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Abstract

The Interim Remedial Action Report for the Groundwater Operable Unit documents activities
that took place at the Weldon Spring Site Remedial Action Project to implement the final
remedial action for groundwater at the Chemical Plant site. The interim remedial action report,
which is suggested by U.S. Environmental Protection Agency (EPA) guidance, was prepared to
document the activities for the Groundwater Operable Unit up to the pre-final inspection.

The final remedy for the Groundwater Operable Unit is monitored natural attenuation (MNA)
with institutional controls to limit groundwater use during the period of remediation. This report
is considered interim in accordance with EPA guidance. A final remedial action report will be
necessary when the MNA goals are attained.
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1.0 Introduction

This Interim Remedial Action Report documents that the U.S. Department of Energy (DOE) has
completed construction activities associated with the remedial action for the Groundwater
Operable Unit (GWOQU) at the Weldon Spring Chemical Plant site in accordance with the
Closeout Procedures for National Priorities List Stes (EPA 2000). This report describes the
monitored natural attenuation (MNA) monitoring network developed to meet the objectives
described in the Record of Decision for the Final Remedial Action for the Groundwater
Operable Unit at the Chemical Plant Area of the Weldon Spring Ste (DOE 2004a). Remediation
of the Weldon Spring Site Remedial Action Project (WSSRAP) was addressed through four
operable units, consistent with the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) requirements. The GWOU is the fourth of the four operable units. All
construction activities identified for the GWOU remedy were completed and groundwater
monitoring activities to support MNA also were initiated in July 2004. This report summarizes
the activities performed for the GWOU ending with the pre-final inspection performed in

July 2004.

1.1 Purpose and Scope

This Interim Remedial Action Report, which is required by the Federal Facility Agreement
(FFA) (EPA 1992) between EPA and DOE, documents construction activities that have taken
place to implement the remedial action(s) for the GWOU. An interim report is being prepared, as
suggested in EPA guidance (EPA 2000), because of the long time period between the pre-final
inspection and achieving the goals of the MNA remedial action strategy for groundwater in the
Chemical Plant area. A final remedial action report will be prepared when the MNA goals are
attained.

EPA guidance recommends a specified format for the remedial action report; however, this
report deviates from the recommended format in order to focus on information obtained during
the construction phase of the remedial action. For this interim report, background and general
operable unit information that addresses various sections of the recommended format have been
included in appendices. The organization of this interim report is as follows:

1. Introduction This section describes the purpose and scope of the plan, a brief description of
the site, and the regulatory requirements for the GWOU.
2. Site Hydrogeological This section presents a discussion of each of the components of the
Conceptual Model hydrogeological conceptual model for groundwater flow and contaminant

migration at the Weldon Spring Chemical Plant area.

3. Monitored Natural Attenuation  This section describes the RD/RA design for the MNA monitoring network,
Monitoring Network construction activities associated with the installation of new wells, and the
groundwater quality data from the new wells. This section also presents an
evaluation of the adequacy of the RD/RA design given the information from the
new wells and provides recommendations to modify the network.
4. Institutional Controls This section discusses the locations that need institutional controls (ICs) and the
requirements for ICs that will need to be established.

5. Pre-Final Inspection A summary of the pre-final inspection for the GWOU is presented. Deficiencies
are summarized and corrective actions are described.

U.S. Department of Energy Interim Remedial Action Report for the Groundwater Operable Unit
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Page 1-1



6. Operation and Maintenance This section describes general activities associated with implementing the MNA
Activities program including sampling, data reporting, and annual inspections to verify that
the monitoring system is in good condition and that ICs are being enforced.

7. Summary of Project Costs This section presents a tabular summary of the costs to implement the selected
actions and key field studies for the GWOU.

Appendix A — Background Background information which includes the site history, regulatory and

Information enforcement history, environmental documentation, site investigations, land use,
and groundwater and spring water use is presented in the appendix.

Appendix B — Construction Descriptions of the activities taken to implement the MNA monitoring network are

Activities Associated with given in this appendix. Hydrogeologic data are interpreted using recently collected

Installation of New Wells data.

Appendix C — Chronology of A tabular summary of major events for the GWOU is presented in Appendix C.

Events

Appendix D — Quality Control A summary of the quality assurance programs applied during construction and

sampling activities for the GWOU are presented in Appendix D.

Appendix E — Health and Safety A summary of the health and safety program applied during construction and
sampling activities for the GWOU are presented in Appendix E.

Appendix F — Operable Unit Key contact information for the regulatory agencies and contractors involved in the
Contact Information design and remedial activities are listed in Appendix F.

1.2 Site Description

The Weldon Spring site is in southern St. Charles County, Missouri, approximately 30 miles
west of St. Louis, as shown in Figure 1-1. The site consists of two main areas, the Weldon
Spring Chemical Plant and the Weldon Spring Quarry; both are located along Missouri State
Route 94. Groundwater actions at the Chemical Plant are the focus of this interim report.

The Weldon Spring Chemical Plant is a 217-acre area that operated as the Weldon Spring
Uranium Feed Materials Plant (WSUFMP) until 1966. Currently, only three buildings remain
within the Chemical Plant property after project completion and site closure (Figure 1-2). The
former access control building contains the Weldon Spring Site Interpretive Center, a place
where the public can obtain information about the site after the project office closes. The
administration building is used for project offices and class space by a local college. The leachate
collection and removal system (LCRS) is housed in a building at the north end of the disposal
cell.

The disposal cell, which covers approximately 60 acres of the Chemical Plant area, is near the
middle of the 217-acre site and will be maintained and monitored by DOE. A perimeter road
encircles the disposal cell to allow access from the administration area to the LCRS building and
the cell.

Presently there are 92 monitoring wells on and around the Chemical Plant site (Figure 1-3). This
includes the four new wells installed in support of the GWOU and four Army-owned wells
routinely monitored by DOE. The final monitoring network will consist of 47 DOE-owned wells
and two Army-owned wells. The remainder of the existing DOE-owned wells will be retained
only for contingency sampling. These wells will be maintained until abandonment is required as
a result of deterioration, damage, or other circumstances. Abandonment will be considered only
after MNA monitoring has established a downward trend in contaminant concentrations within
the area of impact.
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1.3 Regulatory Requirements

The GWOU is the second of two operable units established for the Chemical Plant area of the
Weldon Spring site. The GWOU addresses contamination of the shallow groundwater aquifer at
the Chemical Plant and vicinity area. A prior remedy for one GWOU contaminant of concern
was selected in the Interim Record of Decision (IROD) (DOE 2000). The IROD addressed the
trichloroethylene (TCE) plume and selected in-situ chemical oxidation (ICO) as the remedy. The
other contaminants of concern (COCs) (nitrate, nitroaromatic compounds, and uranium) were not
addressed at that time. The ICO treatment did not perform adequately under field conditions;
therefore, the remediation of TCE was reevaluated along with the remaining COCs.

The final selected remedy of MNA with institutional controls (ICs) to limit groundwater use
during the period of remediation specified in the Record of Decision for the Final Remedial
Action for the Groundwater Operable Unit at the Chemical Plant Area of the Weldon Spring Ste
(ROD) (DOE 2004a) serves as the remedy selected in the IROD for TCE.

1.3.1 Record of Decision

The final ROD for the GWOU was approved by DOE and the EPA in February 2004. Together,
the remedial investigation, baseline risk assessment, feasibility study (including all supplemental
studies), proposed plan, and ROD are the required primary documents consistent with the
provisions of the FFA (EPA 1992) entered into between DOE and EPA.

As presented in the ROD (DOE 2004a), MNA to restore contaminated groundwater in the
shallow aquifer was the selected remedial action for all the groundwater COCs. ICs to restrict
groundwater and spring water use for drinking water or other uses that might impact the
performance of the remedy are also included. The cleanup standards for the remedy are
presented in Table 1-1.

Table 1-1. Cleanup Standards for the Groundwater Operable Unit

Contaminant Cleanup .
of Concern Standard Basis of Cleanup Standard
TCE 5 ug/L Chemical-specific ARAR based on federal MCL for drinking water.
Nitrate (as N) 10 mg/L Chemical-specific ARAR based on federal MCL for drinking water.
Uranium (Z%Opgjt)a Chemical-specific ARAR based on federal MCL for drinking water.
2,4-DNT 0.11 pg/L Chemical-specific ARAR based on State of Missouri water quality standards.
1,3-DNB 1.0 pg/L Chemical-specific ARAR based on State of Missouri water quality standards.
Nitrobenzene 17 pg/L Chemical-specific ARAR based on State of Missouri water quality standards.
2,6-DNT 1.3 ug/L"® Risk-based concentration equivalent to 10 for a resident scenario.
2,4,6-TNT 2.8 ug/L Risk-based concentration equivalent to 10°° for a resident scenario.

430 ug/L converts to 20 pCi/L based on isotopic ratios of uranium established for the Weldon Spring site.
®On the basis of site-specific factors, including technical limitations in achieving cleanup levels greater than a 10 risk
level, the remedial goal for the selected remedy is set at 1.3 mg/L, which is the 10 risk level.

ug/L = micrograms per liter pCi/L = picocuries per liter MCL = maximum contaminant levels
mg/L = milligrams per liter ARAR = applicable or relevant and appropriate requirements
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1.3.2 Remedial Design/Remedial Action Work Plan

The Remedial Design/Remedial Action Work Plan for the Final Remedial Action for the
Groundwater Operable Unit (RD/RA) (DOE 2004b) was the primary document used in defining
the design and implementation of the selected remedial action for the GWOU and was prepared
in accordance with the FFA and CERCLA requirements. It provided the design strategy,
implementation approach, overall schedule, general cost estimates, and major deliverables
associated with the selected remedial action. The construction activities presented in the RD/RA
were the installation of several wells to augment the existing monitoring network. EPA approved
the combination of the remedial design and the remedial action work plans for this operable unit
because it did not involve a major design and construction effort.
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2.0 Site Hydrogeologic Conceptual Model
2.1 Conceptual Model

The hydrogeologic conceptual model (Figure 2—-1) consists of several complex components:
thinly bedded limestone, losing and gaining stream segments and sinkholes, preferential flow
zones that discharge to springs, pronounced groundwater troughs in the shallow groundwater
surface, solution-enlarged joints and fractures, and extensively weathered limestone bedrock.
The shallow bedrock aquifer is unconfined and has locally semiconfining conditions as the result
of the presence of a leaky confining glacial unit north of the Chemical Plant. The shallow aquifer
is conceptualized to be a diffuse flow system with superimposed conduit flow. The matrix in
which diffuse flow occurs is a storage reservoir with a low hydraulic conductivity that slowly
transfers groundwater to the conduit system. The superimposed conduit system allows for quick
movement of water when it is released from the diffuse flow area or is introduced from surface
water, such as a losing stream, directly into the conduit system.

Groundwater recharge occurs as infiltration from precipitation through the overburden, from
surface water runoff, and historically from surface water impoundments (i.e., Raffinate Pits). The
water stored in the pits likely resulted in a greater likelihood of downward movement through the
overburden to the fractured limestone. Hydraulic conductivity testing of the overburden materials
and the presence of a groundwater mound that existed beneath the Raffinate Pits at the Chemical
Plant area indicate that recharge through the overburden was slow; however, it was steady and
likely comprised a significant amount. The recharge through losing stream segments is more
rapid relative to infiltration through the overburden, as evidenced by the quick discharge
response of larger springs to precipitation events.

Groundwater movement in the limestone is controlled principally by horizontal fractures,
bedding planes, and solution features (DOE and DA 1997). The lower section of the residuum
near the bedrock contact was identified as being more permeable because of the presence of relic
chert beds, gravels, and weathered limestone. Preferential horizontal flow occurred along the
contact of the residuum and the underlying bedrock, when saturated. This had previously
occurred in bedrock lows and beneath the Raffinate Pits prior to their removal.

Vertical groundwater movement within the bedrock occurs and is likely limited to areas that
exhibit greater vertical weathering or fracturing (i.e., paleochannels). Downward movement
likely occurs more in these localized areas because vertical fractures provide a connection
between the weathered and unweathered zones. The downward vertical gradient within the
overburden, Burlington-Keokuk Limestone, and Fern Glen Formation (shallow aquifer units)
over most of the Chemical Plant area indicates recharge to the shallow aquifer system

(Figure 2-2). Upward gradients are prevalent near Burgermeister Spring between the Burlington-
Keokuk Limestone and the Fern Glen Formation, and represent the discharge locations of the
shallow aquifer prior to Dardenne Creek.
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Figure 2—1. Hydrogeologic Conceptual Model for the Weldon Spring Site
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Figure 2-2. Cross-Section of the Shallow Aquifer in the Weldon Spring Area




2.1.1 Geology

The geology of the Weldon Spring area generally can be divided into unconsolidated surficial
material (overburden) and bedrock formations. The units of interest in this report are those that
comprise the shallow aquifer (i.e., overburden units, Burlington-Keokuk Limestone, and the Fern
Glen Formation). A generalized stratigraphic column of these units is shown in Figure 2-3.

2.1.1.1 Overburden

The thickness of the unconsolidated material or overburden ranges from 0 to 70 feet (ft) in the
vicinity of the Chemical Plant area (DOE and DA 1997). The actual thickness depends on the
topography of the site. Some of the thickest overburden occurs north of the Chemical Plant on
the Busch Conservation property. The overburden is thinnest along the topographic high on the
southern edge of the Chemical Plant area because of erosion.

The seven principal overburden units found at the Chemical Plant area are (1) fill/topsoil,

(2) Peoria Loess, (3) Roxana Silt, (4) Ferrelview Formation, (5) clay till, (6) basal till, and

(7) residuum. A more complete description of each overburden unit and a summary of physical
characteristics, on the basis of laboratory tests performed on soils from the Chemical Plant and
adjacent training area, are presented in the Remedial Investigation (DOE and DA 1997).

The Ferrelview Formation, the till units (basal and clay), and the residuum allow recharge to the
shallow aquifer system because of the presence of hairline fractures and permeable zones (DOE
and DA 1997). The residuum and till units were saturated in localized portions of the Chemical
Plant, generally in bedrock lows near the Raffinate Pits and Ash Pond. On the Busch
Conservation area, saturation of these units becomes more predominant, and the units act as a
leaky confining unit to the shallow aquifer (Mugel 1997).

2.1.1.2 Bedrock

The Burlington-Keokuk Limestone is the uppermost bedrock unit in the Chemical Plant area.
This unit is a fine to coarse-grained, thinly to massively bedded limestone containing 60 percent
chert as nodules and interbeds. The approximate thickness of this limestone ranges from 40 to
185 ft at the Chemical Plant area (DOE and DA 1997). On the basis of stratigraphy and the
degree of weathering, the Burlington-Keokuk Limestone has been characterized as having two
different units or zones: a weathered zone and an unweathered zone. The weathered zone is the
uppermost portion of the limestone formation and is characterized as generally having a higher
hydraulic conductivity because of increased weathering. The lower unweathered zone is
characterized as generally having a lower hydraulic conductivity because of a decrease in
weathering. The contact between the weathered and unweathered zones is not distinct, but
gradual instead, since the degree of weathering gradually decreases with depth.
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The weathered zone, which ranges in thickness from 10 to 55 ft at the Chemical Plant, is an
argillaceous, silty limestone that contains up to 60 percent chert. The zone is micritic to finely
crystalline, thickly bedded, fossiliferous, closely fractured, and slightly to severely weathered
with abundant iron and manganese oxide staining in the rock matrix and along fractures. Fracture
spacing ranges from 0.1 to 1 ft. Angled borings indicate that horizontal bedding plane fractures
occur more frequently than vertical fractures by approximately 20 to 1. The weathered zone is
moderately to highly fractured with the majority of the rock quality designation (RQD) values in
the poor to very poor category (DOE and DA 1997). Solution features are common in the
weathered zone and range from pinpoint vugs to small zones of core loss, typically less than 5 ft;
however, these features are generally clay filled. Zones of deeper weathering coincide with the
location of vertical fractures and pre-glacial drainage features, and create preferential pathways
for rapid movement of groundwater. The size, abundance, geometry, and connection of the open
fractures and solution features within the bedrock affect the movement of groundwater through
the bedrock.

The unweathered zone of the Burlington-Keokuk Limestone is finely to coarsely crystalline,
thinly to massively bedded, locally argillaceous, fossiliferous, and slightly weathered to fresh
with 20 percent to 40 percent chert, although zones of more intense weathering may occur
(DOE and DA 1997). Fresh pyrite is present on some of the fracture surfaces, although this
portion of the unit lacks significant fracturing and iron staining. Generally, the RQD values for
this unit are in the fair to excellent category. Only one well at the Chemical Plant, which was
located along the southern boundary, penetrated the full thickness of this zone. The thickness of
the unweathered zone at this location is 127 ft (Mugel 1997).

The Fern Glen Formation typically is a finely crystalline dolomite and, less commonly,
limestone with nodular and interbedded chert. The base of the unit typically becomes coarser and
exhibits less chert content. Only one well at the Chemical Plant along the southern boundary
penetrated this unit. The thickness of the unit in this area is 65 ft (Mugel 1997).

Presently the topography of the area in the vicinity of the Chemical Plant reflects the subsurface
topography of the bedrock (Figure 2—4) except in the Busch Conservation area to the north
where glacially derived materials were deposited over the existing topography. A bedrock high is
present near the southern boundary of the site and coincides with a topographic high. Subsurface
data indicate the presence of linear bedrock lows that are likely preglacial drainages in the top of
the weathered Burlington-Keokuk Limestone near the northern and western boundaries of the
Chemical Plant area (Figure 2-5).

The configuration of the top of the unweathered zone (Figure 2-6) generally is similar to the top
of the bedrock. The contact between the two zones dips to the north with a bedrock low
extending north from the middle of the site. The presence of discrete paleochannels is not evident
in the unweathered zone. The highest elevations for the contact between the two zones generally
correspond with the topographic high and the groundwater divide.

2.1.2 Hydrology

There are three regional bedrock aquifers in the vicinity of the Chemical Plant area: a shallow
unconfined aquifer (although it may be confined locally), a middle confined aquifer, and a deep
confined aquifer. Each aquifer is separated by a thick sequence of bedrock that contains shale
and acts as a confining layer, limiting the vertical movement of groundwater into deeper zones.
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The shallow aquifer has been affected by former activities at the Chemical Plant and is the
groundwater system of primary interest. The shallow aquifer is composed of the overburden,
where saturated, the Burlington-Keokuk Limestone, and the Fern Glen Formation (limestone
unit).

Although the Burlington-Keokuk Limestone is fractured, both horizontally and vertically, and
has undergone dissolution that has enlarged the fractures, groundwater flow through the shallow
aquifer can be described by the hydraulic head distribution in the aquifer. The assumption is that
if the bedrock has a sufficiently high density of interconnected fractures, the bedrock unit will
behave as a porous media, and Darcy’s law may apply on a large scale. This assumption can be
applied to portions of the Chemical Plant area, although discrete flow in large fractures or
solution features in paleochannels must be taken into account in those areas that show evidence
of preferential flow. The groundwater flow can be characterized by Darcian diffuse flow with
superimposed conduit flow.

2121 Aquifer Characteristics

The saturated Burlington-Keokuk Limestone exhibits both primary porosity resulting from the
presence of intergranular voids within the rock matrix and secondary porosity due to fracturing
and solution activity. The secondary porosity component is a predominant factor because of the
extensive fracturing and weathering of the bedrock.

The shallow bedrock aquifer is both anisotropic and heterogeneous. The weathered zone is
characterized by significant secondary porosity and permeability derived from fractures, bedding
planes, and solution features that can control vertical and horizontal groundwater flow. Data
from rock core indicate that horizontal fractures are more predominant than vertical fractures,
and thus contribute to preferential horizontal flow. Less weathering and solution activity with
depth correlates to lower hydraulic conductivities and slower groundwater movement deeper in
the Burlington-Keokuk Limestone.

Typical of most fractured bedrock systems, localized zones of higher conductivity are sometimes
encountered within the lower conductivity rock matrix. This is true for the unweathered zone of
the Burlington-Keokuk Limestone. Occasional zones of higher conductivity, which are
presumably associated with isolated occurrences of more intense fracturing than is observed
throughout the majority of the unweathered rock, can provide limited pathways for contaminants
to migrate below the gradational contact between weathered and unweathered zones. This is
particularly true in areas where vertical fractures in the weathered zoned on the Burlington-
Keokuk Limestone extend into the unweathered zone.

Hydraulic conductivity describes the rate at which groundwater can move though an aquifer.
Testing performed at the Chemical Plant indicates that the hydraulic conductivity of the
weathered and unweathered zones of the Burlington-Keokuk Limestone is highly variable. In
general, the unit exhibits decreasing hydraulic conductivity with depth. In the weathered zone,
the hydraulic conductivity ranges from 10 centimeters per second (cm/s) to 10 cm/s. The
upper part of the weathered zone (upper 15 ft) shows a greater variation in hydraulic
conductivity than does the lower part. In the unweathered zone, the hydraulic conductivity
typically ranges from 10" cm/s to 10 cm/s. The highest hydraulic conductivity values occur
when a zone of higher fracture frequency or localized weathering is encountered at depth.

Interim Remedial Action Report for the Groundwater Operable Unit U.S. Department of Energy
DOE/GJ/79491-952 March 2005
Page 2-10



Packer testing in the weathered zone indicates thin zones of high conductivity encompassed in a
less conductive matrix. The higher hydraulic conductivity in this zone of the Burlington-Keokuk
Limestone is influenced by the fracturing. The unweathered zone is characterized by its lack of
significant weathering or fracturing; however, zones of higher conductivity can be observed and
are associated with zones with higher fracture frequencies.

2.1.3 Shallow Groundwater Surface

In the Chemical Plant area the shallow aquifer is unconfined. However, north of the site, it
behaves as a confined aquifer because the potentiometric surface is above the base of the
confining layer (glacial drift) (Mugel 1997). Groundwater elevation maps for both the weathered
and unweathered zones of the Burlington-Keokuk Limestone (Figure 2—7 and Figure 2—-8) have
been made by using average groundwater elevations from data collected in 2004.

The potentiometric surface of the shallow aquifer (Figure 2-7), as depicted by using the water
levels measured in the weathered zone, shows evidence of a groundwater divide along the
southern edge of the Chemical Plant. This map was constructed using average groundwater
elevations measured in 2004 for each well. The general groundwater flow direction is to the
north and northwest toward Burgermeister Spring. The potentiometric map suggests the
topography of the bedrock and the orientation of the paleochannels control the groundwater flow
directions.

At the Chemical Plant area, groundwater in the Burlington-Keokuk Limestone north of the
divide flows to the north into a karst conduit system that flows toward Burgermeister Spring.
Transport through this conduit can be very rapid, as demonstrated by subsurface dye trace
studies performed at the Chemical Plant site (DOE and DA 1997). A large portion of
groundwater beneath the Chemical Plant area discharges to the surface in the vicinity of
Burgermeister Spring. This spring defines the northernmost extent of direct groundwater
transport from the site and provides an ideal location for monitoring end-point contaminant
concentrations.

Groundwater south of the divide in the Chemical Plant area flows south to southeast toward the
Missouri River, through the Southeast Drainage. Presently no groundwater contamination that
exceeds the cleanup standards is present south of the groundwater divide; however,
contamination greater than the cleanup standards is present in the springs in the Southeast
Drainage. The contamination present in the springs in the Southeast Drainage is the result of
residual contamination in the subsurface conduits and does not have a groundwater component.
Currently, contaminated groundwater impact does not extend south of the groundwater divide.
Historically, contaminated water from Raffinate Pits 1 and 2 flowed into the Southeast Drainage.
This drainage was used as a discharge point for effluent from the Chemical Plant operations, and
because this drainage has losing stream segments in its upper reaches, mixing between
groundwater and surface water occurred. Similar to Burgermeister Spring, springs in the
Southeast Drainage act as end points of groundwater and provide ideal locations for monitoring
contamination.

The groundwater flow direction within the unweathered zone is similar to that in the weathered
zone as indicated by the potentiometric map. This figure (Figure 2—-8) was constructed using the
data from all available unweathered zone wells, including the three new wells installed during
2004.
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Studies and investigations performed in the Chemical Plant area have indicated that the
groundwater in the weathered zone originating from the Chemical Plant area flows north, where
predominantly upward hydraulic gradients in the shallow aquifer cause groundwater to discharge
to Burgermeister Spring (Kleeschulte and Imes 1994). These recharge areas, which were
identified through tracer studies conducted by the Missouri Department of Natural Resources
(MDNR 1991), represent sources of spring water that augment surface water sources discussed
in the following section.

The conceptual model of groundwater flow from the Chemical Plant to Burgermeister Spring
suggests a local flow system wherein mostly vertically downward hydraulic gradients are
observed in the area of recharge (i.e., Chemical Plant) and mostly upward vertical gradients are
observed north of the site, closer to Burgermeister Spring and Dardenne Creek. This infers the
existence of an intermediate location, where the vertical gradients between deeper and shallow
portions of the shallow aquifer indicate a transition from recharge to discharge, the hydraulic
head differences are relatively small, and both downward and upward gradients may be
observed. Evidence for such a transition area located near the northern boundary of the Chemical
Plant is provided in potentiometric surface maps prepared for the weathered and unweathered
zones in the study area (Figure 2—7 and Figure 2-8). These maps show noticeably larger
differences in the heads being observed in the weathered zone than in the underlying
unweathered zone in the southern portion of the site. However, with increasing distance toward
the north, the observed head difference becomes less, and measured water levels in the two zones
tend to be nearly equal at the site’s northern boundary.

2.1.4 Groundwater and Surface Water Interaction

Groundwater discharges from the shallow aquifer can be observed as springs and seeps in or near
drainages both north and south of the groundwater divide. The final discharge points for
groundwater flow are tributaries of the Mississippi River north of the groundwater divide
(namely Dardenne Creek) and the Missouri River south of the divide.

To evaluate the interaction between surface water and groundwater, losing stream segments in
the watershed in the vicinity of the Chemical Plant site were identified by performing seepage
runs and tracer injections (DOE and DA 1997). The dye tests show two general patterns of
subsurface drainage that influence groundwater movement:

e Surface water lost in drainages south of the groundwater divide does not cross into other
drainages and emerges in springs within the drainage, and

e Surface water lost in drainages north of the groundwater divide can cross into adjacent
surface water drainages and emerges in springs within the adjacent drainage.

The results of surface and subsurface dye tracing studies indicate the presence of a conduit
system that connects surface water lost to tributaries of Schote Creek and groundwater from the
northern and western portions of the Chemical Plant with Burgermeister Spring. Travel times can
be within a few days (DOE and DA 1997).

On the basis of the results of seepage runs and dye tracer studies, the Southeast Drainage appears
to be a closed system. Because fairly steep walls surround the stream in the Southeast Drainage,
the bottom of the drainage is a likely place for groundwater discharge from the surrounding
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upland. This groundwater discharge can provide the sustained base flow observed in the lower
reaches of the stream.

2.1.5 Aquifer Recharge

Regionally, the principal source of recharge to the shallow aquifer is infiltration of precipitation
in areas where glacial drift is not present or the shallow bedrock formations are near the surface
(DOE and DA 1997). In the vicinity of the Chemical Plant area, recharge occurs by infiltration
through the overburden, which exhibits hairline fractures in some units, and from water entering
the aquifer through losing stream segments. Historically, the Raffinate Pits provided localized
recharge to the shallow aquifer.

A modeling study was performed by the U.S. Geological Survey (USGS) to quantitatively assess
the groundwater flow system in St. Charles County (Kleeschulte and Imes 1994). A regional
three-dimensional groundwater flow model was developed to describe groundwater flow
between the shallow, middle, and deep aquifers in the county. The results of the steady-state
model simulations indicate that 21 percent of the groundwater flow out of the shallow aquifer
beneath the Chemical Plant area has the potential to enter the middle aquifer. Approximately

80 percent of the groundwater flow out of the middle aquifer in the same area has the potential to
move into the deep aquifer. The quantity of water from the shallow aquifer that enters the deep
aquifer is small, and the time required for water to travel between these aquifer systems is
expected to be on the order of hundreds of years.

A detailed water-balance was performed in the Remedial Investigation (DOE and DA 1997) that
incorporated information from a study performed by USGS (Kleeschulte and Imes 1994). Under
steady-state conditions, inflow is equal to outflow. Starting with a recharge of 2.5 inches per year
(in/yr) to the shallow aquifer and using the results of the three-dimensional groundwater model
developed by USGS (Kleeschulte and Imes 1994), it can be estimated that the vertical recharge
to the deep aquifer is about 0.6 in/yr in the immediate vicinity of the Chemical Plant.

The above water-balance does not incorporate groundwater losses from the shallow aquifer to
Burgermeister Spring via preferential flow. It was estimated that 80 percent of the infiltration
from precipitation is lost to Burgermeister Spring. This would lower the net recharge to the
shallow aquifer from 2.5 to 1.3 in/yr. The estimated vertical recharge to the deep aquifer is about
0.1 in/yr in the immediate vicinity of the Chemical Plant, taking into account losses to
Burgermeister Spring. This represents about 0.3 percent of the total precipitation on the
Burgermeister Spring watershed.

2.2 Surface Water Hydrology

The Chemical Plant area is located on an east-west surface water drainage divide between the
Missouri and Mississippi River watersheds. At the Chemical Plant area, surface drainage to the
south of the divide generally flows through the Southeast Drainage and discharges to the
Missouri River. Surface drainage to the north of the divide flows toward Dardenne Creek and its
tributaries. Schote Creek, the largest of the tributaries, drains a major portion of the Chemical
Plant area. Dardenne Creek flows east to the Mississippi River. Surface drainage north of the
Chemical Plant can be lost to losing stream segments and can discharge to nearby springs,
primarily Burgermeister Spring.
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3.0 Monitored Natural Attenuation Monitoring Network

The monitoring network consists of selected existing wells and four newly installed wells. A
hydrogeologic conceptual model for the fate and transport of contaminants at the site, as
discussed in Section 2.0, was used to develop the monitoring strategy. This section describes
construction activities related to the installation of the new wells, provides hydrogeologic and
groundwater quality information from the newly installed wells, evaluates the adequacy of the
RD/RA monitoring design, and summarizes the final network as modified for the purpose of
completing this phase of construction and implementing the remedial action design.

3.1 Summary of Monitoring Program Presented in RD/RA Work Plan

To ensure the performance goals for MNA are being met, a groundwater monitoring program has
been developed that uses new and/or existing monitoring wells to evaluate contaminant behavior
(Figure 3-1). The MNA monitoring strategy is presented below.

e Objective I—monitor the unimpacted water quality at upgradient locations in order to
maintain a baseline of naturally occurring constituents from which to evaluate changes in
downgradient locations. The objective will be met by using wells upgradient of the
contaminant plume.

e Objective 2—verify that contaminant concentrations are declining with time at a rate and in a
manner that cleanup standards will be met in approximately 100 years as established by
predictive modeling. This objective will be met by using wells at or near locations with the
highest concentrations of contaminants, both near former source areas and along expected
migration pathways. The objective will be to evaluate the most contaminated zones. Long-
term trend analysis will be performed to confirm downward trends in contaminant
concentrations over time. Performance will be gauged against long-term trends. It is
anticipated that some locations could show temporary upward trends as a result of recent
source control remediation, ongoing dispersion, analytical variability, or other factors.
However, concentrations are not expected to exceed historical maximums.

e Objective 3—ensure that lateral migration remains confined to the current area of impact.
Contaminants are expected to continue to disperse within known preferential flow paths
associated with bedrock lows (paleochannels) in the upper Burlington-Keokuk Limestone
and become more dilute over time. This objective will be met by monitoring various
downgradient fringe locations that either are not impacted or minimally impacted.
Contaminant impacts in these locations are expected to remain minimal or nonexistent.

e Objective 4—monitor locations underlying the impacted groundwater system to confirm
there is no significant vertical migration of contaminants. This will be evaluated by using
deeper wells screened and influenced by the unweathered zone of the Burlington-Keokuk
Limestone. No significant impacts at these locations should be observed.
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e Objective 5—monitor contaminant levels at the impacted springs, which are the only
potential points of exposure under current land-use conditions. The springs discharge
groundwater that includes contaminated groundwater originating from the Chemical Plant
area. Current contaminant concentrations at these locations are protective of human health
and the environment under existing recreational land uses. Continued improvement of the
water quality in the affected springs should continue.

e Objective 6—monitor the hydrologic conditions at the site over time in order to identify any
changes in groundwater flow that might affect the protectiveness of the selected remedy. The
static groundwater elevation of the monitoring network will be measured to establish that
groundwater flow is not changing significantly and resulting in changes in contaminant
migration.

As discussed in the RD/RA, the six objectives are addressed under the following four monitoring
programs:

Baseline Monitoring Monitor upgradient unimpacted locations in order to maintain a

(Objective 1) baseline of naturally occurring constituents to determine if
downgradient conditions may be showing natural changes rather
than contaminant-based changes.

Performance Monitoring ~ Monitor contaminants of concern (COCs) to confirm downward

(Objective 2) trends in contaminant concentrations over time. Performance will
be gauged against long-term trends at locations within the areas of
highest impact for each COC.

Detection Monitoring Monitor groundwater contaminant levels at various downgradient

(Objectives 3, 4, and 5) perimeter locations, in the unweathered zone, and springs.
Contaminants are expected to continue to disperse within known
preferential flow paths, but become more dilute over time;
however, trigger levels have been established that will indicate
unanticipated increases at each of these locations.

Hydrologic Monitoring Monitor groundwater levels in all available wells to identify
(Objective 6) changes in flow that might effect the protectiveness of the remedy.

Sampling will be performed to gather baseline data on the new wells and on selected existing
wells for inclusion in the MNA program. Baseline sampling was started in July 2004 and will be
conducted for a 2-year period.

3.2 Construction Activities Associated with the New Well Installation

Three new wells were installed to supplement the existing monitoring well network (Figure 3-2).
Two of these wells were installed in areas of the site where there was not adequate monitoring of
the unweathered zone below areas of impact. One new well was installed north of the site to
monitor potential offsite migration toward Burgermeister Spring. One additional well also was
installed to assess possible impact in the unweathered zone and to assess the integrity of an
existing well screened in the unweathered zone. The design rationalization for each of these is
presented in the RD/RA Work Plan (DOE 2004b).
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3.2.1 Drilling and Well Installation

Construction activities associated with the MNA remedy consisted of installing four new wells
(Figure 3-2) to complete the monitoring network that was designed to monitor MNA
performance against the six objectives specified in the ROD. The drilling and well installation
requirements were outlined in the RD/RA Work Plan (DOE 2004b). Installation activities
included drilling and testing to obtain hydrogeologic data regarding the unweathered zone of the
Burlington-Keokuk Limestone and to better define the preferential flow path north of the
Chemical Plant site. A detailed account of the drilling and well installation activities is presented
in Appendix B.

Three wells targeted the unweathered Burlington-Keokuk Limestone in areas of impact on the
site. Well MW-2056 is clustered with MW-2052 in the Frog Pond area immediately
downgradient of where nitroaromatic compound concentrations in groundwater exceed cleanup
standards. This well is screened in the upper portion of the unweathered Burlington-Keokuk
Limestone and was located in order to monitor groundwater quality beneath the preferential flow
pathway (paleochannel). Well MW-4040, west of MW-3030 near the property boundary, is
within the area of TCE, uranium, nitrate, and nitroaromatic compound contamination in
groundwater that exceeds the cleanup standards, but immediately downgradient of the area of
highest impact. The well is screened in the upper portion of the unweathered zone and was
located to monitor the groundwater quality beneath the paleochannel in this area. Well
MW-3040 was installed to monitor the unweathered Burlington-Keokuk Limestone near the
existing well cluster of MW-3024 and MW-3025. A review of the hydrologic and contaminant
data for MW-3024, and previous reconstruction of this well, led to uncertainty regarding the
integrity of the well and the reliability of the contaminant and groundwater level data. This new
well will be monitored to assess previous information regarding the unweathered zone in this
area.

Well MW-4041 was installed north of the site on the Busch Conservation Area. This well
monitors groundwater within the paleochannel that exhibits preferential groundwater flow and
transports groundwater from the Chemical Plant site to Burgermeister Spring. The well location
was identified based on the topography of the Burlington-Keokuk Limestone and the troughs in
the potentiometric surface in this area. Initially, three boreholes (BH-A through BH-C) were
drilled to better define the paleochannel in this area. Based on field data, an additional borehole
(BH-D) was drilled north of the three original boreholes for better definition of the bedrock
topography. Well MW-4041 was constructed at the BH-D location.

3.2.2 Hydrogeologic Results from Installation of New Wells

Geologic and hydrologic information from these new borings and wells were combined with the
existing data from the site. In general, the geologic and hydrologic data from these locations
were consistent with previous testing.

The results of numerous investigations previously conducted indicate that a subsurface conduit is
present between the northern and western portions of the Chemical Plant site and Burgermeister
Spring. Dye tracing of two angled borings and one monitoring well during the remedial
investigation (DOE and DA 1997) established the subsurface connection, with travel times
between the site and the spring ranging from 2 to 7 days. The locations of the paleochannels
were determined from the bedrock topography within the Chemical Plant boundary. North of the
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site, the approximate location of the preferential flow pathway was inferred primarily by troughs
in the potentiometric surface.

The bedrock topography north of the site is better established after drilling four borings on the
Busch Conservation Area property. The position of the paleofeature is now defined by the top of
the bedrock surface, which coincides with the trough in the groundwater surface (Figure 2-4).
Boring BH-D exhibited the deepest bedrock elevation and little residuum was encountered. Both
of these features are indicative of the paleofeatures in the vicinity of the Weldon Spring Site.

3.2.3 Contaminant of Concern Data from the Newly Installed Wells

The four new wells were initially sampled in June and July 2004 for the groundwater COCs:
TCE, nitrate, uranium, 2,4-dinitrotoluene (DNT), 2,6-DNT, 2,4,6-trinitrotoluene (TNT),
1,3-dinitrobenzene (DNB), and nitrobenzene. These new wells have been incorporated into the
routine sampling program for the site and additional data will continue to be collected. A
summary of the data collected between June and September is presented in Table 3-1 and
discussed in the following text.

Table 3—-1. Summary of Contaminant Data from New Wells

well ID Sample | Uranium | Nitrate | TCE | 1,3-DNB | 2,4,6-TNT | 2,4-DNT | 2,6-DNT NB
Date pCi/L mg/L pg/L ug/L ug/L pg/L pg/L ug/L
MW—2056 6/30/04 0.75 0.25 <1 <0.02 <0.08 <0.04 <0.13 <0.08
9/13/04 Not Analyzed <0.02 <0.08 <0.04 <0.13 <0.08
7/1/04 80.9 393 <5 <0.05 <0.08 <0.06 <0.13 <0.08
MW-3040 | 7/28/04 * 95.2 242 Not Analyzed
8/23/04 98.8 254 <1 Not Analyzed
6/30/04 178 117 <5 <0.02 <0.08 <0.04 <0.13 <0.08
MW-4040 | 7/28/04 * 181 82.2 Not Analyzed
8/24/04 206 92.9 <1 <0.02 <0.08 <0.04 <0.13 <0.08
MW—4041 6/30/04 3.3 0.07 <1 <0.02 <0.08 <0.04 <0.13 <0.08
9/14/04 2.6 0.11 <1 <0.02 <0.08 <0.04 <0.13 <0.08
Cleanup Standard 20 10 5 1.0 2.8 0.11 1.3 17

*Resampling to verify data from previous sampling event.

