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1.0 Executive Summary

This Fiscal Year 2003 (FY 2003) Annual Performance Report:

e Summarizes the status of remedy implementation; and

e Addresses how the remedies are performing,
for each of the three operable units related to the Twin Cities Army Ammunition Plant
(TCAAP). Fiscal Year 2003 is defined as the period from October 1, 2002, through September
30, 2003.

Records of Decision (RODs) have been signed for each of the three operable units (OUs):

e OUI ROD signed September 1993
e OU2 ROD signed December 1997
e OU3 ROD signed September 1992

The RODs present the major components of the final remedies for the media of concern. This

report looks at each of the major components and addresses:

1. Are the remedies being implemented? (Compliance check with the RODs)

2. Are the remedies doing what they are supposed to?

Table 1-1, at the end of this section, summarizes the status of remedial actions at the end of

FY 2003. Following are highlights of the accomplishments for each operable unit.

T:\1038\12\FY03 APR\APR Text\FY03 APR Text.doc 1-1



Operable Unit 1 (OU1): Deep Groundwater

OUI consists of the “north” plume of Volatile Organic Compound (VOC) groundwater

contamination off the TCAAP installation. The final remedy for OU1 consists of pumping three

primary municipal wells (New Brighton municipal wells NBM #4, #14 and #15) and treating the

extracted groundwater through the Permanent Granular Activated Carbon (PGAC) system.

Treated water is piped to the New Brighton water supply system for distribution as potable

water. Other remedy components include providing alternate water supply and/or well

abandonment to affected private wells, and drilling advisories for new well construction.

Highlights for FY 2003 are:

Five private wells were sampled in FY 2003. Results for all five wells showed that
no VOCs were detectable, indicating that none of these wells required offers for well
abandonment and/or alternate water supply. Well #234352 (Nutter) was abandoned
in FY 2003, based on sampling conducted prior to FY 2003. Also, a new well owner
for well #234301 (Wolf) contacted the Army in FY 2003 and requested that this well
be abandoned. The prior well owner had previously refused an Army offer for
abandonment; however, the Army agreed to abandon this well for the new owner.
Well #234301 (Wolf) was also abandoned in FY 2003.

The Minnesota Department of Health (MDH) Special Well Construction Area
remains in effect. The MDH has the regulatory responsibility to assure that wells
constructed in the advisory area meet appropriate well construction and human health
requirements.

Evaluation of pumping rates and water quality trends support the interpretation that
the extraction system is effectively containing contamination in the Prairie du Chien
aquifer. The degree of containment remains under discussion between the Army,
United States Environmental Protection Agency (USEPA), Minnesota Pollution
Control Agency (MPCA), City of New Brighton, and Restoration Advisory Board.

T:\1038\12\FY03 APR\APR Text\FY03 APR Text.doc 1-2



e The Army, USEPA, MPCA, Restoration Advisory Board, and City of New Brighton
continued discussions regarding modifying the OU1 ROD to remove the requirement
for containment, and replacing it with a requirement to demonstrate that the plume is
not spreading and that aquifer restoration is occurring. It is anticipated that the ROD
modification will require demonstration of decreasing contaminant trends.

o The PGAC treated nearly 1.5 billion gallons of water and removed 835 pounds of
VOCs during FY 2003. Approximately 16,814 pounds of VOCs have been removed
since system startup.

e The effluent of the PGAC was in compliance with the applicable Safe Drinking
Water Act criteria for the OU1 chemicals of concern.

e The treated groundwater was beneficially used in the New Brighton municipal water
supply system.

o The overall monitoring data indicate that restoration is occurring in all three aquifers
(Hillside Sand, Prairie du Chien, and Jordan), although the number of monitoring
locations in the Jordan is more limited. Both the extent and magnitude of

contamination appear to be stable or improving.

Operable Unit 2 (OU2)

OU2 is defined as the original TCAAP property, including the groundwater beneath it. The OU2

ROD, which was signed in December 1997, documents the final remedies.

Highlights for activities within OU2 during FY 2003 are:

e Shallow Soil Sites
— The Closeout Reports for Site 129-3 and Site 129-15 received regulatory
approval, but final consistency will not be provided until concurrence on the
land use control sections of these reports has been reached between the Army
and the regulators or, alternatively, until the TCAAP LUCIP has received

consistency approval from the regulators. A modification to the ROD that
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will document the remedy selection for Site 129-15 was being prepared at the
end of FY 2003.

— Closeout Reports for Sites A (excluding VOC-contaminated soils), E, H and
129-5 (which received regulatory approval prior to FY 2003) continued to
await final consistency based on resolution of land use controls.

— At Site C, soil remediation work remained suspended during FY 2003 (work
had been suspended in Summer 2002 due to high water table conditions). At
that time, the project-to-date total soil quantity was 21,417 tons of soil
stabilized and transported off-site as non-hazardous waste for disposal at
permitted disposal facilities. Additional characterization of Site C was
completed in FY 2003 to provide information for evaluating soil remediation
options. Options for completing soil remediation at this site were under
discussion at the end of FY 2003.

— The Site A soil vapor extraction (SVE) system was removed and 688 cubic
yards of VOC-contaminated soils were excavated from the Former 1945
Trench area and transported offsite to a permitted disposal facility (see

additional discussion under Site A Shallow Groundwater below).

e Deep Soil Sites

— At Site D, 1381 cubic yards of soils contaminated with metals and
nitroglycerin were excavated by Shaw and transported off-site for disposal at
a permitted disposal facility. A Site D Closeout Report (prepared by Shaw)
was under regulatory review at the end of FY 2003. A modification to the
ROD to document the remedy selection for Site D shallow soils was being
prepared at the end of FY 2003.

— The Site G SVE system was dismantled. A technical memorandum
recommending improvements to the Site G cover received regulatory approval
and a subsequent work plan for the cover design also received regulatory
approval. Cover construction was started in late FY 2003, with planned

completion in early FY 2004.
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e Site A Shallow Groundwater

Four extraction wells continued to provide containment and mass removal.
The system pumped at an average rate of 16.6 gallons per minute (gpm),
exceeding the 15 gpm target rate.

The system removed approximately 2.1 pounds of VOCs during FY 2003,
with a cumulative mass removal of 39 pounds since system start-up on May
31, 1994.

The extracted water was discharged to the sanitary sewer system in
compliance with all discharge criteria.

Overall, the groundwater extraction system has reduced contaminant
concentrations in groundwater. The two areas where chemicals of concern
exceed cleanup levels are: in the vicinity of extraction well 01U352 for cis-
1,2-dichloroethene and benzene, and in the vicinity of monitoring well
01U108 (source area) for tetrachloroethene.

In early FY 2001, the air sparging/soil vapor extraction (AS/SVE) system
began operation to remediate VOC-contaminated soils and source area
groundwater. Operation of the AS system was ceased in June 2001, due to
concern regarding the lateral travel distance of sparged air. The AS system
was implemented voluntarily and was not a requirement of the OU2 ROD.
The SVE system operated continuously until August 21, 2002, when it was
permanently shut down. The AS/SVE system removed approximately 536
pounds of VOCs during its period of operation.

Soil samples were collected within the source area in July 2002 (and
previously in August 2001). In both events, the results showed minimal
reduction in soil VOC concentrations. Since it appeared that many years of
SVE system operation would be required before cleanup levels would be
reached (if ever), the Army ceased SVE system operation on August 21, 2002,
and submitted a work plan clarification to the USEPA and MPCA for
excavation of the VOC-contaminated soils in the source area. The work plan

clarification received regulatory approval in early FY 2003, and 688 cubic
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yards of contaminated soil were excavated by Shaw and transported off-site to
a permitted disposal facility. The Site A Former 1945 Trench Closeout
Report (prepared by Shaw) was under regulatory review at the end of

FY 2003.

e Site I Shallow Groundwater

Sampling at Site I indicated no significant changes in VOC concentrations in
Unit 1 monitoring wells in FY 2003. Three of the seven wells scheduled for

sampling were dry.

e Site K Shallow Groundwater

At Site K, the groundwater extraction trench and treatment system continued
to operate as designed. The system captured and treated 5,169,650 gallons of
water and maintained a continuous zone of capture downgradient of

Building 103. A total of 7.1 pounds of VOCs were removed in FY 2003.

The extracted water was discharged to Rice Creek in compliance with all

discharge criteria.

¢ Deep Groundwater

The TGRS operated in accordance with the OU2 ROD.

The TGRS probably operated at a rate sufficient to support the conclusion that
the 5-ug/l TRCLE contour is hydraulically contained.

In FY 2003, the TGRS extracted and treated 891,274,000 gallons of water.
The mass of VOCs removed was 3,041 pounds. The total VOC mass removed
by the TGRS through FY 2003 is 185,977 pounds.

In November 1996, wells B12 and SC4 were shut down due to reductions in
the plume size, as per agreements with the MPCA and USEPA.

The TGRS Operating Strategy (OS) was approved by the regulatory agencies
and finalized in FY2003. The OS presents a Global Operation Strategy
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(GOS) for the entire TGRS extraction system and a Micro Operation Strategy
(MOS) for well groups.

— In November 2002, well B2 was shutdown and replaced with well B13 that
began production in December 2002, as per the OS. The pumping capacity of
Well B13 was approximately 100 gpm lower than expected.

— Beginning in December 2002, wells B7, B10, and SC3 were shut down and a

larger capacity pump was installed at well B9 as per the OS.

Operable Unit 3 (OU3): Deep Groundwater

e The PGRS extraction well (NB13) was not used for remediation purposes during
FY 2003. The City did operate the treatment system and well NMM#13 to satisfy
peak water supply demands during the months of May 2003 through October
2003. The PGRS, including NB13 well were then returned to “standby” status
in the event groundwater must be treated for contamination. This pumping was
performed for municipal water supply purposes only; not for the purpose of

groundwater remediation.

