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Mr. David Douglas

Minnesota Pollution Control Agency
520 Lafayette Road North

St. Paul, MN 55155-4194

Subject:

Work Plan for Site Work to Complete Tasks 1 and 2

FMC Corporation Site, Fridley, Minnesota

ARCADIS Geraghty & Miller Project No. MN000428.0003

Dear Mr. Douglas:

Please find enclosed the Work Plan for Site Work to Complete Tasks 1 and 2 for the
FMC Site located in Fridley, Minnesota. The complete scope of work comprised by
Tasks 1 and 2 is described in the work plan submitted to the Minnesota Pollution
Control Agency (MPCA) on August 31, 1999. In summary, Task 1 consists of an
evaluation of the monitoring well network, and Task 2 consists of an evaluation of
the downgradient plume. The enclosed work plan summarizes the Task 1 activities
completed to date, and outlines the site work recommended to complete Tasks 1
and 2.

The site work recommended to complete Tasks 1 and 2 consists of the following:

¢ Monitoring Well Installation. One well will be installed in the -
unconfined aquifer to fill the data gap west of RW2. The second well
will be installed in the confined aquifer to replace MW29. Proposed
monitoring well locations are shown on Figure 7 in the work plan.

o Aquifer Testing Phase I. Groundwater Recovery System Shutdown.
Water levels will be recorded at the four recovery wells and selected
monitoring wells after the system is shut down. The locations of water
level measurements are shown on Figure 8 in the work plan.

e  Groundwater Sampling and Analysis. While the system is down,
groundwater samples will be collected for laboratory analysis from
selected long-screened wells using the low-flow sampling method.
During the same sampling event, groundwater samples will also be
collected from selected short-screened wells. These analytical results
will be used to determine whether the long-screened wells are adequate

G:mn0428/003/corresp/dd072400.doc

ARCADIS Geraghty & Miller, Inc.
420 North Fifth Street

Suite 1035

Minneapolis

Minnesota 55401

Tel 612 339 9434

Fax 612 336 4538

ENVIRONMENTAL SERVICES

Minneapolis

27 July 2000

Contact:

David Richardson

. Extension:

(612) 373.0224



al G EN WS aw e Ew

ARCADIS GERAGHTY &MILLER

for monitoring the downgradient plume, or whether new short-screened
wells are required as suggested by the MPCA. Groundwater samples
will also be collected for field analysis to assess the natural attenuation
of the downgradient plume. Groundwater sampling locations are shown
on Figure 9 in the work plan.

¢ - Aquifer Testing Phase II: Pumping Test at RW4. Before the system is
* restarted, a 24-hour, constant-rate pumping test will be run at RW4
followed by an 8-hour recovery period. The locations of water level
measurements are shown on Figure 10 in the work plan.

A schedule for completing this site work is presented on Figure 11 in the work plan.
We currently plan to begin site work during the week of August 28, 2000 with the
installation of the two new monitoring wells. Site work should be completed in
approximately one month with the conclusion of the pumping test at RW4. The
report preparation should be completed towards the end of December 2000.

We realize that this is a fairly aggressive schedule, however, we would like to hear
from you before drilling begins on August 28, 2000. Please direct any questions or
comments regarding the recommended site work to me at (612) 373.0224. Thank
you in advance for your time.

Sincerely,
ARCADIS Geraghty & Miller, Inc.

D%L‘& Teddse

David Richardson
Geologist/Civil Engineer

Copies: - ) ) ’

Mr. Doug Hildre - United Defense, Fridley, Minnesota

Mr. Lonnie Norman - FMC Corporation, Philadelphia, Pennsylvania
Mr. James Bedessem — ARCADIS Geraghty & Miller, Tampa, Florida
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 Work Plan for Site

ARCADIS GERAGHTY&MILLER ' Work to Complete
- Tasks 1 and 2

Introduction

ARCADIS Geraghty & Miller submitted a work plan to the Minnesota Pollution
Control Agency (MPCA) in August 1999 for reviewing the response action (RA) for
the FMC Site located in Fridley, Minnesota. The work plan was prepared on behalf of
FMC and United Defense in response to the Five-Year Review prepared for the FMC
Site by the MPCA in March 1999.

In its Five-Year Review, the MPCA stated that the RA has not achieved the cleanup
goals for this site following nearly thirteen years of operation. The MPCA also made
several recommendations for evaluating the effectiveness of the RA. The work plan
identified three primary tasks to be completed to address the MPCA’s
recommendations relative to the RA:

1. Evaluate the current monitoring well network.

2. Evaluate the down gradlent plume not captured by the groundwater recovery
system. :

3. Evaluate additional methods that may enhance the performance of the exlstmg
RA to remediate source areas, and to control the site plume.

