the largest injection
quantities of N,0, 0,, and (CH/0),PO for degradation,
it may be reasonable to use the above mass ratios to
make a quick and conservatively high estimate of the
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injection amounts needed to remediate a BTEX mixture
of any proportions at any site.

c. Nitrogen source: Bottled nitrous oxide is used as
the nitrogen source because it readily dissolves in
water: 1.0 liter of it dissolves in 1.5 liters of
water at 20 degrees Centigrade and 2 atmospheres.
Atmospheric nitrogen (N,), which enters the system
by way of the air compressor, is not believed to
play a substantial role in the PHOSter process, as
not all microorganisms are capable of directly
utilizing the diatomic molecule.

d. Cleanup time: 3 to 6 months, or less, depending on
site conditions and the nature of contaminants.

e. Free product: The PHOSter system may be able to
handle a small amount of free product if it is
1/8-inch or less in thickness.

f. Installation: trailer-mounted.

g. Design and operating parameters: Remedial Action
Plans prescribing the PHOSter system should include
all pertinent design and operating parameters,
including but not necessarily limited to: radius of
influence; number of injection cycles per day;
number of injection wells; location of injection
wells; injection gas flow rates; the mass of
petroleum contaminants to be remediated; the mass of
nutrients to be injected over the life of the
project; injection pressure; well construction
details; a sampling plan, including a pre-
remediation background sampling for nitrates,
nitrites, and phosphorus; and the estimated cleanup
time.

h. Pulsing: Injection of vapor-phase nutrients is
pulsed on a timed cycle to keep microorganisms fed
at an optimum rate. Too little nutrient addition
causes them to die, while too much will be wasteful.
For the petroleum test sites in Georgia and South
Carolina, the vapor-phase nutrient injection portion
of the cycle was 3 hours, followed by nutrient
utilization of at least 3 hours. The strategy of
the PHOSter system is to inject vapor-phase
nutrients in small enough timed intervals and
gquantities to keep the microorganisms fed at an
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optimum rate. Therefore, very little injected
material is wasted, and the risk of overdosing is
minimal, which in turn minimizes the risk of
injecting unnecessary and excessive quantities of
nitrogen and phosphorus into the aquifer.

Test sites: The PHOSter system has been used at
petroleum test sites in Georgia, South Carolina, and
Panama City, Florida. Baseline total phosphate at
the Panama City site was measured at 800 and

1,100 ug/L in the upgradient and downgradient
monitoring wells, respectively.

Equipment: A refrigerated compressed air dryer is
used to cool and dry the compressed air, and a
filter is used to remove o0il prior to injection.

Triethylphosphate: This compound is also known as

triethyl ester phosphoric acid. Its vapor pressure |
is 1 millimeter of mercury (mm Hg) at 39°C. It has |
been indicated to the Department that microorganisms

utilize the phosphorus component of this molecule as

a nutrient, and consume the ethyl groups as a food

source.

Phosphorus: There are no groundwater or primary or
secondary drinking water standards for phosphorus.
For reference purposes only, it may be helpful to
know that the European Economic Community guide
level is 400 micrograms per liter (ug/L), as P,O,,
for drinking water, and that a recent surficial
aquifer sample at a petroleum remediation site in
Volusia County contained 1,200 ug/L of naturally
occurring phosphorus, as PO,. This concentration
may not be unusual for Florida.

Advantage of vapor-phase injection: It is believed
that quicker and more thorough dispersal of
nutrients can occur if they are injected in the
vapor-phase, rather than as liquids or solids,
especially at sites where permeability of the soil
is low. For a petroleum test site in Aiken, South
Carolina, where significant contaminant reductions
were obtained in 131 days, the soil permeability was
relatively low: 10" cm’.
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n. Radius of influence: A pilot test to determine a
site specific radius of influence, for design
purposes, may be necessary. Such a test could be
more of a quick and inexpensive pressure sensing at
various distances from an air injection point, and
not an expensive in depth study involving all
aspects of bioremediation. Also, the Department
should not object to the bypassing of a radius of
influence pilot test if the preparer of a Remedial
Action Plan believes he or she has enough experience
and data on hand for geologically similar sites in
Florida. The radii of influence for petroleum test
sites in Aiken, South Carolina and Augusta, Georgia
were 5 and 15 feet, respectively. The delivery
system producing those radii for those sites
operated at 4 standard cubic feet per minute (scfm)
and 30 pounds per square inch (psi) in Aiken and
1 scfm and 10 psi in Augusta.

