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SECTION 1 

1. INTRODUCTION 

Occidental Chemical Corporation (Occidental) is performing corrective actions at the former Occidental 

chemical manufacturing facility in Montague, Michigan (the facility). These corrective actions are being 

performed, in part, to comply with the requirements of an Administrative Order (AO) issued by the 

U.S. EPA dated March 24, 1993. At the completion of the RCRA Facility Investigation and the 

Corrective Measures Study, the U.S. EPA issued the Final Decision on July 18, 2001 stating the 

corrective action requirements for Occidental. 

The Final Decision requires groundwater monitoring at the facility. Section 4 of the Program 

Management Plan presents the management approach for the grovmdwater monitoring. This document 

defines the groundwater monitoring program, meeting the requirements of the Final Decision as defined 

in the Program Management Plan. 

Occidental Chemical Corporation will implement this ground water monitoring program. Miller Springs 

Remediation Management Inc., will manage the ground water monitoring on behalf of Occidental 

Chemical Corporation. 

The facility is located in Montague Township north of White Lake in Muskegon County, Michigan 

(Figure 1). Historical information related to use of the property and historical releases are presented in the 

Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Task 1: Description of 

Current Conditions (WW Engineering & Science, 1994). Characterizations of the geology, groundwater 

flow, and ground water chemistry are presented Phase I RCRA Facility Investigation Report for the 

Occidental Chemical corporation Site in Montague, Michigan (Earth Tech, October 1996) and Phase II 

RFI RCRA Facility Investigation Report for the Occidental Chemical Corporation Site in Montague, 

Michigan (Earth Tech, April 1999; as amended in April 7,2000). 

1.1 OBJECTIVES 

The final objectives of the groundwater monitoring program have been defined in the Program 

Management Plan for the site and in the U.S. EPA required modifications and approval of the Program 

Management Plan. The established final objectives are listed below: 

• Demonstrate that the groundwater collection system halts any unacceptable discharge of 
chlorinated organic compounds to White Lake. 
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I SECTION 1 

• Demonstrate, through monitoring, that the migration of contaminated groundwater has stabilized 
to confirm that contaminated groundwater remains within the original "area of contaminated 
groundwater". 

• Demonstrate that the groundwater collection system is reducing the level of contamination in the 
aquifer. 

• Demonstrate that the groundwater protection standards are ultimately met (if technically 
practicable). 

This groundwater monitoring program is designed to accomplish the first two objectives. At this stage in 

the corrective action, it is not the objective of Occidental to demonstrate that the groundwater protection 

standards are met. The groimdwater collection system halts the flow of impacted groundwater to White 

Lake. Currently, Occidental is performing an investigation of potential residual DNAPL within the plume 

of impacted groundwater. This investigation is also a requirement of the Final Decision and is discussed 

in the Program Management Plan and approved by the U.S. EPA. At the conclusion of this investigation. 

Occidental is required to submit plans to the U.S. EPA to address the residual material in the aquifer. 

When these plans are developed and implemented, the monitoring program will be revised to demonstrate 

if the groundwater protection standard is met. In addition, the reduction of the level of contamination in 

the aquifer is directly related to actions to address any residual DNAPL. Therefore, this groundwater 

monitoring program will develop initial data for future demonstrations of reductions in the level of 

contamination in the aquifer. 

Based upon the current state of the Corrective Action at the site, the following are the current objectives 

for this groundwater monitoring program: 

• Demonstrate that the groundwater collection system halts any unacceptable discharge of 
chlorinated organic compounds to White Lake. 

• Demonstrate, through monitoring, that the migration of contaminated groundwater has stabilized 
to confirm that contaminated groundwater remains within the original "area of contaminated 
groundwater". 

• Develop information that will be used for future demonstrations that the groundwater collection 
system is reducing the level of contamination in the aquifer. 

The following four sections of the report (Sections 2, 3, 4 and 5) will present the portion of the 

groundwater monitoring program to accomplish each of these three objectives. 
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SECTION 1 

1.2 GROUNDWATER PROTECTION STANDARD 

The parameters of concern in the groundwater are listed in Table 1. This table also provides the 

groundwater protection standards that have been developed for this site. These standards are consistent 

with the requirements of Part 201 of Michigan's Act 451 of 1994 (as amended). 
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2. GROUNDWATER COLLECTION DEMONSTRATION 

Occidental currently operates a series of eight purge wells that halts the flow of impacted groundwater to 

White Lake. The locations of seven of the purge wells can be found on Figure 2. The location of the 

remaining purge well, Pf, can be found on Figure 3. This section describes how Occidental will 

demonstrate that the groundwater collection system halts any unacceptable discharge of chlorinated 

organic compounds to White Lake. This groundwater monitoring system was developed during the 

1980's and approved by the Michigan Department of Environmental Quality (MDEQ) as a demonstration 

that Occidental halts the flow of chlorinated compounds in ground water to White Lake. 

This monitoring program has been established to demonstrate that groundwater in the plume is not 

discharging to White Lake. This monitoring program will show that the water level in White Lake is 

higher than the hydraulic head (water level) in the aquifer at locations where the purge wells will have the 

least impact on the hydraulic head. If the water level in the aquifer is below the water level in White 

Lake, then water is constantly flowing from White Lake back toward the purge wells. 

The level of water in White Lake is measured every 15 minutes. Due to wind tides and precipitation 

events, the level of White Lake can change by a foot over a few days. This change can be significant 

when evaluating the continuing flow of water from White Lake back into the aquifer along this section of 

the lake. To accurately reflect the hydraulic head in the lake, an averaging method was developed with 

the MDEQ to use for measured water levels in White Lake. For each monitoring event, a time is 

established at the mid-point of the period when water levels were collected from the monitoring wells. A 

24-hour time weighted average water level in White Lake is calculated starting 16 hours before the 

measurements and extending 8 hours after the measurements. When the average lake level is always 

above the water level in the aquifer, the water from the lake consistently flows toward the purge well 

system. As an added level of safety, the level of water in the monitoring wells is maintained at an average 

of at least 0.10 foot lower than the 24-hour average White Lake water level. 

The comparison of the level of White Lake to the level of water in the monitoring wells is performed on 

data collected two times per week, or over 100 times a year. 

This section presents the monitoring wells that are used to measure the water level in the aquifer, the 

methods used to collect the necessary data, and the procedures used to evaluate the data. 
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2.1 MONITORING WELLS 

A series of six monitoring wells have been installed at locations that represent the areas in the plume that 

are least likely to be influenced by the purge wells. The locations of these wells were approved by the 

MDEQ during the 1980s. The locations of the monitoring wells are shown on Figure 2. Table 2 presents 

a summary of the monitoring wells from east to west. The purge wells adjacent to the monitoring wells 

are also shown on Table 2. The well logs for the monitoring wells are included in Appendix A. 

A stilling well has been placed in White Lake. The stilling well consists of a tube that is open at the 

bottom that is fastened to the post of a dock so that the stilling well casing will not move. The water in 

the lake freely enters and exits from the bottom of the tube. A pressure transducer in the stilling well 

measures the level of the water in White Lake. The pressure transducer is linked into an electronic data 

logger that is capable of recording the water level at different time intervals. In the winter months, a 

heating unit is placed within the stilling well to keep the area from freezing. 

2.2 MONITORING METHODS 

The following methods are used to collect water levels in White Lake and in the monitoring wells. 

2.1.1 Monitoring Well Groundwater Level Measurement 

Water level measurements in each of the six monitoring wells are collected at least two times per week. 

Upon arriving at a monitoring well, inspect the well to determine if any damage has occurred to the 

monitoring well and if any maintenance or repairs are needed. Measure the distance from the top of the 

well casing to the top of the water in the well to the nearest 0.01 foot with a water level indicator tape. 

Top of casing elevations for each of the monitoring wells included in the groundwater monitoring plan 

have been surveyed. The measuring tape will be decontaminated by rinsing the tape with de-ionized 

water between each well. The top of casing elevation is included in Table 2. Calculate the elevation of 

the water level in the well by subtracting the measured distance from the top of casing to the water table 

from the elevation of the top of casing. 

If any maintenance is performed on the monitoring well, or if any damage occurs to the well, resurvey the 

well and use the new surveyed elevation in all calculations taken after the damage or maintenance 

occurred. 
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2.2.2 White Lake Water Level Measurements 

Manually measure the water level in White Lake using a water level tape. Calibrate the White Lake water 

level measured by the transducer in the data logger. Set the data logger to record the water level every 

15 minutes. 

A minimum of once per week, download the lake water level data from the data logger. Back-up the 

electronic files at an off-site location. 

Each time water levels in the monitoring wells are measured, also manually measure the distance from the 

top of casing on the stilling well to the water level in White Lake. 

Once every two years, resurvey the elevation reference on the stilling well in White Lake. 

2.3 DATA EVALUATION 

The difference between the elevation of water in White Lake and the elevation of water in the monitoring 

wells will be calculated and reported as described below. 

2.3.1 Calculation 

To calculate the average lake level, first determine the mid point in the time when water levels were being 

collected from the six monitoring wells. Then use the White Lake water elevations that are recorded 

every 15 minutes to calculate the average White Lake water elevation extending for a period of 16 hours 

before that time and 8 hours after that time. 

Once each week calculate the difference between the semi-weekly processed White Lake water level data 

and the semi-weekly spot water level measurements in the six performance monitoring wells by 

subtracting the water elevation each performance monitoring well from the average White Lake water 

elevation. Tabulate the results at each well for each monitoring event. A negative value indicates that the 

water level is lower in the aquifer than in White Lake, and that water has the potential to flow from White 

Lake into the aquifer. A positive value indicates that the water level is lower in White Lake than in the 

aquifer, and that water has the potential to flow from the aquifer into White Lake. 

Check the accuracy of the transducer by comparing the water levels in White Lake that were manually 

measured with the water level tape to the water levels recorded by the transducer. If the numbers do not 

agree, both the manual and electronic data will be checked and an action plan will be developed to correct 

the source of the error. This action plan may include checking for ice build-up during winter months, 
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recalibrating the transducer on the data logger, replacing or repairing the transducer or the data logger, or 

resurveying the top-of-casing on the stilling well. 

2.3.2 Reporting and Actions 

For each monitoring well, calculate the average monthly difference between the water level in the well 

and the water level in White Lake. Maintain the pumping rates so that there is at least an average 

difference of 0.10 foot at each well each month. Report these valves to the U.S. EPA monthly. 

In addition, spot check the water level difference at least weekly. If the water level in every performance 

monitoring well is at least 0.10 foot lower than the average White Lake level, then no additional action is 

necessary. 

If the water level in any performance monitoring well is less than 0.10 foot lower than the average level in 

White Lake the potential for an excursion exists. Implement the following corrective procedure to assure 

that the purge well system maintains at least a 0.10-foot lower water level in all of the performance 

monitoring wells. Verify the water levels and pumping rates and increase the frequency of water level 

monitoring. Perform, additional corrective procedures as necessary such as increasing pumping in the 

wells adjacent to the performance monitoring well, redeveloping wells, servicing pumps, or cleaning 

lines. While these activities are all performed as part of the routine maintenance at the site, they may also 

be performed upon recognition that the drop in water level from White Lake back to a performance 

monitoring well is less than 0.10 foot. 
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3. PLUME BOUNDARY DEMONSTRATION 

The perimeter of the impacted groundwater was delineated during the RFI. A series of wells were used to 

document areas that contained groundwater not impacted by the facility. During the groundwater 

corrective action, samples from monitoring wells will be used to demonstrate that the migration of 

contaminated groundwater has stabilized and that the contaminated groundwater remains within the 

plume boundaries. 

Groundwater samples will be collected from a series of wells semiannually (twice per year). These 

samples will be analyzed for the parameters of concern listed in Table 1, and the results will be compared 

to the groundwater protection standard. 

3.1 WELLS 

A series of twelve monitoring wells have been installed at locations surrounding the existing plume of 

impacted groimdwater. These wells are listed in Table 3, along with the side of the plume that the well 

monitors. The locations of the monitoring wells are shown on Figures 2 and 3. The well logs for the 

monitoring wells are included in Appendix A. 

3.2 MONITORING METHODS 

3.2.1 Groundwater Elevation Monitoring 

Upon arriving at a monitoring well, inspect the well to determine if any damage has occurred to the 

monitoring well and if any maintenance or repairs are needed. Measure the distance from the top of the 

well casing to the top of the water in the well to the nearest 0.01 foot with a water level indicator tape. 

Top of casing elevations for each of the monitoring wells included in the groundwater monitoring plan 

have been surveyed. The measuring tape will be decontaminated by rinsing the tape with de-ionized 

water between each well. The top of casing elevation is included in Table 3. Calculate the water level in 

the well by subtracting the measured distance from the surveyed elevation of the top of casing. All water 

level measurements will be collected within 24 hours. 

If any maintenance is performed on the monitoring well, or if any damage occurs to the well, resurvey the 

well and use the new surveyed elevation in all calculations taken after the damage or maintenance 

occurred. 
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3.2.2 Sample Collection and Preservation 

Sample collection will follow low-flow purging techniques developed for the Montague Site using the 

following documents for guidance: 

i) United States Environmental Protection Agency (USE?A) low-flow Grounding Water 
Sampling (Puis and Barcelona 1996); 

ii) USEPA Region I low-flow standard operating procedure (SOP) (USEPA 1996); and 

iii) USEPA Region II low-flow purging and sampling procedures (USEPA 1998). 

Monitoring wells will be sampled using the following low flow - purging protocol: 

1. Identify the well using a current Site map and inspect the well for damage. The 

condition of the surface protection and the well cap will be noted. 

2. Measure the water level depth. The groundwater level in the monitoring well will be 

measured to the nearest 0.01 foot using a pre-cleaned electric water level tape. 

3. Purge and sample monitoring wells in the order of least contaminated to most 

contaminated. 

4. Purging will be conducted using a dedicated stainless-steel bladder pump with a Teflon® 

bladder or a peristaltic pump. The pump discharge line shall be polyethylene, 

Teflon®, or Teflon®-lined tubing with an inside diameter of 3/8-inch. The air supply 

line for the bladder pump operation shall be polyethylene or Teflon®. The bladder 

pump will be secured in the monitoring well and positioned in the well in accordance 

with Item 5 below. In the event that insufficient water exists in a monitoring well for 

the proper operation of a full sized bladder pump, a micro purge bladder pump will be 

applied. 

5. The bladder pump, or the intake of the tubing for the peristaltic pump, will be 

positioned and secured such that the pump or tubing intake corresponds to the mid­

point of the well screen, or a minimum of 2 feet above the well bottom or sediment level 

if present, whichever is more shallow. The bladder pump or peristaltic pump 

tubing will be lowered very slowly into position to minimize mixing of the stagnant 
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well casing water and to minimize the agitation of solids (which will increase purging 

time). 

As described in Item 9 below, purging will be continued until stabilization of the purged 

groundwater is achieved, or until a maximum 20 monitoring well screen volumes of 

groundwater have been purged without indication of stabilization. Since low-flow purging 

likely will not draw groundwater from a significant distance above or below the pump 

intake, the screen volume will be determined using a 5-foot screen length. This 5-foot 

screen length is based on 2.5 feet above and below the pump intake, provided the well 

screen extends over this distance. If a 2.5-foot length of well screen does not exist above 

and below the pump intake, the actual length of well screen above and below the pump 

intake will be used to determine the screen volume (i.e., the pump intake position in relation 

to the well bottom, or sediment level if present, and top of screen will be accoimted for when 

determining the screen volume). The screen volume will be determined before purging 

begins. 

6. Static groundwater level conditions in the monitoring well will be allowed to re­

establish after lowering the bladder pump into position. The groundwater level in the 

monitoring well will be measured (to the nearest 0.01 foot) with the bladder pump in place 

prior to beginning purging. 

7. Connect the output tubing to a flow through cell. 

8. Purging of the monitoring well will be conducted using a pumping rate between 100 to 500 

milliliters per minute (mL/min). Initial purging will begin using a pumping rate within 

the lower end of this range. Slowly increase the pumping rate until discharge occurs. 

Once discharge occurs, check the water level, and record the visual water quality. If the 

purge water appears turbid, purging will be continued until the purge water becomes 

visually less turbid before connecting the flow-through-cell. The groundwater level will be 

measured while purging to ensure that less than 0.3 feet of drawdown occurs. The 

pumping rate may be gradually increased depending upon the amount of drawdown and 

the behavior of the stabilization parameters (see Item 9 below). Pumping rate adjustments 

generally will be made within 15 minutes from the start of purging and then should remain 

constant for the duration of purging. While purging, the pumping rate and groundwater 

level will be measured and recorded every 10 minutes (or as appropriate). Record 
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any pumping rate changes and their corresponding times. If it apparent that stabilization 

of the purged groimdwater (see Item 9 below) will not be achieved rapidly, these 

measurements may be made at longer time intervals to allow field staff to perform other 

sampling activities. 

9. Stabilization of the purged groundwater is necessary prior to sample collection to ensure 

that the sample is representative of groundwater in the subsurface only, and is not 

influenced by stagnant groundwater stored in the well casing. The following field 

parameters will be monitored while purging to evaluate the stabilization of the purged 

groundwater: pH, temperature, conductivity, and dissolved oxygen (DO). As stabilization 

approaches, the field parameters will be measured and recorded eveiy 5 minutes (or as 

appropriate). Stabilization will be considered to be achieved when three consecutive 

readings for each parameter, taken at 5-minute intervals, are within the following limits: 

• pH ±0.1 pH units of the average value of the three readings; 

• temperature ±3 percent of the average value of the three readings; 

• conductivity ±3 percent of the average value of the three readings; and 

• DO ±10 percent of the average value of the three readings. 

The field parameters will be measured using a flow-through-cell apparatus. Table 5 

provides the purge record on which to record the field parameters and other pertinent data. 

Measurement of the field parameters may be obtained using individual meters or a multiple 

meter unit. The meters will be calibrated prior to use each day in accordance with the 

meter manufacturer's instructions. While purging, the meter readings will be monitored for 

evidence of meter malfunction. The following are common indicators of meter 

malfunctions: 

• DO above solubility (e.g., oxygen solubility is approximately 11 milligrams per liter 
[mg/L] at 10 degrees Celsius) may indicate a DO meter malflmction; 

• negative DO greater than 1 to 2 mg/L may indicate a DO meter malfunction (i.e., 
should have positive DO greater than 1 to 2 mg/L under oxidizing conditions); 
and 

• DO less than 1 mg/L may indicate either an ORP or a DO meter malfunction (i.e., 
should have a DO less than 1 mg/L under reducing conditions). 

Meter calibration fluids will be available for meter re-calibration in the field, if necessary. 

Spare meters will be available for meter replacement, if necessary. 
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In general, stabilization of the individual field parameters is considered to occur in the 

order listed above. Should stabilization not be achieved for all monitored field parameters, 

purging Avill be continued until a maximum of 20 monitoring 'well screen volumes have 

been purged from the well. After purging 20 well screen volumes, purging will be 

continued if the purge water remains visually turbid and appears to be clearing, or if 

stabilization parameters are varying slightly outside of the stabilization criteria listed 

above and appear to be approaching stabilization. 

In the event that the groundwater recharge to the monitoring well is insufficient to 

conduct the low - flow purging protocol, purging will be discontinued before the water 

level in the monitoring well drops below the top of the pump. Samples will be 

collected as soon as the volume of groundwater in the well has recovered sufficiently 

to allow sample collection. Wells in which recovery is insufficient to conduct the low -

flow purging protocol will not be subject to the above purging stabilization criteria. 

10. After achie-ving stabilization and disconnection of the flow-through-cell, samples will be 

collected. Samples collected for soluble metals will be field filtered using an in-line (0.45 

micron) filter (Puis and Barcelona 1996). 

The flow-through-cell will be disconnected prior to sample collection to avoid impact 

to the sample that may result from contamination that may potentially accumulate 

within the flow-through-cell during purging. The sample bottle will be filled by 

allowing the discharge to gently flow down the side of the sample bottle and the 

sample bottle will be allowed to overflow slightly before sealing (overflow is not 

recommended if the sample bottles have been prepared with preservatives). 

Preservatives (if required) may be added to the sample bottles by the laboratory before 

sampling, or may be added after sampling by field personnel (as appropriate). 

Sample bottles will be sealed and prepared for delivery to the laboratory as per specific 

sample. 