Monitoring continued to show that the OU3 plume no longer extends to the

extraction well.
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Table 1-1

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone
Remedy Component implemented? supposed to? final closeout? Comments
bperable Unit 1: Deep Groundwater I
#1:  Alternate Water Supply/Weli Abandonment Yes Yes No
#2: Drilling Advisories Yes Yes No
#3: Groundwater Containment Yes Yes No The containment requirement is under review.
#4: Removal of VOCs by GAC (Discharge Quality) Yes Yes No
#5. Discharge of Treated Water Yes Yes No
#6. Groundwater Monitoring Yes Yes No
Overall Remedy Yes Yes No
@erable Unit 2: Shallow Soil Sites ]
#1-7: Soil Remediation
Site A Yes Yes Partially Closeout Report for metals was partially approved,;
however, see Note 1 at the end of the QU2 section of this
table. See OU2 Site A Shallow Groundwater (below) for
status on VOC soils.
Site C Yes Partiaily No Site was partially excavated FY 2000 - 2002.  Excavation
was suspended in FYY 2002 due to high water table.
Additional characterization was done in FY 2003. An
alternatives analysis for this site was under review at the
end of FY 2003.
Site E Yes Yes Partially Closeout Report was partially approved; however, see Note

T:\1038\12\FY03 APR\APR Tables\Table 1-1

1 at the end of the OU2 section of this table.
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Remedy Component

Table 1-1 (continued)

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone

implemented? supposed to? final closeout?

Comments

|Operable Unit 2: Shallow Soil Sites (continued)

#1-7: Soil Remediation (continued)

Site H

Site 129-3

Site 129-5

#8: Groundwater Monitoring

#9: Characterization of Dumps:

Site B

Site 129-15

Overall Remedy

Yes Yes Partially
Yes Yes Partially
Yes Yes Partially
Yes Yes No

Yes Yes Yes

Yes Yes Partially
Yes Yes Partially

Closeout Report was partially approved; however, see Note
1 at the end of the OU2 section of this table.

Closeout Report was partially approved; however, see Note
1 at the end of the OU2 section of this table.

Closeout Report was partially approved; however, see Note
1 at the end of the OU2 section of this table.

The 5-year monitoring was started in FY 2003, and will
tentatively end in FY 2007.

Closeout Report was partially approved in FY 2003;
however, see Note 1 at the end of the OU2 section of this
table. A modification to the ROD was being prepared at
end of FY 2003.

Note 1: Closeout report has been approved, but final consistency will not be provided until concurrence on the land use control section of the report has
been reached between the Army and the regulators or, alternatively, until the TCAAP LUCIP has received consistency approval from the requlators.
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Remedy Component

implemented?

Table 1-1 (continued)

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone

supposed to? final closeout?

Comments

IOperabIe Unit 2. Deep Soil Sites

#1:  Groundwater Monitoring
#2: Restrict Site Access

#3: SVE Systems (Deep)

#4: Enhancements to SVE Systems

#5: Maintain Existing Site Caps
#6: Maintain Surface Drainage Controls

#7. Characterize Shallow Soils and Dump

Overall Remedy

T:\1038\12\FY03 APR\APR Tables\Table 1-1

Yes Yes No
Yes Yes No
Yes Yes Partially
Yes Yes Yes
Yes Yes No
Yes Yes No
Yes Partially No
Yes Yes No

Deep SVE systems will not be required at Sites D or G.
The Site D VOC Closeout Report received consistency in
FY 2002. The Site G VOC Closeout Report is in progress.

Neither system required operation with enhancements. The
Site D SVE system was dismantled in FY 2001. The Site G
SVE was dismantled in FY 2003.

For Site D, 1381 cubic yards of contaminated soil were
removed and transported off-site for disposal in FY 2003. A
Closeout Report and a modification to the ROD were under
review at the end of FY 2003. For Site G, a tech memo
recommending improvements to the Site G cover received
regulatory approval in FY 2003. A work plan for the cover
design was also approved in FY 2003 and cover
construction was in progress at the end of FY 2003.
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Table 1-1 (continued)

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone
Remedy Component implemented?  supposed to?  final closeout? Comments
Operable Unit 2: Site A Shallow Groundwater |
#1:  Groundwater Monitoring Yes Yes No
#2: Groundwater Containment/Mass Removal Yes Yes No
#3:  Drilling Advisory/Alternate Water Supply/Well
Abandonment Yes Yes No
#4: Discharge of Extracted Water Yes Yes No
#5:  Source Characterization/Remediation Yes Yes No SVE system operation was ceased near the end of FY
2002, due to minimal VOC removal rates. In FY 2003, a
work plan to excavate the contaminated soil received
regulatory approval. The SVE system was removed and
688 cubic yards of contaminated soil were excavated and
transported off-site for disposal. A Closeout Report for the
Former 1945 Trench soils was under regulatory review at
the end of FY 2003.
Overall Remedy Yes Yes No
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Table 1-1 (continued)

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone
Remedy Component implemented? supposed to? final closeout? Comments
IOperabte Unit 2: Site | Shallow Groundwater |
#1: Groundwater Monitoring Yes Yes No
#2:  Groundwater Extraction No No No Pilot study determined that extraction remedies are not
feasible. An amendment to the OU2 ROD is being pursued
to change to a monitoring based remedy.
#3: POTW Discharge No No No See above.
#4. Additional Investigation Yes Yes No See above.
Overall Remedy Yes Yes No See above.
Operable Unit 2: Site K Shallow Groundwater
#1:  Groundwater Monitoring Yes Yes No
#2: Sentinel Wells Yes Yes Yes
#3. Hydraulic Containment Yes Yes No
#4:  Groundwater Treatment Yes Yes No
#5: Treated Water Discharge Yes Yes No
#6: Discharge Monitoring Yes Yes No
#7. Additional Investigation Yes Yes Yes Well 03U621 was added as a sentinel well and is sampled
annually, as listed in the monitoring plan
Overall Remedy Yes Yes No
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Table 1-1 (continued)

Status of Remedial Actions: FY 2003

Is the Is the Has the
component component component
being doing what it is undergone
Remedy Component implemented? supposed to? final closeout? Comments
Iaperable Unit 2: Deep Groundwater —I
#1. Hydraulic Containment and Contaminant Mass Yes Yes No The TGRS Operating Strategy received consistency in
Removal FY2003 and was implemented in FY2003.
#2: Groundwater Treatment Yes Yes No
#3. Treated Water Discharge Yes Yes No
#4: Institutional Controls Yes Yes No
#5: Review of New Technologies Yes Yes No
#6. Groundwater Monitoring Yes Yes No
Overall Remedy Yes Yes No

Bperab!e Unit 3: Deep Groundwater

#1:  Groundwater Extraction Yes Yes No The PGRS flowrate was reduced to 0 gpm in FY 2001 &
2002. Operation during FY 2003 was solely to satisfy peak
water demand; not for the purpose of groundwater

remediation.
#2: Groundwater Treatment Yes Yes No See above comment under Remedy Component #1.
#3:  Use of Water for Municipal Supply Yes Yes No See above comment under Remedy Component #1.
#4:  Groundwater Monitoring Yes Yes No
Overall Remedy Yes Yes No
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2.0 Introduction

2.1 PURPOSE

This Fiscal Year 2003 Annual Performance Report is intended to:

e Summarize the status of remedy implementation; and

e Address how the remedies are doing,

for remedial actions at the New Brighton/Arden Hills Superfund site. Fiscal Year 2003
(FY 2003) extended from October 1, 2002, through September 30, 2003.

For purposes of remediation, the areas contaminated by activities at TCAAP have been divided
into three areas designated “Operable Units.” Operable Unit 1 (OU1) encompasses the deep
groundwater “North Plume” of off-TCAAP contaminated groundwater. Operable Unit 2 (OU2)
includes all soil and groundwater contamination on the original TCAAP property. OU2 also
includes the shallow Site A plume that extends off the north end of TCAAP in the Unit I aquifer.
Operable Unit 3 (OU3) consists of the deep groundwater “South Plume” of off-TCAAP

contaminated groundwater.

The report addresses remedial actions for the following media as prescribed in the Record of

Decision (ROD) for each Operable Unit:

e Operable Unit 1

- Deep Groundwater
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e Operable Unit 2
- Shallow Soil Sites
- Deep Soil Sites
- Site A Shallow Groundwater
- Site I Shallow Groundwater
- Site K Shallow Groundwater

- Deep Groundwater

e Operable Unit 3

- Deep Groundwater

Monitoring activities and submittal of this report are in fulfillment of the Federal Facilities
Agreement (FFA) signed August 12, 1987, between the United States Army (Army), United
States Environmental Protection Agency (USEPA), and Minnesota Pollution Control Agency
(MPCA). Minor modifications to the FFA were agreed to by these parties on:

e October 12, 1990

e February 5, 1992

e March 3, 1992

e November 23, 1993
e January 9, 1998

e May 12, 1998

e June 30, 1998

The requirements have been fulfilled for FFA Attachment 2 (Interim Remedial Actions),
Attachment 3 (Remedial Investigation), and Attachment 4 (Feasibility Study). Activities are
now geared towards fulfilling the requirements of FFA Attachment 5 (Remedial Design and

Remedial Action).

Assessment of performance is really answering two questions:
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1. Are all of the remedies being implemented? (Compliance check with the RODs)

2. Are the remedies doing what they are supposed to?

To address these two questions, this report is broken into the three Operable Units. Using each
ROD, the report is broken down one more level to the major components of the selected remedy
for each of the media described previously. Performance standards are then presented for each
of the major remedy components. The performance standards are the “what they are supposed
to” part of the question, “Are the remedies doing what they are supposed to?” The performance
standards are the yardstick against which performance is measured, and are used to determine

when a remedy component has been successfully implemented and/or completed.

