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MAXIMUM INJECTION RATE AT EACH WELL(S): 200 gpm each at up to three wells at the City’s
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1.0 INTRODUCTION

1.1  Project Background

The City of Dallas (City) is interested in developing an ASR program at its Water Treatment Plant
(WTP; Public Water System No. 4100248) site to respond to increased demands on its water system
capacity. This program is one of the options the City is investigating to utilize all of its existing water
and storage rights on Rickreall Creek and to optimize WTP capacity. ASR offers a cost-effective way
to satisfy future demands by delaying or minimizing the scale of future supply expansion projects and
is an alternative to constructing new above ground storage.

The City ultimately wishes to develop a 1-million-gallon-per-day (MGD) ASR system in the Siletz
River Volcanics (SRV) basalt aquifer at the WTP site. Excess water from the treatment plant will be
stored during the winter and spring months within the fractured basalt of the Siletz River Volcanics.
The WTP site was selected on the basis of the City’s existing infrastructure. Drilling and testing at
that location indicated limited aquifer permeability. However, the costs of a multiple-well system
offset the infrastructure costs associated with a more distant location, so the WTP site was selected
for initial development.

Based on a preliminary assessment of the site, the City implemented a pilot drilling and testing
program near the WTP in 2004. The drilling and testing program included the following components:

¢ A test well (ASR #1; OWRD well ID POLK 52056) was drilled to approximately 2,000 feet
below land surface;
¢ An assessment of the permeability and geologic characteristics of the Siletz River Volcanics

beneath the City’s WTP, including physical inspection and chemical analysis of core samples
collected at selected intervals;

A step-rate test to assess well performance;
A 72-hour constant rate pumping test to assess aquifer performance and ASR feasibility;
A geophysical survey of the borehole ; and

A geochemical compatibility assessment of source water with native groundwater and the aquifer
matrix.

Results of the geophysical survey indicated that no significant permeability was likely in the borehole
below a depth of approximately 950 feet. Due to the lack of permeability below this depth, water
could stagnate in the lower portion of the borehole and affect water quality (taste & odor) during ASR
operations. A packer test was performed on June 27, 2005, in order to confirm the finding that little
significant permeability exists in the borehole below a depth of 950 feet. Results from the packer test
indicated that no significant permeability would be lost if the well was grouted to a depth of 950 feet,
as the contribution below this depth represented only 0.07 percent of the total transmissivity.
Complete testing and analysis details are provided in Appendix E. ASR #1 subsequently was grouted
to a depth of 925 feet bgs in July 2005 by Geo-Tech Explorations.

The information gathered from drilling and testing at ASR #1 indicate that the aquifer can support
ASR operations at rates and volumes beneficial to the City. The City will apply for a license to
utilize the existing modified test well (ASR #1) to begin ASR pilot testing at the WTP over a five
year period with the option to expand into a three-well ASR system at the City’s WTP site.
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1.2  ASR Study Scope

This ASR hydrogeologic feasibility study has been prepared in support of the City’s ASR limited
license application under Oregon Administrative Rule [OAR] 690.350. Program review during the
permitting process is conducted by the Oregon Water Resources Department (OWRD), the Oregon
Department of Environmental Quality (DEQ), and the Oregon Department of Human Services
(DHS). Specific feasibility components addressed in this document include:

e Physical setting of the vicinity surrounding the WTP

e Regional and local geology and hydrogeology of the ASR study area

¢ Drilling and testing of a test well (ASR #1) at the WTP site

e Conceptual hydrogeologic model of the ASR study area

e Storage capacity of the target aquifer

e Potential loss of stored water and well interference effects

e Source, receiving, and recovered water quality
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2.0 HYDROGEOLOGIC SETTING

Hydrogeologic characterization of the ASR study area is necessary to identify target storage zones, to
estimate injection and recovery rates, to identify locations where stored water may be lost (springs or
wells), and to address water quality compatibility issues. The information presented here is based

upon available literature review including drillers’ logs and previous aquifer exploration and testing
conducted in 2004 and 2005.

2.1 Physical Setting

The City of Dallas is on the western edge of the lower Willamette Basin and the eastern edge of the
Coast Range (Figure 2-1). The Willamette Valley is a structural basin composed of gently dipping
marine sedimentary rock and volcanic bedrock units overlain by unconsolidated fluvial deposits. The
Coast Range is a North-South trending mountain range composed of sedimentary and volcanic
formations.

Rickreall Creek, a tributary of the Willamette River, is the major regional drainage in the project area.
Rickreall Creek flows east from the Coast Range through the City of Dallas before merging with the
Willamette River. The creek lies approximately 1,500 feet north of the ASR test well drilled at the
City of Dallas WTP site.

2.2 Geology

The youngest units in the region are unconsolidated fluvial sediments consisting of recent alluvial
sediments (Qal) associated with Rickreall Creek, the Little Luckiamute and Mill Creek drainages and
older terrace gravel deposits (Qt). Floodplain sands and silts deposited near major streams and
tributaries overlie the older terrace gravel formations. Where present, the Willamette Silt forms a thin
surface veneer in the Dallas area.

The unconsolidated fluvial sediments overlic Eocene marine sediments which underlie about 75
percent of the Dallas area, identified as the Yamhill Formation. The Yamhill Formation is composed
of rhythmically bedded siltstone, shale, some fine grained sandstone, and tuffaceous material. The
Rickreall Limestone Member, a locally occurring basal unit of calcite-cemented sandstone-siltstone,
is grouped within the Yamhill Formation. The Yamhill Formation will be referred to as “marine
sediments” within this report.

The Siletz River Volcanics (SRV) is a sequence of basalt, pillow basalt, tuff, volcanic materials, and
sediments which underlie the Yamhill formation. The SRV also forms the topographic uplands
surrounding Dallas to the west and north. Geologic logs of oil exploration wells indicate that the SRV
has a thickness of 25 kilometers in the central Coast Range. Although basalt flows in the SRV can be
extremely brecciated and mineralized because of rock /water interactions during submarine eruptions
and post-deposition fluid movement (Caldwell, 1993), some well-defined flows are observed in the
area west of Dallas.

Uplift of the Coast Range has resulted in a complex network of folds and faults. Faults can increase
permeability by creating fractured zones in consolidated rocks. An unnamed normal fault trending
east to west between Salt Creek and Dolph Corner is mapped north of Dallas. The SRV and marine
sediments dip to the east towards the structural depression of the Willamette Valley (Figure 2-2).
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2.3 Project Area Hydrogeology

Wells completed in the shallow unconsolidated fluvial deposits in the Dallas-Monmouth-
Independence area can produce high yields. In most places the sediments exhibit relatively high
permeability and are in connection with surface water. Wells completed in marine sediments are
generally shallower than wells completed in the SRV, exhibit shallower groundwater levels, low
specific capacities (in the range of 0.1 to 1 gpm/ft of drawdown), and commonly produce saline
water. Although deeper portions of the aquifer have not been targeted by production wells due to the
high salinity, no high-yield wells completed in marine sediments have been identified.

Deep wells west of Dallas are completed in either the SRV or marine sediments. Where massive
basalts are encountered, permeability associated with fracturing yields sufficient quantities of
groundwater to support domestic and limited irrigation use. Logs of wells completed in SRV rocks
indicate average specific capacity values are 1 to 2 gpm/foot of drawdown. However, wells with
specific capacities greater than 7 gpm/ft of drawdown are noted. The higher yielding wells in the SRV
are likely completed adjacent to specific faults or fracture zones, and wells drilled away from these
features are less likely to encounter significant permeability.

Surface water features are likely to be in direct hydraulic connection with shallow groundwater in the
recent sediments and possibly in the marine sedimentary sequence. Where a stream flows directly
over rocks of the Siletz River Volcanics (west of Dallas, higher in the watershed), there is likely to be
some hydraulic connection where the surface water features encounter fracture permeability.

By

-
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3.0 PILOT DRILLING AND BOREHOLE GEOPHYSICAL SURVEY RESULTS

3.1 Pilot Well Drilling and Coring

The City of Dallas pilot well was drilled using a combination of direct mud rotary drilling and reverse
circulation air-rotary using a Schramm T685WS drilling rig. Drilling began on February 25, 2004,
and was completed on July 15, 2004. The pilot well was drilled to a total depth of 2,001 feet bgs.
Mud rotary drilling using a 20-inch nominal tri-cone bit was used in the upper 502 feet of the test
well. A 16-inch outer diameter production casing and well seal was installed to a depth of 502 feet
bgs, and a 2-inch cement surface seal was pressure grouted in the annulus. The borehole was then
drilled from 502 to 2001 feet bgs using reverse circulation mud rotary with a 15 %- inch tri-cone bit.
The test well was completed open hole from 502 to 2001 feet bgs.

Core samples were collected at seven depths below the 16-inch casing and seal. Core depths were
selected on the basis of reports from the driller that indicated a potential production zone or a
potential change in lithology that could influence well construction. These cores, depths, and
descriptions are listed in Table 3-1.

Rock cores were collected using a 4-inch OD Boart Longyear Series-2/PQ triple tube diamond

impregnated core barrel. A detailed geologic log is presented in Appendix A, Geologic Log of Pilot
Well.

Based on reported drilling fluid demand, measurable quantities of water were first encountered at a
depth of approximately 723 feet bgs. Static water level in the test well varied only slightly (approx.
188 to 190 feet bgs) during the remainder of drilling, changing in apparent response to changing
barometric pressure. The reverse circulation drilling method produced between 85 and 120 gpm to lift
drill cuttings to the surface for the duration of the drilling program.

3.2 Borehole Geophysical Investigation

The methods used to assess the depth of production zones for core depth selection limited precision.
As a result, the depth at which water was entering and exiting the borehole was poorly defined at the
end of the drilling program. A physical assessment was carried out to evaluate the flow regime. The
purpose of the information was:

1. To determine the appropriate depth (and therefore cost) of any additional ASR wells

2. To focus core sample analysis on cores that are closest to representative of permeable
portions of the aquifer system, where the potential for rock-water interaction is the
greatest.

A video survey and qualitative evaluation of the borehole was made using several geophysical

logging tools under static conditions. The primary components of the downhole program included the
following elements:

e Video survey
e Caliper log
o Static flow meter survey

e  Temperature logging
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¢ Fluid resistivity logging

These survey results are described below and figures are included in Appendix B, Downhole Survey
Figures.

3.2.1 Video Survey

The camera was lowered into the well through a 4-inch access pipe while the test pump was installed,
preventing the addition of centralizers to the tool. As a result, the camera shifted to the side of the
borehole where it deviated from vertical, limiting the view. The camera became lodged in a series of
fractures in the borehole wall and could not be lowered past 870 feet. A chemical precipitate (CaCO3)
is apparent in the video survey. Interviews with the driller indicated calcium hypochlorite was used
as a disinfecting agent, resulting in the observed reaction.

The borehole camera survey suggests that the well is not vertical and has numerous fractures and
ledges. The entire sequence appears to be composed of basalts of varying texture. No sedimentary
beds or other rock types were observed. Little fracture permeability is apparent and the borehole
appears stable over the interval observed. The chemical precipitate noted above was observed at the
water level surface, diminishing with depth.

3.2.2 Caliper Log

A Model 2CAA-1000 3-arm caliper was lowered to a depth of 1,350 feet. Drag, sidewall fractures,
and the less-then-vertical orientation of the borehole prevented lowering of the caliper past this depth.
The caliper arms were extended and retrieved at 6 feet/minute with readings of the borehole diameter
taken every 0.4 inches. The caliper log is (included as Figure 1 in Appendix B) shows the welltobe a
relatively uniform 16 inches (42 cm) inside the casing in the upper 500 feet. Step decreases in
diameter are noted through the remainder of the borehole depth, to a minimum of roughly 8 inches
(20 ¢cm) below 1,250 feet. Because the drilling subcontractor was not directed to reduce bit size, it is
possible that the deviation from vertical is sufficient to cause the weight of the caliper tool to
compress the caliper arms resulting in an averaged reading that is less than the actual borehole
diameter. Grout volume calculations for the lower portion of the borehole indicates this theory is
correct.

3.23 Temperature/Resistivity

A model 2WQA-100 temperature and fluid conductivity probe could be lowered only to a depth of
900 feet. The up-run was logged at a rate of 6 feet/minute, and measurements were obtained every
0.5 inches (see Figure 2 in Appendix B).

The temperature increased steadily from 10.5° C (51° F) inside the casing at 197 feet, to 14° C (57° F)
at approximately 900 feet. This temperature range and increase is consistent with a normal
geothermal gradient. A slight leveling of the temperature is noted at approximately 525 feet, followed
by a more rapid increase between 550 and 600 feet. This temperature profile appears related to the
stratification apparent in the fluid resistivity profile.

Fluid conductivity is seen to decline steadily from the static water level (roughly 197 feet) to
approximately 500 feet. The conductivity then increases steadily between 500 and 550, and extremely
rapidly between 550 and 575 feet. Below 575 feet, the conductivity of the water exceeded the
dynamic range of the instrument and the recorded values are in error.
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The declining fluid resistivity in the upper 300 feet of the water column may reflect the geochemical
reaction to the addition of calcium hypochlorite. The precipitation reaction is removing calcium ions
from solution. The rapid increase in conductivity at 550 feet could reflect the interface between low-
density fresh water and higher density saline water that exists within the formation. However, the
contact between these layers may not reside at an equilibrium depth because of recent pumping and
may be influenced by the disinfection additives placed in the borehole.

324 Flow Meter

A flow meter survey was attempted with a model FLP-2492 fluid flow impeller to measure any
relative changes in flow as the tool was moved up the borehole. The tool was lowered to a depth of
1,450 feet. Logging was done down-hole and up-hole at a rate of 2 feet/minute and measurements
were obtained every inch. However, the rough borehole wall and lack of centralizers caused the rate
of descent to be erratic and the down-run results to be unreliable. Consequently, only the up-run data
are considered. A static flow meter survey will primarily detect changes in fluid velocity in the
borehole only if water is moving within the borehole under non-pumping conditions. However, the
tool is also sensitive enough to detect horizontal movement within the borehole.

The flow measurements (Figure 3 in Appendix B) are reported in counts per second (CPS) and have
not been converted to flow rates. The line speed is shown in the left column. Variations in line speed
are a function of the roughness of the borehole wall and changing spool diameter as line was added or
removed. On the up-run from 1450 to 760 feet, minor responses (both abrupt and gradual) mirror line
speed changes. Line-speed increased abruptly across a rough interval at 760 feet, and the
corresponding change in CPS was muted, indicating that fluid was entering or exiting the borehole
across this interval.

Line speed shifted again (decreasing) across a rough interval between 680 and 720 feet. No
corresponding shift in counts per second was apparent, indicating that fluid was entering or exiting
the borehole across this interval. From 600 to 500 feet, a significant increase in counts per second was
not associated with line speed changes, indicating that fluid was entering and/or exiting the borehole
across this interval.

3.2.5 Downhole Survey Summary

The downhole survey work indicated that the borehole is not vertical, and the roughness of the
borehole wall limits the ability of the survey tools to make accurate measurements through the entire
length of the well. The changes in borehole diameter apparent in the caliper survey appear to be an
artifact of the condition of the well.

The fluid resistivity data indicates a contact between an upper layer of fresh water and a deeper layer
of saline water. However, this interpretation is complicated by the disinfection additive placed in the
well by the drilling subcontractor and disequilibrium conditions.

Leaving a significant portion of non-productive borehole open below the deepest production zone will
create a significant volume of stagnant water that could affect taste and odor during ASR operations.
The flow meter survey indicates zones of permeability occur between 500 and 575 feet and at depths
around 700 and 750 feet. From this profile, it appears as if the well could be grouted to a depth of 900
feet without undue risk of loss of permeability. Based upon additional packer testing performed in
June 2005, the lower portion of the pilot well was abandoned by grouting the borehole to a depth of
925 feet bgs. The results of the packer test and the well modification are described in Appendix F.
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4.0 AQUIFER TEST DESCRIPTION

To evaluate aquifer characteristics and assess the storage capacity of the aquifer, a 72-hour constant-
rate aquifer test was conducted at the test well in September 2004. Water level data were collected
during baseline (pre-pumping), pumping, and recovery phases of the test. The ASR test well and six
nearby domestic wells were monitored.

The test well preparation, pump installation, and operation were performed by Geo-Tech
Explorations. A brief description of the aquifer test preparation is listed below.

4.1 Observation Well Network

An observation well network was developed by contacting private well owners within a 2-mile radius
of the project site. Observation wells were selected on the basis of their depth and proximity to ASR
#1 a. The network consisted of a total of six stations (five domestic well sites and ASR #1) (Figure 4-
1). Electronic pressure transducers were installed in the test well and two domestic wells (owners
Lowe and Birko). Manual water levels were measured at each of the wells using a water level
indicator. The monitoring well network developed for the aquifer test is presented in Table 4-1.
Available OWRD water well reports are included in Appendix C, OWRD Water Well Reports.
Ground surface elevations were estimated using USGS 7.5 minute quadrangle topographic maps. The
base-of -well elevations are compared to the test well in Table 4-2.

Barometric (atmospheric) pressure changes can influence water levels in wells completed in confined
aquifer systems, and make interpretation difficult. The barometric pressure (Figure 4-2) was relatively
stable for the duration of this test, varying approximately 0.1 psi (0.23 feet of water, or about 2.8
inches). Water level measurements were corrected to remove barometric influences by estimating a
barometric efficiency (the ratio of barometric pressure change to water level change) for each well.
That percentage was applied to the barometric pressure response, and the product was subtracted from
the water levels to remove the barometric response and allow a clearer evaluation of the effects of
nearby pumping. Manual measurements were not corrected.

4.2 Precipitation

Precipitation data were collected at the City of Dallas wastewater treatment plant poplar tree
demonstration project site, located approximately 3.5 miles east of the test well. The daily
precipitation totals and cumulative precipitation data for the period of August 15 through September
30, 2004, are shown in Figure 4-3. A total of 2.3 inches of rain was measured during this period,
although approximately one-half of that amount (1.6 inches) fell after the test was completed.