TCE has not been detected in any of the newly installed monitoring wells. TCE contamination is
present only in the vicinity of the former Raffinate Pits and is limited to the weathered zone of
the shallow aquifer. TCE also has not been observed in wells screened in the unweathered zone
in other portions of the site.

Nitrate was measured at concentrations that exceeded the cleanup standard in the two
unweathered zone wells, MW-3040 and MW-4040, installed in the Raffinate Pits area. These
two new locations were resampled to verify the elevated nitrate concentrations in the first
samples. Subsequent data supported the presence of nitrate greater than the cleanup standard in
the unweathered unit beneath the former Raffinate Pits. Historically, the highest concentrations
of nitrate have been observed in the vicinity of the Raffinate Pits and Ash Pond, which were the
main source areas for this contaminant. Nitrates are mobile in the shallow aquifer and are
prevalent in the weathered zone, but are present in the unweathered zone only in the vicinity of
the Raffinate Pits.
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Uranium has been detected at levels greater than background levels (0.93 pCi/L), but less than
the cleanup standard (20 pCi/L) in the new weathered zone well installed north of the Chemical
Plant. However, uranium is present in the weathered zone of the shallow aquifer in the Raffinate
Pits area at levels that exceed the cleanup standard. The data from the two unweathered zone
wells, MW-3040 and MW-4040, installed in the Raffinate Pits area have indicated that uranium
is present at levels that exceed the cleanup standard in the unweathered zone in this localized
area. Uranium contamination has occurred primarily in the Raffinate Pits area, which was the
historical source of uranium in groundwater as it entered the aquifer via infiltration from the
Raffinate Pits through the overburden. Adsorption of uranium onto the overburden limited its
extent in groundwater in the area of former Raffinate Pits 3 and 4. The long-term source of
uranium in the Raffinate Pits has resulted in localized impact in this area.

No impact from nitroaromatic compounds has been indicated by the new unweathered zone
wells in either the Frog Pond area or the Raffinate Pits area. No detectable concentrations of
nitroaromatic compounds were detected in the weathered well installed north of the Chemical
Plant. Nitroaromatic compounds occur in groundwater in the northeastern and southwestern
portions of the site, where TNT production lines were located on both the Chemical Plant site
and the adjacent Ordnance Works site. Contamination occurs in the weathered zone of the
Burlington-Keokuk Limestone with the maximum concentrations being observed in the Frog
Pond area.

Data from two of the unweathered zone wells installed at the Chemical Plant (MW-3040 and
MW-4040) indicate that uranium and nitrate impact in the Raffinate Pits area extends into the
unweathered zone at levels higher than previously observed. Data from other unweathered zone
wells at the site, both active and abandoned, indicate that the groundwater in the unweathered
zone has shown only slight impact historically. Uranium and nitrate concentrations greater than
background have been measured; however, widespread impact and concentrations greater than
the respective cleanup standards have not been seen. Detectable concentrations of nitroaromatic
compounds have been observed sporadically in the unweathered zone.

The Raffinate Pits provided a long-term contaminant source to groundwater at the Chemical
Plant site through infiltration of stored water into the subsurface. The Raffinate Pits were
excavated into the deeper overburden units, which have hairline fractures that allow vertical
movement of water. Nitrate and uranium are the only contaminants observed in the groundwater
in the unweathered zone. This is due to the mobility of nitrate and dissolved uranium in the
shallow aquifer, which has oxidizing conditions. Uranium contamination would be higher if not
for the attenuation of uranium on the underlying clays, which were excavated during the
remediation of the Raffinate Pits area. TCE is not present in the unweathered zone because it was
stored in the pits for a shorter period of time than nitrate and uranium. TCE likely was introduced
into the Raffinate Pits during one of the efforts by the U.S. Department of the Army (DA) to
clean out several of the buildings. Nitroaromatic compound contamination also is not present in
the unweathered zone. These compounds were not present in the waters in the Raffinate Pits.

A preferential flow pathway or paleochannel is situated beneath the area where the two largest
Raffinate Pits (3 and 4) were constructed. The paleochannel in this area exhibits higher
conductivity because of strongly weathered limestone, solution features, and zones of extensive
fracturing. Weathering generally is more extensive because of the presence of vertical fractures
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that facilitated deeper movement of water. Downward transport of contaminants likely occurred
in this area because vertical fracturing provided a connection between the weathered and
unweathered zones. These areas are probably not large and represent localized impact of the
unweathered zone. Also, the additional recharge provided by the water stored in the pits and the
saturated conditions beneath part of the pits resulted in a greater likelihood of downward
movement through the interconnected fracture system.

Presently, contamination of the unweathered zone is limited to the paleochannel areas. Uranium
and nitrate impacts are present in the Raffinate Pits area. Nitrate impact has been observed in the
unweathered zone in the Ash Pond area (MW-4011). This well is in close proximity to the
paleochannel extending from the northwestern portion of the site (Figure 2-5). The data from the
unweathered zone in the Frog Pond area have not indicated impact in this area.

3.3 Evaluation of the Adequacy of the RD/RA MNA Monitoring Network

The present monitoring network meets the ultimate objective of restoring the contaminated
groundwater in the shallow unconfined aquifer to cleanup standards. This monitoring

program also satisfies the performance goals for MNA, as outlined in the ROD:

(1) contaminants will attenuate at a rate sufficient to meet cleanup standards in approximately
100 years; (2) contaminant migration will remain confined to the currently impacted
groundwater system; and (3) contaminant levels at the springs will not pose unacceptable risks to
receptors and will decline over time.

The groundwater quality data collected during 2004 from the existing wells are consistent with
the 2002 data used during the selection process outlined in the RD/RA Work Plan. Therefore, the
evaluation of the existing wells is still valid and each well meets its selected monitoring
objective.

With respect to the four new wells, monitoring well MW-2056 was installed to meet

Objective 4. This well was intended to monitor the groundwater quality in the unweathered
limestone beneath the nitroaromatic compound impact area in the Frog Pond. This well was
installed adjacent to MW-2052, which is screened in the weathered zone. Initial data from this
location indicate there is no impact in the underlying unweathered Burlington-Keokuk
Limestone. The elevation of groundwater in MW-2056 (approximately 6.5 ft lower than in
MW-2052) is consistent with surrounding wells that also monitor the unweathered zone. Static
water level data indicate that the two wells are monitoring intervals that are isolated and the data
can be considered representative of two separate zones of the Burlington-Keokuk Limestone.
Therefore, well MW-2056 meets the objective for which it was intended.

The second new well, MW-4041, which is installed in the Busch Conservation Area north of the
site, is within the paleofeature that extends from the northern portion of the Chemical Plant to
Burgermeister Spring. This well was intended to monitor MNA performance as defined in
Objective 3. Data from this location indicate uranium levels are slightly above background

(3 pCi/L) but are considerably lower than at Burgermeister Spring (33 pCi/L). Because these
levels are lower than those at Burgermeister Spring, it is likely that this well does not monitor the
specific fracture zone that connects the area of uranium impact in the Raffinate Pits area to this
spring. Also, this well does not exhibit nitrate contamination, which further supports the presence
of additional migration pathways to this spring. The static water levels measured in MW-4041
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extend up into the overburden, indicating semi-confining conditions, as the overlying glacial drift
acts as a confining unit (Mugel 1997). This behavior is typical for this area. Although this well
does not exhibit the same contaminant concentrations as Burgermeister Spring, it does show
impact from site-related contaminants and is located within a preferential flow zone (Figure 2-5)
making it a suitable monitoring well for Objective 3.

The third new well, MW-3040 was intended to meet the purposes of Objective 4 and was
installed in the unweathered zone to monitor groundwater quality below the Raffinate Pits area.
This well was installed adjacent to well cluster MW-3024 and MW-3025. Well MW-3040 was
installed because the integrity, and therefore the reliability, of the data obtained from MW-3024
(screened in the unweathered zone) was in question due to extensive damage and previous re-
installation within the same borehole. Comparison of data from MW-3024 and MW-3040
indicate MW-3040 has higher uranium and nitrate, and lower TCE concentrations than
MW-3024 (Table 3-2). Well MW-3025 data, which monitors the weathered zone, indicate
there is nitrate and TCE impact, but little uranium impact. It is likely that MW-3024 is
influenced by infiltration of overlying groundwater, which dilutes the uranium concentrations in
the unweathered zone, and contributes TCE. The representativeness of the data from MW-3024
is questionable and, therefore, this well should not be included in the MNA monitoring program
for Objective 4. Data from MW-3040 indicate that uranium and nitrate impacts extend into the
unweathered zone in this area at levels that exceed the cleanup standards. Static water levels
measured in MW-3040 (approximately 10 ft lower than in MW-3025) are consistent with the
surrounding wells that monitor the unweathered zone. The static water level data indicate that
MW-3025 and MW-3040 are monitoring intervals that are isolated and the data from this well
cluster can be considered representative of two separate zones of the Burlington-Keokuk
Limestone. However, based on the elevated levels of uranium and nitrate, this well does not meet
its intended objective (Objective 4).

Table 3—-2. Comparison of Contaminant Data in MW-3024, MW-3025, and MW-3040 (2004 Data)

Location Uranium (pCi/L) Nitrate (mg/L) TCE (pg/L)
MW-3024 (UW) 32.4 108 9.6
MW-3025 (W) 2.6 77.3 51
MW-3040 (UW) 80.6 393 <1

W = monitors the weathered zone.
UW = monitors the unweathered zone.

The fourth new well, MW-4040, was intended for Objective 4 and was installed to monitor
groundwater quality of the Raffinate Pits area in the upper portion of the unweathered zone. Data
from this well indicate that uranium and nitrate impacts extend into the unweathered zone at
levels that exceed cleanup standards. The static water levels measured in this well are somewhat
higher than expected and the groundwater elevation is not consistent with a nearby well
completed in the unweathered zone. The water level in MW-4007, an unweathered zone well in
close proximity, is approximately 4 ft lower than that measured in MW-4040. It is likely that the
static water levels are being influenced by the groundwater in the weathered unit via the
connection of vertical fractures with horizontal fractures or bedding planes in the screened
interval of this well. The communication between the two zones would result in higher than
expected static water levels. Based on the elevated levels of uranium and nitrate, this well does
not meet its intended objective (Objective 4).
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In summary, two of the new wells (MW-3030 and MW-4040) installed to complete the MNA
network specified in the RD/RA Work Plan do not fulfill their intended purpose of monitoring of
Objective 4. The remaining two wells (MW-4041 and MW-2056) fulfill their intended purpose
of monitoring of Objectives 3 and 4, respectively.

3.4 Modifications to the RD/RA MNA Network

Based on the discussion presented in Section 3.3, modifications to the RD/RA design are needed
in order to put in place a monitoring network that provides adequate data for meeting the
objectives for MNA specified in the GWOU ROD. In particular, Objective 4 is not being met as
designed with the new unweathered wells. However, given the understanding of the groundwater
flow and contaminant migration within the Burlington-Keokuk Limestone, the monitoring
strategy as presented in the RD/RA (specifically for meeting Objective 4) over-emphasizes the
need to measure localized vertical migration such as those from the Raffinate Pits area. The
identification of uranium and nitrate impacts from the new wells furthered the understanding of
the dynamics between the preferential flow zones (i.e., locations of vertical fracturing) and
surface water impoundments, primarily the Raffinate Pits. The water stored in the pits, in
combination with the presence of localized vertical fracturing, likely produced downward
movement greater than that in other areas of the site and represents an occurrence that has
limited extent.

Based on the above discussion, and still consistent with the site hydrogeological conceptual
model (Section 2) that was the basis for the RD/RA MNA strategy, the approach for meeting
Objective 4 could be modified by evaluating wells screened deeper than those impacted within
the shallow aquifer, but downgradient of source areas that have since been remediated, rather
than by selecting wells located within and screened immediately below a known main
contaminant source area such as the Raffinate Pits. This modification would still meet the overall
intent of Objective 4 given the site hydrogeological model that conceptualizes the shallow
aquifer to be a diffuse flow system with superimposed conduit flow. Groundwater movement in
the underlying limestone is controlled principally by horizontal fractures, bedding planes, and
solution features. Vertical movement occurs but is limited to areas that exhibit greater vertical
weathering or fracturing (i.e., paleofeatures). At these localized areas, communication between
the weathered and unweathered zones occurs because of the interconnection of these fractures
which results in an area of localized impact when vertical fractures occur beneath areas of
groundwater impact. At the Chemical Plant, downward vertical gradients through the
Burlington-Keokuk Limestone and the Fern Glen Formation indicate recharge to the shallow
aquifer. However, just north of the Chemical Plant, upward gradients are prevalent and indicate a
localized discharge to Burgermeister Spring and regional discharge of the shallow aquifer to
Dardenne Creek (Figure 2-2) (DOE and DA 1997). These upward gradients would limit the
contribution of the contaminated groundwater in the shallow aquifer to deeper units (i.e., middle
and deep aquifers). Monitoring of the deeper units (Fern Glen) would not be necessary for this
reason.

3.5 Summary of the Modifications to the Monitoring Network

The designation of the existing monitoring well network could be reevaluated to determine if
new wells and other existing wells better achieve the monitoring objectives. Based on the new
data, new wells MW-3040 and MW-4040 could be reassigned to more appropriate objectives
than those for which they were originally installed. Both could be categorized as Objective 2
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wells that monitor the areas of higher impact, but are within the unweathered zone. The
Obijective 2 trigger for uranium is presently set at 100 pCi/L (DOE 2004b). This trigger would be
re-evaluated and a more appropriate trigger level would be established after the 2-year baseline
monitoring period. This trigger would be established in a manner similar to that used for the
other contaminants. Existing well MWD-2 could be added to the network as an Objective 4 well
to monitor vertical migration of contaminated groundwater within the unweathered zone
downgradient of the Raffinate Pits area.

The monitoring locations retained for the modified MNA network and the objectives they satisfy
are summarized in Table 3-3 and are depicted on Figure 3-3.

Table 3—-3. MNA Monitoring for the GWOU

Objective 1 Objective 2 Objective 3 Objective 4 Objective 5 Objective 6
MW-2017 MW-2012 MW-2032 MW-2021 SP5303 MW-2005
MW-2035 MW-2014 MW-2051 MW-2022 SP5304 MW-2055
MW-4022 MW-2038 MW-3031 MW-2023 SP6301 MW-3025
MW-4023 MW-2040 MW-3037 MW-2056 SP6303 MW-3038

MW-2046 MW-4013 MW-3006 SW-2007°¢ MW-4001
MW-2050 MW-4014 MW-4007 MW-4011
MW-2052 MW-4015 MWD-2° MW-4020
MW-2053 MW-4026 MW-4037
MW-2054 MW-4036

MW-3003 MW-4039

MW-3024 MW-4041

MW-3030 MWS-1

MW-3034 MWS-4

MW-3039

MW-3040°

MW-4013%

MW-4029

MW-4031

MW-4036%

MW-4040°

®Location is also an Objective 3 location.
*Well originally installed for Objective 4, but based on initial data collected the well was reassigned for Objective 2.
“Location was added to MNA network based on data collected during well installation activities.

Monitoring wells MW-3040 and MW-4040 will continue to be sampled quarterly until eight
data points are collected, as outlined in the RD/RA work plan because they are newly installed
wells. The wells will then be sampled semiannually, likely for nitrate (as N) and uranium only, to
monitor an area of higher impact (Objective 2). Final determination of the parameters will be
made after the collection of eight data points.

Monitoring well MWD-2 initially will be sampled quarterly until eight data points are collected.
Sampling of this location was initiated in October 2004. This location will be sampled for nitrate
(as N) and uranium, because this location has been selected to monitor for vertical migration of
impact in the unweathered zone.

The addition of surface water monitoring in Dardenne Creek (Figure 3-3) is also recommended
as an Objective 5 location, given the fact that groundwater in the shallow aquifer discharges to
this creek. SW-2007 is located downgradient of Burgermeister Spring (a known point of
contaminated groundwater discharge) and along the groundwater flowpath. Water quality data
indicate background levels of uranium at this location (SW-2007).
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4.0 Institutional Controls

Institutional controls (ICs) are being implemented as a component of the selected remedy for the
GWOU as described in the ROD (DOE 2004a). The specifics for the ICs to be implemented are
presented in the Long-Term Surveillance and Maintenance (LTS&M) Plan (DOE 2004c).

4.1 Area of Groundwater Impact

ICs are needed to limit groundwater usage on property under the jurisdictional control of the
DOE and DA and on properties owned by State entities, where the cleanup standards are
exceeded. An additional buffer around the area where cleanup standards are exceeded has also
been designated for ICs (Figure 4-1). This buffer delineates an area where extraction of the
shallow groundwater should be prevented, not because of groundwater quality but because of the
possibility of intercepting the groundwater plume as a result of a well’s area of influence.

The buffer will extend 1,000 feet (ft) from where the contaminants exceed the cleanup standards.
This distance is based on data from two groundwater studies performed at the site during 1998
and 2001. The area of hydraulic capture around a hypothetical well was estimated to be 600 to
1,000 ft. This value is based on information from MW-3028 and is considered conservative,
since this well is located in a more transmissive portion of the aquifer (DOE 2004b).

Off-site nitroaromatic contamination southwest of the Chemical Plant is not addressed in this
evaluation. This impact originates from DA property and should be addressed by the DA’s
remedy selection processes. Nitroaromatic contamination originating from within the Chemical
Plant boundary and migrating off site is addressed by this remedial action report.

4.2 Subsurface Pathway to Burgermeister Spring

ICs will be implemented to restrict access to groundwater in the subsurface pathway between the
Chemical Plant and Burgermeister Spring branch, which includes both Burgermeister Spring
(SP-6301) and SP-6303. The results of numerous investigations indicate that a subsurface
conduit is present between the unnamed tributary of Schote Creek and Burgermeister Spring
(DOE and DA 1997). Overland flow from the northwestern portion of the Chemical Plant is lost
in a reach of an unnamed tributary of Schote Creek about 1,000 ft northwest of Ash Pond. Travel
time to Burgermeister Spring (SP-6301), which is approximately 6,500 ft downgradient, is
estimated to be 48 to 72 hours, depending on previous rainfall. Dye tracing of two angled borings
and one monitoring well, which were selected because of high hydraulic conductivity, was
performed during the remedial investigation. Three springs in the 6300 drainage were monitored
for resurgence of the dye; however, the dye was detected only in Burgermeister Spring. Dye was
initially detected in Burgermeister Spring 2 to 7 days after injection.

4.3 Burgermeister Spring and SP-6303

Burgermeister Spring (SP-6301) and SP—6303 are impacted by site related contaminants above
the cleanup standard. ICs will be implemented to preclude the residential use of groundwater or
spring water in the vicinity of the two springs in the Burgermeister Spring drainage. The
boundary where the 1Cs will be implemented extends downgradient 1,000 ft from the springs
(SP-6301 and SP-6303).
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4.4 Southeast Drainage Springs

Springs in the Southeast Drainage are impacted by site related contaminants above cleanup
standards. ICs also will be implemented along the Southeast Drainage to preclude any
groundwater or spring water use. The boundary where the ICs are to be implemented is a 200-ft
corridor centered on the existing stream flow. The Southeast Drainage is a closed system with
little observable loss to adjacent drainages or the underlying groundwater system (DOE and
DA 1997). The 200-ft corridor extends to the edges of this drainage.
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5.0 Pre-Final Inspection

A remedial action completion inspection of the GWOU was performed on July 20, 2004, with
EPA, Missouri Department of Natural Resources (MDNR), DOE, and S.M. Stoller personnel.
This inspection included a review of the well installation activities, field inspection of ICs survey
markers, and visual inspections of the new wells and Burgermeister Spring.

The inspection started with an overview of the agenda. Copies of the borehole logs, well
completion details, and monitoring well certification records were provided to all attendees. The
inspection then proceeded into the field to visually inspect the four new wells and locate several
of the survey markers installed to delineate the IC boundary established around the area of
groundwater impact and the buffer zone.

The inspection of the wells revealed one finding. Weep holes had not been drilled in the
protective casing of the monitoring wells as required under the Well Construction Rules

(10 Code of Sate Regulations (CSR) 23-3). It was suggested that screening be placed inside the
protective casing at the weep hole to prevent insects from entering the casing. This was noted,
but cannot be performed due to the limited spacing of the annulus between the casing and the
well. Several minor deficiencies also were noted. The surface drainage around MW-2056 may
need to be modified to prevent ponding of water in the vicinity of the well. Also, the drill
cuttings at MW-4040 had not been distributed evenly on the ground surface as required in the
drilling specifications.

Several survey monuments were found along the Chemical Plant property boundary, on the
adjacent DA property, and in the Busch Conservation Area during the inspection. These markers
were difficult to locate by using a map only. All the markers were in good condition. It was
noted during the inspection, that use of a global positioning system would facilitate quicker
location during future inspections.

The inspection concluded with a discussion regarding actual and estimated costs for the well
installation. Also, the status of future well abandonment was discussed. It was clarified by DOE
that well abandonment likely would commence no sooner than after the 2-year baseline period
and likely after downward trends are identified in the higher contamination wells.

The deficiencies noted during the inspection have been corrected. The drill cuttings around
MW-4040 were addressed on September 7, 2004. Weep holes were drilled into the protective
casings of the four new wells between September 14 and September 16, 2004.
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6.0 Operation and Maintenance Activities

The details for the GWOU post-construction operation and maintenance activities such as
surveillance and maintenance, groundwater monitoring, ICs, and other post-closure activities can
be found in the LTS&M Plan (DOE 2004c). The Plan is currently in draft final form. The
information in this section provides a summary of the current information in the Plan.

DOE will maintain protectiveness at the Weldon Spring Chemical Plant through a combination
of federal ownership, maintaining a local presence, conducting regular inspections, conducting
environmental sampling, ICs, and regulatory compliance.

6.1 Annual Site Inspections

DOE will inspect the Weldon Spring Chemical Plant area annually, in accordance with the
LTS&M Plan, to confirm that ICs remain effective and to determine if maintenance or additional
monitoring is needed. Inspectors will note changes to the Chemical Plant and the surrounding
area. Significant changes within an area could include new development that may result in
changes to the groundwater system and evidence of inappropriate groundwater extraction.
Specific inspection criteria and a checklist are included in the LTS&M Plan.

6.2 Reports

DOE will prepare an annual report, which will include the results of the annual site inspection.
The report will be submitted to EPA, MDNR, and stakeholders. The report also will be posted on
the LM Program Internet site (www.Im.doe.gov). In the report, DOE also will address
maintenance, surveillance, and monitoring results for the previous 12 months. DOE also will
prepare a CERCLA 5-year review report in accordance with current EPA guidance for 5-year
reviews. The purpose of the 5-year review is to ensure that the remedies remain protective of
human health and the environment. The next 5-year review report will be released in 2006.

6.3 Routine Site Maintenance and Operations

During the routine site operations, DOE will inspect all monitoring wells used in the program
and arrange for maintenance or repairs, as necessary. Groundwater samplers also will note
maintenance needs and ensure the wells are kept secured and in good repair. Monitoring
personnel will maintain access to sample locations, which may include maintenance of access
routes and vegetation control. Such maintenance on off-site locations will be conducted in
accordance with access agreements.

6.4 Groundwater Monitoring

The RD/RA Work Plan (DOE 2004b) specifies the design of the monitoring program for
groundwater natural attenuation, which is implemented through the LTS&M Plan (DOE 2004c).
Results will be reported annually and summarized in the 5-year review report.

Environmental monitoring for the Weldon Spring site is implemented through the LTS&M Plan.
Results will be reported in the annual site environmental report and summarized in the 5-Year
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review report required under CERCLA. Groundwater monitoring will be conducted using
methods and procedures established for the Weldon Spring site.

6.5 Institutional Controls

Review of the ICs for the GWOU will be incorporated into the annual site inspection for the
Weldon Spring site as outlined in the LTS&M Plan. DOE will conduct an inspection of the
physical locations addressed by the ICs. During annual site inspections, inspectors will look for
indications of groundwater or spring water withdrawal or use within the IC boundary for the
Chemical Plant groundwater and the Southeast Drainage areas. Periodic reviews of MDNR well
registrations also will be conducted to determine if wells have been installed in the vicinity of the
Chemical Plant. Also evaluated will be whether the ICs remain effective in protecting human
health and the environment, and appropriate action will be taken if evidence indicates the
controls are not effective. Property owners and other grantees of real property interest will be
contacted annually to ensure cognizant representatives remain aware of ICs on their property.
DOE also will check county records to verify that deed restrictions and other IC instruments
remain in place.
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7.0 Summary of Project Costs

A summary of the actual costs for major elements of the GWOU and estimates provided in the
IROD (DOE 2000), the ROD (DOE 2004a), and the RD/RA Work Plan (DOE 2001 and 2004b)
are provided in Table 7-1. The actual project costs for those elements that have not been
completed (groundwater monitoring and ICs) will be completed upon finalization of this report.
The costs presented are final as of the end of July 2004. The costs presented in the table are
primarily subcontract costs for performance of fieldwork. Oversight costs for the project
management contractors are not included; however, these costs also were not included in the
estimates provided in the ROD and the RD/RA Work Plans.

Table 7-1. GWOU Cost Summary

IROD Final ROD RD/RA

Cost Item Estimate Estimate Estimate Actual Costs
Addlt_lonal Groundwater Field N/A N/A N/A $3.2 M
Studies
In-Situ Chemical Oxidation of TCE d
in Groundwater $0.5M N/A $1.7 M $0.63 M
MNA Program (Annual Costs) N/A $0.15t00.45 M $0.22 M TBD
MNA Program (Capital Costs) N/A $0.53M $0.40 M $0.07 M
ICs N/A -P -P $0.02 M°

“Costs for performing the field studies were not included in the IROD since they are not a component of the remedy.
Costs for implementing ICs were estimated to be minimal.

“Costs for surveying and establishing survey monuments. Additional costs for ICs to be implemented under the
LTS&M Plan are also expected to be minimal.

“This cost is for performing pilot scale treatment only. It was determined the treatment did not perform adequately
under field conditions.

TBD - to be determined following the 2-year baseline monitoring program.
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Appendix A
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A.1 Background Information

This background discussion on the Groundwater Operable Unit (GWOU) at the Weldon Spring
Site Remedial Action Project (WSSRAP) includes the site and regulatory history as well as the
extensive environmental documentation process that was performed to arrive at the final
groundwater action of monitored natural attenuation (MNA). Information on previous
investigations for identification of source areas, nature and extent of groundwater and spring
water impact, contaminant fate and transport, and hydrogeology is included. A summary of field
studies and previous remedial actions is provided

A.1.1 Site History

From 1941 to 1945, the U.S. Department of the Army (DOA) produced trinitrotoluene (TNT)
and dinitrotoluene (DNT) at the Weldon Spring Ordnance Works, which covered 17,233 acres of
land that now includes the Weldon Spring site. Two hundred seventeen acres of the former
ordnance works property were transferred in May 1955 to the Atomic Energy Commission
(AEC) for construction of the Weldon Spring Uranium Feed Material Plan (WSUFMP), now
referred to as the Weldon Spring Chemical Plant. Atlas Powder Company and the DA, prior to
construction of the WSUFMP, performed several explosives decontamination efforts.

From 1958 until 1966, the WSUFMP converted processed uranium ore concentrates to pure
uranium trioxide, intermediate compounds, and uranium metal. A small amount of thorium also
was processed. Wastes generated during these operations were stored in the Raffinate Pits. These
pits were radiological contaminated with uranium and thorium residues and chemically
contaminated with nitrate, fluoride, polychlorinated biphenyls (PCBs), and various heavy metals.
The buildings were contaminated with asbestos, hazardous chemical substances, and small
quantities of uranium and thorium. Radiological and chemical contaminants (PCBs,
nitroaromatic compounds, metals, and inorganic ions) also were found in the soil at many
locations.

The WSUFMP was shut down in 1966, and in 1967 the AEC returned the facility to the DA for
use as a defoliant production plant to be known as the Weldon Spring Chemical Plant. The DA
started removing equipment and decontaminating several buildings in 1968 with some materials
being placed into Raffinate Pit 4. However, the defoliant project was canceled in 1969 before
any process equipment was installed. The DA retained responsibility for the land and facilities of
the Chemical Plant, but the 20.6 hectares (51 acres) tract encompassing the Weldon Spring
Raffinate Pits was transferred back to the AEC. The Chemical Plant site was in caretaker status
from 1967 through 1985.

Except for a discontinued decontamination effort by the DA in 1968, the Chemical Plant had
been closed for 20 years before the U.S. Department of Energy (DOE) took control of the site.
During this period, the infrastructure had deteriorated considerably. In the 44 buildings, many
windows were broken, walls were separated from floors, floors had begun to break apart, and
roofs had deteriorated to the extent that many leaked badly. There was radioactive contamination
on various surfaces, PCB contamination of floors, and deterioration of protective coverings for
asbestos containing insulation. Radiological and chemical (PCBs, nitroaromatic compounds,
metals, and inorganic ions) contaminants were not only found in the buildings but also in soil in
many areas around the site.
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On the Chemical Plant grounds, 300 utility poles supporting 150,000 linear ft of wiring were
rotten, and many had fallen to the ground. There was an additional 33,000 linear ft of piping,
some with deteriorating asbestos-containing insulation. Active water mains leaked extensively
and added to contaminated water leaving the site and infiltrating into the groundwater. Waste
streams generated during Chemical Plant operations were stored in four Raffinate Pits, which
leaked into the subsurface impacting the shallow aquifer.

In 1985, DOE designated control and decontamination of the Chemical Plant, Raffinate Pits, and
Quarry as a major project. The Project Management Contractor (PMC) for the WSSRAP was
selected in February 1986. In July 1986, a DOE project office was established on site, and the
PMC, comprised of MK-Ferguson Company and Jacobs Engineering Group, Inc., assumed
control of the site on October 1, 1986. The Quarry site was placed on the U.S. Environmental
Protection Agency (EPA’s) National Priorities List (NPL) in July 1987. DOE redesignated the
site as a Major System Acquisition in May 1988. The Chemical Plant and Raffinate Pits were
added to the NPL in March 1989. Remedial activities associated with the Chemical Plant and the
Quarry were completed between 1991 and 2002.

The project transferred long-term surveillance and maintenance responsibility for the WSSRAP
from DOE-Oak Ridge Office to DOE-Grand Junction, Colorado, on October 1, 2002. DOE-GJ
office is responsible for the Legacy Management (LM) Program at DOE facilities, providing
long-term care for low-level radioactive material disposal sites. The technical assistance
contractor for the project is S.M. Stoller, Inc.

A.1.2 Regulatory and Enforcement History

DOE and EPA developed an agreement as to the roles of the various participants and the
regulatory requirements of the remediation. The key assumption driving the project was that the
National Environmental Policy Act (NEPA) would be the primary law governing the final
disposition of the wastes. Prior to 1986, DOE facilities were exempt from the cleanup
requirements of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). The only regulatory process for remediation available for former DOE sites was
NEPA. In 1986, CERCLA was amended by the Superfund Amendments and Reauthorization Act
of 1986. The Chemical Plant and Quarry were subsequently placed on the NPL. This new
regulatory process required DOE and EPA to agree on how remediation decisions would be
made. During the site preparation phase, they agreed on expedited removal actions to stem the
slow dispersal of contaminants off site and to protect on-site workers from various hazardous
materials.

In addition, EPA and DOE entered into a Federal Facilities Agreement (FFA) (EPA 1992). This
1986 agreement was amended in 1992 and is consistent with CERCLA, Section 120. The
amended FFA includes agreements to ensure that the environmental impacts associated with past
and present activities at the Weldon Spring site are thoroughly investigated and that appropriate
remedial action is taken, as necessary, to protect public health and the environment. Along with
CERCLA, this FFA also facilitates the exchange of information among EPA, DOE, and the State
of Missouri, and contains procedures for resolving disputes, assigning penalties for
nonconformance, and ensuring public participation in the remedial action decision-making
process.
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A.1.3 Environmental Documentation

It was decided in 1993 to prepare separate environmental documentation regarding remediation
of groundwater beneath the Chemical Plant site. Prior to this the groundwater was being
addressed as part of the Chemical Plant Operable Unit. It also was decided at that time that DOE
and the DA would work jointly to address the groundwater issues for both sites. The remedial
investigation was conducted in 1995 and included a joint sampling effort of all wells in the
Chemical Plant and ordnance works areas by DOE and the DA. The Remedial Investigation for
the Groundwater Operable Units at the Chemical Plant Area and the Ordnance Works Area of
the Weldon Spring Site (DOE and DA 1997a) and the Baseline Risk Assessment for the
Groundwater Operable Units at the Chemical Plant Area and the Ordnance Works Area of the
Weldon Spring Site (DOE and DA 1997b) were finalized in July 1997. The contaminants of
potential concern were identified as nitrate, sulfate, chloride, lithium, molybdenum,
nitroaromatic compounds, uranium, trichloroethylene (TCE), and 1,2-dichloroethylene.
Contamination in groundwater is generally confined to the shallow, weathered portion of the
uppermost bedrock unit, the Burlington-Keokuk Limestone.

The feasibility study for remedial action for the GWOU at the Chemical Plant and Ordnance
Works areas was initiated in 1997 (DOE and DA 1998). This study evaluated potential options
for addressing groundwater contamination at both sites. The preferred alternative was long-term
monitoring of groundwater in conjunction with in situ treatment of portions of the shallow
aquifer impacted by TCE. In 1998, a long-term pumping test was performed at the Chemical
Plant to evaluate potential groundwater remediation methods for TCE contaminated groundwater
(MKF and JEG 1998). Results indicated that the transmissivity of the aquifer in the area of TCE
impact was higher than expected; however, due to the geology in the area, dewatering of the
aquifer occurred. Evaluation of conventional pump-and-treat technologies indicated that this
would not be the most effective method for possible remediation of this area. These data were
evaluated in the Supplemental Feasibility Sudy for Remedial Action for the Groundwater
Operable Unit at the Chemical Plant Area of the Weldon Spring Ste (DOE 1999a) and utilized
in preparation of the Proposed Plan for Remedial Action for the Groundwater Operable Unit at
the Chemical Plant Area of the Weldon Soring Ste (DOE 1999b).

The Proposed Plan was submitted to the public and the regulatory agencies on August 3, 1999. A
first public comment period was from August 3 through September 1999. After a public meeting
on August 25, 1999, at the Weldon Spring site, the comment period was extended from
November 2, 1999, through January 6, 2000, in response to public requests.

When the plan was issued, the Missouri Department of Natural Resources (MDNR) did not
concur with the proposal. To resolve these issues, the EPA facilitated an issue-resolution process.
Specifics of process are provided in the Interim Record of Decision for Remedial Action for the
Groundwater Operable Unit at the Chemical Plant Area of the Weldon Soring Ste (DOE 2000).

On June 12, 2000, DOE announced there would be an additional public comment period so there
would be further opportunity to review the plan along with the documents generated during the

issue resolution. This additional public comment period was originally scheduled to end on July
14, 2000, but was later extended through August 15, 2000, in response to requests for more time.
Numerous public comment letters were received that expressed concern over the proposal to not
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actively treat all the groundwater contaminants of concern. In response to these comments, DOE
reconsidered the initial decision to move forward and decided to postpone the final ROD.

DOE proposed active remediation of the TCE impacted groundwater at the Chemical Plant site
as presented in the proposed plan and to conduct further field studies to re-examine the
effectiveness and practicability of further active remediation for the remaining contaminants of
concern. An interim ROD relating to the remediation of TCE contaminated groundwater at the
Chemical Plant site was signed by DOE and EPA on September 29, 2000. This Interim Record of
Decision for Remedial Action for the Groundwater Operable Unit at the Chemical Plant Area of
the Weldon Spring Ste (DOE 2000) authorized treatment of TCE in groundwater utilizing in situ
chemical oxidation methods.

In 2003, the Supporting Evaluation for the Proposed Plan for Final Remedial Action for the
Groundwater Operable Unit at the Chemical Plant Area of the Weldon Sporing Ste (DOE 2003a)
was prepared in conjunction with the Proposed Plan for Final Remedial Action for the GWOU
(DOE 2003b). The purpose of the Supporting Evaluation was to reevaluate the feasibility of
groundwater removal, in-situ chemical oxidation (ICO), and MNA technologies and options on
the basis of recent information collected from the ICO pilot-phase treatment and the additional
groundwater field studies.

The Proposed Plan for Final Remedial Action was submitted to the public and the regulatory
agencies on August 4, 2003. A public comment period was from August 4 through September 3,
2003. A public meeting was held on August 13, 2003, at the Weldon Spring site to present an
overview of the preferred alternative and explain the process that led to its selection.
Representative from MDNR, Missouri Department of Conservation (MDC), EPA, and the public
were present.

The Record of Decision for Final Remedial Action for the Groundwater Operable Unit at the
Chemical Plan Area of the Weldon Soring Ste (DOE 2004a) was signed by DOE on

January 29, 2004, and EPA on February 20, 2004. The selected remedy of MNA with ICs to
limit groundwater use during the period of remediation addresses cleanup of all contaminants of
concern (COCs) in groundwater and springs at the Chemical Plant area. The selected remedy
also serves as a change to the Interim ROD, which addressed TCE groundwater contamination.
In-situ treatment of TCE did not perform adequately in the field and MNA is now considered the
appropriate final remedy for TCE as well as the other groundwater contaminants.

A.1.4 Site Investigations

A number of investigations have been performed to determine the nature and extent of
contamination at the Chemical Plant. These investigations are included in this document because
they define the source areas and possible constituents for groundwater impact. Investigations
also have been performed to define the geological, hydrological, and contaminant profiles of the
aquifer system in the Chemical Plant area.

A.1.4.1 Chemical Plant Contaminant Investigations

Investigations of the nature and extent of soil contamination at the Chemical Plant Site were
conducted during the late 1980’s and early 1990’s. Included in the investigations at the Chemical

Interim Remedial Action Report for the Groundwater Operable Unit U.S. Department of Energy
DOE/GJ/79491-952 March 2005
Page A-6



Plant were the four Raffinate Pits, Ash Pond, Frog Pond, the coal storage area, soils near former
processing facilities, and soils near the former TNT production lines. The findings were
published in the Remedial Investigation for the Chemical Plant Area of the Weldon Spring Ste
(DOE 1992).

Soil at the Chemical Plant generally contained low levels of radionuclides such as uranium,
thorium, and radium; some heavy metals such as arsenic and lead; and inorganic ions such as
sulfate. Characterization data indicated that uranium (U-238) generally was distributed at low
levels across the Chemical Plant surface soils, but a few discrete areas of relatively high
concentrations occurred at the north dump, the south dump, and around the process buildings.
Elevated levels of radium (Ra-226 and Ra-228) were detected in a few scattered areas around the
process buildings, and elevated levels of thorium (Th-230) were detected in scattered locations
around the Raffinate Pits and in the south dump.