For some of the remedy components, the performance standards are clearly defined in the RODs
(e.g., soil or groundwater cleanup levels). For other remedy components (e.g., alternate water
supply) the performance standards are less clear in the RODs, but may have been agreed to

through Work Plans or design documents.

With the performance standards identified, this report then addresses the two questions described
above, often through a series of sub-questions. The questions are written in the text in an
attempt to make the report focused, streamlined, and user friendly. To the extent possible,

answers are in the form of pictures (figures, graphs, etc.) versus words.

In addition to the performance evaluation, another objective of making the report focused is to
make the monitoring program focused and efficient. With specific questions identified, it is
easier to develop the monitoring needs. In addition to reporting on FY 2003, this document
presents proposed monitoring for future years (Appendix A). Monitoring locations or items that
are new in this year’s report are shown in red color. The monitoring plan shows FY 2003
through FY 2007. The FY 2003 monitoring plan indicates the work that generated the results
presented in this report. The FY 2004 monitoring plan is in progress. The monitoring plan is a

moving S-year time span (i.e., next year FY 2003 will drop off and FY 2008 will be added).
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This report represents the collaboration of work performed by the Army and Alliant Techsystems
Inc. (Alliant). On behalf of the Army, Tecumseh/Wenck Installation Support Services (TWISS)
prepared Sections 2.0 through 6.0, and 11.0 of this report. On behalf of Alliant, SECOR
International, Inc. (SECOR) prepared Sections 7.0, 8.0 and 10.0, and Conestoga-Rovers &
Associates, Inc. (CRA) prepared Section 9.0. TWISS, SECOR, and CRA all contributed to

Section 1.0.

2.2 SITE DESCRIPTION

The Twin Cities Army Ammunition Plant is a government-owned facility located in the northern
portion of the Minneapolis — St. Paul metropolitan area, in Ramsey County, and is surrounded by
the cities of New Brighton, Arden Hills, Mounds View, and Shoreview, Minnesota (Figure 2-1).
For purposes of the TCAAP restoration program, the facility occupied approximately a four
square mile area (approximately 2,370 acres) immediately east of U.S. Interstate Highway 35W
and north of Ramsey County Highway 96 (i.e., this was the original TCAAP boundary). Alliant

is the prime tenant on the installation. TWISS is the contracted operator.

TCAAP was constructed between August 1941 and January 1943, and formerly included 323
buildings with associated utilities and services to support production activities. TCAAP
produced small-caliber ammunition and related materials, proof-tested small-caliber ammunition
and items as required, and handled/stored strategic and critical materials for other government
agencies. Production began in 1941 and then alternated between periods of activity and standby.
The size of TCAAP has periodically shrunk as a result of property transfers. Most recently, in
2001, approximately 1,521 acres were reassigned to the National Guard Bureau. The remaining

774 acres of TCAAP was declared excess to the needs of the Department of Defense in 2002.

During periods of activity, solvents were utilized as part of the manufacturing process. Disposal
of solvents and other wastes at the TCAAP site resulted in soil contamination and also

groundwater contamination, which has migrated beyond the site boundary. Groundwater
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contamination was first discovered in July 1981, and the site was placed on the National

Priorities List (NPL) in 1983.

A number of known and potential contaminant source areas have been identified on the TCAAP
property: Sites A, B, C, D, E, F, G, H, 1, J, K, 129-3, 129-5 and 129-15 (see Figure 2-2 for
locations). Sites F and J were remediated prior to the 1997 OU2 ROD, while the remaining sites
are addressed in the OU2 ROD. Surface water and sediment on TCAAP are being addressed
separately from the OU2 ROD.

Five other sites (the Grenade Range, the Outdoor Firing Range, the Trap Range, and the 135 and
535 Primer/Tracer Areas) are being addressed as Removal Actions separate from the OU2 ROD.

2.3  HYDROGEOLOGIC UNITS AND WELL NOMENCLATURE

On- and off-post wells have been installed in four hydrogeologic units beneath the site: Unit 1
through Unit 4. Descriptions of these four units are presented in Appendix B, along with a
description of the nomenclature system used for well designations (e.g., 03U704). A well-
designation cross-reference guide (sorted two different ways) is included in Tables B-1 and B-2
in Appendix B. The well index lists wells of concern, including the TCAAP designation,
Minnesota unique number, and any other name(s) the wells may have. Locations of wells that
are included in the TCAAP monitoring plan are shown on Figure B-2 (oft-TCAAP wells) and
Figure B-3 (on-TCAAP wells) in Appendix B. With a known well name, the location of that
well can be determined using the “Edit, Find” or “Edit, Search” function and typing in the well
name, which will highlight the desired well name on the figure. Available well logs can be
viewed by selecting the well of interest in Table B-3 (on-TCAAP wells) and Table B-4 (oft-
TCAAP wells) in Appendix B (click on the well name with the mouse).
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24  DATA COLLECTION, MANAGEMENT, AND PRESENTATION
Performance monitoring data was collected in accordance with the:

e FY 2003 Monitoring Plan for Groundwater Monitoring Wells
e FY 2003 Monitoring Plan for Remedial Treatment Systems

e FY 2003 Monitoring Plan for Surface Water

e New Brighton Water System Sampling and Analysis Plan

Data was collected principally by four parties: TWISS on behalf of the Army, SECOR and CRA
on behalf of Alliant, and Barr Engineering on behalf of the City of New Brighton. Appendix C
presents information on data collection, management, and presentation. Tables showing

FY 2003 data are presented following the text at the end of each section in which it is referenced.
The comprehensive groundwater level and groundwater quality databases from 1987 to present
are contained in Appendix D. Groundwater quality trend graphs for the primary chemical of
concern (trichloroethene) can be viewed by selecting the well of interest on Figure B-2 (off-
TCAAP wells) and B-3 (on-TCAAP wells) in Appendix B (click on the well name with the
mouse). The trend graphs for Site A also include tetrachloroethene and cis-1,2-dichloroethene,

in addition to trichloroethene.

Is the data complete and representative (are we making decisions based on complete and
technically-sound information)?

Yes. The data was collected, assessed, and validated in accordance with the FY 2003
Monitoring Plan and the “Remedial Design/Remedial Action, Quality Assurance Project Plan™
(Montgomery Watson, 1996). The data tables in the various report sections and the
comprehensive water quality databases (Appendix D) show the data qualifiers and flagging
codes that were assigned to the data as a result of data assessment/validation. The data qualifiers
and flagging codes applied to FY 2003 data are explained in footnotes on the data tables in the
various report sections. Data assessments (performed on 100 percent of the data) and “full

validation” (performed on at least 10 percent of the data) were provided to the MPCA and
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USEPA in submittals dated March 4, June 3, October 9, and December 1, 2003. MPCA and
USEPA approval letters for these submittals are included in Appendix C.3.

With regard to completeness, Appendix C.2 summarizes a few minor deviations from the

FY 2003 Monitoring Plan. Field completeness for FY 2003 was 99% and laboratory
completeness was 100%, meeting the QAPP completeness goal of 95%. Field duplicates,
equipment rinse blanks, and matrix spike/matrix spike duplicates were collected at overall
frequencies of 15%, 10% and 12%, exceeding the QAPP-specified frequencies of 10%, 10% and
5%, respectively. For the subset of metals analyses, matrix spike/matrix spike duplicates were
collected at an overall frequency of 46%, also meeting the QAPP-specified frequency. Data
validation was performed on 21% of the data, meeting the QAPP-specified requirement of 10%.

No problems with analytical procedures/reporting were identified in the data validations.

The data for FY 2003 is deemed to be representative based on: 1) adherence to QAPP-specified
sampling and laboratory analytical procedures; 2) completion of data assessments and data
validation; and 3) comparability to historical results (any substantial deviations from

historical/anticipated results are discussed within the site-specific sections of this report).
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3.0 Operable Unit 1: Deep Groundwater

The reference for the QU1 ROD is:

RECORD OF DECISION
Groundwater Remediation
Operable Unit 1
At New Brighton/Arden Hills Superfund Site
September 1993

There have been no subsequent ROD Amendments or Explanations of Significant Differences.

Groundwater containment is provided by three primary municipal wells: New Brighton
Municipal (NBM) #4, #14 and #15. NBM #3, which is located next to NBM #4, also contributes
to containment, especially when one of the other three wells is off. The extracted water is
treated in the Permanent Granular Activated Carbon (PGAC) treatment facility for removal of
VOCs, and is then used as part of the municipal water supply. NBM #3 and #4 were pre-existing
wells. NBM #14 and NBM #15 began pumping in December 1996 and March 1998,

respectively.

The remedy also relies on institutional controls (drilling advisory, alternate water supply, and

well abandonment) to manage risks, including downgradient of the containment system.

Section 1.4 of the ROD prescribes six major components of the remedy, which are described and

evaluated in the following sections.
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3.1 REMEDY COMPONENT #1: ALTERNATE WATER SUPPLY/WELL
ABANDONMENT

Description: “Providing an alternative water supply to residents with private wells within the

North Plume.” (OUI ROD, page 2)

o Clarified by the OU1 Alternate Water Supply Plan (Montgomery Watson,
October 1995) to delete “residents with” since the remedy applies to other
wells in addition to residential wells. This plan also identifies the criteria for
determining what wells are eligible for an alternate water supply.

e Clarified by the OU1 Alternate Water Supply Plan to also include well
abandonment.

e Clarified by the OU1 Alternate Water Supply Plan (page i-2) to also
encompass OU3 and the OU2 Site A shallow groundwater plume.