4.3 Pumping and Discharge

A water lubricated five-stage vertical line shaft turbine 12-inch pump on 10-inch column pipe was
installed with the intake set at 505 feet. The pump was powered by a 745 hp Cummins diesel with a
right angle driveshaft. A foot valve was not installed on the pump intake. A dedicated 1-inch
transducer access tube and %-inch water level tube were installed to 500 feet below ground surface.

An in-line McCrometer propeller flow meter was installed to measure discharge flow rate. A step-rate
test was conducted to assess the target rate for the constant-rate discharge test. The selected target
flow rate was not within the normal range of measurement for the propeller flow meter, so a digital
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totalizing flow meter was installed to provide more accurate discharge flow measurements for the
constant rate test.

4.4 Step Rate Testing

A step rate test was performed on September 3, 2004. The test well was pumped at rates of 220, 267,
and 320 gpm for approximately 1 hour each to evaluate well performance and determine the target
rate for the 72-hour constant rate test. Hydraulic response in the test well is shown in Figure 4-4.

As shown in Figure 4-4, pumping levels stabilized within approximately 20 minutes of the onset of
each step, declining slowly for the remainder of each step. Specific capacities are low (approximately
1.1 gpm/foot of drawdown) reflecting the large initial water level drop at the onset of pumping. Only
slight decreases in specific capacity were noted for each rate increase, indicating that turbulent losses
in the wellbore are minor. Overall, the test response indicates that the capacity is primarily a function
of head losses in the relatively tight fracture network encountered by the well rather than a function of
well efficiency.

Post-test water levels recovered to within 98 percent of the pre-test static water level (approximately
5.5 feet of residual drawdown) within 40 minutes after pumping was terminated. However, water
levels did not recover to pre-pumping levels before the beginning of the constant rate test.
Approximately 0.95 feet of residual drawdown remained after 87 hours of recovery. Based on fluid
conductivity measurements made during the constant rate test, the residual drawdown could be a
function of increasing fluid density in the well. A Hantush-Bierschenk plot of the inverse of the
specific capacity for each step vs. flow rate for that step is shown in Figure 4-5. The equation of the
best-fit line through these data points can be used to estimate the amount of short-term
(approximately 1-hour) drawdown that would occur at any rate. A list of the drawdown associated
with different discharge rates is shown in the inset on the figure.

The estimated drawdown is related to pumping water levels in Figure 4-6. This plot indicates that the
well could produce approximately 350 gpm without drawing the pumping water level below the base
of the production casing at 500 feet. Assuming that the pump intake is set at the base of the
production casing, the following factors could limit the long-term production rate to less than 350

gpm:

¢ A minimum separation between the pumping water level and the pump intake should be
maintained.

e Long term pumping will result in slightly lower specific capacities than those observed
during the relatively brief step-rate test.

¢ Some well performance changes are expected as a result of ASR operations.

It appears reasonable to expect that a long term target production rate between 300 and 330 gpm is
sustainable. The majority of the drawdown that occurred during the step rate test occurred at the onset
of pumping, and only minor change in specific capacity was observed as the production rate
increased. This observation suggests that the majority of the losses creating the drawdown in the well
are associated with aquifer losses (typically described as laminar) rather than turbulent losses in the
wellbore (typically described as non-linear).

The Hantush-Beirschenk (1964) method allows for the percentage of total well losses attributable to
aquifer losses to be estimated from step-rate test data. The equation for laminar well losses is defined
as:
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___BQ
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Where:

Lp = Well losses attributable to aquifer (laminar) losses
B = y-axis intercept of best fit line in Figure 4-5

Q = Discharge rate

C = Slope of best fit line in Figure 4-5

At the range of discharge rates observed during the step-rate test, the aquifer losses are estimated in
Table 4-3.

These values indicate that turbulent (non-laminar) well losses account for only 1 percent of the total
well losses at low discharge rates, increasing to 12 percent at 350 gpm. This is consistent with the
observation that initial drawdown was substantial, subsequent step-increases in drawdown relatively
small, and discharge rates relatively small for a borehole of this diameter (minimizing borehole
velocity and turbulent losses). The observed fracture systems (cores and video surveys) and the
magnitude of the total well losses suggest that the aquifer losses are likely related to laminar losses in
a tight fracture network.

The step-rate test data were used to develop a Cooper-Jacob straight-line method estimate of aquifer
transmissivity in Figure 4-7. This transmissivity estimate of 11,000 gpd/ft primarily reflects short-
term aquifer response and is best used as a quality assurance check of the longer term test
transmissivity estimate described in Section 5.




December 2005 -11- 053-9747

5.0 CONSTANT RATE AQUIFER TEST RESULTS

The aquifer test was comprised of three 72-hour phases: pre-test monitoring, pumping, and recovery.
Water level data collected to evaluate the aquifer response during the test are presented as
hydrographs, semi-log plots, and log-log plots.

5.1 Pre-Testing Monitoring Results

Pre-test monitoring began on September 4, 2004, and continued for 72 hours prior to the start of the
constant rate pumping test. Following the step rate test, pre-test water level monitoring was initiated
to evaluate background trends in the aquifer system. The purpose was to identify pre-test trends in the
basalt aquifer and to evaluate the barometric efficiencies of the observation and test wells.

Water level monitoring of the Parker Well began on September 6, 2004, because of a delay in
obtaining an access agreement from the landowner. Pre-test water level trends for the test well and
observation wells are presented in Figures 5-1 through 5-7.

5.1.1 Test Well

The test well was continuing to recover from step rate testing prior to the constant rate test, and an
increasing trend is apparent (Figure 5-1). As noted in the following section, two wells in the
observation network appear to be in hydraulic connection with the ASR pilot well. These wells also
exhibited a rising pre-test trend, so that trend may explain at least a portion of the increase. Small
diurnal variations were also observed in water levels that do not appear to have been in response to
barometric pressure changes. The observed variations appear to be attributable to earth tides.

5.1.2 Observation Wells

Large fluctuations in water levels were observed at the lower Lowe Well (51112) in response to
cyclic use of the pump installed in the well during the pre-test monitoring period. The upper Lowe
Well (51138) appeared to exhibit a subtle response to pumping from either the lower well or another
nearby well. The Parker and Presser water levels only varied slightly because of cyclic pumping at
each well. Water levels in the upper and lower Birko wells did not appear to vary considerably during
the pre-test period.

The two wells (Presser 51605 and Lowe 51112) that responded to pumping at the Dallas pilot well
also exhibited a rising trend prior to the constant rate test. Whether the trend is antecedent in this
portion of the aquifer system or recovery from the step-rate testing is unclear.

5.2 Aquifer Test Description

The 72-hour constant rate test was started at noon on September 7, 2004. Pumping continued until
noon on September 10, 2004. The observed average pumping rate (calculated from the totalizer
reading) was 291 gpm. Approximately 1.25 million gallons of water was discharged to onsite settling
ponds during the test and discharged through an existing permitted outfall. Small adjustments were
made during the initial pumping to maintain the pumping rate.

52.1 TestWell

Pumping water levels in the test well are shown in Figure 5-8. Water levels in the test well dropped to
270 feet below static within the first 100 minutes of pumping.
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Figure 5-9 is a semi-logarithmic plot of drawdown in the test well versus elapsed time. Aquifer
transmissivity was estimated using the Cooper-Jacob Method (1946). The early portion of the
response exhibits significant wellbore storage effects and the influence of small adjustments made to
the flow rate. Flow rate adjustments were minor, but they resulted in large displacement of the
pumping levels because of the low specific capacity of the well. A straight-line analysis of the early
portion of the test indicates an estimated near-well transmissivity of approximately 20,000 gpd/ft.

After approximately 1 day of pumping, a negative boundary effect (a flow-limiting boundary) was
encountered. The transmissivity decreased by approximately half, to 10,000 gpd/ft. The decrease in
aquifer transmissivity could be a function of a change in fracture density at some distance from the
well or to a decrease in thickness of the water-bearing zone away from the well. The late-time
transmissivity estimate is in close agreement with the estimate derived from the step-rate test.

The boundary condition (and corresponding transmissivity shift) may reflect the arrival of higher
density water entering the wellbore over the pumping period. Figure 5-12 shows the significant shift
in fluid conductivity measured during the test, indicating an increasing proportion of saline water was
entering the wellbore as the overlying (less dense) fresh water was removed. The denser saline water
is heavier and will cause the rate of drawdown to appear to increase as the relative proportion of
saline water increases. A more detailed description of density effects is included in Section 5.3.1.

5.2.2 Observation Wells

Water levels in observation wells during the pumping test are shown in Figures 5-2 through 5-7. No
apparent response was observed in the Parker, lower Lowe (51112), lower Birko, and upper Birko
wells. The upper Lowe Well and the Presser Well displayed an apparent response to pumping at the
test well (Figures 5-6 and 5-7).

The responses were delayed and generally small in magnitude. Drawdown observed near the end of
pumping at the observation wells is compared to theoretical values calculated using the Jacob-Cooper
method in Table 5-1.

Given the fact that the aquifer system is comprised of a discrete fracture network (that is, not widely
distributed as is evidenced by the lack of response at other observation wells), it seems more likely
that the differences between theoretical and observed drawdown are the result of an incomplete
hydraulic connection rather than a transmissivity change between the observation wells and test well.
The lack of hydraulic connectivity may be because all observation wells are not deep enough to fully
penetrate the fracture network. The negative boundary condition observed in the test well is not
apparent in either the Presser Well or the upper Lowe (51138) well response. A more detailed
discussion of observation well response will be presented in Section 5-4.

5.3 Recovery Monitoring Results

The 72-hour constant rate test was terminated and recovery monitoring initiéted on September 10,
2004, and continued until September 14, 2004.

5.3.1 Test Well

Recovering water levels remained 10.4 feet below the pre-test static level ninety-four hours after
pumping ceased. If an aquifer is homogeneous and of infinite areal extent, the pumping well will
{theoretically fully recover when the length of the recovery period is equal to the duration of the
* pumping period (where t/t’ = 2, see Figure 5-10); in this case, 72 hours into the recovery period. At
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t/t’ = 2, approximately 11 feet of residual drawdown remained. When the recovery response is
projected toward the origin, (t/t’ = 1), approximately 4-feet of residual drawdown is predicted. This
amount of residual drawdown suggests that the aquifer is bounded and receives limited recharge.
However, the residual drawdown appears to be a function (at least in part) of increasing fluid density
(as indicated by increasing conductivity) observed during the test. Figure 5-12 illustrates the increase
in fluid conductivity observed during the pumping period, showing the progression from relatively
fresh to saline water. As a result, lower post-test static water levels are expected because of the
difference between pre- and post-test fluid density in the borehole.

The specific weight of fresh water is 62.4 Ibs/ft’, and for seawater it is 64 Ibs/ft’. The volume of the
borehole is estimated to be 2, 527 i, and for this volume the weight of the two different fluids are:
' &'»2" 2 j p)
} A [Ne) (ﬁ .
e  Freshwater (62.4 1bs/ﬁ3) 157, 685 bs- -

*  Seawater (64 Ibs/ft’) = —161 38 Tbs 0

The difference in weight is 4043 Ibs. At a point at the base of the borehole (201 in?), this dlfference
translates to approximately 20 1bs/in’ (psi), or 46.5 feet of water. L

If the difference in head at a production zone were estimated asSummg that the sahmty of the water
entering the borehole was approximately'qne half that of seawater and the production zone is located
at approximately 1,000 feet bgs, the increased pressure resulting from the density difference is
equivalent to approximately, 11 feet of water, the amount residual drawdown actually observed. This
‘observation does pot rule out changes in storage as a result of the test, but does show that it is
reasonable that a large portion of the residual drawdown is the result of fluid density changes.” .
Based on recovery response, early time (near-well) transmissivity is estimated to be approximately
14,000 gpd/ft. Late time transmissivity decreases to 8,100 gpd/ft. An estimated effective
transmissivity of 11,000 gpd/ft was calculated using the Jacob’s straight line method, which is in
good agreement with both the step-rate test and the constant-rate pumping results.

A line projecting pumping water levels over time is presented in Figure 5-11. This plot suggests that
pumping water levels will decline 294 feet after 3 months of pumping and to a little over 295 feet
after 4 months of pumping. If the static water level prior to the onset of pumping is 190 feet, then the
pumping water levels would be 484 and 485 feet respectively at an average rate equivalent to the test
rate of 291 gpm. Although this estimate is consistent with the 300 gpm production rate estimate
derived from the step-rate test results, pumping levels are likely to be higher during ASR recovery
- operations when fresh water is pumped, and slightly higher rates could be sustainable. In addition,
pre-pumping static water levels are expected to be higher after recharge operations, further raising
pumping water levels.

5.3.2 Observation Wells

Observation wells, in general, displayed a decreasing trend in the recovery period (Figures 5-1
through 5-7). The slight decreasing trend observed at the Birko upper, Birko Lower, and Parker wells
is likely the seasonal trend for the shallow aquifer. The two observation wells that responded to
pumping were also slow to recover. The Lowe Well exhibited 3.86 feet of residual drawdown at the
end of the recovery monitoring period, and the Presser Well 1.96 feet. Though both wells continued
to recover, the residual drawdown is a large percentage of the observed total drawdown (about 82
percent and 88 percent, respectively). The net change in head is either the result of a change in
storage or a broad pressure response because of fluid density changes near the test well.
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The observation well response indicates that the fracture network encountered by the test well is
complex and generally occurs below an elevation of 200 feet bgs. Table 5-2 illustrates the
relationship between the base of well elevation and response.

5.4 Discussion of Aquifer Test Results

In summary, the aquifer system is a relatively discrete fracture network encountered below an
elevation of 200 feet that exhibits an effective transmissivity of approximately 10,000 gpd/ft in the
test well vicinity. Some nearby wells are hydraulically connected to the fracture network encountered
by the test well, and others are not. Because of the low transmissivity of the fracture system and low
well efficiency, drawdown in the test well is large, and production yield will be limited to
approximately 300 gpm without lowering the pump intake below the base of the casing at 500 feet.

Figure 5-11-shows that specific capacity will decline to approximately 1 gpm/ft over a 4-month
operational period, thus limiting production rates to approximately 300 gpm. To boost overall ASR
system capacity to 1 MGD (a preliminary target delivery rate set by the City), two additional ASR
wells would be required assuming aquifer properties are uniform.

The target recharge rate is estimated using the following assumptions:

e The recharge specific capacity is equivalent to the pumping specific capacity: 1 gpm/ft
e Recharge water levels will be maintained at least 5 feet below ground surface

e The static water level is 190 feet, creating 185 feet of available head increase within the
wellbore

With a recharge specific capacity equal to 1 gpm/ft and 185 feet of available buildup, the recharge
rate would be limited to 185 gpm. Over a 6-month recharge period (assumed November through
April) this would result in roughly 48 million gallons stored. At 300 gpm, this volume would require
3.7 months to recover, roughly the duration of the summer peak demand period. A more detailed
storage analysis resulting in modified rates and target storage volumes is presented in Section 6.2.

Two of the six observation wells responded to test pumping. The two responding wells are in nearly
opposite directions from the test well (one northwest, one south), and wells much closer did not
respond. Based on this observation, the hydraulic response appears depth-dependent, with only wells
with base elevations below 200 feet responding. The two wells at the Lowe property suggest that the
hydraulic connectivity is not a function of position: the shallow Lowe Well is closer to the test well
and did not respond, while the deeper well did. This is an indication that (along with the pumping
response that did not indicate an additional source of recharge to the system) ASR operations are
unlikely to interact with Rickreall Creek.

The relatively large magnitude of the observation well response is a function of both the low
transmissivity and extremely low storage coefficient of the fracture network. Hydraulic response to
the aquifer test is further complicated by the change in fluid density observed during testing.
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6.0 CONCEPTUAL MODEL FOR ASR

6.1 Conceptual Storage Model

During drilling, significant fracture zones were encountered at depths of 500-600, 680-720, and at
760 feet bgs which were confirmed by drilling production/performance increases and static borehole
measurements. These depths represent the target storage zone for the Dallas ASR#1 well. No
significant changes in static water level were apparent during drilling, suggesting these zones are
hydraulically connected. The casing and seal in ASR No.l that is designed to limit hydraulic
connections with the shallow portion of the SRV which is locally a target for domestic supply wells.
Along with the lack of response in shallow wells observed during testing, there appears to be little
potential for hydraulic interaction with shallow groundwater (except through wells open to a broad
range of depth intervals) and surface water.

It is likely that the water contained in these fractures results from recharge at higher elevations in the
Coast Range to the west. Groundwater flow directions are likely from the higher elevations to the
west toward the regional discharge point of the Willamette River system to the east. It is likely that
water confined in the Siletz River Volcanics is discharged to the Willamette Formation at depth along
the down-warped western edge of the Willamette trough.

It is unknown whether fracture zones in the SRV exist at depths/elevations reflecting the post-
emplacement structural deformation that resulted in the Willamette lowlands (i.e. down-warped on
their western edge), or the fracturing is the result of post-deformation tectonic stresses. In either case,
the confined water in the SRV Formation is likely in hydraulic connection with the thick sequence of
Willamette Formation sediments that form the valley fill. Because the Willamette Formation in the
Dallas area is generally low permeability and contains brackish or saline groundwater, few (if any)
water supply wells target this unit at depth, and hydraulic interaction between the formations is not
considered likely to influence groundwater users with sedimentary formation wells.

During the aquifer test, the conductivity of the discharge water increased, indicating a progressively
higher proportion of saline water was drawn into the well as the test progressed. The lower post-test
water level that appeared to be the result of higher density and the static fluid resistivity
measurements also indicate a freshwater layer floating above more saline water at depth. Saline
groundwater in the deeper portions of the aquifer are likely to represent water recharge at a more
distant location (i.e., longer residence time due to the longer flow path) providing opportunity to
develop a higher concentration of dissolved solids reflecting the marine depositional environment of
the volcanic and adjacent sedimentary sequence.