o. Dedication of monitoring wells: Nutrients should
not be injected into monitoring wells which are
intended to track the progress of remediation at a
site, since a premature and false indication of
complete remediation may result when those wells are
sampled. However, if there is an abundance of
monitoring wells at a site, and not all of them are
needed for tracking the progress of remediation,
then some of the spare monitoring wells can be used
as injection points.

p. Alir emissions: No air emissions monitoring is
necessary for the PHOSter system since injection gas
flow rates will not be high enough to volatilize
appreciable amounts of petroleum.

g. Underground Injection Control notification:
Reviewers of PHOSter system Remedial Action Plans,
regardless of whether in Tallahassee, district
offices, or local programs, must fill in the blanks
on the enclosed memorandum, whose subject is
“Proposed Injection Well(s) for In Situ Aquifer
Remediation at a Petroleum Remedial Action Site”.
The completed form must be submitted to the
Underground Injection Control Section at 2600 Blair
Stone Road, Tallahassee, Florida 32399-2400. It
will be necessary to modify appropriate portions of
the memorandum to report PHOSter system vapor-phase
injections in terms of pounds of gas, purity of gas,
and cubic feet per minute, instead of the units
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listed, which were intended to cover only liquid-
phase injections.

The Department reserves the right to revoke its acceptance
of a product or process if the nature or composition of
either or any of its principal and proprietary ingredients,
or the performance of the process, has been falsely
represented. Additionally, Department acceptance of any
product or process does not imply it has been deemed
applicable for all cleanup situations, or that it is
preferred over other treatment or cleanup techniques in any
particular case. A site specific evaluation of
applicability and cost-effectiveness must be considered for
any product or process, whether conventional or innovative,
and adequate site specific design details must be provided
in Remedial Action Plans prescribing the product or process.
You may contact me at 850/487-3299 if there are any
questions.

Sincerely,

/@‘A Ruseds™
Rick Ruscito, P.E.
Bureau of Petroleum Storage Systems

RR/xrr

cc: Regina Porter - Southeastern Technology Center
501 Greene Street
Augusta, Georgia 30903
T. Conrardy - FDEP/Tallahassee

W. Evans - FDEP/Tallahassee

oth120_1.doc



Richard Deuerling
Page Two
Date:

A site map showing the areal extent of the groundwater
contamination plume and the location and spacing of
injection wells is attached.

Excerpts from the remedial action plan which describe the
site lithology are attached. The following is a summary
description of the affected aquifer:

Name of aquifer:
Depth to groundwater (feet):
Aquifer thickness (feet):

A schematic of the injection well(s) is attached. The
following is a summary:

Depth of well (feet):
Screened interval: to feet below surface
Well casing diameter (inches):
Bore hole diameter:
If direct-push type well(s), describe

diameter (inches): and depth (feet):

The in situ injection-type aquifer remediation plan for this
petroleum contaminated site is a design intended to meet the
groundwater petroleum cleanup criteria set forth in Chapter
62-770, F.A.C. Additionally, all other groundwater
standards will be met at the time of project completion for
any residuals associated with the ingredients of the
injected remediation products, and any byproducts or
intermediates produced as a result of the chemical or
biochemical transformation of those ingredients or the
contaminating petroleum during their use. Applicable
primary and secondary drinking water standards are set forth
in Chapter 62-550, F.A.C., and additional groudwater quality
criteria are set forth in Chapter 62-520, F.A.C.