11. Additional samples shall be collected as required. The Groundwater Monitoring Plan 

requires trip blanks be included in each shipment cooler containing samples to be 

analyzed for volatile organic compounds (VOCs). One set of matrix spike/matrix 

spike duplicate (MS/MSD) samples will be collected for analysis from monitoring 
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wells. The Vault Groundwater Quality Assessment Plan requires one trip blank be 

included with each Vault sampling event. 

12. The sampling will be conducted in accordance with the Site Operation and Maintenance 

(O&M) Plan and the Health and Safety Plan. 

3.2.3 Decontamination Procedures 

Rinse the water level tape with de-ionized water between each well. All other sampling equipment is 

dedicated, so no additional decontamination is necessary. 

3.2.4 Sample Labeling Procedures 

The outside of each container will be wiped clean and allowed to dry after sample collection. Legible, 

complete, and securely attached labels will be placed on each sample container at the time of collection. 

The sample label will include the following information: 

• Sample identification 

• Name or initials of sampler 

• Date and time of collection 

• Site identification 

• Preservation technique 

Waterproof writing utensils will be used to avoid running or smearing of any label information. 

3.2.5 Sample Storage and Shipment 

Upon sample collection and preservation, the filled sample containers will be cooled and stored at 

approximately 4°C. Prior to any shipment, the samples will be packed in coolers sufficiently to protect 

against damage and iced to keep the samples at 4°C. 

3.2.6 Field Notes 

The following field documentation will be collected during each sampling and analysis event: 

• Well identification 

• Condition of the monitoring well and dedicated sampling equipment 

• Depth to groundwater from top of casing 
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• Sampling method 

• Volume of purge water removed 

• Sampling time 

• Description of any additional samples collected 

• Other relevant observations (weather, observers, etc) 

3.2.7 Chain of Custody Procedures 

Possession of samples from the time of collection through delivery at the laboratory will be documented 

using a chain-of-custody (COC). The sampler and the laboratory will retain copies of the COC. 

Information contained on the COC will include sample name, sampling date and time, analysis to be 

performed, preservation methods, analytical laboratory and any other information pertinent to the 

sampling event. 

3.2.8 Analytical Methods 

Samples will be analyzed by H2M Labs, Inc. The samples will be analyzed using the procedures listed in 

Table 1. 

3.3 DATA EVALUATION 

The concentration of each compound in each sample from a perimeter well will be directly compared to 

the groundwater protection standard. The groundwater protection standard is listed in Table 1. 

If the concentration of any parameter measured in a perimeter monitoring well is greater than the 

groundwater protection standard, then that well will be re-sampled and analyzed for the constituent. If the 

second analysis does not confirm the result, then the sampling will continue as described above and the 

initial result and the resample will be reported to the U.S. EPA as described in Section 6. 

If the second sample confirms that the concentration in the groundwater is greater than the groundwater 

protection standard, the concentrations will be reported to the U.S. EPA within 7 days of receipt of result. 

The results will be evaluated to determine if the levels are attributed to contamination introduced from 

sampling or laboratory procedures, or if the results accurately reflect the concentration in the 

groundwater. Information considered in this evaluation will include the number of wells that the 

compound was detected in, the concentrations in the trip blank, and any carryover onto other samples 

analyzed at the lab. If it is determined that error in the sampling or analytical methods introduced the 

contamination into the groundwater sample, the well will be re-sampled twice, to confirm that the 
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compound is not present above the groundwater protection standard. The analytical results, the 

evaluation of the errors, and the corrective procedures used to assure that the problem does not re-occur 

will be reported to the U.S. EPA. 

If it is found that the results accurately reflect concentration in the groundwater, then the following three 

activities will occur 

First, evaluate if the cause for the increase in concentration can be determined. Causes may include 

changes in groundwater flow directions, potential movement of DNAPL, and disturbances or activities 

occurring up gradient of the monitoring well. This evaluation will be submitted to the U.S. EPA within 

60 days of the call notifying the agency of the change in the perimeter of the plume. 

Second, establish a new monitoring well that defines the current extent of impact farther outside the 

plume from the impacted well. To accomplish this, it will be beneficial to first determine the cause of the 

increase in concentration. In most cases, this will involve drilling a new monitoring well. The location 

and construction methods for the new well will be submitted with the evaluation of the cause of the 

increase - within 60 days of the call notifying the agency of the change in the perimeter of the plume. 

Third, evaluate if the corrective action at the site needs to be changed to address the change in the location 

of the plume. Since the schedule for this activity will most likely depend on the results from additional 

wells placed at the site, a schedule for this evaluation will be submitted to the agency with the proposed 

location and methods for the additional monitoring well. 
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SECTION 4 

4. CONCENTRATIONS REMOVED FROM THE AQUIFER 

Eight purge wells are being pumped to remove impacted groundwater from the aquifer. Samples of the 

groundwater from each purge well will be collected quarterly and analyzed for the parameters in Table 1. 

These analyses will continue a baseline of information on the concentrations of the compounds in the 

water being removed from the aquifer. These purge wells are located in a line extending across the plume 

of impacted groundwater, and samples from each purge well represents a view of the section of the 

aquifer up gradient from that purge well. The analysis of the groundwater collected at each purge well 

provides a basis for evaluating trends in the concentrations of contaminants in the groundwater and the 

rate of removal of contaminants. 

4.1 WELLS AND EQUIPMENT 

There are eight purge wells (Pb, Pc, Pd, Pe, Pf, Pg, Ph, and Pi) that are pumped continuously as part of 

the groundwater collection system. Each purge well uses a submersible pump for groundwater collection. 

The pumps are 6-inch, 8-stage Grundfos units powered by Franklin Electric 15 hp 480 volt 3 phase 

motors. 

Two purge wells (Ph and Pi) have carbon dioxide (CO2) feed systems. These systems were installed to 

control the pH in the groundwater pumped from these wells. The addition of CO2 buffers the pH so that 

silicates and carbonates do not precipitate in the transfer pipe and treatment system when the purge waters 

are aerated or mixed with water from other wells. The CO2 feed system lowers the pH in the well casing, 

prior to the water entering the purge well, piping, and treatment system. This has extended the life and 

reduced maintenance of the collection and treatment system. Each CO2 feed system has a manual cut-off 

valve for the CO2 addition to the well. 

The water lines for each purge well can be accessed at a pump houses located adjacent to each well. 

Within each pump house is a small sample tap on the line that transports the purge water back to the 

treatment building. The sample taps are located before the purge line connects to any other lines; when 

the well is pumping, these sample taps collect samples of the water being pumped from the individual 

well to the treatment system. 
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SECTION 4 

4.2 FIELD SAMPLING METHODS 

Samples of the water pumped from each purge well will be collected quarterly, following the procedures 

listed below. Samples will not be collected for at least two days after a well has been redeveloped 

through the use of chemical additions or surging. 

4.2.1 Groundwater Elevation Monitoring 

Depth to groundwater will be measured to the nearest 0.01 foot using a water level indicator tape, with the 

top of the well casing as a reference elevation. Top of casing elevations for each of the purge wells and 

monitoring wells have previously been determined. 

Upon arriving at a purge well inspect the well to determine if any damage has occurred and if any 

maintenance or repairs are needed. Measure the distance from the top of the well casing to the top of the 

water in the well to the nearest 0.1 foot with a water level indicator tape. Decontaminate the measuring 

tape by rinsing the tape with de-ionized water between each well. Calculate the water level in the well by 

subtracting the measured distance from the surveyed elevation of the top of casing. 

4.2.2 Pre-Sampling Routine for Wells Ph and Pi 

Upon arrival at purge well Ph and Pi pump houses, close the CO2 supply valve and wait for at least four 

minutes prior to sampling. 

4.2.3 Sample Collection and Preservation 

Open the sample port and allow water to flow out of the sample port for 1 minute. Collect the purged 

groundwater for return to the well or transport to the treatment building. 

Fill the required sample bottles. Assure that the 40 ml vials collected for the analysis of volatile organic 

compounds does not contain any trapped air bubbles. Fill the sample bottle for on-site pH analysis last. 

After the sample bottles are filled, either pour the collected purge water back into the well casing or 

transport the purged groundwater back to the treatment building and place the water in the sump that 

pumps into the carbon treatment system. 

Return to the on-site laboratory and analyze the pH of the sub-sample collected for pH analysis. 
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SECTION 4 

Trip blanks will be included in each shipment cooler containing samples to be analyzed for volatile 

organic compounds (VOCs). One set of matrix spike/matrix spice duplicate samples (MS/MSdup) will be 

collected for analysis from the wells. 

4.2.4 Decontamination Procedures 

Rinse the pH probe with de-ionized water between each use. No other sampling equipment is used, so no 

additional decontamination is necessary. 

4.2.5 Sample Labeling Procedures 

The outside of each container will be wiped clean and allowed to dry after sample collection. Legible, 

complete, and securely attached labels will be placed on each sample container at the time of collection. 

The sample label will include the following information: 

• Sample identification 

• Name or initials of sampler 

• Date and time of collection 

• Site identification 

• Preservation technique 

Waterproof writing utensils will be used to avoid running or smearing of any label information. 

4.2.6 Sample Storage and Shipment 

Upon sample collection and preservation, the filled sample containers will be cooled and stored at 

approximately 4°C. Prior to any shipment, the samples will be packed in coolers sufficiently to protect 

against damage and iced to keep the samples at 4°C. 

4.2.7 Field Notes 

The following field documentation will be collected during each sampling and analysis event; 

• Well identification 

• Condition of the monitoring well and dedicated sampling equipment 

• Depth to groundwater from top of casing 

• Sampling method 
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SECTION 4 

• Sampling time 

• Description of any additional samples collected 

• Other relevant observations (weather, observers, etc) 

4.2.8 Chain of Custody Procedures 

Possession of samples from the time of collection through delivery at the laboratory will be documented 

using a chain-of-custody (COC). The sampler and the laboratory will retain copies of the COG. 

Information contained on the COC will include sample name, sampling date and time, analysis to be 

performed, preservation methods, analytical laboratory and any other information pertinent to the 

sampling event. 

4.2.9 Analytical Methods 

Samples will be analyzed by H2M Labs, Inc. The samples will be analyzed using the parameters listed in 

Table 1. 

4.3 DATA EVALUATION 

The data will be reviewed for possible errors and inconsistencies and evaluated for trends indicating the 

remediation progress of each area. Once per year, a graph of concentration versus time will be prepared 

and submitted to the U.S. EPA by February 28 of the next year. 
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5. PLUME INTERIOR MONITORING 

Samples from twelve monitoring wells (MW-95-IA, B, C; MW-95-2A, B, C; MW-95-3A, B, C; 

MW-95-4A, B, C) were collected and analyzed quarterly for the same parameters listed in Table 1 for six 

consecutive quarters during 2002 and 2003. Monitoring wells MW-95-1A, MW-95-2A, MW-95-3A and 

MW-95-4A were analyzed for all parameters including Mirex. These analyses provide a baseline to gage 

the effectiveness of the DNAPL removal program. The locations of the plume interior monitoring wells 

are shown on Figure 3. The monitoring wells are listed in Table 4 and the well logs are included in 

Appendix A. 

5.1 FIELD SAMPLING METHODS 

5.1.1 Groundwater Elevation Monitoring 

Upon arriving at a monitoring well, inspect the well to determine if any damage has occurred to the 

monitoring well and if any maintenance or repairs are needed. Measure the distance from the top of the 

well casing to the top of the water in the well to the nearest 0.01 foot with a water level indicator tape. 

Top of casing elevations for each of the monitoring wells included in the groundwater monitoring plan 

have been surveyed. The measiuing tape will be decontaminated by rinsing the tape with de-ionized 

water between each well. The top of casing elevation is included in Table 4. Calculate the water level in 

the well by subtracting the measured distance from the surveyed elevation of the top of casing. 

If any maintenance is performed on the monitoring well, or if any damage occurs to the well, resurvey the 

well and use the new surveyed elevation in all calculations taken after the damage or maintenance 

occurred. 

5.1.2 Sample Coliection and Preservation 

Prior to the collection of the water samples, each well will be purged to remove standing water. Each 

monitoring well has a dedicated Well Wizard bladder pump for purging and sample collection. Using 

compressed nitrogen gas, operate the bladder pump. Use 60 psi delivery pressure from the compressed 

nitrogen tank and allow the pump to purge for at least 20 minutes prior to collecting the samples. Purged 

groundwater will be collected and treated in the on-site groundwater treatment system. 

After the well casing is purged, fill the required sample bottles. Assure that the 40 ml vials collected for 

the analysis of volatile organic compounds do not contain any trapped air bubbles. 
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After the sample bottles are filled, shut-off the compressed gas source, which will stop the flow of water 

from the well. Assure that the well top is covered. 

Trip blanks will be included in each shipment cooler containing samples to be analyzed for volatile 

organic compounds (VOCs). One set of matrix spike/matrix spice duplicate samples (MS/MSdup) will be 

collected for analysis from the monitoring wells. 

5.1.3 Decontamination Procedures 

Rinse the pH probe with de-ionized water between each use. Rinse the water level tape with de-ionized 

water between each well. No other sampling equipment is used, so no additional decontamination is 

necessary. 

5.1.4 Sample Labeling Procedures 

The outside of each container will be wiped clean and allowed to dry after sample collection. Legible, 

complete, and securely attached labels will be placed on each sample container at the time of collection. 

The sample label will include the following information: 

• Sample identification 

• Name or initials of sampler 

• Date and time of collection 

• Site identification 

• Preservation technique 

Waterproof writing utensils will be used to avoid running or smearing of any label information. 

5.1.5 Sample Storage and Shipment 

Upon sample collection and preservation, the filled sample containers will be cooled and stored at 

approximately 4®C. Prior to any shipment, the samples will be packed in coolers sufficiently to protect 

against damage and iced to keep the samples at 4°C. 

5.1.6 Field Notes 

The following field documentation will be collected during each sampling and analysis event: 

• Well identification 
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• Condition of the monitoring well and dedicated sampling equipment 

• Depth to groundwater from top of casing 

• Sampling method 

• Volume of purge water removed 

• Sampling time 

• Number and type of sample containers filled 

• Description of any additional samples collected 

• Other relevant observations (weather, observers, etc) 

5.1.7 Chain of Custody Procedures 

Possession of samples from the time of collection through delivery at the laboratory will be documented 

using a chain-of-custody (COC). The sampler and the laboratory will retain copies of the COC. 

Information contained on the COC will include sample name, sampling date and time, analysis to be 

performed, preservation methods, analytical laboratory and any other information pertinent to the 

sampling event. 

5.1.8 Analytical Methods 

Samples will be analyzed by Appl Laboratories. The samples will be analyzed using the procedures listed 

in Table 1. 

5.2 DATA EVALUATION 

The data will be reviewed for possible errors and inconsistencies and evaluated for trends indicating the 

remediation progress of each area. Once per year, a graph of concentration versus time will be prepared 

and submitted to the U.S. EPA by February 28 of the next year. 
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6. STANDARD REPORTING 

All data will be reported to the U.S. EPA within the monthly report for the month following receipt of 

analytical results from the laboratory. This report will include the analytical data, the field data, and the 

data evaluation described in Sections 2, 3, 4 and 5. 

If the data evaluation requires additional reporting to the U.S. EPA, this reporting will occur in separate 

letters following the schedule outlined in each section. The monthly report will still include the data and 

initial data evaluation, and will also include references to all correspondence to U.S. EPA related to this 

monitoring program. 
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TABLE 1 

ANALYTICAL PARAMETERS 

Compound Short 
Name 

Analytical 
Method 
Number 

Target 
Detection 

Limit 
(ug/L) 

Residential and 
Commercial 

Drinking Water 
Criteria 
(ug/L) 

Groundwater 
Surface Water 

Interface 
Criteria 
(ug/L) 

Hexachlorobenzene C-66 8121 0.01 1.0 ID 

Hexachlorocyclopentadiene C-56 8121 0.01 50 ID 

Octachlorocyclopentene C-58 8121 1.0 50 ID 

Hexachlorobuitadiene C-46 8121 0.01 15 0.053 

Hexachloroethane 8121 2.0 7.3 6.7 

Tetrachloroethene 601 1.0 5.0 45 

Trichloroethene 601 1.0 5.0 200 

Carbon tetrachloride 601 1.0 5.0 45 

Chloroform 601 1.0 100 170 

Chloride 325.3 1.0x10^ 2.5x10^ 1.25 X10® 

Cis-1,2-dichloroethylene 8260 0.5 70 ID 

Trans-1,2-dichloroethylene 8260 0.5 100 ID 

Mirex* 8121 0.01 0.02 NA 

* Mirex will only be analyzed for MW-95-1A, MW-95-2A, MW-95-3A and MW-95-4A 

• Bold numbers indicate the more stringent criteria derived from State of Michigan Part 201 generic cleanup 
criteria. 

ID = Inadequate Data 
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TABLE 2 

GROUNDWATER COLLECTION DEMONSTRATION MONITORING WELLS 

Monitoring Adjacent 
Well Purge Well 

Top of Casing 
Elevation 

(feet USGS) 

NORTHEAST 

Pc 630.66 

MW-6 630.09 

Ph 630.25 

MW-5 629.79 

Pi 623.40 

MW-3 630.89 

Pb 630.50 

MW-4 631.21 

Pg 629.40 

MW-2 589.77 

Pd 630.75 

MW-1 587.66 

Pe 624.94 

SOUTHWEST 

I 
I G:\us\GrandRapidsMl\home\james.tolbert\basket\MSRM GWMPlan\GW Mon Plan Tables (Clint).doc 



TABLE 3 

PLUME BOUNDARY MONITORING WELLS 

Monitoring 
Well 

Edge of 
Plnme Monitored 

Top of Casing 
Elevation 

(feetUSGS) 

MW-97-03 North side / up gradient 635.81 

MW-97-04 North side / up gradient 637.91 

MW-97-05 West side / north area 639.93 

C West side / central area 639.04 

WW-6 West side / central area 643.24 

MW-03-01 West side / south area 637.09 

MW-97-02 West side / at lake 626.02 

WW-24 East side / north area 636.51 

WW-13 East side / north area 639.20 

T East side / central area 642.49 

B East side / south area 645.10 

WW-2 East side / at lake 632.36 
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TABLE 4 

PLUME INTERIOR MONITORING WELLS 

Monitoring 
Well 

Depth of Screen 

(feet USGS) 

Top of Casing 
Elevation 

(feet USGS) 

MW-95-1A 40.9 638.89 

MW-95-1B 58.0 638.79 

MW-95-1C 108.8 638.82 

MW-95-2A 26.0 621.19 

MW-95-2B 82.0 621.24 

MW-95-2C 114.0 621.30 

MW-95-3A 46.0 637.57 

MW-95-3B 71.0 637.81 

MW-95-3C 117.0 638.16 

MW-95-4A 53.0 644.74 

MW-95-4B 86.0 644.85 

MW-95-4C 140.0 644.99 

I 
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o TABLES 
MONITORING WELL PURGING RECORD 

Project Data: 
Project Name: 

Ref. No.: 
Date: 

Personnel: 

Monitoring Well Data: 
Well No. 

Measurement Point 
Constructed Well Depth (ft) 

Measured Well Depth (ft) 
Depth of Sediment (ft) 

Screen Length (ft) 
Depth to Pump Intake(ft) 

Well Diameter, D (in) 
Well Screen Volume, V, (inL) ® 

Depth to Water Before Placing Pump (ft) 
Depth to Water After Placing Pump (ft) 

Time 

Pumping 
Rate 

(ml/min) 

Draw down 
Depth to from Initial 

Water Water 
(ft) Level (ft) _pH_ 

Temperature 
°C 

Conductivity 
(nS/cn) 

ORP 
JmVL 

DO 
(rng/L) 

Turbidity 
(NTU) 

Volume 
Purged, VP 

(ml) 

No. of Well 
Screen Volumes 

Purged 

Notes: 
The pump intake must be place at the mid-point of screen or at a minimum of 2 ft above any sediment accumulated at the well bottom, whichever is shallower. 
The well screen volume is based on a 5-foot screen length, V^=p*(D/2)^*(5*I2)*(2.54)^ 
The drawdown from the initial water level should not exceed 0.3 foot. 
Purging will continue until stabilization is achieved or until 20 well screen volumes have been purged. Purging may continue beyond 20 well screen volumes if water remains 
visually turbid but appears to be clearing, or stabilization parameters are varying slightly outside of the stabilization criteria but appear to be stabilizing. 

9970-To APK-05/14/03 
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4 • wCM JlHrTHOicgin^iyflj^j^l^WPfComplofionV-,. 