To be considered successful, ASR operations will need to displace saline water in the fracture
network and recover relatively low TDS stored water. The first year of ASR pilot testing will begin
with a succession of relatively brief low-volume storage cycles to evaluate the potential to increase
recovery efficiency as the storage zone is developed. Depending on the start date for pilot testing and
consequently water availability, up to four brief ASR cycles will be conducted at the site. Each of
these initial cycles will be approximately one week in duration, with 3 days of recharge, up to 2 days
of storage, and up to 2 days of recovery pumping. After completing the initial cycles, an extended
ASR cycle with recharge occurring through May 2006 will be conducted to begin development of a
larger fresh water storage zone for full scale operations at the site. Additional details regarding the
proposed ASR pilot testing program are presented in Aquifer Storage and Recovery Pilot Test Work
Plan: City of Dallas, Oregon (Golder, 2005).
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6.2 ASR Well Interference Analysis

A well interference analysis using the Cooper/Jacob distance-drawdown technique was conducted to
evaluate the hydraulic effects resulting from ASR pilot testing at the existing well (ASR #1).

The relationship used in this analysis is defined by the following:

_ —5280 S
s = — [log(r)+ 0.5 log( O.3Tt]]

Where:

s = drawdown or buildup (feet)

Q = well pumping or recharge rate (gpm)

r = distance away from the well (feet)

S = storativity (dimensionless)

T = transmissivity (gpd/ft)

t = time since pumping or recharge started (days)

Groundwater levels in a well can be affected by hydraulic impacts from other nearby wells. Separate
pumping and recharge scenarios were examined to determine the following:

e Maximum sustainable pumping/recharge rates and associated volumes;
e Optimal well site location (to minimize well interference effects), and;

e The projected effects on offsite water levels resulting from ASR operations.

Table 6-1 provides information about ASR #1, including the estimated ground surface elevation and
well coordinates. The interference analysis was performed based upon the following assumptions:

e Auvailable drawdown in ASR #1 is 300 feet, based on observed conditions with 300 feet
of water above the base of the surface casing.

e The initial groundwater elevation is 409 feet msl at ASR #1 based upon September 2004
static groundwater levels.

e Well efficiency is estimated at 25 percent based upon a calculated well efficiency for
ASR #1 during 2004 aquifer testing.

e Aquifer properties (transmissivity and storativity) are constant across the site (11,000
gpd/ft and 1 x 10, respectively).

¢ The recovery (ASR pumping) period is assumed to be 6 months.

e Saturated aquifer thickness (cumulative thickness of permeable zones) is 100 feet (based
upon static flow meter survey data). The estimated porosity is 0.15.

e Drawdown or buildup effects related to variable density (salinity) and temperature are
neglected.

b
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6.2.1 Distance-Drawdown Analysis

Table 6-2 summarizes the results of a distance-drawdown analysis shown in Figure 6-1. ASR #1 will
produce a minimum of 291 gpm (0.42 MGD) while maintaining the pumping water level above the
base of the surface casing over a 6-month recovery period.

6.2.2 Recharge Analysis

Table 6-3 depicts the maximum recharge rate that could be applied while maintaining the recharge
water level in the well below ground surface (by about 10 feet) (Figure 6-2). The results of the
recharge analysis indicate that the total annual storage volume attainable at the City’s WTP site, if
recharge occurs for a 6-month period, is 175 gpm for 45 MG/yr.

6.2.3 Offsite Well Interference Assessment

During the September 2004 aquifer test, the Lowe well (51112) responded with 4.3 feet of observed
drawdown and the Presser well (51605) with 2.5 feet. The predicted drawdown at these wells was
11.9 feet and 3.3 feet, respectively, for Lowe and Presser wells based upon Cooper-Jacob analysis of
the 2004 test data. Maintaining this ratio of observed to theoretical drawdown for these wells, the

expected drawdown over 180 days of pumping (summarized in Table 6-4) is 9 feet for the Lowe well
and 12 feet for the Presser well.

The effects of recharge were examined for these wells to assess the potential for water levels to
approach ground surface. Results are shown in Table 6-5. When recharge rates at ASR #1 are
restricted to maintain groundwater levels below ground surface, the theoretical buildup in nearby
wells is 14 feet for Lowe well and 10 feet for Presser well. Using test response ratios to adjust these
predictions, the anticipated buildup is 5 feet in the Lowe well and 7 feet in the Presser well.

There does not appear to be a risk of groundwater levels rising above ground level at the Lowe and
Presser wells. The expected buildup will remain approximately 50-feet below ground surface at the
Lowe well. At the Presser well, this maximum expected water level should remain approximately
134 feet below ground surface.

6.3 Aquifer Storage Capacity

Water that is recharged into an aquifer displaces native groundwater, forming a recharge “bubble”.
The radius of this bubble may be estimated based upon the following relationship:

vV
7.48* 7w *b*n.

Radius of Bubble = J

Where:

V= volume of water recharged (galions)
T =pi

b = saturated aquifer thickness (feet)

n, = effective porosity
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Based upon an assumed saturated aquifer thickness of 100 feet and an effective porosity of 0.15, a
single-well system recharged for 180 days at 175 gpm would produce a bubble radius of 359 feet.
These results are summarized in Table 6-6.

6.4 Stored Water Drift

Observation wells in hydraulic connection with ASR #1 are likely to be connected to shallower zones
of permeability hydraulically isolated by the 500 feet of casing and seal at ASR #1. In addition, some
of the wells available for monitoring are in use as domestic supply wells. Consequently, water level
elevations collected at observation wells are not likely to provide a precise assessment of groundwater
gradients and flow directions. Nonetheless, groundwater levels measured at ASR # 1 and the two
observation wells that responded to testing (Presser 51605 and Lowe 51112) were used to calculate a
hydraulic gradient of approximately 0.0077 ft/ft, with a flow direction to the east-southeast. This flow
direction generally is consistent with the expected flow directions. In the absence of a network of
similarly completed wells providing static water levels for a more accurate estimate, this hydraulic
gradient and flow direction will be used to evaluate the drift of stored water.

Given the relatively shallow gradient in the ASR vicinity, the total amount of drift relative to the
recharge induced gradient is expected to be minimal. During the storage period, the drift is governed
by the hydraulic conductivity, hydraulic gradient, and effective porosity of the system and the amount
of time the water is stored in the aquifer. During a maximum storage period of 120 days, water is
estimated to drift about 91 feet to the southeast (Table 6-6). This distance represents about 25 percent
of the total bubble radius of 359 feet from the storage of 45 MG. This amount of potential drift may
result in relatively low recovery efficiencies due to migration of the mixing zone. However, because
the City will likely prefer to recover stored later in the summer season, lower recovery efficiencies are
acceptable in order to obtain the security of a backup water source during times that are typically
characterized with the lowest water availability.
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7.0 WATER QUALITY/GEOCHEMICAL COMPATIBILITY
7.1 Introduction

The following discussion presents updated geochemical predictions for the Dallas ASR system.
Geochemical predictions were originally made based on the results of analysis of water quality
samples collected in September 2004 from the City of Dallas water treatment plant (WTP) and
groundwater. Laboratory results for the water quality samples are included in Appendix D. The City
of Dallas performed tank cleaning and inspection one day prior to the collection of the original WTP
sample. In addition, the water treatment plant operator noted that the pH of the sampled water was
lower than normal due to a quality control issue with reagent. As a result, the WTP sample collected
in September, 2004 may not be completely representative of the system.

Groundwater and WTP water were re-sampled on July 8, 2005. These confirmation samples were
analyzed for pH, dissolved iron, and total iron. All geochemical predictions presented here rely on
the pH and dissolved iron concentration of the July 8 samples; all other parameters were considered
the same as those reported in samples collected in September, 2004.

7.2 Analytical Results

721 Groundwater Chemistry

A groundwater quality sample from ASR #1 (sample 99041) was collected at the termination of the
aquifer test on September 9, 2004, after 48 hours of pumping (approximately 840,000 gallons). The
results from the September 9, 2004, sampling indicate that the groundwater has a slightly alkaline pH
and is slightly reducing. The concentrations of most metals measured in solution were below their
respective detection limits. The concentration of dissolved manganese was 11.3 pg/L; dissolved iron
was below its detection limit (< 0.1 mg/L). The concentration of nitrate and nitrite in source water
was below the detection limit of 0.10 mg/L as N. The concentration of total dissolved solids (TDS) in
groundwater was 4,190 mg/L. Analytical results, as used in the geochemical analysis, are presented
in Table 7-1.

A second, confirmatory groundwater sample was collected on July 8, 2005. This sample was
analyzed for pH, total iron, and dissolved iron. At the time of collection, the observed pH was 8.7.
The laboratory results for total and dissolved iron in groundwater were 798 and 13 pg/L, respectively.

7.2.2 Source Water Chemistry

A water quality sample was collected from the City WTP on November 18, 2004 (sample SW1).
During sample collection, the water treatment plant operator noted that the pH of the sampled water
was low due to a quality control problem with reagent use on the day of sampling. The chemical
dosing had lowered the pH to below 6 for a short period, and it was 6.8 at the time of sample
collection. The normal pH of the source water after treatment and disinfection is approximately 7.3.
The sample was collected just downstream of the steel storage tank, and the system piping consists of
ductile iron. It is therefore considered possible that the sample contains artifacts resulting from the
lower-pH conditions, in particular those constituents that are more soluble at low pH.

The City also performed tank cleaning and inspection using divers on the day prior to the sample
collection. The tank cleaning did not appear to affect water quality based on an observed turbidity of
0.07 NTU. However, it is believed that the source water sample may not have been completely
representative of standard operating conditions. Source water had a circumneutral pH, and a
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relatively high redox potential (+682 mV), indicating oxidizing conditions. Dissolved iron and
manganese concentrations were reported below the detection limits of 0.1 and 0.01 mg/L,
respectively, indicating that the non-routine conditions surrounding the sample collection did not
enhance iron and manganese concentrations to levels above their detection limits. The concentration
of nitrate and nitrite in the source water is below the detection limit of 0.10 mg/L. as N. The TDS
concentration is 53 mg/L.

A confirmatory sample of source water was collected on July 8, 2005. At the time of collection, the
observed pH was typical of what is normally observed in the system (field pH of 7.3). The laboratory
results indicated that concentrations of total and dissolved iron in the source water are below the
method detection limit of 5 pg/L.. Analytical results, as used in the geochemical analysis, are
presented in Table 7-1.

7.3 Aquifer Matrix Chemistry

Aquifer matrix samples were selected from cored intervals from ASR #1 for geochemical analysis.
General descriptions of each sample are provided in Table 7-2. The rock samples submitted for lab
analysis were selected from fracture zones that appeared to contribute water to the borehole. As a
result, the chemistry results are heavily weighted to the fractures. The aquifer material consists of
basaltic rock rich in plagioclase feldspar and clinopyroxene in various degrees of weathering. The
relative percentage of clay minerals in each sample serves as a proxy for the degree of alteration.
‘Altered material’ displays alteration of plagioclase feldspars to clay minerals such as smectite and
vermiculite. The chemical and mineralogical compositions of the core samples are presented in Table
7-2.

Samples collected from depths of 725, 807, and 894 feet bgs represent fine-grained, massive basalt
with annealed fractures (DASR-1 through -3). The sample collected from 944 feet bgs (DASR-4)
consists of coarse-grained basalt altered to a softer, dark green clayey material which contains
appreciable (44 percent by weight) smectite and no feldspar. This also is the only sample that contains
calcite (less than 5 percent by weight). Sample DASR-5 (1,117 feet bgs) consists of fractured basalt
similar to that in samples DASR-1 through -3.

The cation exchange capacity (CEC) is a measure of the ability of a rock to adsorb cations from
solution. The CEC values for each of the core samples are presented in Table 7-2. The highest CEC
measured in the core samples was 51.1 meq/100g, in the altered basalt material (DASR-4). The
remainder of the samples had CEC values between 12 and 32 meq/100g.

7.4 Geochemical Modeling

7.4.1 Modeling Approach

During recharge of the ASR system, injected source water will locally displace naturally-occurring
groundwater in the basalt aquifer. As the source water is injected, advection and dispersion will be
the dominant processes dictating the mixing of groundwater and source water. Due to their different
characteristics, geochemical reactions (e.g., mineral dissolution/precipitation, adsorption/desorption)
may occur when groundwater and recharge water mix. Mineral precipitation is of paramount interest,
as this can result in clogging of the aquifer and well screens, resulting in reduced well performance
and yield. The potential for such reactions was investigated using PHREEQC Version 2.8 (Parkhurst
and Appelo, 1999). The effect of ion exchange onto charged mineral phases, such as clays, was also
evaluated.
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PHREEQC is an equilibrium mass transfer code developed by the United States Geological Survey
that is widely accepted by the regulatory and scientific community. PHREEQC was used to calculate
the aqueous speciation and stability of minerals with respect to dissolved constituents following
mixing. The potential for mineral precipitation was assessed using the saturation index (SI)
calculated according to Equation 1.

SI =log 4P
K

M

sp

The saturation index is the ratio of the ion activity product (IAP) of a mineral and the solubility
product (Ks). An SI greater than zero indicates that the water is supersaturated with respect to a
particular mineral phase, and therefore mineral precipitation may occur. An evaluation of
precipitation kinetics is then required to evaluate the likelihood that a supersaturated mineral will
actually form. An SI less than zero denotes undersaturation, and that the mineral in question will
have a general propensity to dissolve. Mineral stability was evaluated for a limited number of
geochemically-credible phases that are known to precipitate/dissolve relatively easily under the
conditions present in the aquifer system.

Model simulations were conducted in which recharge water (source water (SW-1)) was mixed with
groundwater (Sample 99041) in 20% increments. Mixing simulation conditions ranged from pure
groundwater to pure recharge water. The simulation of a range of mixing ratios was intended to
bracket conditions that may occur throughout the aquifer. The greatest mixing of recharge water and
groundwater is expected to occur during the early stages of injection when recharge water displaces
groundwater. As injected water occupies a greater aquifer volume around the well, interaction of
recharge and groundwater will likely be limited to the periphery of the recharge water under quasi-
steady state conditions.

A summary of chemical compositions of source water and groundwater used in model simulations is
presented in Table 7-1. Where measured concentrations were below detection limits, the detection
limit values were applied. It should be noted that the general chemistry of the solutions reflects the
chemistry of samples collected in September, 2004. The pH and dissolved iron concentrations used
in the conceptual exercise were those detected in samples collected in July 2005.

Charge balance calculations were performed to determine the accuracy of the analytical results for the
source water and groundwater. The charge balance error for the source water was 10%, and for
groundwater -15%. A charge balance error less than 5% is generally considered indicative of a
reliable and comprehensive water quality analysis (Hounslow, 1995). Since an absence of
electroneutrality may bias the results from geochemical modeling, the charge imbalance in the anion-
deficient source water was remedied through the “addition” of chloride. Electroneutrality in the
cation-deficient groundwater was achieved by the “addition” of potassium. Both chloride and
potassium are geochemically “inert” from a modeling perspective in that they do not participate in
any mineral dissolution/precipitation reactions that might be of potential interest.

Three sets of mixing simulations were conducted. The first set (“Mix 1) represents a direct mixing
of source water and groundwater without taking into account the cation exchange capacity of the
aquifer. “Mix 2” represents simulations in which the elevated CEC (51 meq/100g) of the weathered
basalt sample DASR-4 was incorporated. The CEC of DASR-1 (12 meq/100g) of the “fresh” basalt
was used for the “Mix 3” simulations. It is believed that these simulations bracket the range of
possible water-rock interactions and conditions.
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Ion sorption was determined using the “Exchange” function in PHREEQC. The cation exchange
capacity is measured in the lab as milli-equivalents per 100 grams of soil. The “Exchange” function
in PHREEQC determines the sorption and desorption of major ions from 1 L of solution on a
geologic material with a given CEC. Porosity must be assumed to determine the volume of solution
in contact with 100 grams of soil. Therefore, both the CEC and porosity of the geologic material is
considered as part of the sorption reaction. An aquifer porosity of 30% was assumed to simulate the
exchange reactions.

The first step of the ion exchange simulation was to equilibrate the groundwater with aquifer material
of a given CEC and porosity. This step achieved sorption of major ions from groundwater onto the
exchange sites, and simulated ambient conditions in the aquifer. Recharge water was then mixed with
groundwater in 20% increments.

After each mixing step, the mixed solution was equilibrated with the exchange sites (as defined by the
cation exchange capacity) in the aquifer material, as simulated in the first step of modeling.
Equilibration of the mixed solution with the aquifer material resulted in dissolution of sorbed ions
including potassium and sodium from the aquifer to the mixed solution. Ions including calcium,
cadmium, iron, magnesium and zinc from sorbed from solution to the aquifer material, resulting in
lower equilibrium concentrations.

7.5 Modeling Results

7.5.1 Input solutions

Saturation indices of select minerals in the two input solutions are presented as part of Table 7-3. The
partial pressures of carbon dioxide and oxygen are also included.

The source water is slightly oversaturated with respect to iron and manganese oxyhydroxides
(ferrihydrite [Fe(OH);] and manganite [MnOOH]), both of which have the potential to clog wells.
However, it should be noted that both iron and manganese were not detected at their respected
detection limits of 5 pg/L and 0.01 mg/L, but were input using these concentrations. This may result
in a slightly higher value for SI than would be case if the true concentrations were known. A
conceptual model was performed to quantify the latter point. If the concentration of iron in the source
water was actually 1 pg/L, the resultant SI values for each mixture would drop by a 0.2 SI units each,
respectively.  Therefore, the use of lowered detection limits would not yield significant
undersaturation of ferrihydrite in solution.

Calcite [CaCOj;] and gypsum [CaS0O,.2H,0], two minerals which also are known to form crusts, are
undersaturated in the source water. As a result, it is unlikely that calcite and gypsum will precipitate
within the mixing zone between groundwater and the recharge water.