A summary of the Task 1 activities completed to date is provided in the next section.
Based on this summary, site work is recommended to complete Task 1. The site work
consists of installing and sampling two new monitoring wells, and sampling a
combination of existing long-screened wells and nested short-screened wells.

Site work is also being recommended to begin Task 2. The site work consists of
shutting down the existing groundwater recovery system, and measuring water levels
at the recovery wells and at selected monitoring wells. A pumping test will also be
conducted at one recovery well :

Summary of Completed Task 1 Activities

Task 1 consists of evaluating the monitoring well network based on its effectiveness to
monitor the plume in both the unconfined and confined aquifers. Task 1 activities
completed to date used historical groundwater data. ARCADIS Geraghty & Miller
used data visualization software called the Environmental Workbench™ (EWB) to
assist in this evaluation.
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Existing survey data, geological data, well construction data, and groundwater data
were input into the EWB to create a three dimensional (3-D) model of the site geology,
well screen locations, groundwater elevations, and contaminant concentrations in both
aquifers. The EWB can now be used to view the model from any desired direction and
angle. :

Visualization of Geology, Well Consiruction, and Groundwater Data

The geology of the FMC Site consists of two sand aquifers separated by a clay layer.
The surface elevation of the clay layer is not constant across the FMC Site as shown
in Figure 1 created using the EWB. However, there is a good correlation between
Figure 1 and previous clay surface elevation contour maps developed for the FMC
Site. This serves as a good check of the geologic model constructed using the EWB.

Unconfined Aquifer

The unconfined aquifer roughly exists where the clay surface elevation drops below
810 feet above mean sea level (MSL). Historically, the highest concentrations of
contaminants in the unconfined aquifer have been detected in the vicinity of RW2 near
the center of a depression in the clay surface. Based on the clay surface elevations
shown on Figure 1, this depression has two outlets, one to the west and one to the
south, where the clay surface elevation remains below 810 feet MSL.

Figure 2 shows the clay surface and groundwater elevations measured on September
30, 1999 in the unconfined aquifer using the EWB. As shown here, groundwater in the

. unconfined aquifer is present over a limited portion of the site and generally flows

west towards the Mississippi River. However, there are no monitoring wells in the
unconfined aquifer west of RW2. Therefore, it is recommended that one monitoring

well be installed west of RW?2 to fill this data gap.

 As shown in Figure 2, the unconfined aquifer also extends south of RW2. While

groundwater in the unconfined aquifer flows to the west, detectable concentrations of
contaminants are also observed in the six monitoring wells in the unconfined aquifer
south of RW2. However, there do not appear to be any data gaps in the unconfined
aquifer south of RW2. As such, no additional monitoring wells are recommended
south of RW2. - : Lo

Confined Aquifer

The confined-aquifer exists across the entire FMC Site although its thickness is’

- variable. Figure 3 shows the locations of two new cross sections prepared for the

G:mn0428/003workplaiviinaiworkplan doc
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FMC Site. Figure 4 shows cross section A-A’ oriented in the direction of groundwater
flow from the FMC Site to the Mississippi River. Figure 5 shows cross section B-B’
along the line of recovery wells in the confined aquifer. These two cross sections were
needed because the previous cross sections did not show any well construction details
or water level data. '

The cross section on Figure 4 shows that wells screened in the confined aquifer have
the same groundwater elevation regardless of screen length or screen position within
the aquifer. For example, MW 11 through MW 14 are constructed with short screens (5
to 10 feet) positioned at various elevations within the entire thickness of the confined
aquifer. Two down gradient off-site wells MW 54 and MW 39 are constructed with
long screens (75 to 90 feet) positioned across the entire thickness of the confined
aquifer. The groundwater elevations in all six of these wells are nearly identical. This
means the long-screened wells properly posmoned in the confined aquifer yield
adequate groundwater elevation data.

The cross section on Figure 4 also shows that wells screened across more than one
aquifer may not yield accurate groundwater elevation data. For example, consider the

~ well nest comprised of MW21, MW39, and MW43. Each of these three wells is

properly screened in a separate aquifer, and the groundwater elevations in each well
are markedly different. In fact, the groundwater elevation increases with increasing
aquifer depth. This means that a groundwater elevation measured in a well screened
across two aquifers probably represents the average groundwater elevation of the two
aquifers. Such groundwater elevations have limited value.