Performance Standard (how do you know when you’re done):

e For alternate water supply, when the owners of all wells that meet all of the following
criteria have been offered and provided with an alternate water supply (or when the
well owners have rejected the offers):

i.  The well is located within the area affected by groundwater plumes that
originate at TCAAP, as shown on Figures E-2 and E-3; and

ii.  The well is completed in an affected aquifer; and

iii.  The well contains detectable concentrations of the TCAAP-related
chemicals of concern identified on page 18 of the OU1 ROD (or page 26
of the OU3 ROD, or Table 1 of the OU2 ROD, as appropriate for the well
location); and

iv.  The well is used in a manner to cause exposure (uses are defined in the
Alternate Water Supply Plan); and

v.  The well owner does not already have an alternate water supply.
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If eligible well owners refuse the offer to have an alternate water supply provided,

this also satisfies the performance standard.

e For well abandonment, when the owners of all wells that meet all of the following
criteria have been offered and provided abandonment (or when the well owners have
rejected the offers):

i.  The well is located within the area affected by groundwater plumes that
originate at TCAAP; and

ii.  The well is completed in an affected aquifer; and

iii.  The well contains detectable concentrations of the TCAAP-related
chemicals of concern identified on page 18 of the OU1 ROD (or page 26
of'the OU3 ROD, or Table 1 of the OU2 ROD, as appropriate for the well
location); and

iv.  The well was constructed prior to the Minnesota Department of Health
(MDH) Special Well Construction Area advisory; and

v.  The well is being used by the well owner or use was discontinued due to
contamination; and

vi.  The well is used in a manner to cause exposure (uses are defined in the

Alternate Water Supply Plan).

If eligible well owners refuse the offer for abandonment, this also satisfies the
performance standard. An exception to abandonment would be if the well is needed

for groundwater monitoring.

Is this remedy component being implemented?

Yes. The Alternate Water Supply and Well Abandonment Program has been implemented and is
an ongoing program maintained by the Army. The process of identifying wells eligible for
alternate water supply and/or abandonment is accomplished by maintaining a “well inventory.”
The well inventory is a database that was initially developed in 1992, and which has been

periodically updated since then. For the purposes of the well inventory, a study area was
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established which encompasses the groundwater plume (the study area boundary is the same as
the MDH Special Well Construction Area). The well inventory is intended to include all wells
within the study area. Within the study area, areas of concern are defined by the edge of the
groundwater plume, plus additional buffer area. The wells are grouped into categories based on
factors such as location relative to the area of concern, type of use, active/non-active status,
sealed, etc. Wells in categories with the potential to be impacted are periodically sampled to see

if they qualify for alternate water supply and/or abandonment.

Thus, maintenance of the well inventory consists of the following tasks:

1. Check if the area of concern needs to be adjusted based on the extent of
contamination,
2. Check if there are any previously unknown wells to be added to the database (in

coordination with the MDH as described in Appendix E),

3. Sample wells on a prescribed schedule,
4. Take the appropriate course of action depending on the results,
5. Update the well inventory database with any new information (e.g., water quality

results, owner information, construction information, well re-categorizing)

6. Report findings through the Annual Performance Report.

Additional information on the well inventory is presented in Appendix E. The following
questions and answers summarize developments since the last Annual Performance Report with

respect to Operable Unit 1.

Did the area of concern within OU1 change during FY 2003, as defined by the 1 ug/I
contour line?

Yes. Figure 3-1 shows that the I ug/l contour line remained essentially the same between

FY 2001 and FY 2003. However, due to the FY 2003 result for 04U843 (trichloroethene was
nondetect), the 1 ug/l contour line moved inward in this area, thus decreasing the size of the area

of concern in this vicinity.
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Were any additional water supply wells discovered within the area of concern for OU1 that
are completed within an aquifer of concern?

Yes (see Appendix E for additional information).

Were any water supply wells within the area of concern for OU1 sampled during FY 2003
(outside of those included in the OU1 performance monitoring plan)? If yes, what were the
findings?

Yes, five wells were sampled in FY 2003, as discussed in Appendix E. Analytical results are
summarized in Table E-2 and the well locations are illustrated on Figure E-5. Results for all five

wells showed that no VOCs were detected.

Were any well owners offered an alternate water supply and/or well abandonment during
FY 2003?

Yes. The owner of well #234352 (Nutter), who was offered well abandonment based on
sampling conducted prior to FY 2003, accepted the offer and this well was abandoned in FY
2003 as part of Shaw’s Phase II Well Abandonment work. Also, a new well owner for well
#234301 (Wolf) contacted the Army and requested that this well be abandoned. The prior well
owner had previously refused an offer for abandonment; however, the Army agreed to abandon
this well for the new owner. Well #234301 (Wolf) was also abandoned in FY 2003 as part of
Shaw’s Phase 1I Well Abandonment work.

For OU1, are there any well owners that meet the criteria, but have not yet been provided

an alternate water supply? No.

For OU1, are there any wells that meet the criteria, but have not yet been abandoned? No.
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Is any sampling of water supply wells (excluding those included in the OU1 performance
monitoring plan) proposed prior to the next report?

Yes, one well that should have been sampled in FY 2003 was inadvertently not sampled (see
Appendix E for additional information). This well will be sampled in FY 2004. The next

“major” sampling event will be in FY 2005.

Are there any changes or additional actions required for this remedy component? No.

3.2 REMEDY COMPONENT #2: DRILLING ADVISORIES

Description: “Implementing drilling advisories that would regulate the installation of new
private wells within the North Plume as a Special Well Construction Area.”

(OU1 ROD, page 2)

Performance Standard (how do you know when you’re done):
When the Minnesota Department of Health (MDH) has issued a Special Well Construction Area
Advisory.

Has the MDH issued a Special Well Construction Area Advisory?

Yes. It was issued in June 1996. In addition to covering OU1, the Special Well Construction
Area also encompasses OU3 and the OU2 Site A shallow groundwater plume. In June 1999, the
MPCA requested that the MDH extend the boundary of the Special Well Construction Area
further to the southwest to the Mississippi River and Marshall Avenue to ensure that the southern
boundary fully encompassed the plume. The MDH revised the Special Well Construction Area

in December 1999. The current boundary is shown on Figure E-1 (Appendix E).

Are any changes or additional actions required for this remedy component? No.
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3.3 REMEDY COMPONENT #3: GROUNDWATER CONTAINMENT

Description: “Extracting groundwater at the containment boundary in the North Plume near

County Road E.” (ROD, page 2)

o This remedy component consists of recovering deep (Unit 4) groundwater
using three City of New Brighton municipal wells: NBM #4, #14 and #15.
New Brighton municipal well #4 (NBM #4) was an existing well completed in
both the Prairie du Chien and Jordan. NBM #14 and NBM #15 were
constructed in the Prairie du Chien as part of the remedy and began pumping
in December 1996 and March 1998, respectively. The locations of the three

recovery wells are shown on Figure 3-1.

e NBM #3 has been designated as an alternate containment/production well for
times when one of the three primary wells is not in operation. NBM #5 and

NBM #6 are considered secondary alternates.

The extracted groundwater is used as part of the New Brighton water supply
system, and as such, New Brighton took the lead on design and construction of
the system, and is responsible for operation of the system. New Brighton
contracted Barr Engineering to provide design and construction oversight

services. The OUI remedy is being paid for by the Army.

Performance Standard (how do you know when you’re done):
When the containment boundary created by the extraction system is providing capture of
groundwater with contaminant concentrations exceeding the cleanup standards specified on

page 18 of the OU1 ROD.
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During FY 2003, did the OU1 extraction system provide capture (at the containment
boundary) of groundwater exceeding the cleanup standards specified on page 18 of the
OU1 ROD?

The degree of containment remains under discussion between the Army, USEPA, MPCA, City
of New Brighton, and Restoration Advisory Board. In FY 2002, the Army prepared a technical
memorandum (TWISS, December 2001) regarding the feasibility of a modification to the ROD.
The contemplated change would be to switch from a requirement for containment, to a
requirement for demonstrating that the plume is not spreading and that aquifer restoration is
occurring. The Army, USEPA, MPCA, Restoration Advisory Board, and City of New Brighton
have been meeting to work out technical issues regarding monitoring wells, frequency of
sampling, and how to evaluate the data. These discussions are anticipated to be completed in FY

2004, which will enable the ROD modification process to move forward.

In the meantime, the extraction system has continued to operate. Following is a discussion of the

performance of the system with respect to containment.

Pumping Rates

Table 3-1 presents the monthly pumping volumes for each extraction well and Figure 3-2
illustrates the average monthly pumping rate targets and actual monthly volumes pumped for
NBM #3/4, #15 and #14 (west to east order). The pumping targets were derived by Barr
Engineering based on their Final Conceptual Design Report, Containment/Production Wells
(Barr, 1995). The operating system devised by Barr includes different operational conditions
(named A thru G), which were designed to respond to maintenance issues by altering the target
rates at each extraction well. Condition A is the normal operating condition for when NBM #4,
#14 and #15 are all in operation, and has pumping targets (lower limits) of 1.19, 0.99 and 0.99
million gallons per day, respectively. Conditions B through F have different pumping targets for
when different wells are out of service (e.g. a pumping target for NBM #3 is added whenever
NBM #4, #14 or #15 are out of service, and pumping targets for NBM#5 and #6 are added
whenever both NBM #3 and #4 are out of service). Condition G is unique from the other

conditions because it does not have a pumping target (i.e., the targets for all wells are zero).
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Condition G primarily applies during carbon change-outs for the GAC treatment system. Hence,
the daily pumping targets can vary depending on what operating condition the system is in. The
targets depicted on Figure 3-2 represent a collective or cumulative monthly target based on the

daily operating conditions.

