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1.0 Introduction

This report was prepared to document the post-construction hydrogeologic conditions in and
adjacent to the St. Paul Waterway Confined Disposal Facility (CDF) located in Commencement
Bay, Tacoma, Washington (Figure 1). The St. Paul CDF was constructed to dispose of and
confine contaminated dredged sediment from the Thea Foss and Wheeler-Osgood Waterways
Remediation Project. Construction of the CDF was completed in 2006.

Contaminated sediment contained within the CDF are separated from direct contact with
surface water by a containment berm across the St. Paul Waterway on the north, the St.
Paul/Middle Waterway Peninsula on the west, the Simpson Tacoma Kraft property to the east,
and the landmass comprising the Simpson log storage property to the south (Figure 2).
Commencement Bay, the outer St. Paul Waterway, Middle Waterway, and the Puyallup River
are surface waters located in proximity to the CDF. Monitoring of the CDF is being performed
as part of the EPA-approved Operations, Maintenance, and Monitoring Plan (OMMP) for the
Thea Foss and Wheeler-Osgood Waterways (City of Tacoma 2006).

The objective of the CDF monitoring program is to protect water quality in adjacent surface
water bodies from migration of contaminants from the confined dredged material. The primary,
potential mechanism for contaminant transport is groundwater flow through the CDF and into
the adjacent water bodies. The monitoring program is designed to evaluate groundwater flow
and quality in and around the CDF to ensure compliance with the performance criteria.

The overall components of the St. Paul CDF monitoring program as outlined in the OMMP are
the following:

= Installation of 15 monitoring wells in and adjacent to the CDF (i.e., MW-01 through MW-
15) (Figure 2);

= Conducting a 72-hour tidal study and slug tests to evaluate the post-construction
groundwater gradients and flow conditions in the area of the CDF,;

= Documentation of the hydrogeologic conditions in the Post-Construction Hydrogeologic
Conditions Report to be submitted to EPA;

» Selection of monitoring wells to be used for baseline groundwater quality monitoring;

» Performance of quarterly groundwater and surface water monitoring for two years to
identify baseline conditions;

= Documentation of the baseline conditions in a report to be submitted to EPA;
» |dentifying the performance monitoring program for the CDF;

»= Monitoring groundwater quality over time in accordance with the performance monitoring
program; and

» Performing visual observations of the berms and CDF cap.
Evaluation of the post-construction hydrogeologic conditions and preparation of this report are

initial components of the CDF monitoring program. This Post-Construction Hydrogeologic
Conditions Report presents the following:
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= Summary of field activities including installation of 15 new monitoring wells, slug testing,
and a 72-hour tidal study;

= Geologic information from the 15 new borings completed as monitoring wells in and
around the St. Paul CDF;

* The hydraulic conductivity values resulting from slug testing performed on the monitoring
wells; and

= Groundwater gradients and flow information resulting from a 72-hour tidal study.
The Post-Construction Hydrogeologic Conditions Report for St. Paul CDF has been prepared in

accordance with the requirements specified in the EPA-approved OMMP for the Thea Foss and
Wheeler-Osgood Waterways Remediation Project.

Post-Construction Hydrogeologic Conditions Report 112206.doc Page 2



2.0 Field Activities

Multiple field activities were performed between August 28, 2006 and October 6, 2006, to
evaluate the post-construction hydrogeological conditions at the St. Paul CDF. Field activities
that were completed include the following:

= Advancement and logging of 15 soil borings;

= [Installation of 15 monitoring wells in the completed borings;
»= Monitoring well development;

»= Monitoring well slug testing; and

» Performance of a 72-hour tidal study.

The following sections describe each of the field activities that have been performed.
2.1 BORINGS AND WELL INSTALLATION
2.1.1 Borehole Completion

Fifteen borings were advanced in and around the St. Paul CDF between August 28, 2006 and
September 6, 2006 (Figure 2). Soil boring was performed by Boart Longyear’s Holt Drilling
Division (Puyallup, WA) under the oversight of Floyd|Snider. A Foremost-Mobile Model B-59
drill rig equipped with a 4-inch inner diameter hollow stem auger was used to advance the
borings to depths ranging from 19 to 91 feet below ground surface. Each boring that was
advanced was also completed as a monitoring well. Table 1 provides a summary of boring
locations and depths. A log of each boring that documents field observations and soil
characteristics during boring advancement was prepared and is included in Appendix A.

Samples were collected from each boring over discrete sample intervals by driving a 1.5-foot
long by 2-inch diameter stainless steel split spoon sampler with a 140-lb auto-hammer in
accordance with the split spoon sampling techniques described in ASTM D1586-98. Split-
spoon samples were collected at 5-foot depth intervals by a Floyd|Snider field representative for
the purpose of logging site soil characteristics and to facilitate monitoring well screen
placement. The samples were characterized in accordance with the Unified Soil Classification
System (USCS) and the soil classification was recorded on the boring logs. Sample material
was placed into 16-ounce, pre-cleaned glass jars and retained for possible additional evaluation
of soil characteristics during well installation. Each jar was labeled with a unique sample
number, the boring location, the depth interval over which the sample was collected, time of
collection, and date.

Drilling equipment was decontaminated prior to drilling at each boring location. All auger flight
sections were steam-cleaned and the decontamination water generated from steam-cleaning
was collected into 55-gallon drums. Soil cuttings generated from the borings were placed into
55-gallon drums segregated by borehole that were sealed, labeled, and stored on-site pending
disposal.
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2.1.2 Monitoring Well Construction

Each boring location was completed as a monitoring well. A total of 15 monitoring wells (MW-
01 through MW-15) were installed from August 28, 2006 through September 6, 2006 (Figure 2).
The monitoring wells were installed in accordance with Appendix D, Confined Disposal Facility
Monitoring Operations Manual, of the OMMP and Minimum Standards for Construction and
Maintenance of Wells (Chapter 173-160 WAC). Table 1 includes a summary of well
construction at each location. A well completion log documenting the details of well construction
was prepared for each monitoring well location and is included in Appendix A.

Eight of the monitoring wells were completed at shallow depths (MW-01 through MW-04, MW-
06, MW-09, MW-10, and MW-13). The shallow wells are located and screened to evaluate
hydrogeologic conditions in near-surface soil, fill, and material used to construct the
containment and offset berms and to allow characterization and monitoring of the quality of
groundwater that is most likely to be impacted by the saltwater washout effect (i.e., where the
lowest saline groundwater and stormwater infiltration come in contact with and flow over the
surface of contaminated sediment placed in the CDF). The shallow-depth wells were
constructed with 10-foot long well screens, set to target an elevation interval from approximately
+10 feet Mean Lower Low Water (MLLW) to O feet MLLW (Table 1). In accordance with the
OMMP, minor adjustments to the well screen placement elevation were made for several
shallow wells based on soil characteristics observed during logging of the boreholes (Appendix
A). Screen placement was field-adjusted from the target screen interval to span more
conducive, water-bearing soils when less conducive soil was identified at the target interval
during borehole logging. Shallow well screen interval placements were adjusted up to
approximately 2.4 feet deeper than the target well screen elevation for Monitoring Wells MW-02,
MW-04, and MW-10.

Three of the wells were completed at intermediate depths (MW-07, MW-11, and MW-14). The
intermediate-depth wells were constructed with 10-foot long well screens, set to target an
elevation interval of approximately O feet MLLW to elevation -10 feet MLLW (Table 1). The
intermediate wells are located and screened to evaluate hydrogeologic conditions and allow
characterization and monitoring of the quality of groundwater at an intermediate depth. Minor
adjustments to the well screen placement elevation were made for MW-07. The screen was
placed 1.7 feet lower than anticipated to penetrate into sandy material having a lower content of
wood fragments.

Four of the wells were completed as deep wells (MW-05, MW-08, MW-12, and MW-15). The
deep wells were constructed with 20-foot long well screens and were designed to evaluate
hydrogeologic conditions and allow characterization and monitoring of groundwater quality at
the bottom of the CDF (i.e., approximately -60 feet MLLW). The target screen interval was -40
feet MLLW to -60 feet MLLW for Monitoring Wells MW-05, MW-08, and MW-12 (Table 1). The
screen placement was field-adjusted for Monitoring Well MW-15, where the screen was placed
approximately 10.7 feet deeper than the target elevation. The boring for Monitoring Well MW-15
was advanced approximately 11 feet deeper in an effort to locate more conducive, water
bearing soils with a coarser matrix than was observed at the target screen interval. The soil at
greater depth at the bottom of Monitoring Well MW-15 contained marginally lower amounts of
silt and wood fragments at the bottom of the boring and, therefore, the screen was set at the
bottom of the boring, approximately 11 feet deeper than the target elevation (Table 1).
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Each monitoring well was constructed using 2-inch inside diameter, 0.020-inch (20-slot), flush-
threaded, machine-slotted Schedule 40 PVC screen and 2-inch inside diameter, flush-threaded
Schedule 40 PVC casing supplied in 10-foot long sections. Additionally, 2-inch inside diameter,
flush-threaded Schedule 40 PVC end caps (sumps) were attached to the bottom of the
screened interval of each well. The sand pack for each well was constructed using Oglebay-
Norton 10-20 Colorado Silica Sand. Bentonite seals for the shallow and intermediate wells were
constructed using Haliburton Baroid 3/8-inch nominal diameter bentonite chips and Haliburton
Baroid Bentonite Quik-Grout was used for the deep wells. Flush-mount and stick-up well
completions were secured in-place using Basalite Concrete and/or Jet-Set.

Monitoring well installation was completed using the following procedures:

Upon completion of the boring to the final depth, 10-20 silica sand was carefully poured
through the hollow, inner portion of the auger and deposited at the bottom of the
borehole to form a 2 to 4-inch thick pad for the PVC well end-cap, screen, and casing
assembly to rest on.

The well end-cap, screen, and casing assembly were lowered into the borehole.
Additional sections of well casing were threaded onto the top of the assembly as it was
continuously lowered to greater depths within the borehole until the end cap came into
contact with the sand layer placed at the bottom of the borehole.

The uppermost end of the installed casing was either trimmed or extended to facilitate
installation of either a flush-mount or stick-up well completion.

A twist-locking J-plug was fitted into the top of each well casing and was secured with a
brass lock.

The annular space of the borehole was then backfilled with 10-20 silica sand as the
auger was withdrawn from the borehole. A weighted tape was used to monitor filter
pack placement and depth during installation to prevent contact between the well end-
cap, screen, and casing assembly and the in-situ soils. Additionally, the sand was
introduced in a protracted fashion to ensure that bridging did not occur at depth.
Backfilling of the borehole with sand in this fashion continued until the sand was placed
to a level approximately 3-feet above the upper end of the screened section.

Bentonite chips (3/8-inch nominal diameter) were used to backfill the annular borehole
space from the top of the sand pack to within 12 to18-inches from the ground surface for
both shallow- and intermediate-depth well installations (MW-01 through MW-04, MW-06,
MW-07, MW-09 through MW-11, MW-13, and MW-14). The bentonite chips were
hydrated using potable water when the chips were placed above the water table. For
deep well installations (MW-05, MW-08, MW-12, and MW-15) bentonite grout was
tremmied into the annular borehole space from the top of the sand pack to within 5 to 10
feet below ground surface. Then bentonite chips were used to backfill the remainder of
the annular space between the bentonite grout and concrete surface seal. Bentonite
grout was used for the deep well installations to eliminate the possibility of bentonite
chips bridging at depth in the deep wells.

Finally, Monitoring Wells MW-01, MW-02, MW-04, MW-05, and MW-09 through MW-15
were completed with flush-mount monuments. Monitoring Wells MW-03, and MW-6
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through MW-08 were completed with stick-up monuments. Photographs of each well
completion are presented in Appendix A with the boring and well installation logs.

The top of casing (TOC) elevations of the 15 monitoring wells, as well as the tide gage and the
surface water swale stilling well, were surveyed by the City of Tacoma to enable conversion of
the water level data to MLLW.

2.2 MONITORING WELL DEVELOPMENT

Monitoring wells MW-01 through MW-15 were developed between September 12, 2006 and
September 18, 2006. Development activities, including purging and surging, were performed on
each monitoring well to remove water and fines from the well casing, filter pack, and
surrounding formation that were the result of or affected by well installation and to establish a
hydraulic connection between each well and the surrounding aquifer. The goal of well
development is to allow groundwater representative of the formation to flow into the well. Table
2 summarizes monitoring well measurements and observations during well development.

The procedures used during well development included the following:

= Upon arriving at each well location, the depth to static water level and the depth to the
bottom of the well or sediment present at the bottom of the well were measured using a
Solinst brand water level indicator with 0.01-inch increments. The depth to the water
level and total depth were recorded on the well development log;

= The volume of water within the well casing was calculated for the well by multiplying the
height of the observed water column by the volume of water contained within one linear
foot of the well casing (i.e., there are 0.016 gallons of water per foot for a 2-inch inside-
diameter PVC well casing). The volume of water within the well casing was recorded on
the well log for use in tracking well development.

= One-half inch disposable PVC tubing was then attached to the Pro Active brand
submersible 12-Volt electric pump and the pump was lowered to the bottom of the well.
The pump was then engaged and purge water was pumped into a 5-gallon bucket to
determine and adjust the purge rate, visually examine the water and observe the fines
(i.e., sediment and sand) content in the water, evaluate for the presence of an odor, and
to collect field measurements of turbidity. The pump was agitated at the bottom of the
well during purging to entrain and facilitate the removal of sand and sediment that had
accumulated in the end cap during well installation.

= When the turbidity in well purge water began to improve the submersible pump was
removed and a solid PVC surge rod was lowered into the well using disposable poly
rope. The well was then surged by repeatedly raising and lowering the surge rod along
the length of the screened interval to push water through the screen and into the filter
pack.

» Following surging, the pump was placed back into the well and positioned at varying
depths in the water column to promote lateral groundwater inflow at various elevations
throughout the length of the screened interval. This procedure was performed to flush
the sand pack.
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» When the variation in successive turbidity readings dropped below 10 percent
development was considered complete. Turbidity was measured with an HF Scientific
brand turbidimeter. In cases where turbidity readings did not stabilize or satisfy the 10
percent criterion following the purging of large quantities of water from a well (i.e., MW-
11), development was considered complete when the well discharge appeared to reach
relatively steady-state turbidity.

= Inthe case of MW-11, turbidity did not stabilize or drop appreciably in the course of
development activities, during which over 28 well casing volumes (85 gallons) of water
were pumped from the well, as indicated by its final turbidity measurement of 720 NTU.
Additionally, strong hydrogen sulfide-like and marine-like odors emanated from the well
throughout development. Development was terminated when it became clear that
additional purging was not improving the observed level of turbidity in the water or
reducing the level of detected odor for this well. It is hoped that additional purging
performed prior to sampling will reduce the turbidity in MW-11 to acceptable levels. All
remaining wells declined to a reasonable level of turbidity relative to the initial turbidity
level in the course of development.

= Upon completion of well development, a final depth to static water level and depth to the
bottom of the well were recorded on the well development log prepared for each well.

Non-disposable equipment, including the submersible pump, surge block, and water level
indicator, were decontaminated between well locations using a three-step decontamination
process consisting of an Alconox solution wash, potable water rinse, and final de-ionized water
rinse. New lengths of disposable poly rope and PVC tubing were used at each well location and
were discarded after use.

All purge water and decontamination water generated during well development activities for
MW-04 and MW-05, the two monitoring wells installed within the CDF, were collected into 55-
gallon drums that were labeled to indicate date of generation, monitoring well source, and
volume of contents. The wells containing purge water are stored on-site pending disposal.
Purge water generated from development of the remaining wells was discharged on-site in
accordance with Appendix D, Confined Disposal Facility Monitoring Operations Manual, of the
OMMP.

2.3 MONITORING WELL SLUG TESTING

Following well development activities, slug tests were conducted on Monitoring Wells MW-01
through MW-15 in general accordance with ASTM D 4044-96 (ASTM 2000). Slug testing of the
monitoring wells was performed on September 27, 2006 and September 28, 2006. Slug tests
are performed to estimate aquifer hydraulic conductivity in the vicinity of the well.

The procedures for slug testing each well included the following:
= Upon arriving at each well location, the depth to static water level was measured using a

Solinst brand depth to water level indicator with 0.01-foot increments;

= A pressure transducer was then placed at a distance below the static water level that
enabled full submersion of the slug rod below the water line and provided a measurable
buffer distance between the bottom of the slug rod and the top of the transducer;
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After stabilization of the groundwater level from the water column displacement caused
by installation of the pressure transducer, the slug rod was submerged in the water
column;

The pressure transducer was monitored for recovery of the perturbed water level until it
returned to within 95 percent of the initial head measured by the transducer prior to the
introduction of the slug rod;

Then the slug rod was quickly removed from the water column and the change in
hydraulic head (i.e., groundwater level) over time was recorded by a data logger and the
water level in the well was monitored to identify when the recovery was within 95 percent
of the initial water level.

Once the groundwater level recovered to within 95 percent of the initial water level, the
depth to groundwater was manually measured, the test was concluded, and the
pressure transducer was removed.

Replicate slug tests were performed on Monitoring Wells MW-11 and MW-15 for quality
assurance / quality control (QA/QC) purposes as a check on slug test procedures and analyses.

The slug test data, data evaluation methods, hydrographs, and hydraulic conductivity results are
presented in Appendix C. The results of slug testing are discussed in Section 3.2.1.

2.4

TIDAL STUDY

A 72-hour tidal study was completed to assess tidal effects on groundwater levels in the 15
monitoring wells installed in and around the CDF. The tidal study was performed on October 3,
2006 through October 6, 2006. Groundwater levels were recorded at 15-minute intervals at
each well location and surface water levels were monitored and recorded at a tide gauge
established in the Middle Waterway and a still well established in the surface water swale
located on the eastern boundary of the CDF using a network of pressure transducers and data
loggers. Figure 2 shows the locations of the transducers and data loggers placed in monitoring
wells, the tide gauge, and the still well.

The procedures for performing the tidal study included the following:

Prior to the initiation of the tidal study, 17 pressure transducers, provided by In-Situ
Incorporated of Fort Collins, CO, were time-synchronized and programmed to record the
height of the column of water above the pressure transducer at 15-minute intervals;

A transducer was then placed into each monitoring well (MW-01 through MW-15) at an
elevation determined to capture the anticipated range of water level fluctuations within
each well;

A tide gauge was constructed by installing a pressure transducer within an open-bottom,
1.5-inch inside-diameter PVC casing attached to a piling in the Middle Waterway (Figure
2). The transducer was installed at an elevation that captured tidal elevation data within
the range of tidal elevations predicted throughout the study;

A pressure transducer was also deployed within an open-bottom, 1.5-inch inside-
diameter PVC casing that was installed within the surface water swale located on the
eastern boundary of the CDF,;
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» Following initiation of the data loggers and deployment of the transducers, periodic
depth-to-water (from the top of the casing or TOC) measurements were recorded at
each transducer location using a manual water level indicator. Transducer head (i.e.,
height of the water column above the transducer) readings were recorded from the data
logger coincident with the manual depth-to-water measurements. The manual water
level measurements provided reference data for use in converting the transducer-
collected relative head elevations into elevations referenced to MLLW. A series of four
to five manual water level measurements were collected over the course of the tidal
study for each transducer location.