Monitoring well 29 located between RW3 and RW4 is screened across the confined
aquifer and the St. Peter Sandstone (Figure 5). As such, the groundwater elevations
measured at MW29 are probably not truly representative of either aquifer. As such, it
is recommended that one new monitoring well be installed next to MW29 and properly
screened in the confined aquifer. The new well should provide better groundwater
elevation and analytical data for the confined aquifer than MW29. ‘

Figure 6 shows the groundwater elevations measured on September 30, 1999 in the .

B confined aquifer using the EWB. The groundwater in the confined aquifer is flowing

to the west and the elevations indicate there may be a gap in the capture zone between
recovery wells RW3 and RW4. However, the identified gap in the capture zone is.
based primarily on the groundwater elevation measured at MW-29 that, as discussed
previously, may not be representative of confined aquifer conditions. This further
supports the need for a new monitoring well in this location.

G:mn0428/003Aworkplarvfinaiworkplan.doc
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Evaluation of Monitoring Well Sampling Techniques

'During the same time the 3-D geologic model was being developed using the EWB,

new groundwater sampling techniques were evaluated for application at the FMC Site.
The MPCA recommended that the down gradient long-screened wells in the confined
aquifer be replaced with nested short-screened wells to better monitor the horizontal
and vertical extent of the contaminant plume. While this may be necessary, new
sampling technologies have recently emerged that may allow accurate characterization
of the vertical extent of contaminated groundwater using the existing long-screened
wells. Examples of these new technologies are: :

¢ Passive multi-layer samplérs manufactured by Johnson Screens.

e Strata sa;nplers manufactured by Timco.

e Low-flow groundwatcp sampling at multiple depths.
Based on an evaluation of these new sampling techniques, low-flow groundwater
sampling at multiple depths appears to be a viable and cost effective alternative for the

FMC Site. Multi-level samplers also appear viable from a data reliability and validity
standpoint, but they are more costly due to the time required for deployment and

. recovery. Dialysis or membrane samplers are generally used for sampling low

permeability formations or fractured rock (Ronen et al 1987).

Low flow sampling has been evaluated and implemented as a means whereby less
disturbance is induced in the well during sampling, less purge volume is required, and
low-turbidity samples are produced. The overall objective of this more passive
approach is to match the intake velocity of the pump with the natural groundwater
flow velocity (Puls, 1993; Puls and McCarthy, 1993). .

Low flow purging is conducted to minimize mixing of water in the screened interval
and also mixing with stagnant water in the casing. In determining the placement of the

~ purge pump, attention must be paid to identify higher conductivity zones in the

aquifer, as placement of the purge pump in the higher conductivity zones will
preferentially sample those zones. Sampling protocols have been established for low
flow sampling (Barcelona et al, 1994: Puls and Barcelona, 1996). Recommended
procedures include: 1) flow rates less than 0.5 L/min, 2) measure and maintain
minimal or no drawdown during purging (less than 0.1m), 3) monitor water quality
parameters during purging using an in-line water quality measurement device (e.g.,
flow-through cell) for pH, specific conductance, redox, dissolved oxygen, 4) place the

" sampling device to the desired interval slowly and carefully to minimize excessive -

G:mn0428/003Morkplan/finaiworkplan.doc
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mixing of overlying water into the desired interval, and 5) take care to place the
sampling device intake at the desired sampling point,

The necessity for replacing long-screened wells with nested short-screened wells and
the applicability of low-flow sampling instead of installing new nested wells, if
determined to be necessary, will be evaluated in the sampling program proposed
below. There are several short-screened well nests currently in place at the FMC Site
that are located near or upgradient of long-screened wells. Examples include the well

. nest comprised of MW11, MW12, MW13, and MW 14 which is upgradient of MW54

and well nest comprised of MW57A and MW57B which is near MW30. However, the
nested short-screened wells and long-screened wells are not often sampled on the same
schedule. Therefore, these long-screened wells will be sampled at multiple depths
using low-flow sampling techniques, and this will be performed concurrently with
sampling at the nearby short-screened well nests to determine if the low-flow sampling
gives comparable results. This data will be also be compared to historical results for
the long-screened wells to determine if the traditional sampling techniques and data are
representative. Thus, this sampling program will determine the necessity for discrete
interval sampling and whether low-flow sampling is adequate or whether new short-

- screened well nests should be proposed. :

- Site Work Recommended for Tasks 1 and 2

Monitoring Well Installation

One new monitoring well will be installed in the unconfined aquifer between MW45

and MW37 to fill the data gap west of RW2 as shown on Figure 7. This new well will
be called MWS58. Prior to any drilling, the underground utilities will be located using

the Gopher State One Call Service. The new monitoring well in the unconfined aquifer -
will be constructed similar to MW35 (see well construction log for MW35 in

Appendix A) with the following exceptions. The well diameter will be 2 inches. The
well screen will be stainless steel, not galvanized steel. The screen will be positioned
between 25 and 45 feet below ground surface. The top of the screen must intersect the
water table, and the bottom of the screen must not intersect the top of the clay layer.