For FY 2003, the NBCGRS was in the normal operating condition (Condition A) approximately
79 percent of the time. The system was in Condition G (primarily for carbon change-outs) for 17
percent of the time, with other operating conditions comprising the remaining 4 percent of the

time.

Figure 3-2 indicates that the NBCGRS, as a whole, exceeded the monthly targets in all months
during FY 2003. The graph shows much lower targets in January and April 2003, and somewhat
lower targets in February and May 2003. Also, the monthly pumping volumes in January,
February and April 2003, were noticeably lower than the typical pumping volume in the other
months. For substantial portions of the months cited above, the NBCGRS was in Condition G
due to GAC change-outs that were performed in January/February and April/May. Although 3
months had noticeably lower pumping volumes, the pumping volumes for the other 9 months
typically exceeded pumping targets by 20 to 40 percent. Looking at the total NBCGRS pumping
volume for FY 2003 of 1470 million gallons, the average monthly pumping volume (if pumping
was at a uniform rate) would be about 122 million gallons. Compared with the typical monthly
pumping target of about 100 million gallons (for the normal operating condition), it is clear that

the NBCGRS pumped substantially more than the minimum target rate.

The graphs for the extraction wells on Figure 3-2 show that all of the wells generally exceeded
targets throughout the year, indicating that the pumping was appropriately distributed. NBM #4
was just slightly below the target in June 2003, but the volume pumped from NBM #3 in this
month was in excess of the deficient amount. NBM #14 was about 10 percent below the target

in October 2002. Pumping targets for the extraction wells were met in all other months.
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The overall adherence to the pumping targets supports the interpretation that the extraction

system is providing substantial containment in the Prairie du Chien.

Water Level Contour Analysis

Table 3-2 presents groundwater elevation data and Figure 3-3 shows water level contours in the
Prairie du Chien, the interpreted capture boundary, and the 1 ug/l trichlorethene contour. The
water level contours suggest that the extraction wells are containing the contamination in the

Prairie du Chien along the required boundary across the plume.

Extraction Well Water Quality
Trend graphs for trichloroethene in NBM #3, #4, #14 and #15 are shown on Figure 3-4. At
NBM #3, trichloroethene decreased dramatically between 1994 and 1998, then stabilized

between 1998 and 2000, then increased slightly between 2000 and 2002, and has decreased
slightly since then. The range in FY 2003 was 22 pg/l to 54 pg/l, with an average of 42 ug/l.
NBM #4 also exhibits a similar decrease between 1994 and 1998, and has been relatively stable
since then. The range in FY 2003 was 38 pg/l to 63 pg/l, with an average of 53 pg/l. NBM #14
has generally shown a decreasing trend since its startup in December 1996, though there seems
to have been an upward spike in the latter part of 2003 (not in excess of typical concentrations
observed in 2002). The range in FY 2003 was 14 pg/l to 62 ng/l, with an average of 27 pg/l.
NBM #15 fluctuated between its startup in March 1998 and 2000, decreased slightly during
2001, and has been relatively stable since then. The range in FY 2003 was 62 pg/l to 99 pg/l,
with an average of 85 pg/l.

While not conclusive in and of itself, the decreasing water quality trends at the extraction wells

support the interpretation that the OU1 system is making progress towards aquifer restoration.

Monitoring Well Water Quality

Over the long-term, water quality data will be useful in evaluating containment. If containment
is being achieved, decreases in contaminant concentrations should be evident in wells near and

downgradient of the extraction wells. Trichloroethene versus time graphs are presented in
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Figure B-2 of Appendix B (in electronic format, the graphs can be viewed by clicking on the

well of interest). Following are some comments regarding key wells near the extraction system.

(In electronic format, the individual graphs can be viewed by clicking on the well name below.

To return to this point in the text, use the “Go to Previous View” button.)

04U839:

04U875:

04U877:

409555:

04U871:

04U872:

Located west of the extraction wells near the west edge of the plume. The
concentration has decreased to less than 1 ug/l, suggesting that the extraction
system is effectively containing the west edge of the plume. All parameters are

now below the cleanup levels at this well.

Located downgradient of the extraction system, south of 04U839. The
concentration has decreased from 23 ug/l in 1993 to 7.1 pg/l in 2003, suggesting

that the extraction system is effectively containing the west edge of the plume.

Located near the capture line south of NBM #14 and #15. The TCE concentration
decreased to 1.9 pg/l, suggesting effective containment of the east edge of the

plume.

Located south of 04U877, near the east edge of the plume. This well has
remained clean, indicating that conditions are not worsening downgradient of the

extraction system along the east edge of the plume.

Located downgradient of NBM #4 and NBM #15, near the center of the plume.
The concentration had declined from approximately 225 pg/l in 1996 to 25 pg/l in
2001, increasing slightly to 41 pg/l in 2002, and then declining to 32 ug/l in 2003.

Located downgradient of 04U871, this well shows a similar decline with the
concentrations decreasing from approximately 170 pg/l in 1996 to 11 ug/l in
2003.
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Overall, the declining concentrations support the Army’s belief that the OU1 extraction system is
effectively containing contamination in the Prairie du Chien, although other factors are
contributing to the decreases (i.e., natural attenuation). The Army, USEPA, MPCA, City of New
Brighton, and Restoration Advisory Board continued discussions evaluating the performance of

the OU1 remedy.

Are any changes or additional actions required for this remedy component?
Potential changes and/or additional actions will be addressed through the ROD modification

process discussed previously.

3.4  REMEDY COMPONENT #4: REMOVAL OF VOCs BY GAC

Description: “Pumping the extracted groundwater to the Permanent Granular Activated Carbon
(PGAC) Water Treatment Facility in New Brighton for removal of VOCs by a
pressurized GAC system.” (OU1 ROD, page 2)

* Treatment by the PGAC (along with iron and manganese removal and
chlorination) makes the recovered groundwater suitable for municipal
drinking water purposes. The PGAC is located approximately one-third mile
south of Interstate 694 near Silver Lake Road. The City of New Brighton is
responsible for operation and maintenance of the PGAC, with cost

reimbursement from the Army for the operations related to the remedy.
Performance Standard (how do you know when you’re done):

When the treated water meets the MCLs and non-zero MCLGs established by the Safe Drinking
Water Act (SDWA) for the chemicals of concern, as identified on page 18 of the OU1 ROD.
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Did the treated water meet the MCLs and non-zero MCLGs established by the SDWA for
the OU1 chemicals of concern?

Yes. Table 3-3 shows that the PGAC effluent met the performance standard during FY 2003.

Each of the 8 pairs of GAC Contractors (labeled A and B) is normally run in series (i.e., water
passes through A then B, or B then A, depending on whether the most recent carbon change-out
was the A or B vessel). The sampling data is not from a combined effluent after the GAC
vessels; instead, it is from sampling ports between the lead and lag GAC vessel and/or after the
lag GAC vessel for each of the 8 GAC vessel pairs in the PGAC. The sampling between the lead
and lag vessels is performed every month and determines when breakthrough of the lead GAC
vessels has occurred. When there are no contaminant detections between the lead and lag
vessels, there is no reason to sample after the lag vessels. When breakthrough of a lead vessel
has occurred, a carbon change-out of all 8 lead vessels is scheduled. Until the change-out
occurs, monthly samples are collected after each lag vessel (in addition to the monthly between-
vessel samples) to ensure that water leaving the PGAC meets the treatment requirements. When
the carbon change-out of the lead vessels is completed, the lead vessels are switched to the lag
position and vice versa. Monthly sampling then reverts to only between the lead and lag vessels

until a contaminant detection occurs, whereupon the process repeats.

Table 3-3 shows that two carbon change-outs occurred in FY 2003: one in January/February
2003 that was triggered by breakthrough detection, and one in April/May 2003, which was
electively done to avoid having to conduct a change-out during the peak demand months of the
summer (breakthrough had not yet been detected). The sampling results that represent PGAC
effluent water quality are highlighted in Table 3-3 for ease of viewing the compliance portion of
the data. There were no detections of VOCs in the samples representing PGAC effluent water

quality.

Is any sampling of the treated water proposed prior to the next report?

Yes. Sampling will continue to be performed by the City of New Brighton or their contractor.
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Are any changes or additional actions required for this remedy component? No.

3.5 REMEDY COMPONENT #5: DISCHARGE OF TREATED WATER

Description: “Discharging all of the treated water to the New Brighton municipal distribution

system.” (OU1 ROD, page 2)

Performance Standard (how do you know when you’re done):
When the connection to the New Brighton municipal supply system has been completed and

water is being discharged.

Is the treated water being discharged to the New Brighton municipal distribution system?
Yes.

Are any changes or additional actions required for this remedy component? No.

3.6 REMEDY COMPONENT #6: GROUNDWATER MONITORING

Description: “Monitoring the groundwater to verify the effectiveness of the remedy.”

(OUI1 ROD, page 2)

Performance Standard (how do you know when you’re done):
When a performance groundwater monitoring program has been established and ongoing

monitoring is in compliance with the program.

Is this remedy component being implemented?
Yes. Performance monitoring programs have been established to collect the data required to

verify the effectiveness of remedy components #1 through #5. Table 3-4 summarizes the
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performance monitoring requirements, implementing parties, and the specific documents which

contain the monitoring plans.

Were the groundwater monitoring requirements for this remedy met?
Yes, with one exception. Saint Anthony #3 was not sampled, since it was not in service at the
time of the June sampling event. The monitoring plan does not require this well to be sampled

unless it is in service.

Is any groundwater sampling proposed prior to the next report? Yes.

e Groundwater sampling of water supply wells related to alternate supply and
abandonment will be in accordance with recommendations in Appendix E. The next
“major” event will be in FY 2005.

e Monitoring of the extraction wells and treatment system effluent will be performed
by the City of New Brighton in accordance with the “New Brighton Water System
Sampling and Analysis Plan,” June 1997.

e Other groundwater monitoring will be in accordance with the Groundwater

Monitoring Plan included as Appendix A.1.