At the conclusion of the tidal study on October 6, 2006, the 17 transducers were removed from
the monitoring locations and all collected data were downloaded to a laptop computer.
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3.0 Hydrogeologic Conditions
3.1  SOIL AND FILL MATERIALS COMPRISING THE CDF AND ADJACENT AREAS

Information on the characteristics of site soil and fill was collected from the advancement of the
15 borings that were completed as monitoring wells. As described in Section 2.1.1, samples of
the soil and fill were collected at 5-foot intervals during advancement of the borings and
characterized in accordance with the Unified Soil Classification System. The resulting soil
classification was documented in the boring logs presented in Appendix A.

Four general soil units were identified based on the soil borings advanced in and adjacent to the
CDF as shown on the generalized geologic cross-sections for the site (Figures 3 through 6).

The soil units observed consist of the following:

» Recently placed, engineered CDF offset and containment berm materials;
= Historical fill materials;
= Recently placed dredged material fill; and

= Native deltaic and shallow marine sediment.

Two of the four soil units, historical fill materials and deltaic and shallow marine sediments, were
previously identified during investigations to support design of the CDF. The two remaining
units, berm construction materials and dredged material fill, are more recent and were placed as
part of the construction and filling of the CDF.

Monitoring Wells MW-01 and MW-09 were installed in the CDF containment berm and offset
berm, respectively (Figure 3). The containment and offset berms were constructed of rip rap
armoring and select fill materials. The select fill comprising the center of the berms into which
boring was performed to install Monitoring Wells MW-01 and MW-09 is composed of fine to
course sand and gravel. Relatively few fines (i.e., silt and clay) are present in the select fill as
the construction documents specified a maximum fines content of two percent. As required by
the design, minimal variation exists in the soil characteristics of the berm structures.

Historical fill materials were observed in all areas surrounding the CDF where monitoring wells
were installed. The historical fill materials were observed in the borings advanced to install
Monitoring Wells MW-02, MW-03, MW-06 through MW-08, and MW-10 through MW-15.
Generally, historical fill material was encountered from ground surface down to approximately
10 feet deep that consisted of sandy silt, silty sand, gravel, and sand. Wood fragments
intermixed with historical fill materials were encountered in the borings for Monitoring Wells MW-
07, MW-12, and MW-15. Cobbles, asphalt and concrete were observed in the top three feet in
the borings for Monitoring Wells MW-13 through MW-15.

Previous design investigations also identified historical fill materials in all borings surrounding
the CDF. The historical fill material was identified to range from 16 to 31 feet deep and to
consist predominantly of poorly graded sand with silt layers and wood at the boring locations
investigated during design. Based on the current and previous investigations, the historical fill
ranges from 10 to 31 feet deep in the area around the CDF.
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The material dredged from the Thea Foss and Wheeler-Osgood Waterways and disposed of in
the CDF was observed in the borings advanced to install Monitoring Wells MW-04 and MW-05.
The dredged material placed in the CDF is comprised of silt with fine sand and fine sand with
silt. Abundant to trace wood fragments and scattered shell fragments were also observed to be
present in the dredged material fill.

The native soil underlying the historical fill material was observed in borings for Monitoring Wells
MW-02, MW-03, MW-06 through MW-08, MW-10 through MW-12, and MW-13 through MW-15.
The soil underlying the historical fill consists of deltaic and shallow marine sediment comprised
of sands, silty sands, and sandy silts. The deltaic and shallow marine sediments are generally
similar in composition to the historical fill. Abundant to trace wood fragments and scattered
shell fragments were also observed to be present in the deltaic and shallow marine sediment.
Often, the presence of sand and silt oscillated back and forth as borings for Monitoring Wells
MW-08 and MW-15 were advance to greater depths.

Previous investigations had also identified the deltaic and shallow marine sediment in deeper
geotechnical and sediment borings. Previous investigations identified variable layers of sand,
silty sand, and sandy silt beginning at approximately 5 feet MLLW to -10 feet MLLW, and
continuing to at least elevation -100 feet MLLW. The deltaic and shallow marine deposits were
identified to be associated with sedimentation from the Puyallup River.

Monitoring wells installed in historical fill and deltaic and shallow marine sediment (i.e.,
Monitoring Wells MW-02, MW-03, MW-06 and MW-08, MW-10 and MW-12, and MW-13 and
MW-15) were screened in a combination of sand, silty sand, and sandy silt. The sediment in the
screened intervals of monitoring wells installed in the CDF (i.e., Monitoring Wells MW-04 and
MW-05) consists of silt with fine sand. The monitoring wells installed in the containment and
offset berms (Monitoring Wells MW-01 and MW-09) were screened in sand and gravel. The soil
type that each well was screened in affects the hydraulic conductivity as discussed in the
following section.

3.2 HYDRAULIC CONDUCTIVITY
3.2.1 Methodology for Determining Hydraulic Conductivity

The data that is collected during a slug test consists of the measurement of hydraulic head (i.e.,
height of the water column above the transducer) at each time interval after the slug rod is
removed. The speed with which the hydraulic head changes over time is used to identify the
hydraulic conductivity value for a specific well.

Two methodologies were used to estimate hydraulic conductivity values based on the results of
slug tests performed on wells in and adjacent to the CDF. The methodology used to evaluate
the results for a specific well was based on the response that was observed in a plot of the slug
test data. The estimated hydraulic conductivity values calculated are presented in Table 3 and
are shown with respect to well location in Figure 7. The slug test data and hydraulic
conductivity evaluations for each well are presented in Appendix B.
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Bouwer and Rice Method

The majority of the data for the wells slug tested in and adjacent to the CDF were analyzed
using the Bouwer and Rice method (Bouwer and Rice 1976 and 1989). This method was used
to calculate the hydraulic conductivity for all monitoring wells except MW-12 as the plots of the
normalized test data for these wells were graphically an upward, concave shape. The best-fit
regression line methodology specified by Bouwer and Rice is readily applicable to the slug test
data observed for Monitoring Wells MW-01 through MW-11 and MW-13 through MW-15.

Application of the Bouwer and Rice method initially involves selecting data points from a plot of
slug test data. Data points are selected from the early time portion of the plot following removal
of the slug rod. Care is taken to select points representing the aquifer response rather than
points thought to reflect drainage effects from the filter pack around the well casing. The
selected data points are then used to calculate a regression line that represents a best-fit line
for the data. Two normalized hydraulic head values occurring along this line, the time interval
between the values, well construction parameters, and water level data are then entered into an
equation to calculate the estimated hydraulic conductivity (K) around the well. This method is
described further in Appendix B.

Butler and Garnett Method

A sinusoidal response (i.e., an oscillating increase and decrease in the water elevation) was
observed in the slug test results for Monitoring Well MW-12. An oscillating response in the slug
test data is typically observed in wells screened in formations of high hydraulic conductivity or
wells with long columns of water above the top of the screen in formations of moderate or higher
conductivity (Butler and Garnett 2000). The response displayed by Monitoring Well MW-12
appeared as a dampened sinusoidal fluctuation, thereby precluding the use of the straight line,
best-fit methodology of the Bouwer and Rice method. The slug test data from Monitoring Well
MW-12 was analyzed using the methods suitable for slug test data that indicates well screened
in formations with high hydraulic conductivities described by Butler and Garnett (Butler and
Garnett 2000).

The Butler and Garnett method was applied to the results of slug testing in Monitoring Well MW-
12 using software available from the Kansas Geological Survey Open File Report 2000-40
(Butler and Garnett, 2000). The slug test data, beginning at the onset of the slug test, is entered
into the spreadsheet provided by the software to create a normalized plot of hydraulic head
versus time. A graph of a theoretical sinusoidal curve is generated by the spreadsheet and
superimposed on a plot of the test data. Match points are selected between the theoretical
curve and the test data curve. The spreadsheet then calculates the radial hydraulic conductivity
using the match point ratio and dimensionless time parameter values and well construction
parameters. This method is described further in Appendix B.

3.2.2 Hydraulic Conductivity Results

As discussed in Section 3.1, the soil in and adjacent to the CDF is comprised of recently
deposited sand and gravel material used to construct the containment and offset berms,
dredged material fill disposed of in the CDF, historically placed fill, and deltaic and shallow
marine sediment deposits that are not laterally continuous across the site. The estimated
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hydraulic conductivity values for the soil and fill within and adjacent to the CDF ranged from a
minimum of 1.2x10™ centimeters per second (cm/sec) or 0.35 feet per day (ft/day) in Monitoring
Well MW-05, located within the fill area, to a maximum of 4.6x10™ cm/sec or 1,320 ft/day in
Monitoring Well MW-01, located in the containment berm. The heterogeneity of the soil and
sediment types is reflected in the range of hydraulic conductivities exhibited in the wells installed
in and adjacent to the CDF.

Shallow Well Hydraulic Conductivity Values

The hydraulic conductivity values for the shallow wells (MW-01 through MW-04, MW-06, MW-
09, MW-10, and MW-13) range from 4.08x10™* cm/sec or 1.16 ft/day at Monitoring Well MW-04
installed in the CDF to 4.64x10™* cm/sec or 1,320 ft/day at Monitoring Well MW-01 installed in
the CDF containment berm. Generally, the wells screened in coarser, less silty soil and
sediment yielded higher hydraulic conductivity values than wells screened in finer, silty soil and
sediment.

Monitoring Well MW-04, installed within the CDF, exhibited the lowest hydraulic conductivity
value of shallow wells (4.08x10™ cm/sec or 1.16 ft/day), reflecting the low permeability of the
predominantly fine sandy silt dredged material recently placed in the CDF (Figure 7). The
highest hydraulic conductivity values for shallow monitoring wells were observed in Monitoring
Wells MW-01 and MW-09 and ranged from 3.57x10 cm/sec or 1,010 ft/day to 4.64x10™* cm/sec
or 1,320 ft/day. Monitoring Wells MW-01 and MW-09 are located within the containment and
offset berms, respectively, and are screened over highly-permeable coarse gravel and sand fill
placed during construction of the berms.

Mid-range hydraulic conductivity values from 1.25x102 cm/sec or 35.5 ft/day to 7.38x1072
cm/sec or 209 ft/day were observed in shallow monitoring wells MW-02, MW-03, MW-10, and
MW-13. The mid-range hydraulic conductivity values reflects the hydraulic properties of the silty
fine-sand to coarse sand deposits in which these shallow wells are screened.

Intermediate Well Hydraulic Conductivity Values

Hydraulic conductivity values for the intermediate depth wells (MW-07, MW-11, and MW-14)
ranged from 5.02x10™ or 1.42 ft/day at Monitoring Well MW-14 to 3.30x10% cm/sec or 93.2
ft/day at Monitoring Well MW-11. The soil and sediment in which these wells are screened
consists of silts to medium sands, which correlates well with the range of hydraulic conductivity
values observed in these wells.

Hydraulic conductivity values estimated for Monitoring Wells MW-07 and MW-11 are of similar
magnitude, while the hydraulic conductivity value for MW-14 is lower than the other intermediate
wells by a factor of approximately one to two orders of magnitude, respectively. Despite the
general similarity of materials over which the intermediate wells are screened, differences in
material deposition in the location of MW-14 may account for the lower hydraulic conductivity
value. Monitoring Well MW-15, the deep well co-located with Monitoring Well MW-14, exhibits a
similar hydraulic conductivity value of 6.54x10* or 1.85 ft/day. The similar hydraulic conductivity
values for Monitoring Wells MW-14 and MW-15 indicate that depositional characteristics specific
to the intermediate and deep screen locations for these wells likely control the hydraulic
conductivity values at this location.
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Deep Well Hydraulic Conductivity

The hydraulic conductivity values for the deep monitoring wells (MW-05, MW-08, MW-12, and
MW-15) ranged from 1.24x10™* cm/sec or 0.35 ft/day at Monitoring Well MW-05 to 3.38x10%
cm/sec or 95.8 ft/day at MW-12. Monitoring Well MW-05 and MW-15 exhibit the lowest
hydraulic conductivity values (1.24x10™* cm/sec or 0.35 ft/day and 6.5.34x104x10™ or 1.85
ft/day, respectively) for the deep wells. Monitoring Wells MW-05 and MW-15 are screened in
predominantly fine sandy-silt. The hydraulic conductivity values estimated for Monitoring Wells
MW-08 and MW-12 (2.87x10 cm/sec or 81.5 ft/day and 3.38x10 cm/sec or 95.8 ft/day,
respectively) represent the highest values for the deep wells, which correlates with the expected
range of conductivities associated with the fine to medium sand in which the wells are screened.

3.2.3 Summary of CDF Hydraulic Conductivity Values

Hydraulic conductivity varies across the site along the shallow, intermediate and deep screening
levels. This variability is the result of differences in the soil unit characteristics encountered in a
given horizon. The estimated hydraulic conductivities are consistent with the soil conditions
where more coarse materials such as those comprising the CDF berms exhibit higher
conductivities than do finer grained silts comprising the recently deposited dredged material.

The hydraulic conductivity values measured at the CDF are highest in the containment and
offset berms. The two wells located within the berms, MW-01 and MW-09, show similar
hydraulic conductivity values of 4.64x10™" cm/sec or 1,320 ft/day and 3.57x10* cm/sec or 1,010
ft/day, respectively. Monitoring Wells MW-01 and MW-09 are screened over highly-permeable
coarse gravel and sand fill placed during construction of the berms.

The wells located adjacent to the Middle Waterway (MW-02, MW-06 through MW-08 and MW-
10 through MW-12) show similar hydraulic conductivity values ranging from 2.02 x 102 cm/sec
or 57.2 ft/day at Monitoring Well MW-07 to 1.1x 10" cm/sec or 310 ft/day at Monitoring Well
MW-06. Hydraulic conductivities estimated for Monitoring Wells MW-06 through MW-08 and
MW-10 through MW-12 were within the mid-range of conductivities observed at the site. The
mid-range hydraulic conductivity values reflect the hydraulic properties of the silty fine-sand to
coarse sand comprising the historical fill and deltaic and shallow marine deposits in which these
wells are screened.

The two wells installed within the dredged material disposed of in the CDF, Monitoring Wells
MW-04 and MW-05, exhibit the lowest estimated hydraulic conductivity values at the site.
Monitoring Wells MW-04 and MW-05 have similar hydraulic conductivity values of 4.08x10™
cm/sec or 1.16 ft/day and 1.24x10™ cm/sec or 0.35 ft/day, respectively. The low conductivity
values reflect the low permeability of the predominantly fine sandy silt dredged material fill
disposed of in the CDF.

Based on the slug test results performed on wells in and adjacent to the CDF, the hydraulic
conductivity values for the sediment disposed of in the CDF is generally two to three orders of
magnitude slower than the hydraulic conductivity values for the soil and sediment surrounding
the CDF. The information for hydraulic conductivities indicates that the silt and fine sand
comprising the dredged fill material placed in the CDF will reduce the hydraulic connection
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between groundwater within the CDF and groundwater and surface water surrounding the CDF
and the potential transport of contaminants out of the dredged fill material.

3.3 GROUNDWATER RESPONSE TO TIDAL FLUCTUATIONS

Groundwater elevations in all 15 monitoring wells, as well as surface water elevations at two
additional locations, were recorded at 15-minute intervals during a 72-hour tidal study using
pressure transducers with internal electronic data loggers. Data for the elevation of
groundwater in each well was compared to the surface water elevations in the Middle Waterway
to evaluate the affect of tidal fluctuations on groundwater in and adjacent to the CDF. The
locations of the transducers during the tidal study are shown in Figure 2. The data recorded
during the tidal study is presented in Appendix C.

3.3.1 Methodology for Evaluation of Groundwater Response to Tidal Fluctuations

The pressure transducers used in the tidal study measure and record the pressure resulting
from the weight of the column of water (i.e., hydraulic head) above the transducer. The data
loggers within the pressure transducers record the changes in pressure that are the result of the
change in the weight of the water column over time, in response to tidal fluctuations. The
internal data loggers are programmed to automatically convert the pressure readings (i.e.,
weight of the water column) to the height of the water column, in feet, above the transducer.

Measurement of the depth to the water surface from the surveyed top of the well casing, for
groundwater wells, and top of the surveyed still well casing and tide gauge, for surface water
monitoring locations, were used to convert the relative measurements recorded by the
transducers to elevations in feet MLLW. The depth to the surface of the water (i.e., groundwater
and surface water) were measured manually using a water level indicator. The height of the
water column being read by the transducer was recorded concurrently with the depth to the
surface of the water and was used to correlate the measurement of the height of the water
column to elevation at the surface of the water in feet MLLW. Additional detail describing
conversion of transducer measurements to water surface elevations are presented in Appendix
C.

The data loggers within the transducers recorded the water level in each monitoring well and
surface water monitoring location every 15 minutes over the course of the 72-hour tidal study
resulting in 288 measurements of the elevation of the water surface at each location. The
hydrographs presenting the recorded water elevation data and depicting the changes in
groundwater and surface water elevations are presented in Appendix C.

For an unknown reason, all of the transducers recorded multiple water elevations for the same
time intervals for times between 2:00 and 2:45 on October 5, 2006. The duplication was
repeated in every transducer, and is likely a programming error in the software used to transfer
the data from the transducer to an electronic file for data evaluation. However, the
measurement duplication does not impact the trends observed in the groundwater levels and
the overall mean groundwater elevation.

The hydrographs for each monitoring well (i.e., Monitoring Wells MW-01 through MW-15) show
the change in the groundwater surface elevation in relationship to tidal fluctuations (i.e.,
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changes in the elevation of surface water in the Middle Waterway as measured by the tide
gauge) over the 72-hour tidal study (Appendix C). Additionally, the hydrograph for Monitoring
Well MW-09 includes the surface water elevation data from the still well in the surface water
swale located immediately adjacent to MW-09. Table 4 presents the highest and lowest
groundwater and surface water elevations recorded at each monitoring location during the 72-
hour tidal study and the calculated tidal lag time for each monitoring well.

3.3.2 Groundwater Response to Tidal Fluctuations

During the tidal study, the tide elevation ranged from a low of 0.15 feet MLLW to approximately
13 feet MLLW for an overall change in tidal elevation of approximately 13 feet. The greatest
change in the groundwater surface elevation in response to the tidal fluctuations was observed
in Monitoring Well MW-01 located in the containment berm and was approximately seven feet.
The least amount of change in the groundwater surface elevation was observed in Monitoring
Well MW-13 and was 0.11 feet or approximately one inch.