5-,S CAb^!_ 
'•• • Holkwi 

Cnvan'." •• •• • . D DuO 

?r^^,[Hjanad- ' HX 

•.V r #;roRMATIO^^OT^^ 

Top 30ll 

amndiia^. ~ • 

i nm? rirv?san'd^fiem67^c'lay Tbal 

r.Qarae"''dPv''sand 

Medium .drv''-"-sand--

IWi ;•-

£•--

Medium^coarse "^drv-sand" • 

nn/ medium'drvv.sand-

Coarse.• medium.'drv/.sand.-V •• 

Water'sand. mediVm"fine ̂with"" 

Home red'.clay-!"•.-: L_ 
•. .'ftlV. VT• • ••••• 

• . -v.;* " - ; 

Water"'sand with •some'".red" clay 

chunks" andi-f lnmS^:™teZ!5£L 

mm 
-^6"-

ISiiiL 

! V '* w' l» *;. 

^vv 
••; *.:ri j-.-i: 

^ Wvll dUirrioctod 

•• _ _io : •':>;**. 

IMPORTANT: RIe wtth.dewL 
WELL OWNER COPY-

^AMtkcfHrif^S^'Aai act PA ir7S.. 
:iC<mp>aU«Ag^Aaaatfa< 

..._ ,. . -i;P*»««ri4.•>*•*•.'Caiwtrttoa ol a ajof. 
. • l*.,. •«. ••»>• ^'•." • a'®^ •••• pfOvHlOfl W ' 

.• • •«•" •••"- IT r' " " mtadamaaaor. 

OOOOOGO 



lii; WA11« WbLLlANU rUftOtjmtUUtlUj 

1 1 QCATIQN OF WEU • . • L 

PIRMmNUMBER 

3.-,pWNE«:Pt3 
i.%Vii.rr^'^' 

^i'sVvjt:, DDlbaJ 

premier 

.^h^'gan: -49A3 
^••j^:Ad<»r»«J SAmA^AVrtNVnUtlool^iaWwSfrLJ No 

•n 
;LSI •• I • I 

, ::J -..'.\ • I , 

' ' 1 • ' ' 

2 r . K)RMATbN,DESCRI?TI0N---^?^^5^ 
TWClCMfM 

•A • Of V 
•nuTun-

•.5:'- 'j .-r. : Vr'r. • 
l-.'^ .-•• y ilr-

•5? '••~--
- Y Tl ' •" 

an aand-with- some' gravel^-
:;v • ;>! ::v V 

•:. Q'5 '"lO-ft 
^ "I • •• J. _I:-'-;^ •• •" •• ; 

^ sand'with'some gravel ' 2A'6 ' 3A'6' 

Fine to medium sand with trac(! 

of clay ;..;.^vr>^,.: •. 3^ •" 

Clean, drv sand^"' '•"•'10' A 5 

Fine to' medlum 'water sand • 

Chunks of reddish clay and 

sand 

Fine to medium water sand" 

Clav with 7ery"'"fine: sand "•" 

.•••2A-

.ivrr-iv^. 

yiMloootw 
^,,'.P*««ltT:•.•.•.>••;; c«wte( 

WELL OWNER COPY ' '• ' oB'OOoS' 



n 
% n 
n 

1 LOCATION OP WELL 

>ERM(T-NUMBER 

County . .;i '"i-."' .. 

Miiskpgnn"'' 

Townitvp-Noitra j— •'» • •• 
sis; ••-'••r- • ••. 

Montaguf 
&«l»ne» And Difoction Ftom floidlni»f*oeiioii/ jVv--'V%^^ * 

^••V4'— V< 

Strooi Addrdii 6 City of Woll Locilion. 
Loctia with "X" in Saetien Bmlew •• 

I.. .?. . I ... 

"•",•4 r. jr ~i-r 
'•I \;i. --I' : 

1-—L 1— 

I ••-.|»;-:i r -r. 
---ir.-TTTrr>*-' • «•••- ••-.Vv-;,:.. sk.tchM.p: 

I . '• •* -TV*: 

3>.OWNEfe. 

fUng* Numb* 

•L E 

-^•^ddraii Sam* A*Y/*ft-LieMbon>' 

ijd^/i^R^Cheniic 

Htoad?ili-V-;'- • 
'~^'igan.-A9A; 

'•r?r|j No 
4X7WEU .pEPTHfilMtnptaladljSKt^ 

w'Dodg 
'^••H<>itow'riid''.^?^.nA>iga^^,^ni •>««<«'<' " Tl 

• /'-r-FORMATJONOESCniPTION^^V??^^^^^ ;• 

Black dtop'soir' "'" ' 

• Dry sand"'- -• • • • •••"•-

Medium water. sand'^-'-V-" 
•• ^ r t^y '" 7.- . -:sr> : 

Medium water sand^with'some '• Blank abova aeraan Vr'''-^ '"-Oth«r X 

clay •••4* *- -* l«au ••ft. balow land auNaca ' " 

Medium to fine 'water,' sand 

with some-clay . 3 -- . 6A 

Solid blue clay •• •" " V .^. r 
-r^ :.. ••• • - ^•^r•^ tt-t;n B*i.^t',»ffaat;:^:Q Apptovad pit 

• -: ••••' • •••<•••. -••N ••-T:S5i^i>y6iv~<fi€««ipleU#*c;>..-lieqek*d' 

VVELL OWNER COPY 
IMPORTANT: - FHa with demL 

I--

PA i*7a 
ipleUeeCiy-Peqekad 

'.;.PMMltTt '-u-.4' •-Conata##* af • aM. 
y . .......v .".. . of any ptoataton la 

0000059 



• ? — 

1 LOCATION OF WELL 
County 

Muskegcxi 

WATER WELL AN D PUM^J^tUUHU;^ >ERMIT NUMBER 

7ownihip N«m« 

•'f^Montague • 
Fraction 4e«m:Munie«r -

Diitanco And DiroetiOJi From .Hood lntoraoction ; ,.T . 
: -• ^ "V • • ••;. . • 

Monitoring • Well -Number.- ^ 

Strait Addrais 6 Oty ol Wall Location 

.2 " •-.• ri-i: •• yroRK^Tio^teEscRiRTipN 

Sod 

Muck 

Greyish Brow'n"wef •'.sand"mixed 

Brown medium" -sand 

Fine to medium^sand' 
: 'vV": . 

Sand with chunksvof-clay-

Solid clay -• 

?ofrr>t Tofe 
4»OTTOai Of J 

muTUM 

K' 5 tl 

>••. "O Wattic* 

J^i^Szz 

rr.— •-

^ "^15 

A2-

8 

«••••• "A- •• • 
•• B" ft 

Jl^i-lnttallad 

v^-^Stalnles^-^S^'^-A " PS 
ft. 

•>C."K.;—67., • 

" 25 

67 • 

75 

77 

3-.;0WNER^^ 

•s. - •• • •' 

Ranga Numoa> 

E . N/S 
^^enuLcax 

oadftj? • 

•' ' Addraaa Sama Aa^WallXoeatorifaSrS^Yos^* O No 

4..WEU. DEPTH:-L«orop*aaod^^vll^m'iOlgomplatiort 

"r •• 8 6 

A9A37 

CaWaJDO*^ 

•'•'• Holl(w'rodT^S^Q> 

KD.Oriwao • • D Dug 

I Jaitod "• • a 
TYP*. 

Haalpomp 

7-.CASINQ:!j 
^Oiamaiar" 

glMonitori 
ao*a/BotawiCr:'lL-'. 

Sr^--

. in. to. 

• .Yoa, 

Q No 

FITT)NQS;V Bramar Chaek; 

D Blanli abpaa actwn - f>t*.«f' Y 

I___£llj1t:balew'lani>-aur1aw'^"''''' • ' D Row 
10 PUMPlNO LEVEi^b 

- "W .aTw at tS P M • --- .•• 

• CP.M. ' ; .V' 

' "*yO Baaamant^aat •" • Apprtwrad pit 

. •• '•;• ^ :••• ' .v.. ;-.• 12 WELL GROUTp ,r."5£> 

13 Nf f 11 low •' -.V 

.;>/j,Yypa " 

•"• Walt dlatn1aeio^iu»o^ttr^ttBtt>fif^^)i'o^t'|~|vNo ' '' 
;•;• • :\r'••.• : 

, •.fAanulacy^roatta^uJ' 

J»riiiTip'lnatallation.Only 

067d 2/04 

tr. 1=1- i •.-• • • IMPORTANT: Rie with de«d. 
WEa OWNER COPY 

rraairtn-.-r^iia*^.*.. •'. 
;AMMfHr-^.i:.Ac1 3sa PA 1«»t 
Carnglattoniin - RaaaWad 

•«/.T-*?Fl!-"< -'"Pa«4ltyi • i.i.-.:.,Can«tetlan of a trial 

0000058 
of •nr provMlM *t 



WELL LOG 

Dry duna sand 

JSL 

Dry Bediun sand . • J- • 
t R' 

-20J • 
Mediuo sand, scxne ' 

9ravel " , 
.012 

• d 

0 

• • • 

50 

Flna sand* 
.014. 

. • Vary flna to fine' 
• • sand' 

. .011 . 
J1 

Fine sand-
.010 

•I... . (.J '.vi . r.-l. 
y. .Silty sand, clay tra^ 

Zz25552Z 
80 w 

T 
90 

Williaa Walker 
Hydroloyist 

..£12:-

80' 

I 
k 

Q= 

•• 

^ 630. 2i» J wsl.?. IS (.i-t 
• GROUND LEVEL 

=o 

0m 

7 

=o 

2 Yds. special #1 
neat cement f 
face to 20' 

24" open hole by 
to 80 • 

Centering spider 
PVC 

4-2". PVC pipes wi 
20* of 2" .010 Jo 
plastic screen on 
ton centered by s 

B* Welded steel c 
.1" mil froB 2' a 
® to 60' below gr 

~10 yds. of Northe 
No. "0" Silica gr 
pack from 20' to 

•20' of 8" pii 
Johnson S.S. Vi.rf. 
screen .025 slot 

City Montague Slata Mich. 

Location Channel Trail t ISO' E. of dirt service rd. (Whitbeck 
Rd. extended) 

County Muskegon Tu»p Montague . Section ^1 

Test Capacity 
Level 44«-lQ" 

200 

Specific Capacity _ 
Data Drilled 12-28-79 

Paul Wvatt " 
Job No. 2446 

. ft. Pumping Level 
21.5 

GPM. Static Water 
54'1" ft. 

GPM/Ft. D.D. 

OOGO''-' 1 

Well Mn Purge Well "C" 

Hooker Chemical fi Plastics Cor 

Montague, Mich. 

tJCTOt p^c.Minu/PCT iwr-



• 
% 

H 

GEOLOGICAL SURVEY NO WATER WELL AND PUMP RECORD 
PERMIT NUMBER 

1 LOCATION OF WELL 
Couniy 

Muskegon 
Tov»nsnip Name 

Whitehall-Montague 
fraciion 

Va Va Va 

Saciion Nufnbci 

distance And Diiaeiion From Road Iniarsacnon 

1/A Mile South of Old Channel Trail 

siiaai Adorass 6 City ot Wall Locaiion Qid Channel Trail. Montague 

Town Numoaf 

11-12 N/«. 
Range Numoi*' 

17 W'V 
3 OWNER OF WELL 

Occidental Chemical Co. 

Addrass Montague, Michigan 

Address Sams As Wall Loeaiion' Q Yas O No 

Locate wiin 'X'm Saciion Below 

1 T r 

L ' ' I J 

4 WELL DEPTH: ' Date Compleiad ' 
I MU I OAT I TiAM 1 lA I N«w Well 

s!^/ 

M. 1 

® B CsDie looi 

ill O « 71 1 « 

• Roiary 

-_j nepi«ccmeni wen 

[~l Driven Q Dug 

n Hollow lod n Auger Q Jetted n 

6 USE u Domestic Q Type 1 Public CD Type III Public 

r~l Irrigation • Type lla Public [~~l Heat pumo 

0 Test Well 
7 rACiiur. 1—1 

0 Type lib Public 
•• r-,_ r -

m Pttrop 

Diamaiat I 

FORMATION DESCRIPTION 

Sand (med.) 

THICKNESS 
Of 

STRATUM 

50 

DEPTH TO 
•OTTOM OP 

STRATUM 

50 

Plasi.c Dwaldad | Su.iac. . 

20 in 10 77 It dtpih | 
IL 

1 n ,n. 10 7? I* 
Weight. 

- U 

. IDS /ti 

Grouiad Drill Hole Oiamaiar 
III 10 It depth 

m to It daolli 

I 
Drive Shoe 

I 

SI Yes 
O No 

Sand & Gravel 55 

8 SCREEN. • 

Type StailCES StaalD'»"»etet JjJl!— 

Fine Sand 

Bottomed on Gray Clay (g 93' 

38 93 
Slots -20-

-11. 
. Length. 

. It. and _ 

_20J 
-SLL .It Sal betwaan . 

FITTINGS: D K-Packar Q Lead Packer Q Btemar Check 

S] Blank above screen __213- *t Other 

9 STATIC WATER LEVEL 

55 ^ ii Delow land surface • Flow 

10 PUMPING LEVEL, below land surtaca 

. It. altvi . 

. It altvf, 

. hrs. pumping at. 

. his pumping at. 

.GPM 

. G PM 

'' COMPLETION ^''itlesk aoaoiar . • 12- above grade 

I I Basement ollaai I I Aporovad on 

12 WELL GROUTED* |—| ion , en r • 
• No BU Yas From 50 losurfang 

B Nail ctmant Q Banlonna Q Other 

No. ol bags ol cement. . Additives . 

13 Naarast sourca ol possibia contamination 

Typa Sewgr Line Distance 20 Tl- Direction West 

Wall ditinlaciad upon complaiien? IX) Yas Q No 
Wat old wall pluggtd? Q Yas C] No 

14 PUMP Q Nol insiallad O Pump Iniiallaiion Only 

Manulaciurtr's name _ Grundfos 
Modal numoar HP 15 Volls ^60 

-11 

UtI A INO IHin IS MtOlO 

Length ol Drop Pipe . 

TYPE: O Submarsibla 

PRESSURE TANK 

Manulaciurar's name 

Model number 

_ ll. capaeiiy. 

• Jai 

.GP.M 

• Cipacily • .Gallon 

15. Remarks, elevation, source ot date. etc. . 

20"X 10" Gravel Pack Purge"Well 

16. WATER WELL CONTRACTOR S CERTIFICATION: 
This wall was drilled under my lurisdiction and this lapori la irua 

.10 lha bast ol my knowledge and balial. . 

Ravmer Company. Inc. 
17. Rig Oparaior'a Name: 

fi.F. Npnhprkpr. TTT 

REGISTERIO RUSINCSS NAME REQSTRATION PIO. 
Q384 

D«7d 2/eg 

Addrass 331.1 Thyee Mile Rd..N.W.. GranH RnpiH-s 

^20. 19^ 
ED RERRTSCNTATIVC 

Signdd 

,.3311 Thyee 

AUTHORIZED 

IMPORTANT: RIe with deed. 0000079 

tSINTATIVf 
Authority: 
Completion: 
Ponolty: 

Act see PA I97i 
Raoui'od 
Cenwctiea of a violaiioi 



'.•^1 

"^r . 

fUr>o« Numttr.-
**? "f 

'-" EMJ 

?ioc«t*-Tr*&^X-• 

»< 

^^'^Kibriation ' --.;^"?;'-'' " 3BK^«-..-,^_._-.-•.vr->; : 
APziy^- -^.. : T. 

i-^; V^vXlCNO i: ^0. 
jrP Hfl<fWrrt" -

JSE: 
irj^jiititd^-: - 'iQ. 

mm 
Ar:;r.r 

--"M iv^i& 

•: J:i^' 

-N 

^t=f 

35$shL""' 

r- rj'iit&jFS ahdy^Xa'vg:;wa3bl-vi'tb;^J-; 

Wm-

lr^r^-A•-2r::,• 

^19^ 
uvrvv-.-iV;-
ri»CMr=?T^. 

^,Vii---—. 

'otfTH^oS 
r«}TTOKmi 

5TMnWI 

.Xjr-*i«B& 

acrf 

is 
61-'6" " 

sS 

- - ••*'i>s;.' 

_ i • •.,*: 
^T- •••• V-r 

lrl8^ 
V---T:ii-

Siaii 
t uv 

roor".: 

TTD* m ^bliie: 

PI^yp^p WPTI 

. j.--^5^-P^-'*v' •• i-': 
5ud»ce-»e-LL*^'fi'''A ••'*•••-«( 

•'. •.-•*•- 'if 

fTCXSlNG^l 
gDiefrrtl^ 

*%i:i 

- •:''^-i'WB±:OV^NBi COPY -
• V--': OGCt;X)GO 



P/, WELL LOG 

Dry dune sand 

• . 

.. . Med. sand, some fine ;• 
• • gravel 18 

Hedivin to coarse 
sand • • 
.014 . 

37 

Med. sand, seise ine^.' ', 
• / .. .gpiver . .016-.y 474 _ 

|/|:|t;n^v sand.-r?lwv>r»,>-^j 

Fine sand 
. . .012 : 

50' 
J ' 1 ; r y , 

. 1'. Fine sand, traces of. 
aiit -.009. 1 •• •• 

ZZZZZH^Zpial 
64 

/ / 

] . 'Very fine sand, traces( 
. • of silt .007. • . . -

.1 
72 

Vary fine sand 
.. .003- •. . • 

VyA 
/ / , pt'y, / 

eo>j' 

SI.. 
/^Q 

William Walker 
Hydrologlst 

.221 

jtSh: 

johl 

9' 

A . 

•£>= 

•Z~635~^T7^rRl foTITo^ 
EI. 6-30*- ' GROUND LEVE 

a= 
*v 

=o 
•• 

3 Yards special #j 
cement from surfac 
20' 

24" Open hole, dr: 
by IC to 80'-6" 

Centering spider ; 
PVC . 

4-2" PVC pip>es w/ 
of Ih' screen on ] 
with .008 slot 

•8" welded steel c 

8 
wall from 2* a; 

grade to 60>s' be 

.10 yds. Northern 
silica gravel pac 
20* to 80* 

20* of 8" Johnsor 
"w.W. Screen with 
slot 

rity Mnntamie StStS Mirh. 

Location, Appro?;. ^ mllr R nf nid Chnnnrl Trail fi 40' W. nf dirt aTirvirp rd. (Wh-
Rd. extended) fi 120* NW of GM#3 

County,. Mnsk-egnn Twp. Monatgue .Section 7t 

Test Capacity 
46*-2" 

200 
Level 
Specific Capacity 
Date Drilled l2-?n-7Q 
n.ni.. Paul Wyatt 

: GPM. Static Water 
ft. Pumping Level S5'-8" 

GPM/Fi. O.D. 

Well P»TY« M*il "B* 
Hooker Chemicals fi Plasti 

Montague, Mich. 

oooor^.') 



• 
h 

WELL LOG 
• b . . t • t> 

• t) .Concrete 
• n . • • . D ' 

• ^ 
JLIL; -LIL: 

• Medium Sand 

. 
•A 

"H" 

A i*. 
A; • 

60' 

' s 
3TA 

! 65' 

'.-P.. ' Sand & Clay Balls 
I 

^ ; '/ Fine Sand & Clay . 

^ • 

1.5' 
~A" 

UHUUNU LtVfcL 

•. • 
•, I 

•/ •. 

:* i 
I . '• 

Concrete 0' to 10' 

12" hole drilled by 
cable tool method 

66,5' of 8" steel cas 

Pea gravel 10' to 60' 

Silica sand 60' to 90' 

25' of 8" S.S. screen; 
.010 slotr" 

•A .• • • •, •. • 
Medium Sand with Little Clay" 

• ' y- ... • ^ 96 
7/ J.'' : /4- NOTE: 12" cable tool well drilled to 96'. Set 

ca.sing and screen @ 90' and gravel packet 
Pulled 12" pipe to leave well as a 12" x 
gravel pack. 

Pity Montague gtat, Michigan 

Location 300' West of Old Channel Trail, AOO' North of Uke; 50' West of WW 10. 375 

West of Pb, 375' East of P. 
County Muskegon ^ Twp -flontague Section 

Test Capacity 
Level . 

y Air Lift GPM. Static Water 
ft. Pumping Level - ft. 

GPf*4/Ft. D.D. 

L, A3 

Specific Capacity * 
Date Drilled — ^A.c27-B3. 
Driller Al_.Co.cli:.ex. 
Job No. . . A020. 

*No pumping test. Used air lift to- dean up well. 
00000^)8 

Well No. 