The remedial action plan estimates that the site remediation
will take months. We will notify you if there are
any modifications to the remediation strategy which will
affect the injection well design or the chemical composition
and volume of the injected remediation product(s).

The proposed remediation system was approved on
by a Remedial Action Plan Approval Order signed by the
Director of the Division of Waste Management (copy
attached). The remediation system installation is expected
to commence within 60 days. Please call me at

if you require any additional information.
uic_2.doc




Florida Department of
Memorandum Environmental Protection

TO: Richard Deuerling
Division of Water Facilities
Bureau of Resource Protection
Underground Injection Control Section

FROM:

(local program)
DATE:
SUBJ Proposed Injection Well(s) for Imn Situ Aquifer

Remediation at a Petroleum Remedial Action Site

This is to notify you of proposed injection well(s)
construction for the in situ remediation of groundwater at a
petroleum contaminated site. The following is a description
of the site location.

Name:
Address:
City/County:
Latitude/Longitude:
FDEP Facility Number:

The design of the injection-type aquifer remediation system
consists of the following:

Areal extent of contamination (square feet):
Number of injection wells:
Composition of injected fluid (See notes 1 &2)
(ingredient, wt. %):

Injection volume per well (gallons):
Single or multiple injection events:
Injection volume total (all wells, all

events) :

Note 1. Proprietary formulations must at least disclose principal
ingredients; their concentrations are optional. Chapter
62-528, Florida Administrative Code, requires that injected
fluids meet primary and secondary water standards, unless a
waiver is obtained.

Note 2. Prior acceptance by the Department of product(s) to be injected
must be obtained.



PO

Limcara

APPLIED AND LNVIRONMFNI/\L MICROBIOL ()(..Y June 19‘)4 p "2()()—72()4

0099-2240/94/$04.00+0
Cop) right © 1994, American Socicety for Mlcroln()l<1g>)' o o

Vol. 60, No. 6

Reductive Dechlorination of Trichloroethylene and
Tetrachloroethylene under Aerobic Conditions in a
Sediment Column
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Biodegradation . of trichloroethylene and tetrachroroethyflene under aerobic conditions was studied in a
sediment column. Cumulative mass balances indicated 87 and- 90% removal for trichloroethylene and
tetrachloroethylene, respectively. These studies suggest the potential for simultaneous aerobic and anaerobic
biotransformation processes under bulk aerobic conditions.

i
15

) A . T
Biodegradation of trichloroethylene (TCE) and tetrachloro-
ethylene (PCE) has been demonstrated in pure cultures (11;

12, 16, 22, 25, 27, 28), mixed cultures (1, 2, 3, 14, 15; 17),'.

microcosms (18, 21), and soil columns (29, 30). Field demon-:

strations of in situ bioremediation of chlormated solvents have .

included biostimulation of indigenous methane-oxidizing bac~
teria (methanotrophs) (24) and bioaugmentation with a met<
abolic, nutrient inducer (23). Both demonstrations were aero-.
bic systems and focused on biodegradation of vinyl- J;hlonde
(VC), dichloroethylene (DCE), and TCE.

Acrobic stimulation of methanotrophs may encourage the i
situ cometabolic biodegradation of TCE but not PCE. Al-
though TCE is degraded under both aerobic and anaerobic
conditions (3, 15, 17), PCE transformation has been demon-’
strated only under anaerobic conditions (3, 12, 17). Laboratory
studies have shown that  anaerobic dechlorination of chlori-

- nated ethylenes can proceed to nontoxic, biodegradable prod-

ucts such as ethylene and ethane (7, 8, 17); however, there is
the tendency for significant amounts of VC and cis-1,2-dichlo-
roethylene (cDCE) to accumulate under anaerobic condition§
(5, 26). Although stimulation of reductive dechlorination of
PCE and TCE may be a viable alternative at sites where.
aquifers are already anaerobic, it may be unacceptable to
create anaerobic conditions in an aerobic.aquifer. It would be

desirable, therefore, if both (i) anaerobic PCE or TCE dechlo- .
rination and (ii) aerobic TCE, DCE, and VC. degradatlon '

could occur in sediments maintained under “bulk” aerobic
conditions. Phelps et al. demonstrated that this phenomenort
does occur in methanotrophic expanded-bed bioreactors (23a),

- Anaerobic dechlorination of PCE or TCE would produce:
products; .e.g., VC or cDCE, ‘more amenable to subsequent _

aerobic transformation. .