Groundwater composition and resulting saturation indices of mineral phases in contact with solution
are influenced by the chemical composition of the matrix rock. This is illustrated by the saturation
indices for calcite and amorphous silica [SiO;-am], both of which are in approximate equilibrium
with groundwater. Iron and manganese oxyhydroxides are undersaturated in groundwater due to the
reducing conditions.

7.5.2 Conceptual mixing of input solutions

The results of the “Mix 1” mixing model (i.e., no accounting for the CEC of the aquifer) are presented
in Table 7-1 (chemical compositions) and Table 7-3 (saturation indices). Figures 7-1 and 7-2 present

-
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the effect of source water / groundwater mixing on the saturation indices of ferrihydrite and calcite,
respectively.

The source water / groundwater mixtures report circumneutral to slightly alkaline pH, and all are
oxidizing. Significant precipitation of geochemically-credible mineral phases did not occur because
of low metal concentrations in the input solutions (Table 7-1). Most minerals that were initially
undersaturated in the input solutions remained undersaturated upon mixing. Ferrihydrite is slightly
supersaturated in all mixtures due to the oxidized nature of the source water (Figure 7-1).
Ferrihydrite oversaturation appears to be an artifact of the pH and redox potential of the system. In
the neutral to slightly alkaline pH conditions noted in the groundwater and source water, ferrihydrite
is stable in redox conditions ranging from a pE (redox potential) of 0 to greater than 10 (Stumm and
Morgan, 1996). Therefore, even at low iron concentrations detected in groundwater and source
water, it may be possible for ferrihydrite to precipitate from the final, mixed solution.

The saturation index of calcite increases with the increasing ratio of groundwater to source water.
Calcite is undersaturated in mixing scenarios dominated by source (recharge) water. This suggests
that dissolution of calcite in the aquifer matrix is possible (Figure 7-2). In mixing scenarios
dominated by more than 50% groundwater, calcite is oversaturated or in equilibrium with
groundwater. This may reflect the presence of calcite in aquifer rocks. However, calcite comprises
less than 5% by weight of the altered aquifer material.

The effect of ion exchange was determined for ammonium, aluminum, barium, calcium, copper, iron
lead, magnesium, manganese, potassium, sodium and zinc. Although many of these constituents are
present in concentrations below the detection limits, the qualitative effect of ion exchange can still be
observed. In general, the concentration of parameters considered in the exchange reaction decreased
as a result of ion exchange with aquifer material, regardless of the mixing ratio. The concentrations
of calcium, cadmium, iron, copper, magnesium and zinc decreased in the mixed solution as a result of
ion sorption by aquifer material. The concentrations of potassium and sodium increased, suggesting
that potassium and sodium would desorb during mixing of groundwater and recharge water.
Exchange reactions had very little tangible effect on the saturation indices of ferrihydrite, and calcite
(Figures 7-1 and 7-2).

7.6 Discussion

Recharge water and groundwater are chemically distinct. The recharge water is calcium-bicarbonate
type water with a circumneutral pH, and a high redox potential. Groundwater is a calcium-chloride
type water, which a slightly alkaline pH and a low redox potential. The concentrations of select
major ions in groundwater, including calcium, potassium, chloride and sodium, are orders of
magnitude higher than concentrations measured in source water.

Geochemical modeling has identified little potential for significant mineral precipitation. Ferrihydrite
precipitation is predicted when using the detection limit for dissolved iron (5 pg/L) in recharge water.
The apparent oversaturation of ferrihydrite appears to be an artifact of the pH and redox potential of
the system. Ferrihydrite is stable across a large field of redox conditions in circumneutral pH
systems. Therefore, even with the low iron concentrations detected in groundwater, it is possible for
ferrihydrite to precipitate from the final, mixed solution. The impact of ferrihydrite precipitation on
the aquifer is noted in Table 7-4, where the total mass of ferrihydrite hypothetically capable of
precipitating from the mixed recharge / groundwater solution has been calculated. This calculation is
based on a total recharge volume of 45 MG per year, which is the anticipated full-scale ASR storage
volume for the site. According to these predictions, if 45 MG of water from the Dallas WTP are
stored at the site, approximately 2 to 3 kilograms (4.4 to 6.6 pounds), which represents a volume of
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approximately | liter of solids forming a coating on facture surfaces. However, it is important to note
that if ferrihydrite is precipitated, it is not likely to occur as a repeating process. The goal of the pilot
testing program will be to develop a significant mixing zone to increase recovery efficiency. Because
a residual “bubble” of recharge water will remain in the aquifer after each ASR cycle, the potential
for precipitation will decrease with successive cycles. It is also important to note that these
predictions do not take into account a number of uncertainties about in-situ conditions in the aquifer.
Precipitation in the aquifer is based on in-situ redox conditions, and there are a number of factors at
play in the aquifer that may affect local redox conditions including in-situ geochemical reactions
resulting from localized mineralogical composition, and microbial reduction at depth.

The potential volume of solid ferrihydrite that could precipitate can be estimated using the molar
volume and molecular weight of ferrihydrite. With the potential for 2 to 3 kilograms (4.4 to 6.6
pounds) of ferrihydrite to precipitate, a molar volume of 34.5 cm*/mole, and a molecular weight of
106.87 g/mole (USEPA, 2003), the potential volume of ferrihydrite ranges from 645 to 968 cm® (0.17
to 0.25 gallons). Relative to the volume of the permeable aquifer surrounding the Dallas ASR well, a
solid volume of up to 0.25 gallons of ferrihydrite is not expected to have a significant effect on either
aquifer permeability or well performance.

Because the iron concentration in groundwater is very low (13 pg/L), it is uncertain whether the
precipitation of ferrihydrite will actually occur, and, if so, to what degree. It is possible that little to
no precipitation will occur during ASR operations. Consequently, well performance criteria and
water quality data will be monitored closely during the first year of ASR pilot testing to evaluate
whether ferrihydrite precipitation is actually occurring and whether any impacts to aquifer or well
performance are taking place. Well performance and water quality monitoring are standard
procedures during ASR pilot testing and do not present additional level of effort to the City’s ASR
pilot testing program.

7.7 Treatment Options

If ASR pilot testing data indicate that ferrihydrite is precipitating and impacting aquifer and/or well
performance, several viable methods exist for the prevention and/or treatment of iron hydroxide
incrustations. A commonly used option is to treat the well with a strong acid to dissolve the
encrusting materials (Driscoll, 1986). The type of chemicals used to treat the well would be a
function of the character of mineral encrustations. Examples of such acids include hydrochloric acid
[HCI], sulfamic acid [H3NO;S] and hydroxyacetic acid [C;H40;]. Other chemical treatments make
use of oxidizing agents to act as bactericide (e.g., chlorine, hypochlorites, potassium permanganate).
Use of pH adjustors as bactericides has also been implemented.

The Vyredox™ and Vyregard™ methods are alternative in-situ methods that cause iron and
manganese to precipitate prior to reaching a production well (King, 2004). Vyredox™ is a batch
method that utilizes a series of injection wells in the vicinity of the main injection well site.
Periodically, oxygenated groundwater is recharged to the aquifer in the periphery of the production
well. The purpose of the oxygenated groundwater injection is to stimulate the growth of iron and
manganese-respiring bacteria, which serve as a catalyst to iron and manganese precipitation. By
precipitating iron/manganese at some distance from the injection site, their concentrations decrease,
which in turn decreases the likelihood for mineral precipitation at the recharge injection well upon
mixing with recharge water. Vyregard™ is a similar in-situ method that consists of continuous
recirculation of aerated groundwater via several recirculation wells surrounding the production well.

B
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8.0 SUMMARY AND RECOMMENDATIONS

The aquifer in the vicinity of the test well (ASR #1) at the City of Dallas WTP appears capable of
storing water at a rate of approximately 175 gpm and recovering that water at a rate of approximately
300 gpm for a single-well system. The fracture permeability encountered by the test well appears to
reside below a depth of 550 feet bgs and above 900 feet bgs.

The native groundwater system appears stratified with both fresh and saline groundwater present.
ASR systems have been successfully developed in several saline aquifer systems within the United
States, including aquifers with significantly higher salinity/TDS levels. ASR systems use the stored
water to develop a mixing/buffer zone between the recharge water and the saline native groundwater.
The process for developing the buffer zone for storing fresh water involves repeated recharge and
recovery cycles to displace the saline water. Residual fresh water not recovered in one cycle then
becomes the buffer zone surrounding the stored water of the following cycle. With repeated cycles,
the recovery efficiency of the ASR system should improve, where recovery efficiency is the
volumetric ratio of recovered water to the volume recharged. Typically, three to six ASR cycles are
necessary to develop a sufficient buffer zone (Pyne, 1994). The ultimate recovery efficiency that is
attainable for any given site has to be determined through pilot testing and operations.

A geochemical compatibility assessment of WTP source water and groundwater was conducted to
predict mixing effects. The results of the geochemical modeling analysis indicate the potential for
small amounts of ferrihydrite precipitation. Overall, geochemical modeling identified little potential
for mineral precipitation. In order to assess whether ferrihydrite precipitation will occur during ASR
operations, well performance criteria and water quality data will be monitored during the first year of
pilot testing.

It is recommended that pilot testing first be conducted for a single-well system (using ASR #1) to
evaluate the aquifer’s response to ASR operations, monitor the potential for adverse geochemical
reactions to affect the feasibility of the site, and assess the progress of developing a viable storage
zone within the saline aquifer. Should the results from the first year of pilot testing indicate favorable
conditions for the expansion of the City’s ASR system, a detailed plan for drilling and testing new
wells will be developed. Additional wells constructed at the WTP site should target a depth of
approximately 900 feet and be drilled with smaller diameter boreholes designed for target production
rates in the vicinity of 300 gpm.

Pilot testing during Year 1 at ASR #1 will consist of several discrete recharge, storage, and recovery
cycles (up to four short cycles and one extended cycle). Year 1 testing is expected to commence in
January 2006. The schedule for pilot testing during Years 2 through™3 is based upon the expected

“available supply for recharge between the months of November through May with recovery

anticipated to take place during the summer and autumn months. Ultimately, the volume of recharged
water is contingent upon the time of year when testing begins, but the City anticipates that recharge
will occur for at least 120 days and up to 180 days each year. Data regarding aquifer and well
performance and water quality will be collected at several stages throughout cycle testing for analysis
and reporting. Details of the proposed pilot test work plan are provided in the Aquifer Storage and
Recovery Pilot Test Work Plan (Golder Associates, 2005). Included are proposed plans for pilot
testing and the expansion of the ASR system should the results from the first year of testing indicate
favorable conditions for additional ASR wells.
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TABLE 3-1. SUMMARY OF COLLECTED CORES, ASR TEST WELL
City of Dallas ASR Hydrogeologic Feasibility Study, 2005

Core Interval Percent Description
Recovery

725-730 100 Basalt- Black to greenish grey, moderately fraétured, secondary quartz and
calcite lining fractures

803-808 100 Basalt- Black to greenish grey, minor fracturing, secondary quartz and calcite
lining fractures

893-898 100 Basalt- Black to greenish grey, heavily fractured, secondary quartz and calcite
lining fractures

943-948 100 Volcanic Breccia, angular basalt fragments within green clay-sized matrix,
matrix hard and well lithified

1116-1121 100 Basalt - grey to greenish black, minor secondary quartz and calcite infilling
fractures and vesicles, heavily fractured with some fractures “healed”

1288-1293 100 Basalt, Red to green, oxidized, moderate fracturing, secondary quartz and
calcite in fractures and vesicles

1704-1709 100 Amygdaloidal' Basalt, grey to greenish grey, amygdules filled with quartz and

calcite, only minor fractures.

'Amygdaloidal texture is characterized by gas cavity or vesicle that has been filled by secondary minerals such as quariz or calcite
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TABLE 4.1 OBSERVATION WELL NETWORK - DALLAS, OREGON
City of Dallas ASR Hydrogeologic Feasibility Study, 2005
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OWRD ID Owner Name Depth Pump Monitoring Approx. Distance from
(feet bgs) Installed? Method Test Well (feet)
POLK 52056 City of Dallas 2001 Test Pump Electronic & 0
(ASR #1) Manual
POLK 51138 Fred Lowe 182 Yes Manual 1600
POLK 51112 Fred Lowe 291 No Electronic & 1600
Manuai
POLK 572 Woody Birko 40 Yes Manual 700
POLK 539 Woody Birko 270 No Electronic & 1000
Manual
POLK 2762 L.D. Parker 321 Yes Manual 4600
POLK 51605 Paul Presser 459 Yes Manual 5800
TABLE 4.2 OBSERVATION WELL NETWORK ELEVATIONS- DALLAS, OREGON
City of Dallas ASR Hydrogeologic Feasibility Study, 2005
OWRD ID Owner Name Depth Estimated Estimated Approx.
(foet Surfalce Base of Well  Distance from
bgs) E:::tat on(i) Elevation Pumping Well
(feet, msi) (feet, msl) (feet)
POLK 52056 City of Dallas 2001 570 -1,431 0
" (ASR #1)
ASR #1 Casing/Seal 500 570 70 0
POLK 51138 Fred Lowe 182 430 248 1,600
POLK 51112 Fred Lowe 291 450 159 1,600
POLK 572 Woody Birko 40 410 370 700
POLK 593 Woody Birko 270 470 200 1,000
POLK 2762 L.D. Parker 321 720 399 4,600
POLK 51605 Paul Presser 459 490 31 5,800

(1) Surface Elevations Estimated from USGS 7.5 minute quadrangle, accurate to within +/- 10 feet.
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TABLE 4.3 STEP-RATE TEST, LAMINAR LOSS ESTIMATES
City of Dallas ASR Hydrogeologic Feasibility Study, 2005

Discharge Rate (gpm)

Drawdown (ft)

Incremental Drawdown (ft)

% Laminar Well Losses

220
267
300
320
350

187.2
232.4
263*
281.9
312*

187
45
31
19
30

99%
91%
90%
89%
88%

* Calculated from Figure 4-5
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TABLE 5-1. COMPARISON OF THEORETICAL DRAWDOWN TO OBSERVED DRAWDOWN AT OBSERVATION WELLS

City of Dallas ASR Hydrogeologic Feasibility Study, 2004

Location Pumping Rate Aquifer Distance from Observed Predicted
{(gpm) Transmissivity Test Well Drawdown Drawdown
(gpd/ft) (feot) (feet) (feet)
Lowe Well 291 10,000 1,600 43 11.9

Presser Well 291 10,000 _ 5,800 25 33
Theoretical drawdown predicted using the Jacob-Cooper Equation (Driscoll, 1986)
s =(264*Q/T)log [(0.3Tt)l(r23)]. where
s = drawdown (feet)
Q = pumping rate at Test Well (gallons per minute)
T = Transmissivity (gallons per day per foot)
t = time since pumping started (days). [value used = 3 days]
R = radius from pumping well (feet)
S = storage coefficient (dimensionless) [value used = 1.0 x 10 1
TABLE 5-2 OBSERVATION WELL NETWORK BASE ELEVATIONS- DALLAS, OREGON
City of Dallas ASR Hydrogeologic Feasibility Study, 2005

Estimated Surface Estimated
Depth Elevation() Base of Well R‘;’u";:ﬂ:’:?“
OWRD ID Owner Name (feet bgs) (feet msi) Elevation (feet)
POLK 52056 ASR Test Well 2001 570 ~-1,431 -
POLK 51605 Paul Presser 459 490 31 Yes
POLK 51112 Fred Lowe 291 450 159 Yes
200’ Elevation

POLK 593 Woody Birko 270 470 200 No
POLK 51138 Fred Lowe 182 430 248 No
POLK 572 Woody Birko 40 410 370 No
POLK 2762 L.D. Parker 321 720 399 No

(1) Surface Elevations Estimated from USGS 7.5 minute quadrangle, accurate to within +/- 10 feet.
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City of Dallas ASR
Waell Interference Analysis Summary

Table 6-1 Well Information

Note: Well location is estimated based vpon the "Plot Plan Water Treatment Plant” diagram and coordinates taken from the Polk County website:

hitp://apps.co.polk.or.us
Table 6-2 Pumping Analysis

Predicted
Constant Pumping| Total Available | Drawdown
Rate (gpm) MGD Pumped’ in Well

(feet)™®
291 0.42 295

Notes:

1 Assumes maximum available drawdown of 300 feet and a pumping duration of 180 days

with base of well casing set at 300 feet below static

2 Assumes a 25 percent well efficiency based upon calculated well efficiency for well ASR #1 noted during the 72-hour constant
rate pumping test conducted in September 2004

3 Assumes aquifer properties transmissivity and storativity are constant across the site at 11,000 gpd/ft and 1x10-4, respectively

Table 6-3 Recharge Analysis
Difference
Rech: Maximum Betweon
Constant echarge | predicted a Estimated

Recharge Rate Total Available | Over 180 Buildup in recharged water Maximum Buildup

MGD Recharged Days elevation (feet
(gpm)’ 9 (MG’yr) Well (feet)™? msl)‘( and Ground
Surface Elevation
5
175 0.25 45 180.24 589.24 -9.76

Notes:

1 Assumes recharge rate based upon anticipated buildup to avold well construction for under pressurized conditions

2 Assumes a 25 percent well efficiency for each well based upon calculated well efficiency for well ASR #1 noted during the 72-hour constant

rate pumping test conducted in September 2004

3 Assumes aquifer properties transmissivity and storativity are constant across the site at 11,000 gpd/ft and 1x10-4, respectively

4 Assumes initial groundwater elevation is 409 feet msl at ASR #1 (based upon static groundwater elevation at ASR #1 prior to September 2004 testing)

® Ground surface elevation is considered in the recharge evaluation

053-9747 Golder Associates

August 2005
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City of Dallas ASR
Woell Interference Analysis Summary

Table 6-4 Offsite Well Analysis for Pumping Scenarios

Presser Waell (51 605)

I’%h Lowe Waell (51112)
eoretical

Pumping Rate |Drawdown Expected Drawdown [Theoretical Drawdown |Expected Drawdown
(MGD) {feat)™ (feat)’ (feet)** (foot)®
i 0.42 23.55 8.51 15.70 11.89