The Raffinate Pits contained several hundred to several thousand picocuries per gram (pCi/g) of
uranium, radium, and thorium isotopes. Chemical analysis of the sludge showed relatively
homogeneous material in all of the pits except Pit 4, which also contained a large number of
discarded drums, containers, and debris from the DA’s earlier partial decontamination. The
sludge contained concentrations greater than background for all the metals and anions included
in the analysis. The pH of greater than 7 maintained low concentrations of heavy metals in the
water. These four pits, Frog Pond, and Ash Pond all contained radionuclides, primarily thorium
and uranium, metals such as arsenic and chromium, and inorganic anions such as nitrate,
fluoride, and sulfate. Even though characterization of Frog Pond showed radiological
contamination, there is no known record of contaminated material being stored or buried in this
area.

A.1.4.2 Chemical Plant Hydrogeologic Investigations

Numerous hydrogeological investigations have been performed since 1987 at the Chemical Plant
area to develop a hydrogeological conceptual model for the GWOU. The investigations that
focused on characterizing the shallow aquifer system and identifying potential flow paths for
contaminant migration included installation of monitoring wells, logging of the bedrock and
overburden, measuring static water levels, surface and subsurface dye trace testing, aquifer
testing, and pilot scale remedial actions.

A.1.4.3 Chemical Plant Groundwater Contaminant Investigations

Groundwater sampling and analysis have been ongoing at the Chemical Plant area since 1987 to
identify the nature and extent of groundwater impact as well as contaminant fate and transport
mechanisms. A joint sampling effort was conducted with the Army during 1995 in support of the
remedial investigation for both the Chemical Plant and the neighboring Ordnance Works area.

Several area and/or contaminant specific investigations were performed recently to further
determine the nature and extent of groundwater impact. These investigation focused on areas that
were not accessible prior to Chemical Plant remediation (i.e., Raffinate Pits area) or were
exhibiting changing conditions due to remedial actions (i.e., nitroaromatic compounds in the
Frog Pond area) (DOE 2004b and 2004c).
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A.1.4.4 Field Studies

The removal of groundwater by conventional (vertical) extraction wells was evaluated in the
Feasibility Study (DOE and DA 1998), but was not deemed to be viable because of field
limitations that were indicated by the hydrogeological data available at that time. At the request
of MDNR, DOE conducted additional groundwater field studies in 2001 to determine the
contaminant removal rates using a conventional system. Also, MDNR requested that several
enhancements, such as using artificial recharge in conjunction with groundwater extraction, or
using an angled well for extraction, be evaluated to determine if contaminant removal rates could
be improved. The purpose of the field study was to obtain data for use in deciding whether these
variations could significantly improve removal rates over those achieved by a conventional
system. A detail discussion of the field studies is presented in the Completion Report for the
Additional Groundwater Field Sudiesin Support of the Groundwater Operable Unit (MKF and
JEG 2002).

The results of the field studies conducted in 2001 indicated that modifications to the
conventional pump and treat systems did not increase the mass of contaminants removed over
those removed by a conventional vertical well system with no artificial recharge. Consequently,
the amount of water extracted from the area as a result of artificial recharge would not reduce the
remediation time frames for TCE, nitrate, uranium, or nitroaromatic compounds. Another
modification, the use of an angled well, likewise failed to produce results comparable to those
achieved by the vertical extraction well. These results reflect the difficulty involved in siting
productive wells in the complex geology of the site.

A.1.45 Remedial Actions

The Interim Record of Decision (IROD) (DOE 2000) established ICO of TCE as the remedial
action to address TCE contamination in the groundwater in the Raffinate Pits area. This
technology was selected because of all the technologies evaluated, it offered the best potential
for quickly reducing TCE levels, and it would be cost effective. However, it also was recognized,
that uncertainties associated with the complex hydrogeology of the site likely would affect the
effectiveness and implementability of the ICO process.

To implement the IROD remedial action, bench-scale tests by several vendors were performed to
determine the effectiveness of ICO in treating TCE at the site and evaluate several of the ICO
processes. It was determined from the bench-scale testing that both of the processes evaluated
(permanganate and hydrogen peroxide) could destroy the TCE in the site groundwater; however,
uncertainty still existed regarding the implementation on a full-scale.

Pilot-phase 1CO was performed in 2002 to evaluate the effectiveness of the ICO process under
actual field conditions and to assess the feasibility of implementing a full-scale system. The
pilot-phase activities were performed at two locations, representing the upper and lower limits of
the hydraulic condition in the bedrock aquifer within the area of higher TCE concentrations. A
detailed discussion of the field activities is presented in the Pilot-Scale Testing Compl etion
Report on In-Stu Chemical Oxidation of TCE in Groundwater (ATC 2002). A summary of the
groundwater sampling performed subsequent to the pilot-phase project is discussed in the
Completion Report for the Groundwater Sampling Performed in Support of the Pilot Phase ICO
Project (DOE 2004d).
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The pilot-phase ICO temporarily reduced TCE concentrations in the area of influence. The
sodium permanganate solution was distributed to a distance of about 100 feet from the injection
point, with the dispersion of the permanganate favoring a downgradient direction toward the
paleochannel features of the site. Uniform distribution of the injection chemicals was not
achieved. In addition, increased chromium, mercury, silver, and manganese concentrations were
observed in areas where sodium permanganate appeared. Although the metals concentrations
were expected, sodium permanganate was still present at some locations 1 year after the
completion of the pilot-phase ICO. The ICO treatment did not affect uranium or nitrate
concentrations at the site.

The results of the pilot-phase ICO could not be applied directly to the whole TCE area because
of the non-uniform, heterogeneous nature of the site hydrogeology. The limitations imposed by
site hydrogeology on the design for full-scale implementation, coupled with concerns about the
potentially large increase in metal concentrations in groundwater and the persistence of the
chemical aquifer, were the primary factors that contributed to the overall decision not to go
forward with full-scale implementation of 1CO.

A.1.5 Land Use

The Weldon Spring site is in St. Charles County, which in 2000 had a population of
approximately 283,833. The largest city in the county is St. Charles, which is approximately

15 miles northeast of the site and has a population of about 58,156. The two communities closest
to the site are Weldon Spring and Weldon Spring Heights; both located about 2 miles to the
northeast. The combined population of these two communities in 2000 was 5,349. No private
residences exist between these two communities and the site. Urban areas occupy about

6 percent of county land, and non-urban areas occupy 90 percent; the remaining 4 percent are
dedicated to transportation and water uses (DOE 2004e).

The Weldon Spring Training Area, which is adjacent to the Chemical Plant site, is currently used
for field training and outdoor maneuvers by the U.S. Army reserve, the Missouri Army National
Guard, and other military and police units. An estimated 3,300 local Army reservists and 3,400
other reserve units use the training area each year. The Department of the Army intends to
continue using the area for training activities.

A large portion of the former Ordnance Works area, which consisted of 17,232 acres, was
converted into conservation areas. The August A. Busch Memorial Conservation Area, located
north of the Chemical Plant, occupies 6,987 acres. South of the Chemical Plant site is the
Weldon Spring Conservation Area, which occupies 7,356 acres. Both areas are managed by the
Missouri Department of Conservation and are open throughout the year for recreational use.
These areas receive an estimated 1.2 million visitors each year.

The Missouri Highway and Transportation Department Weldon Spring maintenance facility
located adjacent to the north side of the Chemical Plant employs about 10 workers. Francis
Howell High School, about 0.6 mile east of the Chemical Plant area, employs approximately
150 faculty and staff (including employees at the Francis Howell Administration Annex) and is
attended by about 1,500 students (DOE 2004a). About 741 acres of land east of the Chemical

U.S. Department of Energy Interim Remedial Action Report for the Groundwater Operable Unit
March 2005 DOE/GJ/79491-952
Page A-9



Plant site are owned by the University of Missouri. The northern third of this land has been
developed into a high-technology research park.

The 217-acre Chemical Plant area is expected to remain under control and ownership of DOE.
As currently planned, only three buildings will remain within the Chemical Plant proper after
project completion and site closure. These include the Interpretive Center, Administration
Building, and Leachate Collection and Removal System building.

The Weldon Spring Training Area, which is adjacent to the Chemical Plant, is managed by the
DA and will continue to be used for field training for the foreseeable future. The Missouri
Department of Conservation will continue to maintain the remaining surrounding conservation
areas for recreational use for the long-term.

A.1.6 Groundwater and Spring Water Use

As a whole, the shallow aquifer beneath the boundaries of the Chemical Plant area and the
adjacent former Ordnance Works area is currently not used for drinking water or for irrigation.
However, on the basis of EPA guidance for groundwater classification, site groundwater is
classified as potentially useable from a water quality standpoint (MKF and JEG 1990). No active
private wells are located within 1 mile of the Chemical Plant. One well, which is used for
irrigation at the Missouri Research Park, is within 2 miles, but it is crossgradient of the site and
therefore does not have the potential for impact. No domestic wells are known to be active
within the Chemical Plant area, the adjacent Ordnance Works area, or the Busch Conservation
area. The closest domestic water wells are 2.1 miles to the north-northeast. These wells are
estimated to be 325 to 350 feet deep. Although these wells produce water from the shallow
aquifer, the potential of impact from contaminated groundwater originating at the Chemical Plant
site is low. Groundwater field studies have supported that the preferential flow direction for
groundwater from the site is to the northwest toward Burgermeister Spring and the 6300
Drainage (DOE and DA 1997a). If active wells screened in the Burlington-Keokuk Limestone
were present between the site and this drainage, the likelihood for impact would be high.

A municipal water supply is currently available to serve the residential and commercial needs of
the area communities. Thus, for the foreseeable future, it is unlikely that the impacted
groundwater beneath the Chemical Plant area would be used for household purposes. In addition,
the impacted shallow portion of the aquifer in the Chemical Plant area is characterized by low
yields. The deeper, unaffected, higher yielding aquifers would more likely serve as a
groundwater source in the unlikely event groundwater use were to occur. Despite the
unlikelihood of the impacted groundwater being used for household purposes, in accordance
with EPA guidelines and for purposes of making the remedial action determination, this shallow
groundwater is a potentially usable resource.

Several springs and seeps receive groundwater discharge near the Chemical Plant area.
Burgermeister Spring, which is 1 mile northwest of the Chemical Plant area, is a major discharge
point for migrating groundwater. Two large springs are located in the bottom portion of the
Southeast Drainage. Recreational visitors to the Busch Conservation Area have access to these
springs. Access to spring water will remain similar to current conditions, consistent with
recreational land use.
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Appendix B

Construction Activities



B.1 Construction Activities

Construction activities under the Groundwater Operable Unit (GWOU) consisted of drilling and
testing to support the hydrogeologic investigation and monitoring well installation. These
activities began in April 2004 and were completed by July 2004. The scope of the work initially
involved installing three new wells to supplement the existing monitoring well network. Two of
the wells targeted the unweathered Burlington-Keokuk Limestone and were located in areas of
the site where monitoring of this unit below areas of impact is not adequate. Well MW-2056 is
clustered with MW-2052 in the Frog Pond area and is within the leading edge of the
nitroaromatic compound plume and the preferential flow pathway in this area. Well MW-4040 is
located west of MW-3030 near the property boundary and is within the leading edge of the
trichlorethylene (TCE), uranium, nitroaromatic compound, and nitrate plumes. It also is within
the preferential flow pathways in this area.

One new weathered zone well, MW-4041, is north of the site on the Busch Conservation Area.
The purpose of this well is to monitor groundwater within the preferential flow pathway that
transports groundwater from the Chemical Plant site to Burgermeister Spring. The location of
this well was based on the topography of the top of the Burlington-Keokuk Limestone and the
troughs in the potentiometric surface in this area. Initially three boreholes (BH-A through
BH-C) were drilled to better define the paleochannel in this area. Based on field data, an
additional borehole (BH-D) was drilled north of the three original boreholes for better definition.
Well MW-4041 was constructed at the BH-D location.

Well MW-3040 was installed to monitor the unweathered Burlington-Keokuk Limestone near
the existing well cluster of MW-3024 and MW-3025. A review of the hydrologic and
contaminant data, and previous reconstruction of unweathered well MW-3024, led to
uncertainty regarding the integrity of the well and the reliability of the contaminant and
groundwater level data. This new well will be monitored to assess previous information
regarding the unweathered zone in this area.

These new wells were initially sampled between June 30 and July 1, 2004. The results of these
sampling events are summarized in Section 4, as well as the interpretation of the data regarding
contaminant nature and extent.

B.1.1 Drilling and Sampling

Seven boreholes were drilled and tested during the effort (see Figure 3-2). The drilling began on
April 26 and the last well was completed on May 20, 2004. Roberts Environmental Drilling Inc.
of Millstadt, Illinois, was subcontracted to perform all drilling, aquifer testing, well installation,
and well development. Geologic field oversight was provided by Paul Patchin and Alan Benfer,
both of Washington Group International of Boise, Idaho.

All boreholes were drilled and cored using an all terrain CME-750 drill rig. A truck-mounted
CME-75 was initially used on the first borehole, but had mechanical problems and was replaced
by an all-terrain drilling rig, which allowed better access to the well locations given the wet
conditions. Hollow stem augers with an inside diameter (ID) of 4-1/4 inches and outside
diameter (OD) of 7-1/4 inches were used to drill the boreholes to the top of the limestone
bedrock.
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Soil samples were collected during the drilling of the first three boreholes (BH-A through
BH-C) located in the Busch Conservation Area to characterize the overburden material. Soil
samples were not collected in BH-D as this location was initially bored to obtain top of rock
data only. Soil samples were not collected in the overburden for the three boreholes drilled on
the Chemical Plant site unless needed to confirm the top of bedrock. For those that were
sampled, the samples were collected continuously using an 18-inch split spoon with an ID of
1 inch. The sampler was driven 18 inches below the auger bit using an automatic 140-pound
hammer falling 30 inches. The number of blows required to drive each 6-inch interval was
recorded, and the last two 6-inch drives were summed and expressed in blows per foot on the
borehole log. Soils were retrieved from the split spoon and described according to the Unified
Soil Classification System.

Core drilling of the bedrock was performed in all of the boreholes using an NQ wireline split
core barrel with a 3-inch inside diameter. All rock cores were described according to site
procedures. Borehole logs for all the boreholes are contained in this appendix.

Borehole BH-B was abandoned in accordance with 10 CSR 23. Boreholes BH-A and BH-C
required variances from the regulations because the original core hole could not be located due to
collapse near the overburden/bedrock interface. Roberts Environmental Drilling Inc. requested
an alternative method of plugging from the bedrock to approximately 2 ft below the ground
surface with group and topping with clean compacted soil. MDNR-DGLS approved this method
and the boreholes were abandoned in accordance with the variance (Variance No. 2550).

B.1.2 Packer Testing

Packer testing was performed in each borehole to measure the hydraulic conductivity in discrete
intervals of the bedrock. Methods described in the Groundwater Manual (DOI 1977) were used
to perform the tests. During the drilling of each borehole, packer testing was performed in the
limestone bedrock as the borehole was advanced. The testing utilized a single packer assembly.
Following core drilling of the interval to be tested, it was then flushed with water through the end
of the core barrel to clean out the fine cuttings created during the drilling process. The packer
assembly was placed down and through the end of the drill pipe, extending past the drilling bit
attached to the outer core barrel. The packer assembly had an inflatable packer within the core
barrel and a second packer that extended just outside the end of the core barrel. One packer
sealed the drill rods while the other sealed the borehole. The open hole below the lowermost
packer was pressurized by pumping water directly into the test interval through the drill pipe and
into a water pipe extending through the packers. Test pressure and flow rates were measured at
the surface with a pressure gauge and water meter, respectively, and recorded. Generally four or
five tests of differing pressures were performed at each interval, which were generally 10 ft in
length.

The calculated hydraulic conductivity (K) results from the testing are given in Table B-1. Test
sheets from the field packer testing are included in this appendix.
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Table B-1. Summary of Packer Test Results

Location Test Interval Test Number Test Pre_ssure K Average K
(ft bgs) (psi) (cm/sec) (cm/s)
1 5 4.1x10™
2 10 4.3x10™
19.0 - 29.7 3 15 54x10" 5.0x10"
4 10 5.5x10™
5 5 5.6 x 10"
1 5 2.0x10*
2 15 3.9x10"
24.0-34.7 3 25 4.9x10™ 4.0x 10"
4 15 5.1x10"
5 5 3.7x10"
1 10 7.2x10°
2 20 No Take
35.0 - 44.7 3 30 2.4%x10° 2.5%x10°
MW-2056 4 20 No Take
5 10 No Take
1 10 No Take
2 30 49x10° %
45.0-54.7 2 = 23X 10° 7.5x10
4 30 No Take
1 15 1.8x10°
2 35 4.8x10°
55.0 — 64.7 3 55 4.4x10° 3.6x10°
4 35 6.9 x 10°
5 15 No Take
1 20 No Take
65.0 — 74.9 2 40 No Take <1.0x10”
3 60 No Take
1 15 No Take
2 30 No Take
44.5-55.0 3 45 56x10™ 4.7 x10™
4 30 No Take
5 15 No Take
1 10 2.1x10°
2 30 3.9x10°
55.0 — 64.0 3 50 51x10° 3.5x10°
MW—3040 4 30 3.7x 10'2
5 10 2.5x 10
1 20 3.2x10°
2 40 2.5x10°
64.0 —74.0 3 60 3.0x10° 2.6x10°
4 40 2.5x10°
5 20 1.8x107
1 30 No Take
74.0-82.2 2 50 No Take <1.0x107
3 70 No Take
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Table B-1 (continued). Summary of Packer Test Results

Location Test Interval Test Number Test Pre_ssure K Average K
(ft bgs) (psi) (cm/sec) (cm/s)
1 25 No Take
2 50 9.7x10°
82.0-94.0 3 75 3.9x10° 1.1x10°
4 50 49x10°
5 25 No Take
1 30 2.9x10"
MW—3040 2 60 2.7x10%
(continued) 94.0 — 104.0 3 90 2.5 X 10_1 2.9x10"
4 60 2.9x10
5 30 3.3x10™
1 45 8.8x 10"
2 70 6.5x 107
104.0 - 114.0 3 95 1.4x10° 8.9x107
4 70 6.5x 107
5 45 8.8x10"
1 10 No Take
33.0 — 39.0 2 15 No Take <1.0x107
3 25 No Take
4 10 No Take
1 10 8.9x 107
2 20 1.9x10°
MW—4040 38.0-49.0 3 30 25x 10:2 1.6x10°
4 20 1.9x10
5 10 8.9x10"
1 20 4.3x107
2 30 1.0x10°
50.0 — 65.0 3 45 1.0x10° 6.4%x107
4 30 3.3x107
5 20 3.3x107
1 20 No Take
2 40 3.7x10°
MW-4041 57.5-67.0 3 60 2.7x10° 7.2x10°
4 40 52x10°
5 20 No Take
1 10 3.0x10"
2 20 4.7x10™
38.0 —48.0 3 30 4.6x10" 46x10"
4 20 4.9x10™
5 10 5.7x10™
1 20 1.8x10°
2 30 No Take
BH-A 49.0-59.0 3 40 No Take 4.4%x10°
4 30 No Take
5 20 No Take
1 20 5.2x10°
2 40 3.4x10°
59.0 — 69.0 3 60 3.6x10° 2.1x10°
4 40 2.2x10°
5 20 1.0x10°
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Table B-1 (continued). Summary of Packer Test Results

Location Test Interval Test Number Test Pre_ssure K Average K
(ft bgs) (psi) (cm/sec) (cm/s)
1 20 No Take
2 40 5.0x10°
69.0 — 79.0 3 60 1.2x10° 3.5x10°
4 40 No Take
BH-A 5 20 No Take
(continued) 1 20 1.4x10°
2 40 2.7x10°
79.0 —89.0 3 60 1.4x10° 8.8x10°
4 40 1.3x10°
5 20 No Take
1 10 1.8x10°
2 20 2.0x10°
32.0-38.0 3 30 No Take 7.7%x10°
4 20 No Take
5 10 No Take
1 20 1.0x 107
2 30 4.0x10°
38.0-48.0 3 40 4.2x10° 5.2x10°
BH-B 4 30 7.8x10°
5 20 No Take
1 20 No Take
48.0-58.0 2 30 No Take <1.0x107
3 40 No Take
4 50 No Take
1 30 No Take
58.0 — 64.0 2 40 No Take <1.0x10”
3 50 No Take
1 20 5.8x10°
2 40 6.3x10°
68.7 - 77.0 3 60 3.8x10° 6.5 x10°
4 40 6.8 x 10°
BH-C 5 20 1.0 x 10_;‘
1 20 5.8x 10
2 40 4.7x10°
78.7-87.0 3 60 4.0x10° 4.8x10°
4 40 2.5x%x10°
5 20 6.9 x 10°

No Take = no measurable volume of water could be introduced into the formation at the specified pressure.

B.1.3 Well Installations

Three wells (MW-2056, MW-3040, and MW-4040) were drilled and completed in the
unweathered portion of the Burlington Keokuk Limestone (see Figure 3-2) to supplement the
unweathered zone monitoring well network. The remaining well, MW-4041, was drilled and
completed in the overburden/weathered portion of the Burlington-Keokuk Limestone to monitor
a paleochannel feature north of the Chemical Plant. The boreholes and wells were drilled, tested,
and constructed at locations summarized in Table B-2.
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Table B-2. Monitoring Well Construction Summary

L . Coordinates Elevations (MSL?) Screened Total
ocation - - - b c
Northing Easting Ground Top of Casing | Interval (ft bgs™) | Depth” (ft)
MW-2056 1043939.0 756027.0 622.2 624.9 73.0-83.0 83.0
MW-3040 1042632.8 754252.0 654.3 656.8 95.0 - 105.0 119.0
MW-4040 1042990.8 753001.3 631.7 633.9 55.0 -65.0 65.0
MW-4041 1048463.8 753070.9 581.0 583.1 55.0 -65.0 67.0
BH-A 1047099.2 752267.3 609.2 NA NA 89.1
BH-B 1047574.4 752434.7 609.6 NA NA 74.0
BH-C 1048053.2 752763.0 604.6 NA NA 87.0

“Elevation above mean sea level.

PFeet below ground surface.

“Total depth of the deepest advancement of the borehole irrespective of well construction.
NA = Not applicable.

The wells consisted of 2-inch 316 stainless steel wire-wrapped screen (0.0010-inch slot) with
10/20 silica sand filter pack. A 2-inch blank riser was attached to the screen to approximately

3 feet above ground surface. For the unweathered Burlington-Keokuk wells, a 6-inch 1D
protective casing was grouted into the borehole following the reaming of the borehole to

10 inches. The casing was installed to prohibit the downward movement of contaminated
groundwater in the overlying weathered zone. Hydrated bentonite chips generally were utilized
as the well seal and bentonite grout was used as the annulus seal. Surface completions consisted
of a 5-foot lockable protective cover, set into a 2-ft diameter concrete pad extending 2 ft below
the ground surface. A brass identification plate was set into the concrete and the well number
stamped into the plate. Where possible the locking well cover was threaded to the 6-inch
protective casing. Four steel protective posts (4-in diameter by 6 ft long) were placed to a depth
of 3 feet into the ground around the well and cemented in place. Upon completion of the well
surface, all wells were surveyed for location and elevation of top of well casing and ground
surface. Surveyed coordinates and elevations are included on the borehole logs and well
completion diagrams for the monitoring wells.

B.1.4 Well Development

Following a minimum of 48 hours after well completion, all wells were developed using a pump
and surge technique combined with overpumping. Physical parameters such as temperature,
conductivity, pH, and turbidity were measured until all were consistent, the minimum well
volume was removed, and turbidity conditions met the specifications. During development, wells
completed in the unweathered zone of the Burlington-Keokuk Limestone exhibited slow
recharge (generally less than 1 gallon per minute) and were difficult to clear up. Table B-3
summarizes the development information for wells installed during this effort.
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Table B-3. Well Development Summary

Screened Static Water Level Volume
Location Interval Before After Removed Observations/Comments
Development | Development | (gallons)
MW-2056 | 73.0 - 83.0 31.2 34.2 45 Very slightly turbid
_ _ Very slightly turbid
MW-3040 | 95.0 - 105.0 575 59.2 42 Sustained approx. 0.25 to 0.5 gpm
MW-4040 | 55.0 - 65.0 32.7 33.8 28 Slightly Turbid
Very slow recharge
MW-4041 | 55.0 — 65.0 403 426 174 Slightly trbid

Sustained approx. 1 gpm

gpm = gallons per minute

B.1.5 Hydrogeologic Observations

The results from the packer testing followed trends noted from previous testing at the site such as
decreasing permeability with depth with the highest permeability typically resident in the
strongly weathered portion of the Burlington Keokuk Limestone.

The drilling of boreholes BH-A, BH-B, BH-C, and MW-4041 (BH-D) was performed to
better define a potential paleochannel that was believed to extend north from the site into the
Busch Conservation Area. The first two holes drilled encountered relatively shallow bedrock and
delineated a bedrock high that was not previously defined. The paleochannel became evident to
the northeast with the drilling of the last two boreholes. Well MW-4041 was placed at BH-D
location because it exhibited the deepest bedrock elevation and little residuum was encountered
that is indicative of the paleofeatures. The site bedrock topography map was updated with the
data from this drilling program. The bedrock topography north of the site is much better defined

and the morphology is indicative of more deeply incised drainages.

B.1.6 References

U.S. Department of Interior (DOI), 1977. Groundwater Manual, A Water Resources Technical
Publication, prepared by the Bureau of Reclamation.
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End of current text
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Borehole Logs and Well Diagrams



AOLE NUWBER
BOREHOLE AND WELL COMPLETION LOG e
z 1047089.2
WELL STATUS/COMMENTS LOCATION EAST (X):
Exploratory Borehole BUSCH WILDLIFE AREA 752267.3
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
ROBERTS ENVIRONMENTAL Inc. CME-750 HSA/NGWL
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| z ., BOTTOM OF HOLE (TD) GROUND ELEVATION
7-1/4" HSA=27.5' NQ-89." Vertical £ 89l 609.2
DRILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE ~ & BEDROCK STICKUP
Water core None e 27.5
DATE START DATE FINISH =5 WATER LEVELS & DATES HYDR CONDUCTIVITY (cm/sec)
05-03-04 _ 05-05-04 BE K= 4.6x1074 (Packer Test)
- 4] o LITHOLOGY BY ~ER — -
o —
- lw@.lzzl8] =0 ALLEN BENFE z WELL DIAGRAM =
P el ) & ] ha O O w o — -
oo o | w Lo ) > = = E % . o O
we ZZ25|e8| 5| X |35 =z >0
o SIEZluo| = | ¥ 15° DESCRIPTION AND REMARKS = W
o -
g [ala sy =z o A 5 o
100 ©
|/ /| CL b
7 SPT-1=<] 13 B 1.0 = 7.0". CLAY, medium plasticity, stiff, moist, b
- 12/18 - brown and pale brown, some iron oxide, some root 4
o | hairs, MnOx (black), CL FERRELVIEW CLAY |
1l | B ==K L
12/18" 605
5 - z .
W= B o .
. 8718 7.0 - 11.0". CLAY, high plasticity, hard, ~10% sand .
/ CH
— - and fine gravel, (white), clay is reddish brown & .
. = gray mottled together, moist, by 9.0' only a trace
SPT-4 T 13 of sand and gravel but abundant FeOx, CH 5600
10"‘ A [— FERRELVIEW CLAY E
B SPT-5 1 / CH 11.0 — 27.5". CLAY, high plasticity, with ~20% fine %" 1
T 18/18” o/ AGRVL[" angular chert gravel increasing with depth, reddish 4
_ A 74 _ brown and black (MnOx), moist, hard, CH RESIDUUM ]
“I[wlispT-6 == 40 Z B 595
15_ i8/18 / “ — |
= "/ - -4
SPT-7 50 (’
TRl run-1 B8, a B B17.0° Switched to NGWL coring, partial water return E
- /84 4 - (reddish), driling tast, poor recoery (mostly chert i
i V /] | and some red clay — Residuum) .
20 7 h e
— b - i
[/
] 7 -
) =
T RUN-2 X 14 {l B 585
25— 18/60" A - .
. Y/ 4 L 4
— 4 -
] e~ Iop ofimestone beqrock @275t _—f ]
CHRT 27.5 - 36.8'. LIMESTONE and CHERT, approx 7
W[ RUN-3 — 87 - 80/30, interbedded and finely divided together. 580—
30._ 37/37 |— Overall limestone is very weathered, finely |
n | crystalline, yellow brown, mod. hard, vuggy with
mincr small voids, FeOx common, several loss zones, N
MWRN-2[==7 | 27 - some stylolites. Chert exhibits wavy bedding, hard, -
_ 58/72” = light colored. STRONGLY WEATHERED ]
i | BURLINGTON-KEOKUK LIMESTONE UNIT 75
-1 o 36.8 - 49.7°. LIMESTONE with CHERT, approx. z B
- = 50/50, Limestone is highly weathered and eroded, »
RUN-5 e 86 soft to mod. hard, vuggy, yellow brown with clay 3 T
40 7 t I~ along some fractures. Chert is nodular. = 570
e —
45 7 B 565—
I 1H|RUN-6 | 68 B .
- 68/72" H—

0 sample Interval [ No Sample Take

n Yminimum  ¥maximum  Yaverage



HOLE NUMBER
BOREHOLE AND WELL COMPLETION LOG e
‘z’ 1047089.2
WELL STATUS/COMMENTS LOCATION EAST (X) :
Exploratory Borehole BUSCH WILDLIFE AREA 752267.3
= &) —
o |x = b
r |wEsiez|e] =218 Z WELL DIAGRAM =
o |Eloalw SRS Oz 3 . T
Ho [E2E Q39 5| T |58 = To
oY |51 2w O w | & |m© DESCRIPTION AND REMARKS = Tha
<T|aex) z | & 8 — o
%)
100 o @
ws|__ — 560
1 i QHR V‘ 497 - 66.4". LIMESTONE, yellow brown to pale -
- =\ Ms | brown, moderately weathered, with stylolites, with x i
_ Cl | approx. 20% chert primarily as nodules. Limestone 2
[ = | exhibits oxidation on fractures, is medium bedded to 2 ]
A T-ll l - massive, finely to coarsely crystalline, med. hard to .
] | hard, fossiliferous, decreasing weathering with _
54 i RUN‘7§60,, 18 Tll | depth. WEATHERED BURLINGTON-KEOKUK 558
-] LIMESTONE UNIT N
7 [m ] § T
— ChHl = 4
4 || N i
CHl
53— ®lrun-s g6 [l ] — 550—
- 115/120™ m | - 4
[ =]
4 - n |
E [ w ] = ]
4 Cal |
[ ] N
64— CHl — 545
i [ ] » |
CHl
= I B , . .
B OB | 66.4 - 83.2'. LIMESTONE, massive, generally finely
Tem ] crystalline, slightly weathered, styolitic, minor chert, T
- - - oxidized fractures, 25% gray chert from §9.1-72.0", ]
69— T | occasional voids to 2", tossiliferous, chert bed from x ]
RUN-9 89 “R3 5 ; = 540
; CEE 82.3-83.2" (gray to light gray). -]
~ 120/120° T - = 4
= - | o .
4 I L |
CHl
B [m ] B B
74—— Tl 1 — 535—
4 - L |
- LA - .
4 CHl N
| = | ]
- - | o .
79_ Il L
RUNIO 7| 44 [m] 5304
— 38/38 T= ] - N
. - | L 4
i | = B
Il =1 s 744 L i
82/82 -] 83.2 - 8., LIMESTONE, very slightly weathered, .
84— T ] [— fine to coarsly crystalline, fossiliferous, severat 525—
- CH - stylolites, hard minor iron staining, light gray (near i
4 o] | unweathered contact).
- | T
= [m | B R
4 CA L o
89— =
520
4 F  Total depth 89.1', 5-05-04. Hole abandoned to the .
< - surface with high-solids bentonite grout. ]
7 r CONSTANT HEAD SINGLE PACKER TEST RESULTS B
~ - 38.0 - 4B.0-FT. K = 4.6E-4 cm/sec ]
94_ | 48.0 - 59.0-FT. K = 2.3E-6 cm/sec
59.0 - 69.0-FT. K = 2.1E-5 cm/sec 515
7 r 69.0 - 79.0-FT. K = 3.5E-6 cm/sec -
- - 78.0 - BS.0-FT. K = B.BE-5 cm/sec N
99 - .
104 - 205
- -

[0l sample Interval [ No Sample Taken ~ Yminimum  ¥maximum  Yaverage



WELDON SPRING SITE REMEDIAL ACTION PROJECT

HOLE NUMBER

BH-B

Exploratory Borehole

| SHEET 1 OF 2
BOREHOLE AND WELL COMPLETION LOG S —— —
& 104 4.4
1 Xy
WELL STATUS/COMMENTS LOCE‘;JS%T-{ WILDLIFE AREA EAST (X 750434 7

DRILLING CONTRACTOR
ROBERTS ENVIRONMENTAL Inc.

DRILL RIG MAKE & MODEL
CME-750 HSA/NQWL

TOC ELEVATION

HOLE SIZE & METHOD

M

ANGLE FROM HORIZONTAL & BEARING| zr ., BOTTOM OF HOLE (TD)

GROUND ELEVATION

7-1/4" HSA-28.5' NG-74.0' Vertical €% 740 609.6
ORILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE :Q BEDROCK STICKUP
Water core None =0 28.5
DATE START DATE FINISH = 5 WATER LEVELS & DATES HYOR CONDUCTIVITY (cm/sec)
04-29-04 05-03-04 5 \ 4 K= 7.7x107° (Packer Test)
- o LITHOLOGY BY EN BENFER — -
O |x -
wlz-lzz] 8 1S |8 AeLENEEN z WELL DIAGRAM 5
I |2I<o|l€20| x O w» o -
Fo |djlwolW > O lx o . T
Go |ZDEl23]l 51 T |52 = >0
a” |SIE2 e ol w1 & [m° DESCRIPTION AND REMARKS = Tha
|| Z 1 Z 12 * O
5 o |» 5 w
0100
CcL ]
7 B 0.0 - 3.5". CLAY, medium plasticity, firm, moist, =
B (et o= ) | mottled reddish—- brown, black, and light brown, z ]
0718 abundant iron oxide and MnOx root hairs ROXANA 4
1 B SILT___________
- _ CH L 3.5 - 6.0°. CLAY, high plasticity, stiff, trace sand h
SPT 2%- 0 // and fine gravel, mottled reddish brown & light gray, e 6054
5" / moist, trace carbonized hair roots. CH FERRELVIEW o |
- — CLAY
n SPT-3 23 B 6.0 - 13.0". CLAY, high plasticity, with ~10% sand T
18/18” and fine gravel, very stiff, mottled yellow brown, _
- - black (MnOx), and light gray, moist, FeOx common,
/ CH CLAY TILL .
B SPT-4 18 b2
10_[ B/8” % | 8 600
B | R 50 / | .
SIEN / i
_ V. -
/ A CH 13.0 - 28.5". CLAY, highly plastic with up to 40% 4
Twllspr-ss=y | 29 § 2 ACRVL  angular chert gravel (white), clay is reddish brown,
‘5_ ik KA | very stiff to hard, damp, CH RESIDUUM 595
Y £ _
wllspr-1== | 28 ﬂ | -
14N Y, i
Iwi|spT-8 87 ' i
20_ % A / | 590
/ T _
Tim|seT-¢ 89 /Y B a i
4 Y L
WPt =—] 36 ,/“ B i
_ 18/18 C /] L
o 585
25— o
_isPT-1 43 ) / | Predominantly chert gravel at 25.5". ]
{3 -
_ X n
] - /é | Rods bouncing. Top of rock at 28.5. Switch to ]
- NQWL Core. = 4
Wi Run-1 B 73 Ms |- ————————————————fﬁ
s CHRT 28.5 - 4B.0’. LIMESTONE and CHERT, approx |
30 | 60/30, interbedded and finely divided together. 580
Limestone is moderately to severely weathered, .
T - yellow brown, soft to med. hard, tinely crystalline,
| | FeOx common, MnOx specks, some clay coating on ]
fractures. Chert as beds and nodules, very hard, ]
- = light colored. STRONGLY WEATHERED
BURLINGTON— KEOKUK LIMESTONE UNIT -
35_ | ———Vuggy at 30’ 3 575—
B | ---8-inch void at 32.5° 5 -
—-—-Mostly CHERT from 35 - 38°, bluish gray, -
T - limestone less weathered. i
“I[[RuN-2 76 i
- 60/60" L 7
40_ = 570
- J_ -

[ sample Interval [ No Sample Take

n Yminimum  ¥maximum  Yaverage




HOLE NUMBER
BOREHOLE AND WELL COMPLETION LOG A r—
3 1047574.4
WELL STATUS/COMMENTS LOCATION EAST (X):
Exploratory Borehole BUSCH WILDLIFE AREA 75624347
=z o —
O | x — =z
- |u2slzzlE | =28, z WELL DIAGRAM =]
Co Tloo|lwdl = o lza . )
Lo |Z|ZE|R3| 5| |52 5 e
o" 5 S22 o! = & |=° DESCRIPTION AND REMARKS ] [
o )
<t ooy = c |n —
1% o n u
0 100
LMS ]
“1HiRUN-3 40 CHRTI-
- 50/60" B x |
2
i B = 565
x -
47—| =] I'LMS 47.0 - 692" LIMESTONE with CHERT, approx. 4
—HhlruN-2 gg L= - 80/40, Limestone is moderately to slightly
4 18/120" =] | weathered, hard, thinly bedded and interbedded n
[m] with chert, FeOx and cfay along some fractures, 560—
— Tl T = shaley zones 3 few inches thick, finely to coarsely
-] crystalline, fossiliferous (increasingly with depth), e
7] Tos ] B MnOx and stylolites common. WEATHERED
52_ - | | BURLINGTON-KEOKUK LIMESTONE UNIT 7]
] =1 | 1
o | |
4 [m | -
| 555—
- I - l -
_ | n ]
Jm ] i
57 = |
= z }
1 [WIRUN-5 g2 |m| B 1
_ 7272 [ =] R = 7
) T- I i 550
- -
= I- I -
— Cl | i
62 | =
4 -] N T
[T | -
7 RUN-6 54 |=m B
. 1207120 = ] | 545
- | N
- | == | L
- | E
67— w1 |
4 o | L ]
[ ] |
o - | - e
i LMS R 68.2 — 74.0°. LIMESTONE, with minor interbedded 540
[ 1 CHERT. Limestone is argillaceous, grayish brown, ]
— L - finely crystalline, very fossiliferous and stylolitic. x
[ 1 Chert is light gray. UNWEATHERED 2 ]
72— I T —  BURLINGTON-KEOKUK LIMESTONE UNIT g
— l -
. [ 1 T
4 | Total depth 74.0', 5-03-04. Hole abandoned to 535
the surface with high—solids bentonite grout. -
A B CONSTANT HEAD SINGLE PACKER TEST RESULTS
— - 32.0 - 38.0-FT.K = 7.7E-6 cm/sec 7
38.0 — 48.0-FT. K = 5.2E-6 cm/sec 5304
1 o 48.0 - 58.0-FT. K = <I.OE-7 cm/sec
_ L 58.0 - 64.0-FT. K = <l.OE-7 cm/sec N
68.7 - 77.0-FT. K = 6.5E-5 cm/sec i
82— — 78.7 - B7.0-FT. K = 4B8E-5 cm/sec
| L 525
i L 520

m Sample Interval [ No Sample Taken Yminimum !maximum Zaverage

~



WELDON SPRING SITE REMEDIAL ACTION PROJECT

HOLE NUMBER

BH-C

Exploratory Borehole

| SHEET 1 OF 2
BOREHOLE AND WELL COMPLETION LOG i —————
z 1048053.2
WELL STATUS/COMMENTS LOCATION EAST (X) :
L BUSCH WILDLIFE AREA 752763.0

DRILLING CONTRACTOR
ROBERTS ENVIRONMENTAL Inc.