HOOKER CHEMICAL COMPANY 
MONTAGUE. MICHIGAN 

PEERLESS-MIDV/EST, INC. 
Granzer, Indiana 



• 
< 

H 
D • 
h 

Five Sand V. 

• -'v- :V; :y 13' 

... . , 

. Sard £ Gravarl • .* . 
• Iv 

...... ?'r :• 27" 

Sand %-v".'/^•"v29' 

^ Brown Clay/////32 

r*'-"" - ; "• 

* • * . • » • 

•• • •«! 

Fine Sand 
• • • 

, ^ V 

66 

TT 

. I..i 

/ ; ;• •. . •.. ••• • /.. 

, Jlediun Sand . • 

. : 

'•/^•. /^•^nd £ Clay ^'yiBO' 
.• . • •; \v. -
>•••, * '* •* • »• 
... . ' • ' • . • ^ 

t ' • ., • • • . 

• Said . . .. ' 

20' 

70' 

80' 

8SJ 

§LL 

113= 

V 

=(:i 

City. Montague State. 

• 3 Yds. special «1010C 
neat cement from sur­
face to 20' 

.24" open hole by 
R.C. to 95' 

Centering spider fo: 
P.V.C. 

(4) 2" P.V-.C. pipes 
with 15• of 2" .025 
Johnson plastic 
screen on bottom, 
c~entered by spiders 

13 Yds. of Northern 
No, "0" silica grav€ 
pack from 20' to 95' 

70• of 8" pipe belov 
ground 

15* of 8" pipe size 
Johnson SSWW screen 
.025 slot 

10* of 6" pipe size 
SSWW screen .025 sic 

Michigan 

Location Approximately 1400* S. of Old Channel Trail, 250* W. of pcwer lines 

County Muskegon . Twp.. Montague .Section JL 

Test Capacity 
Level 

12-4-Bl 
Specific Capacity 
Date Drilled 
Driller Allen Cockev 
Job No. _ 

• 315 GPM. Static Water 
. ft. Pumping Level 66.5 ft. 

17.0 GPM/Ft. D.D. 

3378 

0000075 

Well Purge Well "Pd* 

HOOKER CHEMICAL fi PIAST3CS CORP 
MONTAGUE, M3CHIGAM 

PEERLESS-MIOWESi; INC. 



11 

I n 
n 
II 
H 

WELL LOG 

: Uil 

• Fine Sand 

• ' -Fine & Medium Sand ' * • ' 
Some Gravel 

• . . . • -

• * •• 35' 

• 1 
• • I . 

Fine Sand 

• 81: 
^>^-/r:->^ Fine Sand & Clay^^^?;^ 

' ; • Fine Sand . 

•' ;•• ..'•'••109' 

//// -//// 
7~Z^ 

Clay 

5-

••• 

Jll 

inn' 

>1' >/• 

18" GROUND LEVtL 

•Neat cement from A' *-o 

•2A" hole drilled by ^ 

.(A) 2" PVC pipes with 21 
of 2" .025 plastic sere* 
on bottom centered by 
spiders at lOiS', 78', ai 
25' 

• 8" pipe 

-Northern ffO silica gravi 
from 20' to 108' 

-25' of 8" stainlesr 
wire wound .025" si 

Pity Montague . Michigan 

Location Approximately 2000* South of Old Channel Tra-il - 7Sn' SW nf 

rnnnty Muskegon Twp.. Montague . Section 31 

Test Capacity 
Level 44. 

195 

Specific Capacity. 
Date Drilled 
Driller 

, ft. Pumping Level 
JU 

GPM. Static Water 
62.5 ft. 

12-3-82 
GPM/Ft, D.D. 

MiHe garragg-
Job No. -38£a. 

0000076 

Well No. 
HOOKER CHEMICAL & PLASTIC 
MONTAGUE, MICHIGAN 

PEERLESS-MIDWESi; INC. 
firanicr, Indiana 



n 

II 
II 
n 
n 
B 
B 
B 
B 
B 
B 
i 
i 
M. 

Well / Boring Log MW-S7-0-3 
EARTH 

State County Township/City T R Sec. Fraction 
Ml fi/luskegon Montague 12 N 17 W 30 SW1/4, NE1/4 

'.ocation and Comments: 

TOG Elev: 
Horiz. Coord: 

Grd Elev; 

Protective Casing Material: Steel 

Diameter: Cap Type: 
Height Above Ground: -2.S' 
Locked; X Yes No Bolted: _ Yes X No 

Groundwater Encountered 
While Drilling at: 18.0 bgs 

Water Level Data 
Date Time Depth to Water (bgs/TOC) 

Well Development 
Date: 12/2/97 Time: 11:00 am 
Volume: 50 gal. Method: Bailer 
Comments: 

Page _1_ of 6 
Client: 

Project Number; 

Date: Started 11/6/97 Finished 11/7/97 

Finished 6:30 pm Time: Started 8:30 am 

Contractor: Carlo Environmental Technologies. Inc. 
Address: 44907 Trinity Drive 

Clinton Twp., t4l 48038 

Equipment: CME 85 -
Crew Chief: Don Bond 
Logged By: Brent Bell 

Drilling Method(s) 
4.25" HSA 

Well Construction 
Seal/Backfill 

Concrete 

2.0 

8-
a 
0-

I 
I 

Benlonlte Slurry-

1 

2 

3 

4 

5-

6 

7 

8 

9 

10H 

11 

12 

13 

14 

is­

le 

17 

18 

19 

20 

Lithological Description 

0.0 Moss, natural organics 
0.5 SAND, medium to fine, some coarse SAND, trace fine 

GRAVEL, brown, dry 

11.0 CLAY, brown, stiff, dry, some SiLT vein layers 

12.2 SAND, fine to medium, some SILT, brovm, dry 

14.3 SAND, very fine to fine, little SILT, light brown, dry 

17.6 SAND, fine to medium, little very fine SAND, trace fine 
GRAVEL, moist to wet 

18.3 SAND, fine to medium, little very fine SAND, trace SILT, 
brown, wet 



EARTH TECH 
Well / Boring Log 

Location and Comments: Client: 
Project Number: 

Well Construction 
Seal / Backfill 

BentonHa Slurry-

30.0 

3/8' Bentonita Chips -

«3 Silica Sand -

37.0 

30.5 SANO, fine to medium, litUe vary fina SAND, brovm, wet 

r .010 Slot-
Stalnlaas Steal Bush 

Joint Scraan 

Natural CoHapsa ; -

42.0' 

Lithological Description 

24.0 SAND, very fine to fina, some medium SAND, trace SILT, 
brown, wet 
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EARTH E C H 
Well / Boring Log IVlW-97-03 

Tcation and Comnrients; 

Page _3_ of 6 

Client: 
Project Number: 

Well Construction 
Seal / Backfill 

t 
0) 
O 
45-

46 

47 

48 

49 

SC­

SI 

52 

53 

54 

55-

56 

57 

58 

59 

60-

61 

62 

63 

64 

65-

66 

67 

68 

Lithologicai Description 

70-

50.5 SAND, very fine to fine, some SILT, brown, wet 

54.7 SAND, very fine to fine, little medium SAND, trace soft siKy 
CLAY veins 

57.0 SAND, fine to medium, little very fine SAND, trace SILT, trace 
fine to medium GRAVEL, brown, wet 

67.7 CLAY. gray, son, moist, trace SILT 

68.7 CLAY. gray, stiff, diy. little SILT, trace fine GRAVEL, dry 
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EARTH TECH 
Well / Boring Log MW-97-0 

Location and Comments; 

Page _±_ 
Client; 
Project Numijer; 

Weil Construction 
Seal / Backfill 

0) 
O 
70-

71 

72 ^ 

73 

74 • 

75-

76 

77 

78 

79 

80H 

81 

82 

83 

84 

85-

86 

87 

88 

89 

90-

91 

92 

93 

94 

95 

Lithological Description 

76.5 CLAY, gray, soft, some SILT, sticky, slightly moist 

77.5 SILT, gray, little fine SAND, wet 

79.0 SAND, medium to fine, brown, little very fine SAND, wet 

82.0 SILT, gray, dry 
82.5 CLAY, gray, stiff, trace fine GRAVEL, dry 

92.0 CLAY, gray, soft, sticky, little SILT, moist 

93.5 CLAY, gray, stiff, little fine GRAVEL, trace medium to coarse 
GRAVEL, dry 
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s EARTH TEC 

' .ocation and Comments: 

Well / Boring Log MW-97-03 
Page S of 6 

Client; 

Project Number: 

Well Construction 
Seal / Backfill 

CL 
0) 
Q 

95 

96 
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99 
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103 

104 

105-

106 

107 

108 

109 

110-1 

111 

112 
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114 

115H 

116 

117 

118 

119 

120 

Lithologlcal Description 

13.0 CLAY, gray, medium stiff, litde fine GFtAVEL, trace medium to 
coarse GRAVEL, dry 

114.5 CUV, gray, soft, trace fine GRAVEL, dry 
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EARTH TECH 
Well / Boring Log MW-97-0 

Page _6_ 

Location and Comments; Client; 
Project Numl)er; 

I 
•0^ 

iff 
Well Construction 
Seal/Backfill 

g 
5 

e 

I 

CL 
0) 
Q 

120-

121 

122 

123 

124 

125-

126 

127 

128 

129 

130-

131 

Lithologlcal Description 

120.0 CLAY, gray, stiff, trace fine GRAVEL, dry 
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EARTH 

Well / Boring Log MW-97-04 

State County Tt>wnship/City T R Sec. 

Ml Muskegon Montague 12 N. 17 W 30 

Location and Comments; 

TOO Etev; 
Horiz. Coord: 

Grd Elev; 

Protective Casing Material; Steel 

Diameter; 4;; Cap Type; Locking "J" 

Height Aliove Ground; 2.5 Pl"fl 

Locked; X Yes No Bolted; _ Yes X No 

Fraction 
SW1/4, NE1/4 

Groundwater Encountered 

While Drilling at; 21.0 bgs S 
Water Level Data 

Date Time Depth to Water (bgs/TOC) 

Well Development 

Date; 12/3/97 Time; 9:00 am 

Volume; 75 gal. Method; Air Lift 

Comments; 

Page _1_ of 6 

Client; 
Project Number; 

Date; Started 11/17/97 Finished 11/21/97 

Time; Started 3:00 pm Finished 3:00 pm 

Contractor; Carlo Environmental Technologies. Inc. 

Address; 44907 Trinity Drive 

Clinton Two., Ml 48038 

Equipment; CME 85 

Crew Chief; Chad McDonnell 

Logged By: Don Johnson/Kurt Osterman 

Drilling Method{s) 

4.2S" HSA 

Depth 

136" 

Borehole Ola. 

8.25" 

Weil Construction 
Seal / Backfill 

Concrete Cap -M 

2' Stainless Steel -
Casing 

Bentonite Slurry, -
High Peiforinance 

i 
0) 
Q 
0-

1 

2 

3 

4 

5-

6 

7 

8 

9 

lo­

ll 

12 

13 

14 

is­

le 

17 

18 

19 

20-

Lithological Description 

0.0 Natural organics, dark brown, slightly moist 

0,5 SAND, fine to medium, little SILT, trace natural organics, 
brown, dry 

3.0 SAND, fine to medium, trace coarse SAND, light brown, dry 

12.0 SAND, medium to fine, some coarse SAND, light brown, dry 

14.2 SAND, medium to coarse, little fine SAND, some fine 
GRAVEL, light brown, dry 

18.5 SAND, fine to medium, soma very fine SAND, light brown, 
dry 
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O 
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EARTH TEC 
Well / Boring Log MW-97-0 

Page _2_ 

Location and Comments: Client: 
Project Numl)ef: 

k 

Well Construction 
Seal / Backfill 

BanlonHa Slurry, -
High Performance 

3/S'BentonHeChipe-

8 
g, 

8 
o. 

r 10 Slot Stainless-
Steel Flush Joint 

Screen 

Lithologlcal Description 

21.0 SAND, fine to medium, little very fine SAND, trace SILT, 
brown, wet 

28.0 SAND, fine to medium, some coarse SAND, little very fine 
SAND, brown, wet 
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EARTH TECH 
Well / Boring Log MW-97-04 

ocation and Comments: 

Page _Z_ of 6 
Client: 

Project Number: 

Well Construction 
Seal / Backfill 

a. 
0) 
Q 
45-

46 

47 

48 

49 

50-

51 

52 

53 

54 

55 H 

56 -

57 

58 

59 

60-

61 

62 

63 

64 

65-

66 

67 

68 

69 

70-

Llthologlcal Description 

46.0 SAND, fine to medium, some very fine SAND, iittie SILT, 
brown, wet 

48.5 SAND, fine to medium, some coarse SAND, little very fine 
SAND, brown, wet 

52.7 SAND, fine to medium, some very fine SAND, trace SILT, 
brown, wet 

54.6 CLAY. soft, sandy, some SILT, moist 

55.1 SAND, fine to medium, some coarse SAND, little very fine 
SAND, wet 

55.8 CLAY, stiff, dry. little SILT, trace fine GRAVEL 

61.6 SAND, fine to medium, some SILT, brown, wet 

62.2 SILT, brown/gray, some CLAY, soft, moist 

63.2 CLAY, brown/gray, stiff, sandy, some fine GRAVEL, dry 
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EARTH T E C H 
Well / Boring Log MW-97.04 

Location and Comments: 

Page 4 of 
Client: 
Project Numl>er: 

I 
Well Construction 
Seal / Backfiil 

I 

Q. 
«> 
O 
70-

71 

72 

73 

74 

75-

76 

77 

78 

79 

BO-

SI 

82 

83 

84 

85-

86 

87 

88 

89 

90-

91 

92 

83 

94 

95 

Llthological Description 

71.4 CLAY. gray, stiff, sandy, some fine GRAVEL, dry 

82.0 CLAY. gray. stHT. soma fine GRAVEL, dry 
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E A R T E C 

ocation and Comments: 

Well Construction 
Seal / Backfill 

s-
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Well / Boring Log MW-97-04 
Page 5 of 6 

Client: 
Project Number: 

Lithological Description CO o 
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EARTH TECH 

Location and Comments; 

Well / Boring Log MW-97-04 
Page _6. 

Client: 
Project Numl)er: 

Well Construction 
Seal/Backfill 

i 
5, 

i 

Llthologlcal Description 
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EARTH 
Log of Well / Boring MW-97-05 

state County Township/City 

Location and Comments; 

TOC Elev: _ 

Horlz. Coord: 

Grd Elev; 

Protective Casing Material; 4" x 4" Steel 

Diameter; 4" x 4" Cap Tvoe; J-Pluq 

Height Above Ground; -2.5' 
Locked; X. Yes _ No Bolted; _ Yes X. No 

Section Fraction 

Groundwater Encountered 

While Drilling at; 28.00 bos 

Water Level Data 
Date 

12/6/97 
Time 

8:00 am 

Depth to Water (bgs/TOC) 

I 22.45 bgs 

Well Development 
Date; 12/5/97 Time; 4:00 pm 

Volume; 90 gal. Method;Air Lift 

Comments; Water became very clear 

Page 1 of 

Client; 

Project Number; 

Date; Started 11/24/97 Finished 12/4/97 

Time; Started 12:45 pm Finished 5:00 pm 

Contractor; Carlo Environmental Technologies, Inc. 

Address; 44907 Trinitv Drive 

Clinton Two., Ml 48038 

Equipment; CME 85 

Crew Chief; Chad McDonnell/Don Bond 

Logged By; Kurt OstermanrTom Sampson/Brent Bell 

Drilling Method(s) 
4.25" MSA 

Depth Borehole Dia. 

138' 8.25" 

Well Construction 
Seal / Backfill 

Lithological Description 

0.0 Natural organics, grass 

0.5 SAND, medium to fine, some coarse SAND, brown, moist 

10.0 SAND, medium to fine, trace coarse SAND, light brown, 
moist 

14.0 SAND, medium to fine, light brown, moist 

18,0 SAND, medium to fine, medium to fine GRAVEL, brown, 
moist 
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EARTH TECH 
Well / Boring Log MW-97-0 Jk 

Page _2_ of 

Location and Comments: Client: 
Project Number: A 

Well Construction 
Seal / Backfill 

Bentonite Slurry -

t 
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Llthologlca! Description 

21.0 SAND, medium to fine, little fines, brown, moist 

28.0 SAND, medium to fine, brown, wet 

30.0 SAND, medium to fine, some coarse SAND, brown, wet 

42 

43 

44 

45-

42.0 CLAY, soft, gray 
42.5 SAND, medium to fine, very fine SAND, brown, wet 

44.0 SAND, fine, some SILT, brown, wet 
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EARTH TEC 
Well / Boring Log MW-97-05 

Page _3_ of _6_ 

• ocation and Comments: Client: 

Project Number: 

Well Construction 
Seal / Backfill 

Bentonite Slurry 

50.t) 

3/8" Bentonite Ctiips^ 

53.0 

Natural Collapse-

58.0 

#3 Silica Sand Pack-> 

2" .010 Slot-
.ainless Steel Flusti 

Joint Screen 
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V.V.V.'. 
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54 -

55-
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57 -
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68 -

LIthologlcal Description 

45.5 SAND, medium to fine, some coarse SAND, brown, wet 

52.0 SAND, medium to fine, trace SILT, brown, wet 

58.0 SAND, medium to fine, some coarse SAND, brown, wet 

64.0 SAND, fine, brown, wet 

67 5 CLAY, soft, brown, moist 
67.8 SAND, fine, brown, wet 
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EARTH TECH 

Location and Comments: 

Well / Boring Log IVlW-97-05 
Page 4 of 6 

aient; 
Project Number: 

Well Construction 
Seal / Backfill 
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Lithological Description 

88.8 CLAY, gray, stiff, moist 

89.4 SAND, fine, brown, wet, loose 

91.7 CLAY, gray, stiff, moist 
92.0 SAND, tine, brown, wet, dense, 2* piece of sfiaie, gray, fiat, 
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EARTH TEC 
Well / Boring Log MW-97-05 

ocation and Comments: 

Page _5_ of 6 

Client: 
Project Number; 

Well Construction 
Seal / BadcTili 
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Lithologlcai Description 

07.5 CLAY, gray to brown, stiff, damp, brown fine 1 mm SAND 
lens, CLAY, brown, below sand lens 

106.5 SAND, fine, brown, wet, loose 

109.5 CLAY, gray, stiff, damp 
110.0 SAND, fine, brown, wet 

12.0 CLAY, brown, stiff, damp, occasional fine GRAVEL/coarse 
SAND 
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EARTH TECH 

Location and Comments: 

Well / Boring Log MW-97.05 k 
Page of 

Client: 
Project Numt>en 

of _§|^ 

»*; 

k Well Construction 
Seal/Backfill 
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Lithological Description 
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LOGS OF WELLS AND TEST EOLZS 

DcDth Thic3cness 

Well C 

Land surface elevation: 636 feet 

Medium sand 0 - 45 45 

Medium sand, trace of gravel 45-50 5 

Sand, meditan 50 - 55 5 

Sand, medium, trace clay 55 - 65 10 

Red clay 65-70 5 

t 

I 
I 

OOC0OO2 



CIDCO. INC. 1909 OAKWOOD AVENUE I 
BLOOMINGTON, ILLINOIS 6". [ 

Field Record of Exploration I 
Boring Nia. .H.*-'" _ i Controcted With C--.-Iv" TAG-'S, i.-C.-.G-. 

Project Nome. 

Location 

Datum 

•I'G 5 .Contract No.. 

. o •-

, Hammer Wt. . Hammer Drop. .Hole Die.. 
0 *< 

Surface Eiev. 

Date Started. 

Core Die.. .Casing. 

, Completed. 

Samples 
.Drilling Method. 

V c ^ . wrv 

Log 
C /pr Description 

Derth F'jrsre Tl-.e 

55-5-57-5 TO --ir. 

- ^0 ri-.. 
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r5.5--7.c 10 -ir.-. 