~As such, soil sampling will be required at 5-foot intervals to verify the depth to water

and the top of the clay layer.

The second new' monitoring well will be installed in the confined aquifer next to -
MW?29 (Figure 7). This new well will be called MW29A. The new well will be
constructed similar to MW29 (see well construction log for MW29 in Appendix A) -

‘with the following exceptions. The well diameter will be 2 inches. The screen will be

positioned between 45 and 65 feet below ground surface. The cement grout seal will -

G:mn0428/003workplan/finalworkplan.doc
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extend to a minimum depth 6f 40 below ground surface to ensure it is below the
bottom of the clay layer. As such, soil sampling wxll be required at 5-foot intervals to
verify the top and bottom of the clay layer.

The two new monitoring wells will be developed immediately after installation by
pumping 10-15 well volumes of water from each well. The development water will be
pumped into a tank located next to the new well. ARCADIS Geraghty & Miller will
coordinate the sampling and disposal of the development water.

Following development, the location and elevation of the two new monitoring wells
will be surveyed. The horizontal location will be surveyed relative to the MN/DOT
State Plane System, South Zone NAD83. This is the same coordinate system that is
used for the entire monitoring well network at the FMC Site. The elevation will be
surveyed relative to the USGS benchmark established at the FMC Site. The
benchmark is near Gate 16, and its elevation is 833.41 feet MSL.

Aquifer Testing Phase I: Groundwater Recovery System Shutdown

The first phase of aqliifer testing will begin after the two new monitoring wells are
installed. These data will be used to refine prewous aquifer properties for the
unconfined and confined aquifers.

The ﬁrst phase of aquifer testing will consist of shutting down the groundwater
recovery system, and observing the rate of water level recovery in the recovery wells
and selected monitoring wells for eight hours. It is expected that the water levels in the

~ recovery wells will return to equilibrium within eight hours of shutting the system
down.

Prior to shutting the system down, the pumping rate at each recovery well will be
recorded. Barometric pressure will also recorded before system shutdown, and then
hourly for the next eight hours. Figure 8 shows the locations of the wells that will be
used for the first phase of aquifer testing. Table 1 presents frequency of water level
measurements at each well before and after the system is shut down.

Groundwater Sampling and Analysis

Following the first phase of aquifer testing, one round of groundwater samples will be
collected from selected monitoring wells using the low-flow sampling method. The
low-flow sampling method is déscribed in the standard operating procedure located in
Appendix B. Groundwater sampling will focus on the long-screened wells and nested
short-screened wells between RW4 and the Mississippi River. Figure 9 shows the

042800 Mworkplan/finalworkolan.doc
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locations of the monitoring wells that will be sampled. The sampling order and depths
are presented on Table 2.

* Groundwater samples will be collected and analyzed by Interpoll Laboratories, Circle

Pines, Minnesota. ARCADIS Geraghty & Miller will be on-site to oversee the first
day of groundwater sampling. Groundwater samples will be analyzed for volatile
organic compounds (VOCs) using USEPA Method 8260. This method includes the
primary contaminant (trichloroethene) and its breakdown products. An example of an
Interpoll report for USEPA Method 8260 is located in Appendix C. ‘

Equipment rinsate blanks and duplicate samples will be collected at a ten percent
effort, and a trip blank will accompany each cooler of samples. Purge water will be
disposed by discharging the water to the POTW. The following stabilization
parameters will be measured while purging each well. The stabilization parameters
will be measured using a flow cell and appropriate meter(s).

¢ Temperature

Conductivity

Dissolved oxygen

Oxidation/reduction potentia]

e pH.
In addition to the stabilization paraineters, the following natural attenuation
parameters will be recorded during the collection of each groundwater sample. These
natural attenuation parameters will be measured using field test kits:

e Iron (Fe*)

¢ Manganese (Mn*")

e Nitrate (NO;2)

« Sulfate (SO4)

¢ Hydrogen sulfide (H,S)

¢ Carbon dioxide (CO;)

G:mn0428/003Aworkplanfinatworkplan.doc
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e Chloride (CI).
Aquifer Testing Phase II: Pumping Test at RW4 A