ORILL RIG MAKE & MODEL
CME-75 HSA/NQWL

TOC ELEVATION

HOLE SIZE & METHQD

ANGLE FROM HORIZONTAL & BEARING

M

BOTTOM OF HOLE (TD)

GROUND ELEVATION

7-1/4" HSA-43.5' NG-87.0° Vertical EZ 870 604.6
ORILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE =& “BEDROCK STICKUP
Water core None e 435
DATE START DATE FINISH g% WATER LEVELS & DATES HYDR CONOUCTIVITE (cm/sec)
04-26-04 04-28-04 25 V¥ (Packer Test)
= 4] LITHOLOGY BY —
o |x — =z
wlzg. 228 3|0 ALLEN BENFER z WELL DIAGRAM S
T — Jl=aolZ2 0 o O »n o =
=T ([Zlwolw > O lxo . L
Ho (=2 E g ol 5 T [5e = § 4]
o |SE2ue| « & |5° DESCRIPTION AND REMARKS = i
ﬁ ool =z x 8 s o
100 © v
oz 4
1| SPT- 10 [~ 0.0 - 3.5". CLAY, medium plasticity, firm, damp to i
- = moist, mottled light brown and black, trace FeOx, CL
B / | FERRELVIEW CLAY h
A[W||SPT-2 7 . 35 -55. CLAY, as above, increase in reddish > N
5_ | FeOx and considerable MnOx (black), firm, CL % 600
h FERRELVIEW CLAY i
SPT-3 8 / 55 - 9.0". CLAY, high plasticity, with ~10% fine .
T g B limestone gravel, firm, mottled orange brown and B
- y - gray, moist, CH BASAL FERRELVIEW CLAY
_ SPT-4 12 y v\ - 7
p 9.0 - 155", CLAY, high plasticity, trace fine gravel, 595
10— @ [~ orange brown, with light gray and black streaks N
- SPT-5 14 | A - filing fractures, moist, stiff, 1/8" to 1/2" rounded
a / | and angular clasts. CH CLAY TILL h
_mseT-6 15 / i 3 i
15__ '/ | 590
u A " 15.5 = 18.0". CLAY, low plasticity, silty, massive, T
SPT-7 18 L/ rounded gravel (rose-colored) moist, stitf, CL CLAY 4
T / B TILL i
Thdlser-s 3 A cH 18.0 - 435" CLAY, high plasticity, reddish brown, i
N 9 AGRVLI™  moist, with ~40% angular gravel (chert and 585
20— 7 —  weathered limestone), moist, very stiff, CH
2 ) % | RESIDUUM |
SPT-9 55+ % i
Jmllser-10 27 S i _
A i
5804
25— SPT-1t 57 / — i
- A -
£) -
4 5 »
_ Wal -
j SPT-12 31 “ / » ]
0— ﬂ 575
3 SPT-13 25 A [ Residuum as above but with~50% angular chert = N
- 4 A I gravel increasing with depth. a
- A B
_ISPT-M 28 1) = n
7
4 ’ 5 1
) 570—
35— VA ]
“I(WHSPT-15 21 | A B Very moist at 36’with some chert sand. i
_ 4 [
A ]
- g B
_|[M(sPT-16 50 » 4
40— | 565
IWlsp-17 18 B i
N I Refusal. Top of rock at 43.5. Switch to NGWL |
e - Core. No water return. \
Ei e IMSE 435 - 480 LIMESTONE and CHERT, appiox ]
45 CHRT|_  60/30, interbedded and finely divided together. 560
Limestone is moderately to severely weathered, = .
B gray to tan, locally argillaceous, vuggy (pinpoint to 5 N
- 1), signficant solution voids throughout section, =
B some massive quartz, some clay along fractures, 1
some iron oxide, STRONGLY WEATHERED _|_ .
BURLINGTON-KEOKUK LIMESTONE UNIT

M sample Interval [J No Sampte Taken

Vninimum ~ ¥maximum ~ Yaverage



WELDON SPRING SITE REMEDIAL ACTION PROJECT

HOLE NUMBER

BH-C

BOREHOLE AND WELL COMPLETION LOG e
3 1048053.2
WELL STATUS/COMMENTS LOCATION EAST (X) :
Exploratory Borehole BUSCH WILDLIFE AREA /527830
=z [0 F
(@] x — s
r |wlZslzZ 8] 3]|C z WELL DIAGRAM =
— =]~ O o O w» ) -
—9 |Z|luoe|W > O lxao R Qo
o |=Z|0E 22| s T [5® = o
oY |SIEZ2|w | = % |E° DESCRIPTION ANO REMARKS pus T
< oo = o |n — d
w 1) wI
N 100
LMS 555
- CHRT , ,
. ———Water circulation returns at 50.5 7]
RN-2B | O ]
4 10/96 —-B 51.5 Bit dropped to 54.5'and lose circulation.
i Run 2 recovered only 0.8" of chert with trace of ]
54 clay. 4
550
T ---Void from 55.0 - 55.5 .
a ---Void from 56.5 - 58.0° z N
- 2 -
. ' o -
_ ---Void from 58.5 - 59.0 =
59 RN-38 | © 545
4 5/54 ——-=Void from 59.5 - 63.5" Run 3 recovered only
] 0.4’ of light colored chert with some brown clay. b
64" e | -—-Void from 63.75 - 65.25' Run 4 recovered L.I" of ]
- mostly lightly colored chert with minor slightly 540
weathered limestone. 4
NPV 7° jmLTims 67.0 ~ 84.7. LIMESTONE with CHERT, 4
T [m] interbedded. Limestone is slightly weathered, thinly i
69— CHl bedded and occasionaily wavey bedded, stylolitic
i | = | with MnOx coating, finely crystatliine, becoming more 5354
?l T fossiliferous with depth, occasional vugs, minor 4
N = T FeOx. WEATHERED BURLINGTON-KEOKUK ]
- RN-6==| 77 [Tm1 LIMESTONE UNIT ]
_ 55/60" -]
74_ | =] .
= | 530
I [ | x
i o | = ]
I = ]
1 [W][RuN-7 86 |m|
- 60/60” [w | T
79 e ]
-
| T 525
_ I _
- | .
“IIH|IRUN-8 j ]
4 | ]
[= T
84— Cl
| —— - 520
L JLMs 847 - B7.0°. LIMESTONE, fresh, medium crystailine, z i
4 [ 1 light gray, highly fossiliferous, hard with minor =
| I bluish—gray chert. UNWEATHERED E3 -
BURLINGTON-KEOKUK LIMESTONE UNIT .
89_ Total depth 87.0°, 4-28-04. Hole abandoned to 1
i the surface with high—solids bentonite grout. 515
- CONSTANT HEAD SINGLE PACKER TEST RESULTS 1
88.7 - 77.0-FT. K = 8.5E-5 cm/sec E
7 78.7 - 87.0-FT. K = 4.BE-5 cm/sec ]
94 i 510
99 _ 505
104+ o0

[ sample Interval [ No Sample Taken

Yminimum ~ ¥maximum  Yaverage



HOLE NUMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-2056
BOREHOLE AND WELL COMPLETION LOG S oA —
> 10433938.0
I WELL STATUS/COMMENTS LOCATION EAST (X} :
ACTIVE NW. OF DISPOSAL CELL; PERIMETER WELL 756027.0
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
ROBERTS ENVIRONMENTAL Inc. CME-750 HSA/NQWL; I-R TH-60 AIR ROTARY 624.9
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| z , BOTTOM OF HOLE (TD) GROUND ELEVATION
7-1/4" HSA-15' NQ-75' 6" AIR-$3' Vertical £  83.0 822.2
DRILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE ~ & “BEDROCK STICKUP
Water core; Air ream 2" 316 SS Mon. Well = 15.0 2.7
DATE START DATE FINISH £ %2 "WATER LEVELS & DATES HYDR CONDUCTIV]‘.T:!1 (cm/sec)
05-7-04 _ 05-14-04, Mon. Well |85 ¥ L. K= 5.0x107% (Packer Test)
= [0) o LITHOLOGY BY A R — -
O —
weE.lzzl 8|50 LAN BENF z WELL DIAGRAM S
T — Jl<olZ o o O o»n o —
=9 lajluoelw > O lxwn A — =
38 |E|aggs) 5 | £ |58 - =3
o7 |BEZ|lwel x| % |B° DESCRIPTION AND REMARKS = T
5 o) =z c |»n — m
h 100 _© s | _ |
A T Protective 2 M
R "/ JUND Casing with Locking A L’, ]
N S Soil not sampled or logged from the surface to Cover set In 2-ft. VTN 620
S Diameter Concrete 4 4 .
_ / 15.0-ft. Pad With 4 Protective N R 4
i / | ° Posts \E
. b \ -4
5 / — L N E 1
- / - S \§ ]
- / S g \§ 6/5—
- / - 2 W
W4 =
- / - o1 wvell Casing NN i
10_ / | Q| 2" 316L Stainless N
/ yd Steel 1
n 4 L <] ]
- :& - \ 610
- g - N %\ -
- /. - 10" Diameter———-—»\ N A
15_ -/ - Borehole \\\\
RUN-I ﬁ 56 1w CHERT AND LIMESTONE, chert (60%) is yellowish \\\§ .
e [} - brown to light gray, hard. Limestone is highly §§ N .
| | weathered, moderately soft, solutioned, partial .
53. water return. Strongly Weathered Burlington— E'r‘oéztrttt)»gs é:taesglwg \i N 605
7 Tam| [ [eokuk Limestone (threaded to well \§ NN g
e jl - 18.7 — 22.5 ft. solutioned zones with some stylolites cover) § §§ i
20— 1L N Y| -
- :. = Centralizer §§
| - N ]
:I i 3 % 500
] T | N W
25— RUN-2 %O" 44 gt | - N § i
- iL_ \ N
I N N
- Tl | x| Hign-Solids Bentonite—RR RN | 595
_ L ~—6-inch void @ 27,5 ft., limestone is highly @1 Grout ("Pure Gold")
_1i weathered, weak, solutioned, yellow brown. g §§ .
] T L N N 1
30— RUN-3>T] | 74 _1i L 29.7 - 37.0 ft. Increasing chert, limestone is mod. % N |
49/60” | . weathered argillaceous, mod. soft, yellow-brown, N 4 \
- —18 ™ minor solutioning, thin-bedded, interbedded with the < ——-Static Water Level R\ e
. I [ ] - chert. B31.2 ft. N 590—
i _
- -l \ ]
35-RIRN-4 = | 62 [[ A — \§ \ _
62/7 N N
| [ N N
NN N ]
T - ©37.0~40.8 ft. Approx. 40% Limestone, highly \\ N 585
N N
- - weathered, weak, local solutioning along fractures, §
yellow brown. STRONGLY WEATHERED BURLINGTON \§ T
= B KEOKUK LIMESTONE % %\% b
40 = W
N N -
RUN-5 97 F G40 R'— 478 mactiv CHERT arav to Blis—arav \\ \§ —
5 ©40.8'- 42.6". mostly CHERT, gray to blue—-gray Ty N NN
i 47741 with 30% weathered LIMESTONE, yellow brown, minor ’—L N NN
solutioning
3
]
I sample Interval [ No Sample Taken  Yminimum  ¥maximum ~ Yaverage




WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE AND WELL COMPLETION LOG

HOLE NUMBER
MW-2056

SHEET 2 OF 2

NORTH (Y]

1043839.0

WSWLOG-C

WELL STATUS/COMMENTS LOCATION

ACTIVE NW, OF DISPOSAL CELL; PERIMETER WELL

EAST (X) :
758027.0

DEPTH
feet
SAMPLE
SAMPLE/RUN
Number
PERCENT
IL/ROCK

class

DESCRIPTION AND REMARKS

Recovery
N# or RQD

B
=3

STRAT. UNIT

WELL DIAGRAM

ELEVATION
feet

@ 42.6'-44.7'. CHERT up to 12" thick, massive, minor
mod. weathered LIMESTONE, hard, gray to light
» brown, with thin carbonaceous zone at 44.3’

B B 44.7'- 48.0°. 50% CHERT, bluish gray, 50%
LIMESTONE, light brown, mod. weathered, blocky
appearance, abundant quartz from 44.7 to 45.7',
l— thin wavey carbonaceous banding at 50.3’

,_

X

)
T

—[W||RUN-6 92
120/120’

_l l . . .GRAPHICLOG
E S0

LMS ©49.0'- 51.3". Predominantly LIMESTONE, light
CHRTE  brown, fine—grained, mod. weathered, with nodules
of blue-gray CHERT.

© 51.3'- 54.7". LIMESTONE, light brown, with
[ blue-gray CHERT, abundant stylolites from 51.7 -
52.4°, minor solutioning at 54.6°.

-
T

— W} RUN-7 58
22/23”

57 —{||]|RUN-8 S 69

L © 54.7'- 60.0". CHERT, hard, white to blue-gray,
with interbedded light brown LIMESTONE. Chert
and limestone are slightly weathered, chert with
fresh and oxidized pyrite at 57.8" and 58.4 ~ 59",

- © 60.0'- 63.5°. Massive LIMESTONE, hard. very
- slightly weathered, gray, mostly crystalline and
fossiliferous, some fine—grained, with stylolites
coated with MnOx, little chert.

]

@ 63.5'- 67.7° LIMESTONE, crystalline, hard, gray to
light brown, very slightly weathered, oxidized and

- fresh pyrite @ 66.4°, no chert.
WEATHERED/UNWEATHERED BURLINGTON KEOKUK
LIMESTONE CONTACT B 67.7°

—|W]|RUN-8 78
120/120°

HelUisUsUsUsUslUsUsL=s=0=0]

Mbkw

—HH e s s s s e HaHaH

LMS =  67.7-74.7° LIMESTONE, gray, hard, unweathered,
_ | trace MnOx on scme fractures, massive, coarsly

I crystalline and fossiliferous, several stylolites.
- [ 1 - UNWEATHERED BURLINGTON KEOKUK LIMES TONE

Mbkuw

Total cored depth 74.7", 5-11-04. Hole reamed to
77_ |- 10" diameter to 64.0" and a 6" casing was instalied

and grouted. Hole then reamed to 8" from 64.0° to
7 — 83.0" and a 2" monitoring well was constructed.

7 r CONSTANT HEAD SINGLE PACKER TEST RESULTS
82_ (- 19.0 - 28.7-FT. K = 5.0E-4 cm/sec
24.0 - 347-FT. K = 3.9E~-4 cm/sec
- ' 35.0 - 447-FT. K = 2.0E-6 cm/sec
450 - 547-FT. K = 7.0E-6 cm/secC
55.0 - 64.7-FT. K = 3.6E-5 cm/sec
- - 65.0 - 7T4.9-FT. K = <1.0OE-7 cm/sec

| [ U I T 1}

4
1
o
g

]

.

Centralizer

HALA AL ZAAAAAI A
A
1

AN, 7
7
7
iz I,
1 1

7

N N 1

Bottom of Protective n

Casing and 10" hole N

Seal 555
3/8" Pure Gold e
Bentonite Chips

AN

Centralizer

Screen
2" (10 Slot) 3i6L SS
Continuous Wrap

Filterpack——=— [°

10/20 Silica Sand

6" Borehole——————>{..

Bottom Cap And 5 - .
Total Well Depth
83.0~-ft. 1

[ sample Interval  [J No Sample Taken ~ Vminimum ~ ¥maximum  Yaverage



BOREHOLE DIAGRAM

Page 1 of 1
MW-2056 i
5 z

g ™ TOC: 624.90' H

Elev |Depth 9 soe Hydrologic

MSL |BGS <___RQAD Values Stratigraphic Unit GS: 622.20' Testing
B U p N[ N rotective .
620— '90 80 60 40 20 G » A A Casing with Locking i
L : : > ﬁ% Q% Cover set in 2—-ft. i
L : S \\ Diameter Concrete i
—5 : / \ EadtW\th 4 Protective —
- v» \ osts a
615~ Qet/afc undfferentiated / %\ ]
- : % . well Casi .
[ IO / \\\\Q 2‘?‘3lﬁisg§amless —
ok § / EE Steel .
- 7, N NN« ciamet ]
—15 S T 15.0 i §§ E&orerlwaorlnee “ -
: M onooo \ ]
605— [ \§ §§_\-groéectwe éj?si?g i
L o [ " Carbon Stee 0. ]
o L. RS \ linraaded to well T e0bed 1
- N A %% \ cover) : -
600— A : i
- ; PP entralizer ! ]

SPTSN G tg \“C ;—pammseu)
— S R §\ K=5.0x10"%cm/s ]
— : a4 - N RRY—High-S B : .
295 - 59; . Mbksw §§ G‘rgc:n (C')‘lgfje ggfg'wte Pa st: ]
— 30 R §§ v ?W%)%Z&@m/s ]
R S VU 3 ---Static Water Leve : 1

NN Static Water Level :
590— L SRR \\\% @31.2 ft, : ]
I T N N : ]
[ 35 Ll N ==346(eed)
- oYY N : 5
585 o N ' 1
R B N N : .
T R N N : Packer Test: ]
u el 408 N §§ i k=35x0"8cm/s
580 off - N N ; ]
[ 45 e N N | L 4s6(e0)
- B O ORI \§ N Centralizer : E
5751  ERR P N N : ]
B §2':':':':':‘:‘:':': %\ \\\\ Packer Test: ]
o0 Pl N N s Y
570— EOEEIEP DR %% % : ]
N RN NN N : i
55 82 Cnonne ok §§ —545ieeg)
565— S EIEEE §§ E\ ]
F 60 o N N ' packer Testt ]
- S B %% N : K=3.6x10"5cm/s
560— [ % ;
:— 65 [ ‘B> rgg:r?g? gr:dpirg't‘eh%tbge = 845 (seg) —:
555 Lo e eal : )
- N 3/8" Pure Gold : p
70 DT (sggg] Z Bentonite Chips : Packer T/‘?Sti ]
L 76§ ............... Mbkuw . ™ \f K=No cm/s -
550—: : 73.0-___.':3__ entratizer :
- _ (549.2) S bnal : 4
[ 75 I 747 l g B \—Screen —75.0 (end) —
- : =[] 2" (10 Slot) 316L SS : B
545— - Continuous Wrap -
N I Witerpack .
N 80 = IOI/Zeépgilcica Sand ]
" 20 “ Borehole ]
83.0°
(539.2)
Yminimum ~ Ymaximum  Yaverage




HOLE NUMBER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-3040
BOREHOLE AND WELL COMPLETION LOG o oTe—
§ 1042632.8
WELL STATUS/COMMENTS LOCATION EAST (X) :
ACTIVE S. OF DISPOSAL CELL; PERIMETER WELL 754252.0
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
ROBERTS ENVIRONMENTAL Inc. CME-750 HSA/NQWL; I-R TH-80 AIR ROTARY £556.8
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| z , BOTTOM OF HOLE (TD) GROUND ELEVATION
7-1/4" HSA-32" NQ-119' 6" AIR-JI05 Vertical E- 119.0 654.3
DRILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE ~ & BEDROCK STICKUP
Water core; Air ream 2" 318 SS Mon. Well =2 34.5 -2.5
OATE START DATE FINISH =5 WATER LEVELS & DATES HYDR CONDUCTIVITE (cm/sec)
05-11-04 - 05-18-04, Mon. Well 55 Y Y 5.5x107° (Packer Test)
= o | LITHOLOGY BY FER/P PATCH — -
O —
- w Eaﬁ Eg— 219 S ALAN BENFER/PAUL CHIN z WELL DIAGRAM =
o |l&2loe|lws| & O |loro . it
Lo [Z|2EIQ2| 5| T |50 = pro— Lo
o |FE2luelw | F|E° DESCRIPTION AND REMARKS s IThe
< el = == s b= o
@ 100 © i
/ Till Protective—gg_t/z T
- / AUND |- Casing with Locking y I i
T / Soil not sampled cr logged from the surface to Cover set n 2-1t. N \/=
S ; p ]
4 / 32.0-ft. Start coring at 32.0' E'aadmﬁitﬁ: E%’?S[gtﬁwe <§ N i
J / | Posts
; 650
/. N
5— % - N N[ -
4 , L \\ J
- g Y N
— /- / ~ \\
- : - Well Casing NN ]
10— / B 2" 3i6L Stainless N N 645
e Steel % .
4 / L N i
) / I N
. 7 = 3| 10" Diameter ————> W
/ ] NN RN 640
— S - ®| Borehole § §
15 / 2 N K ]
7 ; |
- / = | Protective Casing i
_ £ B 2| 6" Carbon Steel
/ 3 (threaded to well -
- 4 - <[ cover)
. o 635—
20~ A S \ _
. /// - N N
] / i N -
. 7 - _ 630
25_ / — Centralizer % |
30 % _ N\
4 % L %\ N 7]
- / e e e e e High-Solids Bentonite—RY® §\ ]
RUN-1]X 0 CH B 32’ Start NQ coring, no water return. CLAY, high - f n
18/90 2 Grout ("Pure Gold")
- / - plasticity, reddish brown with 5—inch length of chert NN 4
n 07 | and highly weathered limestcne fragments, yellow N N
2 I/ brown, RESIOLUM 620
35_ [= |CLI-%!S:I'— No water return, possible that the residuum clay \ N 4
i -] | biocked off the core barrel and some rock was NN
= ground away. Estimate TOP OF ROCK at 34.5 ft. N \\ N
:] T I B x \ \\ N
- -
= £ N N/ A
. = - = N \ 6/5
40__ RUN-2[><T] | 56 L | 39.5 - 40.7". CHERT GRAVEL from residuum at top \\
46760" ICR of run. STRONGLY WEATHERED N N .
-il - BURLINGTON-KEOKUK LIMESTONE UNIT §§ |
! 40.7 - 42,9’ Mostly CHERT as nodules, gray and NN
orange-brown.

[ sample Interval

[J No sample Taken

Yminimum  ¥maximum  Yaverage




WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE AND WELL COMPLETION LOG

HOLE NUMBER

MW-3040

SHEET 2 OF 3

NORTH (Y) :

SWLOG-C

1042632.8

[ WELL STATUS/COMMENTS LOCATION

ACTIVE S. OF DISPOSAL CELL; PERIMETER WELL

EAST (X):

754252.0

DEPTH
feet
SAMPLE
SAMPLE /RUN
Number
PERCENT
IL/ROCK

class

DESCRIPTION AND REMARKS

Recovery
N# or RGD

B
=

STRAT. UNIT

WELL DIAGRAM

ELEVATION
feet

ESO

[@]

X

2

pur]
I

423 - 47.0°° CHERT with minor Limestone,
orange-brown, limestone is highly weathered,
moderately soft, strongly solutioned 43.9-44.4",
- occasional clay seam.

RUN-3 42

1
ol
>
=
=3
<

[ 47.0' STRONGLY WEATHERED LIMESONE, soft, with
. black MnOx specks, weak, orange-=brown, with minor
Chert, gray and orange-brown, approx 50/50
- limestone to chert with several stylolites from 55

ft.

RUN-4 50
24/24"

50— - %r' 31

T

RUN-6[>] 16 Several loss zones in Run 6, many fractures, mostly
CHERT, gray to blue gray with some mottled white
= and light brown, some with microfractures, approx.

20% LIMESTONE, highly weathered.

Mbksw

60.0" Increasing LIMESTONE, light brown to orange
brown, some solutioning, most fractures up to I".
WEATHERED BURLINGTON KEOKUK LIMESTONE
UNIT

|
HelUslisUslsUsUsUsURUsUsUsU=L=sL=s0

B 64.0 - 71.7". CHERT and LIMESTONE approx.

= 50/50, finely divided, speckled appearance.
Limestone is light brown moderately weathered,
some solutioning, fine—grained. Chert is gray to
blue—-gray. Quartz crystals 8 67.5

WRN-T1==| 44

T

71.7'- 79.5". Interbedded LIMESTONE and CHERT,
limestone is moderately weathered, light brown, with
shaley zones, fine—grained, Chert is blue-gray.
White quartz and soft brown limestone 72.3-72.8.

l—l—l—l—l-—l—l—l—l—l—l—l—l—l—l-—l-—l—l—l—lr—l—l-—l-—l—l—l—l— GRAPHIC LOG

RUN-8 100
- 89/98”

L 74.8". Limestone and chert becoming tess
weathered (slightly weathered) with depth.

N —
alUslUsUslUsUslUsUsUsUsUsUELEL=EL

WEATHERED/UNWEATHERED BURLINGTON-KEOKUK

sigiksLalal

I 79.5'. LIMESTONE, fine-grained, slightly weathered,
B gray, minor oxidation, minor chert. UNWEATHERED
82— [ 1 BURLING TON~KEOKUK LIMESTONE UNIT

. RUN~979/82" g6 | | | 82.2'- B7.0’. LIMESTONE, hard, fine-grained,

I slightly weathered, oxidation on fracture surfaces,
- L1 - some stylolites, approx. 20% blue-gray chert.

87 I —  87.0'- 89.0'. LIMESTONE, light brown, slightly
i I I I | weathered, fine-grained, interbedded with
blue-gray chert.

|| |
RUN_‘USO/BO” N I 89.0'- 95.8". LIMESTONE, very slightly weathered,
fossiliterous, _oxidation on fractures, light gray,

SN CONTACTR785 T TH

Mbkw

Mbkuw

7
.

7
AN,

2
7

Centralizer

l——-Static Water Leve!
B57.0

Centralizer

97779, %

TSI,
|

7Z
7,
A

I

SN,
SN,
1

I, 7.
9
AN
AN,
1 1

7
0z

7

Bottom of Protective
Casing and 10" hole

L7077

THAAAAAASAAAANAIIIAAN Y.

Seal
3/8" Pure Gold
Bentonite Chips

565—

pa

U sampie Interval ] No Sample Taken ~ Yminimum  ¥maximum  Yaverage




HOLE NUMBER
BOREHOLE AND WELL COMPLETION LOG e
5 ' 1042632.8
WELL STATUS/COMMENTS LOCATION EAST (X) :
ACTIVE S. OF DISPOSAL CELL; PERIMETER WELL 754252.0
z o} —
O |x — b
T |w2@slezl el 2|8 z WELL DIAGRAM S
E © T E ol v a O lx 7 ’ : T
58 |Z/25|25] 5| 5|38 = =9
o |1S5IEZ wal = %5 © BESCRIPTION AND REMARKS = W
< |z | ax |¢ [ o
(%3] 1G] [ep]
100
[ [LMS 1
- L1 - |
|
p I - ;. N -1
i I ] I B ;
- [ L Centralizer -
RUN-11I><] T 1 |560—
95_ 68/90 T | :‘:
T ) i ) Screen T
- T = 95.8'- 101.2". LIMESTONE, very slightly weathered, 2 (10 Slot) 316L SS [ : i
] crystalline, highly fossiliferous, light gray, several Continuous Wrap I
N T I stylolites, with MnOx staining. =1 i
. [ 1 - Filterpack————— [*| = [ -
i ] | 10/20 Silica Sand =I:
T 1555
— T | =}
100 = = |
RUN-12 72 [ [ T 101.2’- 104.0’. LIMESTONE, very slightly weathered ol B 7
4 TEnM I - as above, with approx. 50% blue-gray chert. =1 ]
| : T | Large water take from the packer test. 6" Borehole A= |
x
“1WRUN-13 o [T ™ ——Run I3 from 104.0'~114.0' NO RECOVERY, TOTAL El =kl 5504
105 | ' | — LOSS 2| Bottom Cap And = ]
T Total Well Depth
i 1 | 105.0-1t. i
n | r ]
- [ 1 L
”0 7] ' T ' B 545
= L1 — i
i | L
| b
. | - i
1
i | I | I ’
I [WHRUN-14 100 | B 114.0" - 118.0". LIMESTONE, very slightly weathered 540—
“5_ 60/60” T ] | to fresh, silty, hard to very hard, fine to coarsly
1 crystalline, med light gray (coarse zones) to light ]
- | | - olive gray (fine zones). Occasional chert is white .
i T | to bluish white and very hard and brittle, very
|| fossiliferous, stylolitic with dark gray clay on 1
- | | | = stylolites, medium bedded, widely fractured. ]
T i 535
120_ |- Total depth 119.0°, 5-17-04. Hole reamed to 10"
diameter to 80.0' and a 6" casing was installed and T
- grouted. Hole then reamed to 6" from 80.0' to ]
_ l 105.0" and a 2" menitoring well was constructed.
N L CONSTANT HEAD SINGLE PACKER TEST RESULTS
445 - 55.0-FT. K = 6.2E-6 cm/sec .
- o 55.0 - 64.0-FT. K = 3.5E-5 cm/sec 530
64.0 - 7T4.0-FT. K = 26E-5 cm/sec
]25_ - 740 - B2.2-FT. K = <I.OE-7 cm/sec 4
_ L B2.0 - 94.0-FT. K = 1LIE-5 cm/sec
94.0 - 104.0-FT. K = 2.9E-4 cm/sec ]
- - 104.0 - 14.0-F7. K = B.GE-7 cm/sec 4
130 7 r 525
35 7 B 520

[ sample Interval [J No Sample Taken  Yminmum  ¥maximum  Yaverage




BOREHOLE DIAGRAM

Page 1 of |
i
MW-3040 <
=) 2
]
o . ’
Elev|Depth 2 = T0C: 65680 Hydrologic
< alues ratigraphic Uni GS: 654.3Q° esting
MSL |BGS RGD Val Strati hic Unit Testi
C ; = S u
- 100 80 60 40 20 0 ) ) C;ostire]gtmteh Locking ]
s50— /. N KN cover set in 2-1t. N
_—5 VL Diameter Concrete ]
- \§ EadtWith 4 Protective .
C / NN osts ]
645—_10 / \ NN ]
- « ell Casin ]
- / NN N 2" 361 Stainiess .
P15 7, \ Stee' =
y Get/Gfc undifferentiated / % et .
L 5 lameter -
635___20 “ §\§ Borehole —
= / NN .
630—_ L/ NN rrotective Casing 3
n 25 / 8 Carbon Steel ]
- / N NN | (threaded to well 3
- L/ §\ cover) ]
30 / NENY E
- ‘ \\ i: entralizer 3
_F ' Y N \H :
620 .—35 o 345 =1 NN N igh—s(onds Benton}ite ]
= N Grout (“Pure Gold™ ]
615—_ 40 -. % \\ s
: - N N ‘ :
F T N R : :
A S = [ §§ —— 445(beg) ]
u 32: MDksw - S ;
605— : — - ‘ : Packer Test: .
soo—f 55 T= § §§ L 550 (beg) 3
- = \§ 2\\ ---Static Water Level E
595— - N @57.0 . Packer Test: :
- 60 = \ L K=350075cem/s
ey [ 5 N ool 3
585_5 44:j:j:j:j: ': §§ Packer Test: ]
=70 54 b Mbkw — §§ \% { K=2.6x10"5cm/s ]
n : [ - SN : ]
s 75 [T =1 NN N-—centratee 140600 3
oo L N N packerTest 3
TEB0 e T8 Bottom of Protective : K=No cm/s 3
- .~ Casing and 10" hole ;__gg'a (pRQ) .
°70F 85 P RRUEEUER TR : 3
- S DR N eal © Packer Test: .
s g P 3/8" Pure Gold DK=t10Scemss ]
- 92 92.0’ Bentonite Chips : .
o i DRI (562.3) & : ]
560—_ 95 P 95.0'__ |1 | ~Centralizer — 04.0 (beg) s
- : (559.3) 1 \J5 : E
= : g g creen : Packer Test: ]
555— : Mbkuw = 2" (10 Slot) 316L SS : - -
- 100 62; - :": Continuous Wrap : K=2.9x1074 cm/s E
50105 05,0 =1L rirerpac 1040 (beg) ]
r : (549.3) 0/20 Silica Sand ; B
o : o 105.0° : Packer Test: ]
545—__“0 : (549.3) E Borehole { K=8.9x107 cn/s  —
- : ottom Cap And i ]
240115 ool Total Well Depth ——1M140(end -
F Y e 105.0~ft. : ]
E oo ]
Yminimum  ¥Ymaximum  Yaverage



HOLE NUMBER
WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-4040
BOREHOLE AND WELL COMPLETION LOG A rT—
& 1042890.8
WELL STATUS/COMMENTS TOCATION EAST (X0
ACTIVE ARMY PROPERTY EAST OF SITE 753001.3
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
ROBERTS ENVIRONMENTAL Inc. CME-750 HSA/NGWL: I-R TH-60 AIR ROTARY 633.9
HOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| z , BOTTOM OF HOLE (70) GROUND ELEVATION
7-1/4" HSA-28.5' NG-85' 6" AIf-85Vertical EF 850 631.7
ORILL FLUIDS & ADDITIVES CASING TYPE, DEPTH, SIZE ~Z TBEDROCK STICKUP
Water core; Air ream 2" 316 SS Mon. Well £3 285 ~2.2
DATE START DATE FINISH Z 2 "WATER LEVELS & DATES HYDR CONDUCTIVITY (cm/sec)
05-17-04 _ 05-20-04, Mon. Well |88 ¥V ¥ K= <1.0x1077 (Packer Test)
— o [_ [LITHOLOGY BY " ,_ _
S —
T M e = = R I [ PAUL PATCHIN z WELL DIAGRAM S
= > 2] o [ o O O » 2 —
bil) alw o > = | e . [ [13)
Le |Z|ZEIRS| 8| |52 = To
o |H|E2|ud| = | 5 |5° DESCRIPTION AND REMARKS s T
< oo = x |o» — o
i 100 © b
Z e Protective T M3 i
7 %, Casing with Locking / 7
/ Cover set in 2-ft. NS M |30
n iy Soil not sampled or logged from the surface to Diameter Concrete & 7
/ 28.5-ft. Pound split spoon at 28.5" with 50 blows Pad With 4 Protective Q% 'ﬁ% .
7 / for 2. All limestone rock. Start coring at 28.5 Posts §§\
- / N l
) N N/ -
9] N
‘ NN
i ‘. § §§ -
| / § NY (625
- g Y N[ T
g N
| / % % -
_ ~ S/ Centralizer %‘% %& 1
10 ' N
i "/ N W/ 1
/ 3 , \§ NN [520—
- “ / +| Well Casing RN
/ Z| 2" 3I6L Stainless \§ i
- / @| Steel %%
4 /. 2 NN .
2 5| 10" Diameter — N \\\§
15 . 5 Borehole \\ 7
— ) s N N
~ g N N -
- e o N W
/ 3 Y N | 75—
] % i N N| -
A ' W
] 7 N RN
20— 7, Protective Casing N \\Q T
Wz 6" Carbon Steel \ \§ _
4 / (threaded to well ‘\\§ \§
i J cover) %% %% 610
/. NN
- / NN % 7
/ N N 1
_ </ §§ N
25_ ) N N i
- / N T
e 605—
7 /. Top of Rock @ 28.5. Switch to NGWL coring. Full W
i / / circulation throughout coring. § N E
S oo \
AMPIFN-1] | 18 mT TiMS| 285 - 30.2' core loss and LIMESTONE and CHERT N 4 , §§ .
32/66 [ = [IcHRT rubble. Chert is sightly weathered, light gray ~ ~--Static Water Level § N
30 o | (2.5Y7/1) very hard and fossiliferous, STRONGLY 0283 § § 7
—l = | WEATHERED BURLINGTON-KEOKUK LIMESTONE N N
- TL l UNIT x N %% ]
, A 30.2 - 36.0". ARGILLACEOUS LIMESTONE and % High-Solids Bentonit \§ 600
[=T] CHERT (65%-35%) brecciated together. Limestone Z| Grout ("Pure Gold") = N \§
- - | is FeOx-stained yellow (I0YR7/6) moderately to \.§ 1
[= highly weathered with conspicuous MnOx specs, § §\\§
-l ron-2 16 Tl I slightly less weathered and harder with depth; very %g\ 1
> finely crystalline, very thinly bedded, very closely
35— 60/60 = | to closely fractured. N NN 7
--Soft from 33 - 34",

[ sample Interval

[ No sample Taken

Ynminimum ~ ¥maximum ~ Yaverage



WELDON SPRING SITE REMEDIAL ACTION PROJECT
BOREHOLE AND WELL COMPLETION LOG

AOLE NUMBER

MW-4040

SHEET 2 OF 2

NORTH (Y} :

WSWLOG-C

1042990.8

WELL STATUS/COMMENTS
ACTIVE

LOCATION
ARMY PROPERTY EAST OF SITE

EAST (X):

753001.3

DEPTH
feet
SAMPLE
SAMPLE/RUN
Number
PERCENT
N# or RQD

Recovery

B
=

IL/ROCK
class

DESCRIPTION AND REMARKS

WELL DIAGRAM

ELEVATION
feet

%SO

[=]
T
el
3

“I[W}|RUN-3 87

120/120°

}—]

R R 80— {0000 8—8—B GRAPHIC LOG

HelUsUslUslUslU=sl=l

/W] {RUN-4 71

12/12"

el sl imlisl sl sl

}_

RUN-§ 68

UslisUsU=sL=L

48/48"

i

===

RUN-6 88

72/72"

mUslUsl=l]

}—

H

LMS
I

Y STRAT. UNIT

36.0 - 41.0°. ARGILLACEOUS LIMESTONE with
CHERT, limestone is silty, light gray (5Y7/1), with
bluish gray chert, delayed HCL reaction, less
weathered than above (slightly to moderately), less
porosity, very fossiliferous, some stylolites with
black clay coating, some FeOx, occasional
vugginess, overall, moderately weathered.
WEATHERED BURLINGTON-KEOKUK LIMESTONE

W—
Mbks M

41.0 - 44.2'. ARGILLACEOUS LIMESTONE AND
CHERT (65/35). Limestone is yellow (10YR7/8), but
slightly grayer than the zone from 30.2 -36.0" very
solutioned and vuggy (pinpoint to 1/2" size), some
“"bone marrow™ texture, NO MnOx specks, highly
weathered, soft.