Shallow Well Tidal Response

The hydrograph for shallow monitoring well MW-01 indicates a relatively rapid response
between changes in tidal elevation in adjacent surface water and water within the CDF
containment berm. The time lag between tidal fluctuations and changes in groundwater
elevations in Monitoring Well MW-01 is relatively short at 15 minutes (Table 4). As stated
above, the greatest change in the groundwater elevation was observed in Monitoring Well MW-
01 and was approximately seven feet. At Monitoring Well MW-09 the groundwater elevations
within the offset berm closely mimic the surface water elevations within the surface water swale
both in magnitude of change and lag time. The relatively large time lag observed in the surface
water swale and Monitoring Well MW-09 is a result of the distance of the swale from the surface
water in the Middle Waterway. The overall response of groundwater elevations as a result of
tidal fluctuations in Monitoring Wells MW-01 and MW-09 is indicative of the material used to
construct the berms (i.e., sand and gravel).

The hydrographs for shallow monitoring wells MW-02, MW-06, and MW-10 indicate a
moderately rapid response of groundwater elevation to changes in tidal fluctuations. The lag
time between tidal fluctuations and groundwater elevations within the shallow wells west of the
CDF ranges from 15 to 45 minutes. The magnitude of change in the groundwater elevations in
Monitoring Wells MW-02, MW-06, and MW-10 ranged between approximately 4.5 and 5.5 feet.
The moderately rapid hydraulic connection and magnitude of change in groundwater elevations
in response to tidal fluctuations in wells west of the CDF is indicative of the sand, silty sand, and
sandy silt present in historical fill and deltaic and shallow marine deposits.

Although the hydrographs and calculated lag times for shallow monitoring wells adjacent to the
CDF show a relatively rapid response to tidal fluctuations, the hydrographs for Monitoring Well
MW-04 installed within the CDF had minimal response to tidal fluctuations. The groundwater
elevation change in shallow monitoring well MW-04 was three inches. The calculated lag time
for Monitoring Well MW-04 was 165 minutes (i.e., 2 hours and 45 minutes). The relatively small
response to tidal fluctuations and long lag time in Monitoring Well MW-04 are indicative of the
fine sandy, silt present in the CDF and indicates that there is limited hydraulic connection
between tidal fluctuations and groundwater present in the CDF.
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Similarly, the hydrographs and calculated lag times for Monitoring Wells MW-03 and MW-13
also indicate limited hydraulic connection between these monitoring wells and tidal fluctuations
in the adjacent surface water. Groundwater elevation changes in shallow monitoring wells MW-
03 and MW-13 were approximately one inch and six inches, respectively. The calculated lag
times for Monitoring Well MW-03 and MW-13 were 120 and 255 minutes, respectively (i.e., 2
hours and 4 hours and 15 minutes, respectively). The limited hydraulic connection between
Monitoring Wells MW-03 and MW-13 and tidal fluctuations may be a result of the presence of
the dredged material within the CDF between these wells and adjacent surface water.

Intermediate Well Tidal Response

The hydrographs for intermediate monitoring wells MW-07 and MW-11 indicate a moderately
rapid response in groundwater elevation in response to changes in tidal fluctuations. The
calculated lag time for Monitoring Wells MW-07 and MW-11 is 30 minutes. Groundwater
elevation change in intermediate monitoring wells MW-07 and MW-11 was approximately 6.5
feet. The moderately rapid communication and range in the groundwater elevation response to
tidal fluctuations in the intermediate wells west of the CDF is indicative of the sand, silty sand,
and sandy silt present in deltaic and shallow marine deposits.

The hydrograph and calculated lag time for Monitoring Well MW-14 indicates limited hydraulic
connection between MW-14 and tidal fluctuations in the adjacent surface water. The
groundwater elevation change in intermediate monitoring well MW-14 was approximately two
inches. The calculated lag time for Monitoring Well MW-14 was 150 minutes (i.e., 2 hours and
30 minutes). The limited hydraulic connection between Monitoring Well MW-14 and tidal
fluctuations may be a result of the presence of the dredged material within the CDF between
MW-14 and adjacent surface water.

Deep Well Tidal Response

The hydrographs for deep monitoring wells MW-08 and MW-12 indicate a moderately rapid
response in groundwater elevation in response to changes in tidal fluctuations in deep soil west
of the CDF. The calculated lag time for Monitoring Wells MW-08 and MW-12 is 60 minutes.
Groundwater elevation change in deep monitoring wells MW-08 and MW-12 was approximately
4.75 and 3.5 feet, respectively. The relatively rapid hydraulic connection and range in the
groundwater elevation in response to tidal fluctuations in the deep wells west of the CDF is
indicative of the sand, silty sand, and sandy silt present in deltaic marine deposits.

Although the hydrographs and calculated lag times for deep monitoring wells adjacent to the
CDF show a relatively rapid response to tidal fluctuations, the hydrographs for Monitoring Well
MW-05 installed within the CDF had minimal response to tidal fluctuations. The groundwater
elevation change in deep monitoring well MW-05 was six inches. The calculated lag time for
Monitoring Well MW-05 was 135 minutes (i.e., 2 hours and 15 minutes). The relatively small
response to tidal fluctuations and long lag time in Monitoring Well MW-05 are indicative of the
fine sandy, silt present in the CDF and indicates that there is limited hydraulic connection
between tidal fluctuations and groundwater present in the CDF.
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The hydrographs for deep monitoring well MW-15 indicates a delayed response in groundwater
elevation in response to changes in tidal fluctuations. However, the change in groundwater
elevation indicates moderate communication between Monitoring Well MW-15 and tidal
fluctuations in adjacent surface water. The calculated lag time for Monitoring Well MW-15 is
195 minutes (i.e., 3 hours and 15 minutes). The groundwater elevation change in deep
monitoring wells MW-15 was approximately two feet. Monitoring Well MW-15 is screened in
materials similar to MW-13 and MW-14 and is a similar distance away from surface water but
had a greater response to tidal fluctuations. Additionally, Monitoring Well MW-15, is screened
10 feet deeper (i.e., from -70 feet MLLW to -50 feet MLLW) than other deep monitoring wells
and is screened to a depth 10 feet below the bottom of the CDF potentially indicating that the
silty sediment in the CDF is inhibiting the response of tidal fluctuations on groundwater
elevations at Monitoring Wells MW-13 and MW-14.

3.3.3 Summary of Groundwater Response to Tidal Fluctuations

The hydrographs for shallow wells installed in the containment and offset berms and shallow
and intermediate wells west of the CDF indicate a relatively rapid to moderately rapid response
in groundwater elevation in response to tidal fluctuations with calculated lag times ranging from
15 to 45 minutes. Additionally, the change in groundwater elevations ranged from
approximately four to seven feet.

Although the shallow wells installed in the berms and shallow and intermediate wells installed
west of the CDF had significant responses to changes in tidal fluctuations, Monitoring Wells
MW-04 and MW-05 installed within the CDF had a limited response to tidal fluctuations. The
calculated lag time for Monitoring Wells MW-04 and MW-05 were 165 and 135 minutes,
respectively (i.e., 2 hours and 45 minutes and 2 hours and 15 minutes, respectively).
Groundwater elevation changes in shallow monitoring well MW-04 and deep monitoring well
MW-05 were three inches and approximately six inches, respectively. The relatively small
response to tidal fluctuations in Monitoring Wells MW-04 and MW-05 are indicative of the fine
sandy, silt that was disposed of in the CDF.

The hydrographs for Monitoring Wells MW-03, MW-13, and MW-14 installed east of the CDF
also indicated minimal response to tidal fluctuations. However, deep monitoring well MW-15
located east of the CDF exhibited a greater response to tidal fluctuations than the shallow and
intermediate wells. The greater response to tidal fluctuations exhibited by Monitoring Well MW-
15 indicates that the presence of the silty dredged material fill in the CDF is likely inhibiting the
response in Monitoring Wells MW-03, MW-13, and MW-14.

The information from groundwater responses to tidal fluctuations corroborates the results of
hydraulic conductivities and further indicates that the silt and fine sand comprising the dredged
fill material placed in the CDF limits the hydraulic connection between groundwater within the
CDF and groundwater and surface water surrounding the CDF and the potential transport of
contaminants out of the dredged fill material.

3.4 MEAN GROUNDWATER ELEVATION, GRADIENTS, AND FLOW DIRECTION

Groundwater elevation data was used to determine the average groundwater elevation at each
monitoring well location to identify groundwater gradients across the CDF. Groundwater
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elevations in all 15 monitoring wells, as well as surface water elevations at two additional
locations, were recorded during a 72-hour tidal. The groundwater gradients identified from the
tidal study are used to infer overall groundwater flow directions at the CDF and areas of
potential groundwater discharge to surface water. The data recorded during the tidal study is
presented in Appendix C.

3.4.1 Methodology for Determining Mean Groundwater Elevation, Gradients, and Flow
Direction

The groundwater elevations recorded on 15 minute intervals at each monitoring well location
were used to calculate the mean groundwater elevation over the 72-hour tidal study. The mean
groundwater elevations for shallow, intermediate, and deep monitoring wells are plotted on
Figures 8 through 10 and used to identify the horizontal groundwater gradients (i.e., the slope of
the groundwater surface) and inferred groundwater flow direction for each monitoring well depth
(i.e., shallow, intermediate, and deep). The mean groundwater elevations were also used to
identify the vertical groundwater gradient between each monitoring well depth. As groundwater
flows from areas of higher hydraulic head (higher groundwater elevations) to areas with lower
hydraulic head (lower groundwater elevations), the horizontal and vertical direction of
groundwater flow is indicated from the groundwater elevation gradients. The magnitude of the
difference in the hydraulic head from one location to another location indicates the relative
potential for the groundwater to flow between the two locations.

Mean groundwater elevations were calculated for the wells in and adjacent to the CDF using the
method described by Serfes (Serfes 1991). A detailed description of the method used to
calculate the mean groundwater elevation is presented in Appendix C. The method described
by Serfes uses a 72-hour set of groundwater elevation measurements and filters out tidal
fluctuation to determine a mean groundwater elevation.

The calculated mean groundwater elevation for each well over the tidal study, the maximum and
minimum groundwater elevations, groundwater elevation observed at the highest, high tide and
lowest, low tide during the 72-hour tidal study, and the tidal time lag are presented in Table 4.
Additionally, Table 4 summarizes elevations measured at the tide gauge and still well located
within the surface water swale. Table 5 summarizes the mean vertical hydraulic gradients for
the shallow to intermediate and intermediate to deep well depths for each of the three, three-
well clusters at the St. Paul CDF.

Figures 8 through 10 indicate that net groundwater flow is to the west at the St. Paul CDF.
Although net groundwater flow is to the west, the groundwater elevation data from the tidal
study shows that the horizontal hydraulic gradients change in response to tidal fluctuation in the
St. Paul and Middle Waterways and Commencement Bay. The groundwater flow direction
temporarily reverses during flood tide as was observed during the 72-hour tidal study (Table 4).
However, the reversal of the groundwater gradient is transient and the overall net groundwater
gradient is to the west.

3.4.2 Groundwater Gradients and Flow Directions

The estimated groundwater gradients and flow directions for each well depth are discussed in
the following sections.
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Shallow Monitoring Well Groundwater Gradients and Flow Directions

The gradient of mean groundwater elevations calculated for the shallow monitoring wells
indicate that shallow groundwater generally flows to the west as depicted in Figure 8. The
highest mean groundwater elevation was measured in Monitoring Well MW-03 located on the
northeastern boundary of the CDF adjacent to the Simpson Tacoma Kraft Mill property. The
lowest mean groundwater elevation was identified in Monitoring Well MW-10 located adjacent to
the west central portion of the CDF and bordering the Middle Waterway. The next lowest mean
groundwater elevations were identified at Monitoring Wells MW-01 and MW-06. The
groundwater gradient resulting from the mean groundwater elevations in the shallow wells
indicates that shallow groundwater flows towards and discharges to the St. Paul and Middle
Waterways.

The mean groundwater elevation in Monitoring Well MW-02 was approximately 0.6 feet higher
than the mean groundwater elevations at the adjacent shallow monitoring well locations (MW-01
and MW-06). Monitoring Well MW-02 has a lower (i.e., slower) hydraulic conductivity in
comparison to MW-01 and MW-06 and was observed to be less tidally responsive than adjacent
shallow wells (Table 4). More landmass is also present waterward of Monitoring Well MW-02
than at adjacent Monitoring Wells MW-01 and MW-06. The presence of greater landmass and
the lower hydraulic conductivity at Monitoring Well MW-02 is likely why Monitoring Well MW-02
has a higher mean groundwater elevation.

The overall greatest horizontal groundwater gradients were identified in shallow groundwater.
The largest difference in mean elevation (i.e., gradient) in shallow depth groundwater wells was
between Monitoring Wells MW-03 and MW-10. The mean groundwater elevation at shallow
monitoring well MW-06 is approximately 1.5 feet lower than at Monitoring Well MW-03 over a
distance of approximately 570 feet. The change in elevation is equivalent to a horizontal
groundwater gradient of 0.0027 ft/ft. Similarly, the mean groundwater elevation at shallow
monitoring well MW-10 is approximately 0.75 feet lower than at Monitoring Well MW-09 over a
distance of approximately 490 feet which is equivalent to a horizontal groundwater gradient of
0.0015 ft/ft. A representative average gradient for shallow groundwater across the site is
approximately 0.0021 ft/ft.

Intermediate Monitoring Well Groundwater Gradients and Flow Direction

Mean groundwater elevations calculated for the intermediate monitoring wells indicate that
intermediate depth groundwater generally flows to the west as depicted in Figure 9. The
highest mean groundwater elevation was measured in Monitoring Well MW-14 |located on the
southeastern boundary of the CDF on the Simpson log storage property. The mean
groundwater elevation at the downgradient, intermediate Monitoring Wells MW-07 and MW-11
is the same (i.e., 7.7 feet MLLW). The groundwater gradient resulting from the mean
groundwater elevations in the intermediate depth wells indicates that groundwater at the
intermediate depth discharges to the Middle Waterway. Less variation in the mean groundwater
elevations was observed in the intermediate depth wells than the co-located shallow wells
located on the west side of the CDF bordering the Middle Waterway (i.e., Monitoring Wells MW-
06 and MW-10).
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Although exhibiting a similar flow direction, the horizontal groundwater gradients for the
intermediate depth groundwater wells were marginally less than groundwater gradients in
shallow depth wells. The largest difference in mean elevation in intermediate depth
groundwater wells was between Monitoring Wells MW-11 and MW-14. The mean groundwater
elevation at intermediate monitoring well MW-11 is approximately 1.4 feet lower than at
Monitoring Well MW-14 over a distance of approximately 770 feet. The change in elevation is
equivalent to a horizontal groundwater gradient of 0.0018 ft/ft. The average horizontal
groundwater gradient for intermediate depth wells is 0.0014 ft/ft, which is less steep than the
average horizontal groundwater gradient calculated for the shallow groundwater.

Deep Monitoring Well Groundwater Gradient and Flow Direction

The mean groundwater elevations calculated for the deep monitoring wells indicates the
groundwater gradient at depth is relatively flat as depicted in Figure 10. The highest mean
groundwater elevation was measured in Monitoring Well MW-15 located on the southeastern
boundary of the CDF on the Simpson log storage property. The largest measured difference in
mean groundwater elevations in deep wells is between Monitoring Wells MW-15 and MW-08
and is 0.11 feet or approximately 1.3 inches over the distance of 1,270 feet. The change in
elevation between Monitoring Wells MW-15 and MW-08 is equivalent to a horizontal
groundwater gradient of 0.0001 ft/ft. Additionally, the mean groundwater elevations for
Monitoring Wells MW-05, MW-08, and MW-12 are within 0.02 feet or less than one-quarter inch
of each other and, therefore, are essentially the same.

3.4.3 Vertical Groundwater Gradients and Flow Direction

As stated above, Table 5 summarizes the mean vertical hydraulic gradients for the shallow to
intermediate and intermediate to deep well depths for each of the three, three-well clusters at
the St. Paul CDF (i.e., MW-06 through MW-08, MW-10 through MW-12, and MW-13 through
MW-15).

At the monitoring well clusters located downgradient of the CDF and adjacent to the Middle
Waterway (i.e., MW-06 through MW-08 and MW-10 through MW-12), the mean groundwater
gradients indicate that the vertical gradient is upward from the deep well depth toward the
intermediate depth and downward from the shallow depth toward the intermediate depth. The
upward vertical gradient from the deep well depth toward the intermediate well depth bordering
the Middle Waterway indicates that groundwater is not likely to transport contaminants into
deeper deltaic marine sediment downgradient of the CDF. Additionally, because both sets of
gradients (i.e., shallow / intermediate and intermediate / deep) are toward the intermediate
depth horizon, intermediate depth groundwater, downgradient of the dredged material recently
placed in the CDF, has the potential to transport contamination.

At the well cluster located upgradient of the CDF (i.e., Monitoring Wells MW-13 through MW-
15), the net vertical gradient is upward from the intermediate well depth toward the shallow well
depth and downward from the intermediate well depth to the deep well depth. The gradients
observed in Monitoring Wells MW-13 through MW-15 may indicate that the vertical groundwater
gradients reverse, as groundwater approaches Commencement Bay or that the presence of the
CDF may cause vertical gradients to reverse as upgradient groundwater present in more
conductive soil approaches the less conductive soil in the CDF.
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3.4.4 Summary of Groundwater Elevations, Gradients and Flow Directions

Mean groundwater elevations for shallow and intermediate depth monitoring wells show that
groundwater flow is west toward the St. Paul and Middle Waterways. The groundwater
gradients for the shallow and intermediate depths were similar in magnitude and greater than
the gradient for deep groundwater which is essentially flat.

The vertical groundwater gradients at monitoring wells located downgradient of the CDF and
adjacent to the Middle Waterway indicate that the vertical gradient is upward from the deep well
depth toward the intermediate depth and downward from the shallow depth toward the
intermediate depth. The upward vertical gradient from the deep well depth toward the
intermediate well depth adjacent to the Middle Waterway indicates that groundwater is not likely
to transport contaminants into deeper deltaic marine sediment downgradient of the CDF.
Additionally, because both sets of gradients (i.e., shallow / intermediate and intermediate /
deep) are toward the intermediate depth horizon, intermediate depth groundwater has the
potential to transport contamination from the dredged material recently placed in the CDF.
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4.0 Conceptual Model for CDF Post-Construction Hydrogeologic
Conditions

As described in the previous sections, the hydraulic conductivities of the soil and fill at the CDF,
groundwater response to tidal fluctuations, direction of groundwater flow, and hydraulic
gradients influence potential contaminant transport and discharge to surface water. The
following sections summarize the conclusions for each of these parameters resulting from the
post-construction investigation and evaluation hydrogeologic conditions at the St. Paul CDF.