The second phase of aquifer testing will begin after groundwater sampling is
completed. These data will be used to refine previous aquifer properties for the
confined aquifer. ' ‘ ‘

The second phase of aquifer testing will consist of a 24-hour constant-rate pumping

test at RW4. Groundwater will be pumped from RW4 at a rate of 50 gallons per

minute (gpm) using the existing groundwater recovery system with one exception. The

existing pump will not reach 50 gpm. As such, a different pump will be installed to

obtain a flow rate of 50 gpm. Groundwater will not be pumped from any of the other '
recovery wells during this test. Pumped water will be discharged to the POTW. é GFM o 7;M '7

"Prior to starting the test, baseline water levels and barometric pressure will be
recorded. After 24 hours of pumping at RW4, the pump will be shut down and water
level recovery will be recorded for another eight hours. Figure 10 shows the locations
of the wells that will be used for the second phase of aquifer testing. Table 3 presents
the frequency of water level measurements at each well before, during, and after the
pumping test. Barometric pressure readings will be recorded hourly for the entire 32
hours.

Data Analysis

~ Data analysis will consist of preparing well construction logs for the two new

monitoring wells, tabulating and analyzing the pumping test data, and tabulating and
analyzing the analytical data.

Report Preparation

A report will be prepared to summarize the data. It is expected that the report will
include the following tables, figures, and appendices: ‘ '

_ Tables ' Figures : Appendices
Groundwater Elevations Site Map Well Logs
Pumping Test Results Cross Sections Pumping Test Data
Analvytical Results - Groundwater Elevation Contours | Analytical Data

> Pumping Test Graphs ‘
Isoconcentration Contours
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The body of the report will describe the methods and procedures used to collect and
analyze field data, and summarize the results. If necessary, additional modifications to
the groundwater recovery system or the groundwater monitoring network will be
recommended.

Schedule

A schedule for implementing this scope of work is on Figure 11. Site work is
scheduled to begin on August 28, 2000 with the installation of the two new monitoring
wells. Site work should be completed by September 29, 2000 with the conclusion of
the pumping test and recovery period at RW4. Final copies of the report should be
ready for submittal by the end of December 2000.

G:MN0428/00Mworkplan/finaworkplan.doc
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Table 1. Aquifer Testing Phase I: Frequency of Water Level Measurements
United Defense, Fridley, Minnesota

Baséline Recovery

Well ID Water Levels  Frequency Water Levels Frequency .
RW2 X Single X Log
MW36 X Single X Log
MW46 X Single X . Log
MW47 X Single X Log
Rw3 . X Single X 15 minutes
MW55B X . Single X 15 minutes
MW15 X ~Single X 15 minutes
MW28 X Single X 15 minutes
RW4 X Single X 15 minutes
MW56B X Single X 15 minutes
MW 12 X Single X 15 minutes
MWI13 X Single X " 15 minutes
RW5 X Single X - Log
MWS57A X Single X Log
MW57B X Single X Log
MW30 X Single X Log

Single frequency water levels will be measured with an electronic water level indicator.
Log frequency water levels will be measured with data loggers and transducers.

g:mn0428/003/workplan/wptables.xls/phasel
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Table 2. Low-Flow Groundwater Sampling: Depth of Sampling
United Defense, Fridley, Minnesota
Sampling Order Well ID Screen Interval (ft) Sampling Depth (ft)
1 MW39 45-134 130
2 90
3 50
4 MWS53 35.5-135 130
5 85
6 40
7. MW5 24.7-45 35
8 MW2 , 26-46 36
9 MW54 64.5-140 135
10 100
11 70
12 MWS57A 95-100 97
13 MW57B . 60-65 62
14 MW30 - 40-112 105
15 75
16 45
17 MW11 85-95 90
18 MW12 65-70 67
19 MW13 A 4146 43
20 MW14 25-30 27
21 MW29A ‘ 45-65 55
22 MWS58 2545 35

g:mn0428/003/workplan/wptables.xls/lowflowsampling
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Aquifer Testing Phase II: Frequency of Water Level Measurements

Table 3.
United Defense, Fridley, Minnesota
Baseline _Pumping Test Recovery

Well ID - Water Levels - Frequency Water Levels  Frequency Water Levels  Frequency
RW4 X Single - X Log X Log
MW56B X Single X Log X Log
MW12 X Single X Log X . Log
MWI13 X Single X Log X Log
MWS56A X Single X Single/hour X Single/hour
MWI11 X Single X Single/hour X Single/hour
MW 14 X ‘Single X Single/hour X " Single/hour
MW2 X Single X Single/hour X Single/hour
MW29A X Single X Single/hour X Single/hour
MW30 X Single X Single/hour X Single/hour
MWS53 X Single X Single/hour X Single/hour
MW54 X Single X Single/hour X Single/hour