Notes:

r

1 Distance-drawdown calculations are based upon theoretical estimates using the Cooper-Jacob analysis and assuming constant aquifer properties
{transmissivity of 11,000 gpd/ft and storativity of 1x10™); pumping time is 180 days
2 Well 51112 is located about 1,600 feet away from well ASR #1
from the “City of Dallas ASR Feasibility Study Drilling, Testing, and Water Quality Monitoring Program” report dated April 2005
IWell 51605 is located about 5,800 feet away from well ASR #1
from the “City of Dallas ASR Feasibility Study Drilling, Testing, and Water Quality Monitoring Program” report dated April 2005
4 Assumes static groundwater elevation at Well 51112 is 394.3 feet ms} and at Well 51605 is 348.6 feet msl based upon observed statics recorded in September 2004

"’Applies ratio between observed and predicted drawdown from September 2004 testing to ASR pilot testing (0.3613 and 0.7576 times less for Lowe and Presser wells, respectively)

Table 6-5 Offsite Well Analysis for Recharge Scenarios

Lowe Well (51112) Presser Waell (51605)
Difference Between Difference Between
Expected Builldup and Expected Expected Buildup
Theoretical Buildup Ground Surface Theoretical Bulldup Buildup and Ground Surface

Scenario’ Recharge (MGD) | (feet)? Expected Buildup (feet)|Elevation (feet)*® (feot)® (feet)* Elevatlon (feet)**
Recharge adjusted
for surface
elevation effects 0.25 14.16 5.12 -50.58 9.44 7.15 -134.25

Notes:

! Predicted buildup calculations are based upon theoretical estimates using the Cooper-Jacob analysis and assuming constant aquifer properties
(transmissivity of 11,000 gpd/ft and storativity of 1x10%); recharge time is 180 days
2Well 51112 Is located about 1,600 feet away from Well ASR #1 with an estimated ground surface elevation of 450 feet msl

from the “City of Dallas ASR Feasibility Study Drilling, Testing, and Water Quality Monitoring Program*” report dated April 2005
3wWell 51605 is located about 5,800 feet away from Well ASR #1 with an estimated ground surface elevation of 430 feet msl

from the "City of Dallas ASR Feasibility Study Drilling, Testing, and Water Quality Monltoring Program” report dated April 2005
4 Assumes static groundwater elevation at Well 51112 is 394.3 feet msl and at Well 51605 Is 348.6 feet ms! based upon observed statics recorded in September 2004
5 A negative value indicates the groundwater level during recharge conditions is estimated to be below ground level in the well
® Applies ratio between observed and predicted drawdown from September 2004 testing to ASR pilot testing (0.3613 and 0.7576 times less for Lowe and Presser wells, respectively)

053-9747

Golder Associates

August 2005



City of Dallas ASR
Table 6-6 Recharged Water Drift Analysis

Assumptions:

Hydraulic gradient (dh/dl) 0.0077 fift

(note - gradient is based upon observed static groundwater levels recorded on 9-6-04 in existing ASR well (52056) and 2 responding observation wells, 51605 and 51112
Transmissivity (T) ‘ 11,000 gpd/t
Saturated aquifer thickness (b) 100 feet
(note- saturated aquifer thickness is based upon review of static flow meter survey data)

Recharged water storage time in aquifer (t) 120 days
Effective porosity (n,) 0.15 (-)
Hydraulic conductivity is K= T/b 14.71 Kin ft/day
Specific discharge is q = (K* dh/dl) 0.11 q in ft/day
Velocity isv = g/n, ‘ 0.75 v in ft/day
Amount of Drift 91 ft

Recharge “Bubble” Analysis for a Singlie Well

Parameters
Recharge rate 175 gpm
Recharged volume over 180 day recharge period (V) 4.536E+07 gallons
Saturated aquifer thickness (b) 100 feet
Effective porosity (n,) - 0.15 (-)
Assumes a recharge duration of 180 days
"Bubble" radius (r) (ft) = [VA(7.48)pi)(b)(ne))"0.5

= 358.73 ft
Percentage drift relative to bubble radius = 25 percent

053-9747 Golder Associates August 2005
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Table 7-1

Results of Source Water and Groundwater Mixing
Dallas ASR Hydrogeologic Feasibility Study - Geochemical Assessment

Parameter Unit
pH su. 7.3 8.7 73 7.5 7.5 7.9
Alkalinity mg/L as CaCO3 20 12 20 18 18 17
Nitrite mg/L as N 0.10 0.39 0.10 0.16 0.16 0.22
Chloride mg/L 8.2 2560 8 519 519 1029
|Fluoride mg/L [ 0.44 0.00 0.09 0.09 0.18
Sulfate mg/L 5.6 12 5.6 6.9 6.9 ]
Aluminum mg/L 0.10 0.10 0.10 0.10 0.10 0.10
Arsenic mg/L 0.002 0.002 0.002 0.002 0.002 0.002
|Barium mg/L 0.025 0.025 0.025 0.025 0.025 0.025
Beryllium mg/L 0.040 0.040 0.040 0.040 0.040 0.040
Calcium mg/L 3.0 793 8 165 165 322
Cadmium mg/L 0.005 0.005 0.005 0.005 0.005 0.005
Chromium mg/L 0.01 0.01 0.01 0.01 0.01 0.01
Copper mg/L 0.000 0.013 0.000 0.003 0.003 0.005
Iron mg/L 0.005 0.013 0.001 0.007 0.001 0.008
Lead mg/L 0.003 0.003 0.003 0.003 0.003 0.003
Magnesium mg/L 1.8 5.7 1.8 2.6 2.6 3.4
Manganese mg/L 0.01 0.01 0.01 0.01 0.01 0.01
Mercury mg/L 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Nickel mg/L 0.02 0.02 0.02 0.02 0.02 0.02
Potassium mg/L 027 730 0 146 146 292
Selenium mg/L 0.002 0.002 0.002 0.002 0.002 0.002
Silicon mg/L 13 26 13 16 16 18
Silver mg/L 0.01 0.01 0.01 0.01 0.01 0.0t
Sodium mg/L 3.9 321 4 67 67 131
Thallium mg/L 0.002 0.002 0.002 0.002 0.002 0.002
Zinc mg/L 0.02 0.02 0.02 0.02 0.02 0.02
Bold Italic: Reanalysed in July, 2005. All other parameters analyzed from samples collected in September, 2004,
053-9747.002 Golder Associates August 2005
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Table 7_2 053-9747
Summary of Geochemical Analyses
City of Dallas ASR
DASR- DASR-2 DASR-3 DASR4 DASR-§
Depth 725 807 894 944 1117
Description Dark green, fine grained, Dark green, fine grained, Dark green, fine grained, Coarse grained, green basalt |Fine grained, fractured,
ive basalt; fi ive basalt; fra ive basalt; fr locally fr , weakly idized basalt; to
with shick with slick rf with stick surfaces |altered with soft, dark green |be fractured with accasionat
noted. noted; rare pillow structures |noted. “clayey” p “healed" fr 5
noted.

CEC __[meqg/100g [CEC 12 24 218 61.1 31.5
Wit % Na20 2.7. .1 2.34 ] 2.11
Wt % (e] 6.9 4. 7.3 1. 7.19
Wt % AlR03 7. 4. 154 0. 13
Wit % Si02 1. 46 49 38. 46.2
Wi % P205 .24 0.23 0.25 0.1 0.39
Wit % S <0.05 0.07 <0.05 <0.05 <0.056
Wit % Cl <0.02 <0.02 <0.02 .06 <0.02
Wt % K20 0.25 0.13 0.1 .33 0.55
wit Ca0 3.1 124 1. .62 9.2
Wt % TiO2 97 2,02 2.08 .33 235
Wit % MnO 0.17 0.2 .16 .13 0.14
Wt % Fe203 1314 13.7 3.8 1.7 15.3
Wt Ba0 <0.01 <0.01 <0.01 <0.01 <0.01

v 330 344 33 235 365

w Cr 11 218 208 221 74
5 Co 60 63 60 54 59
Ni 93 82 83 N 59

w <10 <10 <10 <10 <10

Cu 184 173 100 121 214

2n 97 99 104 72 133

As <20 <20 <20 <20 <20

Sn g 149 139 19) 170

Pb <10 <10 < <10 <10

Mo <10 <10 < <10 18

Sr 292 243 233 432 229

U 24 20 12 27 15

Th <10 10 <10 <10 <10

Nb 11 1 12 <10 19

Zr 101 105 103 74 188

Rb <10 <10 <10 18 <10

Y 29 31 26 17 43

~ wit % Plagioclase 52 40 48 - 40

% |[-wt% Clinopyroxene 45 2] 33 35 25

§ ~ wt Anaicime - - - 9 -

§ ~wt K- - - - <5 -

wo[-wts Smectite <57? - 12 44 27

£ [ Venmiculite - 20 - - -

x |owt {imenite - - <5 - <5

g |-w¥% Magnetite - <5 - - -

0 [~wt% Calcite - - - <5 -
~wt % “Unidentified” <5 <5 <5 <5 <5
~wt % Smectite >85 - >90 >90 >80

» |~wt% _|Chiorite <567 25 - B -

8 ~ wt % Micaliliite <3? - - <3? <3
~ wt % Vermiculite - <20 - - -

é = wt % Kaolinite - - - <5 <5

Zz |=w% ioclase <5 55 <5 - <57

E [wm K-felds - - - - <37

¥ |=wt Analcime - - - <3 -

é ~wt Calcite - - - <3 -
~wt% Quartz - - - - <3
~wt% “Unidentified” <5 <5 <5 <5 <5

11/29/2005 Golder Assoclates Table 7-2.xis



Table 7-3
Saturation Indices of Input Solutions and Mixed Solutions
City of Dallas ASR Hydrogeologic Feasibility Study - Geochemical Assessment

Conceptual Mixtures
Phase Formula 80% source 60% source 40% source 20% source
20% groundwater  40% groundwater 60% groundwater 80% groundwater

AI(OH)3(a) {Al(OH)3(a) -1.0 -1.3 -0.9 -0.9 -1.0 -1.1
Calcite CaCO3 -2.0 0.7 -0.7 -0.1 0.3 0.6
Dolomite CaMg(C03)2 -4.6 -0.6 -3.1 -2.1 -1.3 -0.8
Ferrihydrite |Fe(OH)3 0.9 -2.2 1.1 1.4 1.2 1.0
Gypsum CaS0O4 2H20 -3.5 -2.0 -2.5 -2.3 -2.2 -2.1
Manganite |MnOOH 3.1 -8.7 -3.1 , -2.8 -4.5 -5.0
Siderite FeCO3 -11.1 -2.3 -4.8 -4.8 -3.0 -2.7
Si02(am) |[SiO2(am) -0.8 -0.6 -0.7 -0.7 -0.6 -0.6
CO2(g) CO2(g) -3.0 -49 -3.3 -3.8 -4.3 4.6
||02(g) 02(g) -10.8 -63.9 -35.7 -36.6 -45.6 -48.6

Bold Italic: Indicates positive saturation index.

053-9747.002 Golder Associates August 2005



Table 7-4
Estimated Mass of Ferrihydrite Precipitate
City of Dallas ASR Hydrogeologic Feasibility Study - Geochemical Assessment

onceptual Water Qualities
80% source 60% source 40% source 20% source
20% groundwater 40% groundwater 60% groundwater 80% groundwater |

Saturation Index - Ferrihydri

Mass concentration of ferrihydrite (mg/L 0.01 0.02 0.02 0.01 |
Mass of ferrihydrite precipitated (kg] 2.0 2.6 2.9 2.0 i
TOTAL RECHARGE PER YEAR 45 MGlyear
TOTAL RECHARGE PER YEAR 170,343,540 Liyear

053-9747.002 Golder Associates August 2005
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Figure 4-2. Barometric ProessureChanges
City of Dallas ASR Feasibility Study, 2004
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Figure 4-3. Precipitation Measurements, Dallas Waste Water Treatment Plant August 15 -

September 30, 2004, Dallas Waste Water Treatment Plant
Clty of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 4-4. Dallas ASR Pilot Well Step Rate Test, 9/3/2004
City of Dallas ASR Feasibility Study, 2004
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Figure 4-5. City of Dallas ASR Pilot Well Step Rate Test
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Figure 4-6. City of Dallas ASR Pilot Well
Projected Pumping Water Level
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Figure 4-7. Dallas ASR Pilot Well Step-Rate Testing
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Figure 5-1. ASR Pilot Well Pre-Test Water Levels (corrected)
Clity of Dallas Hydrogeologic Feasiblity Study, 2004
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Figure 5-2. Hydrograph of Lowe Well (Lower), OWRD Well ID Polk 51138
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 5-3. Hydrograph of Birko Lower Well, OWRD Well ID Polk 572
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 5-4. Birko Well Water Levels, OWRD Well ID 539

City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Depth to Water (in feet below measuring point)

'r,,' ",:; - r'..._' 'Y.m.' 7—.! 'r-!.- "?m' Fw' 7....3 - 'l:"" F»' 7....! 'f”z" vr'z..m' F’””'
Figure 5-5. Hydrograph of Parker Well, OWRD Well ID Polk 2762
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 5-6. Presser Well Water Levels, OWRD Well ID Polk 51605
City of Dallas ASR Hydrogeologic Feasibliity Study, 2004
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Figure 5-7. Water Levels Upper Lowe Well, OWRD Well ID 51112
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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5-8 Pump Test. Hydrograph
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Figure 5-8. Observed Water Levels, City of Dallas ASR Pilot well
City of Dallas Hydrogeologic Feasiblity Study, 2004
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Figure 5-9. Semi-Log of Late Time Pumping Response, City of Dallas ASR No. 1
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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~ Figure 5-10. City of Dallas ASR Test Well, Semi-Log of Recovery Response
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 5-11. Long Term Projection of Pumping Water Level
City of Dallas ASR No. 1
City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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Figure 5-12.Discharge Conductivity Versus Time, Dallas ASR Pilot Well
f City of Dallas ASR Hydrogeologic Feasibility Study, 2004
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GEOLOGIC LOG OF PILOT WELL
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Well ID: Dallas ASR No. 1 @ criznabiie . sheet: 10f10
Driller: Geo-1ech Explorations/Boart
Client: City of Dallas Drilling Method: Reverse Circulation
Project: Task 40 Sampling Method: Grab samples with spot cores
Location: Dallas WTP Logged by: Chris Augustine
Project Number: 136343 Start/Finish Date: Feb -July 2004
- ®
2 | s| 81 %
€ Description ° % " € Core Description Notes
§ g5l 8| 2
[ O
nE O (3]
0 Ground Surface Drilling using Mud
ng using Mu
| Siity Sand
10 SM, Orange-brown, moist, sand med-fine I W | HY Rotary to 500 feet
=1 HIIK
- LUHI
it
20 JL HH|
30 HWLMP-H
4 H1HH
40 i JHJL
] Some Basalt coarse sand/gravet at 50-60 feet HIlH
Woeathered basalt HIH (L
50— H M A
i il
& _ — L
Basalt, black-grey, aphanitic, dense, drill chips S\
9 angular to sub angluar, magnetic ow
70 > =
<4 Weathered at 60-70 feet zone N
80+ l/:\_l
- S
90~ /'_ i
] S
100 /'/_) 1
- —\ |
110- : P~
=31
120 ] =
- ) -/|/._\/ Il_
130~ i
7 // N |/
140~ PN
l/"\/|
-y s./ ‘-,
180~ /'_) I
- S
7/
160+ ‘_ /l_) l\_
- 70
170 5,'-\—:/
-
’ U /:.\-1
180~ P
- IR
Ul
1904 =
T h//_\ I_/_
m— _‘/ < I'd
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Well ID: Dallas ASR No. 1 @ crznaniL  sheet: 20f 10
| Driiler: Geo-1ech Explorations/Boart
Client: City of Dallas Drilling Method: Reverse Circulation :
Project: Task 40 Sampling Method: Grab samples with spot cores
Location: Dallas WTP Logged by: Chris Augustine
Project Number: 136343 Start/Finish Date: Feb -July 2004
= ®
2 s| 8 §
Py Description o £l < € Core Description Notes
~— a1 -— - .
£ 22 % | 3
a sE o | 8
Basalt, black-grey, aphanitic, dense, drill chips N
angular to sub angluar, magnetic oy
210- Sk
4 Secondary mineralization: Quartz and Calcite PN I’_
220 ! :>|
- wa '\_/
230 -
AY
- r =,
7
240 1>
X 3%
- Vd 7
250 /‘_> !1
i 25
7/
260 o4 '\‘/
4 /l_ S
- =2 IS
270 E) - 271-297 Loss of
- 31 Drilling Mud
280~ Y
-/ L] —/
7 s
290 ! =
- /' =/
300~ 1=>'
4 =1
310~ P
R
A S8
320 /
j s
330~ Sy
.| Basalt, black-grey, aphanitic, dense, drill chips /’ N "
340 angular to sub angluar, magnetic |:’ \'1'
s
4 Secondary mineralization: Quartz and Calcite 7. l:
350 Uy
— _/ 1] —,
360~ =3
s\ )
J M
370 Y
- L\I /:)i
380~ Basalt, black-grey, aphanitic, dense, drill chips ,’_\ ,/
4 angular to sub angluar, magnetic ' (N
390 N
Secondary mineralization: Quartz and Calcite - /’ N l’
4 -2
400 // 4
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. | Well ID: Dallas ASR No. 1 @ cr>nanie  Sheet: 30f 10
6 ' Driller: Geo-1ech Explorations/Boart
- Client: City of Dallas Driliing Method: Reverse Circulation
‘ Project: Task 40 Sampling Method: Grab samples with spot cores
Location: Dallas WTP - Logged by: Chris Augustine
L Project Number: 136343 Start/Finish Date: Feb -July 2004
- =
LEN s 2] 2 :
o Description o2l ® £ Core Description Notes-
: ~ - 3 —
Ll E 25| & | B
- REl & | 8
Basalt, black-grey, aphanitic, dense, drill chips N
L angular to sub angluar, magnetic RN
b 1410 SR
4 Secondary mineralization: Quartz and Calcite PN
g 1420 KI' // N
M| VAN
430 | | 1=
| \
] } l——//
/7
L 440 =31
1 S
450 BN
L. 2
N 7
460- F/ =
- - (I-’ '\—
h 470 13822
i /|_) 1
~ |480— K(-)
1 i N =
. n
490 N
- P I——//
I'd
7N
¥ 500 1 7
= e N
510 Y
I I
: ) N
o 520 NS
T /I._ P
S
, 1530 L) =,
i
ﬁ e ’|"/ '\'ﬁ
\ e
| 540 ] ﬁ,‘;‘gﬁgﬁ?’da' Basalt, grey-green, aphanltlc ' ‘. 7v SWL = 188 ft.
. 550-{ Secondary mineralization in vesicles consist of ! - ! J 4i23/04
] pink to clear Quartz and Calcite T 1
g 360 4 Basalt, black-grey, aphanitic, dense, drill chips :’i’
‘ angular to sub angluar, magnetic ]
70-| Secondary mineralization: Quartz and Calcite v —_/'
B 7
- PN
80 v— vy
> Amygdaloidal Basalt, black-grey, aphanitic, . 4 4
7| dense, drill chips angular to sub angluar, T
15%0- magnetic . _ r
Fo J Secondary mineralization: Quartz and Calcite 7
5 0 s v v}
7 4
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Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task 40
Locatlon: Dallas WTP
Project Number: 136343