442 - 44.5'. Chert bed, white, maderately
weathered.

445 - 476" SILTY ARGILLACEOUS LIMESTONE

AND CHERT, (as in 36-41') with less weathering with
depth, light brownish-gray (2.5Y6/2), very finely
crystalline to micritic, slightly vuggy, mod.

weathered, stylolitic, fossils in bluish gray chert

which is finely divided into limestone, delayed HCL /

p

reaction.

47.6 - 65.0'. LIMESTONE (60%) and CHERT (40%),
interbedded. Limestone is medium to coarsly
crystalline, pale yellow (2.5Y8/2), very slightly
weathered to fresh, good HCL reaction, hard to
very hard, very fossiliferous, (crinoids and
bryazoan corals evident), thin bedded {2-8"),
medium fractured, stylolitic (w/clay coatings),
CHERT is bluish gray, very hard, in nodules and
beds up to 8", globular patterns with "birds eye"”
jook, fresh, chert bed from 54.0-56.2°, fractures
occur primarily at chert-limestone contacts.
UNWEATHERED BURLINGTON-KEOKUK LIMESTONE
UNIT

@855.2" Blocked off, change out drill bit.

Decreasing chert with depth. Limestone grain size
primarily medium to finely crystalline with occasional
zones of coarse.

Mbkw

+

Mbkuw

Total depth 65.0°, 5-19-04. Hole reamed to 10"
diameter to 49.0° and a 8" casing was installed and
grouted. Hole then reamed to 68" from 49.0° to 65.0°
and a 2" monitoring well was constructed.

CONSTANT HEAD SINGLE PACKER TEST RESULTS
33.0 - 39.0-FT. K = <1.0E-7 cm/sec

38.0 - 49.0-FT. K = 1.6E~-6 cm/secC

50.0 - 65.0-FT. K = 6.4E~7 cm/sec

SIS,
SN NIAY

1,

Bottom of Protective—>
Casing and 10" hole

Seatl
3/8" Pure Gold
Bentonite Chips

CentraiizerJ:

B 0 NN

Screen
2" (10 Slot) 316L SS
Continuous Wrap

Filterpack
10/20 Silica Sand

IlIIIIIIIIIIIIIIIIIHIIIII

6" Borehole———————>{

Bottom Cap And————> sl
Total Well Depth
65.0-ft.

m Sample Interval

[J No Sample Taken

Yminimum ~ ¥maximum ~ Yaverage




BOREHOLE DIAGRAM

Page 1 of 1
MW-4040 4
=) g
£
Elev|Depth @ ]| Tomesael Hydrologic
MSL |BGS < I:«’G‘Dﬁ\lalues Stratigraphic Unit e _ GS: 631.70° Testing
630~ "?0 80 60 40 20 G 4// 4 " E:;Ost‘ﬁgttl:i?h Locking T
B : : 4 B\<‘ %@ Cover set in 2—-ft. N
B /" % N Diameter Concrete ]
= ; ¥ % EadtWith 4 Protective 4
— / \\ \\ 0stsS p—
L . N .
625—_ L/ i
/ N
- g \ -
- g N .
- 10 F % N Centraiizer -
L 7 N ]
6201 7 §§ Well Casing —
- / NN 2" 3186L Stainless E
- Get/afc undifferentiated / §\‘*\jtee‘ ]
__ 15 %% 0" Diameter .
65— / §§ Borehole ]
u NN\ ]
i % N i
— 20 ? \i s%—Protective Casing —
- / N\ 6" Cerbon Steel i
610 NY  (threaced to well i
L ? % cover) ]
_ ¥ N )
—25 /] \ J
oo, ? N N ]
o /- N N .
L - N T , i
L NN TN --—Static Water Level
—30 L %g %\ ©29.3' -
I ; - N . ]
600— 25 MDKSW - NY R —High-Solids Bentonite ; .
- ; - \% \ Grout ("Pure Gold") —— 33.0 (beq) .
- : e B .
F3s [T T NN | ]
| L] : Packer Test: 4
595—_ 46:.:4:4:.: %0 L §§ §§ ¢ K=<1.0E-T cm/s ]
I N S = N N — 38.0 (beg) .
BV s L §§ §§ —— 30.0 (end) -
400 =T Y N ' .
so0-L  qgi bl Mok - N : ]
1 =) \ \\ :
. .Y RN - NN . Packer Test: .
B 45 A - E\ : K=16x108cm/s
N N T= N N : ]
585—_ N R = i
L et = : E
~ ’ - i', - R - - '~’ ~1 """"" -- <—Bottom of Protective -— 49.0 (end) -
L 50 Poobn — Casing and 10" hole — 50.0 (beg) —
550 R PR =1] 50 el : i
R S = (5707) | 3/8" Pure Gold ]
R I = - Eentomte Chips ]
| N 55.0' ] || —
L 99 77§ RN Moo T= (576.% = entralizer ’ i
ey R DIRIRINE T = \ereen © Packer Test: .
B : ] = 2" (10 Slot) 316L S5 ! K=6.4x10"7cm/s -
B N Continuous Wrap : -
—60 it —
570-{ Y SRR UUEBERRRNY o1 Filterpack ]
L R IE &% 10/20 Siica Sand ’
[ 65 e e 29 | O Borehole L _es0(end
65.0'
(566.7)
Yminimun ~ ¥maximum  Yaverage




HOLE NUMBER

WELDON SPRING SITE REMEDIAL ACTION PROJECT MW-4041
<| SHEET 1 OF 2
BOREHOLE AND WELL COMPLETION LOG £ it
3 1048463.8
WELL STATUS/COMMENTS LOCATION EAST (X)
ACTIVE BUSCH WILOLIFE AREA 753070.9
DRILLING CONTRACTOR DRILL RIG MAKE & MODEL TOC ELEVATION
ROBERTS ENVIRONMENTAL Inc. CME-750 HSA/NQWL; I-8 TH-80 AIR ROTARY 583.1
FOLE SIZE & METHOD ANGLE FROM HORIZONTAL & BEARING| z , BOTTOM OF HOLE (10) GROUND ELEVATION
7-1/4" HSA-52.0' NG-B7' 6" AIH-58Vertical E- 67.0 581.0
DAILL FLUIDS & ADDITIVES TASING TYPE, DEPTH, SIZE ~ % TBEDROCK STICKUP
Water core; Air ream 2" 316 SS Mon. Well Ed 50 -2
DATE START DATE FINISH £ 2 "WATER LEVELS & DATES HYDR CONDUCTIVITY  [cm/Sec)
05-06-04 05-17-04, Mon. Well 85} A4 K= 7.2x107° (Packer Test)
— w [ [LITHOLOGY BY — _
L ul@slEx| 8|25 ALLEN BENFER Z WELL DIAGRAM =
EwlZluslm| T e |23 > -—| |5
w? |Z|ZEE8] 5| T |58 = To
0" IHE2lun| « | & |5° DESCRIPTION AND REMARKS = Z
(<jtj o) = C(DC 17} "(5 O
100
/ Till Protective EE
- /. UNDL Casing with Locking iy 1| 1580
- Cover set in 2—ft. N NS
T / Soil not sampled or logged from the surface to Diameter Concrete 4 1
/ 52.0-ft. Start NG coring at 52.0 ft. at top of Pad With 4 Protective %
7 / bedrock. Posts X .
4 / 5 \\\ § 575
- /// - Wwell Casing 1
s 2" 316L Stainless
- / - Steel .
10— % = _
. / - \\ 570
] L \ § ]
= / o g—W/Ah"lolameter———» § E
s o orehole
15— / B & \ § |
. / - £ \ \ 565
4 / L a i
20— / - S| High-Solids Bentopite—\ .
] % i G| Grout ("Pure Gold") \ o0
25__ / - Centralizer § § i
- / u x § 555—
35 /// 1] N \
0 Sampie Interval [ No Sample Taken ~ Yminimum ~ ¥maximum ~ Yaverage




HOLE NUMBER
BOREHOLE AND WELL COMPLETION LOG & T —
(Z 1048463.8
WELL STATUS/COMMENTS LOCATION EAST (X) :
ACTIVE BUSCH WILDLIFE AREA 753070.9
pd [€a} — =
o |x -
r |lwZoleEzla | 3| E WELL DIAGRAM =
P P [\ 5 | o O O w o [
a o o > _ = o ] . < D
Lo [ZZ2EIESl 5| T |50 = =0
oY 122 oo a =@ DESCRIPTION AND REMARKS = ]
ni=z £ p= o a
<< e 4 x |n = .
w ) [@p]
100 _ i
/~ Tilt
. ) " . JUND 545—]
40+ ’% B Y __static water Level ]
- “ L 3| e403 540
e @
- 7 - "&' -
4 21 seal
= / - £| 3/8" Pure Gold E
e 5| Bentonite Chips
4 2 - 5 ]
45_ / | L| Centralizer s i
/ 5 72
" ~
=
- / - Screen
7 2" (10 Slot) 316L SS
50— % — Continuous Wrap
I Fon- 72 lm] I'\MS|  520-579 LIMESTONE and CHERT, interbedded, 6" Borehole— ] i
. 104/120 [ = CHRTL.  no circul. unti| 56, slightly weathered, hard,
s | limestone is finely crystalline, dark gray, and light
- LN L brown, stained fractures. WEATHERED
55 T—l—l BURLINGTON-KECKUK LIMESTONE
T_'_ l Filterpack
- | - 10/20 Silica Sand
4 [m | R
jw |
. ,'_T ' - 57.9 - 62.0°. LIMESTONE with minor CHERT, mostly Bottom Cap And—————> ] 1
T ] crystalline, very slightly weathered, trace FeOx, Total Well Depth
T - | B staining, stylolites, massive, hard. 3‘ 58.0—ft. -1
60 =] : -
Cl
4 || L -
- 520
i ] L . ) N
RUN-2 84 |wm] 62.0 - 64.6". LIMESTONE, fine to med. crystalline,
i 56/60" [ | gray, slightly weathered, with stylolites, with gray |
Chl chert nodules. Minor fracture erosion at 64.6".
4 [ ] L .
|
65_ [ = ] | 646 - 67.0". LIMESTONE, massive, very slightly |
| weathered, oxidized fracture surfaces, mostly finely
J [w=] | crystaliine, gray hard with light gray chert from 515
on | 66.1-66.6", some oxidation. WEATHERED
. TR BURLINGTON-KEOKUK LIMESTONE LY 4
- - Total depth 87.0", 5-06-04. Hole reamed to 6" .
from surface to 58.0" and a 2" monitoring well was
- - constructed. 4
- = 510
7] B CONSTANT HEAD SINGLE PACKER TEST RESULTS 7]
1 L 57.5 - 67.0-FT. K = 7.2E-6 cm/sec ]

0 sample Interval  [JNo Sample Taken ~ ¥minimum ~ ¥maximun ~ Yaverage




BOREHOLE DIAGRAM

Page 1 of 1
L
MW-4041 5
[m] %
G =]
o - ) .
Elev |Depth 2 TOC: 583.10 Hydrologic
MSL |BGS <, F}GD' V&allue§ : Stratigraphic Unit _ GS: 581.00' Testing
e UL M e ocuns
: : § § Cover set in 2—ft.
- Diameter Concrete
- Pad With 4 Protecti
—5 \\\ Pgstsl rotective
575— \
= L \ well Casing
= 10 ;9391[& Stainless
570— \ §
B \ N<—7-1/4" Diamet
— 15 \ (_—Boreholelame °
565—
— 20 \ —High-Solids Bentonite
560— \\\ Grout ("Pure Gold")
—_ 25 § Centralizer
555 Qct/@fc undifferentiated

550—

545—

LIS L B B N B B
o (@8]
n (an}

N
(@)

T T T O

%%
7770000078277

7%

—---Static Water Level

1| I L1 ] | I 11 1 | I 11 1 | I 11 | | I 11 1 | l 11 1 1 I 11 1 | I 1 1 1 | I 1 4 | 1 I | | l ) | l 1 1 1 | I L1 1 |

540— ©40.3
B eal
B , 3/8" Pure Gold
— 45 45.0'_744 Bentonite Chips
S35l (536.0) [ /-
- o entralizer
_ 48.0' L,
| (533.0) . creen
—50 2" (10 Slot) 316L SS
530— : Continuous Wrap
r- . . i 52‘0 / "
L SR o Borehole
— 55 :::::::::::::; — d— Fiterpack
525_: - C ! 10/20 Silica Sand :
N 58.0° [ —
R RO (523.0) \-Botton Cap And : 575(beg
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Mbkw , Total Well Depth :
—60 76 [ 52.0 58.0-ft.
soo—- Y oo (529.0) ;
T e e : Packer Test:
- N R P i K=7.2x10 8 cm/s
[ g5 M :
55— S RIS
I PP 67.0 : 67.0 (end)
Yninimum ~ ¥maximum  Yaverage



FIELD PACKER TESTING
FORMS




PRESSURE TEST RESULTS (FIELD)

Ve

X\

Project: Job Number: Test Seciion: Bore Hole:
| Gwog - 14/55 2/1—# -
38 cv5 | A
Test Eqmpmem den ' BORE HOLE Test By: _/‘
é(/ Al e % M &;Z/ Orientation: Size: ?@ /4 ‘ 5&4,
é/ 5 e ﬂ%f W/I” /.5 $CW/ Zo e Date:
Z fisz | . St oy
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
O'n Casing ) . ,
N 37.7 Ft. L0 FL Ft.

- ANEL=z ¢4X70 246‘“
/ : /’ TEST 1 Inflow pressure (Hp) _ZQ__ psi x 2.31 = feet %
gq, ’i :
k4 5 TIME, MiN. 0 1 2 3 | 4 5 5 7 8 9 | 10 | QAVERAGEFLOW
ﬂ 4{ : Meter Reading 0\0 , 6\ \ 4 \ /iD'/b , ) =0 GPM
) ’ ' Gallons or ! ! 0’ W, ! :
20 S & W7 W W g cr
Tee’/f Take Per Min. 5.t |15-0180]5] [5.0] ] [ 1 1 1 CFM x 7.48 - GPM
V24 ‘ﬁg/ Total Head (HT) = Gravity Head (Hg)  + Pressure Head (Hp) -~ Head Losses (Hy)
QM) o gyqin S0 K, CM/SEC
HT (ft) x L(ft) r(ft) > x =13 ¥%/0 ,.q‘{/
 TEST2 Inflow pressure (Hp) 20 psi x 2.31 = feet |
' TIME, MIN. 0 1 2 3 4 5 ] 7 8 ] 10 Q NERAGE FLOW
- 71 .
Meter Reading 0 \ gl A A X 9. gf, GPM
 Gallons or .\lx' q}fD v‘ﬂ/. ‘X\/ 0 wo Uo\ ' T -
Cu. FL 0 0 0 ) (9 : CFM :
[Take Per Min. 2.0 19.1 | 122! 1941 T [ [ ]
Ht - FT = Hg FT.| + Hp FT.{ =HL
K= —3 x 011In—=—= e OWSES 4
Hy x L r x X - 4 g 7( [ O'_
TEST3 lnﬂow pressure (Hp) 2 psi x 2.31 = feet S
TIME, MIN. 0 ] 1 2 4 5 6§ | 7 8 | 9 .| 10 QAVERAGE FLOW
Metar Reading b) iy !)( \, , ! § \ * Z. GPM
Gailo VA UVIERERY b | } ! ;
c:. F:s ” ,OO\ ¥ A\ N4 NS i ch ‘
Take Per Min. VA STINRVINAY]] Z/ : i ‘
Hy FT.{ = HG ; L1+ Hp M "!
K= —=—x 011l —If~=' 5 | _ 3K CHISEC q
“t o ‘ T 4w




Project: - Job Number: Test Section: Bore Hgle:
_@wou/-wgseﬁ. j
. G0 5T
_ |Test Equipment Identification BORE HOLE TestBy: /)
. Orientation: cd// Size: ?5 4; gwﬁf
) Z - Date: -
Veer 7 Sef— ok
Packers i Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
* OnGasing - '
ﬁmu|’;<éonnﬂatagt7* 37.7 Ft. % < Ft 779 A
Z ”; TEST 1 Infiow pressure (Hp) 22 psi x 2.31 = L& L teet
k4 TIME, MIN, _ 0 1 2 | 3 s | s s 1 7 | 8 | 9 | 10 | QAVERAGEFLOW
T / Meter Reading ) \ ‘} ) % p : O & GPM
7177 &7 Gallo ) A Lo .
1252 | Gu i ol @90 cFM
E o, Tosr et s e e T 1 L T ] cwxra-cw
S . Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses {Hy)
/1370 :
8& | FT|= ’ g1.9 FT|+ Yy 2 FT| - FT.|-
H-r?f‘t()gpml? (ﬂ) x .011 In. __l;_((f%)__ = D ] b % J_-D- K‘ CM]SEC ’
X - = -
Y TET < o o1l e | T %077
0007 o) Y920
)
TEST2 Inflow pressure (Hp) __&__ psi x 2.31 = _____feet
"~ TIME, MIN. 0 1 ]2 3 4 5 6 7 8 | 9 10 | Q AVERAGE FLOW
Meter Reading A \ \ \ & O (3 GPM.
Gallons o ) A ' q)\‘ b\' .
Cu. Ft. i 4/ Y v CFM|-
Take Per Min. Gelo 1l 1 1 1 1 T T |
gr |om @ FT|=Ha| FT.| + Hp FT.| - HL FT.{
B I/”/WK -9 L onm-—=-= K, CMISEC
N& Hr x L r ” x =
' HX / 1a) =7
TEST3 Inflow pressure (Hp) f@__ psi x 231 = ____feet
TIME, MIN. o [ 1 [ 213 4 5 s | 7 8 | 9 10 | Q AVERAGE FLOW |
Meter Reading % : | ! P !
Gailons or ! ! ; i i ! —
oy 15 | curt ? i } ; i : cEmt
@(716 Take Per Min. | i i i ! ! B
g Z HT FT.| = Hg T} + Hp | =T - FT.
Z 04/ % _H‘ 1 .9 oum I — i . ?{ﬁmsgc L .
P CHTxLe RSy
£ 1.0x17 '

PRESSURE TEST RESULTS (FIELD)

_ \/\




PRESSURE TEST RESULTS (FIELD)

V|

Project = Job Number: Test Section: Bore Hole:
__éuwoc: wssW 357 ‘s /4
_ | Test Equipment Identification BORE HOLE Test By:
) //’7;@/ W /1449/ k/ V4 &‘/5’/ Orientation: . : /315/1 )ﬁﬁ/
' . s rnetS L .
NPress Facge~ w/ 73 Vier 41 Z.78 Date 5‘*% "0?‘
Packers Groundwater Depth: Gauge Height Above Ground: Gravity Head:
On mg : ; = / .
” rauu@ 377 Ft. o Ft. F.|-
e 2X10 75 e[S
: TEST 1 inflow pressure {Hp) 2 psix 231 = feet
gqx A TIME, MIN. 0 1 2 3 4 5 6 7 8 3 10 | Q AVERAGE FLOW
— Meter Reading _ K] ' X o1 GPM
< / : Gallons or 4’0 % 44) /l“k 45Z @4-‘? }’4 4'/1
/[%Z() | cur h/ 9 & i cPM
o, f Take Per Min. [5.2] pr Vg /3 .03 1.08 lp.071 021 | [ 1 CFM x 7.48-GPM_
’/ﬂ/l =3 Total Head (HT) = . Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (H)'
/5/ /0 1 — . [ 1 —
.-K - Q (gpm) % 011 1In.- L () | K, CM/SEC
= @ <L () % x = | §.axw0®
TEST 2 Inflow pressure (Hp) _"fp___psi x 231 =__ feet L o
TIME, MIN. 0 1 2 3 4 [ 5 6 7 s T o | 10 | QAVERAGEFLOW |
|Meter Reading ol x| Al al N 9 A | N -V
Galtons or e e p f | A & - —
Cu. Pt ik VR 2 ’ A A , | CcFM
Take Per Min. 72103 g 12070 12«1 1T 1 1 |
Hr FT.| = Hg FT.| + Hp FT.| =H_ FT.|
K= Q x..011 ln.—L—— = K, CW/SEC
H x L : | ¥ = |5.ayi0™
TESTS3 Inflow pressure (Hp) é psi x 231 = ____ feet
TIME, MIN. o | 1 |2 3 |4 5 5 | 7 8 | 9 10| QAVERAGE FLow |
Meter Reading %! Li U. \ B2 ; i |+ L( GPM
Gailons or A\ ! 65 . ; I/ N f % i .
Cu. 7t 0y '70 7p ! g cFM
Take Per Min. ; AV 1/,4 /.5 L[5 (/5 ! ! 3
Hy F ="Gi =T+ Ho | S R F1
K= —2  x 011in——= |K. CWISEC §
Hr x L 7 ! X 4

B.La X0

3

5
v

TN PSS



PRESSURE TEST RESULTS (FIELD)

Project: - Job Number: Test Section: Bore Hole:
g LT /4
_ | Test Equipment Identification BORE HOLE Test By:
Fow Heter = M ier— Hede remaion. Size: 4, gm }é/
Press. Mefel winters 1953 yer 275 | gecfo#
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
%gasing
Hydraul Z77 Ft = Ft. Ft.
TEST/ “f Inflow pressure (Hp) :ﬁ__ psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 3 10 | QAVERAGE FLOW -
Meter Reading ) ”7 Vv s A .7/4 il 0 . 7 GPM
Gallons or \Ib ' %) ' A 6 \\p f]q A :
Cu. Ft. v O ¥ o
Take Per Min. | 0.9 0.7 0. 210, | [0.7] | L1 CFM x 7.48-GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (Hy)
FT.| = FT.| + FT| - FT.
K Q (gpm) x .0111n. L(::) = 5 _ K, CM/SEC <
H (f) x L () r(ft) X / =12 2yl0
TEST 2 Inflow pressure (Hp) ;Q psi x 231 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 g8 | 9 10 | Q AVERAGE FLOW
Meter Reading- P / .|
Gallons or R ‘ ,
Cu.Ft. p * CPM|
Take Per Min. X 1 | [ 1 | | I R
e ,
HT / FT.| = Hg FT.| + Hp FT.| - HL FT.
X r X =
x
TESTKﬁ Inflow pressure (Hp) _2?2__ psix 231 = feet
TIME, MIN. 0 1 2 3 | a 5 6 | 7 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading A N éé Al 4 E | ; O~ S GCPM
 Gailons or 9 |\ \”&' b i 0«9 i i B .
Cu 7t N O A N N N ; oFM
Take Per Min. %0‘3'30,2«50,220,& /S ] 7 .
Hy FT.| = Hg | ‘_*HD TR FT.
Lo . iK.CM/ISEC
K= —2—x 011 tn.—=! \ b <
By x ! I % - - ‘ O \}/ 0"

H
H
i
H

i




PRESSURE TEST RESULTS (FIELD)

73

Project: k /SS M Job Number: Test Section: Hole:
Guwou - N 77
Z ﬁ,g _ 52 L) M %c o 5
Z-- - —
_ | Test Equipment iden BORE HOLE Test By: ,
2 5 Flove Meter - /&"t k{” faf‘ Orientation:, Size: a /4‘» g“"‘ 74'/
26 ‘ p,g‘gg_,%&k’ -~ Weat =r< 2.98 Date:
X / /75 3 V&f%/&d/ﬁ , : 4-&?/,_017(
> ? S/ : Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
e ’ On Casing
. (SinglefDouble 7 =0 = B
55 : S ol
o’ = :
Z ’h TEST 1 Inflow pressure (Hp) _£& psi x 2.31 = _____feet |
< < T TIME, MIN, 0 1 2 3 4 5 8 7 3 s | 10 | QAVERAGE FLOW
Meter Reading Al 2 { O-\5 6™
/S o Gallons or WA 5 O'O\*st qq:q ?ﬂ
Cu. Ft. ' |Q)°‘ ] 540‘ ’ cFM
= ;’/ Take Per Min. 5. 2000/ L1210, 191 0.D4 0-12 | | 7 | { CFM x 7.48- GPM
Total Head (HT) = Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (Hy)
// FL.I"= 35{ FT. * 2% ./ FT.| - FT.
K= __Qeem) . o1 !n__ﬂf-tl— T & |K, CMISEC
HT () x L(®) W T | I R N
~' 0004 » " wés’?
TEST 20 Inflow pressure (Hp) o /) psi x 2.31 = feat v
TIME, MIN. 0 1 2 3 4 ‘s | 6 7 8 | 9 10| QAVERAGE FLOW
| Meter Reading 0 g D fl/ il a9 ék O O~ GPM
Gallens or \¢ \ \ 0‘};‘ ) 4 Y ‘
Cu. Ft. 0 a0 0 0 CFM
Take Per Min. [0.40l0.30 . 3010.20l0.41 V-2 10.2 | [ |
Hr FT.| = Hg FT.| + Hp FT.| -H_ FT.
-9 L oottim—= K, CM/SEC
Hy L " - x = |z x10™°
v TEST 3 * Inflow pressure (Hp)_éQ _ _psix23t= feet _
/# TIME, MIN. o | 1 2 3 | 4 5 § | 7 | 8 | 9 10 | QAVERAGE FLOW
| Meter Reading 0, ¢l 0O i | ; ¢ aPM |
I\W Gailons or ) i o o ; : i : 1
Cu. Ft. 0‘0 10‘9 g\o ! i : ! % CFM
Take Per Min. | i i ] | 7 ] T
HT FT.| = Hg 74+ Hop =T HL FT.
: l IK.CM/SEC
K= (Q ! x.onin.—-"_'—:% . b gK'CM’;,,7
HT X i i i X I = § 4' D
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PRESSURE TEST RESULTS (FIELD)
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Project: - P Job Number: Test Section: Hole: *,
worn - W ESBAL £ ]
| & zz-0 ,z8.0 | 2

_ {Test Equipment Identxﬁcaxmn BORE HOLE Test By:
- o Aester /Maé/ Orientation: 44,/ Size: /?-, W
s, por” —whinters g | Verts 298 |
Packers Groundwater Depth: Gauge Height Above Ground: Gravity Head:
gie/Doubi 7 g
?ydraul@ - ‘ Ft. 2.0 Ft. FL
TESTA A Infiow pressure (Hpy_Z&2___psi x 2.31 =  feet
TIME, MIN. o | 1 2 3 4 5 5 7 8 F) 10 | Q AVERAGE FLOW
Meter Reading =0 0 GPM
Gallons or -'é‘ . 5}9 i
Cu. Ft. 40 ! 1 CFM
Take Per Min. ] | | [ { [ | | { | | CFM x 7.48 - GPM
Total Head (HT) =  Gravity Head (H@g) + Pressure Head (Hp) - Head Losses (H)
FT.| = FT.| + FT.} - FT.
Q (gpm) L (ft) K, CW/SEC
K= = o1t Iin.————=
Hy (1) x L) r () — x = 07,(,7
S~ . :
TEST 2/6 inflow pressure (Hp) __[ O psi x 231 = ____feet
_ TIMEPMIN, 0 ' 4 | s 8 | 9 10 | Q AVERAGE FLOW
Meter LR'eadmg 0 0 GPM-
{4 Gallons or Y3 »
“Cu. Ft. , CFM '
Teke Pl Min. | | | | | | | | | [
/&T . FL|=Hg FT.| + Hp FT.| - H FT.
Ke —2 » ot1in—== e CM’SE}I
] Inflow pressure (Hp) psi x 2.31 feet
T%M_IN o | 1 2 3 | 4 s 6 | 7 8 | 9 10| O AVERAGE FLOW
| Me;q Aegfling % | | : | ! GPM
Gailons or } i ; 1 ; :
Cu. . 1 z ; | g CcFM
Take Per Min. i ; B ] 1 ] ] o
: ; P
Hr F1.| = Hg Ll +Ho! IR o [T Fi
Lob ’K.CWSEC |
K= —3 x 011 iIn.——= i
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Project. - Job Number: Test Section: Bore Hole:
swor- W55 PH - A
_ 38.0 * “48-0
_ |Test Equipment Identificatio BORE HOLE. Test Bg: .

L MW - /&é—‘ré/ W Orientation: Size: /4», 5@%
s /ﬂf/vé/ - W//k/‘/f EZ Vﬁ//%fﬂﬂ/ Z' ?3 Daxe%‘ 3 - 0?[
Packers ’ Groundwater Depth: Gauge Height Above Ground: Gravity Head:

On Casing — ‘
oubi —~— g
%@ 3& . Ft. Ft.
. TESTH1 / Inflow pressure (Hp) 20 psix231=____ feet
TIME, MiN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Méter Reading A U\‘(}/ o oQ( ) GPMV
" Gallons or Ibp o, \v\é {)?) (,,‘ QA ggs b/\ :
Cu. Rt NS AT\ (EN 1 CFM
Take Per Min. [X& 0. 8 lo.4 AN A | ] | [ CFM x 7.48 - GPM
Total Head (HT) /= Gravity Head (Hg) +  Pressure Head (Hp) — Head Losses (HY) -
1 FT.| = FT.l + FT.{ - FT
K= ____————-—HTQ(ﬂ()gpmg X o1 In -————L((:; = 5 K, CWSEC 5
X r < =1 .o /n~
| W0
‘ TEST 2 Inflow pressure (Hp)}O psi x 2.31 = feet
S TIME, MIN. a 1 2 3 4 | s 6 | 7 8 9 10 | QAVERAGE FLOW
 [Meter Reading X (?1/ \0\" ‘ /@ X ‘bl\ ond ‘ o0 aPm|
* ‘Gallons or \g' ' VoL \:b v v »
| our N PN PN N N N R crm|
| ke Per i, Tz 74172105 Lozl [ L 1 1 |
FT| = Hg Fr| +Hp | FT.| - H FT.|
K, CM/
K= Q x.011ln.—l:—= 3 . C SEC
H‘T x L r T x X . = 4 x / o—¢
TEST 3 Inflow pressure (Hp) j_ﬁ_—_ psi x 2.31 = ______feet ’ ‘ -
__TIME, MIN. o | 1 2 3 | s 5 § | 7 8 | 9 10 | QAVERAGE FLOW
teter Reaing AR o \ 2 G
‘_,\'-"R%Gailonsor %’ i &' q)- ;' @r L I %' PR t
o n & 1 W & oV g K| cex
/?Take Per Min. ’,ﬂ.z{%o,/aio.gbﬁp,os \0.00} S 5 i
Hy FT. =HG3§ —:%& ﬂc: . -"_1 FT.
% ) i " K OMISEC
K= —3— x ot1in——= P K
Hr x L P x

e ‘.
#0700

PRESSURE TEST RESULTS (FIELD)
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PRESSURE TEST RESULTS (FIELD)

>fa

Project: -~ Job Number: Test Section: Bore Hole:
28.0 w© 43.0 B
Test Equipment Identification BORE HOLE‘ Test By:
Orientation: Size:
Date:
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
On Casing , &
Single/Double S
Hydraulic/Inflatable % Ft. =0 Ft. Ft.
TESTX LP ‘ Infiow pressure (Hp) _2# ___ psi x 2.31 = feet
TIME, MIN. 0 [ 2 3 4 5 6 7 a 3 | 10 | QAVERAGEFLOW
Meter Reading q o 4 M M O\  GPM
Gallons or \-0 \SV \;17 M \\-./ \?J (])' :V ,v/v- -
Cu.Ft. O G A A A 4 o’ . il §
Take Per Min. 0. /212.2710.1010-HA p.200./910.200-21] | | =~ CPMxT74-GPM.
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) -~ - Head Losses(Hy)
FT.| = - FT| + FT.| - FT.
Q (gpm) 11n L{ft) - -, K,_CMISEC
(f) x L{ft) Tor(i) x = ~
T x 1.8%167P
TEST 2 A Inflow pressure (Hp) _Z€___ psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 5 [ 7 8 9 10 | QAVERAGE FLOW
Meter Reading O Gpm.
Gallons or '
Cu. Ft. , CFM
Take Per Min. | | l | | l [ 1 | P
Hy FT.| = Hg FT.| + Hp FT.| - HL FT.
K ;
K= —3 % 011 In——= e CMISEC_
HT x " X V- O’/( 7
TEST3 Inflow pressure (Hp) _ psi x 2.31 = feet
TIME, MIN. 0o | 1 2 3 | a 5 6 7 8 | 9 10 | Q AVERAGE FLOW
Meter Reading ! ! | i GPM
Gailons or i : ! !
Cu. 7t % i 1 A cRM
Take Per Min. | : i : ] T
‘ ] oo
Ht FT.i = Hg Tt + Ho i N IS FT.
L iIK.CM/SEC
K= Q x .01t in —_—= - S - i

H
!
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PRESSURE TEST RESULTS (FIELD)

Project: - . - ~ |Job Number: Test Section: Bore Hole:
|Gwos— WSS PA 48.Q  SB8O 5
_ |Test Equipment Identification BORE HOLE Test By: :
: Orientation: Size: R '4" éa%f _
2.2 ‘ Date:
Ver- f & 5 ate: 11[' 3 o - O 4
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head: '
On Casing O .
Single/Double v
Hydraulic/inflatable s 31 Fu| ? Ft. Ft. |
Inflow pressure (Hp) 22 psi x 2.31 = feet
" TIME, MIN.. 0 1 2 3 4 5 6 7 8 | 9 70 | Q AVERAGE FLOW
Meter Reading @ GPM
" Gaflons or (

Cu. FL ; ' | CFM
Take Per Min. | | { | B | ! { | ] 7 CcFMx 7.48-GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - .-  Head Losses (Hy)

FT. = FT + FT.| - - - FT.t*
K = Q (gpm) 11 L) _ K, CMISEC
T () x L) ) % x =0 ¥7
TEST 2 inflow pressure (Hé) _30_: psi x 2.31 = _____feet v
TIME, MIN. 0 1 2 3 4 5 ) 7 g | 9 10 | QAVERAGE FLOW
Meter Reading é . GPM
~ Galions or T
Cu. Ft. ) CFM
Take Per Min. [ 1 | | | | l | [ I 1
Hr FT.| = Hg FT.| + Hp FT.| - H FT.
: K, CM/SEC
- —92 s ottin—= 5 ,
x = _
x <1077
TEST3 Inflow pressure (Hp) __EQ_ psi x 231 = _____feet '
TIME, MIN. o | 1 2 3 | a 5 § | 7 8 | 9 10 | QAVERAGE FLOW
Meter Reading ! i E ' , ¢ GPM
Gailons or o ! i : i A /
Cu. Ft= _ l ! | ; § P CFM
Take Per Min. I { : : ! ; :
HT FT.| = Hg 77|+ Hio | FT) -HL T
L . {K. CM/SEC i
K = HTQ — x 011 in.——= I - i
x L ¢ e = - !
T 4l
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PRESSURE TEST RESULTS (FIELD)

Project: - Jab Number: Test Section: Bore Hole:
N 3B e )
Test Equipment_ldentiﬁcation BORE HOLE Test By:
T Orientation:  « Size:
Vg,/‘ &“’ ?ﬂ Date:
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
On Casing , . :
Single/Double i g
Hydraulic/inflatable ‘5 7 Ft. Z2 Ft. Ft.
TEST 1 Inflow pressure (Hp) __3__9_ psi x 231 = ____ feet .
TIME, MIN. 0 1 2 3 4 | s 6 | 7 3 9 10 | QAVERAGE FLOW
Meter Reading @ GPM
Gallons or
Cu. Ft. / CFM
Take Per Min. | | | { i | { 1 1 | CFM x 7.48 - GPM
Total Head (H7). = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (Hy)
- FT| = FT.| + FT.| - FT.|
ke Q™ g =@ ] K, CM/ISEC
Hy () x L(ft) r(ft) X X =lciO-27
Inflow pressure (Hp)_ﬂ_ psi x 231 = feet
TIME; MIN. 0 1 2 3 4 s 6 7 g8 | o9 10 | QAVERAGE FLOW
Meter Reading GPM-
Gailons aor
Cu.Ft. - CFM ’
ke Per Min T T 1T T T T T 7
Hy "FT.| + Hp FT.| - H FT.
K, CM/SEC
X = -
x 10”7
TEST3 Inflow pressure (Hp) __S___Q___ psi x 2.31 = feet
~ TIME, MIN. o | 1 | 2 3 | a 5 § | 7 8 | 9 10 | Q AVERAGE FLOW
Meter Reading N i : i i GPM
Gailons or ! ; : i ‘ ! ¥
Cu. 7t - P I cru
Take Per Min. i ; i ; ] : : -
Hy FLi=Hg L+ Ho ! AR L)
! H H r~: QT
K= —3 — x 011 n _':-=' P ;K“‘”"'S,E?“
Hr x L ol = I A




PRESSURE TEST RESULTS (FIELD)

Y

Project: - Job Number: Test Section: a%:’me; e
- 7 /= /7/7.7
] s57 v1zo | C_
_ |Test Equipment Identification BORE HOLE Test By:
[ 4 0‘/7407& /&Jré/‘ W Orientation: Size: 4 ’ 5—%74/
F JESS cer€ - G . - “ {Date:
FAep, c«ﬁ/&;{gﬁrg Vert 2-78 , Y-28-0
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
elPoul r ‘s
yraulk@ 52 Ft. ZJO "R FL p
, © “TEST 1 Inflow pressure (Hp) .22 psi x 2.31 = 4l I feet
Gy 47 ,
il TIME, MIN. «Z 1 2 3 4 5 6 7 8 3 10 | QAVERAGE FLOW
‘i £ |Meter Reading 20" [ é AR GPM
K"L reexl.'| Gallonsor "@: @ﬁ\' 9$" (&6 ”C:'I 0 #'/‘/ Q'V\/ : E
120 47 |cum S L) P | cFM
Take Per Min. Tvo [ W | vk [va-| 13 vl { | Fi " CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (Hy)
\21.0% FT.| = 74.65 FT.| + 4y 2> - FT| - —_ FT.
Q (gerr L(ft) 2 K, CM/ISEC
T mxim o - x S
X . = - = al
T \'2\@5" &3 0\\0‘“0\7_‘5 5.83%10
TEST 2 ~ Inflow pressure (Hp) ﬁ psi x 231 = feet
TIME, MiN. 0 1 2 3 4 s | s | 7 |. 8 | 9 10 | QAVERAGE FLOW
Meter Reading _ A.’D o, A le Ll 6 {):)‘- | ‘9 GPM:
Galtons or /ﬂ 0% q’\ﬂ &' \ 6’ W ,
Cu. FL. A N 167 L'1] , CFM
Take Per Min. B I | | | | l l 1
HT FT.| = Hg FT.| + Hp FT.i -HL FT.
K= —2 % 011in.——= K, CM/SEC. 5
Hy x L r x X = | L3%I10
"A TEST3 Inflow pressure (Hp) QQ psi x 231 = ____feet i
 TIME, MIN. 0 | 1t -3 I 4 6 | 8 | 9 10 | Q AVERAGE FLOW
w Meter Reading 4.41 \ \'g L\ () % f , LWs GPM
Gailons or W | A \0' ; L \’6»' ! \g' \V'
Cu. Ft. %fbo AL iy i g ! { CFM
Take Per Min. } R H ] 1 ; ! ! i
HT FT.{ = Hg | =4+ Ho | = - FT.
! © {K.CMISEC
K= — Q x .01t -l:— =i ! 2 .
Hr x L T = K.
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PRESSURE TEST RESULTS (FIELD)