. Incollaboration with the U.S. Department of Energy (DOE)
Office ‘of Technology Development Integrated Technology -
. Demonstration at ‘the Savannah River Site for the in sitd

-

* Corresponding author. Ma{lmg address: Savannah River Technol- ,
“ogy Center, Westinghouse Savannah River Company, Bidg. 704-8T, ..
-Aiken, SC 29802. Phone: (803) 725-6413. Fax: (803) 725 6287. Elect

tronic mail address: TCHAZEN@SRS.GOV.
T Present address: Energy .Systems Division, Argonne National

" Laboratory, Argonne, IL 60439

§ Present address: School of Public and Envnronmental Affaxrs
Indiana University, Bloomington, IN 47405.
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_bioremediation of chlorinated solvents (19), a sediment col-
-umn study was econducted to investigate the biodégradation

potentials of TCE and PCE durmg aerobic methanotrophlc
biostimulation.

Soil column design and operation. A 122-cm sediment
column was assembled with composite sediments from three
sediment horizons collected during site characterization at the
Savannah River Site. Composite A consisted of sediments
from the saturated zone at depths of 53.3 to 59.4 m. Compos-
ites B and C consisted of sediments from the unsaturated zone
at depths of 22.9 to 30.5 and 9.1 to 13.7 m, respectively. Table
1 lists composite sediment characteristics. The column was
separated into three sections corresponding to composite types
A to C (Fig. 1). Ports for obtaining liquid samples were placed
in each section and in influent and effluent lines. Eight side
ports were ‘installed in each section for sediment sampling.
Sediment samples were taken with a sterile. 10-ml syringe
barrel and replaced by extruding similar composite sediments
from a 10-ml syringe back into the side port. A 5-liter Tedlar
gas sampling. bag was connected to the column carboy feed
water with Viton tubing. The gas bag served two functions: (i)
to replace volume lost in the carboy as water levels dropped
and (ii) to maintain stable concentrations of nutrients (air,
oxygen, and CH, in the gas phase) which were in equilibrium
with column feed water. o

Groundwater from an uncontaminated well was pumped
through the column in an upflow direction with a peristaltic

. pump at an average flow rate of 1.2 ml/min. Column detention

‘time was =30 h. Operating conditions with respect to nutrient
- ‘and TCE and PCE additions to column feed water are listed in
" Table 2. CH, and O, were added to column feed .water by

sparging separate aliquots of well water with either gas and
then mixing methane- or oxygen-saturated aliquots in appro- -
priate ratios (Table 2). TCE and PCE (Aldrich, Milwaukee,
Wis.) were added to a final concentration of 500 pg/liter to the
column feed by using a methanol-based stock solution. The

_resultant methanol concentration in the feed water was 2.5

mM. Volatile organic carbon (VOC) concentrations in influent
and effluent samples were measured twice daily. The column
was maintained at room temperature, 18 to 25°C, during the
entire experiment: Cumulative masses of TCE and PCE were
calculated by Euler integration (6). This stepwise integration
was needed because of variations in measured influent concen-
trations. -
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TABLE 1. Characteristics of composite sediments

o R Clay/sand/ L TOC Moisture
Composite Zone gravel ratio Porosity, (ppm)  content (%)
A Saturaed  17982/0.1 033 740 187
B Lower vadose 1.6/98.2/0.2 0.35 43.0 1.0
C Upper vadose 5.2/92.2/2.6 032 -~ 460 T 27

“ TOC, total organic carbon.