Hydraulic Conductivity

= |Information for hydraulic conductivities indicates that the silt and fine sand comprising
the dredged fill material placed in the CDF has lower hydraulic conductivities than the
materials surrounding the CDF which will reduce the hydraulic connection between
groundwater within the CDF and groundwater and surface water surrounding the CDF
and the potential transport of contaminants out of the dredged fill material.

Groundwater Response to Tidal Fluctuations

» |nformation from groundwater responses to tidal fluctuations corroborates the results of
hydraulic conductivities and further indicates that the silt and fine sand comprising the
dredged fill material placed in the CDF will reduce the hydraulic connection between
groundwater within the CDF and groundwater and surface water surrounding the CDF
and the potential transport of contaminants out of the dredged fill material.

Groundwater Gradients and Flow Direction

= The groundwater flow direction at the shallow and intermediate well depths is to the west
and indicates that groundwater at these depths likely discharges to the St. Paul and
Middle Waterways.

» The average horizontal groundwater gradient for the shallow groundwater interval was
slightly greater than that of the intermediate depth groundwater interval whereas the
groundwater gradient for the deep monitoring well interval is relatively flat.

» The vertical groundwater gradients at monitoring wells located west of the CDF (i.e.,
horizontally downgradient from the CDF) and adjacent to the Middle Waterway indicate
that groundwater flows upward from the deep well depth toward the intermediate depth
and downward from the shallow depth toward the intermediate depth.

The hydrogeologic conditions identified during the post-construction investigation were similar to
the findings of previous site investigations and the hydrogeologic conditions that were expected
during design of the CDF as described in the OMMP. Historical fill materials and deltaic and
shallow marine deposits were observed in and adjacent to the CDF during previous site
investigations. Hydraulic conductivities previously reported ranged from 7x107 to 4x10° for
historically placed fill and deltaic and shallow marine deposits which is within the range of
hydraulic conductivities estimated for these materials as part of the post-construction
hydrogeological investigation. Additionally, although the horizontal groundwater gradient is
reversed during flood tide, the net groundwater flow is toward the outer St. Paul and Middle
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Waterways. Finally, the vertical gradient is upward in the deeper deltaic and shallow marine
deposits as was expected during design.
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5.0 Potential for Contaminant Transport from Recently Placed
Dredged Material in the CDF

The objective of the CDF monitoring program is to protect water quality in adjacent surface
water from migration of contaminants from the confined dredged material. Contaminated
sediment contained within the CDF is separated from direct contact with surface water by a
containment berm across the St. Paul Waterway on the north, the St. Paul/Middle Waterway
Peninsula on the west, the Simpson Tacoma Kraft property to the east, and the landmass
comprising the Simpson log storage property to the south (Figure 2). Commencement Bay, the
outer St. Paul Waterway, Middle Waterway, and the Puyallup River are surface waters located
in proximity to the CDF.

The primary, potential mechanism for contaminant transport is groundwater flow through
contaminated dredged material contained within the CDF and into adjacent surface water. The
monitoring program is designed to evaluate groundwater flow and quality in and around the
CDF to ensure compliance with the performance criteria. Identification of potential pathways for
contaminant transport from the dredged material recently placed within the CDF to adjacent
water bodies is key to determining the wells to be selected for establishing baseline
groundwater quality conditions.

Based on the findings of the hydrogeological investigation of the CDF and adjacent areas and
the conceptual model for post-construction hydrogeologic conditions described in Section 4.0,
the following conditions identify potential contaminant transport mechanisms.

= Shallow groundwater, downgradient of the dredged sediment recently placed in the CDF
is most likely to be impacted by saltwater washout effects and to transport contaminants
from the CDF. Modeling performed as part of the design, identified that contaminant
release is most likely to occur where less-saline groundwater and stormwater infiltration
come in contact with confined, contaminated dredged materials and then flows away
from (i.e., downgradient from) the CDF. Hydrogeological investigations indicate that
shallow groundwater generally flows to the west toward the outer St. Paul and Middle
Waterways.

» |ntermediate depth groundwater, downgradient of the CDF, also has the potential to
transport contamination from the confined, contaminated dredged materials. Evaluation
of vertical groundwater gradients shows that shallow and deep groundwater flowing
through the CDF converge at the intermediate depth horizon. Therefore, groundwater
from all depths that has been in contact with the contaminated dredged material has the
potential to flow from the CDF within the intermediate depth horizon. Hydrogeological
investigations indicate that intermediate depth groundwater flows to the west toward the
Middle Waterway.
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Table 1
Summary of Boring and Monitoring Well Completions

Monitoring Well| Monitoring [ Completion | Department of | Monitoring Well Location Ground Total Depth Top Of Top of Bottom of | Type of Well
Type Well Date Ecology Coordinates?! Surface of Boring Casing Screen Screen Completion?
Designation Identification Elevation (feet bgs) Elevation Elevation Elevation
Number Northing Easting (MLLW) (MLLW) (MLLW) (MLLW)
Shallow MW 01 8/28/2006 ALK 061 709968.2 | 1161154.3 18.2 18.64 17.99 9.61 -0.39 Flush-Mount
Shallow MW 02 8/28/2006 ALK 060 709903.6 | 1160969.7 19.8 23.06 19.65 7.62 -2.38 Flush-Mount
Shallow MW 03 9/5/2006 ALK 072 709924.5 | 1161472.7 17.8 21.50 20.07 10.11 0.11 Stick-Up
Shallow MW 04 9/6/2006 ALK 073 709580.1 | 1161398.1 18.7 21.21 18.55 7.94 -2.06 Flush-Mount
Deep MW 05 9/5/2006 ALK 071 709585.0 | 1161397.5 18.7 80.80 18.60 -41.87 -61.87 Flush-Mount
Shallow MW 06 8/30/2006 ALK 066 709667.0 | 1160956.3 18.3 22.10 21.08 9.21 -0.79 Stick-Up
Intermediate MW 07 8/30/2006 ALK 067 709662.7 | 1160953.2 17.9 32.50 20.36 -1.68 -11.68 Stick-Up
Deep MW 08 8/31/2006 ALK 068 709662.3 | 1160958.0 18.6 82.00 20.97 -40.71 -60.71 Stick-Up
Shallow MW 09 8/28/2006 ALK 062 709337.0 | 1161706.4 21.3 21.50 21.37 10.45 0.45 Flush-Mount
Shallow MW 10 8/30/2006 ALK 065 709151.3 | 1161258.3 18.5 20.00 18.41 8.92 -1.08 Flush-Mount
Intermediate MW 11 8/29/2006 ALK 064 709155.4 | 1161255.5 18.6 30.00 18.39 -0.98 -10.98 Flush-Mount
Deep MW 12 8/29/2006 ALK 063 709159.6 | 1161252.6 18.6 80.50 18.47 -41.33 -61.33 Flush-Mount
Shallow MW 13 9/6/2006 ALK 074 708941.4 | 1161990.5 20.4 21.00 20.16 9.92 -0.08 Flush-Mount
Intermediate MW 14 9/1/2006 ALK 070 708944.7 | 1161994.3 20.5 30.00 20.13 0.68 -9.32 Flush-Mount
Deep MW 15 9/1/2006 ALK 069 708948.2 | 1161998.5 20.6 91.50 20.28 -50.68 -70.68 Flush-Mount

Notes:

MLLW Mean Lower Low Water
feet bgs Feet below ground surface
1 Survey data provided in NAD 83-91 Horizontal Datum, Washington State Plane Coordinate system, South Zone, units of feet.

2 Wells were completed with protective casings that are either flush with the ground surface (i.e., flush mount) or that stick-up above the ground surface (i.e., stick-up).




Table 2

Summary of Monitoring Well Development Measurements and Observations

Monitoring Well Measurements

Purge Volumes and Rates

Groundwater Characteristics During Development

Pre-Development Measurements Post-Development Measurements Relative Turbidity Water Color
Depth to Depth to Fines Volume of Total Average Well
Monitoring Depth to Bottom of Depth to Bottom of Removed Well Purge Purge | Recovery| Initial Final
Well Water Well Water Well From Well* Casing Volume Rate Rate Tubidity | Tubidity Initial Final Visible

Designation (ft TOC) (ft TOC) Time (ft TOC) (ft TOC) Time (ft) (gal) (gal) (GPM) (NTU) (NTU) Color Color Apparent Odor Sheen
MW-01 7.55 18.49 14:41 8.10 18.50 15:42 0.01 1.78 62.5 1.3 Fast 570 6 Lt. Brown| Clear None None
MW-02 9.33 22.11 13:20 10.12 22.25 16:54 0.14 2.11 52.0 0.5 Slow 200 12 Dk. Gray Clear Faint Marine None
MW-03 9.78 18.42 17:13 9.92 20.18 18:55 1.76 1.70 57.0 0.6 Medium 470 20 Dk. Gray | Lt. Yellow None None
MW-04 8.04 19.69 11:12 12.13 20.81 16:56 1.12 2.08 26.5 0.2 Slow 150 40 Dk. Gray Clear None Faint
MW-05 10.19 79.97 11:15 10.90 80.69 17:11 0.72 11.49 115.0 0.7 Fast 152 57 Dk. Gray | Lt. Gray |Strong Marine, H,S| Moderate
MW-06 14.02 21.86 9:21 12.48 22.09 10:46 0.23 1.32 62.0 0.8 Fast 43 14 Lt. Brown Clear None None
MW-07 13.26 31.81 9:18 11.29 32.38 11:33 0.57 3.12 69.0 0.8 Fast 41 16 Gray Clear None None
MW-08 11.94 79.92 14:39 12.45 81.90 16:10 1.98 11.40 75.0 1.0 Fast 350 35 Dk. Gray Clear None None
MW-09 14.02 21.13 10:10 13.45 21.14 11:15 0.01 1.16 45.0 1.4 Fast 14 6 Lt. Brown| Clear None None
MW-10 9.46 19.03 15:36 9.55 19.83 13:06 0.80 1.69 57.0 0.6 Medium 92 11 Dk. Gray Clear None None
MW-11 10.86 29.28 14.23 10.99 29.59 16.03 0.31 3.05 125.0 1.4 Fast >1,000 720 Dk. Gray | Dk. Gray |Strong Marine, H,S None
MW-12 10.54 79.02 9:12 9.88 80.02 11:02 1.00 11.33 82.0 0.8 Fast 700 12 Dk. Gray Clear Faint Marine None
MW-13 11.20 20.07 11:31 11.24 20.46 13:55 0.39 1.51 67.5 0.9 Fast 400 9 Dk. Gray Clear Faint Marine None
MW-14 11.02 28.02 14:20 11.63 29.67 17:33 1.65 3.04 70.0 0.6 Medium 150 43 Dk. Gray | Dk. Gray Faint Marine Faint?
MW-15 11.86 89.73 12:40 11.42 91.18 15:02 1.45 12.93 90.0 0.9 Fast 102 15 Dk. Gray | Lt. Yellow Faint Marine None

Notes:
ft Feet.
ft TOC Feet from top of casing.

gal Gallon.

GPM  Gallons per miute.

NTU

Nephlometric turbidity units.

1 Fines removed from the well is the difference between the depth to the bottom of the well pre-develoopment and depth to bottom of the the well post-development.
2  Afaint organic sheen was observed.




Table 3

Summary of Slug Test Results

Monitoring Well Soil / Sediment Type Hydraulic Hydraulic
Designation at Well Screen Interval Conductivity Conductivity
(cm/sec) (ft/day)

MW-01 Sand and Gravel 4.64x10™" 1.32x10°
MW-02 Silt and Fine Sand 1.25x107 3.55x10"
MW-03 Fine Sand 1.99x107 5.64x10"
MW-04 Silt and Fine Sand 4.08x10™ 1.16x10°
MW-05 Silt and Fine Sand 1.24x10™ 3.52x10™"
MW-06 Silt and Fine to Medium Sand 1.10x10™" 3.10x10°
MW-07 Silt and Fine to Medium Sand 2.02x10° 5.72x10"
MW-08 Silt and Fine to Medium Sand 2.87x10° 8.15x10"
MW-09 Sand and Gravel 3.57x10" 1.01x10°
MW-10 Silt and Fine Sand 6.96x10” 1.97x10°

5 . . . 3.76x107 1.06x10°

MW-11 Silt and Fine to Medium Sand > BAx102 3.04x10%
MW-12 Fine to Medium Sand 3.38x107 2 9.58x10"
MW-13 Fine to Coarse Sand 7.38x10” 2.09x10°
MW-14 Silt and Fine to Medium Sand 5.02x10™ 1.42x10°

5 . . 6.54x10™ 1.85x10°

MW-15 Silt and Fine Sand 6.53010° 1850100

Notes:
cm/sec centimeters per second.
ft/day feet per day.

1 Bouwer and Rice method (Bouwer and Rice 1976 and 1989) was used to calculate hydraulic conductivity except where

noted otherwise.

2 High-K technigues developed by Butler, J. Jr., and Garnett, E., Kansas Geological Survey (Butler and Garnett, 2000)
used to calculate hydraulic conductivity.
3 Replicate slug tests (i.e., a second complete test) were performed at Monitoring Wells MW-11 and MW-13 to provide a

quality assurance / quality control check on slug test procedures and analysis.




Table 4
Summary of Groundwater and Surface Water Elevations

Lowest Highest Difference of
Measured Measured Low/High Lowest Low Highest High
Groundwater | Groundwater | Groundwater Tidal Lag Tide Elevation | Tide Elevation
Transducer Elevation Elevation Elevations Time Mean Elevation | (10/4/06 9:00) | (10/5/06 15:30)
Location (ft MLLW) (ft MLLW) (ft) (minutes) (ft MLLW) (ft MLLW) (ft MLLW)
Shallow Monitoring Wells
MW-01 5.93 12.82 6.89 15 8.61 6.84 12.76
MW-02 7.59 11.89 4.30 30 9.19 7.94 11.77
MW-03 9.89 10.34 0.45 120 10.12 10.04 10.20
MW-04 9.45 9.70 0.25 165 9.60 9.54 9.65
MW-06 6.63 12.30 5.67 15 8.58 6.88 12.24
MW-09 7.41 11.82 4.41 90 8.83 7.64 10.85
MW-10 6.34 9.85 3.50 45 8.11 6.50 9.72
MW-13 8.93 9.04 0.11 255 8.99 9.00 8.97
Intermediate Monitoring Wells
MW-07 4.21 10.78 6.57 30 7.68 4.35 10.69
MW-11 4.10 10.74 6.64 30 7.66 4.27 10.66
MW-14 8.95 9.10 0.15 150 9.04 9.02 9.05
Deep Monitoring Wells
MW-05 7.85 8.38 0.53 135 8.17 8.03 8.29
MW-08 5.54 10.26 4.72 60 8.15 5.73 10.08
MW-12 6.35 9.65 3.31 60 8.19 6.63 9.48
MW-15 7.03 9.18 2.16 195 8.26 7.50 8.35
Surface Water Monitoring Locations
Tide Gauge 0.15 12.93 12.78 NA 7.15 0.15 12.93
Still Well 7.47 11.83 4.36 90 8.87 7.68 10.91

Notes:

ft MLLW Feet Mean Low Low Water.
NA Not applicable.




Table 5
Vertical Hydraulic Gradients

Gradient from Shallow to Intermediate Depth*

MW-06/MW-07 MW-10/MW-11 MW-13/MW-14
0.083 0.045 -0.005
Gradient from Intermediate to Deep Depth®
MW-07/MW-08 MW-11/MW-12 MW-14/MW-15
-0.011 -0.012 0.014

Notes:

1 Units are in feet/feet corresponding to the change in groundwater elevation relative to the
change in the screened depth.

Negative value indicates upward vertical gradient.
Positive value indicates downward vertical gradient.
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Log of Soil Boring and Well Construction B01/MW-01

—— Driven Interval

Floyd Snider
Boring_B-01/MW-01 Date_8-28-06 Sheet_ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather__Sunny
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" ID HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 19.0 ATD Water Level Depth 9.0 Ft
Obs. Well Install. Ground Surface Elevation 18.2
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC B8] MAJOR CONSTITUENT.
SAMPLEID | Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor Monument ToC
N/12” From To @ ' +0.15 !
staining, sheen, scrap, slag, etc. — 0.21
0 Rl IS 17k = =4
Brown, Dry, GRAVEL with Silt and Sand. (Fill) :_ "v“":_ . :’ "Vw"‘d_ v
1 p: eonc‘:et o & n:: e
. '@'QLT;\ "V vvu . Vvu
2
Bentonite
3 6 Chips
S-1 12 25 4.0 7 |GW| Brown to gray, damp GRAVEL with fine to coarse Sand.
4 5
5
6
2'PVC
Casing—¢
7
S-2 12 7.5 9.0 8 i SW | Brown to gray, fine to coarse, moist SAND and Gravel.
3 -
9 \VA -
10 =
11 -
12 E
Colorado. ' |
Silica Sand [
S-3 5 125 | 140 1312 ISW|  Gray to brown, fine to coarse, wet SAND with Gravel. Pack 10-20 [—
2 (Mostly slough. Limited recovery.) -
K =
o 2" Schedule . [
40'PVC 0.02 [
15 Slot Screen—=|
16 H
17 H
S-4 8 175 | 19.0 s |GW Gray, wet GRAVEL with fine to coarse Sand. E
18 (Limited recovery.) —
3
[ = PVCEnd Cap
1912 X
Bottom of boring at 19.0 feet.
20
&—— Recovery X/ Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis



Log of Soil Boring and Well Construction B02/MW-02

Floyd Snider
Boring_ B-02/MW-02 Date_8-28-06 Sheet__ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather __Clear/Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Split Spoon
Bottom of Boring - 23.5 ATD Water Level Depth 13.75 Ft
Obs. Well Install. Ground Surface Elevation 19.8
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
Count | . RECOVERY| LS| NON-SOIL SUBSTANCES: Odor, Monument TOC
N2 rom ° staining, sheen, scrap, slag, etc. +0.29_\ /—'0-15
0 PR O o = s Ta = 4
: SP g I
o Grout, & 8 s 48 s
2
3 Bentonite
Chips.
S-1 24 35 5.0 = 4 g GM| Dark gray, moist, GRAVEL with Silt and Sand.
5| 15
677
7
8 2"PVC
3 Casing~—-
S-2 5 8.5 10.0 9 3 |SM| Dark gray to brown, moist, fine SAND with Silt.
10 2
11
12 ||
13 —
- 1 13. 15. 0 , , -
S8 35 50 [ == 14 0 1ML Gray to black, moist, SILT with Sand. —
1 (Abundant wood fragments present throughout drive.) -
1 Colorado [
Silica Sand . [
16 Pack 1020 |—
17 H
2" Schedule E
18 40PVC0.02 [
0 SM Slot Screen—=|
S 3 185 | 200 19 iV Dark brown, wet, SILT with fine Sand to fine Sand with Silt. E
' ' > (Wood fragments present throughout drive.) -
20 -
21 H
22 ith Si H
) 1 |SM| Dark gray, wet, SAND with Silt. [ PVCEnd Cap
S5 6 220 | 235 2 (Abundant wood fragments throughout drive.
2By H,S like odor))
24 Bottom of boring at 23.5 feet.
25
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B03/MW-03