@ CH2MHILL :
; Sheet: 4 of 10

Driller: Geo-1ech Explorations/Bsoart

Drilling Method: Reverse Circulation

Sampling Method: Grab samples with spot cores
Logged by: Chris Augustine

Start/Finish Date: Feb -July 2004

"y K]
2 sl | &
& Description - £ Core Description Notes
S 2 “ -~ —
I~ o £ ‘C
£ Es| 2| 2
(] nel o (5]
Basalt, black-grey, aphanitic, dense, drill chips PN
angular to sub angluar, magnetic v 7 \‘“
610 S
.d Secondary mineralization: Quartz and Calcite M
. N
620 %
- =/ 7
630 e
7 P/ ' —//
640 /'._> 1
- S '/_\/I
650- N
] RS
7 o
660— ) N
NI
T N SWL=188.5 ft bgs
670 P 4126/04
- 71
680 (=
- rd 7
690 indiie
Amygdaloidal Basalt, green-grey, aphanitic, T e
71 dense, magnetic, Secondary mineralization: M
700 pink quartz and Calcite T 3
1 4
710 — 4y o]
Fractured Basalt, Porphyritic, augite and .
1 plagioclase,magnetic M
720~ Secondaryminerals: manganese oxide 3
4 slickensides along fracture plane ! f—~—v{ 725-730 Core No. 1
730 T A
J 9 SWL = 188 ft bgs
4/29/04
740 M
- - ‘ :‘
750— - . ‘J
i 7 3
760 - — AR
Basalt, black to greenish grey, aphanitic, /’ s
1 magnetic, slightly fractured (N
770 7=
g
/|_> I
7N
790~ ey
S ./_ /'
4 N T
800 s




i- Well ID: Dallas ASR No. 1 @ cHzmILL  Shest: 50f 10
i Driller: Geo- 1 ech Explorations/soart
r Client: City of Dallas Drilting Method: Reverse Circulation
. Project: Task 40 Sampling Method: Grab samples with spot cores
Location: Dallas WTP Logged by: Chris Augustine
Project Number: 136343 Start/Finish Date: Feb -July 2004
'
rA ) g g
2l S| s
; Description ° £ o ] Core Description Notes
3 - - —
opl §
Esl § §
nE O (3]
',"_'> L= =7 803-808 Core No. 2
42
P
'./..)I
-/ . —,
730
AN
N T/
—/ L] —/
/_) 1]
ll,_\/
—/ 1) —/
/_.) 1]
UAEN
MY
(ks
N |’.__\/
Ay el
7N
PN
. 7
w4 rd
1!
| \ (= Y~ 893-898 Core No. 3.
7 Ny / PN B -
)0- ’,-/1 SWL=188H6L04
- N = 5/19/04
640 _f_:._n_;
Volcanic Breccia/agglomerate, green-black, =% 4
‘|1 green clay sized matrix with gravel sized :“w.;
-1 angular basaltic clasts 4 ta_]
- =72 ¢
| yo| FaultFracture plane? :.52\\5
G ¢_ =
. 33:7;
. =‘=*:
a e T 7 943-948 Core No. 4
g =% 7 z =7
- ¢ - =
i A
10 42
L Basalt, red-brown - black, aphanitic, oxidized, ,’ N ,’
} magnetic, minor secondary quartz and calcite 2]
N
970 S
. =~/ '\—/.
T 71
) i 7]
LO \ l/'__\,i
- ~/ 7
~0 ] 731
L
_/ L] —,
000 ’|'>"‘
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Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task 40
Location: Dallas WTP
Project Number: 136343

. CH2Z2MHILL  Sheet: 6 of 10

Driller: Geo-1ech Explorations/Boart

Drilling Method: Reverse Circulation

Sampling Method: Grab samples with spot cores
Logged by: Chris Augustine

Start/Finish Date: Feb -July 2004

i ®
2 s| & | & B
& Description ° £ 7', s Core Description Notes
|~ K ] - - :
£ Q. £L ©
: ES| 2| 2
(=1 nE O o
4
- S
010 -
4 /_> |/_
020 Iy
- . _//
030 >
- =)
040_ /..) |.J
- ! '_\ [
V=7
050 ~r
4 T ' SWL =188 ft. bgs
060 = 5/26/04
Basailt, black-grey, aphanitic, dense, drill chips i PARN I’
angular to sub angluar, magnetic R
070 N =
4 Secondary mineralization: Quartz and Calcite PN
- 1]
080 1,2
/
- B '\"’/
090— (nlw
. r,—s
hy A
100 7N
- Ay
. 7
110 PR Il
pp
. |25 g—r—r 1116-1121 Core No. 5
1207 PAENE paae | swL= 1885t bgs
17 \"| 5/28/04
130 ity
7/
ﬂ = /I_
140 Y
A '\—/
‘ - 1]
150 ‘/ N
7
.J '\"/
=N
160 Amygdaloidal Basalt, black-grey, aphanitic, J N .’
1 dense, magnetic ey
170 = S
4 Secondary mineralization: Quartz and Calcite = |/_ _ SWL = 189.5 ft bgs
180 . 6/3/04
Basalt, black-grey, aphanitic, dense, magnetic /’ \ l’
4 ' =
190-| Secondary mineralization: Quartz and Calcite 4 :)/'
7 /-)l_
200 'y

T . A 2] | L] ——— A [ ] ——
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Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task 40
Location: Dallas WTP
Project Number: 136343

@ GHzMHILL Shegt:70f1o

Driller: Geo- | ech kxplorations/Boart

Drilling Method: Reverse Circulation

Sampling Method: Grab samples with spot cores
Logged by: Chris Augustine
Start/Finish Date: Feb -July 2004

3 | 2| 2
a ol § )
& Description ° gl o € Core Description Notes
S 2 w - Ld
=% L ©
: Es| 8| E
a nEl O o
T Y
l
210- N =
- -/ .\—I/
- P
220 =
7 e '\—I/
Z m
230 \| /_ 5}
4 MY
240 - - » _\ 1/
Basalt, black-grey, aphanitic, dense, magnetic N h
J i
250-{ Secondary mineralization: Quartz and Calcite .:}/'
T 7N
260 Ut s
- » —/
/00
270 (N
- A
280 Y
4 DAY :
| + =% |—~—=~| 1288-1293 Core No. 6 SWL = 189.8 ft bgs
290 Basalt, black-grey, aphanitic, dense, magnetic N ACEA ' 6/7104
J- Drill chips small (med sand) and subangular to 17 : :
300-] sub rounded ' iz
31 0_- Secondary mineralization: Quartz and Calcite ’.‘> :—
=)
=S
320-- _’_ .1
4 MY
330 KN
| Basalt, black-grey, aphanitic, dense, magnetic TN "
Ry
340-] Secondary mineralization: Quartz and Calcite :) ! SWL = 189.7 ft bgs
i PN 6/11/04
350 - (4 ;
Pumaceous Basalt, grey, porphyritic, magnetic ,’ i
71 Secondary mineralization: Quartz and Calcite j/\‘
360 | Basalt, black-grey, aphanitic, dense, drill chips NS
angular to sub angluar, magnetic ey
370 4 =
4 Secondary mineralization: Quartz and Calcite I~ .’
S
380 T Vesicular Basatt, red-brown o grey, N " : SWL = 189.7 ft bgs
7| porphyritic, magnetic, some oxidation B 6/16/04
380\ _Secondary mineralization: Quariz and Calcite e
1 =S
400- (=

—
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Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task 40
Location: Dallas WTP
Project Number: 136343

. CHZ2ARHILL :
- _ Sheet: 8 of 10

Driller: Geo- 1 ech Explorations/Boart
Drilling Method: Reverse Circulation
Sampling Method: Grab samples with spot cores
Logged by: Chris Augustine
“Start/Finish Date: Feb -July 2004

-

D

r—

r

) | 2| 2
a S S o
'3 Description 0S| 3 g Core Description Notes
£ | £ o '
g ES 7| 2
o nE O (4]
.| Basalt, black-grey, aphanitic, dense, magnetic /’ N ,’
N
4104 Secondary mineralization: Quariz and Calcite N ,—_)/'
- r/’_) ]
1
| Basalt, black-grey, aphanitic, dense, magnetic /’_\ I’
(RN
430-] Secondary mineralization: Quartz and Calcite =
w4
. 7N
440 : :\ !
- . —/
- //-\ l/
450 ||/’ \—l
] ity
- N0
460 i
] II =
M LT
470+ ,l’_> i
480 >/|/' -
- /'_> 1_]
)
490 _/.’,\_//
o /| - [ _
500 Y . SWL = 191.3 ftbgs
] RS 6/18/04
PN |
- 1 /7 ™
510 |,l__>/ .
- -/ .
PN
520 ey
530— Py
17
vy
= 1 —/
540 PN
= A Y
550 S
- /'_.) i
560 N T —_>/'
N //._> 1]
570 Y I SWL = 190.5 ft bgs
. -/ '\-/ : 6/24/04
580 %y
T S |/_> !
Y |
Vesicular Basalt-andesite, grey - red, magnetic R
] Pillow Basalt? : I
600 Ly

r—




Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task 40
Location: Dallas WTP
Project Number: 136343

. GCH2Z2MHILL  Sheet: 9 of 10
- ~

Driller: Geo- 1 ech Lxpiorations/Boart

Drilling Method: Reverse Circulation

Sampling Method: Grab samples with spot cores
Logged by: Chris Augustine

Start/Finish Date: Feb -July 2004

M el s ol el sl s Sl et ol Seadh, Sutie S S

rm'\-”

~ w
2 | sl 8|5
3 Description ° £ ° € Core Description Notes
28 £ | ®
§ | es 8| L
nE O o
Amygdaloidal Basalt, black-grey, aphanitic, MM
dense, magnetic M
610 3 7
4 Secondary mineralization: Quartz and Calcite .
620~ K
- v . ¥
830— v ‘. ]
340- .
| v . ]
650 T
i v ‘ ]
660" L 4 ‘ v
- v ‘ b4
670 I 3 SWL=191.4 ft bgs
- U ’ 6/29/04 ‘
680 !
N v . hd
690 — - v~
Basalt, black-red, aphanitic, dense, magnetic ]

700~ Secondary mineralization: Quartz and Calcite

740
750
7607
770

780

4 [—v—v] "1704-1709 Core No. 7

< SWL = 190.7 ft bgs
‘ - | 77104

«“
LK}

4 4¢ 4
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Well ID: Dallas ASR No. 1 @ crHzmaHILL  Sheet: 10 of 10
Driller: Geo- 1 ech Explorations/Boart
Client: City of Dallas ' Drilling Method: Reverse Circulation
Project: Task 40 A ‘ S_ampling Method: Grab samples with spot cores
Location: Dallas WTP . ' Logged by: Chris Augustine
Project Number: 136343 Start/Finish Date: Feb -July 2004
- ®
|- sl & | E -
pe Description o= P € Core Description Notes
—d 2 “ —— -—
o £ -4
£ BEl B | B
a nEl & | &
Amygdaloidal Basalt, black-grey, aphanitic, « 4
dense, magnetic o 7
810 3 3
4 Secondary mineralization: Quartz and Calcite . 4
820 “ 4
T 474'
830 PR SWL = 191 ft bgs
1 T 3 7/08/04
4 4
1840 ] : R
4 PR
860 ST
J R
870 T3
i 4 4
880~ R
. 4 4
890J T
-l . v . b4
900 PR SWL =190.8 ft bgs
4 s d .| 7109104
910 LU
B 4 v 4 "
920 PR
-1 4 v 4 M
930- S
- ‘ v ‘ |
940— T 3
| 4 4«
950 ¢
J 4 M 4 v
960 PR .
. ST SWL = 190.8 ft bgs
970- - o 07/12/04
. 4 4
980 RN
- 4 4
990- PR
“ 4 M 4 M
Y000 =< SWL = 191.5 ft bgs
7713104 g
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APPENDIX B

DOWNHOLE SURVEY FIGURES
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FIGURE 1

CALIPER
CH2M/BH GEOPHYSICS/OR

DRAWING NO. 04397260001g03.h11  DATE 01/47/05 DRAWNBY EFS

Golder Associates
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Cend. Depth Temp.
o wl/om ';‘ 1R10008 4 Deg € °
FRes,
0 Ohw-t» 200
50
100
150
200 2 Sranc
E JoAte
= \'}
- : LEvEL
r 300
7 =
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': 400 T
450 =
$00
T = =1
600 3 =
— 650 —%
== E 700
ST T E
=EES E 208 %
= 1 50 X
900
950
1000 =
1050
1100
‘FIGURE 2
CONDUCTIVITY/TEMPERATURE
DALLAS TEST WELL
CH2M/BH GEOPHYSICS/OR
ORAWING NO. 04397260001g02.th11  DATE 01/17/05 DRAWN BY EFS Golder Associates
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FIGURE 3
IMPELLER FLOWMETER DATA
CH2M/BH GEOPHYSICS/OR
DRAWING NO. 04387260001g01.th11  DATE 01/17/05 DRAWNBY EFS Golder Associates
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APPENDIX C

OWRD WATER WELL REPORTS
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7 New Welt [JDeepening [[] Alteration (repairfrecondition) [_] Abandonment
(3) DRILL METHOD:

R EE P PP P PP POLK 52056  =--=----- N
STATE OF OREGON
WATER SUPPLY WELL REPORT (WELL1.D.)# L, 68036
{as required by ORS 337.763) ) CARD 161741
Instructions for completing this report are on the last page of this form. (START )#

(1) OWNER: Well Number Dallas ASR (9) LOCATION OF WELL by legal description:

Name City of Dallas, Oregon Couaty Polk Latitude Longitude

Address 187 SE Court St Township 7 S Range 6 w WM.

C___i(l Dallas S;-E OR Zip 973368 Section 36 SE 1/4 NE 174

(2) TYPE OF WORK TaxLot 108 Lot Block Subdivision

Street Address of Well (or nearest address) 16375 W. Ellendale Ave., Dallas

OR

MRotory Air  [f]Rotary Mud  [JCable  [JAuger {10) STATIC WATER LEVEL:

/lOther reversa circulation 188 ft. below land surface. Dae 907-04
(4) PROPOSED USE: Artesian pressure 1b. per square inch. Date

[ODomestic = fJCommunity [Jindusirial  [Jfiigation (11) WATER BEARING ZONES:

Thermal  [Jinjection [JLivestock [ ] Other

(5) BORE HOLE CONSTRUCTION: Depth at which water was first found 545

Special Construction approval ] Yesj/JNo Depth of Completed Weit 2001 &

Explosives used [] Yes [JNo Type Amount From To _Estimated Flow Rate | SWL

HOLE SEAL **SEE ATTACHMENT | )

Dismeter From To Materisl  From To  Sacla ar pounds

20" 0 501" .[Cement 0 501° |10 yards

15" 501" |2001" '

{12) WELL LOG:

Howwassealplaced:  Method [JA [JB pAC [JDp [JE Ground Elevation

O other :

Buckfill placegfrom _____ f. 1o f Matrial . Material fom | To SWL
Grveplacedffom ___ fl. 1o f Size of gravel

{6) CASING/LINER:

Diameter From Te Gauge Steel  Plastic Welded Threaded

“SEE ATTACHED SOIL PROFILE SHEET"]

Casing 16" 501 |+ |.375 E O m O
o o ad O
o O o a
0O O 0O a
Liner. g 0 0O O
O 0O O a
Fina! location of shoe(s)
{7) PERFORATIONS/SCREENS:
(JPerforations  Method
[JSereens Type Material T ey L S
Stot Tele/pipe o
From To . size  Number , Diameter size Cmaiag Liner
0 0
O a
O a
O )
O 0
(8) WELL TESTS: Minimum testing time is 1 hour Date started  2/25/04 Completed 9/07/04
Flowing {wnbonded) Water Well Constructor Certification:
Pump [JBaiter Oair [JArtesian I certify that the work I performed on the construction. alteration, or abandonment
Vetgieis  Drtors __ oatscss ime [ gl e compinnc i Oregon e suppy vl covtionsanir
1hr. and belief.
30 280 72, 7 e / WWCNumber_§ 774
. Signed / Date &/ 3¢/,
Temperature of water F 57 Depth Artesian Flow Found (boaded) Water Well Constructay/Certification:
Was a water analysis done? W7} Yes By whom CH2MHiil | accept responsibility for the€onstruction, alteration, or abandonment work
Did any strala contain water not suitable for intended use? ] Too little performed on this whll during the construction dates reported above. All work

[OJsalty [IMuwddy [JOdor [JColored [JOther

performed during: this time is in compjlance with Oregon water supply well
construction standards. Fhis report ifftrue to the best of my knowledge and beljef.