Analytical methods. TCE, PCE, cDCfi, and VC concentra-

tions in pore fluids were measured on a Hewlett-Packard:

5890A gas chromatograph equipped with a Hewlett- Packard
19395A automated gas headspace analyzer, an electron cap-
ture detector, and a 60-m Vocol (Supelco, Bellefonte, Pa.)
column. Column temperature was held at 35°C for 8 min and
then was increased (5%/min) to 80°C. Helium was used as the

.carrier gas at a flow rate of 12 ml/min. Samples (1 ml each) -

were dispensed into headspace vials containing 9 ml of deion-
ized H,0, which were immediately crimped, and then the
samples were. equilibrated at 75°C for 1 h prior to analysis.
Prior time course analysés indicated 1sh equilibration to be
sufficient for .VOC partitioning into headspace. Standards
containing 10 ml were made with each: run, eliminating the
need to use Henry’s constant for calculations. Detection limits
for TCE, PCE, VC, and DCE were, 1.0, 1.0, 150, and 50.0
wgfliter, respectively. Dissolved oxygen and pH were measured
with microelectrodes (Microelectrodes Inc., 'Léndonderry,
N.H.) following a two-point calibration. Dissolved oxygen

cBi

FIG. 1. Diagram of the column. Secnon:A'contained composite
sediments from the saturated zone; section B and C sediments were
from unsaturated zories. Side ports were-for.sampling sediments and
pore waters. V1 to -3, valves; CB1; column Afeed water carboy; CB2,

collection carboy; AB, Teflon gas bag; CV;, check valve; P1 to -3, pore -

water sampling ports; IF and EF, inflient and effiuent sampling ports,
respectively; PP, peristaltic pump. Largesolid circles, sedlmcnt sam-
plmg ports. .
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TABLE 2. Experimental conditions of column feed water

Days .,:",'... . GHS"
0~178 oo . Air
D78-262 o2 eeereeereeseses et seeeres e CH,-O
262-315"...0.5... et e CH,-O,
KT (17 S e e CH,-0,
402436 ..... - - 0O,

“ CH, and O, concentrations were used in various ratios of percent saturation
from 80:20 to 20:80 for CH4/O,. Air and O, alone were used at 100% saturation.
PCE and TCE (500 ugfiter each) were added beginning at day 140. The column
was maintained at room temperature, 18 to 25°C, during the expenmcnt )

# Nitrate (940 pM) was added.

" measurements of oxygen-free water, sampled by the same

technique ds pore waters, confirmed that oxygen was not
introduced into pore water samples during sampling.
Microbial characterization. Aerobic heterotrophic bacteria

were enumerated by the most probable number (MPN) tech- -
nique on 1% PTYG medium (3). Tenfold serial dilutions were

not used, since calculations of MPN were performed by using
a computer program which allowed for more flexible ditution
schemes (20). Positive aerobic MPN tubes were scored on the
basis of turbidity after 3 to 5 days. MPN enumerations of

anaerobic bacteria were done in anaerobic culture tubes

equipped with butyl rubber stoppers and 2luminum crimp seals
(Bellco, Vineland, N.J.). The medium used for enumeration of

_anaerobes contained (per liter) 2.0 g of KH,PO,, 0.3 g of

NH,(CI, 0.5 g of NaCl, 0.7 g of Na,SO,, 0.4 g of MgCl, - 2H,0,
0.5 g of KCl, 0.2 g of Ca(l, - 2H,0, 0.5 g of Na acetate, 0.4 g
of Na formate, 0.5 g of tryptone, 1.0 g of yeast extract, 2.5 g of
NaHCO,, 0.5 g of cysteine, 0.5 g of Na,S - 9H,0, 1.0 mg of
resazurin, 2.0 mg of FeNH,(S0,),, 5.0 mg of NiCl,, and 10 ml
of trace metal solution. The pH was adjusted to 7.2. The trace
metal solution contained (per liter) 1.5 g of nitrilotriacetic acid,
2.0 g of MgSO, - 7H,0, 0.5 g of MnSO, - H,0, 1.0 g of NaCl,
0.1 g of FeSO,-7H,0, 0.18 g of CoCl,-6H,0, 0.18 g of
ZnS0, - 7TH,0, 14.0 mg of CuSO,, - 5H,0, 10.0 mg of H,BO;,
and 10.0 mg of NaMoO, - 2H,0. Tubes wete pressurized (10
1b/in?) with oxygen-free 80:20% H,-CO,. This medium was not
selective for any specific anaerobic population and was meant