Single frequency water levels will be measured with an electronic water level indicator.

g:mn0428/003/workplan/wptables.xls/phasell

Log ﬁ-equency. water levels will be measured with data loggers and transducers.
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Figure 11. Schedule for Work Plan Implementation

[ August [ September October | November | December
ID | Task Name 30 [ 6 1320 [27 ] 3 J10 ] 17 ] 24 1 [ 8 152220 5 [12 19 [ 26 ] 3 [107] 17 | 24

1 | Access &

2 | Monitoring Well Installation

3 |System Shut Down

4 | Aquifer Testing Phase I

5 | Groundwater Sampling

6 | Aquifer Testing Phase II

7 | System Restart
8 | Data Analysis

8 |Report Preparation £ T

Task l,.ggf-mggla;;il Summary ~ Rolled Up Progress |
Project: wpsched MPP AT AP B
B e EREM [l Ty [ o
Date: Mon 7/24/00 Progress Rolled Up Task |0 ]
Milestone L Rolled Up Milestone <
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Standard Operating Procedures Procedure No. 3.4
Geraghty & Miller, Inc. Revision: 1
Minneapolis, Minnesota July 14, 2000

' ~ Page 1 of 2

' STANDARD OPERATING PROCEDURE NO. 3.4

LOW FLOW PURGING OF A MONITORING WELL BEFORE SAMPLING

1.0 PURPOSE

The purpose of this procedure is to provide a uniform basis for low flow purgmg ofa
monitoring well before collecting a groundwater sample This procedure also provides
quality control steps necessary for low flow purging of a monitoring well, and for
ensuring continuity between field personnel.

2.0 PROCEDURES

2.1.
2.2.

2.3.

24

25. .

2.6.

Don appropriate PPE per HASP.

Locate and identify the well.

After measuring depth to water, measure the total depth of the well to be
sampled. Calculate volume of water in the well and record it the volume on the

Low Flow Groundwater Sampling Form.

Connect a clean length of tubing to the pump just above the check valve using a
stainless steel clamp. Make sure the tubing will be long enough to reach the

- ground surface after the pump intake has been lowered to the desired depth.

Lower the pump so the intake is at the appropriate depth.

Purge water from the well at 100 to 500 milliliters (ml) per minute. Flow rates

. will be determined using a 1,000 ml graduated cylinder and a timer. Place purge

water into a 5-gallon bucket. When the bucket is full, place the purge water in a
55-gallon container located near the dischrage point for the groundwater-
recovery system. When the container is full or at the conclusion of a sampling
event (whichever occurs first), transfer the purge water to the POTW.

Monitor the depth to water during purging using an electronic water level
indicator to verify that the water level has stabilized near the static water level.
After the water level is stabilized, continue to purge well until the following
stabilization criteria are met or 5 well volumes have been removed:
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3.0

4.0

Three successive readings within the following ranges:

pH - + 0.1 units
Temperature £0.5°C
Conductivity 5%
Redox - +20mv
DO + 0.5 mg/L

2.7  Clean the submersible pump, check valve; clamp, and wire leads after use at
each sampling location. Use new vinyl tubing at each sampling location.

REFERENCES

3.1  Instruction Manual, Redi-Flo 2, Grundfos pump.
3.2  Forms Book — Low Flow Groundwater Sampling Form.

EXHIBITS

4.1  Equipment List
Submersible pump and appurtenances
Flow-through cell and appurtenances
Vinyl tubing
Steel clamps
Graduated cylinder
Timer
Generator
Extension cord
5 gallon bucket
Calculator
Low Flow Groundwater Sampling Form
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Groundwater Sampling Form Page of
Project/No.  well C Date
Screen Measuring Point Casing
Setting Description Diameter (inches)
Static Measured Width Well Materials PVC
Water Level , _ ST. Steel
Total depth Pump On: Pump
Intake:
Purge Method Pump Off: Volumes Purged
Centrifugal Sample Time: 4
Submersible _ Sampled
Other Bailer Type: By:
Time Minutes Rate DTW  |Gallons pH . |Cond. TURB Redox [ Diss. TEMP, REMARKS 3)
Elapsed (gpm) Purged umhos 02 (@]
(MU . msem _ |NTU)  kmv)  [meny | -
. N
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. ANALYTICAL RESULTS
FOR UNITED DEFENSE CORPORATION
PURCHASE ORDER #629862
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United Defense Corporation
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4800 East River Road
Minneapolis, MIN 55421-1498

Atteation: Tim Ruda, M375

Approved By:
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David J. Schneider, Manager
Chemistry Department
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PROJECT SUMMARY

The following Laboratory Report contains the analytical results for two water samples submitted to Interpoll
Laboratories by United Defense for United Defense's Purchase Order #629862. The samples were received
on January 21, 1999 according to Interpoll Labs documented sample acceptance procedures. The samples
were analyzed for the parameters requested on the United Defense Chain-of-Custody form which

accompanied the sample.