Depth of strala: _ é o WWC Number
Signed _¢2 /g /7 ; Date
ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER
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POLK 52056

Geo-Tech Explorations

A Division of Boart Longyear
19700 SW Teton Ave

Tualatin, OR 97062
503-692-6400

503-692-4759 (fax)

Start Card: 161741
Well Label: 1.68036
Boring#: ASR-1

Water Bearing Zones:
From To Estimated Flow Rate SWL
723 800 -y 188
936 941 ] 188
1016 1020 1.1gpm/ft_ 188
Soil Profile Continued from Log:
Material From|] To SWL

Clay — brown 0 47
Cemented gravels w/ some sand 47 69
Broken basalt (med. / hard) 69 73
Black basalt 73 90
Black w/ grey basalt 90 142
Black basalt 142 350
Black w/ green clay stone WJ 350 | 378
Black basalt T 378 414
Black w/ green clay M 414 | 446
Black basalt 446 523
Black basalt w/ green clay & quartz WATERRESOU: ~ = 523 | 526
Black basalt : SALEM.QHELUT 526 545
Black w/ green claystone 545 612 188
Black w/ brown basalt 612 723 188
Black basalt — fractured 723 741 188 Iy
Black basalt 741 800 188 v
Black basalt w/ green clay - 800 816 188
Black basalt w/ green claystone 816 891 188
Black basalt w/ green quartz 891 905 188
black basalt(med.gray) w/ white/green quartz 905 917 188
Basalt (black) w/ streaks of gray clay 917 936 188
Basalt (black) — fractured w/ gray clay 936 | 938 188 A
Basalt (black) - fractured 938 941 188 0
Conglomerate volcanic brachea w/ basalt 941 967 188
Basalt w/ gray and tan claystone 967 982 188
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_ POLK 52056
Basalt (brown) w/ green claystone 982 | 987 188
Basalt (black) w/ seams of gray claystone 987 992 188
Basalt (blackish brown) w/ streaks of green claystone 992 998 188
Basalt (black — gray) — med. to hard ' 998 1006 188
Basalt (black — gray) — small fractures w/ short seams of gray claystone 1006 | 1008 188
Basalt (black — gray) w/ seems of green claystone 1008 | 1016 188
Basalt (black ) fractured 1016 | 1020 188
Basalt (black — gray) med 1020 | 1035 188
Basalt (black w/ brown) med 1035 | 1037 188
Basalt (brown) w/ black and red siltstone 1037 | 1043 188
Basalt (black) w/ brown/green specked siltstone 1043 | 1046 188
Basalt (black) w/ streaks of green claystone 1046 | 1054 188
Basalt (black) slighty fractures 1054 | 1058 188
Basalt (black) w/ streaks of brown/red siltstone 1058 | 1062 188
Basalt (black) w/ gray/brown siltstone 1062 | 1069 188
Basalt (black) w/ streaks of black siltstone 1069 | 1076 188
Basalt (black) small fractures w/ seams of black & gray siltstone 1076 | 1096 188
Basalt (black) w/ red/green speckled siltstone 1096 | 1104 188
Red & green siltstone 1104 | 1107 188
Basalt w/ streaks of red & green siltstone 1107 | 1109 188
Basalt w/ gray & black siltstone 1109 | 1115 188
Basalt (black) fractured 1115 | 1126 188
Basalt (black) w/ streaks of green claystone 1126 | 1132 188
| Basalt (green & black) w/ red & brown siltstone 1132 | 1139 188
Basalt (black) w/ brown & green siltstone and white quartz 1139 | 1144 188
Basalt (black) w/ brown & gray siltstone 1144 | 1148 188
Basalt (green & black) w/ brown & red siltstone 1148 | 1156 188
Basalt (black) w/ gray siltstone 1156 | 1168 188
Basalt (black) w/ gray & green siltstone and streaks of white quartz 1168 | 1174 188
Basalt w/ brown siltstone & quartz 1174 | 1182 188
Basalt (black) w/ seam so f gray siltstone 1182 | 1196 188
Basalt (black) w/ red/green siltstone 1196 | 1208 188
Siltstone (gray, green, red) w/ streaks of black basalt 1208 | 1213 188
Basalt (black) w/ gray and green siltstone 1213 | 1242 188
Basalt (black) w/ red & green siltstone 1242 | 1247 188
Basalt (black) w/ brown/green siltstone & quartz 1247 | 1265 188
Basalt (black) w/ black claystone & gray siltstone 1265 | 1268 188
Basalt (black) w/ red & green siltstone 1268 | 1273 188
Basalt (brown / black) w/ brown & green siltstone 1273 | 1283 188
Basalt (black) w/ gray siltstone 1283 | 1287 188
Basalt (black) conglomerate (gray siltstone/ green claystone) 1287 | 1303 188
Conglomerate black basalt, brown siltstone, grey siltstone & green claystone | 1303 | 1320 188
Black basalt, red & green siltstone 1320 | 1338 188
Black basalt w/ gray siltstone 1338 | 1360 188
Black basalt w/ green, red & gray siltstone 1360 | 1366 188
Volcanic Layer - red, brown, grey , silty porous sandstone w/ green 1366 | 1372 188
claystone
Black basalt w/ tan & gray siltstone 1372 | 1379 188
Black basalt w/ gray siltstone 1379 | 1387 188
Grey, brown siltstone w/ streaks of basalt & white quartz 1387 | 1390 188
Brown, red & gray siltstone w/ green claystone 1390 | 1395 188
Black basalt w/ gray & brown siltstone 1395 | 1411 188
Black basalt w/ gray, green & brown siltstone and streaks of green claystone | 1411 | 1423 188
Black basalt w/ black & gray siltstone and streaks of gray clay 1423 | 1427 188
Black basalt w/ gray and black speckled siltstone and streaks of gray 1427 | 1430 188
claystone
Brown & tan siltstone w/ streaks of black basait it 1430 | 1433 188
RECEiveL:
0CT 04 20
WATERRESOU, ~ -°T

SALEM, OREGUN




SALEM QRFah

POLK 52056
Gray & black siltstone & basalt w/ streaks of gray clay 1433 | 1445 188
| Gray, green siltstone w/ streaks of gray clay and a basalt lense 1445 | 1480 188
Black basalt w/ gray & brown siltstone 1480 | 1495 188
Green & black siltstone w/ basalt & green claystone 1495 | 1510 188
Basalt w/ gray siltstone & streaks of gray claystone 1510 | 1522 183
Basalt w/ gray siltstone and white & brown quartz 1522 | 1536 188
Basalt w/ gray & green siltstone and streaks of gray clay 1536 | 1556 188
Black basalt w/ gray and green silistone 1556 | 1569 188
Lens of soft grey sticky clay 1569 {1570 | 188
Black basalt w/ gray & green siltstone and streaks fo gra y & brown clay 1570 | 1575 188
Black basalt w/ gray siltstone and quartz 1575 [ 1587 188
Black basalt w/ gray siltstone and red claystone 1587 | 1590 188
Black basalt w/ gray and green siltstone and streaks of red claystone 1590 | 1618 188
Brown and green siltstone w/ white & green quartz 1618 | 1697 188
Siltstone — black, brown, green & gray speckles 1697 | 1715.| 188
Brown & red siltstone w/ streaks of red claystone and white & green quartz | 1715 | 1758 188
Gray siltstone w/ streaks of gray claystone 1758 [ 1172 188
| Grey, green & red siltstone 1772 | 1779 188
[ Grey & green siltstone 1779 | 1791 | 188
Black basalt w/ gray & black siltstone and small seams of gray clay 1791 | 1793 188
Black, grey & red siltstone, small seams of basalt . 1793 | 1808 188
Siltstone — grey & green 1808 | 1817 188
Red, & gray siltstone w/ quartz 1817 | 1884 188
Black & gray siltstone w/ streaks of quartz 1184 | 1941 183
Brown & gray silistone w/ green claystone & quartz (soft) 1941 | 1946 188
Black, grey & green siltstone w/ some quartz 1946 1967 188
Grey, red, brown & green siltstone w/ quartz 1967 | 1989 188
Black basalt w/ gray siltstone and small streaks of gray clay 1989 [ 1998 188
Black basalt w/ gray & black siltstone and streaks of green claystone 1998 | 200! 188
LCE WA
RECEivEL
0CT 04 20t
WWATER RESGU: -




POLK 52056

Dallas ASR—1

Feomesmmemmsseoecooooeoo-- 1 abel: L68036

161741

————muacb

Start

20” Boring with-

16" Steel casing
[~ Cement seal from

0--501°
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(WELL 1.D.)# L 77126

(START CARD) # 174395

POLK
STATE OF OREGON
WATER SUPPLY WELL REPORT
{83 required by ORS $37.765)

\lnslruc(inns far completing this report are on the jast page of this form.
(1) OWNER: Weil Number Dallas ASR
Name City of Dailas, Oregon
Address 187 SE Court St
City Dallas State OR Zip 873368

(2) TYPE OF WORK
(O New Well [(] Deepening m Alteration (repair/recondition) ] Abandonment

(3) DRILL METHOD:

(9) LOCATION OF WELL by legal description:

County Polk Latitude Longitude

Township 7 S Range 6 w WM.
Section 36 SE 174 NE 174

TaxLot 109 Lot Block Subdivision

Street Address of Well (or nearest address) 16375 W. Ellendale Ave., Dallas
OR

(10) STATIC WATER LEVEL:
188 f. below land surface.

Date 07-06-05

[JRotary Aic  [JRotary Mud [ Cable [JAuger

Mother pump cement vla trame plpe

(4) PROPOSED USE: Artesian pressure
[(ODomestic  Rf|Community [Jindustrial  {]irrigation

[ Thermal [Jnjection [JLivestock  [JOther

(5) BORE HOLE CONSTRUCTION:

Special Construction approval [ ] YesjZ]No Depth of Completed well 925' g,

lb. per square inch. Date
(11) WATER BEARING ZONES:

Depth at which water was first found

Explosives used [} Yes [CJNo Type Amount

From To Estimated Flow Rate SWL

HOLE SEAL

Diameter From Te Material From To Sacks or d

How was seal placed:
O other

Method [JA [JB [Jc [p [JE

—————

(12) WELL LOG:
Ground Elevation

Backfill placed from 925  f# 02001 A Material Neat Coment

Material From To SWL

Gravel placed from ft. to ft.
{6) CASING/ALINER:
Diameter From To Gauge Steel

Size of gravel

Plastic Welded Thresded

Refer to POLK 52056 for well construction
detalls.

Casing: g 0. O g
O o 0O O
O o 04 d
g o ad O
Liner: O O O (]
O O 8] O Backflll lower portion of well with coment (2001' (925" 188
Final location of shoe(s) (open hole; no screen, casing or liner)
{7) PERFORATIONS/SCREENS: 1,012 sacks (94¥)
[ Perforations Method
[TJScreens Type - Material
From , Te e Number, Dismeter | | e’ Cusing RECEIVED

noooo
0oooof

(8) WELL TESTS: Minimum testing time is 1 hour

LR 1 1A 41~

—WAIEI

Date started 06/24/05 Completed 07/08/05

(unbonded) Water Well Constructor Certification:

Flowing
OJPump [ Baiter A [J Artesian I certify that the work I performed on the construction, alteration, or abandonment
. . D Drill T of this well is in compliance with Oregon water supply well construction standards.
. —Vield galiunin rawdawn rill stem at e Materials used and information reported above are true to the best of my knowhdge
L hr. and belief. ) Z
. wwc Number q‘
Signed Date - )
Temperature of water F §7 Depth Artesian Flow Found {bonded) Water Well Constructef Certification:
Was a water analysis done? [1 Yes By wham ‘;_weegt res:hmlblhly for ll‘\ielecons\nmuon :}lermon :rc;bal;l:onme{l\l wo;k
. . . . . performed on this well during the construction dates reported above. All worl
Did any strata contain water not suitable for intended use? [ Too little performed duringhis fime is in complignce with Oreg on water su&ﬂly well
[CJsalty [JMuddy [JOdor [JColored [JOther construction styflards. Thi to the best of my knowledge and belief.
Depth of sirata: WWC Number
Signed pate Z/1%/ t&

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY- CONSTRUCTOR THIRD COPY-CUSTOMER
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RECEIVED

STATE OF OREGON
WATER SUPPLY WELL REPORT MAY 1 7 2000 weLLLD.#L__ X 7Y 2/
G Tequiw By ORS S37.165) STARTCARDY ___ /32870
(1) OWNER: Well Number /. SALG m OF WELL by legal duaspuon
% Couty _p, Latitndo
Address L“ - - L Township 7 N or &Range é Bum
% :AQ! State e Zpl733F Section 25 S W _Suw A
OF WORK Tax Lot Lot Block Subdivision
Now Well MWMMM)DAW Strect Address of Well (or nearest address) Y
[jnu-y/u: Dnmmd [JCble  [JAwger %) STATIC WATER LEVEL:
P 2 ladls | 28 below land surface. Date
E Artcsian pressure Ib. per square inch.  Date
ztﬁmuc DCommmlty [Jinduswriat [ Jlrrigation 1) WATER BEA ONES:
Thwrmal  []njection Livestock  []Other
hﬁﬂﬂ!ﬁ)ﬁﬁﬂ%ﬁﬂf——g Depth at which waler was first found Qg‘é o/, é;cn e
Special Construction approval [T}Yes [3No Depth ot Complaca et 1§24 o] N
Raplosiveawaed [JYes [JNo Type Amount From™~__ To Estimated Flow Rate | SWL
HOLE SEAL . ~— -
Dismster Prom T Material From Te pound:
L Cene T |/82| /52 @ ~.
Tt bedeis | /221197 % Aoy -
L——-—-—————J d ——
(12) WELLLOG:
Rowwsssalplscod:  Method [JA [IB [JC¢ [ID []E Ground Elevation
3 ot
Backfilplacedfrom ___ fito_ B Material SWL
Qravel placed from o R Sizeof gravel 4. A
NER:
Dissster From To Gauge Steed  Plastie Welded Thresded rewrd
(‘uh:' D D D D
P O o 0O ] sl
Urvyluat O O O O
o O d a
o O o O
Pioa! location of shos(s)
0 REENS:
DW’ Method .
{(JScreens Type Material : s I
Prom, To size ,K.»qmw Terlve Casieg  Liner ¢ 2 W/ PRI/A ;
< (] O PN
R~ 0 O |[pE#EEE) 123~ 2u
~_ 0O O
~{ o
1)) TESTS: Minimum testing time is 1 bour Date stasted L] = Completed -
Plowing {vnbonded) Water Well Construcior Certification:
O Oue | DARE | Lt et et i e
Yield galimin Oulistem e Thme Materials 1 At Iformation rEporid sbove e e 1 the bt of iy ko lodge
1he and belief.
WWC Number
Signed Date
Temporsture of water __A) A Depth Artesian Flow Found (bonded)WadelComtmdorCmiﬂaaon.
Was a water analysis done?  [] Yes By whom [ accept for the construction, alteration, or sbandonment work
Did any strata contain water not suitable for intended use? ~ [] Too little m:ﬁms;;nmu?mmo reported above. All work
[(ASalty [IMuddy [JOdor [JColored [JOther construction This report is trus to the best of ny know -ndbehel
Depth of strata: WWC Number _/.5°7/

e v A Y T AT TRTTLA VT ATIA T

TIHBOYT ANDV FNNCSTRI I TNR

Sigod _ (A e A £Ds D Ffiip

SREONND NPY _ CHSTOMER




REVEIVED

Ongined 5113 )
FEB 2 2 2000 PaLk, ) 8 Log
STATE OF OREGON : ,
WATER SUPPLY WELL RRRGMNER RESOURCESDEPT. = ' &1 welLiD. #L_AT7# 7/
e O ) iy STARTCARD#__ /14 2Y5
(1) OWNER: ] Well Number ___/ ® wcxrlonopwzul;quadau-tpnon '
' Name 2 Ade 2 - County
Hanh. L Township d Na@w Y 4 e«@m
Dallas _Stnt & Section__ RS SWwn_Bid
(2) TYPE OFWORK Txlot 400 1La Block Subdivision
New Well [ Altration (ropar/rocondition) [] Abandonmnent | Strect Addreas of Well (or nearost sddeess) _JBL S5~ MaZs £7
[fouyAic [JRotayMud [ICble  [JAuger {19 STRTIC WATER LEVEL:

. A8t bciowiead suface. Dute_ /=27~ 20
S Artesian pressure 1b. per square inch. Date
[:]Commty [Oindustrial  [Jlmigation | B :
Thermal Injection Livesock  []Other ,
E;muaﬁcom%m Depth at which wates was frst found /72

WWWDYuBWMdemm/ﬂ n

Bxplosives used []Yes [MI6G Type From To Estimated Flow Rate SWLI
HOLE SEAL > /76’ y 574 <% 2
From To Materisl From T or pounds
"6 V0 1393 commant= 335 2YT | 7 Waifhe —|
12) WELLLOG‘
How wasealplacet  Metiod [JA DB @< Op OB Ground Hevation

' Material

| Basalt Black Lo | /20 ]
M /70 /2o |
| Basalss Block /70 1292
Wi&&
[BasalZ _Zlack 350 | 320 |

W_J,zzo 373

sLEEEE

_ Date started é-éo.. 2o Completed l=25-20
Flowing (unbonded) Water Well Constructor Certification:

]
y Pump [ Baiter r -2 [JArtesian I cortity that the woek | perforaned on the construcion, aieatin, o sbundoncnect
I of this well is in complisnce with Oregon supply well construction standards.
- ﬁ e’/ 4 VBT pTome me‘uwmwmnm;‘mmdmymme
Mo Cl Ho o @ 335-3 1he
% /72 R0 24 WWCNumber
; Signed Date
&  Twmperstureof water 5 ¥ ~_ Depth Anesian Flow Found (bonded) Water Well Constructor Certification: '
Was 8 water analysis done?  [] Yes By whom lmpmmmmmawm
; m}m contain water not suitable for intended use? ] Too tistle mzm‘ this time &2 :‘mwwﬂ#‘“k
e aty [JMuddy [JOdor [JColored [JOther Construction standards. This reportis trus 10 the best of my knowledge and belief.