SCI*. SAIMZLZS 
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EARTH 
well / boring Log MW-97-02 

state 
Ml 

County 
Muskegon 

Township/City 
Montague 

Location and Comments: 

TOC Elev: 
Horiz. Coord: 

Grd Elev: 

Protective Casing Material: Steel 
Diameter; 4^; Cap Type; 
Height Above Ground; -2.5' 
Locked; XYes No Bolted; Yes X No 

T 
12 N 

R 
17 W 

Sec. 
31 

Fraction 
SE 1/4, SE 1/4 

Groundwater Encountered 
While Drilling at; 41.0 bgs 

Water Level Data 
Date 

11/26/97 
Time 

10:50 am 
Depth to Water (bgs/TOC) 

J 44.85 TOC 

Well Development 
Date; 12/2/97 Time; 5;00 pm 
Volume; Method; Air lift 
Comments; 

Page 1 of 6 

Client; 

Project Number; 
Date; Started 11/3/97 Finished 11/5/97 
Time; Started 11:00 am Finished 3:00 pm 
Contractor; Carlo Environmental Technologies. Inc. 
Address; 44907 Trinity Drive 

Clinton Twp,, Ml 48038 

Equipment; CME 85 
Crew Chief; Don Bond 
Logged By; Don Johnson 
Drilling Method(s) 
4.25" HSA 

Depth 
142' 

Borehole Dia. 

8.25" 

Well Construction 
Seal / Backfill 

Lithologlcal Description 

0.0 Natural organics, some dark brown S/\ND 
0.5 SAND, medium to fine, some coarse SAND, trace fine 

GRAVEL, brown, dry 

10.0 SAND, medium to coarse, some fine to medium GRAVEL, 
little fine SAND, light brown, dry 

14.2 SAND, fine to medium, litUe coarse SAND, some fine 
GRAVEL, light brown 

18.0 SAND, fine to very fine, little medium SAND, trace fine 
GRAVEL, light brown, dry 
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EARTH TEC 
Well / Boring Log 

Location and Comments: Client; 
Project Number: 

Well Construction 
Seal / Backfill 
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31 

32 

33 

34 

35 

Llthological Description 

2S.0 SAND, vary fine to fine, little SILT, trace medium SAND, light 
brown, dry 
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39 

40-

41 

42 

43 

44 

45 

35.0 SAND, fine to medium, little fine to medium GRAVEL, trace 
SILT, light brown, dry 

41,0 SAND, fine to medium, little coarse SAND, trace fine 
GRAVEL, wet 
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I 
EARTH TECH 

Well / Boring Log IVIW-97-02 
Page _2_ of _6_ 

Location and Comments: Client: 

Project Number: 

Well Construction 
Seal/Backfill 

Lithologlcal Description 

46.5 SAND, medium to fine, some fine GRAVEL, trace medium 
GRAVEL, brown, wet 

51.0 

3/8- Benlonlte Chips 

54.0 

«3 Silica Sand 

55.1 

2' .01 Slot Stainless H 
Steel Rush Joint 

Screen 
58.0^ 

Natural Collapse ->•; -

61.0 

I 

ss;?^ CI-AY. brown, soft, sandy, trace SILT, wet 

59:2^ Ct-AY. brown, solt. slltv. moist 

61.0 SILT, brown little CLAY, dry 

61.5 SAND, medium to fine, littie SILT, brown, wet 

67.5 SAND, fine to medium, some SILT, brown, wet 

55.6 SAND, medium to fine, some coarse SAND, little SILT, 
brown, wet 

59.4 SAND, medium to fine, little coarse SAND, brown, wet 
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EARTH TECH 
Well / Boring Log MW-97.02 h 

Location and Comments: 

Page _4 

Client: 

Project Number: 

Well Construction 
Seal / Backfill 
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Lithological Description 

71.0 CLAY, brown, sllty, soft, moist 

7l .5 SAND, fine to medium, little SILT, trace CLAY, brown, wet 

73.0 SANO, fine to medium, little coarse SANO, some SILT, 
brown, wet 

84:7^ CLAY, brown, sllty, soft, moist 
84.9 SAND, fine to medium, little. SILT, trace coarse SANO, brown. 

TOJACIAY. brown, soft, siltsr. moist 
89.1 SANO, fine to medium, little SILT, trace coarse SANO, brown, 
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I 
EARTH TECH 

Well / Boring Log MW-97-02 
Page of _6_ 

ocation and Comments: Client: 
Project Number 

Well Construction 
Seal / Backfill 

g 
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CL 
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O 
95 
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100-

101 
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103 

104 

105H 
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109 

110-1 

111 

112 

113 
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115 

116 

117 

118 

119 

120 

Lithological Description 

97.7 SAND, medium to coarse, little fine SAND, some fine 
GRAVEL, dark brown, wet 

69T&N CUY, sandy, soft, little SILT, moist 
99.2 SAND, fine to medium, little coarse SAND, trace SILT, brown, 

wet 

107.5 SILT, gray, some CLAY, little very fine to fine SAND, wet 

108.5 SAND, very fine to fine, some SILT, trace CLAY, gray, wot 

111.2 CLAY, medium, stiff, litfie SILT, gray, dry, high plasticity 

112.5 SAND, very fine to fine, some SILT, trace medium SAND, 
brown/gray, wet 

115.0 CLAY, gray, very sllty, trace fine SAND, stiff, dry 



E A R T "0 T E C H 
Well / Boring Log 

Location and Comments: Client: 
Project Number: 

Well Construction 
Seal / Backfill 
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130H 
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139 

140-

141 

142 

143 

144 

445 

Lithological Description 

122.0 SAND, very fine, to fine, some SILT, trace CLAY. gray, vret 

123.5 CLAY. gray, stiff, some SILT, dry 

124.S SAND, very fine to fine, gray, wet 
124.8 CLAY. gray, stiff, some SILT, dry 

125.5 SANO, gray, fine to very fine, some SILT, trace CLAY, wet 

127.0 CLAY. gray, trace fine to medium GRAVEL, dry 

E.O.B. e 142' 
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WIUWW, II 1 w« BLOOMINGTON, ILLINOIS 6i: 

Field Record of Exploration 
'^ntrnrted With ^ •• w ^ " - • • - J. 1 , . _ — <J,"» • • Borinq No. 

prpif^ NJnme , Controct No. 

• —' -

rVitum Hammer Wt. Hammer Drop.. 
0 *1 

Hole Dio. 

^iirfnr* PIA\/ Core Dio. Cosinq 

Hnt* Srnrrpfi ' - '-"l Comoleted Driilinq Method 

Samples Log 
A A « • 

rv: Description 

* ^ • • « Tire 

35..«:-?7.0 :5 1 

-.1 

<k • r5.-5-5?.5 .?C r;ir» 
1 

10 ?:ln. . 1 

«r 75.5-77..5 ^ ^ «• 4 m • 5 5 •.5-° 7..5 10 *nrln^ 
i 1 

1 
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7 lOl.c-'Oii.C 
1 
1 
1 

?-vp SET ^ '^5..0* 
SCEZZN SET € 50..G*-6C..0' 
3' of starr'TDloft = arourt of 3" slop pe"tr 
a"troye srroun^l 

WATER IR-:-" •: 

DD 30..^' i:J30«n 
"AR 2®.5* 
A«P. cavrtt^ 2f,.5' 

00C01G4 
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rinrn iKir 1909 OAKWOOD AVENU? 
UlUvU, inu. BLOOMINGTON. ILLINOIS 6-j 

Field Record of Exploration 1 • •» • • T / T' " ~f' Borinq No. MW-1 3 

PrrifCf Mnin* Contract No. 
* 

Oil 
tVitiim Hammer Wt. Hammer Draa Hole Dia. 

.^iiHnre Flevj Core Dia. Casino 

note .^rnrted Completed 12-12-'^ 1 Drillino Method "-SA 

Samples Log 
IVATMA SAi'VPi.1 

Derty-. 

Description | 
IVATMA SAi'VPi.1 

Derty-. Piirsre Tlnift 3r.. f-r PR.rd 

1 35..5-37..5 10 dr.. 

3r.. f-r PR.rd 

2 --5.-5-^'^.•5 10 sin. 
t / 

3" 55e5-57..5 10 Eln. 
i Clay a: silt lavers 

L 6f..5-^7e5 10 rir.e . 1 
t 

5 • 75.5-77..5 

A OC^_5-P9.C 

10 rlr. / 5 • 75.5-77..5 

A OC^_5-P9.C 10 nin.. • 
i Gra.v. clft.v 

S:iL SA.\*PI£S 
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PUi-:? 522 6 '^CeO' 
SCJiLiiv; SET ^ 52e0*-6?...0' 
3* of sr?iriripl3« = .aT40ur.t 

z:.*D c? 3cai:;G ®c,.5' 
PUi-:? 522 6 '^CeO' 
SCJiLiiv; SET ^ 52e0*-6?...0' 
3* of sr?iriripl3« = .aT40ur.t of 3" "Pice set 
abc'/e rrour.d 

« 

. 

WATER 11-12 ic 11-13-'^1 

• 
OOC0122 
• 

DD 34..0* 2:40r;r! 
3AR 32e5* 
AA3 dry 33.-0* Alloa's-



i WEli n C ! J 

l{ 
h 

1 LOCATION OF WELL 

WATER WELL RECORD 
ACT 29« PA 1965 

MICHIGAN DEPARTMENT 
OF 

PUBLIC HEALTH 

Count.- Township Name Fraction Seciion Numoer Town Niimuei R.inge Numov; 

Hjskegon Montague '« 'i '.4 30 11-1? N/^. U ' 
.staiire And Diiecnon from Road Intersections 

175* West of Whitbeck Rd, 

Street address & City c( Well Location Whitbeck Rd,, Montague. Ml 
Lot lite vvith "X' in section ctelow Sketctt Mao: 

FORMATION 

Ssntl 

Sand & Grgyel 

Cnarnp Sand 

_2Z. 

_25. 

JBL 

J5. 

3 OWNER OF WELU, ^ , . . . _ 
Booker Industrial Chenit 

Address Channel Trail, Montague, Mic; 

4 WELL OEPTH: icomotetedl Date ot Comoleiion 

92 It. March 17, 1978 
5 [j Caote tool 

r~l HoliOM rod 
lj[ Rotary 
_| jetted 

6 USE; [j Domestic 

r~l Irrigation 
niest Well 

7 CASING: ThreadedS 
Diarti. 

I i Driven Q] Dug 

I I Bored I i 

I Public SuDDly "T"! industry 

^ Air Conditioning Q] Cormtercial 

Welded j Heioht: Above/Below 

Surface. JL 
.in. to 

in, to 

8 SCREEN: 

Type: FlaStiC 

B£—It. Dooth I Weight ll__lbs./^. 

fi. Depth I Drive Shoe? Yes 

Slal/r.auTe . 

Set between. 

Fittings: 

-12. 
-i6- _ ft. and 

. Oia.: i 

. Length _i 

-93—"• 

•GrareL J5Q. 

BSTATiC WATER LEVEL 

M=— _ ft. below land surface 

Sand -62. 

to PUMPING LEVEL below land surface 

ft. after # hrs. oumoing T O , g.D.rtu 

n ay ft Gravpl 75_ ft. after. , hrs. pumoing , . O-P-i 

Sand JU- JU. 

11 WATER QUALITY in Parts Per Million: 

I'on (Fe) 2.0 Chlorides tCil 3,250a00 

Hardness fin Other 

12 WELL HEAD COMPLETION: Q Approved Pit 

I I Pitless Adapter ^ 12" Above Grade 

13 Well Grouty Yes Q No 

'[~l Neat Cement j~l Bentonite Q 

Depth: From • ft. to -It. 

14 Nearest Source of possible contamination 

foot Direction .Type 

Well oisinfected upon comolotion QYOS Q No 

15 PUMP: Qjfot installed 

Manufacturer's Name ^^ ! (j " 

Model Number '' Jj ' 

Length of Drop Pioa "'7 ^ ft. capacity 

HP Volts/ ; /O 

,.G.P.M. 

Type: Submersible 

I jet n Reciprocating 

use * 2Ne SHCCT ir Hccoco 

16 Remarks, elevation, source of data. etc. 17 WATER WELL CONTRACTOR'S CERTIFICATION: 
This well was drilled under my iurisdiction and this reoort is true 
to the best of my knowledge and belief. 

067d 100M IRev. 12-681 

RE6ISTRATI0M 

Addresgs^i Jhrea Milo Bd,,W.W,, Grand Rapii 

Signed Date 
AUTHORIltO REPRESENTATIVE 

GEOLOGICAL SURVEY COPY 
0000068 



LOGS OF WELLS AND TEST HOLES 

0000001 

Depth Thidcness 

Well 3 

T.jr.rf surface elevation: 642 feet 

. Medixun seind 0-15 15 

Meditsn sand, traces of gravel .15 - 40 25 

Medium sand gravel 40-55 15 

Medium sand 55 - 70 15 

Medium sand, traces of gravel 70 - 77 7 



• UlUUU, INU. 

Field Record of Exploration 
"ontraded With -.-.GJw, Baring No 

Project Nnrne i-lOi-'IITuRING '-.'"lie: Contract No, 

tsKJs «,^/-M\vvuuU AVtrJUE 
BLOOMINGTON. ILLINOIS ST. 

uato-^ 
•.;v-2 

Locotion. 

Datum 

-"orjiLrxr 

, Hammer Wt.. . Hammer Drop. .Hole Dio,. 
an 

Surface Elev.. , Core Dio.. .Cosing. 

Dote Srnrtiirl 11-l*'-??; _ Completed .Drilling Method "-SA 

Samples Log 
Description I [ 

0 
.\0. ?urr« Tire 

Br..-f-r. sand 
2 5-•5-52...^ 10 rir. • 

• cO. 5-62..5 10 rin. A 
3 7C..5-72..5 10 rln. 

1 / 

2 

4 50..5-82.5 1,0 
1 

.rln.. 
1 • ' • Gray cla.v ^ 

i 

5 90.5-92.5 10 sir... A 
ICO..5-IO2..5 10 

1 

nln... 
1 
I 

j 
1 lie..5-112.5 10 -.in. . i 

1 

i 
1 > 

E:;I5 OF 3ORI::O . 

pur.? SET- 80.0' 
SCEEE^C SET e2.0*-c2»C' 
3* cf stand pits = arscant- of 3" -loe- set 
above rroar.d 

WATEr. M-1.? 2c 

DO ii6..5* 
BA?. l\i30ar. 
A.^H dry • 

0000.1 rs 



Page: 1 of 

TECH 
WelVBoring No, SB-95-1 

Client: Occidental Chemical Company 
Project No.: 23123,00 

Date: Started: 10/09/95 Finished: 10/llA 

Time: Started: 03:20 PM Finished: 04:00 PM 

Itate County Township Fraction Section T R 
MI Muskegon Montague 30 12N 17W 

Dontractor: Steams Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
quipment: CME1050 

Location: Former P#1 

-rew Chief: Danyl Krause 
" Supervisor: Cathie Cotton 

jrouting/Seal 
Depth/To Material/Method 
1.0-186.0' Bentonite Grout 

Drilling Method(s) Depth 
4-1/4 ID HSA 134.0' Ground Surface 
2"x 2"SpUtSpooh 136.0' Elevation (feet): 636,40 

Remarks: 

^ater Level: 26 ft Below Ground 

PIDOVM580B 
S a •s 

f r'i 
u •s 

f 
L-niidc- Depth • 1" c 

1 
t 

1 ness tolxue 1 1 OQ f (feet) (feet) uses* Litbologic Description Sample Depdil 6" 12" 18" 24" X 1 OQ 

1 18.8 18.8 SP SAND, median lo fme. looee, light brown, noict 1.0-2.5' 2 6 9 - 0 0 

1 0.8 19.6 SW SAND, mediuD-fine to mediiuiMoene. little cowic und. treoe fiw gravel, loose, brown, 3J-5.0' 2 4 5 . 0 0 
wry moist 6.0-7.5' 3 5 6 - 0 0 

1 9.6 29.2 SP SAND, fine, loose, ligbl brown, moist lo wet at 26i7 8.5-10.0' 2 4 7 . 0 0 

1 0.4 29.6 CL CLAY, some sill, very soft, erosive, brown, moist 11.0-115' 2 4 6 . 0 0 

1 0.4 30.4 SP SAND, fine, loose, wet, brown 13J-15.0' 2 3 4 - 0 0 

[ 1.2 31.2 CUML CLAY, very silty, soft, cnunbly, brown, moist 16.0-17.5' 1 1 2 - 0 0 

1 10.3 41.5 SP SAND, very fine, some sill, well eoo^cted, brown, wet 18.5-20.0' 1 2 4 - 4.1 0 

1 0.5 42.0 ML/CL SILT, some clay, soft, brown, moist 21.0-22.5' 2 2 3 - 2 0 

f 39.4 81.4 SP SAND, fine, loose, light brown, wet 23.5-25.0' 2 2 3 - 7.5 0 
1 0.4 81.8 CL CLAY, fim, cohesive, brown, mobt 26.0 - 27.5' 1 2 3 - 13.7 0 

1 9.9 91.7 SP 28.0 - 30.ff 2 2 2 3 10.9 0 

1 0.3 92.0 ML SILT, some very fine sand, trace clay, sofdy compacted, cnimbly, brown, moist 30.0 - 32.0' 4 8 8 13 28 0 

1 17.0 109.0 SP SAND, fine, li^tly cocyscicd. light brown, wet 32.0-34.0' 4 6 8 12 50 0 
110.5 CL CLAY, some silt, very finn, cnimbly, dark gray, osoist 34.0-36.0' 1 4 2 5 64.4 0 

1 0.4 110.9 SP SAND, very fine, loose, brown, wet 36.0 - 38.0' 1 1 3 4 115.1 0 

1 0.7 111.6 CL CLAY, some silt, very sttlT. brown/gny, little mobt 38.0 - 40.0' 1 2 4 5 52 0 
1 0.9 112.5 ML/SP SILT and SAND, veiy fine, tightly compacted, brown/gray, moist 40.0-42.ff 2 3 3 4 265 0 

1 1.1 113.6 SP SAND, fine, tightly compacted, blown, wet 42.0 - 44.0' 2 3 5 6 123.3 0 

1 ' ' 114.7 CL CLAY, some fine sand, very fiimn to stiff, brown, trace, moist 44.0 - 46.0' 1 1 1 3 65.7 0 
j 1.0 115.7 SP SAND, very fine, httle silt, loose, tightly compacted, brown, wet 46.0 . 48.ff 2 3 9 89 0 

1 0.8 116.5 ML/SP SILT and SAND, vciy fine, trace day, firm, crumbly, brown, wet 48.0 - 50.0' 2 2 7 10 83.6 0 
1^.5 119.0 SP SAND, fine to very fine, well compacted, Ugbt brown, wet 50.0-52.0' 5 7 11 14 43.1 

121.7 CL CLAY, little silt, very firm to stiff, gray, moist 52.0 - 54.0' 3 6 6 11 42.9 
^U3 122.0 SP SAND, very fine, bttle silt, well compacted, gray/brown, wet 54.0-56.0' 3 7 11 18 44.4 1 \ 

• = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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EARTH 

<^1 / Boring Log 

TECH 
Well/Boring No. SB-95-1 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 10/09/95 Finished: 10/11/95 

Time: Started: 03:30 PM Finished: 04:00 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 30 12N 17W 

n Contractor: Steams Drilling Company Location: FonnerP#! 
KAA^^^, £.C\nA U Address: 6974 Hammond 

DuttonMI 49316 
Equipment: CME1050 

' Crew Chief: Danyl Krause 
ET Supervisor Cathie Cotton 

Grouting/Seal 
Depth/To Material/Method 

,0.0-186.0' Bentonite Grout 

Drilling Metbod(s) 
4-1/4 ID HSA 
2" X 2" Split Spoon 

Remarks: 

Water Level: 26 ft. Below Ground 

Depth 
134.0' 
136.0' 

Ground Surface 
Elevation (feet): 636.40 

1 
(feet) 

Depth 

to base 
(feet) uses* Lithologic Description 

1 6.0 128.0 CL CLAY, little silt, tnce fine gravel, gray, moist 

4.0 132.0 CL CLAY, little fine sand, fitm, gtay/brown, cohesive, moist 

4.0 136.0 CL CLAY, little sih, stiff, gray, moist 

EOB@136' 

w 

PIDOVM580B 
1 •o a u g 

i" 
» 1 t 

Sample Depth 1 6" 12" 18" 24" X ea 
56.0 - 58.0' 6 2 3 4 23.7 0 

58.0-60.0' 3 4 8 11 1.5 0 

60.0-610' 3 5 11 12 0 0 

62.0 - 64.0' 3 5 14 15 0 0 

64.0-66.0* 7 12 20 24 0 0 

66.0 - 68.0' 8 13 19 25 0 0 

68.0-70.0' 6 14 18 29 0 0 

70.0-72.0' 8 15 21 27 0 0 

72.0-74.0* 10 15 21 27 0 0 

74.0-76.0' 6 12 12 12 0 0 

76.0-78.0' 6 9 14 17 0 0 

78.0 - 80.0' 7 15 9 16 0 0 

80.0-810' 8 8 7 7 0 0 

82.0 - 84.0' 4 6 13 13 0 0 

84.0-86.0' 5 7 16 25 0 0 

86.0-88.0' 5 13 17 20 3.8 0 

88.0 - 90.0' 8 6 6 10 0 0 

90.0-910' 5 7 20 27 0 0 

92.0-94.0' 5 13 27 35 0 0 

94.0 - 96.0' 6 10 23 29 0 0 

96.0 - 98.0' 18 23 32 51 0 0 

98.0- 100.0' 10 7 22 33 0 0 

100.0- 102.0' 12 15 28 55 0 0 

1010-104.0' 5 6 19 26 0 0 

104.0 - 106.0' 7 8 49 32 2.3 0 

* = The uses symbol assigned is based on visual and manual observations and not on tests perfromed in the laboratory. 
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TECH 
Well/Boring No. SB-95-1 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date; 