Project: - ~ |Job Number: Test Section: Bore™Hole:
Lo/ oL - ' N
. Boﬁ) A
- X ’ ég. 7 » to 7 7‘ O c'
_ |Test Equipment Identification BORE HOLE ) Test By:
% I3 ,g,/ﬁyé,/ - »AJ k/ V.74 &A/ | Orientation: . Size: v /4‘ b 5—@17&(‘
v . .
oSS, Meder - WonferS (753 Vs 2.925 Date: -
7 A H-28-04
.Pagkersa's g Vs //‘&;// - Groundwater Oepth: Gauge Height Above Ground: |Gravity Head:
&ﬂ““ oyble
Hydraul : . 53 -2 Ft. .0 Ft. FL

TESTA 4 Inflow: pressure (Hp) P psi x 2.31 = feet
TIME, MIN. g 1 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading 'S é e P Ll 1l 2.0 GPM
““Gallons or ,Ip' 1}’1/ ! %!)C‘ y . 410' \\\ :
Cu. Ft. 00 P l@ %# Vi , o CFM )
Take Per Min. (o 12.7 lz.0l2.012.1 ] | { | ] CFM x 7.48 ~ GPM
Total Head {HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H)
FT.| = ’ FT| + FT.l - | . FT.
- Q@m . o011 ln..__l‘_(f_t_)_ = - : ' K, CM/SEC’;__,
. H () x L () r () < X " |DR(O
o M st S inflow pressure (Hp) _ &2 psi x 2.31 = feet
‘ } LA TIME, MIN. 0 1 2 3 4 5 6 | 7 g | 9 | 10 | QAVERAGE FLOW
Meter Reading ' {' v 0 C’ 4 o 1 s ’I GPM-
| Gallons or -;)\‘ 2 ‘ff 4}" # ' ‘,"Q' ne v ‘
Cu. Ft. P 6’) b ) % O 4_@ | CFM
TR v .Y R WX V7 A V.22 N I W N
by  FT|=Hg Frl+Hp | FLl-H L - FT|
,-CM
K= Q x .O11ln.-L= v K.-CMWSEC
HrxL r - x = ’ X ‘O_,*
TEST 3 inflow pressure (Hp) psi x 2.31 = feet | |
TIME, MIN. 0o | 1 2 3 | a 5 6 | 7 8 | 9 10 | Q AVERAGE FLOW
Meter Reading ! 4 S ,,f E ! GPM
Gailons or ; ; ‘ ; i ; ,
Cuft. i oo P cem
Take Per Min. i ; ! : ‘ .: ! ‘. :
Hy FT.| = Hg Sl Hp | = - T
K= Q X .01 !n,_':. =‘ 3 K. CM",SEC

F

E S
r
X




PRESSURE TEST RESULTS (FIELD)

R

Project: - Job Number: Test Section:' | Bore Hole:
' i -7 «8LO
;%//, /5' 0. a‘ ) o to 7 C’/
Test Equipment Identification BORE HOLE Test By:
M / 5' sz’ //4(&/ ﬂ&W /zz*é?/é/ Orientation: Size: 4 gﬂé%/
AM . ﬁ Date: :
Bt EMeAer - WINHSE ver &7 F28 -l
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
On Casing ’
Single/Double . 7
H'yn(?raulicl']’nﬂatable {:e,_‘ SR =0 Ft. Ft.
TEST 1 Inflow pressure (Hp) &2 psi x 2.31 = feet
M TIME, MIN. 0 1] 2 3 4 5 8 7 8 9 10| Q AVERAGE FLOW
é / Meter Reading . ?) P ‘ ’ ' L GPM
T {&9 Galions or (x/b ‘)‘3;7 7/ d,'é ,‘,0 gﬂq‘ _ L\' :
f Cu. Rt v |y g gt | ) | cFM |
Take Per Min. [/« 7513 [/ 2] 3] T | I T‘» CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H)
FT| = Fr| o+ | - FT| = Tl
K | Q (gpm) (i@ _ - K, CM/SEC )
Hy (f) x L(ft) r(ft) X X =159 % 109 |-
pl /ﬂ TEST 2 A Inflow pressure (Hp) M psi x 2.31 = : fegt _ , _
W” Vg( TIME, MIN. 0 1 2 3 4l 5 | 8 7 8 | 9 [ 10 | QAVERAGEFLOW
Meter Reading /2 Y R BN A I & eem
Gallons or ' A 6]}' 6% ﬂcll \'1/ ) U*ﬁ g’g,q ‘ :
Cu. Ft. &, o 0 % - CFM
Take Per Min. { (7.2 [4S [/ /s (L7 14] Al | B§
Hr FT.| = Hg FT.| + Hp FT.| ~HL FT
K = Q x .011 ln.-i- = ’ = " CWSES )
Hy x L r x X = |47 */O
TEST 3 Inflow pressure (Hp) _QL_ psix 231 = _____feet
~ TIME, MIN. o | 1t [ 2 3 ] 4 5 § | 7 8 | 9 | 10 | QAVERAGEFLOW |
Meter Reading 4 a i { i e GPM]
Sai L a0 63 A a7 LA
Gailons or i P L i =M
Cu, F1. d’@ %’1 @lﬁ/ i@'\ @‘1 ’\U gl g | } ceM
Take Per Min. \ /e 7 2 i/ 7 | /0 YT E T ! J
Hy FT.| = Hg :—‘-’10‘ T - T
i K, CMISEC.. i
Ke —2 x 011 —=—=! | jK. CMISEC g
H+ x T %

4. o;(/o




) | PRESSURE TEST RESULTS (FIELD) | Z/Z

Project: -~ Job Number: Test Section: Bore Hole:
oW o ) 77 w872 | C_
_ {Test Equipment Identificatio : BORE HOLE Test By: :
F/ow Mo fer - %“Qé"' /&ig’éf Orientation: Size: 4’ 54’” }4/\
‘p/”wrv/”&té/ M/;fg Vﬁ,ééJ = - 73 Date: %'25'09“
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
Ol ;- ing / <
m’""- — e
Hydrauli =% FL &2 £t Ft
TESTA Infiow pressure (Hp) _ D psix 231 =
TIME, MIN. 0 | 1 2 3 | 4 5 5 7 8 | 9 | 10 | QAVERAGEFLOW
"] |Meter Reading ‘ \ 6 : @"5 .Z " 0 ;{/l 66 O .6 GPM
Gallons or ! : , .
Cu. Ft. ﬂ Jﬁ % 8 17 of CFM|
Take Per Min. 12. 2104 10.%10.110- & | | B | CFM x 7.48-GPM -
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) =~ - Head Losses (H).
FT.| = FT.| + FT.| - ET.
Q(gpm) (e L0 K, CM/SEC o
HT () x L) () % x = |5.83/0"
TESTZ” g » Inflow pressure (Hp)__ZQ___psi x 231 = feet _
__TIME, MIN._ -0 1 2 | 3 4 5 6 7 | 8 | 9 10| QAVERAGE FLOW
Meter Reading 0 v ’ % 4 A ' \ v GPM|
K , A -
Gallons or %b 9"' A ﬂo’ 1,4 42° eml
Cu. Ft. i% v iAo A CFM
Take Per Min. Troll7 Tr2 121021021 1 1 [
. Hr FT.| = Hg FT.| + Hp FT. —HL FT
[, cmiseC
K= Q LX.O11|H.—E—-= < _‘ 5
Ht x r ” 7 9 X 1O
- TEST3 Inflow pressure (Hp) _psi x 231 = feet
- TIME, MIN. 0o 1 2 3 | 4 5 6§ | 7 8 | 9 10| QAVERAGE FLOW _
IMeter Reading <7 , g ‘ - GPM
Gailons or ! ; « ! i ! e
Cu.Ft. I ; ; i ' CRM
Take Per Min. | i T : | , ; i
Ht FT.1 = Hg “"-/E ;HD ] BT f :7
ke Qg | [KovisEC
Hy x L N S " X jo= ;




\
PRESSURE TEST RESULTS (FIELD) . e e / (
Project: ﬁ . et~ W < 2 M Job Number: Test Section: Bo.re Hole:
| Busek 69«75
Test Equapment Identificatio /%M #r /{ ykf Oﬂemaﬁ'on: BORE &;Z:E Test By: ﬂ g [y
/?'&55, ///va.fm{ﬂs <3 W 278 pae: 5 - S o

Groundwater Depth: Gauge Height Above Ground: | Gravity Head:

345 Ft. Z-o Ft. L
No 72»6(/4/"' <« </p=7 )
‘ T1 Inflow pressure {H psi x 2.31 =, fee
/§¢7m7%ZES 20 Aot P E2_ L
N TIME, MIN. 1 2 3 4 5 6 7 8 9 10| QAVERAGE FLOW |
Meter Reading , ! o GPM
Gallons or 0,~0 49.\ 'pyf\ D'% /0\' ,ﬂé 4/\‘0 '0 & 61
Cu. Ft. 51’ My L 4;'7 q;'p ,;!P y 4,?’ z J CFM|
Take Per Min. 147 To.elod1e.l], a4 251 £ | [ | | crmMx74s-GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - ‘Head Losses (Hy).
FTl=| Frl + | | FT|— | . FT.
- Qleem gy =0 : : K, CM/SEC
H (ft) x L(ft) r(f X x =1 5 x/o‘—#
TEST 2 Inflow pressure (Hp) &0 psi x 2.31 = _fest
TIME, MIN. 0 1 2 3 4 5 5 7 8 3 | 10,4 0 AVERAGE FLOW
Meter Reading \l, ,\Q ,0 \ Y A{ a 4 . v 44 g / O 5 GPM-
Gallons or Y’ Ar . 4}' ’ . ) ;i K . A
Cu. Ft. 1)4) 42/? 4{’)?/ o 4,"/7/ ‘ fh’i;b ,)@” 7;’74) B 43”4—? ) 5 CFM
Take Per Min. ; a1, ONse..0l0. S lo.s5] 7.0 | 33;. YA 334; 7
Hr | © FT|=Hg FT.| + Hp oA IS Tl
e 9 onmt- [FemsE_
N e r ~ " " L 2xl0™
,{ 0/ / TEST 3 ‘ Inflow pressure (Hp) 1% __ 40 psi X 2.31 = . feet :
TIME, MIN. 0o | 1 2 3 4 s | 7 8 | 3 10 | QAVERAGE FLOW
Meter Reading i , ; i » ¢ - GPM
Gailons or i . i s 7 ~
k Cu. 7. i | i A cem
7}9 /] Take Per Min. i : i : 5 5 g é ;
L Hy FT.| = Hg ST oL T

i — T t K CWISEC

X
-
%
(w]
-t
-
3
- ‘,~
il
X
]
O ke
¢
¢
(




o - =z
PRESSURE TEST RESULTS (FIELD) g

Project: -~ Job Number: Test Sedion: Bore Hole:
21«[0&&‘ WSS MP ) =

[(Betschi - 79 © &7 /4

_{Test Equ«pment Identifica Let- M l,,— BORE HOLE TestBy / _
M%ﬁ; ,)igf’:;f ; >/ 7¢ 5 Qrientation: Size: ﬂ gw
. /7/'&55 M V&/_ﬁ . Date: &~ 5"..075
. Packers Groundwater Oepth: Gauge Height Above Ground: |Gravity Head: :
On Casi
Sir:iglglsgogu.able 5,4 . 8 2 - ?é .
Hydraulic/inflatabie Ft. . Fr
7177 s 71L'EST 1 ~ Inflow pressure (Hp) ZE  psix 231 = feet
e f /Z £2 TME MIN. | 0 1 2 3 P 5 5 7 s | 9 | 10 | QAVERAGE FLOW
Z/l/g 7%71/ Meter Reading 0. N - b/] P ‘{, % " v é O :,/ GPM
Gallons or - C g n' 3 ' . . - -
4382 lour g? & 9"‘?’ P P e cFM
© [Take Per Min. [0.3] 0. 6104 lo. «é[oﬂ.aﬂ 1 [ T crmx748-GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H)
Q@em) . g1y = . , K, CM/SEC
Fr () x L) T - x = 1Y v0-%
o - TEST2 Inflow pressure (Hp) _ie__psi x 2.31 = feet
‘ TIME, MIN. 0 112 3 4 | 58 5 7 8 | 9 -«-:.1'0, QAVERAGE FLOW
- |:. ‘Gallons or 6,‘1' v\{,' ')P' \é *6' *é WV y' —
Lour S A R Ul o ol O i _ om|
.-, |Fake Per Min. [l 01 ol 7 [o.4e.i] 01 1 1 T
CHT | - FT|=Hg ' FT.l +Hp | FT.| - H
K= Q_ x .0M ln.—L—= v K (,:MISEC
HT x L r < X | = & ‘7 %/o—é
) ' TE3T3 Inflow pressure (Hp)__é;‘_’__ps x 231 =___ feet
" | TIME, MIN. o | 1 2 [ 3 [ a]s | s [ 7 |8 1 9 mo ] & AVERAGE FLOW_
. 44"‘% 2 ‘b'v 9% 4(' i Db‘ X - Lodo e
Tour gk ot 4,"‘7 i .,)')‘ ! o ,f) | ¢ L e
Taxg'_:?;érmm; 0.0 lelg.lri b, 7,9{3 p PR3 0 ' T P :
— — T . KoweEee ]
K= —3 011 in——=! oK E
Hr x & oo - w 1°




o PRESSURE TEST RESULTS (FIELD) 2(2

Project pa gz)w od - ng 1274" TD Job Number: Test Section: Bore Hole:
_] écus«% 79 v 89 4
_|Test Equapment Identification BORE HOLE Test By:
Lot Metfer - M. M‘k/ Metel Orientation: Size: A : /3{/‘ jé‘r\
P/&ss 'éM&f—-y\//M #tf' /953 W’dﬁ/ Z - ?8 Date: g" S"_,0¢
Packers Groundwater Depth: : Gauge Height Above Ground: |Gravity Head:
On Casing 4 3
'). -
Fyraulu@%@ 2 Ft. Z f‘% Ft. Ft.
TESTA 14 Inflow pressure (Hp) _ﬁﬂﬂ___ psi x 231 = ____feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
{Meter Reading A .k @ 1 q 3 A 6 e GPM
Galtons or 1A g 2 3 2 . g ‘
Cu. . é hﬁ h pé ¢)" '54’* 'ﬁ 95 1 CFM
Take Per Min. o5 1o o5 o6 To.d 6.8 lo.+] | | 1  CFM x 7.48-GPM
' Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H)
FT| = : FT.| + T - |- - FT
= __Qpm) (gpm) x 011 ln.—l‘-@)—.—. - K, CM/SEC <
/ Hr () x L@ () 3 x| = |}, 3%/0
91 TESTZ” 4 Inflow pressure (Hp) z0 psi x 231 = ___feet S o
»l/ TIME, MIN. 0 1 2 3 4 5 s | 7 8 | 9 |10 Q AVERAGE FLOW
// ”/ Meter Reading /é GPM:
W Gallons or 3 — -
ry( Cu. Ft. CPM1
Take Por M T 1 _ 1 1 T 1 T T T ] o
Hr 7 FT|=Hg C FT.| + Hp FT.| -HL_ - COFT
O
K= Q x .011 ln.—L—- = ’ CM/SEC
Mt ' x o I = | o=
TEST3 ' Inflow pressure (Hp) —______psix 231 = _____ feet - 4 167 7
TIME, MIN. o | 1 ] 2 3 | a4 s 6 | 7 8 | 9 10| QAVERAGE FLOW -
Meter Reading | i i i i GPM
. Gailons or ! ! ; ! _ | -
Cu. Ft. l ; i i , cAm
Take Per Min. i i ] i ! i : ! i
Hy FT.| = Hg | -—~Hn =Tl -H
Q Lo P  IK.CMiSEC !
K= — x 011 In.— =| L P 3'
Ht x © 7 i -1 X j = i {

i
i




4367_//’

rest
p:$S
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PRESSURE TEST RESULTS (FIELD)

Project: Job Number: Test Section: |Bore Hole: ‘V *
| Guwoe - VS SM M
R /q/ g to ZQ‘ 7 &0g
_ Test Equipment identification . BORE HOLE Test By:
AZ ot AL - Master /‘lcaé/ Ofienta})n:c;y/ Size: 5 ' ﬁ - g %74/
Ver- Z ? Date:
/’@ss. Mefer - Mfmé/:/ 7S5 |Verts O R,
Packe ) Groundwa!er Depth: Gauge Height /Above Ground: (;rzw‘t‘y‘l-;ezdu zlr;):\d':?am F
/ g/ Z‘ Ft. 2.8 el 2¢
TEST 1 Inflow pressure (Hp) 5 psi x 2.31 = /. G teet
TIME, MIN, o |1 2 [ 3 4 s b 7 {8 | 9 10_| QAVERAGE FLOW.
Meter Reading 0 % .0 2 4) Y 6 Y 3. Q- apnil
“‘Gallons or v i) | LG . . oA — 1
S 2 i U o Y o
Take Per Min, _1z23. 713, zls VAER llz,aLZi.Li | 1 [ cimxres-cem
Total Head (HT) 7 - " Gravity Head (Hg) + Pressure Head (Hp) Head Losses (Hy)
25.q Fi=| 243 F| | [l F| - | (nehgbi T
= —————-Q @pm) 11 ln._-——-—-lf (ﬁ) = 2.23 /0.2 K, CM/SEC
H (ft) x L (f) r (i) 354 x 55 | < porthie " oot
‘ . + hogH g BIC ~— - .
TEST 2  Inflow pressure (Hp)_ /O psix 231 =28.] feet H.| X107
[ TME, MIN. 0 | 1 2 | 3 ] 415 [ 7 s [ o | 10 [ aavenaGerLOw
Meter Reading 1ol X v 1 9 s 5 GPM
Gallons or " \"]}' \U’ ’DD‘ ,6)‘ Nt 4,;)“ A 4
Cu. R DA SN S M G S | cFm|
Take Per Wi P2 AR AR P A VA U N N N —
M| g9y FR=Ha| 243 FT|+Hp| 23] FT|-H FT:
K = QLx'omn'—L—= y.& ) 107 | K.CMJSEC .
Rl . 41 X 0.7 Diln T2 4&3%107
B . 00 87 ’ "% S —
TEST3 _ Inflow pressure (Hp) /S psix 2.31 = 34.7 feet |
___TIME, MIN. 0 | 1 2 3 | a 5 6 17 8 I 9 10_| QAVERAGE FLOW
* iMeter Reading 0] AL Xyl oy Vi 4, P LS  opw
‘I Gailons or /\ Ly LA ' i Viﬁ ‘
Cu.FL L iac’ .x‘& W 4 i,){b 1.?\ CFM,
Take Per Min. 2-106.7%.817.112.9 7.0 7./ ? f‘
Hy LA Fhi=Ha; 24,23 FiisHei 34,5 Foi-f | FT
q Lo - 1 K CWiSEC
K= x 011N —— =} (.9 P
T X L T > X 04Y9s 1=
- 51 % 1o bS 17 graxIo |
01043 a4 xi Y




PRESSURE TEST RESULTS (FIELD)

- a@& Pro]ect Job Number: Test Section: Bore Holé:
G oo~ W LS M )
- Site - | |9.0 ©z29.7 |22
_ Test Equipment ldentification BORE HOLE Test By:
N A //deﬁ‘é//‘/e/ré/_ odem}fm;j Size: AL gm/éf
ry ' . Date:
APMM M/néf-f 54354 I/g : . 2. 258 ate: &sp -0 % |
Packers % \ Groundwater Depth: Gauge Height Above Ground: Gr;v;y Head: 7
0 . .ng / : 7 , . lD - / Af o .
b‘ o ’ .
H"'d'a”' | ( e Al ¢ g f| e Z7 3 /@ Pt

TESTZ/ "/ ) Inflow pressure (Hp) LD psi x 2.31 = Z3. /_feet |
[ TmE, Win, o [ 1 ]2 T 3 4 5 | 6 7 3 3 [ 10 | aaverRaGe FLOW
Meter Reading ol uwl 2| ol ¥ 4| % 5.1 GPM
Gallons or - A " \(b, X qy\. (r &. V\/p' e
Cu. P AN /[ S O o A | cru
WePerMn 156 15.. 158156159 58 15:2] 1 [ ] crux7e-GeM
Total Head (Ht) = Gravity Head (Hg)  +  Pressure Head (Hp) - Head Losses {Hy)
L7/7‘ L-/ Fr = : ’2’71 3 FT. + ) Z%'l Fr' - ) ’7(?, i ";FT'
__eem et [ 25 ' 7 [kcwsEe
fy x L) ‘ - : x| , 09895 | =
 frExm o ;‘,ﬂ’/z,{ w74 07 Syt
TESTZ/ 5 A .. Inflow pressure (Hp) é psi x 2.31 = / / b feet £ ximd
_TIME, MIN____ ’o_ 1123 4 ] 5 | & 7 8 s | 10 Q AVERAGE FLOW_
. |Mefer Reading Ol vl Vv o -
| Galions or ' éd( Q)' (.\;(I' /\p /\'47 I\é' qy : ' 4 4 :
cuft ‘A AN MR | | orM)
Take Por Min. [zt g+ H4 2141431 1 | | | -
v | 35,9 Fl=Hg| 243 Flsrel /L0 | -HL | megligibk FT
" Q L o/ K.CM/SEC | .
| K = x 011 In.—— = H.4 ASEY L
\. Hrxt 6”;5 BT o7 | < | 0777 |- |aewesty
TEST3 '. Inflow pressure (Hp) _______psi x 2.31 = feet Sexio” 7t
' ‘ TIME MIN. 0 | 1 g' 3 | a | s ] & 7 8 | 9 10 _| QAVERAGEFLOW |
;\deterf-'keadmg . ] ; : ] 3 GPM
Gailons of ! : i ! : — : -
] €Cur i { ; i é CFM.
- {Take Per Min. i i i i ] 1 i i '
Hy FT| = Hg i+ Hp .
K= — Q x .0t1in L




PRESSURE TEST RESULTS (FIELD)

Test Section:

Project - ) Job'Number: Bore Hole:
Cewsod - W g:e,ez/{ |
- : 240 v 347 |\ 2osz
Test Equipment Identificationri ) - BOREHOLE Test By: c
N fows pteser - /Mdék/ /M&k/ Orientation: Stze /4 5&474/
G55, pedes - Wonters (53 vert 278 e gy ot
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head: 447 /el - pern ——
Do > of /es-/td 200¢
Hydraul ‘ 3/ , 2 Ft. 2O Fti @ 29, Ft.
‘ TEST 1 infiow pressure (Hp) - S psix 231 = [ © feet
Z’/f/ :/:' TIME, MIN, JE N O N 3 4 5 5 7 8 | 9 10 | Q AVERAGE FLOW
- 'Meter Reading ' Al o Al P A 9 GPM
5"{/ 1229 Gallons or ’l.o by N/ A U"b o / 95 ' ‘
. Cu. R _ ¢ ﬁ) @g éﬂ & . o
:,/// fgg}TakePerMir\- _1/-2lzo0|l& lzdlz oll721 | l [ ] cfMx748-GPM
. { Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H})
'3& ’ . : : :
' L//D FT = 24'17{ FTi o+ // G FT:_ - '~ﬂc‘j/lﬁg‘14/»<."r"r
- HTC() ft()‘-?pml_) %o |n_—_‘r-((:)’ - /.95 Mooz K, CMISEC )
) X ] . = -
' y ¥1.0° 70.7 25| | XA
: 166YY TR ‘ : —7-
TEST2 o Inﬂowpressure(Hp) /S esix231= ___o_fe\fa?‘tqs 2.2 x/0-% -
] TIME, MIN. _ T o 1 12 | 3 s | s | s 7 8 9 10 QAVERAGEFLOW -
" IMeter Reading | C;‘O ‘)t C,‘O\ \sX \9?\ 'U(? A { ( GPM|
R A KA DAt |
Cu.Ft Vol [y e |V | | o
Toe P i Az gzslzslsel 1 T T T 1
Hr 0%7‘,-/ | FT| = Hg 29,4 FLl+Hpl 2¢ 7 FT|-H F-T
- Q L — K. CMISEC
K= x OMtin.——= 5.9 )
L ‘ - | = ‘
Hy x r LY, / X /0/7 X ,0‘/375 W
- 00407 > G s~
TEST3 Inflow pressure (Hp) .Z .5 psi x 2.31 = _‘S_Z’_bfeet 3.9x10 ‘/
TIME, MIN. o |1 2 3 | a 5 6 ! t7 8 ] 9 | 10 | QAVERAGEFLOW '
%det’er Reading 4 ] {4 X ‘x‘ X\ o\ : ! €43 4 C) . 3 GPM
| Gailons or {3 ; \' 0' 0‘.‘ v | Ar A Q> Moy —
Cu. Ft. ‘X (’) \y \,“ ’\ .\(‘b \IW !‘/.:/ :’lyé ’4? crmi -
Take Per Min. 19 0 3414.04. 01%2 9% | 19,4 Alo |
H;j‘ 39?'1, Fi.{ = Hg 21'4.( :T:-J'ms 5‘7.% = —-“,_: ' q '
Q L 4 | | [KowisEC
K= x Ot ini——=} ;3 H i
Hy x L S AP 8 oY L2 By o=t
Lo 4T Y.fx10-1




PRESSURE TEST RESULTS (FIELD)

Pro;ect ‘ y Job Number: -|Test Section: Bore Hole:
| Gureot -INSSE/?vQ . MnS
] | Zeto © 347 |20SZ
_ Test Equipment Identification ~ BOREHOLE TestBy: , ,
;%W A &é/ cMecher M &sé/ [Orientation: Size: 4 . émﬁ/‘
s metor < wm,éfg 1958 |\Vert ™~ | 278 [ o -0
Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head: ' ;
ing # 5
>z ) M- pora
gu(%‘ea@ v 3/7’ Ft. ZO r| 7esred s s
TESTH ”/ ‘ Inflow pressure (Hp) /5 psi x 2.31 = 247 feet
TIME, MIN,_ 0 |t 2 3 4 5 | 6 7 3 | 9 10 | Q AVERAGE FLOW
Meter Reading ’lé 0({' 4, ()f\ 0 d\ 2.( cpm
Galonsor ' PaA 9 eI L —— _
Cu.F. | A"\ I O /\0‘0 ‘ CFM
Take Per Min. [7.0170 1 | 7/(;1’7,41'1«1 | 1 1 ] T cPmx748-GPM
Total Head (Hy) —  GravityHead (Hg) + PressureHead(Hp) -  Headlosses(Hy)
S b(_'l.' ' FT = ',Zq.“l FT.{ + —Bqn? FTl - | ‘F‘_\-
K = __——-——HTC(’ﬂ‘)?p;mg X orin _.___L((:)’ - =/ 3 K, CM/SEC - .
X { - = )
blong Lo X 0.7 ,09%95 |7 lmxro Y]
TESTz/ 6 . mﬂow pressure (Hp) 5 psx x 2.31 = _]__;___feet 5. X 10 :
TIME, MIN. o | 1 5 10 | AVERAGE FLOW
Mefer Reading AENY fb \ é A Y| U 3 3 - GPM{|
Gallons or O\‘X‘ 0<\-‘ ' 6\ ( \0' §x (\'
Cu. Ft A A _ » 19 9 v , oMy
Take Per Min. 3,0 13.212. 2154 3.43.4]3-3 | 1T | ;
e | 1D Frf=He| 294 FR+de| L FE[-T
K= HTQx T x .01 ln._'-;_= 3.3 g | ) K CMISEC
| X . 04819 | T |wSrto—t
o079 #Ho " 107 L{ A %
TEST 3 _ : Inflow pressure (Hp) psi x 231 = _ feet _ 3 ‘7 X10 ,
TIME, MIN. 0 | 1 2 3 | 4 | 5 | 6 | 7 | 8 | 9 10 .OAVERéGEFyow
Meter Reading } § ! ’ ! aPM]
| Gailons or ! x “ f :
 CwFt i , i i ! CFM.
Teke Per Min. i } i ! } i ! i '
Hy FT.{ = Hg RIS RIS I FT.
% 1 K CMISEC
Hr x L T i - = j - .

b s s sasmrrd
“




PRESSURE TEST RESULTS (FIELD)

Project‘ Job Number: Test Section: Bore Hole:
o~ wSERAL ) Ml
] | / 3S o7 |\ 2pS7
|Test Equrpnfent Identification : : BORE HOLE Test By:
’ FAoved - plter W Orientation: ~~ ~  |Siz % éc‘/?é/
o 55. W wondess 173 \erd Z 78 |50 -od
Packers Grcundwater Depm Gauge Height Above Ground: | Geavity Head:
On Casing 7 ' . ¢
oublé .
sy A 08 O FL
TEST 1 Inflow préssure (Hp) /0 psi x 2.31 = }_3;1 feet
2e N;? TIME, MIN, o [ 1 2 | 3 s | 5 | & 7 8 | 9 | 10 | QAVERAGEFLOW |
@? f Meter Reading /0 (?4 A ~/6 '114 M GPM.
24 Gallons or ngﬁ ' o g 1/4/ Oﬁ{ 14
257 s Cu.Pt _ @ﬂ) Bl s 1 : , ‘ CFM
Take Per Min. ~ Jposlezsl o 10 | | [ L I CFM x 7.48 - GPM
Z oA /ﬂf Total Head (H7) - GravtyHead(Hg) + PressueHead(Hp) =~  Head Losses (Hy)
/{Z§ 65 ' = 32’ 4 . .FT +’ 23‘ / FT.t - n(f/,ﬁ;éll_"FT
Q (gom) ot [ pg 7.7] [kcwsEc
HT () x L (f) r(ft). — % 5 Volllh ==~ ,4_54,4-9-3"‘
' .7> ! ’ /Z -
TEST2  Inflow pressure (Hp) D22 psix 231 = ____feet 7,2 x/0
TIME, MIN. 0 1 12 | 3 4 5 6 7 3 9 10 QAVERAGE FLOW
Meter Reading ‘p & MO T A_ e GPM
Gallons or ' g %'
Cu. Ft. W” _ﬂ » | ' CFM.
Take Per Min. T 1 1 1 1 71 T T T | cx
HT FT. =F{G FT.| + Hp FT.{ -H_ Fr
-9 om-t- | K, CM/SEC ]
Hr x L r ; ” x =1¢1.0 XID
TEST3 ' Inflow pressure {(Hp) @ psi x 231 Qj_feet
. ( | TIME, MIN. o [ 12 ]s s s ]e]7]s [ o [ 10 | aAvERAGEFLOW
- Meter Reacing . ]. ’ 0 éi : 5 O ‘05 GPM
\v\‘7 05 ‘1 Gailons or % ! u,ﬁ 0 : i J&’Woi w.qé | —
§o Cu. Ft. Q}} 0 Q}’ ﬂ’ ‘Q)'V "4 ! : CFM..
'T,L? Yo Take Per Min. 1 0.0 0.0510.05! p,oflo 05+ ! ! P
(U A — 1 —
W [0 e o mew et = ]
X | — ,
0 op A K= Q. on 'n—-|:—=i * 05/ ; !K CMISEC
(0? Q \0{\\0 ) Ht x i T i & - A 7 % D""?’%? f = TM
h ' ' N ) - !
O,*L ‘ » DDOOS .3 - 2. d Xip -




PRESSURE TEST RESULTS (FIELD}

. {Job Number: | Test Section: |Bore Hole
.éWﬂz&' wss E/M AL
B} N Y v LT 2os2
) Tost Equipment ldentrﬁmﬂon | -BOREHOLE Test By: /-
Flout AL s MW Orientation: | Size: 4’ IQM
press- Dofer- ke 1253 | v 7 - Z-78  lome g- U.m(c
Packers Groundwater Depth: Gauge Height Above Ground: Gravity Head:
ing ’ H [ 2 /
ﬁ: = |2 /R o 8 R 2,0 Ft
7
- TESTY 2 Inflow pressure (Hp){ 35 psi x 2.31 = 7. Cr.2 feet
%"7’2 “Tme,MiN, | 0 | 1 2 | 3 4 5 8 7 3 | 9 | 10 | QAVERAGEFLOW
oS Meter Reading' | | ) 2 4 GPM
P e A P P PPy o1
Cu. FL. i Ve . , : o
pona Taka Per Min [0.210, /§I0 PBlged o I T 1T T [ cAMx7e-cem
/\\1 ] {kag I Total Head (H) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (H{)

v D - . . . “
AP Lo Y- 320 FI+| eF B |- | Zghobte T
LB l.ox10™? ) , N : —

g~ f 4 K= HTC()ft()g.’:mg(ﬂ) x 011 In—-———';((:)) = 0./ . 9.7 K CMISEC
z g ! , n — = ~ —
nd 72 RIS N e
/ : . DDDID ~ ‘ Z
9740 TESTZ 2 * Inflow pressure (Hp) éﬁ psi x 2.31 = 5. Dteet (v438?) Y. 9x107%
__TIME, MIN. o ] 1 12 ] 3 | ‘ 5 | 6 7 8 9 10 QAVERAGEFLOW
_ |Meter Reading | 4 LA A A x| p O f‘ GPM
~ Gallons or Ty ¥ & TN A A
cn Gl i o)
Take Per Min. 0. 71e.2 0.7 10-210.010.710:1 1 | ] |
: K, CMISEC
(’7 )} = HT('le.Oﬁln.—%-: | o, 7 . _ W#l
(6‘3{0)" d7s < a7 | | ot ,
» boOY9 . - - e
rW /7 ? {/ TEs/yq ; Inflow pressure (HP)_iD_,__psi x 231 = _ feet Z.%X10
0}’ 00/ " TIME, MIN, s [ 1 [ 23 [« s [s 17 ]38 [s [ Q AVERAGE FLOW
r‘ VV ,’\\ Meter Reading ] i ! ! _ i ' GPM
\V Gailons or ! i i i ’ ' ' —
o Cu. Ft. C | j i ; < 1o T e
%‘ Take Per Min. i i i i | ] i
Hy FT.| = Hg FTi + Hp = --4_ FT
K= —9 xoum ‘L_‘: ] - K. CNISEC
. :f - P




PRESSURE TEST RESULTS (FIELD)

Pro;ect' -~ Job Number: 'Teét Section: » Bore ‘Hole:
’ P WOU~ W&SEM - red
] SE vod7 |2o852
_ | Test Equipment Identification _ BOREHOLE Test By )
}7&\#/ M mé/ MAA‘SkI" M &?‘e’f Crientation: Size: 2, M
pr&f.g« M&W WA ders 1953 Vé,//, | Z- ?é Daxe:é",//_gz.f
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
Cn ng u / .
7@\ 6] s /'/ Ft 2.5 Ft.
?ﬁ %/ﬁ TEST1 Inflow pressure Hp) £S5 psix 031 =397 *
_& ° f TIME, MIN, o [t 2 3 s 7 5 | 9 | 10 | QAVERAGEFLOW |-
Meter Reading A } O+ 25 cPm| -
/ / L/S’ Gallons or &‘\ A\‘X R ‘»0\ “,l’.p{ ,ﬂ/!‘ —
Cu.Ft o 1 9 % ge  lof Bl N cPM|
<A //- Take Per Min. _lpo.210-310. 2107/10.3]0 21 | l P CFM x 7.48 - GPM
= Total Head (Hr) =  GravityHead(Hg) +  Pressure Head(Hp) - Head Losses (Hy)
B (070 Fl’ = 32'3 FT] + 3‘/,7 FT.| - -r)cﬂ/.g/;.é‘k -FT.
agm __, gynt® [ g 97 | [cowsEe
R Y - 3 R BT o b P,
i{. | szst - Inﬂowpressure(Hé) 38 psix231 = 0.9 feet (8¥787) [ 8 x /07>
sc [ TME, MIN. T 0 | 1 2 3 s | s | 8 | 7 8 9 10 QAVERAGEFLOW
| Meter Reading A x| Al al | X \ GPM
<5 .. | Gallonsor ' ‘)tx éz‘g \)kh d\‘ q?i) 6)0' >\,L¢ ()/b \ —
B Y & & & lo 5 | o)
. [ake Per Min. [lol041.2 Yz 1l 21§ Iosl |
He | N\23.2 FT|=He| 32,3 FRl+He| 90.9 FT|-R R
Q L - K, CM/SEC
K= x 011 in—=| I :
an X 7 . = |.
HT x r l 13, Zx q 7 . 0‘—’78 W |
0100 4,5 X102
TEST3 , Inflow pressure (Hp) 2 2 <4 psi x 2.31 = / 27, [feet !
TIME, MIN. 0 | 1 2 | 3 I 4 s. | 6 | 7 8 1 9 10 QAVERAGE FLOW
) N‘l ar Readin . ], ‘ 3 GPM
e(;e;l:n:i:g \{)Oi g ’\'ll "0\' ! ,\04’ .\-‘\ '\”)q) i ; ] 4
Cu.Ft. 2 e ¢ iy @ 1§ P CFM
Take Per Min. ERVERT ARV AVEEVEY BN B I
H'-T /54."/ FT. =HG 32-3 =i d -“HD /27‘ / - —;“}_i FT. 1
K= HTQ x .011ln —"—-=i , /.Y E K CMISEC 3"‘:/
X L 7 [ P ¢
. o) 169.¢4 % 4,7 , 04787 33QX(O /
00 fqx 107

/




PRESSURE TEST RESULTS (FIELD)

Project: ,4/ Job Number: [ Test Section: . ' % L—a:&/e; k
. oo WSS E. , |
__._ﬁ“‘/ §5 0 LlH7 |zose

Test Equipment Iden rﬁcauon ( : Test By:
) ﬂt/ﬁqbtlp ﬂt t /{ k)é/ Orientatidn:‘ o :Z:E = Z—. 5‘%‘#
rcs. gl eder - Wm,éd 1753 | Vert | Z-78 o

Packers Groundwater Depth: Gauge Height Above Greund: Gravity Head:
On Casing

Single)Double "2 |
! %7 3 Ft. /l / Ft. 3 2 ! 3 ‘Ft.