Sample ID ILI Sample #
9005a, Mpls. Intake 12312-01
9005b, GWS Total -12312-02

Results are reported on an as received basis.

Surrogates are reported as percent (%) recovery.

' Surrogate Method Confrol Limits o
1,2-Dichloroethane-D4 SW-846, 8260 76-114
Toluene-D8 SW-846, 8260 - 88-110
4-Bromofluorobenzene SW-846, 8260 86-115

Footnotes:

*As requested by Mr. Tim Ruda of United Defense, Interpoll. Laboratories ‘analyzed the sample for the EPA
Method 601/602 list of parameters by SW-846 Method 8260. ,

®Sample was diluted by a factor of 20 to accommodate the analyte concentration. Reported value represents
the concentration in the onginal undiluted sample, i.e., instrumental result was multiplied by the dilution
factor prior to reporting, Achieved detection limit is given. The target detection limit apphcable to the sample
may be obtained by dividing the achieved detection limit by the dilution factor.

DJS/cg
. BDL = below detection limit
" Invoice Enclosed



Sample Identification: 9005a, Mpls. Intake [nterpoll Laboratories, Inc.

Saﬁiplc Type: Water

Laboratory Log Number: 12312-01

EPA Method SW-846, 8260, 4
Preparation Date: 1/28/99

Analysis Date: 1/28/99
Benzene
Bromodichloromethane

"Bromoform

Bromomethane

Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Dibromochloromethane
1,2-Dichlorobenzene
1,3-Dichiorobenzene

" 1,4-Dichlorobenzene
- Dichlorodifluoromethane

1,1-Dichloroethane
1,2-Dichioroethane
1,1-Dichlorothene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Methylene chloride
1,1,2,2-Tetrachiorethane
Tetrachlorethene
Toluene
1,1,1-Tnchloroethane
1,1,2-Tnchloroethane
Trichloroethene
Trichlorofluoromethane
Viny! chloride
m/p-Xylene
0-Xylene
Surrogates:
1,2-Dichlorethane-D4
Toluene-D8
4-Bromofluorobenzene

Laboratory Report #12312

United Defense

Target
Detection Analytical
Limit Result Method
(ug/L) (ug/L) Blank
0.30 BDL BDL
0.13 BDL BDL
0.30 BDL BDL
1.0 BDL BDL
0.24 BDL BDL
0.75 BDL BDL
1.0 BDL BDL
25 BDL BDL
0.50 BDL BDL
-0.20 BDL BDL
0.12 BDL BDL
0.45 BDL BDL
0.45 BDL BDL
0.45 BDL BDL
0.25 BDL BDL
0.20 BDL BDL
0.10 BDL BDL
0.16 BDL BDL
0.21 BDL BDL
0.10 BDL BDL
0.16 BDL BDL
0.46 BDL BDL
0.50 BDL BDL
0.60 BDL BDL
1.0 BDL BDL
0.60 BDL BDL
0.75 BDL BDL
0.75 BDL BDL
0.54 ‘BDL BDL
0.20 - BDL BDL
0.50 - BDL BDL
0.20 BDL BDL
0.20 BDL BDL
0.90 BDL BDL
0.90 BDL BDL
105% 110%
100% 101%
109% 112%
Page | of 2
2/4/99
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United Defense CHAIN OF CUSTODY RECORD

Amnament Systems Division

Site Description
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I. FIELD DATA

Sample Date Time Sample Location Sample Type Number of R‘er;r1arks - Analysis Requested

Number ‘ ' Containers _—

Q004 [ \/[2] "‘7/7;’/ Mels  Tntuke bab 1231201 32 ' M;&L:w e lab cw.-ul:,
3 1 ewsd Yol |l -2 FEE

0G| /74 [ 1520 | Aoy — Blast 1223 -4l |

w7 i6:00 | Glags Bed } \Q’D)L} /di / g Nrrl(:, Ar\/ Yornarovd yr.';} i/e_x/—,;{
B %0 Lheel Ov:/'—ﬂ/;,f}' 1/ _gé{f -—@ /