Are any changes or additional actions required for this remedy component?

Yes. The Army proposes to cease monitoring of 031853, and instead, begin biennial monitoring
of 03U821. The EPA had requested that 03U821 be sampled in FY 2003 as a “one-time event”.
As evident on Figure 3-8, these two wells are relatively close together and their screened
intervals are very similar. 03L853 is really more indicative of Upper Unit 3 and is basically
redundant to 03U821 (note that trichloroethene results were very similar for these two wells in

FY 2003 at 27 and 41 ug/l). The proposed change is shown in Appendix A.1.

As part of the OU1 ROD Modification discussions, the USEPA and MPCA requested that the
Army install three additional monitoring wells completed in the Jordan aquifer. The Army

agreed and funding was secured in September 2003. The goal is to obtain regulatory approval
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for locations and construction details, secure access agreements, and complete installation in
time for the June 2004 sampling event. Since the wells were not completed at the end of FY

2003, they are not yet shown on maps, but they are listed in the monitoring plan (Appendix A.1).

Also related to the OU1 ROD Modification, additional sampling has been added to support
future statistical analysis. Wells O3U711/04U711, O3M802/031.802/04U802, and 031806
were changed from a biennial frequency to annual. Well O3M806 was changed from no
sampling to annual. Wells O4U821, 04U849, and 191942 were changed from no sampling to
biennially. Wells O3L859, 04U854, and 206688 were added for sampling in June 2004, and
thereafter biennially. These changes are shown in Appendix A.1. While the changes are the
result of OU1 discussions, note that some of the wells are listed in Appendix A.l1 under the

heading of TGRS or OU3.

3.7 OVERALL REMEDY FOR OU1 DEEP GROUNDWATER

Has the OU1 remedy been completed (i.e., have the cleanup levels on page 18 of the OU1
ROD been attained throughout the areal and vertical extent of the North Plume)? No.

What impact is the groundwater extraction system having on contaminant concentrations?

Table 3-5 presents the FY 2003 groundwater quality data for OU1. The trichloroethene
concentrations are shown in plan view on Figures 3-5, 3-6, and 3-7, and in cross-section view on
Figures 3-8, 3-9, and 3-10. As mentioned previously, Figure 3-1 shows how the 1 ug/l contour
has changed with time for Upper Unit 4. Similarly, Figure 3-11 shows how the 100 ug/l contour
has changed.

Collectively, these figures indicate that the extent of contamination has remained generally the

same, with the following comments regarding comparison of FY 2001 versus FY 2003:
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Upper Unit 3:
1) Well 409596 decreased to 1.5 ug/l, shifting the 1 ug/l and 10 ug/l contours inward.
2) Well 03U821, which had not been sampled in recent events, was 27 ug/l and resulted in
slight shifting of the 100 ug/l contour location in this vicinity.
Lower Unit 3:
1) Well 03L673 decreased to 6.3 ug/l, eliminating the 10 ug/l contour in this vicinity.
2) Well 409557 decreased to 4.1 ug/l, shifting the 10 ug/l contour inward.
3) Well 409597 decreased to 87 ug/l, shifting the 100 ug/l contour inward.

Upper Unit 4:
1) Well 04U843, which had been on an increasing trend and was 38 ug/l in FY 2001,

decreased to <1.0 ug/l, shifting the 1 and 10 ug/l contours inward.

2) 04U673 increased to 15 ug/l, creating an isolated 10 ug/l contour in this vicinity.

3) Well 04U846 increased to 21 ug/l, shifting the 1 and 10 ug/l contours outward (this
well has been fluctuating from near zero to near 100 ug/l).

4) Well 409549 increased to 20 ug/l, shifting the 10 ug/l contour outward.

5) Well 206688 increased to 13 ug/l, shifting the 10 ug/l contour outward (this well has
been fluctuating from just above to just below 10 ug/l).

6) Well 234546 increased to 22 ug/l, shifting the 10 ug/l contour outward (this well had
been fluctuating in a range of approximately 30 to 60 ug/l, until the FY 2001 result of
1.1 ug/l, suggesting that the FY 2001 value may be anomalous).

Trichloroethene trend graphs can be viewed from Figure B-2 (Appendix B). The graphs best
illustrate the long-term changes that have occurred throughout OU1. Wells both upgradient and
downgradient of the extraction system generally show comparable to decreasing concentrations
relative to FY 2001 (see specific discussions of trichlorethene trends below). Decreases in

concentrations can be attributed to a combination of:

1) Plume containment at the TCAAP boundary,

2) Mass removal through the OU1 extraction system, and
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3) Natural attenuation.

For Upper Unit 3, Well 409550 decreased from 200 to 100 ug/l, continuing its steady decrease in
concentration. Well 03U822 increased slightly, going from 250 to 280 ug/l, but was still down
from the historic high of close to 400 ug/l in 1999. Other Upper Unit 3 wells are all perimeter

wells, and all remained at or near non-detectable concentrations.

For Lower Unit 3, most wells decreased or were basically the same, except that 03M848
increased from 370 to 450 ug/l. However, looking at the data since the historic high of
approximately 1400 ug/l in 1996, the trend still appears to be generally decreasing.

For Upper Unit 4, most wells decreased or were basically the same. Exceptions include the five
previously-mention wells (04U673, 04U846, 409549, 206688, and 234546). A few other
exceptions include 04U861, where the concentration increased from 19 to 48 ug/l. The cause for
the increasing trend in this well is not clear. At 04U844, the concentration increased from 400 to
470 ug/l. The trend graph shows that the concentration had generally decreased from the initial
concentration of over 1000 ug/l in 1993 to about 500 ug/l in 1998. Ignoring an anomalous value
of 22 ug/l in 1999, this well seems to be remaining relatively stable in the 400 to 500 ug/I range.
At 04U836, the concentration increased from 11 to 18 ug/l. The trend graph shows that the

concentration has generally decreased from the initial concentration of almost 40 ug/l in 1998.

Overall, the monitoring data indicates that aquifer restoration is occurring in the Prarie du Chien.

Both the extent and magnitude appear to be stable or improving.

Vertical gradients for well nests throughout OU1 are presented in Table 3-6. In general for OU1,
the gradients indicate that groundwater moves downward from the Prairie du Chien into the
Jordan. At the 836 well nest near NBM #4, the flow is upward from the Jordan into the Prairie
du Chien. NBM #4 is completed through both formations. The fact that the gradient is upward
suggests that water is removed faster from the Prairie du Chien than the Jordan, which is

inducing water to move upward. At well nest 836, near NBM #4, most of the trichloroethene is
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in the Prairie du Chien (18 pg/l) versus the Jordan (0.82 pg/l). Thus, while NBM #4 captures
water from both the Prairie du Chien and the Jordan, most of the water is from the more
contaminated portion of the aquifer. At the 837 well nest near NBM #15 and the 838 well nest
near NBM #14, the gradients are downward; however, pumping has reduced the magnitude. The
gradients are approximately two times less than at the 839 well nest located further west, near
the capture limit of the wells. The gradient at the 846 nest (upgradient of NBM #14), which had
previously been consistently downward, appeared to be upward in FY 2003. Based on the
consistency of prior data, this may be the result of a data collection error. In particular, it
appears that 04U846 may be an errantly high reading, as it appears to be higher than expected

~

when looking at groundwater elevations in surrounding Unit 4 wells (Figure 3-3).

With respect to the Jordan, near the TCAAP boundary at PJ #806, the trichloroethene
concentration decreased from 180 pg/l in 2001 to 80 pg/l in 2003, continuing a downward trend.
In the vicinity of the QU1 extraction wells, from west to east, the trichloroethene concentrations

were:

FY 1998 FY 1999 FY 2001 FY 2003
04J839 1.74 ng/l 1.80 pg/l <1.0 pg/l 0.48 pg/l
04J836 3.91 pg/l 4.20 pg/l 0.41 pg/l 0.82 pg/l
04J837 147 pg/l 60 ng/l 27 ng/l 13 pg/l
04J838 39.8 ng/l 46 pg/l 12 pg/l 4.2 ng/l

Downgradient of the extraction system at NBM #5 and #6 (both completed in the Jordan only),
the trichloroethene concentrations were similar from 2001 to 2003 (130 versus 140 pg/l and 85
versus 90 pg/l, respectively). Further south at St. Anthony Municipal #5 and #4 (both completed
in the Jordan only), the trichloroethene concentrations were similar from 2001 to 2003 (16

versus 16 pg/l and 23 versus 22 pg/l, respectively).
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Overall, the monitoring data indicates that aquifer restoration is occurring in the Jordan, as
contaminant concentrations appear to be stable or improving. This conclusion is based on a

more limited number of monitoring locations, relative to the other aquifers.

How much VOC mass has been removed (at each well and total)?

Table 3-1 shows that the NBCGRS removed 835 pounds of VOCs during FY 2003. The relative
contribution from each extraction well was 38% from NBM #3/4, 14% from NBM #14, and 46%
from NBM #15 (with a combined 2% from other extraction wells). The total cumulative VOCs
removed by the NBCGRS is 16,814 pounds.

Figure 3-12 shows annual VOCs removed (listed at the top of the graph), annual pumping
volumes, and the trend in annual mass removal per unit volume pumped since FY 1997 (when
NBM #14 was brought online). Although the mass removal in FY 2003 was slightly increased
over FY 2002 (835 versus 767 pounds), this is due to the increase in pumping volumes between
those two years (1.5 versus 1.2 billion gallons). The trend in annual mass removal per unit
volume pumped continued to decrease from FY 2002 to FY 2003 and has been on a decreasing
trend since FY 1998, when the last extraction well was brought online (NBM #15). This overall
decline in the mass removal trend agrees with the trichloroethene trends in OU1 deep
groundwater, which generally show a decreasing trend, and suggests that aquifer restoration is

progressing.