TESTA "l' ) Inflow pressure (Hp) 35 psi x 2.31 = _5’_0__{ feet
, nut-:,w;q,‘ To [ 2 | 3 | s 5 | 6 7 | 8 | o [ 10 - QAVERAGEFLOW
Meter Reading Al X \ Y 1 R R ¥ oAl b (p GPM
Gallons or ()‘ 4' o \ \0 ﬂ' W v /\g : q:D . A\’ i i
o o o Lol gl e P | cev |
Terehin 147 17-51}9 /.2 12.2125]6.51 /6174 [/-8] = CPMx748-GPM
Total Head (Hy) = Gravity Head(Hg) ~ +  Pressure Head (Hp) - Head Losses (Hy)
| oz 7= Rz« <of 7| . 7
) K= —2gpm) y .611 nt® | /il | C | K, CMISEC
Hr (f) x L () iy, |- e x| ,o4y737 |-= -3
C . 601Y 4L 3.2 1.7 1
’y&{EST'/ 5 o Inflow pressure (Hp) __Z S psix231= feet L. g X075
1 TMEMIN. ] o | 1 2 3 a | s | s 7 8 | s | 10 | aAvERAGEFLOW

f/}l/o ,Pé‘ |Meter Reading” ! : V ‘ ¢ ) emju-'

5 l‘, & Gallons or - . . P U :
1 Cu. Ft. 1 / CFM|
/d 0F/ Take Per Min. _‘ N A N | I | l i

Hr - Fiy= Hg FT.| + Hp FT.| -HL
K= a L»x 011 ln.——-l; = n y o K, CM/SEC
X = ,
: X ' 1.0~ 15
TEST 3 S Inflow pressure (Hp) _________psi x 2.31 = feet
TIME, MIN. T o | 1 2 | 3 | & s | 6 | 7 8 | 9 10| Q AVERAGE FLOW
Meter Reading 1 ; ! ! GPM
Gailons or : i ! !
Cu.FL i i ; i cen
Take Per Min. I | ! 7 7 T
o Fiy=Hgy - =~ fij+Hp! T - FT.
o L K .CMISEC
K= —2 _x ot1in.——= 5 A H
Hyx L T - % i j =1
- N {
: !




Project: , - Job Number: Bore Hole: »
|Gwoe - WSS 2 AL Mw
: ¢S 74P |2o0S5e
_ | Test Equipment Identificationi ~ BORE HOLE Test By:
Low) Meter -Haster Orientation: _ Size: 44:4/4"
. G ss. Meter—\irprfers .25 |pae _
2o i W s verticad | 2-95 S—il-of
Packers Groundwater Depth: Gauge Height Abave Ground: |Gravity Head:
Yo On Casing
ouble /é,& / o
¢o Hydrauli€linfiatabiey Ft Ft. Ft.
; TEST 1 Inflow pressure (Hp) CQO psi x 2.31 = feet
&4/)/1 ~ TIME, MIN, o | 1 2 | 3 4 5 5 7 8 3 10 | Q AVERAGE FLOW
2&;& ’ Meter Reading é - GPM
Gallons or { -7 1
'55’_(' Cu. Ft. A < oxip Tomm
,j/'y Take Per Min. ] | L | I [ I A D CFM x 7.48 - GPM
7\10 7/ { Total Head (HT) =  GravityHead(Hg) +  Pressure Head (Hp) Head Losses (Hy)
/’* / FT.| = Tl e FT. T
o Y77 #> . N
ﬂ v . —
a4 _ __“a(gpm) L@ K, CMISEC
Hy () x L(ft) r{fy < X =
TEST 2 | Inflow pressure (Hp) 4O ___ psi x 2.31.= feet |
Ief ] O TIME,MIN. | 0 1 ]2 | 3 4+ | s | s 7 8 9 10| QAVERAGE FLOW
Meter Reading 7) apPm
} Gallons or 7
Cu. Ft. A </<é xip“lcrm|
Take Per Min. | | [ ] | | | | P S
Hr FT.| = Hg FT.| + Hp FT.| -H CFT
K= —3—x 011in.——= , _ . CWSEC
Ht x r ” x =
TEST 3 Inflow pressure (Hp) __ < — @a psi x 2.31 = feet
TIME, MIN. 0o | 1 2 3 | &4 | 5 | 6 | 7 | 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading ] 3 : ! o GPM
Gailons or ! ‘ i ! f P 7 -7
Take Per Min. | i ! ' ! ! ‘ i
Hy FT.{=Hg Fi.i + Hp ! R r‘LE L.
, P t IK CMISEC
K = .Q x 01t — =i : ! § -
Xk P < x| =

PRESSURE TEST RESULTS (FIELD)

Test Section:

T —




PRESSURE TEST_RESU!:TS (FIELD)

 Test Section:

Project: P Job Number: Bore Hole:
G vl O - wgg AT /m w
_ ] L/ Leret - 4’/“’7L . ‘ L/(% S 5 'g_'
_|Test Equ:pmeml ntrﬁcanon 3 - BOREHOLE~ : Test By:
4‘“/ 5/’{/ y ,,é ,Z:;/&/ Orientation: Size: Py A—‘ g‘mfé‘/\
/‘&_{5‘ & 7z - W//’/ X . . ?
Packers Groundwater Depth ' Gauge Height Above Ground: |Gravity Head:
On Casing /
(Sifigie/d A / .
ﬁ.%&@ &44/‘ 9‘/4% 2.3 Ft. 2./ Ft.
5@7 a TESTH D . Inflow pressure (Hp) S psi x 2.31 =/02.7 teet
ﬂé/f [ e, Min, o | 1 [ 2 [ 3 s | s éé 7 [ [ s T dAVE;AGE FLn;w
1Meter Reading ’ ‘ , PM
/.57 c'/ Gallons or 4,@ q@lb .\ @qq ﬁ) U =2 : ,
//# Cu. Rt ] 0 QO (,\0 1 oM
Take Per Min. _ lz910.210.2 0.9 Iﬂlﬁlpﬂl | | 1 |+ cfMx74a-GPMm

7///{7 Z& Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)

0 5/ ' -
N P{ 5t 7= sz 7+ _/03.7 7]- B
,(&,, LU‘/ K = -—————-——HTC()ﬁ()QE”I’_)(ﬂ) x 011 ln.-—-—l;((:g = 9 <N ous KQS/ K CMISEC

~ - ' 01l In = |2 p0=S |
5/5( Lpo0s5s | /56 * /0.8 12% S -
‘ . 0YY7 =z -5
TESTZ Inflow pressure (Hp) psi x 2.31 = feet , 77 7X70 '
> "7 TIME, MIN. 0 |1 2 3 s | 5 | s 7 8 9 10 thveaAGgFLow_
(L ’ | Meter Reading ” GPM:
. Gallons or
KM fg_«(/ Cu.Ft | _ CPM}
Take Per M. T 1T T T T 1T T T 7 e
/$30 — — o
Hr FT.| = Hg FT.| + Hp FT.| -HE LY
Ke —2  « 011in.—=—= K, CM/SEC
Hr x r = X =
TEST3 - Inflow pressure (Hp) psi x 231 = _ feet
__TIME, MIN. 0 | 2 | 3 | a |s 6 | 7 | .8 | 3 10| QAVERAGE FLOW
Meter Reading ! § : ! GPM
Gailons of ! i : f ;
Cu. 7t i Lo ; cAM
' Take Per Min. i L | ] ! i i
Hy Fi.| =Hg 7+ tio | i~ FL.D
R r K. CMNISE
K= —2—x 011in—— =] ) K. CMISEC




PRESSURE TEST RESULTS (FIELD)

Project: ' Job Number: Test Section: Bore Hole:
|Gwoa - ngf/M | M/
A Chewn - | 55 v Lo |FHo
_ | Test Equipment ldenﬂﬁcanon ~ BOREHOLE~ Test By:
Ayt Meter T ke /Z/_)c:/ Orientation: - Size: /4 -ﬁgrﬁfé/
Ly 2. Meter™ Ml//ﬂ/&(f 453 I/g/%&f//_ 2,987 |o=e 5 /2 o
‘ P%:kérs ‘ Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
n Casing 7 D ]
e 270|230, 573
gfjf T4 %TES 1 Inflow pressure (Hp) a4 psi x 2.31 =22, / teet
g TIME, MIN, 0 ENERE 4 5 | 8 7 8 | 3 10 | QAVERAGE FLOW
Zﬂ/ f&g/’ Meter Reading X X A 09 34, GPM
Gallons‘dr %’ ﬁ & q: Q~ '\ 0.{ FLEN
£340 Cu. . o0 )Y a0t o0 of. o CFM
: Take Per Min._ 22 10.410.% 2.3 0.4 0.4 1 [ 1 crmx74s-GP™
Total Head (HT) = Grawty Head (Hg) '+  Pressure Head (Hp) - Head Losses (Hy)
%24 FT = .,577,3 FT} + 23| FT| - |- ﬁcg//glék’n
Q (gom) L ' g K, CMISEC
K= =Ll 11N ———= 34 _ -
‘ Hy (19 x L (f) r(f). x [otlln 125 | = =)
L 005 0 B -7 9.2_'/ X/ -
{d TEST 2 ~ Inflow pressure (Hp) 30 psix231= (9.3 et 170 |
o y & TIME, MIN. 0 [ 1 ] 2 3 | 4[5 | s 7 8 | s | 10 | QAVERAGEFLOW
’ (0'7 " |Meter Reading () X X é X é X 0 9-7 GPM|
YA Gallons or . R ‘ : ' ‘ \'
QWV | cur o\\(’ ‘o\\\’ -o{\‘ o@ (h@ o(y &Y N;I’ ) oM}
U Q‘ﬂ Take Per Min. 0.4 Zo T /:/ [0.412/ 10:9 109 | [ ] i
g Hr /28 /o FL|=Hg Z4,3 FT|+Hp 7.3 FT| -H FT.{-
= HT(i X 011[n.+ = 0 _q’) . L[7 L{ _ K CM/SEC:)‘_
; . o - g
oo | /2810 7 O_ z3 x'/ A
TEST3  Inflow pressure (Hp) == Sp psi x 2.31 = ﬂ_i_( feet
TmEwn__ [ o [ 1 [ 2 [ s [eTs | 2‘ 7 ] 3 | 10 | QAVERAGEFLOW
;’y‘léter Read:ing ’ 6)3 X q/ 'U‘ K I B 8 GPM
Zailon ! ! .V A S nn '
el arar
Take Per Min. 71812072 L& AR 2 & z,o 207
Hf !7«1% FT.| = Hg 5?,3 =Tj¢Ho //5 — ‘ f?
K= H-Q ‘ % 01_‘“}_}:-:1 {!% ) ( % K.CM!SEC.- -
X L 7 ! X L i = ; N
. i oo ,746~' q e, 204 '-g-"/—Hé—_'
S/ X/ s/

o/



- -3
sz&«( 3,5 A10 (',,/S(K
PRESSURE TEST RESULTS (FIELD)

Project — ' ) Job Number: Test Section: ' Bore Hole:
Lo Wote—~ WL£sSh AP . o lgws
A Lheen Plat | 5 v Lo | Bodo
_ {Test Equipment identification - BOREHOLE TestBy: 2 | o
/g/ﬂ w MW le ﬂ&)é’\ Orientation: Size: ﬁ‘ ==t
- 7
Dess. tledor-winted 93 \pprfioal | 2787 P 513-0F
Packers < Groundwater Depth: Gauge Height Abave Ground: |Gravity Head: -
On Casing s
Doubl Wﬁ 2
%%m%ﬂ%@ z7.p b | 243 Ft 57.3 Ft.
T_ESTAI’ "f ' Inflow pressure (Hp) éQ psi x 2.31 = éﬁ? feet
— TmE MN[0 | 2 | 3 ] o 5 | s 7 T 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading 4 2 0, ® g9 GPM
Gallons or ) . \. \! ‘ . ——
Cu. Ft. ) 9‘&% ')?‘ 9‘(’0 )‘% ”9 0\4/ ) . : CFM.
TakePecMin. |/ 519,410, gz ple.q]l 1 1 1 1 | | ceMx7e-ceu
Total Head (HT) = Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (Hy)
j26.¢ FT|=| S4.3 I+ t7.3 fF- . TR
Q(gpm) x o1 n—t@®__ .7 | | | |x.cwsec <1
Hyft) x L) rf). x x , oY 70‘/ =, 3—;¢7—f6——
_ . 00073 /_23‘(’ 7 v 2,7 X /85T
TEST/ g - inflow pressure (Hp) /0 psi x 2.31 = 23, ] feet '
TMEMN___ | o | 1 | 2 | 3] 4 s | 6 7 8 | 9 | 10 QAVERAGEFLOW i
Meter Reading A a sl &l v T ’ O, % _
Gallons or e S A I :
cu. P W 1" L bt o | cru]
Take Per Min. ERV2ZAr AV S .o 1 | T | Al
Hr ngT{ FT|=Hg 5?,3 FT.| + Hp 23, FL}-H | FT S
K= HTQxLx.Oﬁln.—l;——: o ’ & 8 o g |- K, CMISEC <1
' ' o470 | = | #BxTT
gz < 7 | 2 i B
:005‘5-“{ o j 2/5)(/0’51/
TEST 3 . : Inflow pressure (Hp) __ __psix 231 = feet
—_tmewn. [ o [ 2 3 | &« | s | 6 | 7 s | 9 | 10 | QAVERAGEFLOW
Meter Reading ] % i : i GPM
Gailons or ! i 3 i i ’
Cu. 7. | i i cem
Take Per Min. i ; ] { ! ! ! I
Hr FT.i=Hg FT.i + Hp SR I T,
i é il’ : ; SEC
K= : Q x.014!|n__’~__=§ E EK.C‘!‘! EC
L T < X P=




PRESSURE TEST RESULTS (FIELD)

1Test Section:

Project: , Job Number: Bore Hole:
| Gwniot - wﬁ.ﬂ?#ﬂ /4wf
1 Chew Plant | G4 T4
_ | Test Equipment ldentrﬁmon - BORE HOLE Test By;
F/ﬂw M&k/ Mrs k/,’L/@/&f Orientation: . |size: /4 gM]é/
Ness. peter ‘Wanfers (953 Vertec 78" s 3 oot
Packecrz Groundwater Depth: Gauge Height Above Ground: | Gravity Head )
On Casing N
Hydraul%f?é@é 517, o’ " z.s L 6‘9 S' Fr
Z_ ' |
>E7447 TA‘{EST1 Inflow pressure (Hp) @ psi x 2.31 = . 76 2teet
2 TTME, MIN, | O 1 2 3 4 5 5 7 3 3 | 10 | QAVERAGEFLOW
Meter Readfng> 0 ,\ A 0 (/R ‘7 GPM |
2 Test | e o RN I TR 0.7 __oeu
JL2 s Cu. Ft. v 0\3 ﬂ\’ OP V. P v CFM
Take Per Min. [g.710. 7 1p.le 1O 7[&&]0 70 T 1 1 crMx74.-Gem
Total Head (HT) = Gravity Head (Hg) +  PressureHead (Hp) - Head Losses (Hy)
y0S 7= | 59, S|+ o2 F- | T
K = Qﬂ(‘?",":_) — x 011 |n.;l;_(fti-_ 7 5 oo CM/SEC <
. ! , - -
.,TESTZ o lnﬂow pressure (Hp) 0 psi x 231 = j_Z‘_Yfeet é‘/g‘z_‘c X
TMEMIN.__| 0 1| 2 3 | 4 | s 6 3 | 10 | QAVERAGE Flow
| Meter Reading ol ®l v x| | o 0.8 arm
Gallons or 1o (b‘ ' v N EAX
Cu. FL Ol AR A (N cFM|
Take Per Min. [0.810.210. 8160 -712-2] | 1T 1 i
Hr /51,9 Fri=Ha| 57 G FTL|+He g2,y FL|-H - FL
K= H’\QX - x .011‘m.—‘r'—-= S > 5 > |- K, GWSEC
" \Tstqx e |70 ' B
: 106053 ' 2.5 %/D -5+
TEST3 A ' Inflow pressure (Hp) & ﬂ psi x 2.31 = _/_éﬁ_@feet
___TIME, MiN. 0 ] 1 2 | 3 ]' s T s 1 s [ 7 ¢ [ o [0 Q AVERAGE FLOW
Metar Reacing O} v A KJ: 3 /. 25 ool
Gailons or 6 . i 2 ‘ ' /V : ' .
Cu. 7t. A o o,'o 9‘,\@ d{k a@\ ap” | ; cAm
Take Per Min. VAV AVSAVER ZL/‘ 1.z : [
Hy 194 =Hg| 57427—*19 /38 b TN FTi
aQ Lo . KoweEC |
K= x 011 in.— =i /;25 ! i " .
Hy x L P - 04820 i = ?‘?‘770'5’ =51
00 | ¢%| 1D i
LH00 Uy
30 X" v




PRESSURE TEST RESULTS (FIELD)

Przcr Wﬁ;“g M Job Number: Test Section: ' %H&e[

: wida - '

1 Chen Placi gt 2T | Sodo
Test Equipment Identificationt HOLE " Test By

i F}ﬂq\ﬁp/ ,Ml@;@w/n' //41«521&)’1 A &746‘ entation: j o :i.;e: o % 5&%%/‘

Gese. Mefer - Winters 1953 z/g/fé&w/ 278" lowe 3 ok

Paékers . Groundwater Oepth: Gauge Height Above Ground: |Gravity Head:
On ng _ = . ‘
"*{:—‘!‘g@ . : eaét’/?}O 7 R 2.5 Ft. 57, 5/ v Ft.
TesTH” (% ) Inflow pressure (Hp) 4ﬂ psi x 2.31 = _Z?_:_L-Zfeet
TME, MN, | 0 | 1 2 | 3 s 5 | s 7 8 3 | 10 | QAVERAGE FLOW
¥~ |Meter Reading % o\ xA : O3 cpPum
Gallons or ' /\' o L
e WM 0@@ S| | —
Take Per Min. Y2 ﬁ]ﬂ% VR ,%la 9;‘ | | | T |  cFrMx748-GPM
Jotal Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses {Hy)
/5.9 Fii-= g ¢ FT|+ G2.o FT- | . FT
Qem) ., L I G K, CMISEC
K= . 011 In.———=
@< L@ o T® > x| 04820 | = | 5 avros
_ 06053 /57,9 / O | 2
TesTd £ ifow presure (Hp)_&cz_ps« x 231 = ﬂyee: C 2 SX S
TIME, MIN.__ | © 1 6 7 10_| QAVERAGE FLOW_
Meter Reading 0 N w A/ » O <k~ GPM—
~ Gallons or B\ o 0\\‘ 0(]}' .
Cu. Fr N Xt N , | oM,
Take Per Min. o.dle.dlo.d | [ 1 l | L oA

T P [ P

| o [, cwiseC |
K = HTQ Lx.011ln.—%——= o.M ) 420 <t
x < ’ O = 4
105.3> /0 |
L obp2e Y . . - =
; . , . ] D XIO T v
TEST 3 : Inflow pressure (Hp) __psix 231 = __ feet :
TIME, MIN. 0 | 1 2 3 | & 5 6 | 7 s | o | 10 | QAVERAGEFLOW
Meter Reading } ; 1 i - aPdl
Gallons ot ! ! i : ! ;
Cu. Ft. P ; { j i ; cem.
Take Per Min. ] i ! ; T v
: " ! T ! N ,
Ht FT.i = Hg Fr.i+ Hol I N FL.
Lo T ’ 1 Ik CMISEC
K= Q % 011 In.— =} : : ! i

¢ meiab et wh s asm e




Pfdjeét: -~ Job Number: Boye, Holg:
GWaouw — v SSRAT Y 074
- C it P\ s to 32% peris
_ [Test Equipment Identification ‘ ~ BORE HOLE Test By: { /
Q——D\P Hexel —HASER Haéﬂa Orientatior;/ Size: v ‘ /d . 5@ 7
baess‘ Meres - Worees 1953 |17, AN e Y
e Packers . Groundwater Depth: Gauge Height Above Ground: Gravity Head:
Cn L3 'ng
- H\lirai uﬁ@ 57 . O Ft. Q’ \6 Ft. 5-7 ‘ 5/ Ft.
TESTA1 Inflow pressure (Hp) 3’0 psi x 2.31 = ______feet
g%/ﬂ TIME, ms,' o | 1 B BEE 4 5 1 6 7 | 8 3 10 | Q AVERAGE FLOW
= Meter Reading ¢ GPM
s Gallons or ‘ —
’ /5 /9 Cu. Ft. o - / CPM
Take Per Min. ! 1 [ | | T I ] CFM x 7.48 - GPM
: [//,/ Total Head (HT) -  GravityHead(Hg) +  Pressure Head (Hp) Head Losses (H)
NO{ ol FT.| = FT| + FT. T
"y 30, -
y Qigem) . L K, CM/SEC
- - X L § =
it 7 e - x £ 1x12
No - gt TEST2 Inflow pressure (Hp) __ 3O psi x 2.31 = feet |
ﬂ,ﬂl’ TIME, MIN. 0 1 | 2 |3 | 4 5 | s 7 8 9 10| Q AVERAGE FLOW
’ - Metér Reading ~  GPM
C’M 7’&&% Gallons or . ' '
£ (e CFM
y — Cu. FL - .
7325  [Heran T T T T T 1 T T ]
Hr FT.| = Hg FT.I + Hp FT.| -HL ' FT
K= —3 _x 0ltin—= e CMISEC _7
Hr =t ' x g = L1vio
TEST3 _ : Inflow pressure (Hp) 20 psi x 2.31 = feet |
TMEMN.. ] o | 1 | 2 | 3 | & | s |6 7 g8 | 9 10
Meter Reading o 1 'i i { i
| Gailons or l. , 5
Cu. Ft. } ! : !
Take Per Min. i i { , | ! ! P
: ‘ ] T i.
Hy FT.| = Hg FT + Ho | AR FT.
J - : ‘
% | TK CMISEC |
kK= —2_x otiin——= ] b 7
. xR " ) T LI

PRESSURE TEST RESULTS (FIELD)

‘| Test Section:




. PRESSURE TEST RESULTS (FIELD) -
Project: ~ Job Number: Test Section: » - |Bore Hole:
Frou-vessed? [T e
A Chem Plant | Bo  © G |FolO
} Tesi Equipment | nﬁcznon — ' , “BORE HOLE Test By .
p/ﬁﬂ M & Orientation: - Size: H- 56"‘747/\
. Z ’ ] < s 75 jate:
Dress - Me 715 Vert 2 P o pep -0
- ‘]L 4/ Packers ) . _ §Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
12 , gCasmg R 3 3.0 4 : :
{ {A/%‘Zl Hydrauli . 5/"7' D Ft é o ' G N
VAN - —
;[/P v 5 'o"‘X TESTA 27 Inflow pr%sure (Hp) _2& SO psix 231 = _L___‘7/ feet
L / “TIME, MIN._ 0 1] 2 3 | 4 5 5 7 [ s 9 10 | Q AVERAGE FLOW
7 /77 Meter Fieading' | Ay ;' L A 0.3 GPM
gey 7& Galions or 8" o (\?\ D/U 0 » 0?\ \./l/ - , — :
Va4 TakePerMin. [0, » [0 W | O % Tp.d I 0.5 | ﬂ;l l [ T | crMx7es- GPM
. Total Head (HT) = Grawty Head (Hg) + Pressure Head (Hp) - Head Losses (HU
j7¢ .1 FTl=| 6D & FTl+ 115, ¢ F - | R
K = —Q{gem I _L@m B 0.3 K, CMISEC

e L@ T 2| x| %75 |- lgreToeT
TEST D  Inflow pressure(Hp 75 psi x 231 = [73.3 feet - 7.3 x/07 @
' ' 3 10 QAVERAGEFLOW

TIME,_mN. ‘ ; o,_ L N 3 | 4 5 6 , :
| Meter Reading b k @ f Q4 A ‘X 0 4 _ L (, M|
| Galions or ' ﬂ/” y@' el Y Vv L by
| eun Ve 1 O Wl 1l | o)
 [merervin LB V7 VAATAZES 211,71/,4, Zs T 11 "
W | 233,94 Fr|=te L0.C FT] e 733 Fl - [
__Q O ” K, CMISEC
K= HTxLx.Oﬂln.r—» /,_x(pg 5 ,0457§= ,
o oy, 278 — 3 R
TESTZ : Inflow pressure Hp) 2% 14 psi x 231 = [5_5 feet ‘/
TIME, MIN. K 2_ ] a | 5] 6 1°7 8 |~ 9. | 10 QAVERAGEFLOW
\‘leter Readin -0 1 1 » (\ 4! 2 0 [ {' GPM
© Gailons orr‘g ’UU § A \:‘é 1}14) ﬂ/h‘ i I\ 5
é | cur o Y i ) i CFM.
B Take Per Min. 10¢7i 015‘—*4{51 0 V’g D. 13 S T L

(G — A
N I 2 i R L0.C 7 shel 155 Tl Tl

' % HE 1 IK CMISEC |
J(? L\O K= 9 x.01‘z!n.—l:‘—=§ ) l( : ; - i
o~ Hr x L P — D% oq§7§§=§ : —_
. B T g T 3me




o

Vs

End Tec) TotalHead (HTj

PRESSURE TEST RESULTS (FIELD)v ) 7 o\
Project Job Number: Test Section: B Bore Hole:
a2 WDl - l/&/féiw - «
Ofsr - Flan? | Gef o /04/ 3D 4O
Test Equipment Identification - BOREHOLE’ Test By
,Z/ﬂ(/‘-//ﬁ&?é/' /l/ﬂgk/ﬂ&;é{ Orientation: Size: ' /ge//%/
prese Meter— - w///?é/sl? 3 L/g// = 2,987 Date et -0 o
Packers Groundwater Depth: Gauge Height Above Ground: |Gravity Head:
’ W;?. 0 Ft. Z . 4 Ft. 6—7’ 47/' Ft.|
TEST 1 Inflow pressure (Hp) _EQ__ psi x 2.31 = _&;Z_ Bfeet
TME N, | 0 | 1 2 | 3 4 5 6 7 [ 8 | s [0 Q AVERAGE FLOW
Meter Reading D A\ 5 4} ] 7 No) GPM
Gallons or 4) <k 4" D' 40 ' ————
| Cur N (" 0" O/‘ D/@ , CFM|
Take Per Min. 7.7 Z 5 7817.4 [7,3 [ 1 | | | | CFM x 7.48-GPM
= Gravity Head ( (Hg) + Pressure Head (Hp) -~ Head Losses (Hy)
287 FT| = 9.4 |+ .9, > | - Sy
__Qem) L K, CWSEC
K= x 011 In.—— = 7P . :
HT (1) x L {#) rfy). x | L0¥320 | = |, 5 pr=tt
vegow L 12877 /0 N |
TEST 2 . Inflow pressure (Hp) é@ psi x 2.31 = [38. b feet z:9 X 1= L
TMEMIN.___| 0 BE 2 | 3 4 s | s 7 s [ o [ 10T QAVERAG‘EFLOW
: MeterReadlng 9 é 4 le A % \ \ “GPM
Gallons or r & o\ |
Cu. Ft. 6)% A0 (’5) vl k‘x : . 5 o  CFM|
Take Per Min. ]//:0[//.0]// RINYA | R D I R Y
[ 9.0 Fr|=ta| g4y Fr|eve| /380 FT| - |
Q L - Y Kowsee ]
K= x .0Min.—= // , ‘
Hr xL r . X , 0 vzzo = '
| wsese |1ML0% D ?ﬁ:**@”‘ |
TEST3 . . Inflow pressure (Hp) 4 psi x 2.31 = = ifeet 2‘7 X710 , 7
___TIME, MIN. "o 11 2  3 | s/ s 18 17 |~ [ 9 | 10 | QAVERAGEFLOW
vetorfeadng | 201 4 VY7 BT I (4  cpu
Gailons or \[’} % O- Ix,@ tD:b l Vs b 97[" . .40' i ; . —
Cu. Ft. 0 v /[p i g b CF}«}\
Take Per Min. _ 1/37/’1‘/ /5. }/lf: /I—// 14,0 i .
Hy 2413 Fi=ta qu{'——f'-—Hog 207‘7 - Tl
Q Lo P : I IKCwiSEC -1
K= x.OH!n.——:‘a ,"f : ' i :
ST HrxL ' 104920 = jreyros]

2.5 xint,



PRESSURE TEST RESULTS (FIELD)

-~ Job Number: | Test Section: .
o - wEsRA P oo Number st Section B%?Z(e[
O fowoan Plznd Gt v o4 | oo
_|{Test Equipemient Identification BORE HOLE Test By:
- F /9 W Aedes” /M = M&’& Orientation: Size: 4 < éé—/’flé/
Ny e MM % méf 173 | ver? 278" P éﬁ/m
{Packers Groundwater Degm : Gauge Height Above Ground:} Gravity Head:
On Casing - 0
bi ' P AN
Hydrauloa.ljnﬂitam W; Ft. Z’C; Ft 5 ? 47/ Ft.}
| TEST/l-[r Inflow pressure (Hp) 7Y psi x 2.31 = [ 53,0 feet
' TIME, MIN. 0 1 2 3 |+ 4 5 5 7 8 9 10 | Q AVERAGE FLOW
Meter Reading 0 Qa 1 & o N GPM
Gallons or i ,‘bfb A @'0 v Y X ’
(ke Per Vi, .8 272 Jadlrz-2l 11 1 1 1 Ccmxrae-GM
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)
11%.D, -| 514 T T - CFTY
L o IR T S o | K CWSEC
- ‘ X ,04%20 |7 a—«t—rrc"l' i
05606 | /4&0 10 » O %Z\_ )
TEST/ 5 ; Inflow pressure (Hp) 30 . _psix231= 4.3 feet 2.9 X/ 0- A -‘/
TIME, MIN. 0 1 2 3 4 s | 6 7 8 | 9 10 QAVERAGE FLOW
Meter Reading h A é _ 51
- Gallons or ’ ,I‘:)V D O\ |40 I /\5. 8 6 1
Cu. Ft. h M)‘ U CFM|.
Take Por M, i BB 1 1 1 [ T 1 ges
i [ 297 Fii=He| g7 FeHe| 67,3 TR T}
K= HTC; X 011 in.—%—= 2,9 - W K. CWSEC‘_
- . 8 p - 0
" oogq |I287% /o | 3
TESTS™. . Inflow pré§sure (Hp) ___psix231=_ _feet 3.3 X077
mna MIN, o | 1 [ 2 5 [ & [ 5 ] 6 | 7 [ 8 [ 9 [ 10 | QAERAGEFLOW
Meter ’Readir-g | '; | : ; i ‘ o cpml
_Gailons or.” - ! ; ' i ! t !
Cu. Ft. | ; ‘ i i : cem
Take Per Min.  ~ L - 2 3 ! ! ] ! 4_;
Hy F1.| = Hg :—4.{.,9, T —HL
Hy x b ol ” X , =




sl

: PRESSURE TEST RESULTS (FIELD) 2?" /o ¥z
Job Number: Test Section: ' :
éW& " - w 5 3 /2 ﬁ’ F umber: est ion Borz-'zlzd
_ Chemt Pla , oY B e | 32Y0
Test Equipment |dentification - ~ BORE HOLE Test By:
- 5 /77 {Z}; Fu Lk(:;/: /’w for Orientation: Size: ’ P P‘t”éj/ N
Kg 2. sHlee = totn ¢ Date:
Winmrs (153 P’L‘:fawc e Verl | 2.98 e {7/7/9 7
Packers Groundwater Depth: Gauge Height Above Ground: Gravity Head:
On Casing e &7 0 _
ou : .
A%idl‘nﬂmble , qg_,—e‘ Ft. 2 - % FL 6'7' % . FL
v L5 WX ‘ | |
?@J’V‘/ ? TEST 1 ’ Inflow pressure (Hp) 'Z 5 psi x 2.31 = 2/ il
ﬂ’{p Mg, MiN, | 2 3 | 4 5 | 6 7 8 | 9 70 | Q AVERAGE FLOW
Meter Reading‘ ""3‘7 5‘35 ® 0 03 GPM
Gallons or 147b| . 0PN | DD ,o7s 25| 17| 17|20 e
Cu.R. ' CFM
Take Per Min. — ] . \3[.0k] .D%5], oz{ 0301 932 | 2331 030] | | CPM x 7.48-GPM
Total Head (HT) -  GravityHead(Hg)  +  PressureHead(Hp) - " Head Losses (Hy)
J6B. Y FT| = '57,5 FT| + /0‘*/ o FTL| - | agglgibi “UFT.
HT?ft(jgme) o ln_-.——Lr‘((:g - 103 I ' ‘ _L.Q{ K, CM/SEC
) x L(ft , X ’ LOlin 42 = {?Tm”}
o002 /” ¥y~ I° (.24%20) §Eox0"7
TEST 2 ) Inflow pressure (Hp) Z Q psi x 2.31 = (6.7 ?' feet
TIME, MIN. - 17 1 2 3 4 5 6 7 8 9 10 QAVERAGE FLOW
' Gy 1o | — _
Meter Reading : . 03 GPM
~ Gallons or ) '353 + 3% 74//0 .?/33 » NS5 Lﬂx 523 :{7;3 O
Cu. Ft. ‘ - CrMy
Take Per Min. T.0x. 6301 07/31 372] 033], 025" 2] L u
Hr ; Fl=ta| 51g FT|+we (61,7 FTf-fL| neqg o FI|
K =” .HTQ L~.X O11in. += | O‘?) . K, CW/SEC
' X ; 0‘172,6 = ,5*;9:9
Lboon) | 22N s* 1o Liax0"7
TESTS : |nﬂowpressure (Hp) Q psi x 2.31 = 2!1. feet
TME,MIN.. | 0 | 1 | 2] 3 | & s | 7 s | 9 | 10 QAVERAGEFLOW
Meter Reading % 3 a i . ' | ! ‘ D (> 6 GPM
Gailons or ,750, . %29 ‘h—?/ ‘op{m {, 17 1.253 L
Cu. FL. . 3 g i i ceme
& A Take Per Min. o D‘és' o%ﬂ O, 0‘1‘0* qu, Oﬁ& ! T v

Hy 2719.% JTL‘-—;HG“ 54,9 :_—r-icl 219.§ —"-—4_ 4,‘,\11, FT.Y

' Q , Lo T ' 1 K CMISEC
K= - x 011 In—=! 0% ! i
. Hyxi P v < i ,04%20 ‘=s+¥+e,:‘°
500D, 1271.% 7 1D LY YIS



PRESSURE TEST RESULTS (FIELD)

%*Zofa

Project: %E A,P -~ Job Number: Test Section: Bore Hole:
W - V)%
1 ’ jo4 ° /1Y 302/
_ | Test Equipment Identification ~ BOREHOLE Test By: = Wi 4 .
Orientation: Size: P “ ')
V4 _
_ Verient | 278 ™ 8/12/09
Packers Groundwater Depth; Gauge Height Above Ground: | Gravity Head:
On Casing 57 / ) 7
@ le/Double /
draufic/inflatable a5 Ft. 2.« Ft. 59\- g Ft.
st Infow pressure (Hp) 20 psi x 2.31 = 1 6! Fteet
‘TIME, MIN, 0 1 2 | 3 4 s | 6 7 8 9 10 | Q AVERAGE FLOW
o y, |
Meter Reading O DA GPM
Gallons or 1300|411 |4 3f| e 497 .523.‘9"4‘51,’« 0.0>
Cu. FL v . 3 : CEM
Take Per Min. | [0l p2qf 024 .0 30] 0T, 225] 1 | ] cFrMx74-GPM
Total Head (HT) -  GravityHead (Hg) +  PressureHead (Hp) - Head Losses (Hy)
zzl.§5 |- 57,8 i+ 1bl.7 FF| - FT
K = HT%()QP“:_) X o ln.‘_—-“.{(:)) - 03 § K, CMISEC
X [ r{n ) ~ - ZD = ?ﬂ:-g——
- _ . 000 | Z?"g /0 '7045, , Sx/o"T
TEST,{ 6 ’ Inflow pressure (Hp) 5/.5’ psi x 2.31 = /2 7 feet
__TIME, MIN. o [+ | 2 ] 3 | s [\s | e 7 8 | 9 | 10 | QAVERAGEFLOW
Metér Reading A o0 aPm|
Gallorns o Lesol.osd.cot. 7/ 74109 799
Cu. Ft. , - CFM{
{Take Per Min. [-624 [-030 | .029] -030] oz7[.027A | I | '
v | )03.% FRl=He| &9.5 FT|+te| 09 FT|-H
| 5 , CM/SE
K= HTQ x.011ln.—%—= , 05 g 4g2D };_ SEC
x - =
X R ' D r? ,
pooo | 16387 1° | 2. 9_:0'_7
TEST3 ‘ : Inflow pressure (Hp) __psix 231 = _ feet
" TIME, MIN. . 0 | 1 2 3 | a | 5 | 6 | 7 s | 9 | 10 | QAVERAGEFLOW
Meter Aeading i i t i aPM
Gailons ot i : : ! .
Cu. Ft. i , | | CcFML
Take Per Min. i : 1 i I T 1 T
;—*—!9 . Fr_ = HG ™3 ‘§ <+ H‘D 5 // ’—_'_ L .L. ; FT
5 K CMISEC
K= — d - x.O‘.'-!n.—-l"—=’ | *!
i X 3 1 < X E = %




PRESSURE TEST RESULTS (FIELD)

&

& /o/[Z/

Project: - Job Number: Test Section: Bare Hole:
Wo52 AP i - ) —
320 o 37.0 |/7X
Y05
_ | Test Equipment identification o BORE HOLE Test By:
Orientation: Size: P% el
V&’eﬂ cat . 7% Date: {//6 A (_{
Packers. % Groundwater Depth: Gauge Height Above Ground: Gravity Head:
On Casir\g\‘t"e 33 [ 7 , 7 . (p
a il' Loy i [3
Hyrauﬁcﬂnﬂatahle S5~ *® 25 Fr E S R,
TEST 1 Inflow pressure (Hp) Y= psi x 2.31 =23.1 feet
T TIME, MIN. 0 T ] 2 | 3|8 | 5 6 7 3 | 3 | 10 | QAVERAGEFLOW
ot T 792|792 ,392] Ty 71 7 Dl
‘ 4 I Z’ v ’ L K A . ~ ~
Cu.Ft. ° 770 Las | _cm
Take Per Min. [ 02[.00 | .09] .pol.o> | ,O0 | { | [ ] CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) ~ +  Pressure Head (Hp) - Head Losses (H)
. gq.(-’ FT.| = B :3(1:%/ Fr -+ 1 23. ! FT.| - . f\%&\%l\ok FT.
- ______—-—HT?ﬂ()meL) X o In. _.-——‘r' ((::)) . § K, CM/SEC
X X = —
596 G _ 2 Jo "7
TEST 2 Inflow pressure (Hp) / 2 psi x2.31 = ____feet ;
TIME, MIN. 0 1 2 3 | 4 5 5 7 8 9 10| Q AVERAGE FLOW
Meter Reading ‘7 No e égm—
Gatlo . v
CU.F:SOI' .8’/0 ] 5’0 /1/0 ‘</L .Q/Z, IK(Z ’ SIL CFM
Take Per Min. l60].00[.2%2] .09 .p0] .00 | i ]
Hr FT.| = Hg FT.| + Hp FT.| -HL |, FT.
, CM/SEC .
K = HTQ Lx.ontn,L: 5 Kl;f;/
X r =
x o "
C1%10”
TEST 3 Inflow pressure (Hp) __ 22 psi x 231 = ____ feet
TIME, MIN. o | 1 2 3 | 4 5 s | 7 s | 9 10 | Q AVERAGE FLOW
Meter Reading ? j/ % P i { N0 TACLC GPM
Gailo | inl 31! e [ P -
Curt 'j30§'830 ‘B ) 9308 ! | CPM
Take Per Min. 769, Ol ,~Di 00100 i R 7 7
= ] — o1
HT FT =§"G§ 5"!.‘} "HD’ TS B L NO FT
Lol L IK.CM/SEC |
Ke —2 % 011in—=! oo -'
HT x L 7 l sz = . \’67’8/
‘ H e ) i

'<' | x‘po =7



PRESSURE TEST RESULTS (FIELD) /Z?Z/ Zof 2

Project: W 55 Z W ' - Job Number: Test Section: Bohe/}:% B
- , v
| - 330 0 370 | oD
_ |Test Equipment Identificatiori ’ . BOREHOLE~ Test By /
Orientation: Size: ?' Pg ';;lt "l
; - Vot | owe &) Jon)
Packers . Groundwater Depth; Gauge Height Above Ground: | Gravity Head:
On Casing 3 % . ' —
bl -
,%Tnﬂ:table , 7‘-6‘,? F 2.9 Ft 26. S Ft.