Floyd Snider
Boring _B-03/MW-03 Date_9-5-06 Sheet__ 1 of 1
Job St Paul CDF
FLOYD | SNIDER  |toggedsy Chris Gardner _ WeatherSun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" ID HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 19.5 ATD Water Level Depth 9.9 Ft
Obs. Well Install. Ground Surface Elevation 17.8
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE D Blow GRAPHIC &S| MAJOR CONSTITUENT.
ﬁ%} Fom | T RECOVERY LS| NON-SOIL SUBSTANCES: Odor, Monument TOC
staining, sheen, scrap, slag, etc. +2.68_\/_+2-27
/—ASPHALT )y
0 7 Removed via Vac Truck RN
Large 3" to 5" diameter cobbles P SR [ I
S-1 NA | 06 | 15 y - e BT ot
Gray, damp, fine SAND. v s 3 Lo B | o B T
A '(Yogc?eth b '.F v‘z. 37
2 (Sample S-1 collected by hand from 0.6'to 1.5' " Groue, | Fe e Tl
depth interval.) PR S Il RSN
3 atee| [muie
LNt ] B AP
4
Bentonite:
0.0'to 0.25' Asphalt Chips
5 0.25'to 0.60' Large 3"to 5" diameter cobbles
0.60’ to ? Gray, damp fine SAND
6 Brown to gray, damp GRAVEL with fine to coarse Sand. i
(Excavated 0’ to 10’ using vacuum truck éapsi\:‘g_‘
7 due to utility concerns.)
8 —
9 —
10 4 =
11 =
2 =
Colorado - |—
Silica Sand [
13 Pack 10-20 -
S-2 2 13.0 | 145 ? SP Dark gray, wet, fine SAND with trace Silt. —
4 1 2" Schedule E
40°PVC 0,02 [
15 Slot Screen—=]
16 H
17 =
18 E- PVCEnd Cap
S3 2 18.0 | 195 0 |sMm Dark gray, wet, fine to medium SAND with Silt.
19 !
1
20 Bottom of boring at 19.50 feet.
&—— Recovery X/ Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B04/MW-04

Floyd Snider
Boring _B-04/MW-04 Date_9/06/06 Sheet_ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 Ib Auto Hammer
Bottom of Boring - 21.5 ATD Water Level Depth 12.20 Ft
Obs. Well Install. Ground Surface Elevation 18.7
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC B38| MAJOR CONSTITUENT
ﬁ%ﬂf S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. +0.14_\ -0.15
0 — T
1 GM Brown, loose, damp, GRAVEL with Silt and Sand. (Fill) 2 éoig;t; & . P:b:a Z
WA ) BMSARAT
2
3 Bentonite
Chips
4
5
° L
Cuttings show abundant
7 damp wood fragments.
8 2" PVC
Casing—+
9
10
11 =
12 A -
13 =
S 4 1351150 14 g ML| Dark gray, moist to wet, SILT with fine Sand. E
5 (Abundant wood fragments.) ]
1 Colorado = [
Silica Sand [
16 Pack 10-20  |—
17 H
2" Schedule -
18 40PVC 0.02 [
> Slot Screen—=]
) 1 185 | 20.0 19— Dark brown, wet, SILT with abundant fine Sand. H
0 (Scattered wood fragments throughout drive.) -
s-3 2 | 200 215 20770 |sm- =
[=-PVCEnd Cap
o 1 ML
1
22 Bottom of boring at 21.5 feet.
23
24
25
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction BO5/MW-05

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

Floyd Snider
Boring _B-05/MW-05 Date_9/05/06 Sheet_ 1 _of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  \Weather__Qvercast
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —81.0 ATD Water Level Depth 12.85 Ft
Obs. Well Install. Ground Surface Elevation 18.7
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
ﬁ%ﬂf S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. +0.10_\ -0.10
0 — T
rown, damp, silty, sandy, gravelly, at b O o |l el s
GM| B d il d Iy, FILL ek Jabe s
1 ground surface. < Congrefe’| [ 7= « "
L Grouk Yol kT ta Yon
2
3 Bentonite
5 Chips
S-1 14 35 5.0 7 No Recovery
5 7
677 .,
Bentonite
Grout
7
8
S-2 12 8.0 9.5 2 IsM| Brown, gray, moist, fine SAND with Silt and trace Gravel.
9 g (Wood fragments noted from 8.0’ to 8.5’ depth.)
10
11
12
A\VA
53 15 130 | 145 T 13 3 |ML| Brown, gray, wet, SILT with fine Sand and Gravel.
' ' 6 (Scattered wood fragments throughout drive.)
14 9
15
16
17
S-4 1| 180 | 195 === ¥ o
1 |GM| Gray, wet, GRAVEL with fine Sand and Silt.
19 0 (Likely slough material in sampler. Very little recovery.)
20
21
20
S-5 7 230 | 245 23 1 |SM| Dark gray, wet fine SAND and Silt.
o4 3 (Abundant wood fragments throughout drive.)
4
25

X Groundwater Observed

At Time of Drilling



Log of Soil Boring and Well Construction BO5/MW-05

Floyd Snider
Boring _B-05/MW-05 Date_9/05/06 Sheet_ 2 of 4
Job St Paul CDF
F |_ O Y D | S N | D E R Logged By _Chris Gardner Weather _Qvercast
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" ID HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —81.0 ATD Water Level Depth 12.85 Ft
Obs. Well Install. Ground Surface Elevation 18.7
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC $8| MAJOR CONSTITUENT
SAMPLE ID Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
26
27
< 29 2
S-6 3 285 | 300 2 |SM| Dark gray, wet, fine SAND with Silt.
30 1 (Scattered wood fragments throughout drive.)
31— Bentonite
Grout
32
33
S-7 2 330 | 345 O _|ML| Dark gray, wet, SILT with fine Sand.
34 g (Scattered wood fragments.)
3‘:
36
37
38
0
S-8 4 38.0 | 395 39| 2 |ML| Dark gray, wet, SILT with fine Sand.
2 (Scattered shell fregments noted.)
40
41
42
43 Dark gray, wet, fine SAND with Silt.
4 |SM
(Very abundant wood fragments.
S9 12 430 | 445 44 6 Strong sulphur-like odor.
6 Scattered shells.)
45
46
47
48— —|ML| Dark gray, wet, SILT with fine Sand.
3-10 0 480 | 495 491 0 (Scattered wood fragments.)
0
50
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction BO5/MW-05

Floyd Snider
Boring _B-05/MW-05 Date_9/05/06 Sheet_3 of 4
Job St Paul CDF
F |_ O Y D | S N I DER Logged By _Chris Gardner  \WeatherOvercast
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 Ib Auto Hammer
Bottom of Boring - 81.0 ATD Water Level Depth 12.85 Ft
Obs. Well Install. Ground Surface Elevation 18.7
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
Count | . RECOVERY| LS| NON-SOIL SUBSTANCES: Odor,
N2 rom ° staining, sheen, scrap, slag, etc.
50
51
52
53 0
S-11 2 53.0 | 545 54 0 |ML| Dark gray, wet, SILT with fine Sand.
2 (Scattered wood fragments.)
55
56— Bentonite
Grout
57
58
S-12 2 58.0 | 59.5 0
~o | O |ML| Dark gray, wet, SILT with fine Sand.
2 2'PVC
Casing—4
60
61 H
62 =
63 0 Dark gray, wet, SILT with fine Sand. =
S-13 0 63.0 | 645 ea_| 0 |ML (Strong sulfur-like odor. —
0 Scattered shells.) H
65 =
66 —
67 H
68 5 H
3-14 ) 68.0 | 695 o 1 1 |mL| Darkgray, wet, SILT with fine Sand. —
6 1 (Scattered wood fragments.) -
70 Colorado . [
Silica Sand [
- Pack 10-20 -
72 —
2"Schedule ]
40 PVC 0.02. |
73 2 Slot:Screen—= |
S-15 8 73.0 | 745 74| 3 |ML| Darkgray, wet SILT with fine Sand and gravel. -
5 (Scattered shell and wood fragments noted. -
75 Faint chemical odor noted.) -
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction BO5/MW-05

FLOYD | SNIDER

strategy = science = engineering

Floyd Snider

Boring _B-05/MW-05 Date_9/05/06 Sheet__4 of 4
Job St Paul CDF

Logged By Chris Gardner  Weather__Overcast

Drilled By___Holt Drilling

Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

Bottom of Boring —81.0 ATD Water Level Depth 12.85 Ft
Obs. Well Install. Ground Surface Elevation 18.7
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE D Blow GRAPHIC A S| MAJOR CONSTITUENT.
Count | | RECOVERY LS| NON-SOIL SUBSTANCES: Odor,
Ni2 staining, sheen, scrap, slag, etc.
75
76 Colorado
Silica Sand
77 Pack 10-20
78 0 2" Schedule
. . 40 PVC 0.02
S-16 0 780 | 795 29| O ML/ Darkgray, wet, SILT with fine Sand. Slot Screen
1o (Scattered shells.
80 Creosote odor.
Trace wood fragments.)
PVCEnd Cap
81
Bottom of boring at 81.0 feet.
82
83
84
8‘:
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

X Groundwater Observed

At Time of Drilling




Log of Soil Boring and Well Construction B06/MW-06

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring _B-06/MW-06 Date_8/30/06 Sheet_ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 19.0 ATD Water Level Depth 12.5 Ft
Obs. Well Install. Ground Surface Elevation 18.3
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC &S| MAJOR CONSTITUENT.
ut | fom | T |TECOVERY L 5| NON-SOIL SUBSTANCES: Odor, Monument 4278
staining, sheen, scrap, slag, etc. +3.08_\/—
0 ‘vu‘v-“vu‘vb
GP-| Dry, brown, silty sandy gravelly FILL b ool ey
1 GM < Congrete | [ =, 9 3
_Grout V| | e e
2
3 Bentonite
Chips
4
5
Gii
7
8 2'PVC
Casing—¢
9 —
10 E
11 g
12 E
1 —
S-1 6 125 | 14.0 1313 SP| Dark gray, fine to medium, wet, SAND. =
14 3 E
15 H
Colorado: |
Silica Sand [
16 Pack 1020 [
17 E
S-2 2 175 | 19.0 182 | ML|" Dark gray, wet SILT with fine to medium Sand. 2" Schedule [
T BElor
i i i i ot Screen— |
10 1 | SM| Dark gray, wet, fine to medium SAND with Silt. o VG Erd Gap
Bottom of boring at 19.0 feet.
20
21
o0
23
24
25



Log of Soil Boring and Well Construction BO7/MW-07

Floyd Snider
Boring_ B-07/MW-07 Date_8-30-06 Sheet_ 1 of 2
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —29.5 ATD Water Level Depth NA
Obs. Well Install. Ground Surface Elevation 17.9
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC 8@ MAJOR CONSTITUENT.
Count | . RECOVERY S 5| NON-SOIL SUBSTANCES: Odor, Monument +2.46
N2 rom ° staining, sheen, scrap, slag, etc. +2_79_\/_
0 h/t
GP-| Silty, sandy, gravelly FILL. SRS KR ) Rl A
GM S S A
1 Lo Congrete | [« = %
s Greul Ty | e s e
2
Bentonite
3 8 |GP- Chips
S-1 50 2.5 4.0 18 |GM| Light brown, fractured, dry to damp, GRAVEL with
30 Sand and Silt.
4 (Abundant wood fragments.)
5
6
7
8 10 NO RECOVERY
S-2 14 7.5 9.0 : )
9 (One 1.2" diameter rock in sampler.)
5
9 \V4
10
11
12
13 2 |sp Dark gray, fine to medium, wet SAND.
S-3 4 125 | 14.0 2 (Scattered wood fragments noted.)
3
14
15
16
17
S-4 3 175 | 19.0 0 SP Dark gray, fine to medium, wet SAND.
18 ” (Scattered wood fragments noted.)
19 2
20 =
¢— Recovery X Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval




Log of Soil Boring and Well Construction BO7/MW-07

Floyd Snider
Boring _B-07/MW-07 Date_8-30-06 Sheet_ 2 of 2
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —29.5 ATD Water Level Depth NA
Obs. Well Install. Ground Surface Elevation 17.9
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
Count | T RECOVERY B S| NON-SOIL SUBSTANCES: Odlor,
N2 om ° staining, sheen, scrap, slag, etc.
20 —
21 —
22 E
03 2 |SM{ Dark gray, fine to medium, wet SAND. (23' to 24') Colorads |
S-5 7 225 | 24.0 ° | g |ML| Dark gray, wet SILT with Sand. (22.5'to 23)) Silica Sand - [
4 (Wood fragments and H,S-like odor Pack 10-20 H
24 noted throughout drive.) -
25 E
26 E
2'PVC
Casing—4—]
27 —
2" Schedule. [
-\ 1 40PVC 0.02 [
3-6 2 275 | 290 28 ] SP | Dark gray, fine to medium, wet SAND. Slot Screen—=|
1 -
29 —
-PVC End Cap|
30 Bottom of Boring at 29.5 Feet.
31
32
33
34
35
36
37
38
20
40
&—— Recovery X/ Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B08/MW-08

Floyd Snider
Boring _B-08/MW-08 Date_8/31/06 Sheet_ 1 _of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 79-5 ATD Water Level Depth 11.8 Ft
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
' Count | . RECOVERY S 5| NON-SOIL SUBSTANCES: Odor, Monument +2.37
N2 rom ° staining, sheen, scrap, slag, etc. +2.51_\ /_
0 _ 4
GP-|  Brown, damp, silty, sandy, gravelly FILL. ,‘:"-“'ij " "-“;
- e [
2
3 ’
S-1 89/10"| 3.0 | 45 6 |GP-| Gray, damp, fractured GRAVEL with Sand and Silt. gi?‘g""e
4139 |GM| (Broken rock clogs shoe.) k
50/4
5
677
7
S-2 11 9 1%
- 8.0 5 oML/ Gray, damp SILT with fine Sand.
95 (8" thick Sand lense at 8.5).
10
11
12
Bentonite
13 > Grout
S-3 4 130 | 145 T2 |sp| Darkgray, wet, fine to medium SAND.
14—
15
16
17
S-4 5 | 180 | 195 13
19 g SP | Dark gray, wet, fine to medium SAND with
scattered Silt lenses.
20 (Scattered silt lenses throughout drive.)
21
2o
23
S-5 2 230 | 245 0 |ML| Dark, gray, wet, SILT with fine Sand.
oy 1 (Fine sand layer for first 3.5" of drive.)
1
25
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B08/MW-08

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring_B-08/MW-08 Date_8/31/06 Sheet_ 2 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —79.5 ATD Water Level Depth_ 11.8 Ft
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC B38| MAJOR CONSTITUENT.
SAMPLEID | count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
26
27
< o9 SM| Dark, gray, wet, fine SAND with Silt.
S-6 2 285 | 300 1 (Limited recovery.)
30 L
317 Bentonite
Grout
32
33
S-7 2 330 | 345 O |ML| Dark, gray, moist, SILT with fine Sand.
34 L
]
3‘:
36
37
38 . o
S-8 6 380 | 395 1 |SM- Dark, gray, wet, fine SAND with Silt.
391 3 |ML| (Material is near sand-silt transition.)
3
40
41
42
43 e
0 |ML| Gray, wet, SILT with fine Sand.
S-9 7 43.0 | 445 4| 3 (Grades to sandy silt at bottom of drive.)
4
45
46
47
#8——3—1sM Gray, wet, SILT with fine Sand.
3-10 6 480 | 495 5> |ML| (Alternating fine sand and silt layers throughout drive,
49 4" thick. Lots of slough in split spoon.)
4
50




Log of Soil Boring and Well Construction B08/MW-08

Floyd Snider
Boring _B-08/MW-08 Date_8/31/06 Sheet_3 of 4
Job St Paul CDF
FLOYD | SNIDER  |toggedsy Chris Gardner _ WeatherSun
strategy = science = engineering Drilled By Hoilt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 79.5 ATD Water Level Depth 11.8 Ft
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC $8| MAJOR CONSTITUENT
SAMPLEID | Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
50
51
52
53 1
S-11 2 | 530 | 545 T71SM| Dark, gray, wet, fine SAND with Sitt.
54 ] (Lots of slough in split spoon.) Behtonits
Grout
55
56———
57
58 2'PVC
S-12 0 580 | 595 0 |ML| Dark, gray, wet, SILT with fine Sand. Casing—4
~ | 0 (Mostly silt with trace fine sand.)
0 —
60 g
61 H
62 =
. =
S-13 8 63.0 | 64.5 1 |SMy Dark, gray, wet, SILT with fine Sand. H
64 g ML | (Material is near silt-sand transition.) -
65 =
66 —
67 H
08— Dark, gray, wet, SILT with fine Sand. —
S-14 10 68.0 | 695 4 |ML (Becomes sandier toward lower 12" of drive. -
69 6 Very silty for upper 6" of drive.) —
70 Colorado . [
Silica Sand [
Pack 10-20 - [
71 -
72 —
2"'Schedule [
3 40 PVC0.02 [
7 4 Slot:Screen—= |
S-15 13 73.0 | 745 74| 8 |SM| Darkgray, wet, fine to medium SAND with Silt. -
7 (Wood fragments noted from 74.0’ to 74.5" depth.) -
75 —
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B08/MW-08

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring _B-08/MW-08 Date 8/31/06 Sheet_4 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By _Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —79.5 ATD Water Level Depth____11.8 Ft
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC 8@ MAJOR CONSTITUENT.
Count | T RECOVERY B S| NON-SOIL SUBSTANCES: Odlor,
N2 om ° staining, sheen, scrap, slag, etc.
75
e Colorado
Silica Sand
7 Pack 10-20
78 0 <P 2" Schedule
- Dark, gray, wet, fine to medium SAND (78.0'to 78.5) 40 PVC 0.02
S-16 ! 78.0 | 795 0 i | : Slot Screen:
79— ML| Dark, gray, wet, SILT with fine Sand. (78.5' to 79.5') e
80 Bottom of boring at 79.5 feet.
81—
82
83
84
8‘:
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100