Besides the changes already discussed, are any other changes or additional actions
required for OU1? No. The Army, USEPA, MPCA, City of New Brighton, and Restoration
Advisory Board are continuing to discuss the contemplated change from a requirement for
containment, to a requirement for demonstrating that the plume is not spreading and that aquifer
restoration is occurring. The parties will continue to work out technical issues regarding
monitoring wells and frequency of sampling (as noted by the changes described in Section 3.6),
and how to evaluate the data in support of a ROD modification. As also discussed in Section
3.6, the Army is proceeding with installation of three additional monitoring wells in the Jordan

aquifer.
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Table 31
OU1 Pumping/VOC Mass Removal Data

Fiscal Year 2003

Total

NBCGRS Wells NBCGRS

Well#3  Well#4  Well#5 Well#6 Well#14 Well#15 Wells

Oct-02 Pumpage (1000 gals) 10,874 39,392 4,394 136 27,777 39,909 122,482
VOC Level (ug/l) 55 63 170 100 34 120

Total VOCs (lbs) 5.0 21 6.2 0.1 7.9 40 80

Nov-02 Pumpage (1000 gals) 18,080 38,527 180 160 32,600 38,540 128,087
VOC Level (ug/l) 49 58 140 96 27 120

Total VOCs (Ibs) 7.4 19 02 0.1 7.3 39 72

Dec-02 Pumpage (1000 gals) 16,877 39,745 138 137 39,216 40,190 136,303
VOC Level (ug/l) 46 54 140 86 29 100

Total VOCs (lbs) 6.5 18 0.2 0.1 9.5 34 68

Jan-03 Pumpage (1000 gals) 3,075 26,499 185 150 26,637 26,839 83,385
VOC Level (ug/l) 50 62 170 100 30 120

Total VOCs (Ibs) 1.3 14 0.3 0.1 6.7 27 49

Feb-03 Pumpage (1000 gals) 12,991 28,214 244 203 25,983 31,361 98,996
VOC Level (ug/l) 68 77 160 92 18 77

Total VOCs (lbs) 7.4 18 0.3 0.2 39 20 50

Mar-03 Pumpage (1000 gals) 16,874 37,827 136 110 37,515 39,955 132,417
VOC Level (ug/l) 69 70 170 100 25 97

Total VOCs (Ibs) 9.7 22 0.2 0.1 7.8 32 72

Apr-03  Pumpage (1000 gals) 3,861 26,736 117 98 23,222 28,653 82,687
VOC Level (ug/l) 48 72 160 100 15 78

Total VOCs (Ibs) 1.5 16 0.2 0.1 2.9 19 39

May-03 Pumpage (1000 gals) 19,602 33,651 98 96 34,863 39,282 127,592
VOC Level (ug/l) 69 78 170 100 27 96

Total VOCs (Ibs) 11 22 0.1 0.1 7.9 31 73

Jun-03  Pumpage (1000 gals) 21,680 36,348 106 6,026 39,385 31,397 134,942
VOC Level (ug/l) 63 73 160 110 31 110

Total VOCs (Ibs) 11 22 0.1 55 10 29 78

Jul-03  Pumpage (1000 gals) 22,463 39,294 88 70 41,195 41,101 144,211
VOC Level (ug/l) 61 72 171 113 41 123

Total VOCs (Ibs) 11 24 0.1 0.1 14 42 92

Aug-03 Pumpage (1000 gals) 17,439 44,560 54 44 43,953 44,631 150,681
VOC Level (ug/l) 46 60 170 110 75 110

Total VOCs (lbs) 6.7 22 0.1 0.04 28 41 98

Sep-03 Pumpage (1000 gals) 12,282 39,987 317 236 35,362 40,183 128,367
VOC Level (ug/) 28 48 140 88 41 97

Total VOCs (Ibs) 2.9 16 0.4 0.2 12 33 64

Fiscal Year 2003 Totals:
Pumpage (1000 gals) 176,098 430,780 6,057 7,466 407,708 442,041 1,470,150
Total VOCs (Ibs) 82 233 8 7 118 386 835
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OU1 Groundwater Level Data

Table 3-2

Fiscal Year 2003

Groundwater
Well ID TOS (ft) Elevation (ft)
03L811 908.43 846.37
03L822 876.60 837.30
03L841 911.27 845.27
03L846 887.61 830.56
03L853 888.80 838.10
03M843 885.70 838.26
03U811 908.19 847.30
03U821 878.00 837.68
03U822 876.70 837.29
03U831 888.60 837.39
04J834 946.11 809.78
04J836 1000.88 825.13
04J837 928.62 827.23
04J838 879.80 829.43
04J839 987.43 826.83
04J882 884.80 808.33
04U821 877.60 837.32
04U834 945.70 814.17
04U836 1000.15 821.36
04U837 928.38 829.90
04U838 879.97 831.78
04U839 987.15 829.96
04U841 911.49 846.77
04U843 886.10 837.64
04U844 884.49 835.89
04U846 888.39 833.51

Notes:

Groundwater
Well ID TOS (ft) Elevation (ft)
04U847 916.84 846.36
04U849 873.00 831.64
04U850 916.80 831.05
04U855 896.10 835.32
04U871 957.10 821.52
04U872 952.20 819.87
04U875 1013.60 821.12
04U877 920.86 829.69
04U879 945.60 830.48
04U880 972.00 818.24
040881 976.50 816.69
040882 917.70 813.26
04U883 948.60 811.70
PJ#318 983.00 814.79
191942 880.50 837.13
409547 896.00 840.07
409548 867.00 832.79
409549 921.30 830.86
409550 912.00 847.51
409555 923.00 823.52
409556 960.00 829.83
409557 896.00 837.40
409596 880.40 837.19
409597 880.30 837.23
512761 891.20 810.24

TOS = Top of Surface which represents the ground surface elevation in feet above mean sea level (MSL).

Groundwater elevations were measured on June 4, 2003.
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Table 3-3
OU1, PGAC Effluent Water Quality

Fiscal Year 2003

Influent Well Monitoring Operational Performance Monitoring

Date #3  #4  #5 #6 #14 #15 A B A B A B A B A B A B A B A B

Sampling  Well Well Well Well Well Well  Contactor#1 Contactor#2  Contactor#3 Contactor#4 Contactor#5 Contactor#6 Contactor #7  Contactor #8

"A" Vessels are the Lead Vessels.

31-Oct-02 55 63 170 100 34 120
3-Nov-02 49 58 140 96 27 120
31-Dec-02 46 54 140 86 29 100
31-Jan-03 50 62 170 100 30 120

18
25

77
97

" NS
NS |

28-Feb-03
31-Mar-03

68
69

77 160 92
70 170 100

30-Apr-03 48 72 160 1 00 15 78
31-May-03 69 78 170 100 27 96
30-Jun-03 63 73 160 110 31 110
31-Jul-03 61 72 171 113 41 123
31-Aug-03 46 60 170 110 75 110
30-Sep-03 28 48 140 88 41 97

0

Notes:

1) All water quality results shown are for Total VOCs (ug/l).

2) NS = Not Sampled.

3) The highlighted results indicate those results that are representative of effluent water quality for the given pair of contactor vessels

(only the A or B vessel result is highlighted since vessels are operating in series).
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Remedy Component

#1: Alternate Water Supply/Well
Abandonment

#2: Dirilling Advisories

#3: Groundwater Containment

#4: Removal of VOCs

#5: Discharge of Treated Water
#6: Groundwater Monitoring

OR: Overall Remedy
(Attainment of cleanup goals)

T:\1038\12\FY03 APR\APR Tables\Table 3-4

Table 3-4

Summary of OU1 Monitoring Requirements

Monitoring Requirements

a.

Water quality data for the perimeter of the plume to
define the area of concern

Water quality data for water supply wells to
determine eligibility for aiternate
supply/abandonment

Verification that drilling advisories are in place and
functioning as intended

Pumping volume and rates for each extraction well
for comparison to design flowrates for containment

Water levels from monitoring wells to draw contour
maps showing the influences of pumping

Water quality, especially downgradient of the
extraction system, to assist in evaluation of
containment.