_ to support -both facultative and strict anaerobes. Tubes for

anaerobic enumerations were incubated horizontally at 25°C

and scored on the basis of turbidity after 30 days. For all MPN
enumerations, a 1:10 sediment-medium slurry served as the

initial sample for subsequent dilutions.
Column experiment. Aerobic conditions were maintained in

TABLE 3. Oxygen trends

Oxygen (mgfliter)

Port -
o Mean Maximum T Minimum
Days 0-337
Influent ‘ 1.0 26.3 32
Effiuent 48 104 2.4
A 48. 9.8 © 24
B 43 88 1.9
C 52 1L1 1.6
Days 338-436 :
Influent 15.1 247 ) 6.3
Effluent 5.1 74 35
A 38 53 2.7
B 45 6.5 2.7

C 42 6.1 3.1
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TCEPCE CH4
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3
»
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MPN/gdw*

0 23 139 177 226 330 ase'
A Days

FIG. 2. MPN enumeration of aerobic heterotrophlc bacteria in-1% -

PTYG medium compared with anaerobic bacteria.. gdw grams (dry
weight).

the column' throughout the experiment (Table.3). In.no case

-were concentrations less than 1.6 mg/liter, i.e., approximately

20% of saturation in air, detected. This low concentration of

dissolved oxygen at port C may have resulted from microsite
. conditions at the ‘sampling port; concentrations in the bulk
pore fluids were probably even higher, as indicated by higher

concentrations at downstream ports. During the period of

greatest TCE and PCE removal, days 338 to 436, the lowest -
dissolved oxygen concentration was only 2.7 mg/liter (Table 3). .

Results of MPN enumerations of aerobic heterotrophs and

. anaerobes are illustrated in Fig. 2. It is evident that abundant .

Arpr. ENVIRON. MICROBIOL.

Cumulative Mass: PCE
300 <

o | M

PCE (mg)

100

50

0"

140 180 240 290 340 390 440

O infyent.  © Effluent
Cumulative Mass: TCE

300.

250

200

oot -

140 180 240 290 340 390 440
Days

FIG. 3. Cumulative masses for TCE and PCE were derived by
Euler mtegratlon from concentrations between sampling periods. The
influeat curve represents total mass loading of TCE and PCE. The
difference between the influent and effluent curves tepresents the
amount removed.

pdpulatiohs of both aerobic and anaerobic microorganisms
were present throughout the experiment. A significant portion .

of the anaerobic enumerations may actually represent faculta-
tive .anaerobes capable of growing under strictly anaerobic

" conditions. Methane' was measured in pore waters of all

sampling ports and in MPN enumeration tubes, suggesting that

‘methanogens were present throughout the column. This sug-
. gests that microsites which were capable of supporting strict
- anaerobes existed in the soil column. Methanotrophs were

‘detected in all three sections of the column (data not shown) at

low- densities. Even after 6 months of CH, exposure, .the
maximum number of methanotrophs detected was 100 MPN/g
(dry weight). However, both methane and dissolved oxygen
concentrations were adequate to support methanotfoph pop-

- ‘ulations.

TCE and PCE transformatlon Significant differences (P <
0.0001) in influent and effluent ‘concentrations for TCE and
PCE were observed during the first 6.5 months (period 1, days
140 to 337) and the last 3.5 months (period 2, days 338 to 436).
Transformation of TCE and PCE was much greater, however,
during period 2. Cumulative mass balances indicated .87 and
90% removal for TCE and PCE, respectively, during period 2

~compared with 9 and 16% during period 1 (Fig. 3). TCE and
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PCE disappearance during period 1 could be due entirely to -
abiotic losses, i.e., adsorption, volatilization, or abiotic trans- .

formation. bosscs during penod 1 can: be subtracted from
losses in petiod 2 to conservatwely estimate removal by
biotransformation during the flatter period. In this manner,
conservative TCE and PCE biptransformation rates during

- period 2 were 76 and 74%, respectively. During period 2,

cDCE was observed as the major product of both TCE and
PCE transformation. No VC or other chlorinated products
were detected.