Log of Soil Boring and Well Construction B09/MW-09

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring__B-09/MW-09 Date_ 8/28/06 Sheet_ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" ID HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —21.5 ATD Water Level Depth 14.0 Ft
Obs. Well Install. Ground Surface Elevation 21.3
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC A S| MAJOR CONSTITUENT.
ﬁ%ﬂf S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. +0.07_\ /—+0.36
0 J\," ' ] v'_‘,.'\r":r ‘v'L
IO AT I (N (O
1 f‘._gOEﬁG?t?? :‘._;"7 :-rf'v'?b
2
S-1 11 25 45 | = 5| 6 ML| Brown, damp SILT with Sand (Fill).
6 Bentonite
Chips
415
5
677
7
8
S-2 9 8.0 95 = 1 GM| Brown, damp, GRAVEL with fine to coarse Sand and Silt.
9 5 (Limited recovery.)
2" PVC
10 Casing—¢
11 H
12 —
Colorado -
53 5 130 | 145 = 1877 sw/| Brown, wet, fine to coarse SAND with Gravel. SMica Snd .
1 (Limited recovery.) -
14 -
1 -
15 ]
16 —
2" Schedule ]
17 40-PVC0.02 [
Slot:Screen—e |
S-4 12 | 18.0 | 195 873 -
19 i SW| Gray, wet, fine to coarse SAND with GRAVEL. E
20 -
21 E- PVCEnd Cap
2 Bottom of boring at 21.5 feet.
23
24
25



Log of Soil Boring and Well Construction B10/MW-10

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring_B-10/MW-10 Date_8/30/06 Sheet 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  \Weather__Qvercast/60°
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —20.0 ATD Water Level Depth NA
Obs. Well Install. Ground Surface Elevation 18.5
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC B38| MAJOR CONSTITUENT
Count | . RECOVERY| LS| NON-SOIL SUBSTANCES: Odor, Monument Toc
N2 rom ° staining, sheen, scrap, slag, etc. +0.27_\ /—-0.09
0 _ <
Silty, Sandy, Gravelly FILL at ground surface. o '-“'Pvﬁ s "-“;
LN 29 S [
1 f‘._gOEﬁG?t?? :‘._;"7 :-rf'v'?b
2
3 Bentonite
Chips
4
5
21PVC
6—— Casing~—4
7
8
9
10 =
11 H
Colorado: i
Silica'Sand’ [
12 Pack 10-20 E
S-1 2 130 | 145 187177 1sMm| Very loose, wet, black fine SAND with Silt. -
1 1 (Scattered wood fragments throughout drive.) =
a _1 :
15 =
2" Schedule —
40 PVC 0.02. |—
16 Slot Screen—=
17 =
18 =
S-2 1 18.0 | 19.5 1 Very soft, moist to wet, black, fine SILT with fine Sand. —
1910 ML| (Shell fragments throughout bottom 8" of drive. ]
1 Wood fragments throughout drive.) -
L e+ PVCEnd Cap
20
Bottom of boring at 20 feet.
21
2o
23
24
25



Log of Soil Boring and Well Construction B11/MW-11

Floyd Snider
Boring_ B-11/MW-11 Date 8/29/06 Sheet_ 1 _of 2
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By_Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —30.0 ATD Water Level Depth 11.1
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC 8@ MAJOR CONSTITUENT.
ﬁ%“g”} S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. +0.13_\ /_-0.21'
0 /{
(Did not collect samples from 0.0' to 23.0' depth.) ;’»_; S s_
-7 coferdte | [T, Te
1 s GrBuk v kw4 T
2
3 Bentonite
Chips
4
5
677
7
8
9
10
1
12
13
14
15
16
17 2'pPVC
Casing—
18
19
20 =
Colorado - {1
21 Silica-'Sand [
Pack’10-20
22 -
23 ]
S-1 7 230 | 245 3 |sp| Loose, wet, dark gray, fine to medium SAND. -
o4 3 (Scattered wood fragments throughout drive.) 2 Sehaddle T
4 40°PVC 0:02 [
Slot'Screen—e |
25 —
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B11/MW-11

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

Floyd Snider
Boring_ B-11/MW-11 Date_8/29/06 Sheet_ 2 of 2
Job St Paul CDF
FLOYD | SNIDER  |togedsy Chris Gardner  weatherSun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 30.0 ATD Water Level Depth
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC BS| MAJOR CONSTITUENT,
SAMPLE ID Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
25
Colorado
26 Silica Sand
Pack 10-20
27
28 2" Schedule
s O IML| Very soft, wet, dark gray, SILT with fine Sand. 40°PVC.0.02
2 0 28.0 | 295 o9 O (Shell fragments through bottom of drive. Shot:Sereen
0 White colored shells) PVCEnd Cap
30
Bottom of boring at 30 feet.
31—
32
33
34
3‘:
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

X Groundwater Observed

At Time of Drilling



Log of Soil Boring and Well Construction B-12/MW-12

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

At

X Groundwater Observed

Time of Drilling

Floyd Snider
Boring_B-12/MW-12 Date_8/29/06 Sheet_1_of _4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 80.02 ATD Water Level Depth__11.5
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
! Count | . RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
N2 rom ° staining, sheen, scrap, slag, etc. +0.16_\ /_-0.13
0 J\," ' ] hd ,.'\r":r ‘n'L
| T ralexstd
2
3 y
<| 15 ISM| Gray, damp, fine to medium SAND with Gravel and Silt gﬁ?’;:"'te
S-1 29 3.0 45 4 16 (FILL).
13
5
677
7
8
S-2 2 8.0 9.5 2 ISP | Dark brown, moist to wet, fine SAND.
9 1 (Trace Gravel (FILL). Wood fragments present
1 throughout drive.)
10
11
12
13
S-3 3 130 | 145 ? SP| Dark gray, wet, fine SAND with Sil. gentonite
rout
14 5
15
16
17
S-4 1 18.0 | 195 13
0 |SM: Gray, wet, SILT with fine SAND.
19 1 |ML| (Material is near Sand-Silt transition.)
20
21
2o
S-5 11 230 | 245 23 1 Gray, wet, fine to medium SAND.
4 |SP| (Faint H,S-like odor.)
24
7
25



Log of Soil Boring and Well Construction B-12/MW-12

Floyd Snider
Boring_B-12/MW-12 Date_8/29/06 Sheet_ 2 of _4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 80.02 ATD Water Level Depth 11.5
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC $8| MAJOR CONSTITUENT
SAMPLEID | Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
26
27
1o
S-6 0 28.0 | 295 B
o9 0 IML| Gray, wet, SILT with fine Sand.
Q
30
31 Bentonite
Grout
32
33
S-7 4 | 330 | 345 2 _|SM| Gray, wet, fine SAND with Silt.
34 S (Scattered wood fragments throughout drive.)
3‘:
36
37
38
3
S-8 9 38.0 | 395 39| 4 |SM| Gray, wet, fine SAND with Silt.
5
40
41
42
43
2 ) . .
SM+  Gray, wet, fine SAND with Silt.
59 3 430 | 445 44 ? ML| (Alternating Sand/Silt layers throughout drive.)
45
46
47
48 ]
510 5 480 | 495 ol 2 SP | Gray, wet, fine to medium SAND.
3
50
—— Recovery Y Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B-12/MW-12

Floyd Snider
Boring_ B-12/MW-12 Date_8/29/06 Sheet_ 3 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 80.02 ATD Water Level Depth 11.5
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC $E| MAJOR CONSTITUENT
Count | . RECOVERY| LS| NON-SOIL SUBSTANCES: Odor,
N2 om ° staining, sheen, scrap, slag, etc.
50
51
52
53 0 Gray, wet, fine to medium SAND.
S-11 13 53.0 | 545 sl 7 SP | (Blow counts are not representative: heaving during
6 sample drive caused slough to collect in sampler.
55 S-11 sample material is mostly slough (disturbed) but
~ appears to be representative.)
56 Bentonhite
Grout
57
58
S-12 10 58.0 | 59.5 3 2"PVC
o | 4 |SM| Gray, wet to fine medium SAND with Silt. Casing-—
6 (Scattered wood fragments.)
60 —
61 H
62 H
63 . =
3 Gray, wet, fine SAND. H
3-13 9 63.0 | 645 oa_| 4 |SP (Scattered wood fragments.) =
5 =
65 =
66 —
67 H
68 2 -
S-14 10 | 680 | 695 e 1 5 ISP Gray, wet, fine to medium SAND. =
5 —
70 Colorado " [
Silica:Sand, [
Pack 1020 ‘[
71 1
72 —
2" Schedule.
73 40 PVC 0.02 -
S-15 40 730 | 745 [ 5 |SP| Gray, wet, fine to medium SAND. SlotSceger--=8]
74119 (Limited recovery.) -
21 —
75 —
&——— Recovery Y Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B-12/MW-12

Floyd Snider
Boring_ B-12/MW-12 Date_8/29/06 Sheet_ 4 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By _Chris Gardner  \Weather_Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 80.02 ATD Water Level Depth 11.5
Obs. Well Install. Ground Surface Elevation 18.6
RECOVERY — | DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC Sé MAJOR CONSTITUENT.
Count | T RECOVERY B S| NON-SOIL SUBSTANCES: Odlor,
N2 om ° staining, sheen, scrap, slag, etc.
75
76 Colorado
Silica Sand
77 Pack 10-20
78 0
2 Gray, wet, SILT with fine Sand. e
S-16 7 78.0 | 795 792 | ML} (Fine Sand in bottom of shoe suggests Sand may extend | Slot Sereen
5 deeper)
80
PVCEnd Cap
81—— Bottom of boring at 80.5 feet.
82
83
84
8‘:
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
p— Recovery X Groundwater Observed

At Time of Drilling

<
K%*— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B-13/MW-13

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

At

X Groundwater Observed

Time of Drilling

Floyd Snider
Boring_B-013/MW-13 Date_9/06/06 Sheet__ 1 of 1
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By___Holt Drilling
Drill Type/Method 4" ID HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —21.0 ATD Water Level Depth 11.9 Ft
Obs. Well Install. Ground Surface Elevation 20.4
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC &S| MAJOR CONSTITUENT.
ﬁ%ﬂf S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. +0.02_\ /—-0.24
0 . o :
ASPHALT Removed via Vac Truck I S
1 | poer] [
CRUSHED CONCRETE | | | CpfeRe | T T
2 RIP-RAP AND DAMP l l l
GRAY SAND
3 Bentonite
*Only collecting samples for material within Chips
4 anticipated screened interval of 0'to 10' MLLW.
5
677
7
8 2" PVC
Casing—«
9
10 ||
11 g
12 4 H
S-1 16 | 13.0 | 14.5 E==m==3 135 SW| Dark gray, wet, fine to coarse SAND. -
9 (Very little recovery.) -
14 -
7 —
15 -
Colorado - |—
Silica: Sand: [
16 Pack 1020 | —
17 H
18 2" Schedule E
S 7 185 | 20.0 2 | SP| Dark gray, wet, fine to medium SAND. 43?;\5’5,2;2_5
193 (Scattered shell fragments. —
4 Abundant wood fragments.) ]
20 (& PVCEnd Cap
21
Bottom of boring at 21.0 feet.
20
23
24
25



Log of Soil Boring and Well Construction B-14/MW-14

Floyd Snider
Boring_ B-14/MW-14 Date_9/1/06 Sheet_ 1 _of 2
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —30.0 ATD Water Level Depth___12.4
Obs. Well Install. Ground Surface Elevation 20.5
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC §4§ MAJOR CONSTITUENT.
Coumt | eom | To RECOVERY B >| NON-SOIL SUBSTANCES: Odor, Monument TOC
staining, sheen, scrap, slag, etc. +0.01_\/—-0.37
o h
ASPHALT Removed via Vac Truck ¥ s [¥ o S o ]
1 CRUSHED CONCRETE S Boneres| [P Mt
s Greul Te| kTeRy Tef
2 RIP-RAP AND DAMP
GRAY SAND Bentonite
3 Chips
4
5 * Only collecting samples through intended screened
interval. (0'- 10' MLLW)
6
7
8
9
10
11
12
13
14
15
16
17
18
1(}
20 =
&—— Recovery X/ Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B-14/MW-14

Floyd Snider
Boring_ B-14/MW-14 Date_9/1/06 Sheet_ 2 of 2
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather__Sun
strategy = science = engineering Drilled By Hoilt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring 30.0 ATD Water Level Depth 12.4
Obs. Well Install. Ground Surface Elevation 20.5
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC A S| MAJOR CONSTITUENT.
Count | . RECOVERY LS| NON-SOIL SUBSTANCES: Odor,
N2 om ° staining, sheen, scrap, slag, etc.
20
21
22
23 Colorado
i i Silica Sand
S-1 1 230 | 245 1 | sp| Dark gray, wet, fine to medium SAND 3
0 (Scattered shell fragments. Trace Gravels ~0.25". Pack 1020
24 ] Organic-like sheen (faint) observed on cuttings 26'to 28'.)
25
26
2'PVC
Casing
27
2" Schedule
40°PVC 0.02
28 ) . . . Slot.Screen
'\ 0 |SM| Dark gray, wet, fine to medium SAND with Silt.
S-2 2 28.0 | 295 1
29 ” Grades to dark gray, damp to moist SILT with Sand.
ML| (Wood fragments throughout SILT portion of interval.)
PVC End Capj
30
Bottom of Boring at 30.0 Feet.
31
32
33
34
35
36
37
38
3(}
40
&—— Recovery X/ Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



Log of Soil Boring and Well Construction B-15/MW-15

p— Recovery

<
K%*— Subsample for Analysis

—— Driven Interval

X Groundwater Observed

At Time of Drilling

Floyd Snider
Boring _B-15/MW-15 Date_9/05/06 Sheet_ 1 _of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather_Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring - 91.0 ATD Water Level Depth 12.75 Ft
Obs. Well Install. Ground Surface Elevation 20.6
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC B38| MAJOR CONSTITUENT
ﬁ%ﬂf S RECOVERY| B S| NON-SOIL SUBSTANCES: Odlor, Monument TOC
staining, sheen, scrap, slag, etc. -0.06 _\ -0.32
0 . O .
ASPHALT Removed via Vac Truck Y S B
! CRUSHED CONCRETE P i N O
2
Rip-rap and Sand. v v 3
3 Bentonite
6 |GM| Gray, fractured, damp, GRAVEL with fine to medium Chips
S-1 59 35 5.0 o5 Sand and Silt. (FILL).
5 34
677
7
8
S-2 53 8.0 9.5 244 SP| Brown, decaying, damp, WOOD (8.0' to 9.0)
9
29 Gray, fine, damp, SAND (9'to 9.5
10
1 Bentonite
Grout
12
\VA
13
S-3 7 13.0 | 145 “ 12 |SP| Dark gray, fine to medium, wet, SAND
143 (Trace 0.25" Gravels.
4 Scattered wood fragments.)
15
16
17
54 2 | 180 | 195 10
1 |SP| Dark gray, fine to medium, wet SAND with trace Gravel.
19 1 (Scattered wood fragments and shells.
0 Faint Creoste-like odor.)
21
20
o3 Dark gray, fine to to medium, wet SAND with Silt and
S-5 3 230 | 245 “ | 1 |SP| scattered 0.3" Gravels.
24 2 (Scattered shell fragments.
1 Creosote-like odor.)
25



<
K%*— Subsample for Analysis

—— Driven Interval

Floyd Snider
Boring _B-15/MW-15 Date_9/05/06 Sheet_ 2 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —91.0 ATD Water Level Depth 12.75 Ft
Obs. Well Install. Ground Surface Elevation 20.6
RECOVERY —| DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC B38| MAJOR CONSTITUENT
Count | . RECOVERY LS| NON-SOIL SUBSTANCES: Odor,
N2 rom ° staining, sheen, scrap, slag, etc.
26
27
S-6 3 28.0 | 295 o9 1
[ 1 |ML| Dark gray, moist SILT with fine Sand.
30 2 (Scattered wood fragments.
Trace Gravels.)
31 Beritonite
Grout
32
33
S-7 9 330 | 345 2 |SM+ Dark gray, wet, fine SAND with Silt to Silt with fine Sand.
34 ‘5‘ ML| (Scattered wood fragments.)
3‘:
36
37
38
10
S-8 6 38.0 | 395 39 1 5 No Recovery.
1
40
41
42
43 ML Dark gray, wet, SILT with fine Sand.
0 (Plastic, gooey, very flexible.)
S-9 0 43.0 | 445 441 0
0
45
46
47
48 )
5-10 0 480 | 495 .o ML| Dark gray, wet, SILT Wlth_ fine Sand.
4 0 (Plastic, gooey, very flexible.)
50
p— Recovery X Groundwater Observed

At Time of Drilling




Floyd Snider
Boring _B-15/MW-15 Date_9/05/06 Sheet_3 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By Chris Gardner  Weather__Sun
strategy = science = engineering Drilled By Holt Drilling
Drill Type/Method 4" 1D HSA
Sampling Method 140 1b Auto Hammer
Bottom of Boring —91.0 ATD Water Level Depth 12.75 Ft
Obs. Well Install. Ground Surface Elevation 20.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
SAMPLE ID Blow GRAPHIC B38| MAJOR CONSTITUENT
Count | . RECOVERY LS| NON-SOIL SUBSTANCES: Odor,
N2 rom ° staining, sheen, scrap, slag, etc.
50
51
52
53 1
S-11 3 53.0 | 545 54 2 |ML| Dark gray, wet, clayey SILT with fine Sand.
1 |CL| (Scattered wood fragments).
55
56— Bentonite
Grout
57
S-12 4 58.0 | 59.5 % 3 Dark gray, wet, SILT with fine Sand.
o | 2 |SMt (Material is near Sand-Silt transition.
2 |ML| Trace wood fragments.) 2'PVC
Casing——
60
61
62
63 L
) P Gray, wet, SILT with fine Sand.
S-13 1 630 | €45 ea_| 5 ML (Abundant wood fragments throughout drive.)
6
65
66
67
68
2 Gray, wet, SILT with fine Sand.
S-14 2 68.0 | 695 69 1 ML (Scattered wood fragments throughout drive.)
70 Colorado
Silica Sand
Pack 10-20
71 1
72 —
2" Schedule. ]
73 40 PVC 0.02 -
S-15 7 730 | 745 [ 5 |ML| Gray, wet, SILT with fine Sand. Slot Serabr—8]
24 | 4 Slightly greater Sand content than S-14. —
3 (Scattered wood fragments throughout drive.) -
75 —
&—— Recovery X Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis

—— Driven Interval



—— Driven Interval

Floyd Snider
Boring _B-15/MW-15 Date_9/05/06 Sheet__4 of 4
Job St Paul CDF
F I_ O Y D | S N I D E R Logged By _Chris Gardner  \Weather__Sun
strategy = science = engineering Drilled By Hoilt Drilling
Drill Type/Method 4" ID HSA
Samp“ng Method 140 Ib Auto Hammer
Bottom of Boring - 91.0 ATD Water Level Depth 12.75 Ft
Obs. Well Install. Ground Surface Elevation 20.6
RECOVERY = DESCRIPTION: color, texture, moisture WELL CONSTRUCTION
Blow GRAPHIC BS| MAJOR CONSTITUENT,
SAMPLE ID Count RECOVERY BE| NON-SOIL SUBSTANCES: Odor
N/12" From To %) )
staining, sheen, scrap, slag, etc.
75
76 Colorado
Silica Sand
77 Pack 10-20
78 .
4 | sMl Gray, wet, fine SAND with Silt. e
S-16 10 | 780 | 795 791 2 |ML| (Material is transitional between Silt and Sand. Slot Screen
8 Scattered wood fragments throughout drive.)
80
81——
82
83
3 | gml Gray, wet, fine SAND with Silt.
317 18 830 | 845 84 9 | ML (Materialis transitional between Silt and Sand.
o5 | 9 Scattered wood fragments throughout drive.)
86
87
88 Gray, wet, SILT with fine Sand.
5_|SM (Material is at Sand-Silt transition
S-18 15 88.0 | 895 ML - ’
89 150 Slightly Siltier than S-17.)
90
PVCEnd Cap
91
Bottom of boring at 91.0 feet.
92
93
94
95
96
97
98
99
100
&——— Recovery Y Groundwater Observed
N At Time of Drilling
%‘— Subsample for Analysis




Attachment A-2

Monitoring Well Completion Photographs

Post-Construction Hydrogeologic Conditions Report 112206.doc
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Text Box
Monitoring Well MW-02 in St. Paul/Middle Waterway Peninsula
    - Photograph looking north
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Monitoring Well MW-03 Adjacent to Simpson Tacoma Kraft Mill
    - Photograph looking north
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Text Box
Monitoring Wells MW-04 and MW-05 in CDF
    - Photograph looking east
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Monitoring Wells MW-06, MW-07, and MW-08 in St. Paul/Middle Waterway Peninsula
    - Photograph looking west
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Monitoring Well MW-09 in Offset Berm
    - Photograph looking north
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Monitoring Wells MW-10, MW-11, and MW-12 in St. Paul/Middle Waterway Peninsula
    - Photograph looking south
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SLUG TEST DATA, METHODOLOGY, AND RESULTS
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Attachment B-1

Slug Test Data

Note: The slug test data is provided on enclosed CD.
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Bouwer and Rice Hydraulic Conductivity Method and Results
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The Bouwer and Rice Method for Estimating Saturated Hydraulic Conductivity (K) of

Aquifer Materials

The method of Bouwer and Rice (1976) for analyzing slug test data is commonly used to
estimate saturated hydraulic conductivity (K) of aquifer materials. A mathematical solution by
Bouwer and Rice (1976) is used to determine the hydraulic conductivity. Application of the
Bouwer and Rice method to determine hydraulic conductivity involves calculating the slope of a
straight line fit to the head response data collected during a slug test on a semi-log plot of
normalized head vs. time. The line is fit to a segment of the data that is deemed to be

representative of the undisturbed aquifer response.

The analytical solution of the mathematical model describing the Bouwer and Rice method

(Bouwer 1989) can be written as:

2
K = e In(Re/rw)}lnﬁ
2L, t oy,

where:

K = hydraulic conductivity;
r.= radius of the well casing;
L.= effective screen length;

t = time;

y = normalized head;

Yo =y at time zero; and

yi =Yy attime t.

The parameter R/r,, (effective radial distance over which y is dissipated, divided by the radial
distance of well development) may be determined by one of two analytical solutions. Selection
of the correct solution is dependant on whether the well fully penetrates the water-bearing

formation.

The solution of a fully penetrating well is:

R

e

[ 11 C

i Ln(LW/rW)+ Le/rw}
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While the solution of a partially penetrating well is:

nRe_[ 11 A«BI[H-L)/r, B
I’.W In(LW/rW) Le/rw
where:

L.~ depth of the well;

H = Saturated thickness above confining layer; and

e

. : iy : L
A, B, and C = dimensionless empirical parameters that are a function of — and are used for
r

w
. R,
calculation of In(—).
r

w

The wells were considered to be partially penetrating because observations during coring and
well installation did not identify the presence of discrete water bearing zones of limited vertical
extent in any of the wells locations. Consequently, the wells were evaluated using the partially
penetrating solution provided above.

An illustration of parameters A, B, and C is presented in Bouwer (1989). The values for these
dimensionless parameters for monitoring wells MW-01 through MW-11 and MW-13 through
MW-15 were calculated using a polynomial fit reported by Van Rooy (1988) and Boak (1991).

Table 1 presents the applicable well construction details and method parameters, as well as the
resulting calculated hydraulic conductivities.
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Slug Test Results Using Bouwer and Rice Method

Table 1

MW-15

Well Details and Method Parameters
Well Depth in Feet 18.5 22.25 20.18 20.81 80.69 22.09 32.38 81.9 21.14 19.83 29.59 29.59 20.46 29.67 91.18 91.18
Screen Length in Feet 10.0 10.0 10.0 10.0 20.0 10.0 10.0 20.0 10.0 10.0 10.0 10.0 10.0 10.0 20.0 20.0
Depth to Screen in Feet 8.38 12.03 9.83 10.61 60.47 11.87 22.04 61.68 10.92 9.49 19.37 19.37 10.24 19.45 70.96 70.96
Depth to Aquitard in Feet 30.0 30.0 21.5 33.0 100.0 26.0 35.0 82.0 50.0 28.0 30.0 30.0 27.7 30.0 100.0 100.0
Depth to Water in Feet 9.78 10.90 10.04 8.78 10.44 11.60 12.46 12.54 11.00 9.45 9.08 9.14 11.15 11.01 11.48 11.48
Depth to Sandpack in Feet 8.4 9.5 7.3 7.5 57.5 9.4 19.0 58.7 8.4 7.0 16.4 16.4 7.2 16.5 68.0 68.0
Slug Displacement (H,) in Feet 0.97 2.68 3.86 4.74 3.49 2.33 1.28 2.78 0.36 2.43 2.30 2.05 2.92 3.91 4.10 3.35
Porosity (n) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Radius of Casing (r.) in Feet 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083
Radius of Borehole (r,) in Feet 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
Saturated Aquifer Thickness (H) in Feet 20.22 19.10 11.46 24.22 89.56 14.40 22.54 69.46 39.00 18.55 20.92 20.86 16.59 18.99 88.52 88.52
Saturated Well Thickness (Lw) in Feet 8.60 11.13 9.79 11.83 70.03 10.27 19.58 69.14 9.92 10.04 20.29 20.23 9.09 18.44 79.48 79.48
Effective Radius () in Feet 0.275 0.275 0.275 0.275 0.083 0.275 0.083 0.083 0.275 0.275 0.083 0.083 0.275 0.083 0.083 0.083
Effective Screen Length (L) in Feet 8.6 10.0 9.8 10.0 20.0 10.0 10.0 20.0 9.9 10.0 10.0 10.0 9.1 10.0 20.0 20.0
Fully Submerged Sandpack No No No No Yes No Yes Yes No No Yes Yes No Yes Yes Yes
Transiently Exposed Sandpack Yes Yes Yes Yes No Yes No No Yes Yes No No Yes No No No
Transiently Exposed Screen Yes Yes Yes Yes No Yes No No Yes Yes No No Yes No No No
Partially Submerged Screen Yes No Yes No No No No No Yes No No No Yes No No No
Normalized Head at t; (y;) in Feet 1.5602 0.4600 0.5023 0.4450 0.5582 0.7643 1.0644 4.3738 1.1411 0.7488 0.9965 0.9966 0.5943 0.5796 0.5458 0.6638
Time - t; in Seconds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Normalized Head at t, (y,) in Feet 2.33E-232 1.19E-07 5.00E-11 2.71E-01 6.23E-02 | 3.4769E-58 1.10E-100 1.05E-184 1.03E-199 2.51E-38 4.41E-173 5.26E-131 1.95E-38 2.72E-03 8.37E-06 1.03E-05
Time - t, in Seconds 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
Le/fy 21.5 25 24.475 25 50 25 25 50 24.8 25 25 25 22.725 25 50 50
Coefficient A ® 2.2 2.3 2.3 2.3 3.0 2.3 2.3 3.0 2.3 2.3 2.3 2.3 2.2 2.3 3.0 3.0
Coefficient B * 0.3 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5
Coefficient C ? 1.6 1.8 1.7 1.8 2.6 1.8 18 2.6 1.7 1.8 18 1.8 1.7 1.8 2.6 2.6
Partially Penetrating Well
In(Re/ry) e 1.942 2.145 2.197 2.142 3.207 2.153 2.485 3.832 2.008 2.094 2.682 2.681 2.018 2.655 3.344 3.344
Kin cm/sec 4.6E-01 1.3E-02 2.0E-02 4.1E-04 1.2E-04 1.1E-01 2.0E-02 2.9E-02 3.6E-01 7.0E-02 3.8E-02 2.8E-02 7.4E-02 5.0E-04 6.5E-04 6.5E-04
Fully Penetrating Well
In(Re/ry) e 2.304 2.494 2.410 2.532 3.760 2.444 2.834 3.753 2.421 2.430 2.854 2.853 2.349 2.798 3.833 3.833
K in cm/sec 5.5E-01 1.5E-02 2.2E-02 4.8E-04 1.5E-04 1.2E-01 2.3E-02 2.8E-02 4.3E-01 8.1E-02 4.0E-02 3.0E-02 8.6E-02 5.3E-04 7.5E-04 7.5E-04
Notes:
Bold values are entered manually and other values are calculated.
All depths are below measuring point and not below the ground surface
& A, B, and C coefficients are calculated using regression equations of Van Rooy (1988).
b Re/ry is the effective radial distance over which y is dissipated, divided by the radial distance of well development.
Shallow well
Deep well
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The Butler Method for Analysis of Slug Tests in Formations of High Hydraulic
Conductivity

Slug tests in formations of high hydraulic conductivity (K) are often affected by mechanisms that
are ignored in models developed for tests in less permeable formations. In situations where
oscillatory data patterns are evident, graphical matching of theoretical type curves to plots of
slug test response data enable estimation of hydraulic conductivity.

The method developed by Butler and Garnett (2000) is summarized below:

1. Pressure transducer readings are plotted versus the time since some arbitrary starting
point. The time at which the test began and the pressure head corresponding to static
conditions are identified from this plot. The static pressure head and the test start time
are then subtracted from the head and time records respectively, to obtain a plot of the
deviation of pressure head from static conditions (designated as H(t)) versus the time
since test initiation. The deviation data are normalized using the change in water level
(Ho) that initiated the test.

2. A graph of theoretical type curves is prepared. These type curves are in the form of
plots of the normalized deviation of the water level from static conditions versus
dimensionless time. The type curves are generated using the following equations:

-C
D C, .
Wty =e 2 © {cos(a)dtd ) +2—Dsm(codtd )} ,Cp<2 (1)
Wy
Wy(td) =e ™ (1 +tg), Cp =2 2)
_ 1 - @ity + a0ty
Wi(ty) = [—J [wde ~we J Cp>2 (3)
Wy — Wy
Where:

Cp = dimensionless damping parameter;

g = gravitational acceleration;

Ho = change in water level initiating a slug test (initial displacement);
L. = effective length of water column inwell;

t; = dimensionless time parameter, (g/Lc)"%

t = time;

w = deviation of water level from static level in well;
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Wq = normalized water level deviation (w/Ho);

w4 = dimensionless frequency parameter (:l 1-(C,/2)? |1’2);

3. The type curves are superimposed on a plot of the test data. The dimensionless time
axis is expanded or contracted until a reasonable match is obtained between a Cp, type
curve and the test data. Match points are then determined by reading the corresponding
times from the real (t*) and dimensionless (t4*) time axes.

4. The radial hydraulic conductivity (K;) is estimated by substituting the well construction
parameters, the Cp value, and the match-point ratio (t4*/t*) into the appropriate equation:

Unconfined — High-K Bouwer and Rice Model

— t; rC2 In[Re /rW]

r— * 4
t 2bC, )
Confined — High-K Horslev Model
* 2105
K = tyr, In[b/(2rw)+(1+(b/(2rw)) ) ] 5)

t"2bC,
where:
b = screen length;
R, = effective radius parameter of Bouwer and Rice (1976);
r. = effective radius of well casing (corrected for radius of transducer cable);
rn = radius of well screen or borehole.
No aquitard was observed to be present along the vertical section of sediments encountered
throughout the screened interval of Monitoring Well MW-12 during installation of the well. Thus,

the hydraulic conductivity for Monitoring Well MW-12 was evaluated using the unconfined case
represented by equation (4).

The definition of dimensionless time following equation (3) includes a parameter
designated as the effective length of the water column (Le). Le is calculated as part of
the analysis process using the following equation:
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*\ 2
t
le=|—1 g (6)
td
Table 1 presents the applicable well construction details and method parameters, as well as the
resulting calculated hydraulic conductivity for Monitoring Well MW-12.
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Table 1

Slug Test Results Using Butler Method

Test Well Specs - "d" not used in confined case \ \
Depth to Bottom of Screen (from toc): 80.02 ft Best Fit Confined - High-K Hvorslev Model
Screen Length (b): 20 ft Time Type Curve \
Depth to Static Water Level (from toc): 9.5 |ft Correlation Ratio Co Ki= | tg* 1”2 In[b/(2r,*)+(1+(b/(2r,*))*2)"0.5]
Top of Screen to Water Table (d): 50.3|ft ty i 0.545 t* 2bCp
Radius of Well Screen (r,): 0.083 ft 0.784
Nominal Radius of Well Casing (r n.): 0.083 ft Bracketted quantity 240.968
Radius of Transducer Cable (r): 0.010 | ft computed from ratio Le = 52.35 |ft
Effective Casing Radius (r¢ = (rn"2-1c"2)"0.5): 0.083 ft nominal Le= 60.52 ft K= 1.35E-03 ft/sec
Modified Screen Radius (r,*): 0.083ft % difference 14% 1.17E+02 ft/day 3.55E+01 m/day
Aspect Ratio (b/r,): 240.964 4.11E-02 cm/sec
Formation Thickness (B): 100 ft
Modulation Factor = 1.275 Unconfined - High-K Bouwer and Rice Model
(frequency) \
K, = tg* r*2 In[Re/ry*]
Test Deviation Test Normalized Dimensionless Cp= Adjusted t* 2bCp
Time |From Static Time Head Time 0.545 Time
0 -2.134 0 1.000 0 1 0 IN(R/ry*)= 4.498 A= 6.496
0.5 -1.527 0.5 0.716 0.1 0.995094 0.1275 B = 1.319
1 -1.665 1 0.780 0.2 0.980771 0.2550 first term 1.2/(In((d+b)/r,*)
1.5 -1.038 1.5 0.486 0.3 0.957671 0.3825 0.163
2 -0.465 2 0.218 0.4 0.926483 0.5100 second term (A +B *(In[(B-(d+b))/r, D)/ (b/r,*)
25 0.043 25 -0.020 0.5 0.88794 0.6375 0.059
3 0.415 3 -0.194 0.6 0.842807 0.7650 In[(B-(d+b))/r,*] 5.880 5.880
35 0.681 35 -0.319 0.7 0.791873 0.8925 Cannot exceed 6.
4 0.787 4 -0.369 0.8 0.735939 1.0200 See Butler (1997) - p.108.
4.5 0.745 4.5 -0.349 0.9 0.675816 1.1475
5 0.626 5 -0.293 1 0.61231 1.2750 K, = 1.11E-03 ft/sec
55 0.424 55 -0.199 1.1 0.546218 1.4025 9.56E+01 ft/day 2.91E+01 m/day
6 0.197 6 -0.092 1.2 0.478321 1.5300 3.38E-02 cm/sec
6.5 -0.022 6.5 0.010 1.3 0.409373 1.6575
7 -0.202 7 0.095 1.4 0.340101 1.7850
7.5 -0.335 75 0.157 1.5 0.271197 1.9125 A = 1.4720+3.537E-2(blr,*)-8.148E-5(b/r,*)"2+1.028E-7 (b/r,*)*3-6.484E-11(b/r,*) 4+1.573E-14(b/r,*)"5
8 -0.400 8 0.187 1.6 0.20331 2.0400 B = 0.2372+5.151E-3(b/r,*)-2.682E-6(b/r,,*)"2-3.491E-10(b/r,*)*3+4.738E-13(b/r,*)"4
8.5 -0.409 8.5 0.192 1.7 0.137047 2.1675
9 -0.370 9 0.173 1.8 0.072966 2.2950
9.5 -0.294 9.5 0.138 1.9 0.011574 2.4225
10 -0.204 10 0.096 2 -0.046673 2.5500
10.5 -0.112 10.5 0.052 2.1 -0.101378 2.6775
11 -0.025 11 0.012 2.2 -0.152195 2.8050
115 0.042 115 -0.020 2.3 -0.198837 2.9325
12 0.081 12 -0.038 2.4 -0.241071 3.0600
12.5 0.094 12.5 -0.044 2.5 -0.27872 3.1875
13 0.093 13 -0.044 2.6 -0.311663 3.3150
13.5 0.070 135 -0.033 2.7 -0.339827 3.4425
14 0.036 14 -0.017 2.8 -0.363193 3.5700
14.5 -0.003 14.5 0.001 2.9 -0.381788 3.6975
15 -0.041 15 0.019 3 -0.395684 3.8250
15.5 -0.074 15.5 0.035 3.1 -0.404995 3.9525
16 -0.094 16 0.044 3.2 -0.409874 4.0800
16.5 -0.104 16.5 0.049 3.3 -0.410508 4.2075
17 -0.106 17 0.050 3.4 -0.407117 4.3350
17.5 -0.096 17.5 0.045 3.5 -0.399947 4.4625
Z:\OMMP\Hydrogeological Conditions Report\Appendix B\
Butler Parameters and Results (MW-12).xls Page 1 of 3 1/8/2007