Time: 

Started: 10/09/95 Finished: 10/11/ 

Started: 03:20 PM Finished: 04:00 PM 

1 State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

tf
DuttonMI 49316 

Equipment: CME1050 
Crew Chief: Danyl Krause 
ET Supervisor: Cathie Cotton 

Location: Former P#1 

A 
A 

Drilling Method(s) 
4-1/4 ID HSA 
2" X 2" Split Spoon 

Depth 
134.0' 
136.0' 

Ground Surface 
Elevation (feet): 636.40 

Grouting/Seal 
Depth/To Material/Method 
0.0-136.0' Bcntonite Grout 

Remarks: 

Water Level: 26 ft Below Ground 

TTiick-

1 ness 
1 (feet) 

Depth 

toliase 
(feet) uses* Lithologic Description 

' = The uses symbol assigned is based on visual and manual observations and not on tests perfromed in the laboratory. 

i 

PID0VM580B 

1 
a 
B 

H
ea

ds
pa

ce
 1 

24" H
ea

ds
pa

ce
 1 

18" 24" H
ea

ds
pa

ce
 

n 
12" 18" 24" H

ea
ds

pa
ce

 

B
ac

k 

Sample Depth 6" 12" 18" 24" H
ea

ds
pa

ce
 

B
ac

k 

106.0-108.0' 16 24 27 33 0 0 
108.0-110.0' 4 6 18 37 0 0 
110.0-112.0' 6 18 24 58 0 0 
112,0-114.0' 12 38 56 55 0 0 
114.0-116.0' 15 35 68 75 0 0 
116.0-118.0' 15 35 41 58 0 0 
118.0-120.0' 6 15 30 53 0 0 
120.0-122.0' 5 20 58 45 0 0 
122.0- 124.0' 13 15 30 65 0 0 
124.0-126.0' 10 15 27 58 - -
126.0-128.0' 3 15 21 27 - -
128.0- 130.0' 5 5 33 58 - -
130.0- 132.0' 7 11 22 14 - -
132.0- 134.0' 6 24 45 85 - -
134.0- 136.0' 5 6 34 65 - -

r ', 
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1^ .1/Boring Log 

Page: 1 of 

TECH 
Well/Boring No, SB-95-2 

Client: Occidental Chemical Company 
Project No.: 23123.00 

Date: Started: 10/26/95 Finished: 10/27/95 

Time: Started; 10:00 AM Finished: 03:30 PM 

jstate County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

Dutton MI 49316 

Location: Former P#2 

CME 1050 Equipment: 
Crew Chief: 

ET Supervisor Cathie Cotton 
Danyl Krause 

Drilling Method(s) Depth 
4-1/4 ID HSA 130.0- Ground Surface 

Elevation (feet): 618.90 

irouting/Seal 
Depth/To Material/Method 
p.0-130.0' Bentonite Grout 

Remarks: 

/ater Level: 18.9 ft Below Ground 

1 PIDOVM580B 1 1 with 11.8 eV lamp •o f o o i L Depth & 
1 ness to base s 1 
Pifeet) (feet) uses* Lithologic Description Sample Depth 6" 12" 18" 24" IE CQ 

f 6.5 6.5 SP SAND, medium to fine, little medium to couse sand, Icxise, light brown, moist, some daik 1.0-2,5* 3 5 7 . 28.5 0 

i brown streaking at 45-5.0', solvent odor beginning at 35* 3.5-5.0- 3 5 7 . 563 0 

1 4.0 10.5 SP SAND, Gne, tiace fine gravel, loose, light brown, moist, strong odor 6.0-7.5- 5 8 13 295 0 

2.5 13.0 SP SAND, medium to fine, trace ooaise sand and fine to medium gravel, loose, daik brown with graj 8.5 - 10.0- 8 10 14 . >2000 0 

streaking at 122'. 0.08' layer of silty clay at 12.4', multicolored sneaking below 11.0-12.5- 7 6 7 - >2000 0 

\ clay lense, moist, slightly oily appearance, very strong odor 13.5 -15.0- 10 14 18 , >2000 0 

* 6.3 19.3 SP SAND, fine to medium-fine, loose, light brown, very moist 16.0 -17.5- 8 15 22 - >2000 0 

4.7 24.0 SW SAND, fine to medium, little coaise sand, ttace fine gravel, loose, fight brown, wet, hale 18.5-20.0- 8 11 14 . 686 0 

odor 20.0 - 2i0- 5 7 8 11 966 0 
1 9.5 33.5 SP SAND, fine, trace medium sand, loose, hght brown, wet 22.0 - 24.0- 3 3 4 8 304 0 

1 0.1 33.65 CL CLAY, trace silt, trace fine gravel, stiff, brown, moist 24.0 - 26.0- 3 3 8 14 449 0 

1 10.1 43.7 SP SAND, fine, trace medium sand, loose hght brown, wet 26.0-28.0- 3 3 7 13 14.5 0 

1 43.8 CL CLAY, sihy, soft, brown, cohesive, moist 28.0 - 30.0- 3 3 5 9 0 0 

1 0.2 44.0 ML SILT, little very fine sand, loose, brown, wet 30.0 - 32.0- 2 3 5 9 0 0 

L 0.6 44.6 SP SAND, methum-fine to fine, little medium sand, loose, brown with gray discolored lenses, wet 32.0-34.0- 2 4 8 12 36.2 0 

1 1.0 45.6 SP SAND, very fine, some silt, well compacted, brown to reddish brown, wet 34.0 - 36.0- 4 8 11 12 36.2 0 
r 0.1 45.7 CL CLAY, ttace silt, firm, cohesive, brown, moist 36.0 - 38.0- 3 6 11 16 65.3 0 

1 0.6 46.3 ML SILT, little very fine sand, loose, brown, wet 38.0 - 40.0- 7 7 9 13 87.1 0 

1 5.2 51.5 SP SAND, very fine, Bttle silt, well compacted, 0.02' silt lens at 51.0', brown, very moist to 40.0-4Z0- 3 6 9 14 130.6 0 

wet 42.0 - 44.0- 5 8 16 22 >2000 0 
r 1.0 525 SP SAND, fine to medium fine, loose, light brown, wet 44.0-46.0- 2 4 12 13 >2000 0 

L 19.5 72.0 SP SAND, fine, moderately compacted, hght brown, wet 46.0 - 48.0- 8 12 16 22 >2000 0 

85.0 SP SAND, fine, trace silt, occasional fine silt lens, loose, hght brown, wet 48.0-50.0- 7 9 11 21 939 0 

93.0 SP-ML SAND, very fine, some silt, tightly compacted, 0.10' clay lense at 86.4', becoming loose at 50.0-52.0- 3 6 17 34 263 0 
894)', gray brown, wet 52.0 - 54.0- 13 28 35 65 115.2 0 

' = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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TECH 
Well/Boring No. SB-9S-2 

Client: Occidental Chemical Coinpany 
Project No.: 23123.00 

Date; Started; 10/26/95 Finished: 10/27/, 

Time: Started: 10:00 AM Finished: 03:30 PM 

1 State County Township Fraction Section T R 

1 MI Muskegon Montague 31 12N 17W 

Location: Former P#2 
Address: 6974 Hammond 

Equipment: 
Crew Chief: II 
ET Supervisor: 

••Grouting/Seal 
Depth/To 

a 

DuttonMI 49316 
CME 1050 
Danyl Krause 

Drilling Method(s) Depth 
4-1/4 ID HSA 130.0-

Cathie Cotton 

,0.0-130.0-
Material/Method 

Bentonite Grout 

tt 

Remarks: 

Water Level: 18.9 ft Below Ground 

Ground Surface 
Elevation (feet): 618.90 

1 niidc-
1 ness 
1 (feet) 

Depth 

to base 
(feet) uses* Litbologic Description 

1 3.0 96.0 SP-ML SAND and SILT, tightly compacted, gny, veiy moist 

1 11.0 107.0 SP SAND, fine to veiy fine, tnce sih, occasional fine cby lens, tightly compacted, light 

brown, wet 

1 6.6 113.6 SP SAND, very fine, well compacted, light bmwn. wet 

L 16.4 130.0 CL CLAY, trace silt, veiy fimi to stiff, cohesive, brown/gray, moist. 0.1' layer of fine 

sand at 115.7', less than 0.1' layer of fine sand at 117.6' 

BOB <g) 130-

1 

1 1 

1 1 r L 1 

PID- OVM 580B 
a a ll.SeV lamp 

r 
I 

u r 
I t !• 
r 
I 

m 1 

Ba
ck

 

Sample Depth 6" 12" 18" 24" X Ba
ck

 

54.0 - 56.0' 5 13 19 32 99.3 0 

56.0 - 58.0- 5 8 14 29 121.3 0 

58.0 - 60.0- 9 14 29 43 207.5 0 

60.0-6Z0- 9 9 11 29 80.7 0 

62.0-64.0- 14 19 19 21 311 0 

64.0 - 66.0- 5 7 13 26 276 0 

66.0 - 68.0- 9 11 15 15 126 0 

68.0-70.0- 20 15 15 30 440 0 

70.0-72.0- 14 31 38 46 311 0 

72.0-74.0- 4 5 8 24 797 0 

74.0 - 76.0- 9 8 11 27 115.2 0 

76.0 - 78.0- 6 10 21 41 271 0 

78.0-80.0- 5 11 17 22 138 0 

80.0-8Z0- 17 7 9 10 40 0 

82.0 - 84.0- 9 10 15 25 40 0 

84.0 - 86.0- 13 13 25 41 75.7 0 

86.0 - 88.0- 19 56 >100 . 0 0 

88.0-90.0- 12 18 25 26 0 0 

90.0-9Z0- 14 25 39 >100 0 0 

92.0-94.0- 7 9 15 45 0 0 

94.0 - 96.0- 8 13 30 49 0 0 

96.0 - 98.0- 6 14 41 65 0 0 

98.0-100.0- 8 20 22 18 0 

100.0-102.0- 8 15 18 26 0 
lOZO-104.0- 5 14 32 66 0 

I = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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TECH 
Well/Boring No. SB-95-2 
Client: Occidental Chemical Company 
Project No.: 23123.00 
Date: Started: 10/26/95 Finished: 10/27/95 

Time: Started: 10:00 AM Finished: 03:30 PM 

1 State County Township Fraction Section T R 

1 MI Muskegon Montague 31 12N 17W 

1 Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

[
DuttonMI 49316 

Equipment: CME 1050 

Location: Former P#2 

'Crew Chief: Danyl Krause 
ET Supervisor: Cathie Cotton 

I Grouting/Seal 
Depth/To Material/Method 

10.0-130.0' Bentonite Grout 
Remarks: 

I Water Level: 18.9 ft Below Ground 

Drilling Method(s) Depth 
4-1/4 ID HSA 130.0' Ground Surface 

Elevation (feet): 618.90 

1 
1 ness 
1 (feet) 

Depth 

to base 
(feet) uses* Litbologic Description 

• 

L m r 

PID-OVM 580B 

B
ac

kg
ro

un
d 1 11.8 eV lamp 

H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d s • — " ' 

24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

18" 24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

s 
Sample Depth 1 6" 12" 18" 24" H

ea
ds

pa
ce

 

B
ac

kg
ro

un
d 

104.0- 106.0' 7 12 49 90 0 0 
106.0-108.0' 8 8 11 22 0 0 
108.0-110.0' 6 7 22 25 0 0 
110.0-112.0' 5 6 12 18 0 . 0 
112.0-114.0' 8 14 18 40 0 0 
114.0-116.0' 6 11 32 46 0 0 
116.0-118.0' 16 36 54 75 0 0 
118.0-120.0' 38 60 90 >100 0 0 
120.0-122.0' 6 7 11 13 . . 
12Z0-124.0' 6 7 8 12 . -
124.0 -126.0' 7 9 13 15 - -
126.0- 128.0' 7 8 12 14 - -
128.0-130.0' 8 9 12 16 . -

' * = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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TECH 
Well/Boring No. SB-95-3 
Client; Occidental Chemical Company 

23123.00 
^el! / Boring Log Date: 

Time: 

Started: 

Started: 

10/18/95 Finished: 10/20/. 

09:00 AM Finished: 5:30 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 I2N I7W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

Location: FotmerP#3 

DuttonMI 49316 
||H Equipment: CME 1050 
HI Crew Chief: Danyl Kiause 

ET Supervisor. Cathie Cotton 

I 
I 

Grouting/Seal 
Depth/To Material/Method 
0.0-147.0' Bentonite Grout 

Drilling Metbod(s) Depth 
4-1/4 ID HSA 147.0' Ground Surface 

Elevation (feet): 635.60 

Remarks: 

Water Level: 37.4 ft Below Ground 

V = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 

PID 
49 n •a 
0 1 e 

Thick- Depth 1 I 
1 ness to base s 1 % 

(feet) (feet) uses* Litbologic Description Sample Depth 1 6" 12" 18" 24" X n 
2.0 2.0 SP SAND, medioin-fine to medium, tnoe coane (and. loose, nist brown, moist 1,0-2.5' 2 3 6 . 0 0 

34.0 36.0 SP SAND, fine to medium-Gne, trace coane sand, loose, brown, moist, daric brown staining at 165', 3.5-5.0' 2 5 8 . 0 0 

becoming well compacted at 28.0' 6.0-7.5' 5 8 11 - 0.5 0 

33.1 69.1 SP SAND, fine, loose, blonde, wet at 37.0', solvent odor at interface and below 8.5-10.0' 6 8 9 - 1 " 0 

0.5 69.6 CL CLAY, little silt, veiy firm, cohesive, brown, moist 11.0-12.5' 5 6 10 - 1 0 

0.3 69.9 SP-ML SAND, veiy fine, veiy silty, loose, brown, wet 13.5 -15.0' 3 6 10 - 25 0 

0.1 70.0 CL CLAY, some silt, film, brown 16.0-175' 2 4 6 . 4.1 0 

1.7 71.7 SP SAND, fine to very fine, loose, 2 small layers of crambly silty clay Qess than 0.103. light 18.5-20.0' 3 5 8 - 1.5 0 

brown, wet 21.0-2Z5' 4 6 11 - 1.5 0 

0.5 72.2 CL-ML CLAY, some sik, vety finn, crambly, brown, moist 23.5 - 25.0' 8 10 14 _ 3 0 

2.2 74.4 SP SAND, very fine, little silt, layer of very silty clay (O.IO3 at 73.0', loose, brown with 26.0 - 27.5' 6 12 15 . 4.6 0 

lusty coloied stteaks, wet 28.5 - 30.0' 10 20 27 . 7.2 0 

1.6 76.0 SP SAND, veiy fine, moderately compacted, light brown, wet 31.0-315' 10 14 16 . 3.6 0 

10.8 86.8 SP SAND, fine, loose, light brown, thin (O.IO3 clay lens at 79.0', wet 33.5 - 35.0' 5 7 7 - 8.7 0 

1.2 88.0 SP SAND, veiy fine, very tightly compacted, light brown, wet 36.0 - 37.5' 11 17 31 . 235.2 0 

4.0 92.0 SP SAND, fine, well compacted, light brown, wet 38.0-40.0' 21 27 29 31 176 0 

2.0 94.0 SP SAND, very fine, trace of daik gray stiealdng at 94.0', vety tightly compacted, light brown. 40.0-42.0' 11 17 22 24 161.2 0 

wet 42.0-44.0' 7 14 18 29 141.5 0 

3.7 97.7 SP SAND, fine to very fine, well compacted, light brown, wet 44.0 - 46.0' 9 18 25 28 297 0 

1 0.5 98.2 SP-ML SAND, very fine, very silty, tightly compacted, light brown, wet 46.0-48.0' 7 17 32 39 36.5 0 

1 7.8 106.0 SP SAND, very fine, well compacted, light brown, wet 48.0-50.0' 3 7 11 15 126.6 0 

I 4.0 110.0 SP-ML SAND, very fine, very silty, very well compacted, grayArrown, wet layer of firm sihy clay 50.0-510' 3 5 8 10 56.6 0 

(less than 0.103 at 108.1' 52.0-54.0' 2 4 8 11 195 

112.0 SP SAND, very fine, trace silt, tightly compacted, brown, wet 54.0 - 56.0' 5 9 15 17 13.3 
HI 112.5 SP-ML SAND and SILT, very fine, very tightly compacted, grayAirown, very moist 56.0-58.0' 5 10 14 18 11.8 ° 1 
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TECH 
Well/Boring No. SB-95-3 
Client: Occidental Chemical Company 
Project No.: 23123.00 
Date: Started: 10/18/95 Finished: 10/20/95 

Time: Started: 09:00 AM Finished: 05:30 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

I 
« 

I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
I 

J 
I 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
Equipment: CME1050 

Location: Former P#3 

Crew Chief: Danyl Krause 
HI Supervisor: Cathie Cotton 

Drilling Metbod(s) Depth 
4-1/4 ID HSA 147.0' Ground Surface 

Elevation (feet): 635.60 

Grouting/S^eal 
Depth/To Material/Method 
0.0-147.0' Bentonite Grout 

Remarks: 

Water Level: 37.4 ft Below Ground 

PID 
1 •a 
9 ' 

u i 
- Depth §> 

ness to base s 1 
(feet) (feet) uses'* Litbologic Description Sample Depth 6" 12" 18" 24" X n 
5.1 117.6 SP SAND, veiy fine, little silt, tightly compacted, brown, wet 58.0-60.0' 5 7 12 16 20 0 

0.2 117.8 CL ' CLAY, some silt lenses, soft, brown, cohesive, moist 60.0-ezfy 6 9 12 14 24.7 0 

0.7 118.5 ML SILT, tiace clay, ttace very fine sand, soft, little cohesive, brown, veiy moist 62.0 - 64.0' 10 19 31 55 11.8 0 

2.0 120.5 SP-ML SAND, very fine, tome sih, tightly compacted, light brown, veiy moist 64.0 - 66.0' 4 18 16 20 10.8 0 

1.2 121.7 ML/CL SILT, some clay, some O.l'-Oi' layers of very fine siky sand, soft, crambly, gray/brown. 66.0 - 68.0' 5 11 18 32 105 0 

wet 68.0-70.0' 5 8 17 38 881 0 

0.4 122.1 CL-ML (3LAY, some silt, soft, cohesive, gray/brown, moist 70.0-72.0' 5 18 34 39 >200C 0 

2.2 124.3 SP/ML SAND and SILT, very fine, some 0.1 '-03' layers of clay and silt, well compacted, gray/brown. 72.0-74.0' 15 15 20 36 324 0 

moist 74.0 - 76.0' 13 17 29 34 34.5 0 

0.7 125.0 CL-ML CLAY, tome sih, firni, cohesive, grayAtrown, moist 76.0 - 78.0' 8 10 25 32 19.9 0 

0.4 125.4 SP/CL SAND, veiy fine, some clay, soft, little cohesive, giayAirowti, veiy moist 78.0-80.0' 8 18 21 46 25.3 0 

0.7 126.1 SP/ML SAND, very fine, some silt, loose, giayAiiown, wet 80.0-82.0' 12 24 50 62 18.4 0 

2.9 129.0 CL CLAY, trace silt, firm to stiff, cohesive, brown, moist 82.0 - 84.0' 15 66 72 75 4.9 0 

1.0 130.0 SP SAND, fine, loose, blown, wet 84.0-86.0' 12 24 28 16 50.5 0 

1.0 131.0 CL CLAY, firm, cohesive, gtay/brown, moist 86.0 - 88.0' 32 49 112 123 14.1 0 

1.7 132.7 SP SAND, fine, loose, well compacted, brown, little silt, wet 88.0 - 90.0' 20 39 48 53 22.1 0 

2.3 135.0 CL CLAY, fine, cohesive, gray/brown, moist 90.0 - 92.0' 27 39 64 69 4.3 0 

0.6 135.6 ML SILT, little clay, little fine sand, soft, cohesive, gray/biown, moist 92.0 - 94.0' 30 120 >200 . 3.6 0 

0.6 136.2 SP/ML SAND, veiy fine, some silt, loose. giayAnown, wet 94.0-96.0' 10 27 36 37 18.4 0 

0.7 136.9 CL-ML CLAY, vciy silty, soft, cohesive, gray, moist 96.0 - 98.0' 16 36 44 77 3 0 

0.4 137.3 ML SBLT, little clay, little fine sand, slightly cohesive, gray, very moist 98.0-100.0' 7 16 25 37 1.8 0 

0.5 137.8 CL CLAY, little sih, fiiin, cohesive, giay, moist 100.0-102.0' 6 11 21 28 4.9 0 

139J ML/SP SILT, some veiy fine sand, loose, brown/gtay, veiy moist to wet, some clayey areas that are 102.0-104.0' 23 29 41 55 21i 0 

B not unifotm or in horizontal layers noted throughout this silt layer 104.0-106,0' 16 19 21 18 1.8 0 

r4 5 144.0 CL CLAY, little silt, veiy film, stiff, brown/gtay, moist 106.0-108.0' 11 23 41 55 0 0 

* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



Page: of 

BE A R T H 

/ Boring Log 

« 

TECH 
Well/Boring No. SB-95-3 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 10/18/95 Finished: 10/20/. 