TEST /1’ 4’ ’ Inflow pressure (Hp) __/ Q psi x 2.31 = feet

TIME, MIN, . Q 1 2 | 3 4 5 6 7 8 | 9 10 | QAVERAGE FLOW
Meter Reading . ' /VD "TﬁKjPM
Gallons or . , : e
Gar | #8181\ 83). €. G/ \ 4/ | .y
Take Per Min. ___[.ool.p?] 04 . 02] , 0P| [ | | [ [ cemx74s-GPM
Total Head (HT) =  GravityHead (Hg) +  PressureHead (Hp) - Head Losses (Hy)
F-T: = ' -FT. + FT‘ - - F B F-r'
Qgpm) . g1 ’ ' K, CMISEC
Hr (ft) x L(f) r(ft). x X = ‘b/’{
, ‘ - - =
TEST2 . Inflow pressure (Hp) psix 231 = ____ feet X106
_ TMEMN. | 0 1 ] 2 3 | 4 | s | s 7 8 | 9 | 10 | QAVERAGEFLOW
Metér Reading ‘ - aPm
Gallons or ’
Cu.Ft. 1 - CPM{
Take Per Min. i | I I N [ 1 i g
Hr | © FT|=Hg FT.| + Hp COFT| -H | o FTE
K = Q % 011 In.'—ll— _ : K, CM/SEC
Hr x r " b =
TEST 3 ' Inflow pressure (Hp) _psi x 231 = feet
TIME, MIN. o | 1 2 | 3 | a s | &6 | 7 | 8 | 9 10 | QAVERAGE FLOW
'Meter Reading o . g ! | i GPM
Gailons or ! ‘ ; 5 ' ,
Cu. Ft. i , ! i ! _ CFM-
Take Per Min. i N s R |
Hy FT.i = Hg Fil+Hp i Lo~ - FL
é H e 1 K CWISEC
K= — Q ot S o c
HT X i T ! s ! R P = ;




PRESSURE TEST RESULTS (FIELD) | 72«76. /o £ 2

Project ' A - ) Job Number: Teét Section: BOfe Hole:
| weseaf . 250 . Y7 9T
_ | 0 o ¥70° 27 2
_ | Test Equipment Identification : ) " BOREHOLE’ Test By: .
On':i\i}’ion: Size: e 2 W '/\)
) Yocker Pressee 240 psT /" | 278 e 5’// 2’/0"/
T Packers ' Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
* 0 Ca -ngt‘l : 32 F / P
SDouble i
Fydraulic/inflatable , 572w Z/w0o r 257 R
< TESTH - % Inflow pressure (Hp) /O psix231= 2% [ feet ’
e wn, L e | 1 2 | 3 ] ] s | s | 7 3 | 5 | 10 | QAVERAGEFLOW
Meter Reading 137 | "’-’?}_‘/D . O\  GPM
ool ¢ 0 0| 173|363 498|005 017 |. 02|, 037 05D, o ¢ 0o |
CU. . ' i CFM
Take Per Min. R 0\0[ D3], R 015’1 ow] piz] .02 Ol2 ,oljl ;) | ‘ CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (HG) +  Pressure Head (Hp) - Head Losses (Hy)
g% <& Fl’ = | 36 '7 -FT. + 2'5‘[ FT.| - _ﬂty/:;/;élﬂ*FT. A
o Q (gom) L | ‘ : K, CM/SEC
K= =l x 011 In. — == a0 1
Fr® < L® | Togex g | X |0l TS ?.,Tf“'
o , 0600 2 (ie4704) 4% /0" 7
TESTZ )  Inflow pressure (Hp) 2.0 psi x 2.31 = Ho. H6.2 et )
*nus, wN, ] o 1 2 |3 | 4 s | & 7 8 9 10 QAVERAGEFLOW
- |Meter Reading 1% 4 ‘ B - ' o D 3 GPM
Gallons or ' ;]50 ¢13¢ 212|122 '272‘-, ,502-‘ - o
- Cu. FL L § IR
 [Take Per Min. ["o3] 03] .02 .02l 0 Bl 1 I 1 g

e | 91.q Fr|=fa| 257 Fr+He| . TR hép/:?/}ékﬁff

K= HTQ T x .01 In.—lrl—= . _o’_""j é ’ . | K, CM/SEC
x . : = '
. x - . b0 22(1:0‘?"
. 0000 Y Cé‘ 1 T : ‘ LdX1>~%
TEST 3 ~ Inflow pressure (Hp) 30 2 psix231 = _‘,7_' 2 feet
TIME, MIN. o [ 1 g 3 | a s | 6 | 7 8 | 9 | 10 |_QAVERA¢&F;ow
Meter Reading Uo ] i : i o.09 &M
Gail H ; ' "
Ci;\.sor - L5000 ,5‘{‘3 .(00{ LO"/S ,é,‘i} 771 AL | i oA
Take Per Min. ‘ 0% rOS"-j 0'-/'7, 01/53 0"% NVEST] } o

e zog.bﬁﬁd 25,7 mistel p2,3 TR peqlig e 7T

| K CWSEC

K = H—Q _ x .O‘!‘:}n.—-'::%% .05 0470 i ¢
x L T — X . P= -~
i [0S0~ O] ' Lf - %%?aem ¢

L DoCO %




MORRISON-KNUDSEN ENGINEERS, INC.

A MORMISON KNUOSEN COMPANY

PRESSURE TEST RESULTS (FIELD)

2’?4«29'4?.

Project: Wes ks P Job Number: Test Section: . Bore Holei
B?,O to q? , Q - <P 4/&
Test Equipment Identification > BORE HOLE TestBy: 1 /54*% PV
Orientation: Size:
e .
Vvt 2.9% Date: &/ /ot
Packers Groundwater Depg; ~ |Gauge Height Above Ground: | Gravity Head:
On Casing '3 ' 4
Single/Double .
Hydraulic/Infiatable ) Y g Ft. Z.0 Ft. 3 5- / 7 Ft.
TEST Y ‘/ Inflow pressure (Hp)_z_ psi x 2.31 = _%;_Zfeet
TIME, MIN. 0 1] 2 3 4 5 6 7 8 9 10 | Q AVERAGE FLOW
Meter Reading O O/ DX GPM
oatonsor $50|.877].76¢|. 18| TeH | 913 oM
Take Per Min. 1,027] .229] .0%% ,027]. 074 [ | | | | CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) + Pressure Head (Hp) - Head Losses (H})
F1.9 =] 257 Fr|+|  Y.2 FT|- Fr| -
Q (gpm) SR o (L R 03 K, CM/SEC
Hy (ft) x L (f) r (ft) = x o470y | = ‘H("‘e':}—"
219 9
5 Wolololh o = 5=C
' TEST,tj, v Inflow pressure (Hp)__/_Q_ psi x 2.31 = _23.{ feet 1T X7
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 | 10 | QAVERAGEFLOW
Meter Reading 4 /, L0 O\ GPM
gzﬂ:\sor e Y R4l 7 .,o// 013 |.ols " orm
Take PerMin. | 'wST.cv'z[.poll .00?' ,le :m’zl’ A | ] ] » I
Hr 5¢.% FL|=Hg 35,7 F|+Hp 2%, FL|-H_ FT.
K = HTC:( = x 011 In.——— (D! § _ | CMISEC
_ X , - = .-
4 L0000 £e.% 1 o704 ¢2.9x1077
TEST3 *“ Inflow pressure (Hp) . psi x 2.31 = feet
TIME, MIN. 0 1 2 3 4 5 6 7 8 9 10 | QAVERAGE FLOW
Meter Reading GPM
Gallons or
Cu. Ft. 2 CFM
Take Per Min. - | 1 ] | | | | | | | ]
Hr FT.| = Hg FT.| + Hp FT.| —H_ FT.|
K= Q x .011 ln.L = _ K, CMISEC .
Hrx L ro < X =




PRESSURE TEST RESULTS (FIELD)

Rae /ofz

Pro;ect‘ W 3‘;2 hp Job &umbér. Test Section: Bonf/e‘ Hbz;e’
J €0.0 w 650 | ypudp
_|Test Equipment Identification ~ BOREHOLE Test By: /
Orientation: . Size: P&H '
vaer | z.ag”? = 5/19 /
'Pack.ers 7 Vockey G;oundwater Depth: , Gauge Height Above Ground: | Gravity Head:
On Casmgble 2490 P$19‘a$ % P =< ,7
13}
raulic/inflatable ‘)’%‘%— Ft. 2.2 Fr. J-é-.-(;-— Ft.
TEST 1 Inflow pressure (Hp) Z.D psi x 2.31 = Y& 2feet
TIME, MIN, o0 |1 2 | 3 4 5 | 6 7 3 | 9 10 | QAVERAGE FLOW
Meter»Read'ing A/ / O . 0\ GPM
Sallons 0D [ ot L1t [-121 [, 1271 138|144 1855 7177098 M|
Take Por Min. " Taedloll Lapblooolo“ oo [,010].912]. IV | CFM x 7.48 - GPM
Total Head (HT) = Gravity Head (Hg) +  Pressure Head (Hp) - Head Losses (Hy)
%2, F-| 5.9 F|s w 2 f- [ ggin T
K = HT‘?%‘-?P’“&@ x .omn.""r-__(%)_= D N PN K, CM/SEC
L@ £ X - Ts | X
| 000 C(Z ( Y _(_%Lns, . |
TEST 2 o lnﬂow pressure (Hp) _ =3 & _? O _psi x 231 = = 1.3 feet 43X 1077
TIME, MIN. o | 1 | 2 | 3 4 5 6 7 8 3 10 QAVERAGEFLOW
Meter Reading 1 : 0, 0D GPM
v g:t:zsor 300 .3}3? et 4od Y29 145% ,%5/ .52/ ”(53 CFM
Take Per Min. [-033[.0%0]-037 | - 021] Z9.03g 331.72] | | )
Hr | S,z FTi=Hg 25.7 Fri+tp| 67.3 FR|-FL| ngigbue FLp
Qa L . K. CMSEC
K= x O1tin.—= ,05
HT rrara N R s s
oz LT S et
TEST3 ‘ Inflow pressure (Hp) E psz X 231 = _Q_‘;L__feet 10X 0 '
___TIME, MIN. EN 3 | 4 6 | 7 8 | 9 10 QNERAGEFLOW
Meter Reading ‘ 3 5 : 3 ’0 o O gl. GPM
e 5L 7324.749“3/2,‘&9 71937 | 471! T o
Take Per Min. i 042 .03 037§ D731 037" 0Ya .00 i i ‘ o
[ vAd Ferel 3571 Tierel joy  TioMiahh T
a Lo . KoweEC ]
K= x 01th.—={ .09 Lo
) Tox L P - v X L 05LL0b L= Oy : .
wove L 17 15 7 39(-1-5-*1—"
loXx/10™¢




PRESSURE TEST RESULTS (FIELD) Beos 20/

Proje‘d: M/ 9 9 2 /9’ P o~ Job Number: Test Section: 80;464 Hole:
. Q0
1 . 50.0 © 5.0 |- Y09
Test Equipment Identification ’ ~ BOREHOLE® Test By: ; <
Orientation: | Size: q@ P - P P‘?M n
Varniear | 2 5/

Packers . "~ [Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
On Casing L) ,EZ 4 =2 <, ?
8 2Doubl
nﬂitabte - = s 2.7 FL| - Ft
TEST/( 7’ ’ inflow pressure (Hp) 30 psi x 2.31 = 67.3 teet
TIME, MIN, | 0 | 1 2 | 3 3 s | s 7 | 8 | 9 | 10 | QAVERAGEFLOW
Meter Reading 4z , <O. O\ GPM
Gallons or 0P 1 003,01 013 |« »20|,622{.027].032 | - ‘
Cu. Rt v » , ‘ v , . CFM
Take Per Min. ~ Toeal 008 o3 007[.002d osTos ] [ | | CFM x 7.48 - GPM
Total Head (HT) =  GravityHead (Hg) + PressureHead(Hp) - . Head Losses (Hy)
/05‘1 F—r = 35:? FT.1 + ‘ é?’} FT.| - . ,167[“ ~FT.
HT(()ﬂ()gp'T & x .011 !n.'—l-'(%))—— = .01 ‘ y A . |K CMSEC
ff) x L (ft r : = , :
|52 S 052Lt o1
TestZ” 5 | inflow pressure (Hp) _ 2O psi x 2.31 = Y- Z feet 3. 2X/0 }7
TME,MIN. .| o 1 ] 2 | 3 | 4 5 | s 7 8 9 10| QAVERAGE FLQW”
Meter Reading 2 “<zpi0l ePm|
o 04|, 043}.09 |+ 053,057 .06z e p—
Take Per Min. [+ 003 '00(’1.'00"{1 0OV 005 | DOLH 1 i I | g
Hr 2.1 FLi=Hg 25,9 FT.|+Hp L. 27 FL)-H Vlcgll'_r ,
' | o . CMISEC
K= HTQLx.o11tn.—';-= <. 0 g waig
X - =
TEST3 : Inflow pressure (Hp) —___ psix 231 = __feet . 42Xxi0”7
TIME, MIN. o { 1 2 3 4 5 | 6 -7 8 | 9 10| QAVERAGE FLOW
Meter Rsading o z : : GPM
Gailons or i ! f ;
Cu. Ft. P e } : CFM.
Take Per Min. i i ! z R
: ‘ : ' : 3 |
Hy FT.{=Hg . FLi+Hpl RS s T FT
T | | K CWISEC
K= — Q - X.U‘!‘z?n.——L—-:: : ; , i 2
i Hr x L T S X i i=
i Cod




. . PRESSURE TEST RESULTS (FIELD)

Project: - Job Number: - Test Section: Bore Hole:
| Lomwsoet - W55 EAL | |
] Basckl 3 575 ° GO M-y
_ | Test Equipment Idennﬁcatlon BORE HOLE Test By:
o T F/yw M&% )é’f/ Zj’é"‘ Oriemaxic;rz) Size: ‘ /4 EM
o £5. e & 2/ :
/?/"é W/ﬂ o5 vers Z. ?ﬁ ‘ Date: - 0‘/_
v - |Packers Groundwater Depth: Gauge Height Above Ground: | Gravity Head:
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WELL DEVELOPMENT
FORMS



WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITQRINQ WELL DEVELOPMENT FORM
~ ES&H 4.4.8.2, Rev. 1, 7/96

>ROTECT NAME __J/ SSZJHD __ WORK PACKAGE NO.
' ) SHEET 1 OF 2
DEVELOPED BY ?@é&f@‘ S Z/l ] VWMﬂ»b?jé/ Dﬂ//{ %‘7 _
L. Well Number.: /‘4 W-2056 _' | Well Locatxon /'/7:{9(7 ?%//4'@
2. Date of Installation: Y72 / oL
3. Date of Development: 5, / Z‘// 0f — g/ Z "/ 04
f. Static Water Level: Before Development 37 . ‘7 At least 24 hrs. after_ S1.5 !%s ft.
3. Organic Vapor: Before development Nyre ppm; After development, Hre ppm.
3. Quantity of water léss during drlling, if used:__z gal
7. Quantity of standing water in well and an'nulus‘before development: //ﬂ@ _gal.

;. Depth from top of well casing to bottom of well: RS.D . (from Well Installation Diagram)

), Well diameter:_ 2 in.

0.  Screen length: /O ft.

1. Minimum quantity of water to be removed: 4. Z gal.

2. Depth to top of sediment: Before development__~—— ft.; After development____ ft.

3.  Physical character of water (before/after development): 0 Ww(j KWA\,} ,/VW 61 (’/LCW

4. Type and size of well development equipment'

5.  Description of surge technique: Sw\me_ Screen) b.)\‘fh/\ Z q(wgs pouwﬂ

'huo &ﬁswo,a /9\)01/00'/”40 mwg //)241 pﬂ/aa/ /Q_g,@

6. Height of well casing above ground surface: Z. 9 ft. (from Well Installation Diagram).

7.+ Quantity of water removed: H { gal. Time for removal: 3 l_\r S hr./min.
- i _ . : € b U 1@-‘1 vC

s




WELDON SPRING SITE REMEDIAL ACTION PROJECT
S " MONITORING WELL DEVELOPMENT FORM
' : ES&H 4.4.8.2, Rev. 1, 7/96

PROJECT NAME wss 21 r~ B WORK PACKAGE NO.
| ' SHEET 2 OF 2

DEVELOPED BY. ,20 W/S &uzra'nrku#a/ Lr ///,27

Well Number:__/JW =209 (> Well Locations:_ @ ;:);sz fraad MoK et/
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WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITQRING WELL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev. 1, 7/96

ROTECT NAME __ IWESPAF ___ WORK PACKAGE NO.
| SHEET 1 OF 2
)EVELOPED BY /’Qpbéﬂ'f's. Enui mzm—\wa,.// _
Well Number.: MW -~ 30 L/D ‘ Well Location: V. Sis¢ o £ CL//

Date of Installation: S, / /7 / oY

Date of Development: 5/ ?//) f=¢ % c o4
BT
Static Water Level: Before DevelopmentW ft.; At least 24 hrs. after 5.7 %g ft.

: (57.0 ‘ogs
Organic Vapor: Before development &—  ppm; After development 2 ppm.

Quantity of water loss during drilling, if used:_ _ gal.

“Quantity of standing water in well and annulus before development: (2.4 _gal.

/
Depth from top of well casing to bottom of well: [07.5 . (from Well Installation Diagram)

s¥

Well diameter: 21V _in. ' 13 7”’/ / f"“?”"—
I Sga/ 2 Peap ,gr
Screen length: 1D s €45 m
| A vl 2%,
Minimum quantity of water to be removed: Z Z gal. i j -
Depth to top of sediment: Before development W/A _ ft.; After development N ft.
Physical character of water (before/after development): \/6\/3 C[awéta / \V/W&l CAteon,
Type and size of well development equipment:
Description of surge technique: guxax SCreery WY 7 ?M . 4 ‘]’HJO
C@ '/%‘DoQb() Nrer ®an? fM/rﬂ /O'Lt) 7[/07417@:4%

Height of well casing above ground surface: 2.5 ft. (from Well Installation Diagram).

Quantity of water removed: L’{% gal. Time for removal: ~&hr—  ney min.




WELDON SPRING SITE REMEDIAL -ACTION PROJECT

MONITORING WELL DEVELOPMENT FORM

_WORK PACKAGE NO.

ES&H 4.4.8.2, Rev. 1, 7/96

PROJECT NAME W SSPA®R -
SHEET 2 OF 2

DEVELOPED BY- ?\O\O ANTS f:.{\\\)\\( oM \_!\,/kQ-MA?\/\
Well Number:__M W~ 2040 Welllncatiéns: M. Sipe 07(£0//
| Date/ Hrs. Dev./ Gals. Purged/ pH | Temp. | Cond. Remarks

Time | Cum. Hrs. Dev. | Cum. Gals. Purged Vvt e e
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‘ WELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITQRING WELIL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev. 1, 7/96

PROJECT NAME Weseal? WORK PACKAGE NO.

- SHEET 1 OF 2
DEVELOPED BY &bmg Znu L@’lw.?l"«, Dnllmj LTnc -
1. Well Number.: M W _ 70 ‘—/Z’ Well Location: /‘4 rm dq Pfdz)ﬁofé —

2. ‘Date of Installation: _ b// ZD/D Y
3. Date of Development: { /2‘/ / 2 ‘/ < / ZG /0 i

4.  Static Water Level: Before Development 3 1.5 . 5 ft At least 24 hrs. after 3o Yys 5
29,2/

5. Organic Vapor: Before development ppm; After development___ 5 ppm.

6. Quantity of water loss during drilling, if used:__‘z gal.

7. Quantity of standing water in well and annulus‘before development: /0.5 _gal.

:‘5 Depth from top of well casing to bottom of well: Zy, Z/ ft. (from Well Installation Diagram)
3. Well diameter:_ 2P in. 4 Db '7217 4 /' /

10.  Screen length: o s : ?_-ﬁ P -

11. Minimum quantity of water to be removed:_Z-8_gal. < mi:‘iwm |

12.  Depth to top‘of sediment: Before development m,’/&- ft.; After development ft.

[3.  Physical character of water (before/after development): \IU:} (’,louc% /

t4. Type and size of well development equipment:

5. Description of surge technique: DYy wlfhk 2 af u&&vé;::__ewvﬁ
MMMM lwv‘z'//h @’,[56’&&/\/ ‘14«//} ), Y01 V4 DM‘}O

6.  Height of well casing above ground surface: 2z 2 ft. (from Well Installation Diagram). '

7. Quantity of water removed: 2% gal. Time for removal: ZZ /llf hr./min.




WELDON SPRING SITE REMEDIAL ACTION PROJECT

SRS " MONITORING WELL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev. 1, 7/96

PROJECT NAME WSS P ) WORK PACKAGE NO.
| SHEET 2 OF 2

DEVELOPED BY. QD\@WSVS i\r\\)»\/ WM \Ds/v\,\\ Vl\ﬁ) Tinc

Well Number:_ MW’ L/OUO Well Locations:___ /‘}anr/q . Pfg}ﬂﬂ%} nesv ﬁhc/

D'-ate/ Hrs. Dev./ Gals. Purged/ .| pH | Temp. | Cond. ﬁxbr ] Remarks

Time | Cum. Hrs. Dev. | Cum. Gals. Purged ‘ :

6/@/‘ 1 aplions | wo {Parampbrs S(ﬁl: ga(\aﬁ,:::)e$ P
i 3 /5 957 1a |95 o T
| 7= ] | = /15 - | 7550 17-® | .Co0| 19Iati e aid
2419 0 /19 lzad| 1770 LiG|szel ol et Bty 19l
7 1T 1720 lzst] sl tze oo verd dor
s /2o |zst| syl ies |ag
|1z:52 | 1 /2% 2.4st 1540 | g2t |36

1257 | /24 | 748| 57| .967 5.7

[Bodk| 1 /25 7.5l jep] #&|0.9

13:10 | [ /2¢ | 7.s0| 16.2] .930]3¢9)

|72 \/Z27 | 763| Jeud,| 20RSH |

2% 1 v Aas 7l 1ol 1T e




AWELDON SPRING SITE REMEDIAL ACTION PROJECT

MONITQORING WELL DEVELOPMENT FORM

ES&H 4.4.8.2, Rev. 1, 7/96 -

PROJECT NAME yVsseaP _ WORK PACKAGE NO.
SHEET 1 OF 2
DEVELOPED BY__ (o Dertrs 2{7U/Z.Qn ﬁféwué// D'&i/g_/ug Ly
1. Well Number.: M L)~ é/ﬁ 9// Well Location: &(.504 L, // //4
). Date of Installation: ____ 5 /77 /0 Slaied
3. Date of Development: 5, /20 /0 d —
3

{. Static Water Level: Before Development ‘/0-4 2 ft.; At least 24 hrs. after L/LO S b.gs. ft.

3. Organic Vapor: Before development __ AJ2¢  ppm; After development Ao A  ppm.

-
). Quantity of water loss during drilling, if used:__ ¢ gal.

1, ' Quantity of standing water in well and annulus before development: /0. Cﬂ gal.

».  Depth from top of well casing to bottom of well: é O ft. (from Well Installation Diagram)

), Well diameter: in.

0.  Screen length: (D

1. Minimum quantity of water to be removed: D2~ gal.

2.  Depth to top of sediment: Before development NZ'& ft.; After development N/ A 1
3.  Physical character of water (before/after development): ZX"’VM,} fep d / <l ‘@ hﬁv&; Clauﬂéj

4.  Type and size of well development equipment:

5.  Description of surge technique: S Lasge. Ldgm(“/\ ZQ(;VLAGOKQS Fg&# {'L\»fa_i—g&%

g ,
5.  Height of well casing above ground surface: Z.0 ft. (from Well Installation Diagram).

‘ .
7. Quantity of water removed: / 24/ gal. Time for removal:___<=Z = hr./min.




WELDON SPRING SITE REMEDIAL ACTION PROJECT

i * MONITORING WELL DEVELOPMENT FORM
: ES&H 4.4.8.2, Rev. 1, 7/96
PROJECT NAME [ JJSS\PAY® - WORKPACKAGE NO.
SHEET 2 OF 2
DEVELOPED BY. _Atoberts Fuuvirom M/ Dz/ //,,,\7
Well Number:___ /A W= Y04/ Well Locations: __EA&A__Q@ /j /mF(
Date/ Hrs. Dev./ Gals. Purged/ . | pH ‘| Temp. | Cond. . Remarks
Time | Cum. Hrs. Dev. | Cum. Gals. Purged ,
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Appendix C

Chronology of Events



The following is a chronology of the Groundwater Operable Unit of the Weldon Spring Site
Remedial Action Project.

Table C-1. Groundwater Operable Unit Chronology of Events

Event Date
DOE designates the Weldon Spring Site Remedial Action Project as a major project 01-Jan-85
The Project Management Contractor (PMC) is selected 01-Feb-86
DOE and PMC establish a Site Office 01-Jul-86
PMC assumes site control 01-Oct-86
Weldon Spring Quarry placed on the NPL 22-Jul-87
WSSRAP designated as a Major Systems Acquisition 01-May-88
Remedial Investigation for the GWOU issued 01-Jul-97
Baseline Risk Assessment for the GWOU issued 01-Jul-97
Feasibility Study for Remedial Action for the GWOU issued 10-Mar-99
Pilot-Scale Pump and Treat Study Jul-98
Proposed Plan for Remedial Action at the GWOU issued 21-May-99
Interim ROD for the GWOU finalized 29-Sep-00
Additional Groundwater Field Studies began 09-Mar-01
Additional Groundwater Field Studies completed 13-Nov-010
Pilot-Scale ICO Treatment began 26-Mar-02
Pilot-Scale ICO Treatment completed 08-Jul-02
Support Evaluation for the Proposed Plan for Final GWOU Remedial Action issued 01-Aug-03
Proposed Plan for Final Remedial Action at the GWOU issued 01-Aug-03
Record of Decision for Final Remedial Action at the GWOU finalized 24-Feb-04
Installation of GWOU MNA monitoring wells began 26-Apr-04
Installation of GWOU MNA monitoring wells completed 20-May-04
GWOU Pre-final Inspection 20-Jul-04
Remedial Design/Remedial Action Work Plan for the GWOU issued 29-Jul-04
U.S. Department of Energy Interim Remedial Action Report for the Groundwater Operable Unit
March 2005 DOE/GJ/79491-952
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End of current text
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Appendix D

Quality Control



D.1 Construction Quality Assurance/Quality Control

All construction activities were performed under an established quality program. For activities
performed prior to 2004, the project management contractor (PMC) established the Project
Management Contractor Quality Assurance Program Plan (QAP) (MKF and JEG 1992). The
QAP was reviewed annually and revised as necessary to comply with the current DOE orders
and contract requirements. The Quality Assurance Program satisfied the requirements of DOE
Order 414.1A — Quality Assurance, which superseded DOE Order 5700.6A, Title 10 Code of
Federal Regulations Part 830.120 — Quality Assurance, and associated reference documents
identified in the QAP.

For construction activities performed after 2004, the technical assistance contractor (TAC), as
obligated by DOE Order 414.1A, has developed a quality assurance program as documented in
the Quality Assurance Manual (STO 1). This manual includes requirements for organization,
personnel training, quality improvement, documents and records, work processes, design,
procurement, inspection and acceptance testing, and a routine assessment program.

D.1.1 Environmental Quality Assurance/Control
D.1.1.1 Characterization and Environmental Monitoring Activities

For sampling activities performed prior to October 2003, environmental compliance issues
were addressed in the Environmental Quality Assurance Project Plan (EQAPjP) (MKF and
JEG 2000), which was developed by the PMC. The EQAP]jP focused on the EPA requirements
under CERCLA and met the applicable requirements of EPA QA/R-5, EPA Requirements for
Quality Assurance Project Plans for Environmental Operations. The document primarily
specified the quality assurance requirements for WSSRAP environmental data operations and
supports the PMC Quality Assurance Program. The environmental data operations referred to
activities involving the acquisition, analysis, and evaluation of environmental data that included
all work performed to obtain, use, or report information pertaining to environmental processes
and conditions. The Sample Management Guide (MKF and JEG 1997), PMC standard operating
procedures (SOPs), departmental instructions, the WSSRAP health and safety program, and
work plans written for specific environmental tasks, supported the EQAP]P.

Subcontracted off-site laboratories that performed analysis used Contract Laboratory Program
(CLP) methodologies when applicable. Each of the subcontracted off-site laboratories was
required to submit a site-specific Quality Assurance Project Plan (QAP]jP) and controlled copies
of their standard operating procedures (SOPs). The QAPjPs and SOPs were reviewed and
approved by the PMC before any samples were shipped to the laboratory. Changes to the
standard analytical protocols or methodology are documented in the controlled SOPs. Quality
assurance assessments were performed routinely to inspect the laboratory facilities and
operations to ensure that the laboratories were performing analyses as specified in their contracts,
and to check that WSSRAP data documentation and records were being properly maintained.

Data verification was performed on all analytical data received from laboratories performing
analysis on environmental, waste management, health physics, and geochemical samples in
accordance with WSSRAP procedure. Data verification included non-analytical processing and
review of analytical laboratory data and associated documentation to ensure that samples were

U.S. Department of Energy Interim Remedial Action Report for the Groundwater Operable Unit
March 2005 DOE/GJ/79491-952
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collected, shipped, maintained, and analyzed in accordance with established data quality
requirements and standard operating procedures.

Data validation was performed on analytical data received from laboratories performing analysis
for the site as required under DOE Order 5400.1 in accordance with WSSRAP procedure. At a
minimum, the WSSRAP Data Validation Group determined the analytical accuracy, precision,
and completeness of 10 percent of the environmental data collected. The data validation review
was performed by using analysis-specific checklists, which followed EPA Functional Guidelines
for Inorganics and Organics, and SAIC Guidelines for Radionuclides.

D.1.1.2 Long-Term Monitoring Activities

Beginning in October 2003, monitoring activities were managed by S.M. Stoller Inc.

(Stoller). Sampling, analysis, and data management are performed in accordance with the
Sampling and Analysis Plan for GJO Projects (DOE 2002). This plan incorporates DOE-GJO
SOPs into groundwater and surface-water sampling activities. This document provides detailed
procedures to ensure samples are collected in a consistent and technically sound manner.

DOE Grand Junction SOPs are contained in the Environmental Procedures Catalog, (STO 6)
(DOE continually updated), which incorporates DOE and EPA guidance. The procedures in the
Environmental Procedures Catalog are intended as general guidance and require additional
detail from project planning documents in order to be complete. Sampling for the GWOQOU is
performed as outlined in the LTS&M Plan for the WSSRAP.

All samples are analyzed by approved sub-contracted laboratories. Quality control is performed
in accordance with the Analytical Chemistry Laboratory Administrative Plan and Quality
Control Procedures. This manual defines the non-technical policies and procedures necessary to
ensure the laboratory will provide high quality analytical data and maintain customer
confidentiality. It provides a framework for performing, controlling, documenting, and reporting
analyses and related laboratory activities. Analytical methods used for groundwater and surface
water analyses are detailed in Analytical Chemistry Laboratory Handbook of Analytical and
Sample-Preparation Procedures. This manual contains detailed procedures used for each
analytical method and includes specific requirements for reagents and standards, detection limits,
quality control, calculations, and data reporting. In addition, interferences associated with each
analytical method are listed in each section.

Environmental data management activities performed for the Weldon Spring Site are detailed in
the Sampling and Analysis Plan for GJO Projects. This plan directs data management activities,
and data validation requirements. This plan and the associated data validation requirements have
been adopted for the monitoring program at the Weldon Spring Site. The primary activities
associated with data management and data quality are field documentation, sample management,
data validation, data review, and database maintenance. These programs ensure that analytical
data generated by laboratories for samples collected at the Weldon Spring Site are reviewed and
qualified prior to release for general usage.

Data validation is the process of reviewing the sampling documentation and analytical data to
ensure that adequate documentation was maintained and that results are qualified in compliance

Interim Remedial Action Report for the Groundwater Operable Unit U.S. Department of Energy
DOE/GJ/79491-952 March 2005
Page D-4



with established reporting requirements. Data generated during sampling activities and by
analytical laboratories for the Weldon Spring Site monitoring programs are validated.

The validation process consists of reviewing data for transcription errors, reviewing sampling
documentation and chain-of-custody documentation, and comparing actual holding times to the
method specified holding times. During validation, personnel determine whether the laboratory
records document the established quality control criteria for the analytical methodology utilized
at the laboratory. This is to ensure the analytical procedures were followed, quality control
samples are within their respective acceptance limits, and that adequate documentation is
available to support the validity of the data.

Also, during the validation process, the data are reviewed and qualified by the data reviewer for
comparability with historical results and for statistical and compliance evaluations.

Upon completion of data validation, data are flagged with appropriate final data qualifiers and
are then available for general use. All databases containing final validated data are backed up
regularly. To maintain the integrity of the computer files, access to edit the database is
extensively restricted.

D.1.3 References

MK-Ferguson Company and Jacobs Engineering Group (MKF and JEG), 1992. Project
Management Contractor Quality Assurance Program Plan, Rev. 0, DOE/OR/21548-333,
prepared for the U.S. Department of Energy, Oak Ridge Operations Office, St. Charles,
Missouri, September.

, 1997. Sample Management Guide, Rev. 1, DOE/OR/21548-499, prepared for the U.S.
Department of Energy, Oak Ridge Operations Office, St. Charles, Missouri, August.

, 2000. Environmental Quality Assurance Project Plan, Rev. 5, DOE/OR/21548-352,
prepared for the U.S. Department of Energy, Oak Ridge Operations Office, St. Charles,
Missouri, November.

STO 1. Quality Assurance Manual, prepared by S.M. Stoller Corp, Grand Junction, Colorado,
for the U.S. Department of Energy, Office of Legacy Management, Grand Junction, Colorado,
continually updated.

STO 6. Environmental Procedures Catalog, prepared by S.M. Stoller Corp, Grand Junction,
Colorado, for the U.S. Department of Energy, Office of Legacy Management, Grand Junction,
Colorado, continually updated.

U.S. Department of Energy, 2002. Sampling and Analysis Plan for GJO Projects, GJO-
20030402-TAC, prepared by U.S. Department of Energy, Grand Junction Office, Grand
Junction, Colorado, December.

U.S. Environmental Protection Agency, Requirements for Quality Assurance Project Plans for
Environmental Operations, EPA QA/R-5, Washington, D.C.
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Appendix E

Health and Safety



E.1 Health and Safety

Health and safety requirements and procedures for all field activities were consistent with DOE
orders, regulations, codes, and standards. Environmental Management activities were specified
in the Weldon Spring Ste Remedial Action Project Health and Safety Plan (MKF and JEG 2001)
and LTS&M program activities are conducted in accordance with the Weldon Spring Ste Project
Safety Plan (DOE 2003). These documents were an integral component of the contract
documents for every subcontract package at the Weldon Spring Site Remedial Action Project
(WSSRAP). These documents included information and requirements on the following topics:

e Contaminant and hazard description

e Work practices and engineering controls

e Personal protective equipment

e Monitoring for radiological and industrial hygiene related hazards
e Construction and industrial safety

e Medical surveillance

e Training and qualifications

e  Site access control and security

e Decontamination

e Emergency response

Overall adherence to health and safety requirements at the WSSRAP was excellent. The
WSSRAP employed an extensive staff of field-oriented health and safety professionals to help
identify hazards and prescribe appropriate controls for all field activities. This staff routinely
monitored all daily work activities to ensure compliance. However, one of the most effective
means of ensuring health and safety requirements implementation was the Time Out for Safety
Program. This program allowed and encouraged anyone to stop any work activity that they felt
was not being performed in a safe manner. Once a Time Out was taken, employees from all
appropriate entities got together to evaluate the situation and make any necessary changes to
ensure the work would be performed safely. Workers were recognized in a positive manner and
rewarded for taking Time Outs. This resulted in extensive worker buy-in to the health and safety
program.

The WSSRAP was formally recognized in outstanding safety and health performance by
becoming the first DOE hazardous waste remediation site to receive DOE Voluntary Protection
Program (DOE-VPP) Gold Star. The DOE-VPP provides public recognition to sites whose
health and safety programs go beyond DOE and OSHA standards to protect workers more
effectively. The Gold Star is the highest available award in the DOE-VPP.
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F.1 Operable Unit Contact Information

Agency or Organization

Department of Energy

Technical Assistance Contractor (TAC)
Legacy Management — Post-January 2003
Contract number is DE-AC01-02GJ79491

Project Management Contractor (PMC)
Environmental Restoration — Pre-January 2003
contract number was DE-AC05-860R21548

Technical Support Contractor

Environmental Protection Agency, Region VII

Missouri Department of Natural Resources
Federal Facilities Program

Contact Information

U.S. Department of Energy

Weldon Spring Site Remedial Action Project
Thomas Pauling, Weldon Spring Site Manager
2597 B % Road

Grand Junction, CO 81503

Phone Number: (970) 248-6048

S.M. Stoller, Inc.

Sam Marutzky, Weldon Spring Project Manager
2597 B % Road

Grand Junction, CO 81503

Phone Number: (970) 248-6059

S.M. Stoller, Inc — Weldon Spring Site Office
Yvonne Deyo, Site Manager

7295 Highway 94 South

St. Charles, MO 63304

Phone Number: (636) 300-0012

Washington Group International
Robert Cooney

720 Park Blvd.

Boise, ID 83712

Phone Number: (208) 386-5000

Jacobs Engineering Group

Jim Meier, Jacobs Weldon Spring Site Representative
1111 South Arroyo Parkway

Pasadena, CA 91105

Phone Number: (626) 578-3500

Argonne National Laboratory
Mary Picel, Project Manager
9700 South Cass Avenue
Argonne, IL 60439

Phone Number: (630) 252-7669

Daniel Wall, Remedial Project Manager
U.S. EPA, Region VII

726 Minnesota Avenue

Kansas City, KS 66101

Phone Number: (913) 551-7710

Larry Erickson

Hazardous Waste Management Program
P.O. Box 176

Jefferson City, MO 65102

Phone Number: (573) 751-3907
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