Slug Test Results Using Butler Method

Table 1

18 -0.084 18 0.039 3.6 -0.389268 4.5900
18.5 -0.068 185 0.032 3.7 -0.37537 4.7175
19 -0.056 19 0.026 3.8 -0.358559 4.8450
195 -0.041 195 0.019 3.9 -0.339153 4.9725
20 -0.025 20 0.012 4 -0.317478 5.1000
20.5 -0.022 20.5 0.010 4.1 -0.293866 5.2275
21 -0.016 21 0.007 4.2 -0.268648 5.3550
215 -0.020 215 0.009 4.3 -0.242156 5.4825
22 -0.023 22 0.011 4.4 -0.214714 5.6100
225 -0.026 225 0.012 4.5 -0.18664 5.7375
23 -0.036 23 0.017 4.6 -0.158239 5.8650
235 -0.038 235 0.018 4.7 -0.129807 5.9925
24 -0.045 24 0.021 4.8 -0.10162 6.1200
245 -0.048 245 0.022 4.9 -0.07394 6.2475
25 -0.049 25 0.023 5 -0.04701 6.3750
255 -0.051 25.5 0.024 5.1 -0.02105 6.5025
26 -0.051 26 0.024 5.2 0.003737 6.6300
26.5 -0.050 26.5 0.023 5.3 0.027173 6.7575
27 -0.046 27 0.022 5.4 0.049102 6.8850
27.5 -0.042 27.5 0.020 5.5 0.06939 7.0125
28 -0.038 28 0.018 5.6 0.087927 7.1400
28.5 -0.042 28.5 0.020 5.7 0.104626 7.2675
29 -0.034 29 0.016 5.8 0.119422 7.3950
29.5 -0.036 29.5 0.017 5.9 0.132272 7.5225
30 -0.033 30 0.015 6 0.143153 7.6500
30.5 -0.039 30.5 0.018 6.1 0.152066 7.7775
31 -0.037 31 0.017 6.2 0.159027 7.9050
31.5 -0.038 31.5 0.018 6.3 0.164073 8.0325
32 -0.038 32 0.018 6.4 0.167255 8.1600
325 -0.039 325 0.018 6.5 0.168642 8.2875
33 -0.044 33 0.021 6.6 0.168316 8.4150
33.5 -0.038 33.5 0.018 6.7 0.16637 8.5425
34 -0.042 34 0.020 6.8 0.16291 8.6700
34.5 -0.041 34.5 0.019 6.9 0.158049 8.7975
35 -0.041 35 0.019 7 0.151909 8.9250
35.5 -0.038 35.5 0.018 7.1 0.144617 9.0525
36 -0.039 36 0.018 7.2 0.136306 9.1800
36.5 -0.038 36.5 0.018 7.3 0.12711 9.3075
37 -0.038 37 0.018 7.4 0.117166 9.4350
37.5 -0.037 37.5 0.017 7.5 0.10661 9.5625
38 -0.037 38 0.017 7.6 0.095577 9.6900
38.5 -0.038 38.5 0.018 7.7 0.0842 9.8175
39 -0.038 39 0.018 7.8 0.072608 9.9450
39.5 -0.040 39.5 0.019 7.9 0.060924 10.0725
40 -0.037 40 0.017 8 0.049268 10.2000
40.5 -0.041 40.5 0.019 8.1 0.037751 10.3275
41 -0.040 41 0.019 8.2 0.026478 10.4550
41.5 -0.037 41.5 0.017 8.3 0.015545 10.5825
42 -0.040 42 0.019 8.4 0.005041 10.7100
42.5 -0.041 42.5 0.019 8.5 -0.004955 10.8375
43 -0.042 43 0.020 8.6 -0.014373 10.9650
43.5 -0.036 43.5 0.017 8.7 -0.023151 11.0925
44 -0.040 44 0.019 8.8 -0.031239 11.2200
44.5 -0.035 44.5 0.016 8.9 -0.038594 11.3475
45 -0.041 45 0.019 9 -0.045183 11.4750
45.5 -0.039 45.5 0.018 9.1 -0.050983 11.6025
46 -0.041 46 0.019 9.2 -0.055981 11.7300
46.5 -0.039 46.5 0.018 9.3 -0.060168 11.8575
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Slug Test Results Using Butler Method

Table 1

47 -0.039 47 0.018 9.4 -0.063549 11.9850
47.5 -0.040 47.5 0.019 9.5 -0.066132 12.1125
48 -0.040 48 0.019 9.6 -0.067935 12.2400
48.5 -0.039 48.5 0.018 9.7 -0.068982 12.3675
49 -0.036 49 0.017 9.8 -0.069302 12.4950
49.5 -0.025 49.5 0.012 9.9 -0.068932 12.6225
50 -0.039 50 0.018 10 -0.067911 12.7500
50.5 -0.039 50.5 0.018 10.1 -0.066283 12.8775
51 -0.040 51 0.019 10.2 -0.064098 13.0050
51.5 -0.038 51.5 0.018 10.3 -0.061405 13.1325
52 -0.039 52 0.018 10.4 -0.058258 13.2600
52.5 -0.040 52.5 0.019 10.5 -0.054711 13.3875
53 -0.038 53 0.018 10.6 -0.05082 13.5150
53.5 -0.037 53.5 0.017 10.7 -0.046642 13.6425
54 -0.040 54 0.019 10.8 -0.042231 13.7700
54.5 -0.037 54.5 0.017 10.9 -0.037644 13.8975
55 -0.039 55 0.018 11 -0.032934 14.0250
55.5 -0.037 55.5 0.017 11.1 -0.028154 14.1525
56 -0.037 56 0.017 11.2 -0.023353 14.2800
56.5 -0.038 56.5 0.018 11.3 -0.01858 14.4075
57 -0.037 57 0.017 11.4 -0.01388 14.5350
57.5 -0.038 57.5 0.018 115 -0.009294 14.6625
58 -0.037 58 0.017 11.6 -0.00486 14.7900
58.5 -0.040 58.5 0.019 11.7 -0.000615 14.9175
59 -0.038 59 0.018 11.8 0.003411 15.0450
59.5 -0.038 59.5 0.018 11.9 0.007191 15.1725
60 -0.038 60 0.018 12 0.0107 15.3000
60.5 -0.037 60.5 0.017 12.1 0.013919 15.4275
61 -0.037 61 0.017 12.2 0.016832 15.5550
61.5 -0.037 61.5 0.017 12.3 0.019426 15.6825
62 -0.036 62 0.017 12.4 0.021695 15.8100
62.5 -0.036 62.5 0.017 12.5 0.023631 15.9375
63 -0.037 63 0.017 12.6 0.025236 16.0650
63.5 -0.039 63.5 0.018 12.7 0.02651 16.1925
64 -0.036 64 0.017 12.8 0.027458 16.3200
64.5 -0.038 64.5 0.018 12.9 0.028089 16.4475
65 -0.032 65 0.015 13 0.028414 16.5750
65.5 -0.040 65.5 0.019 13.1 0.028445 16.7025
66 -0.034 66 0.016 13.2 0.028197 16.8300
66.5 -0.039 66.5 0.018 13.3 0.027689 16.9575
67 -0.037 67 0.017 13.4 0.026939 17.0850
67.5 -0.038 67.5 0.018 135 0.025966 17.2125
68 -0.037 68 0.017 13.6 0.024792 17.3400
68.5 -0.036 68.5 0.017 13.7 0.02344 17.4675
69 -0.039 69 0.018 13.8 0.021931 17.5950
69.5 -0.035 69.5 0.016 13.9 0.020289 17.7225
70 -0.035 70 0.016 14 0.018537 17.8500
70.5 -0.034 70.5 0.016 14.1 0.016697 17.9775
71 -0.038 71 0.018 14.2 0.014793 18.1050
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Slug Test Analysis for Well MW-01
St. Paul CDF
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Slug Test Analysis for Well MW-02
St. Paul CDF

Slug Out Hydrograph
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Slug Test Analysis for Well MW-03
St. Paul CDF

Slug Out Hydrograph
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Slug Test Analysis for Well MW-04
St. Paul CDF

Slug Out Hydrograph
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Slug Test Analysis for Well MW-05
St. Paul CDF
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9.5

8.5

&
\ 4

7.5 4

6.5

Head above Transducer in Feet

5.5 A \ \
0 5 10 15

Elapsed Time in Minutes

Regression Fit

1.00 ¢

y= 0.5582¢ 04387

R?=0.9977

0.10

Relative Log Head Change

0.01 T T T

Elapsed Time in Minutes



Slug Out Hydrograph
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Slug Test Analysis for Well MW-06
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Slug Test Analysis for Well MW-07
St. Paul CDF

Slug Out Hydrograph
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Slug Out Hydrograph

Head above Transducer in Feet

Regression
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Slug Test Analysis for Well MW-08
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Slug Test Analysis for Well MW-09
St. Paul CDF

Slug Out Hydrograph
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Slug Out Hydrograph
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Slug Out Hydrograph
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Slug Test Analysis for Well MW-11
St. Paul CDF
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Slug Test Analysis for Well MW-11 (QA-QC)
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Slug Test Analysis for Well MW-12
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Slug Test Analysis for Well MW-13
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Slug Test Analysis for Well MW-14
St. Paul CDF
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Slug Test Analysis for Well MW-15
St. Paul CDF
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Slug Test Analysis for Well MW-15 (QA-QC)
St. Paul CDF
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APPENDIX C

TIDAL STUDY TEST DATA, METHODOLOGY, AND RESULTS
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Attachment C-1

Tidal Study Data

Note: The tidal study datais provided on the CD in Attachment B-1.
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Attachment C-2

Tidal Study Methodology
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Tidal Study Analysis Methods

A 72-hour tidal study was completed to assess tidal effects on groundwater levels in the 15
monitoring wells installed in and around the St. Paul Waterway Confined Disposal Facility
(CDF). The tidal study was performed on October 3 through October 6, 2006. Groundwater
levels were recorded at 15-minute intervals at each well location and surface water levels were
monitored and recorded at a tide gauge established in the Middle Waterway and a still well
established in the surface water swale located on the eastern boundary of the CDF using a
network of pressure transducers and data loggers. The data loggers within the transducers
recorded the water level in each monitoring well and surface water monitoring location every 15
minutes from 10:30 on October 3 to 10:30 on October 6 resulting in 288 measurements of the
elevation of the water surface at each location.

The pressure transducers used in the tidal study measure and record the pressure resulting
from the weight of the column of water (i.e., hydraulic head) above the transducer. The data
loggers within the pressure transducers record the changes in pressure that are the result of the
change in the weight of the water column over time, in response to tidal fluctuations. The
internal data loggers are programmed to automatically convert the pressure readings (i.e.,
weight of the water column) to the height of the water column, in feet, above the transducer.

Measurement of the depth to the water surface from the surveyed top of the well casing, for
groundwater wells, and top of the surveyed still well casing and tide gauge, for surface water
monitoring locations, were performed four or five times at each location and used to convert the
relative measurements recorded by the transducers to elevations in feet Mean Low Low Water
(MLLW). The depth to the surface of the water (i.e., groundwater and surface water) were
measured manually using a water level indicator. The height of the water column being read by
the transducer was recorded concurrently with the depth to the surface of the water and was
used to correlate the measurement of the height of the water column to elevation at the surface
of the water in feet MLLW. The water level measurements and the average and standard
deviation of the differences in measurements are presented in Table 1.

For an unknown reason, all of the transducers recorded multiple water elevations for the same
time intervals for times between 2:00 and 2:45 on October 5, 2006. The duplication was
repeated in every transducer, and is likely a programming error in the software used to transfer
the data from the transducer to an electronic file for data evaluation. However, the
measurement duplication does not impact the trends observed in the groundwater levels and
the overall mean groundwater elevation.

Mean groundwater and surface water elevations were calculated using the method described by
Serfes (1991). This method uses the 72-hour set of hourly observed water level elevations and
filters out the dominant tidal fluctuations to determine a mean water level elevation. To
calculate a mean groundwater elevation, a sequence of 48 means is calculated from the hourly
groundwater elevations using moving averages. A second sequence of 25 means is calculated
from the first series of means using the same moving average method. The mean of the
second set of sequence of moving averages is then calculated yielding the overall mean water
level elevation.
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The method is performed mathematically by designating the consecutive hourly water levels as
0(1), 0(2), O(3).....,0(71), then calculating the first sequence of moving means (X;) with the
following formula:

K=0

wherei=1,2,3,...48;

and then the second sequence of moving means (Yj) is the calculated with the following formula
and the first series of moving means:

i
Y, = X('ZZ D \herej=1.23..25.

i
i=0

Finally, the mean groundwater elevation (M) is calculated as the arithmetic mean of the second
sequence of moving means:

23 Yj

=125

The mean water level elevations were used to identify groundwater gradients and flow
directions in and adjacent to the St. Paul CDF.

References:

Serfes, M.E. 1991. Determining the Mean Hydraulic Gradient of Ground Water Affected by
Tidal Fluctuations. Ground Water 29(4): 549-555.

Tidal Study Methodology.doc Page 2 of 2



Table 1

Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Transducer Top of Casing Measurement Depth to |[Height of Water| Calculated Measurement Statistics
Location Elevation Timing Water Above Transducer Mean Standard
Surface Transducer Elevation® Transducer Deviation
Elevation
(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)
MW-01 10/2/2006 17:58 7.88 10.65 -0.54
10/3/2006 11:17 11.98 6.44 -0.43
17.99 10/4/2006 15:28 7.57 11.04 -0.62 -0.52 0.11
10/5/2006 15:56 6.28 12.35 -0.64
10/6/2006 12:48 11.23 7.13 -0.37
MW-02 10/2/2006 17:07 9.13 13.12 -2.60
10/3/2006 11:21 12.05 10.13 -2.53
19.65 10/4/2006 15:22 9.13 13.12 -2.60 -2.55 0.05
10/5/2006 15:59 8.30 13.89 -2.54
10/6/2006 12:40 11.54 10.57 -2.46
MW-03 10/2/2006 13:59 10.00 9.94 0.13
10/3/2006 12:15 10.11 9.94 0.02
20.07 10/4/2006 16:18 9.99 10.07 0.01 0.04 0.04
10/5/2006 16:46 9.85 10.19 0.03
10/6/2006 14:17 9.94 10.10 0.03
MW-04 10/2/2006 17:43 8.83 11.97 -2.26
10/3/2006 11:12 9.11 11.69 -2.25
18.55 10/4/2006 15:32 9.04 11.78 -2.27 -2.25 0.01
10/5/2006 16:10 8.91 11.89 -2.25
10/6/2006 12:57 9.00 11.78 -2.23
MW-05 10/2/2006 17:49 10.34 23.46 -15.20
10/3/2006 11:09 10.75 23.06 -15.21
18.60 10/4/2006 15:33 10.54 23.31 -15.25 -15.22 0.03
10/5/2006 16:12 10.39 23.47 -15.26
10/6/2006 13:01 10.60 23.20 -15.20
MW-06 10/2/2006 16:25 10.11 12.06 -1.10
10/3/2006 11:31 14.79 7.77 -1.48
21.08 10/4/2006 15:14 10.17 12.07 -1.16 -1.14 0.22
10/5/2006 16:02 9.14 13.07 -1.13
10/6/2006 12:33 13.90 7.98 -0.80
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Table 1

Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Transducer Top of Casing Measurement Depth to |[Height of Water| Calculated Measurement Statistics
Location Elevation Timing Water Above Transducer Mean Standard
Surface Transducer Elevation® Transducer Deviation
Elevation
(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)
MW-07 10/2/2006 16:30 10.37 22.14 -12.15
10/3/2006 11:35 14.39 18.04 -12.07
20.36 10/4/2006 15:18 10.56 21.99 -12.19 -12.13 0.05
10/5/2006 16:05 9.93 22.59 -12.16
10/6/2006 12:25 14.91 17.54 -12.09
MW-08 10/2/2006 16:36 11.17 27.22 -17.42
10/3/2006 11:26 14.54 23.85 -17.42
20.97 10/4/2006 15:11 11.72 26.72 -17.47 -17.41 0.06
10/5/2006 16:04 11.14 27.27 -17.44
10/6/2006 12:17 14.60 23.66 -17.29
MW-09 10/2/2006 17:34 10.66 10.58 0.13
10/3/2006 11:05 13.91 7.24 0.22
21.37 10/4/2006 15:38 11.14 10.12 0.11 0.18 0.06
10/5/2006 16:15 10.78 10.42 0.17
10/6/2006 13:18 13.75 7.34 0.28
MW-10 10/2/2006 17:00 9.08 10.66 -1.33
10/3/2006 11:42 11.35 8.35 -1.29
18.41 10/4/2006 14:59 9.48 10.28 -1.35 -1.31 0.03
10/5/2006 15:47 8.99 10.72 -1.30
10/6/2006 11:46 11.53 8.14 -1.26
MW-11 10/2/2006 15:49 8.34 21.40 -11.35
10/3/2006 11:44 12.16 17.39 -11.16
18.39 10/4/2006 14:56 8.75 20.88 -11.24 -11.23 0.07
10/5/2006 15:50 8.12 21.52 -11.25
10/6/2006 11:56 13.35 16.21 -11.17
MW-12 10/2/2006 15:47 9.19 22.03 -12.74
10/3/2006 11:47 11.51 19.69 -12.73
18.47 10/4/2006 14:54 9.76 21.47 -12.76 -12.75 0.01
10/5/2006 15:51 9.28 21.95 -12.76
10/6/2006 12:09 11.66 19.57 -12.76
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Table 1

Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Transducer Top of Casing Measurement Depth to |[Height of Water| Calculated Measurement Statistics
Location Elevation Timing Water Above Transducer Mean Standard
Surface Transducer Elevation® Transducer Deviation
Elevation
(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)
MW-13 10/2/2006 17:18 11.16 9.27 -0.27
10/3/2006 10:54 11.22 9.20 -0.26
20.16 10/4/2006 15:55 11.25 9.18 -0.27 -0.25 0.03
10/5/2006 16:25 11.22 9.21 -0.27
10/6/2006 13:36 11.22 9.13 -0.19
MW-14 10/2/2006 17:22 11.05 18.53 -9.45
10/3/2006 10:40 11.19 18.42 -9.48
20.13 10/4/2006 15:53 11.15 18.47 -9.49 -9.45 0.05
10/5/2006 16:27 11.11 18.48 -9.46
10/6/2006 13:38 11.19 18.30 -9.36
MW-15 10/3/2006 10:30 13.28 10.49 -3.49
10/4/2 15: 11. 12.11 -3.52
20.28 OFja0s 1 1598 09 35 -3.50 0.01
10/5/2006 16:34 11.45 12.32 -3.49
10/6/2006 13:53 12.68 11.11 -3.51
Tide Gauge 10/2/2006 15:22 3.63 12.22 -0.45
10/3/2006 11:59 8.30 7.65 -0.55
15.40 10/4/2006 15:04 3.36 12.51 -0.47 -0.47 0.05
10/5/2006 15:43 2.80 13.09 -0.49
10/6/2006 14:55 4.69 11.11 -0.40
Still Well 10/2/2006 18:13 4.86 4.23 6.04
10/3/2006 11:00 7.63 1.46 6.04
15.13 10/4/2006 15:46 4.69 4.47 5.97 6.03 0.03
10/5/2006 16:22 4,37 4.74 6.02
10/6/2006 13:27 7.52 1.54 6.07
Note:
1 The transducer elevation was calculated by subtracting the sum of the depth to water and height of water above the
tranducer from the top of the casing elevation.
ft MLLW Elevation is feet Mean Lower Low Water (MLLW)
ft TOC Feet from the top of casing
ft Feet
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Attachment C-3

Tidal Study Hydrographs
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