Time: Started: 09:00 AM Finished: 05:30 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

B Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

Location: Former P#3 

DuttonMI 49316 
HHl^ Equipment: CME1050 • Crew Chief: Panyl Krause 

ET Supervisor. Cathie Cotton 

Drilling Method(s) Depth 
4-1/4 ID HSA 147.0-

Grouting/Seal 
Depth/To Material/Method 
0.0-147.0' Bentonite • Remarks: 

Water Level: 37.4 ft Below Ground 

Ground Surface 
Hevation (feet): 635.60 

j Thick-
1 ness 
1 (feet) 

Depth 

lotase 
(feet) uses* Lithologic Description 

1 1.5 145.5 CL CLAY, little fine sand, soft, cohesive, gray, moist 

1 147.0 CL CLAY, veiy finn, smooth, gray, moist 

1 7.0 154.0 CL CLAY, little sih, fiim, cohesive, gray, moist 

BOB @154-

1 
1 1 
f L 1 f 1 
1 
V 

PID 
S e •o s 

m 

It i- r 
1 t 

n 1 1 
n Sample Depth] 6" 12" 18" 24" X 
1 
n 

108.0-110.0- 11 36 72 93 0 0 

110.0-112.0- 10 27 32 36 0 0 

112.0-114.0- 30 67 110 >140 0 0 

114.0-116.0- 19 27 34 39 0 0 

116.0-118.0- 18 40 50 70 0 0 

118.0-120.0- 15 42 55 74 0 0 

120.0-122.0- 11 15 18 18 0 0 

122.0-124.0- 20 27 32 64 0 0 

124.0- 126.0- 7 12 12 15 0 0 

126.0-128.0- 10 14 41 44 0 0 

128.0- 130.0- 8 11 14 20 0 0 

130.0-132.0- 6 6 12 20 0 0 

132.0-134.0- 7 18 21 30 0 0 

134.0-136.0- 20 22 39 44 0 0 

136.0-138.0- 21 39 48 78 0 0 

138.0-140.0- 15 22 36 39 0 0 

140.0-142.0- 16 18 29 34 0 0 

1420-144.0- 7 11 17 17 0 

144.0-146.0- 9 15 21 40 0 

146.0-148.ff 9 11 17 40 0 

148.0-150.0- 8 22 24 35 0 

150.0-152.0- 11 19 25 44 0 

152.0-154.0- 7 8 10 15 

1 
' = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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il/Boring Log 
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TECH 
Well/Boring No. SB-9S-4 

Client: Occidental Chemical Company 
Project No.: 23123.00 

Date: Started: 10/12/95 Finished: 10/17/95 

Time: Started: 11:30 AM Finished: 11:30 AM 

Istate County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

I Contractor: Steams Drilling Company 
Address: 6974 Hammond 

•

DuttonMI 49316 
Equipment: CME1050 
Crew Chief: Danyl Krause 

Location: Former P#4 

Drilling Method(s) 
4-1/4 ID HSA 

Depth 
156.0' 

I 
ET Supervisor Cathie Cotton 

Ground Surface 
Elevation (feet): 642.40 

I 
I 

Grouting/Seal 
Depth/To Material/Method 
0.0-156.0' Bentonite Grout 

Remarks: 

Water Level: 46 ft Below Ground 

1 ness 
1 (feet) 

Depth 

to base 
(feet) uses* Litbologic Description 

J 2.8 2.8 SP SAND, inediuin-nne, loose, light brown, moist 

1 4.0 6.8 SP SAND, medium-fine to medium, trace silt, trace fine gravel, loose, daifc nist, trace moist 

1 2.2 9.0 SP SAND, fine, loose, light brown, moist 

1 13.5 SP SAND, medium-fine to medium, trace coaise sand and fine gravel, nist color, very loose, moist 

j 11.0 24.5 SP SAND, metfium-fine, loose, light brawn, moist 

1 25.9 SP SAND, medium-fine to medium, trace coarse sand and fine gravel, loose, Bght brawn, very 

moist 

1 5.1 31.0 SP SAND, very fine, fittle silt, Ughtly compacted, light tan, moist 

1 29.0 60.0 SP SAND, fine, loose, tan, moist, becoming very moist at 37.0', wet at 46.0', trace gravel at 59.0' 

1 6.0 66.0 SP SAND, fine to medhrm-fine, tightly compacted, light brawn, wet 

1 7.0 73.0 SP SAND, fine to medium-fine, loose, light brawn, very wet 

j 3.0 76.0 SP SAND, fine, modeiately compacted, light brawn, wet 

1 15.6 91.6 SP SAND, fine, loose, light brawn, very wet, vety fine lens of clay (0.013 »t 872' 

1 93.3 CL CLAY, very silty, some layers of silt and sand, little very fine sand, firm, cohesive, brown. 

wet 

D 2.7 96.0 SP SAND, very fine, some sih, well compacted, brawn, wet 

1 0.5 96.5 CL CLAY, some silt, soft, cohesive, brawn, moist 

J 122.0 SP SAND, fine, well compacted, brown, wet 

1 126.2 SP SAND, vety fine, 0.01' lens of clay at 123 J', well compacted, brown, wet, (0.013 lens of 

cUyatl25.T 

1 1.6 127.8 CL CLAY, little silt, small layer of silt (0.053 at 127.2', soft, cohesive, gray/brawn, moist 

1 135.9 SP SAND, very fine, loose, brawn, wet 

136.4 CL CLAY, little silt, soft, cohesive, brown, moist 

139.0 SP-ML SAND, very fine, little silt, trace clay, soft, some loose, wet layers, brown. 
wet 

' * = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 

I 

PID- OVM 580B 
1 with 10.6 eV lamp t3 
9 

r't 

& 

C 

& i) 
n 1 .id 

Sample Depth 6" 12" 18" 24" ac CO 

1.0-Z5' 3 4 6 2 0 

3J-5.0' 2 3 3 11.8 0 

6.0-7.5' 3 5 6 1.6 0 

8J-10.0' 2 3 4 1.6 0 

11.0-12.5' 2 2 2 9 0 

13.5 - 15.0' 2 2 3 6.5 0 

16.0-17.5' 3 3 3 19.6 0 

18.5-20.0' 3 3 4 13.1 0 

21.0-22.5' 2 2 3 19.6 0 

23.5 - 25.0' 1 1 3 24.6 0 

26.0 - 27.5' 7 8 13 615 0 

28.5 - 30.0' 5 8 11 39.3 0 

31.0-32.5' 3 9 13 705 0 

33.5 - 35.0' 3 5 9 54.1 0 

36.0 - 37.5' 11 13 16 79.5 0 

38.5-40.0' 5 9 14 54.1 0 

41.0-42.5' 3 8 9 615 0 

43.5-45.0' 6 10 12 30.3 0 

46.0 - 47.5' 6 8 15 205 0 

48.0 - 50.(7 3 9 15 18 432 0 

50.0-52.0' 6 10 14 13 382 0 

52.0 - 54.0' 3 4 12 18 479 0 

54.0 - 56.0' 9 12 13 28 148 0 

56.0 - 58.0' 3 4 9 14 403 0 

58.0 - 60.0' 8 17 35/0 - 447 0 



State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 
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TECH 
Well/Boring No. SB-95-4 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 10/12/95 Finished: 10/17/. 

Time: Started: 11:30 AM Finished: 11:30 AM 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

Dutton MI 49316 
Equipment: CME1050 

Location: Former P#4 

Crew Chief: Danyl Krause 
ET Supervisor Cathie Cotton 

Grouting/Seal 
Depth/To Material/Method 
0.0-156.0' Bentonite Grout 

Drilling Method(s) Depth 
4-1/4 ID HSA 156.0' 

Remarks: 

Water Level: 46 ft Below Ground 

Groimd Surface 
Elevation (feet): 642.40 

PID- OVM 580B 
.a a with 10.6 eV lamp •a 
9 u c 

p 

niick- Depth i* K 

ness to base s 1 t 
(feet) (feet) uses* Litholf^ic Description Sample Dqjth 6" 12" 18" 24" X 03 

1.0 140.0 MUSP SILT, some very fine sand, little clay, soft. Utile cohesive, gray/brown, very moist 60.0-6i0' 12 49 35 47 194 0 

2.4 142.4 CL CLAY, Utile silt, fiim, cohesive, brown, wet, some layers of veiy loose. 62.0 - 64.0' 14 49 62 59 117.2 0 

soupy silt 64.0 - 66.0' 11 34 38 45 110.7 0 

0.3 142.7 ML/CL SILT, some clay, soft, cohesive, brown, veiy moist 66.0 - 68.0' 4 5 9 12 33.8 0 

4.5 147.2 CL CLAY, Uttle sih, film to stiff, cohesive, giay/brown, moist 68.0-70.0' 3 4 7 9 25.7 0 

2.0 149.2 CL CLAY, Uttle fine sand, soft, cohesive, brown, moist 70.0-7Z0' 7 11 17 21 3.2 0 

0.2 149.4 SP/CL SAND and CLAY, soft, Uttle cohesive, hrown, wet 72.0-74.0' 10 17 24 35 0 0 

3.1 152.5 CUSP CLAY, some fine sand, soft, cohesive, brown, moist 74.0 - 76,0' 12 12 12 27 3.9 0 

3.5 156.0 CL CLAY, little silt, trace fine sand, soft to finn, cohesive, gnyAirown, Uttle moist 76.0 - 78.0' 9 7 6 8 3 0 

78.0-80.0' 6 10 8 9 30.4 0 

EOB@ 156' 80.0-8i0' 3 3 4 5 >2000 0 

82.0 - 84.0' 6 8 8 19 >2000 0 

84.0-86.0' 8 7 9 13 823 0 

86.0 - 88.0' 9 8 13 20 178.3 0 

88.0 - 90.0' 4 8 14 26 >200C 0 

90.0 - 92.0' 6 10 19 20 725 0 

92.0 - 94.0' 4 11 24 41 766 0 

94.0 - 96.0' 4 5 8 19 106.5 0 

96.0-98.0' 17 31 41 60 322 0 

98.0-100.0' 16 28 35 39 88.1 0 

100.0-102.0' 18 32 68 85 218.8 0 

102,0-104.0* 24 54 51 34 13.5 0 

104.0-106.0' 18 28 47 62 18.4 m 106.0- 108.0' 13 32 39 72 39.4 

r 108.0-110.0' 19 96 105 125 34.8 _d 
* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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TECH 
Well/Boring No. SB-95-4 
Client: Occidental Chemical Company 
Project No.: 23123.00 
Date: Started: 10/12/95 Finished: 10/17/95 

Time: Started: 11:30 AM Finished: 11:30 AM 

ptate County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

•Contractor: Steams Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
lipment: CME1050 

Location: Former P#4 

Chief: Darryl Krause 
ET Supervisor. Cathie Cotton 

'routing/Seal 
Depth/To Material/Method 
.0-156.0' Bentonite Grout 

Drilling Metbod(s) Depth 
4-1/4 ID HSA 156.0' 

Remarks: 

i/ater Level: 46 ft Below Ground 

Ground Surface 
Elevation (feet): 642.40 

• ness 
1 (feet) 

Depth 
to base 
(feet) uses'* Litbologic Description 

PID - OVM 580B 

B
ac

kg
ro

un
d 1 with 10.6 eV lamp 

H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

18" 24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

n 
Sample Depth 6" 12" 18" 24" H

ea
ds

pa
ce

 

B
ac

kg
ro

un
d 

110.0-112.0' 22 39 84 122 34.4 0 
112.0-114.0' 44 68 79 135 18.1 0 
114.0-116.0' 32 65 89 134 14.2 0 
116.0-118.0' 32 27 49 101 13.5 0 
118.0-120.0' 8 11 25 27 5.1 0 
120.0-122.0' 5 7 11 22 4.7 0 
12X0-124.0' 14 38 40 57 95.8 0 
124.0-126.0' 8 11 13 14 13.5 0 
126.0-128.0' 11 23 25 49 0 0 
128.0-130.0' 11 15 18 38 7.8 0 
130.0-132.0' 9 9 27 38 423 0 
13X0-134.0' 11 18 28 46 59.3 0 
134.0- 136.0' 15 35 65 51 27.6 0 
136.0-138.0' 18 28 49 55 21.6 0 
138.0-140.0' 26 17 15 18 4.4 0 
140.0-142.0' 6 6 9 30 2 0 
14X0-144.0' 11 23 20 30 3.2 0 
144.0-146.0' 36 63 95 125 - -
146.0-148.0' 21 38 41 65 . -
148.0-150.0' 6 11 22 35 - -
150.0-isxir 6 10 11 21 - . 
15X0-154.0' 19 37 46 70 . . 
154.0-156.0' 18 30 34 65 . -

= The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 

I 
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EARTH 

J11 / Boring Log 

TECH 
Well/Boring No. MW-95-1A (36'-41') 

Client: Occidental Chemical Company 
Project No.: 23123.00 

Date: Started: 10/23/95 

Time: 

Finished: 10/24/95 

Started: 03:30 PM Finished: 09:30 AM 

State County Township Fraction Section T R 
MI Muskegon Montague 30 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
Equipment: CME1050 

Location: P#1 (SB-95-1) 

Crew Chief: Darryl Krause 
ET Supervisor Cathie Cotton 

Drilling Method(s) Depth 
4-1/4 ID HSA with Poly Plug 41.0' Ground Surface 

Elevation (feet): 636.40 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-31.0' Bentonite Grout . 
31.0-33.8' Bentonite Hole Plug 
33.8^1.0' Medium coarse Silica Sand 

Remarks: 

Water Level: 26 ft Below Ground 

;k-
Diess 
(feet) 

Depth 
to base 
(feet) uses* Lithologic Description 

SeeLogforSB-9S-l(0f-13ff) 

r 

PID 

B
ac

kg
ro

un
d i 

H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

i 

18" 24" H
ea

ds
pa

ce
 

B
ac

kg
ro

un
d 

CQ 

12" 18" 24" H
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Sample DepUi 6" 12" 18" 24" H
ea

ds
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kg
ro
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d 

* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



• EARTH TECH 

Log of Well Installation 

Well Number MW-95-1A (36'-4n 

Generalized 
Subsurface 

Profile 
2.6 

Length of Casing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout orBaclcTill 3.0* 

Materbl (Grout or Backnil) 

Bentonite Crrout 

Depth toTop of 

31.0' BeDtODite Pellets 

33.8' 

40.9' 

Depth to Top of Rlter Pack 

Type KAErO-

Depth to Bottom 
of Well Screen 

Borehole 

Backfill Material 

41.0' Total Depth 
of Borehole 

Project Name: Occidental Chemical Company 

Project No: 23123.00 

Top of Casing 
Elevation (feet): 638.89 

Water Level Data 
Date Time Water Level Elevation 

Development Brainerd - Killman pump 
110 gallons 

Survey Reference: 

Well 
Casing 

Diameter: 2" 
Length: 38.5' 

Material: Schedule 304 Stainless Steel 
Cap Type: Compression fit "J" Plug with vent 

Well 
Screen 

Protective 
well casing 

Diameter. 2" 
Length: 5' 

Slot/Type: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel Sq. 4" 
Height Above 
Ground: 2.8 

J^kType: 2402 

General Notes: 
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EARTH 

/ Boring Log 

E C H 
Well/Boring No. MW-95-1B (53'-58') 
Client: Occidental Chemical Company 
Project No.; 23123.00 
Date: Started: 10/24/95 
Time: 

Finished: 10/24/95 

Started: 09:45 AM Finished: 02:00 PM 

State (Hounty Township Fraction Section T R 
MI Muskegon Montague 30 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMl 49316 
Equipment' CME1050 

Location: P#1 (SB-95-1) 

Crew Chief: Darryl Krause 
ET Supervisor Cathie Cotton 

Drilling Method(s) Depth 
4-1/4 ID HSA with Poly Plug 58.0' Ground Surface 

Elevation (feet): 636.40 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0^8.0' Bentonite Grout 
48.0-51.0' Bentonite Hole Plug 
51.0-58.0' Medium coarse Silica Sand 

Remarks: 

Water Level: 26 ft Below Ground 

Jc-
ness 

(feet) 

Depth 
to base 
(feet) uses* Lithologic Description 

Secl.asforSB.95-l (0r-l3«) 
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• = The uses symbol assiped is based on visual and manual observations and not on tests performed in the laboratory. 



I EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number. MW-95-1B (53'-58') 

Generalized 
Subsurface 

Profile 
2.4 

Ixagth of Casing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfdl 3.0' 

Material (Gnwl or Backnil) 

Bentonite Grout 

Depth to Top of 

48.0' Bentonite Pellets 

51.0' J Depth to Top of Filler Pack 

Type K&ErO" 

58.0' 
Depth to Bottom 
of Well Screen 

Borehole 

Backfill Material 

58.0' ToUl [)cpth 
of Borehole 

Top of Casing 
Elevation (feet): I 638.79 

Water Level Data 
Date Time Water Level Elevation 

Development: Airlift 
400 gallons 

Survey Reference: 

Well 
Casing 

Diameter: 2" 
Length: 55.0' 

Material: Schedule 304 Stainless Steel 

Well 
Screen 

Protective 
well casing 

Diameter: 2" 
Length: 5^ 

Slot/Type: 7 Slot continuous wire wound 

Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.7' 

J^ck Type: 

Sq.4" 

2402 

Cap Type: Compression fit "J" Plug with vent 

General Notes: 



11 
EARTH 

^11 / Boring Log 

Page; 1 of 1 

TECH 
Well/Boring No. MW-95-1C (104'-109') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date; Started: 10/24/95 Finished: 10/25/95 

Time: Started: 02:50 PM Finished: 11:00 AM 

State County Township Fraction Section T R 
MI Muskegon Montague 30 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

DuttonMl 49316 
Equipment' CME 1050 

Location: P#l(SB-95-l) 

Crew Chief: Danyl Krause 
ET Supervisor Cathie Cotton 

Drilling Method(s) Depth 
4-1/4 ID HSA with Poly Plug 109.0' Ground Surface 

Elevation (feet): 636.40 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-101.1' Bentonite Grout 
101.1-102.1' "0" Best fuie Silica Sand 
102.1-109.0' Medium coarse SiUca Sand 

Water Level: 26 ft Below Ground 

Remarks: 

k-
ness 
(feet) 

Depth 
to base 
(feet) uses * Lithologic Description 

SeeLogfofSB-9S-l((r.|3(f) • 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW-95-1C (104'-109') 

Generalized 
Subsurface 

Profile 
2.5 

Length of Cuing 
Above OiDund Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfill 3.0' 

Material (Grout or Baekfai) 

Bentoatte Grout 

101.1' 
Depth to Top of 

Besr«g 

vo^Gne and pack 

_102J__J Depth to Top of Filter Pack 

Type K&ErO" 

108.8 
Depth to Bottom 
ofWeUSoeen 

Borehole 

BackGII Material 

109.0' Total Depth 
of Borehole 

Top of Casing 
Elevation (feet): 638.82 

Water Level Data 
Date Time Water Level Elevation 

Development Airlift 
400 gallons 

Survey Reference: 

Well 
Casing 

Diameter 2" 
Length: 106.1' 

Material: Schedule 304 Stainless Steel 

WeU 
Screen 

Protective 
well casing 

Diameter 2" 

Ungth: _51_ 
SlotfType: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.8' 

Sq. 4" 

J^kType: 2402 

Ct^jType: Compression fit "J" Plug with vent 

General Notes: 

I 
I 



• • • EARTH 

ell / Boring Log 

Page: 1 of 1 

TECH 
Well/Boring No. MW-95-2A (21'-26') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 11/20/95 Finished: 11/21/95 

Time: Started: 04:00 PM Finished: 08:00 AM 

State 
MI 

County 
Muskegon 

Township 
Montague 

Fraction Section 
31 12N 

R 
17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 

Location: P#2(SB-95-2) 

•P Equipment: CME750 
Crew Chief: Danyl Krause 
ET Supervisor Eric Meyers 

Drilling Methodfs) Depth 
4-1/4 HSA 26.0' 

i 
I 
I 

Grouting/Seal 
Depth/To Material/Method 
0.0-1.5' Concrete Pad 
1.5-16.0' Quick Grout 
16.0-19.0' Bentonite Pellets 
19.0-26.0' K&E Filter Pack 

Remarks: 

Water Level: 18.9 ft Below Ground 

I 

I 
I 

Ground Surface 
Elevation (feet): 618.90 

jk-

ness 
(feet) 

Depth 
tolnse 
(feet) uses* Lithologic Description 

See Lot for SB-95-2 (Or-130) 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW-95-2A (21'-26') 

Generalized 
Subsurfiace 

Profile 
2.5 

Leoglh of Casing 
Above Ground Surface 

CoDaete Cap (Y) 

Depth to Top of 

Grout or BackTUI 1.5' 

MaterU (Grout or BatkrdI) 

Quick Grout 

16.0' 
Depth to Top of 

Pellets 

19.0' Depth to Top of Filter Pack 

Type 0-KAE 

26.0' 
Depth to Bottom 
of Well Screen 

Borehole 

Backfill Material 

26.0' Toul Depth 
of Borehole 

Top of Casing 
Elevation (feet): 621.19 

Water Level Data 
Date Time Water Level Elevation 

Development: Brianerd - Killman Pump 
65 gallons 

Survey Reference: 

WeU 

Casing 

Diameter 2" Flush Joint 
Length: 23' 

Material: Stainless Steel 
Cap Type: J-Plug 

WeU 
Screen 

Protective 
weU casing 

Diameter: 2" Flush Joint 
Length: 5' 

Slot/Type: 7' 
Material: Stainless Steel 

Material: Steel 
Height Above 
Ground: 3" 

Lock Type: 2402 

" I 

Sq.4" 

General Notes: 



• 
% 

i 
V 
B 
I 
B 
I 
B 
B 
B 
i 
i 
B 
B 
B 
B. 

Page; 1 of 1 

EARTH 

^11 / Boring Log 

TECH 
Well/Boring No. MW-95-2B (77'-82') 
Client: Occidental Chemical Company 
Project No.: 23123,00 
Date; Started: 11/21/95 Finished: 11/21/95 

Time: Started: 08:30 AM Finished: 12:30 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
Equipment' CME1050 

Location: P#2(SB-9S-2) 

Crew Chief: Danyl Krause 
ET Supervisor Eric Meyers 

Grouting/Seal 
Depth/To Material/Method 
0.0-lJ" Concrete Pad 
1.5-72.0' Quick Grout 
72.0-75.0' Bentonite Pellets 
75.0-82.0' K&E Filter Pack 

Drilling Method(s) Depth 
4-1/4 HSA 83.0' 

Remarks: 

Water Level: 18.9 ft Below Ground 

Ground Surface 
Elevation (feet): 618.90 

ck-
nes 
(feet) 

Depth 
to base 
(feet) uses* Lithologic Description 

See Lo( for SB-9S-2 (Or-ISOT) 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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EARTH TECH 
Project Name; Occidental Chemical Company 

Project No: 23123.00 

It 
i 
i 
f 
g 
i 
i 

I 
I 

Log of Well Installation 

Well Number MW-95-2B (77'-82') 

Generalized 
Subsurface 

Profile 

Length of Casing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfill 1.5' 

Material (Grout or BackTiil) 

Neat Cement 

(juick Grout 

72' 

75' 

82' 

Depth to Top of 

PeUets 
2.3A bags Hole Pkig 

Depth to Top of Filter Pack 

Type O-K&E 

3-50# bags 
Depth to Bottom 
of Well Screen 

Sand 
Borehole 

BackCII Material 

83' Total Depth 
of Borehole 

Top of Casing 
Elevation (feet): 621.24 

Water Level Data 
Date Time Water Level Elevation 

Development* Airlift 
300 gallons 

Survey Reference: 

WeU 
Casing 

Diameter: 2" Flush Joint 
Length: 80' 

Material: Stainless Steel 
C^ Type: J-Plug 

Well 

Screen 

Protective 
well casing 

Diameter 2" Flush Joint 
Length: 5' 

Slot/Type: 7' 
Material: Stainless Steel 

Material: Steel 
Height Above 
Ground: 3' 

J^kType: 2402 

Sq.4: 

General Notes: 
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Page: of 1 

EARTH 

jll/Boring Log 

TECH 
Well/Boring No. MW-95-2C(109'-114') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 11/21/95 Finished: 11/22/95 

Time: Started: 02:00 PM Finished: 10:00 AM 

State County Township Fraction Section T R 
Ml Muskegon Montague 31 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

Dutton MI 49316 
Equipment CME1050 

Location: P#2(SB-95-2) 

Crew Chief: Danyl Krause 
ET Supervisor. Eric Meyers 

Drilling Method(s) Depth 
4-1/4 HSA 114.0' 

Grouting/Seal 
Depth/To Material/Method 
0.0-lJ' Concrete Pad 
1.5-105.0' Quick Grout 
105.0-107.0' Fine Sand 
107.0-114.0' K&E Filter Pack 

Remarks: 

Water Level: 18.9 ft Below Ground 

Ground Surface 
Elevation (feet): 619.00 

k-
ness 

(feet) 

Depth 
tolKue 
(feet) uses* Lithologic Description 

See Ixg for SB-95-2 (9-13(0 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



• EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW-95-2C (109'-114') 

Generalized 
Subsurface 

Profile 
2.5 

Length of Cuing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfill 1.5' 

Material (Grout or Backfill) 

(juick Grout 

105' 
Depth to Top of 

Fine Sand 

«g Sand Global 

107' Depth to Top of Filter Pack 

Type O-K&E 

114' 
Depth to Bottom 
ofWeUScnen 

Borehole 

Backfill Material 

114' Total Depth 
of Borehole 

Top of Casing 
Elevation (feet): 621.30 

Water Level Data 
Date Time Water Level Elevation 

Development: Airlift 
400 gallons 

Survey Reference: 

WeU 

Casing 

Diameter 2" 
Length: 111.5' 

Material: Stainless Steel 
Cap Type: J-Plug 

WeU 
Screen 

Protective 
weU casing 

Diameter: 2" 
Length: -5' 

Slot/Type: 7' 
Material: Stainless Steel 

Material: Steel 
Height Above 
Ground: 3' 

Lock Type: 2402 

Sq. 4" 

General Notes: 



I 
EARTH 

JII / Boring Log 

Page: of 

TECH 
Well/Boring No. MW-95-3A (41'-46') 

Clienf Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 11/09/95 

Time: 

Finished: 11/09/95 

Started: 11:00 AM Finished: 02:00 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

Tutor MI 49316 
Equipment CM. 1050 

LocaUon: P#3(SB-95-3) 

Crew Chief: Damel Krause 
Drilling Method(s) Depth 

4-1/4 HSA 46.0' 
ET Supervisor Cathie Cotton 

Ground Surface 
Elevation (feet): 635.60 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-363' Bentonite Grout 
36.5-39.0' Bentonite Hole Plug 
39.0-46.0' Medium coarse Silica Sand 

Remarks: 

Water Level: 37.4 ft Below Ground 

Jc-
ness 

(feet) 

Depth 
to base 
(feet) uses* Llthologic Description 

See l.ot for SB-95-3 foe Ulbo 
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' = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



I EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Numben MW-95-3A (41'-46') 

Generalized 
Subsurface 

Profile 
1.9' 

Length of Cuing 
Above Ground Surfnce 

Concrete Cap (Y) 

Depth to Top of 

Grout orBackTdl 3.0' 

Malcrial (Grwd or Bncknil) 

Bentonite Grout 

46.0' 

Depth to Top of 

36.5' Beatonite Pellets 

39.0' J Depth to Top of Filter Pack 

Type O-K&E Brand Med. 

Coarse Silca Sand 
Depth to Bottom 
ofWeUScieen 

of Borehole 

Top of Casing 
Elevation (feet): 637.57 

Water Level Data 
Date Time Water Level Elevation 

Development: Brainerd-Killman Pump 
75 gallons 

Survey Reference: 

Well 
(basing 

Diameter: 2^ 

Length: 43.5' 

Material: Schedule 304 Stainless Steel 
Cap Type: Compression fit'T' Plug with vent 

WeU 
Screen 

Diameter: 2^ 
Length: 5' 

Slot/Type: 7 Slot continuous wire wound 

Material: Schedule 304 Stainless Steel 

Borehole Material: Steel Sq. 4" 
Backfill Material Protective Height Above 

well casing Ground: 2.3' 
46.0' Toul Depth 

well casing 
Lock Type: 2402 

General Notes: 
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EARTH 

ell / Boring Log 

TECH 
Well/Boring No. MW-95-3B (66'-71') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: 

Time: 

Started: 11/08/95 Finished: 11/08/95 

Started: 02:20 PM Finished: 05:30 PM 

State County Township Fraction Section T R 

MI Muskegon Montague 31 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
Equipment: CME1050 

Location: P#3(SB-95-3) 

Crew Chief: Dairy! Krause 
ET Supervisor Cathie Cotton 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-60.9' Bentonite Grout 
60.9-63.9' Bentonite Hole Plug 
63.9-71.0' Medium coarse Silica Sand 

Drilling Method(s) Depth 
4-1/4 HSA 71.0' 

Remarks: 

Water Level: 37.4 ft Below Ground 

Ground Surface 
Elevation (feet): 635.60 : 

jk-

ness 
(feet) 

Depth 

totKise 
(feet) uses* Llthologic Description 

See Log for SB-95-3 for Ulbo 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



• EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number: MW-95-3B (66'-7r) 

Generalized 
Subsurface 

Profile 
2.2' 

Length of Cuing 
Above Ground Surface 

Concrete Cap (Y) 

[>e{i(hloTopor 

Grout or BaclcTill 3.0' 

Material (Groat or BackTill) 

Bentonite Oout 

60.9' 

63.9' 

71.0' 

Depth to Top of 

Bentonite Pellets 

Depth to Top of Filter Pack 

Type O-K&E Brand Med. 

Coane Silica Sand 
Depth to Bottom 
of Well Screen 

Boiehole 

Backfill Material 

71.0' Total Depth 
of Borehole 

Top of Casing 
Elevation (feet): 637.81 

Water Level Data 
Date Time Water Level Elevation 

Development: Airlift 
300 gallons 

Survey Reference: 

Well 
Casing 

Diameter 2" 
Length: 68.2' 

Material: Schedule 304 Stainless Steel 
Cap Type: Compression fit "J" Plug with vent 

WeU 

Screen 

Protective 
well casing 

Diameter: 2" 
Length: 5' 

Slot/Type: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.5' 

Sq. 4" 

J^ckType: 2402 

General Notes: 
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EARTH 

jll/Boring Log 

TECH 
Well/Boring No. MW-95-3C (112-117') 

Client; Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 11/10/95 Finished: 11/10/95 

Time: Started: 08:00 AM Finished: 11:45 AM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 

Location: P#3(SB-95-3) 

Equipment: CME1050 
Crew Chief: Danyl Krause 
ET Supervisor Cathie Cotton 

Drilling Method(s} Depth 
4-1/4 HSA 117.0' • • 

1 
I 
i 
i 
i 
I 
I 
I 
I 
I 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0'-l08.0' Bentonite Grout 
108.0-110.0' Very fine Silica Sand 
110.0-117.0' Medium coarse Silica Sand 

Water Level: 37.4 ft Below Ground 

Remarks: 

I 
I 

Ground Surface 
Elevation (feet): 636.10 

ness 
(feet) 

Depth 
tolMse 
(feet) uses* Lithologic Description 

See Lo( for SB-9S-3 tor Ulbo 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



I EARTH TECH 

Log of Well Installation 

Well Number. MW-95-3C (112'-117') 

Generalized 
Subsurface 

Profile 
2.0' 

Length of Cuing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfill 3.0' 

Material (Gnat or Backfill) 

Bentonite Grout 

• 108.0' 
Depth to Top of 

Super fioe "Best" 

Silica Sand 

110.0' I Depth to Top of Filter Pack 

Type O-K&E Brand Med. 

Ckiane Silica Sand 
Depth to Bottom 
of Well Screen 117.0' 

Borehole 

Backfill Materia! 

117.0' Total Depth 
of Borehole 

Project Name; Occidental Chemical Company 

Project No: 23123.00 

Top of Casing 
Elevation (feet): 638.16 

Water Level Data 
Date Time Water Level Elevation 

Development: Airlift 
300 gallons 

Survey Reference: 

Well 
C^ing 

Diameter 2^ 
Length: 114.0' 

Material: Schedule 304 Stainless Steel 
C^Type: Compression fit "J" Plug with vent 

WeU 

Screen 

Protective 
well casing 

Diameter 2" 
Length: 5^ 

Slot/Type: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.5' 

Sq. 4" 

i^ckType: 2402 

General Notes: * Estimated depth to silica sand. 
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EARTH 

Jl/Boring Log 

TECH 
Well/Boring No. MW-95-4A (48'-53') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 10/31/95 Finished: 10/31/95 

Time: Started: 08:15 AM Finished: 10:25 AM 

State Ctounty Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Steams Drilling Company 
Address: 6974 Hammond 

Dutton MI 49316 
Equipment: CME1050 

Location: P#4(SB-95^) 

Crew Chief: Danyl Krause 
ET Supervisor. Cathie Cotton 

Drilling Method(s) 
4-1/4 ID HSA 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0^3.4' Bentonite Grout 
43.4-46.0" Bentonite Hole Plug 
46.0-53.6' K&E "0" SiUca Sand 

Remarks: 

Water Level: 46 ft Below Ground 
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Depth 
. 53.6" Ground Surface 

Elevation (feet): 642.40 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



• EARTH TECH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW~95-4A (48'-53') 

Generalized 
Subsurface 

Profile 
2.6' 

Length of Cuing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or Backfill 3.0' 

Material (Grool or Backfill) 

Bentcnite Grout 

Depth to Top of 

43.4' Betitotiite Pellets 

46.0' iDcpthtoTopofFiiterPack 

Type KAE'O" 

53.0' 

Med. coarse Silica Sand 
Depth to Bottom 
of Well Screen 

Borehole 

BukfiU Material 

53.6' Total Depth 
of Borehole 

Top of Casing 
Hevation (feet): 644.74 

Water Level Data 
Date Time Water Level Elevation 

Development: Brainerd-Kilbnan Pump 
90 gallons 

Survey Reference: 

WeU 
Casing 

Diameter: 2" 
Length: 50.6' 

Material: Schedule 304 Stainless Steel 
Cap Type; Compression fit "J" Plug with vent 

Well 
Screen 

Protective 
well casing 

Diameter 2" 
Length: 5' 

Slot/Type: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.7' 

Sq. 4" 

i^kType: 2402 

General Notes: 
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EARTH 

^11 / Boring Log 

TECH 
Well/Boring No. MW-95-4B (81-86') 

Client: Occidental Chemical Company 
Project No.: 23123.00 

Date: Started: 10/31/95 Finished: 10/31/95 

Time: Started: 10:40 AM Finished: 04:30 PM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: Stearns Drilling Company 
Address: 6974 Hammond 

DuttonMI 49316 
Equipment: CME1050 

Location: P#4(SB-95^) 

Crew Chief: Danyl Krause 
ET Supervisor. Cathie Cotton 

Grouting/Seal 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-72.2' Bentonite Grout 
72.2-79.2' Bentonite Hole Plug 
79.0-86.4' K&E med. ooaise Silica Sand 

Drilling Method(s) Depth 
4-1/4 ID HSA 86.4' Ground Surface 

Elevation (feet): 642.40 

Remarks: 

Water Level: 46 ft Below Ground 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 



EARTH TECH 
Project Name; Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW-95-4B (81-86') 

Generalized 
Subsurface 

Profile 
2.6' 

Length o( Casing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Giout or Backfill 3.0' 

MalerU (Grout or BackTill) 

Bentonite Grout 

Depth to Top of 

76.2' Bentotiite Pellets 

79.0' IPepthtoTopofFilterPack 

Type K&E'O" 

86.0' 
Med. coarse Silica Sand 
Depth to Bottom 
of Well Screen 

Borehole 

Backfill Material 

86.4' [Total Depth 
of Borehole 

Top of Casing 
Elevation (feet); 644.85 

Water Level Data 
Date Time Water Level Elevation 

Development; Airlift 
400 gallons 

Survey Reference; 

WeU 
Casing 

Diameter; 2" 
Length; 83.6' 

Material; Schedule 304 Stainless Steel 
Cap Type; Vented compression fit "J" Plug 

WeU 
Screen 

Protective 
weU casing 

Diameter 2" 
Length; 5' 

Slot/Type; 7 Slot continuous wire wound 
Material; Schedule 304 Stainless Steel 

Material; Steel 
Height Above 
Ground; 2.8' 

sq. 4;; 

_LockType; 2402 

General Notes; 
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EARTH 

£ll / Boring Log 

TECH 
WelWBoring No. MW-95-4C (135'-140') 

Client: Occidental Chemical Company 

Project No.: 23123.00 

Date: Started: 11/01/95 Finished: 11/01/95 

Time: Started: 08:00 PM Finished: 05:00 AM 

State County Township Fraction Section T R 
MI Muskegon Montague 31 12N 17W 

Contractor: 
Address: 

Steams Drilling Company 
6974 Hammond 

Location: P#4(SB-954) 

DuttonMI 49316 
CME1050 Equipment' 

Crew Chief: 
ET Supervisor Cathie Cotton 

Parry] Krause 
Driiiing Method(s) Depth 

4-1/4 ID HSA 140.0' Ground Surface 
Elevation (feet): 642.40 

Grouting/Seai 
Depth/To Material/Method 
0.0-3.0' Concrete Pad 
3.0-131.5' Bentonite Grout 
131.5-132.7' Bentonite Holeplug 
132.7-140.0' K&E med. coaise Silica Sand 

Water Level: 46 ft Below Ground 

Remarks: 

Jc-
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Depth 

tobaae 
(feet) uses* Lithologic Description 
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* = The uses symbol assigned is based on visual and manual observations and not on tests performed in the laboratory. 
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EARTH 
Project Name: Occidental Chemical Company 

Project No: 23123.00 

Log of Well Installation 

Well Number MW-95-4C (135'-140') 

Generalized 
Subsurface 

Profile 
2.6' 

Length of Cuing 
Above Ground Surface 

Concrete Cap (Y) 

Depth to Top of 

Grout or BackfdJ 3.0' 

Material (Grout or Backfai) 

Bentonite CSrout 

Depth to Top of 

131.5' Bentonite Pelieta 

132.7' 

140.0' 

Depth to Top of Filter Pack 

Type K&E-O' 

Med. coarse Silica Sand 
Depth to Bottom 
of Well Screen 

Borehole 

Backnii Material 

140.0' Total Depth 
of Borehole 

Top of Casing 
Elevation (feet); 644.99 

Water Level Data 
Date Time Water Level Elevation 

Development: Airlift 
'400 gallons (estimated) 

Survey Reference: 

Well 
Casing 

Diameter: 2" 
Length: 137.6' 

Material: Schedule 304 Stainless Steel 
C^Type: Compression fit "J" Plug with vent 

Well 
Screen 

Protective 
well casing 

Diameter 2" 
Length: 5' 

Slot/Type: 7 Slot continuous wire wound 
Material: Schedule 304 Stainless Steel 

Material: Steel 
Height Above 
Ground: 2.8' 

Sq. 4" 

J^Type: 2402 

(jeneral Notes: 
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