Considering the low biomass of methanotrophs and the
presence of cDCE, cometabolic biodegradation of TCE by
methanotrophs was probably insignificant compared with
anaerobic dechlorination.” Anaerobic conditions apparently
developed in microsites since column pore waters remained
aerobic. Reductive dechlorination of TCE and PCE under
methanogenic conditions can proceed to VC (8, 17, 29),
whereas cDCE has tended to accumulate under sulfate-reduc-
ing conditions (3, 21). ‘Accumulation of VC and ¢cDCE may

.occut when there is an insufficient supply of electron donors (8,

9, 17). The addition of 2.5 mM methanol in these studies
provided sufficient reducing equivalents to completely reduce
the added TCE and PCE to ethylene. Recent studies of
anaerobic dechlorination of PCE have shown that the form of
carbon substrate determines the dechlorination potential of a
selected microbial community (18). In-our study methanol may
have been effective in stimulating methanogenesis but not in
promoting complete reductive dechlorination. The. ,apparent
accumulation of cDCE, therefore, suggests that (i)’ methano—
gens may not have been solely responsible for the dechlorina-
tion of TCE and PCE or (ii) dechlormatlon activity may have
been partially inhibited by oxygen.

Kastner (21) also observed ¢DCE accuimulation in micro-
cosms under sulfate-reducing conditions and suggested that
facultative anaerobes may have been responsible for reductive
dechlorination on the basis of the dependency of aerobic
consortia in microcosms. Facultative anaerobes may also have
been, at least partially, responsible for reductive dechlorina-
tion activity in our studies. Enumerations of aerotolerant and
facultative anaerobic bacteria-showed thiat such populations
were comparable in size to aerobic populations (data not

" shown).

The results from this. study clearly show that anaerobic

dechlorination of TCE and PCE can be observed in a column

maintained under bulk aerobic conditions. Previous work with
fluidized expanded-bed bioreactors with Savannah River site

.consortia from the same site had the.’same results (23a).

Methanogencsxs in the column strongly suggests that anaerobic

. zones or ‘microsites existed, allowing the simultaneous pres- *
.ence of both-aerobic and anaerobic microorganisms. These

results have important implications for both in situ and on-site
PCE and TCE bioremediation projects in which complete
anaerobic conditions are either énvironméntally undesirable or
unacceptable by regulatory standards. Sequential -anaerobic
and aerobic treatments have been.suggested to anaerobically
dehalogenate fully halogenated compounds and, subsequently,

. aerobically transform less-halogenated analogs (10, 13). The

studies described here suggest that both anaerobic and aérobic
populations may be stimulated simultaneously while maintain-

‘ing an aquifer under bulk aerobic conditions. Data from the
Savannah River Site methane injection. demonstration also -
. suggest that this is true, since PCE decreased in sediments at

some sites in the absence of soil vapor extraction. Pilot and
field demonstrations of both strategies, i.e., stihulation of
anaerobic microsites in an aerobic aquifer and sequential
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anaerobic and aerobic trcatments, are needed in order to
determine the applicability of these remediation designs.

Jocl Bray, Marlesia Keenan, and Shondra Scott provided technical
assistance during thi$ project.

The information in this article was developed during the course of
work under contract DE-AC09-89SR 18035 with the U.S. DOE. M. V.
Enzien was supported by thc U.S. DOE Laboratory Cooperative
Postgraduate Research Training program administered by the Qak
Ridge Institute for Science and Education. F. Picardal was sponsored
by a U.S. DOE Environmental Restoration and Waste Management
fellowship. .
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