Effluent water quality to demonstrate compliance
with the Safe Drinking Water Act

Verification of discharge
Outlined above and below

Water quality data throughout the North Plume to
evaluate attainment

Implementing

Documents Containing the

OU1 Groundwater Monitoring Plan

New Brighton Water System
Sampling and Analysis Plan

OU1 Groundwater Monitoring Plan

OU1 Groundwater Monitoring Plan

New Brighton Water System
Sampling and Analysis Plan

Party Monitoring Plan
Army
in the Annual Report
Army Well Inventory Report
Army/MDH N/A
New Brighton
Army
in the Annual Report
Army
in the Annual Report
New Brighton
New Brighton N/A
Army

OU1 Groundwater Monitoring Plan
in the Annual Report
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Table 3-5
OU1 Groundwater Quality Data

Fiscal Year 2003

Trichloro- 1.1-Dichloro- cis-1,2-Dichloro- 1,1,1-Trichloro- 1,1,2-Trichloro- 1.1-Cichloro-

ethene sthene sthene ethane ethane sethane

OU1 Cleanup Level 5 6 70 200 3 70
03L811 6/6/2003 <10 20 JP 0.39 <1.0 <1.0 49
03L822 6/16/2003 410 16 4.0 14 <1.0 10
(JH4) {JH4) Can) (JH4) (JH4) {(JH4)

0382 D 6/16/2008 620 20 4.1 19 <1.0 11
03L841 6/11/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
03L846 6/9/2003 <10 JP 0.20 <1.0 <1.0 <10 6.6
03L853 6/12/2003 41 1.6 <1.0 2.6 <1.0 1.6
O3M843 6/6/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
o3Ug11 6/6/2003 <10 <1.0 <1.0 <1.0 <1.0 <1.0
o3us21 6/16/2003 27 B <1.0 <1.0 <1.0 1.4
o3uB22 6/16/2003 280 12 2.5 7.0 <1.0 14
03U831 6/9/2003 <1.0 <1.0 JP 0.83 <1.0 <1.0 JP 0.32
04J834 6/9/2003 JP 0.29 <1.0 <1.0 <1.0 <1.0 <1.0
04J836 6/10/2003 JP 0.82 <1.0 <1.0 <1.0 <10 <1.0
04J837 6/16/2003 11 JP 0.90 <1.0 <1.0 <10 1.4
04J837 D 6/16/2000 13 JP 0.95 <1.0 <1.0 <1.0 1.7
04.J838 6/9/2003 42 JP 0.80 JP 0.78 <1.0 <1.0 28
04J839 6/5/2003 JP 0.48 <1.0 <1.0 <1.0 <10 <1.0
04.J882 6/6/2003 <10 <1.0 <1.0 <1.0 <1.0 <1.0
04us21 6/16/2003 33 2.3 <1.0 23 <10 2.1
04U834 6/16/2003 16 <1.0 <1.0 <1.0 <1.0
041836 6/10/2003 18 1.2 <1.0 <1.0 <10 2.1
04U837 6/10/2003 2.2 <1.0 <1.0 <1.0 <1.0 <1.0

Page 1 of 3
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Table 3-5
OU1 Groundwater Quality Data

Fiscal Year 2003
Trichloro- 1 1-Dichloro- cis-1,2-Dichloro- 1,1,1-Trichloro- 1,1,2-Trichioro- 1,1-Dichloro-
ethene ethene ethene ethane ethane ethane
(ugh) g/ ugh) ug ug (ugh)
QU1 Cleanup Level S ) 70 200 3 70
04U838 6/9/2003 JP 0.30 JPO.18 <1.0 <1.0 <1.0 JP 0.95
04U839 6/6/2003 JP 0.34 <1.0 <1.0 <1.0 <1.0 <1.0
04U841 6/11/2003 5.0 JP 0.77 <1.0 <1.0 <10 1.0
04U843 6/12/2003 <10 <1.0 <1.0 <1.0 <1.0 <1.0
04UB844 6/17/2003 470 29 3.0 S0 <1.0 16
04U846 6/9/2003 21 5.2 1.7 2.2 <1.0 10
04U847 6/17/2003 680 43 8.3 41 <1.0 30
04UB49 6/12/2003 43 5.9 JP 0.45 4.7 <1.0 48
04U850 6/12/2003 32 32 JP 0.61 <1.0 <1.0 3.3
04U850 6/12/2003 34 3.2 JP 0.60 <1.0 <1.0 3.5
04U855 6/9/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
o4U871 6/17/2003 32 16 <1.0 <1.0 <1.0 18
04U871 6/17/2003 26 13 <1.0 <1.0 <1.0 <1.0
04U872 6/13/2003 11 JP 0.47 <1.0 <1.0 <1.0 <1.0
04U872 6/13/2003 8.8 <1.0 <1.0 <1.0 <1.0 <1.0
04U875 6/12/2003 7.1 JP 0.58 <1.0 <1.0 <10 <1.0
04U877 6/13/2003 19 <1.0 <1.0 <1.0 <1.0 <1.0
04U879 6/10/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
04U879 6/10/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
04U880 6/11/2003 <1.0 <1.0 <1.0 <1.0 <10 <1.0
04U881 6/9/2003 <10 <1.0 <1.0 <1.0 <1.0 <1.0
04U882 6/11/2003 6.7 <1.0 <1.0 <1.0 <1.0 <1.0
04U883 6/11/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
PJ#318 6/12/2003 4.2 <1.0 <1.0 <1.0 <1.0 <10
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Table 3-5
OU1 Groundwater Quality Data

Fiscal Year 2003

Trichioro- 1 1-Dichloro- cis-1,2-Dichiore- 1,1,1-Trichioro- 1,1,2-Trichloro- 1,1-Dichloro-

ethene ethene sthene sethane ethane ethane

B gh) ug ug ug afl)
OU1 Cleanup Level 5 6 70 200 3 70
191942 6/13/2003 81 10 1.5 7.7 <1.0 11
200154 6/16/2003 <10 <1.0 <1.0 <1.0 <1.0 <1.0
200524 6/16/2003 16 JP 0.82 <1.0 <1.0 <10 JP 0.86
(SAMIES)
200803 6/16/2003 22 1.0 <1.0 <1.0 <1.0 |
(SAMiE4)
206688 8/5/2003 13 0.88 <1.0 <1.0 <1.0 0.95
206688 D  8/5/2003 13 0.96 <1.0 <1.0 <1.0 1.0
234546 6/17/2003 22 1.2 <1.0 <1.0 <1.0 <1.0
234549 6/17/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
409547 6/9/2003 <10 JP 0.78 B 20 <1.0 1.2
409548 6/11/2003 1.4 <1.0 <1.0 <1.0 <1.0 <1.0
400549 6/11/2003 20 1.7 <1.0 <1.0 <1.0 18
409550 6/13/2003 100 4.3 1.2 2.8 <10 4.7
409555 6/5/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
409556 6/5/2003 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
409557 6/11/2003 4.1 2.8 15 <1.0 <1.0 35
409596 6/13/2003 15 <1.0 <1.0 <1.0 <1.0 <1.0
409597 6/13/2003 87 1 16 4.6 <1.0 12
512761 6/17/2003 30 1.7 <1.0 <1.0 <1.0 16
(1) Cleanup levels for OU1 deep groundwater are from page 18 of the OU1 ROD. Bolding (in red coler) indicates

exceedance of the cleanup level.
D Duplicate sample.
JH The sample was was analyzed after the aliowable holding time (number of days after holding time is listed after "JH").
Results should be considered estimated.

JP The value is below the reporting level, but above the method detection limit. Results should be considered estimated.
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Table 3-6

OU1 Vertical Hydraulic Gradients

Groundwater Elevation (ft)

o3uU811
03L811

Difference
Vertical Gradient

03uU822
03L822

Difference
Vertical Gradient

04U834
04834

Difference
Vertical Gradient

03L841
04U841

Difference
Vertical Gradient

03L846
04U846

Difference
Vertical Gradient

04U882
04882

Difference
Vertical Gradient

04U836
04836

Difference
Vertical Gradient

04U837
04J837

Difference
Vertical Gradient

040838
04J838

Difference
Vertical Gradient

04U839
04J839

Difference
Vertical Gradient

Mid-Screen
(or open hole)
Elevation (ft)  12/3/1996  5/29/1997  12/2/1997 6/1/1998 9/1/1998 6/1/1999 5/31/2001 6/4/2003
803 842.5 842.1 842.3 8430 NoData 8428 842.9 847.3
689 841.8 841.2 841.5 842.1 842.0 842.1 846.4
114 0.7 0.9 0.8 0.9 0.8 0.9 0.9
[ 006 ][ 008 ][ "oo7 [ 008 | [ 007 |[ 008 ][ 008 ]

786 No Data No Data 833.0 833.7 No Data 833.3 8335 837.3

761 833.9 830.6 833.0 833.7 833.2 833.5 837.3

25 0.0 0.0 0.1 0.0 0.0
[ — 1 — ][ 000 ][ .000 ] [""004 ][ 000 ][ 000 |

570 811.0 809.0 811.4 8088 NoData 8092 812.2 814.2

496 807.8 804.7 808.1 804.9 805.4 808.1 809.8

74 3.2 43 3.3 3.9 3.8 4.1 44
{043 [ 058 |[ 045 [ 053 | [os1 ][ 056 ][ 059 |

760 840.3 840.4 840.3 8412 NoData  841.0 841.0 845.3

682 841.2 841.1 841.9 842.7 842.5 841.9 846.8

78 -0.9 -0.7 -1.60 -1.5 -1.5 -0.9 -1.5
[ -o012 || -009 [ -o021 [ -o019 | [ o019 [ -012 || -018 |

760 829.5 828.4 828.5 829.3 NoData 8285 828.7 830.6

674 828.5 827.6 827.3 828.1 827.1 827.5 833.5

86 1.0 0.8 1.2 1.2 1.4 1.2 -3.0
| 012 || 009 |{ 014 || 014 | [ o016 J[ 014 ][ -034 |

600 810.2 808.0 810.4 8074  NoData 8079 811.3 813.3

455 772.8 769.3 806.9 803.2 803.1 806.8 808.3

145 37.4 38.7 3.5 4.2 4.8 45 4.9
[ 258 || 267 J[ 024 ][ 029 | [033 [[ 031 [ 034 |

663 824.0 822.7 821.9 821.4

554 824.2 823.7 823.5 825.1

109 0.2 -1.0 -15 -3.8
-002 |[ -009 |[ -014 || -035 |

653 826.5 826.2 825.6 829.9

555 824.6 824.2 823.8 827.2

98 1.9 2.0 1.8 27
019 |[ 020 J[ 019 ][ 027 |

659 827.5 827.3 827.5 831.8

556 826.1 825.7 826.0 829.4

103 1.4 1.6 15 24
014 [ 016 [ 014 ][ 023 ]

626 827.3 827.1 826.6 830.0

556 824.1 824.3 824.2 826.8

70 3.2 2.8 25 3.1
046 |[ 040 [ 035 |[ 045 |

Note: Negative sign denotes upward vertical gradient.
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