Sampl Signalure . .
//ef:,\‘ 7&% . : Total Number of Containers
’ : il..CHAIN OF CUSTODY
Relinquish% Date / Time | Becejpd Relinquished By Date / Time Received By
s . 121/73 11305 | Qff “Lemnun o,
sign : — - sign .__sign sign
Relinquished By ‘ Date / Time o Received By Relinquished By Date / Time Received By
I ' ' / |
sign ‘ . : sign sign ' sign
Relinquished By Date / Time Received By Relinquished By Date / Time Received By
/ /
sign : sign ' sign sign
Memod of Shipment . Shipped By . Received for Laboraggry Date / Time
. . [} N l
| : . ' ; sign . ) sign
Il Copies To i IV. Lab Supervisor Date

" VA-001.00C Fcb98 ) ) Distribution: White - Return to Requoslor Yellow - Relained by Analytical Pink - Retalned by Requester



ARCADIS GERAGHTY&MILLER

ARCADIS Geraghty & Miller, Inc.
420 North Fifth Street
. ) Suite 1035
TELEFAX ' ' Minneapolis
Minnesota 55401
Tel 612 339 9434

To: . . Copies: Fax 612 336 4538
Mr. Doug Hildre - United Defense Mr. Lonnie Norman - FMC Corp
Fridley, MN Philadelphia, PA
. - Fax (2 15) 299 6947
ENVIRONMENTAL SERVICES.

Fax: Total pages:
(612) 572.4901 3
Subject: . _ ARCADIS Geraghty & Mil'ler Project No.: B‘;""n d Richardson
FMC Site - Fridley, MN . : MN000428.0003

- Extension:

(612) 373.0224

If you do not receive all pages, please call to let us know as soon as possible.

Hello - Follbwing my conversation with Doug this moming, I have revised the schedule for implementing
the work plan. "Access to the Minneapolis Water Works is set as the milestone that triggers the beginning
of the site work. Since we do not know the exact day this access will be obtained, the timescale was

" changed to a generic one (weeks and months instead of actual dates). Milestones are also included for

stopping and starting the groundwater recovery system. Please feel free to call me at (612) 373.0224 if
you have any questions or comments regarding the revised schedule.

Doug - The well construction logs and site maps you requested for obtaining access were malled to you
today. Please let me know if you do not receive them by the énd of this week.

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHICH IT IS ADDRESSED AND MAY CONTAIN

INFORMATION THAT (S PRIVILEGED, CONFIDENTIAL, AND EXEMPT FROM DISCLOSURE UNDER APPLICABLE LAW.

If the reader of this message is not the intended recipient, or the employee or agent responsnble for delivering the message to the intended recipient, you
are hereby notified that any dissemination, distribution, or copying of this communication is strictly prohlbxted If you have received this commumcanon in
error, please notify us immediately by telephone and return the original message to us at the above address via the U.S. postal service. .

gApro} 28003\ dence\dh071800e.doc
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Work Plan for Site
Work to Complete
Tasks 1 and 2

Tables Figures Appendices
Groundwater Elevations Site Map Well Logs
Pumping Test Results Cross Sections Pumping Test Data
Analytical Results Groundwater Elevation Contours | Analytical Data

Pumping Test Graphs
Isoconcentration Contours

The body of the report will describe the methods and procedures used to collect and
analyze field data, and summarize the results. If necessary, additional modifications

recommended.

Schedule

. to the groundwater recovery system or the groundwater monitoring network will be

A schedule for implementing this scope of work is on Figure 7. Site work is scheduled
to begin with the installation of the two new monitoring wells as soon as access is
obtained from the Minneapolis Water Works. After access is obtained, site work
should be completed in approximately one month. After site work is complete, final
copies of the report should be ready for submuttal in approximately two months,

G:mn0428/003workplan/finalworkplan.doc
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Figure 7. Schedule for Work Plan Implementation | : '

— [ Month1 T Monthz Month 3 [
ID__|Task Name Wi [ w2 | w3 | ws | ws | ws | w7z | ws [ wo wio | wit | w12 T wiz | wi4
1 | Access ; ’

2. |Monitoring Well Installation

3 |System Shut Down ' ¢

4 | Aquifer Testing Phase I

'8 | Groundwater Sampling

6 Aquifer Testing Phase II

7 |System Restart
. 8 | Data Analysis

9 |Report Preparation

Task Summary P  Rolied Up Progress I Saamm—
Project: wpsched.MPP : EEE—— ) - )
Date: Tue 7/18/00 Progress Rolled Up Task

Milestone ¢ Rolled Up Milestone >

Page 1