Depth of strata: 235~ 3y’ wwcum___/i'.’Z[
Signed é!&é;!g ézl Do _[— 2 7=

ORIGINAL ~ WATER RESOURCES DEPARTMENT  FIRST COPY — CONSTRUCTOR  SECOND COPY - CUSTOMER

7
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03 200
STATE OF OREGON : APR FoLK
WATER SUPPLY WELLRE%WESDEPT /7758

(MMN"JO”W'M)

WELLLD.#L__327/9
STARTCARD® _ /4 255

HW! EDoepening DAM«MMMM)DAM

[O¥RayA [JRotwyMud []Cable  [JAuger

(%) LOCATION OF WELL by legal description:

County
Township z Haaw £ B w GDWM.
Section 22 Sl M Sy 14

Taxlot 4490 Lot Block Subdivision

Stroct Address of Well (or noarcst sddress) VLSS ManToc 27

wc@mmwuvumf Deptholwmwan a2/ .

Bxplosives used [] Yes [g-r'lypo

Prom To SWL

HOLE SEAL FY, _2a < —
Dlamstor  Proes  To Mitrid  From To  (@aJRepends 55 7 /
o 20 9

ﬁ z’___l?_L!I 2 | 27 290 28 gam |9

I I D

(12) WELLLOG:
Howwammalplacst Method [JA [OB [Jc [Op [JB Ground Flevation
9.&!?:. from fto fr. Material Material From To SWL
M&Em f. to R Smeofgavel —ﬂf-&"] P 7 —
Disseter rn- To Gouge Steel Plastic Walded Threaded j[gr,_dm_/_m V4 3 -
cung 4% |+ | T2 3 O B~ O
0O O O O
— O o g ad (& | ai|—
Linor: _\D O O [
— O~ 0. O ||Buad; Beoww - Fadiied |21 | 22 | =
Floal location of shoe(s) ___
RATIONS/SCREENS: T | Basnit, black- Aaed 22 |22 |—
DSM Type Material
From Te siae Dismeter hw’i-.. Caslag Liner -
o o|®
) o a PIVX ¢ ) 7
] w
(8) WELL TESTS: Minimum testing time is 1 hour Datestarted B =/3- PO Completed __3 =/ 3 -od

Opuny [JBsiler IC 3 Dmﬁ
_Yeidglms  Dremiows Drisiemst Tiane
2 19> 29 [ Vx| ad
A /4 A 241 14,

Tempesature of water_5 ®  Depth Astesian Flow Found
Was & water analysis done?  [] Yes By whom
Didmymmmwdunm-uhbhfumdadw?
[@6ifiy [(JMeddy [JOdor [JColored []Other
Depth of straia: Ma

[ Too little

(unbonded) Water Well Constructor Certification:
that the work § the

dm pesformed on the construction, alteration,

Mdu'hllnled information

Signed

hhmﬁmﬂﬁ&mmm mn;unm
reporied above are true to the best of my knowledge

WWC Number
Date

1

pecformed during this time is in
construction standards. This

. pe ‘wwcum ‘szt

(bonded) Water Well Constructor Certification:

dﬂunpomdabon. All work
with Oregon water well
report is true to the best of my and belief.

for the construction,
the

ORIGINAL - WATER RESOURCES DEPARTMENT  FIRST COPY ~-CONSTRUCTOR  SECOND COPY - CUSTOMER
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’L (1) OWNER: -
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- 77 AR e D e T e eomne i 1 (hondel) Vater Well'Coisowcior Cerfificatiods
’ mdm_ﬂ_

Depth Artesian Flow Fotde—rdimsn: I u'i'-. Jobpondiilityfor. mm«.mmmm
)| %o o wetss saalysis done? [ ¥es By whom wenmdumemmwwmmmm-

amy streta cootain water not suitable for intended use? [ Too little “““""N'“”i""wmmmwwn
P sy O musdy Jodor [ colored [J Other
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" STATE OF OREGON role %/ é A.D/ 5524é

WATER WELL REPORT 53

(as required by ORS 537.765) - . (START CARD) # .270( 6"
(1) OWNER: | Well Number (9) LOCA’ ON OF WELL by legal description: _
Name " County. titude_________ _____longitede_____
Addrens /243 % Plaza w0 | Township Z - NoRange £ B orfDWM.
Yy Saldem State Zip 173 . Section ___3F5 MW _w_SE 4. . _
(2) TYPE OF WORK: o T Tax Lot Lot - Black __Subdivisiea__ ="
[-Few wett__[J Docpen [ Recondition [ Abandon ‘| Street Addpegs of Well (or nearest address) /L 203 Eladid e -
() DRILL METHOD: _ . T s d: 3=
ERoayar O RomyMid dewe .~ 73| (0) STATJC WATER LEVEL:
Dower .~~~ -~~~ —— _z';__n.bdowlmd_mfaqe. - D .
(4) PROPOSED USE: ’ : Artesiap pressare ______ b persquarcinch. Date _______ .
O community [ industrial. ~ [, Krrigation - iﬁ) WATER BEARING ZONES:
O hermat [ njection- "(Jother_~ = =~~~ ~ - )
(5) BORE HOLE CONSTRUCTION: ; Depth at wlnch water was ﬁm found j’ yad
Special Construction spprol (1 ¥es (o Depih ofCompleled w272 p.
trplostves used [1Yes (Mo Type - " ‘Amount From 'ﬂ; Estimated Flow Rate | SWL
HOLE . SEAL . Amomat | 74 7 L =% gom |32
Diameter From To Material From To sacks or pounds
” /8 \his¥ (o0 | 12 | 43
ARV A7 _
(12) WELL LOG:
’ _ . Ground elevation

How was seal placed: é] A'0Os @& Op O= N

T Material - From | T5 | SWL
a-cmnpheedﬁom___ foo____ R . Moerial Z;gsu’/ - Ol | —
Orsvel placed from___ R-tp R Sieofgrvel *_ ~ o~ - __Igz__émﬂ-__émg Ly | —
(6) CASING/LINER: ] ‘ : vy -

Diameter =~ From To Gauge
Cusing. &Y |+2| /8 |.26@

Liner: Yy

Hinal location of shoe(s)
Y] PERFORATIONSISCREENS

DPerfomnons' Meitod J\JM ' N : PR SR PR IS

S S 11 A 27 U
0O 0 T e -
o O NATER RESOURGESDEPY "= 7. | o
O . O SALEM, OREGON, = > -~ "1 - 1~
g a -
07O

(8) WELL TESTS: Minimum testing time is 1 hour -

Flowing Date startod _Ag,lat,’éz___mmplcwd Lolazfrz. .

O Pump O gaiter —~ [F&i [ Acesian (unbonded) Water Well Constriactor Certification:
I certify that the work performed on the construction, alteration, or abandon-
Yield gal/min Drawdown Drill stem at Time mcm ot‘ dns well is in compliance with Oregon well construction standards. Materials
_ rted gbove are true to my best knowledge and belief.
s |22/ 24 L Lhe ey 2887

WWC Number

) s SWM&_&M_’;& Date

\ (bonded) Water Well Construgior Certififation:

: Temperature of Water __-Zi__ Depth Artesian Flow Found —_— 1 accept responsibility for the construction, alteration, or ebandonment work per-
) L Was & water avalysis done? [] Yes By whom | formed on this well during the construction dates reported above. All work performed
Did any strata contain water not suitable for intended use? . [] Too little o iu:_:i ?m;;ﬁpmmmg;’“ coastruction standards. This repost
" Osay O muddy D()dor DColoxed Oother .~ 777" 7|0 s, WWC Nimbis_&Z/_
. ¢ Depth of strata: . .o | Signea - : Date

b= ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT . SECOND COPY - CONSTRUCTOR . . THIRD, COPY - CUSTOMER. _9805C WAH,




&() TICE TO WATER WELL CONTRACTOR
The original and first copy of this report
are to be flled with the

!  WATER RESOURCES DEPAR

L SALEM, OREGON 97310

within 30 days from the date
of well completion..”

ECEIVER ™. QoVe

{Please type or print)

JAN 4 1&38;.“ write above this line)

[ 4

@_1 C, lstate Well No. Hﬁaﬂ:&&l@

State Permit No.

(10) LOCWN OF WEL) ‘
County Driller’s well number

BT
i o =
ju) OWNER: SALEM, ORECON
Meme L.
24
) TYPE OF WORK (check):
_é"-nv Well x Deepening D Reconditioning [ Abanden OO

. abandonment, describe material and procedure in Item 12
) TYPE OF WELL: | (4) PROPOSED USE (check):

Driven [} Domestic Industrisl (] Municipal 01

Jetted ]
QO Bored O Irrigation [ Test Well [ Other m)

?smc. INSTALLED:  mmrestean Weitea kf
- Diam. trom .22/ £t to ?q ﬂ.Guem_

WM

SW 4 GF utection F T 7SR & &

Be: and distance from section or subdivision cormer

(11) WATER LEVEL: Completed well.
Depth at which water was first found [ 2.4~ 2.

Statie level MLQ; below land surface. Date [// 29/77

Artesian pressure Ibs, per square inch. Date

(12) WELL LOG:  Dismeter of welt betow castog &5 . .
Depth driled P "2 | . Depth of completed wel 7%/ 1t

- Diam. from ft. to f®t Gage oo
. Forimation: Descrlbe color, texturf. gn!n gize and :tmctu.re of materials;
e DM, from % to At Gage and show thickness and nature of each stratum and aquifer penetrated,
N with at least one eniry for each change of formation. Report each change in
ﬁPEBFOBATIONS: Pertorated? [ Yea 3o position of Static Water Level and indicate prineipal water-bearing strata.
? of perforator used . From To SWL
g_u' of perforations _ in. by in, fo _‘§~
| - perforations from . to 2| 8o _
&...nw_...__.per!ouﬂons from ft, to __m_ < A, -
- perforations from 1t to !( [l f .
; HUE | 130\ [28T
) SCREENS: Well screen installed? [] Yes X No %0 IM
ufsoturer’'s Name { l'{d ¥i'’s
Type . Model No. : 1¥¢| 17 )
e Blot size Set from £t to - /761 2a] _
. Slot size —.. Set from £t to I 20/ 2"1
.. , > —
</ REY 211 7=
() WELL TESTS:  Dmwdowa s smoumt wate leve i iaca e saroeee A2l 541
‘ﬁ. a pump test made? [] Yes I No If yes, by whom? LAl LROM ILX -
Yield: al./min. with #t. drawdown after 2 brs. : — <&,
. . . |- Al Rillen
. ] .| T g T BEE
R T o aremtomn s A | AL TR0 o]
aalar test ____gal./min. with #t. drawdown after brs, J 6-/M DO SO __
. “sslan flow g-p-m. . cw
rature of wnte.r\f J Depth srtesian flow encountered 2t | work started // / (7 197 7 Completed {2 / 9 w72
(9) CONSTRUCTION: Date well drifling machine moved off ot well /2 /f 15277
ix seni—Material used o EMETY 7 v | Drilling Machine Operator’s Certification:
Lo This well was constructed under my direct supervision.
| sealed from land surface to 3 A <. | Materials used and information reported above are true to my
Diameter of well bore to bottom of seal ....._..[.......___ Ain. best knowledgmoaydrbelle
meter of well bore below seal ... H....... . [Signed] 32 D ate/}Z:_.A ‘....., 4922
aber of sacks of cement used in well seal A 74 9 7{
N . nt grout placed? AMKED. AN ﬂ._w Drilling Machine Operator’a License No. i -
R = = e Wnter Well Contractor’s Cerﬂflcaﬂcm. . .
1 . N g . PR EPNTRCT WP THRL S - TIPS XY X ) RSP SN Y b N -
L R . S This well was drilled undex my jurlsdjcﬁon and this report is
; true to the bezz of j 2 ? belief.
Was a drive shoe used? [] Yes XfNo Plugs ... Size: location ... tt . /7 7 Lv&’
D} eny strata contaln unusable water? [J Yes X No . h (Type or,_print) .
1Lor water? ) depth of strata’ . Address ._4.7 Z:)’ ( ___!Z " _éf_.ﬁ:ﬂlaﬁ((_.___ .
Mothod of sealing strata off ., . . . .. .. o DA 2 v - [Si 1) /
Wi well gravel packed? (] Yes YW No  Size of gravel: " - é_‘&" ‘Well Cantractor) R g
Ufrel placed from ft. to £t ) Contractor'u License No. m Date .....1_2:,[/(’.._._._., 197,7

(USE ADDITIONAL SHERTS IF NRCESAARWVY

enesaras vea
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P

e

POLK 51605
o RECTHIVED
STATE OF ORE
WATER SUPPLY WELL REPORT NO V12 26 WELL LD.#L__ 38627
s sequired by ORS S37.765) ' . START CARD *___ /Y RY/ 50
Instructions for completing this reporddi@ Biihf 231 Wiigh 1 ,
(1) LAND OWNER Well Number (9) LOCATION OF WELL by lega} description: J7A3%2P. /17
County Latitude gllude
750 . Township No©Range .5 _Eord@wWM.
Gy ullas Suc e 2p27IFR | section F/ 14 174
(2) TYPE OF WORK Tax Lot /422 Lot Block Subdivision
Well O Deepening [ Alieration (repairirecondition) [ Abandonment Stre of Well (or nearest address)
(3) DRILL METHOD: _m.o_zzm
{afGiary Air O Rotary Mud [ Cable (JAuger (10) STATIC WATER LEVEL:
) Other ft. below fand surface. Date _//-F-02
(4) PROPOSED USE: Artesian pressure Ib. per square inch Date
tic [JCommunity {J lndustrial O lrigation (11) WATER BEARING ZONES:
{3 T™hermat Onjection [ Livesiock [ Other Y ’,
(S) BORE HOLE CONSTRUCTION: Depth &t which water was first found
Special Construetion approval [ Yes GHNG Depth of Completed Well #5 . From e, Etunsicd Flow Rt T SWL
Explasives used [J Yes (%0 Type Amount 76 7 g 7% 70
i T Material S:A . To  ackdor pound ¥ y2. —L 20 |
Dismeigr From tey = o Ztm s E L7 950 w7 1s Vs2-2
senta? 2/
ikt 7 37
A58 |59 - (12) WELL LOG:
How was seal placed:”  Method B N #2¢ Op,A Oe Ground Elevation
) Other i ya
Backfill placed from fi.to__"____fi.  Material Material From To SWL
Gravel placed from ft.to______fi.  Size of gravel Top 50/ o 2 -
{6) CASING/LINER: | Clay, broww 3 2 -
Dismeter From _To , Gauge Steel  Plastic Welded Tureaded | | Shale, broww - Grey / % |-
ey _ LY |42 ¥l a2 35— 0 = O Clngshne, Crey=medinm % 20 | —
0O O a0 O ot sands Koo | os | —
a a a a Lrgdt 205 30 -
- a a a a Sandstone Jo g 2 |-
Liwer: & S |9+ 0 = B~ 0O E L7 323 /%0
Drive Shoe used [ Inside(Outside D[Nj 00 23 YRR B
ve used ns4 tsi
Plusl location of shoe(s) 7e San - ,I!#Q‘ ;l/; [{,0
(T) PERFORATIONS/SCREENS: Y ) ’ﬁ,"
forations Mcthod 4o L = o
(] Screens Type Materisl __2r¢ M‘A‘L&M_‘ZBA___QZ /o
Siot Tele/pipe &dxb.%&r_w_za_z__ﬂg
From To siu Number Dmmtsr size o Casing Liner - Yo Y50 Pa Ld
AXo | Y59 60 {1 K A= L - ¥so 459 lgpﬁ .
o a z,-.l(ttlfl_‘ araft. 7
o 0 Le IWANTALE NI A . l&%.
_a O {Lichersy Well M{//Jﬁq Joe.
(8) WELL TESTS: Minimum testing time is 1 hour Date started __ /4 = 3F-02, Complcted " ff~2-02
. e 0 :'no‘"'"x (unbonded) Water Well Constructor Certification:
0 Pump D Bailer r estan 1 cenify that the work | performed on the construction. alteration, or ahandon-
Yield gal/min Drawdown - Drilt stem at Time ment of this well is in compliance with Oregon water supply well construction
r hr. standurds. Materials used and informnation reported above are tnse to the best of
Ao 3/8 758 3’ knowledge and belief, o "
180 A0 370 £ WWC Number
/50 /50 290 I3 Signed Due
Temperature of water _93._ ‘ Depth Artesian Flow Found (bonded) Water WellConstrudor c"‘““f"‘""’ )
W wtr it donet DV By who | e fr e cosrcion: o, o dment v
{hd any strata contain water not suitable for intended use? [J Too Kittle performel during this time is in compliance with Oregon water supply well

say OMuddy [0Odor (JColored [JOnher
Depth of strata:

coglu)‘lh'é'L I'S‘JW«S

construction standards. This repont is true to the best of my knowledge and belief.

g . WWC Number
Signed % A %,

Date o Jep 2o

ORIGINAL — WATER RESOURCES DEPARTMENT  FIRST COPY - CONSTRUCTOR SECOND COPY - CUSTOMER
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APPENDIX D

ANALYTICAL LABORATORY REPORTS
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CHZMHILL
Appiied Sciences Group
.L Canom OR
‘ 97330-3538
CH2IMHILL P Box A28
'L - Applied Sclenges - Group CM on
| griwoas
'g _ Ték 641 762.427)
.L Octaber 7, 2004 Febe S41.742.0276,
'L City of Dallas/ASR
' 3
) 314363.40.03
s RE: Laboratory Report for City of Dallas/ASR
) Applied Sciences Group Reference No. D4124
|
)
'i L Applied Sciences 'Group received ene sample with a
1 request for analysis of selccted paramieters. All analyses were performed by CH2M HILL
) unless otherwise indicated below.
]
b The analytical results and associated quality contrel data are enclosed. Any unusual
) difficulties encountered during the analysis of your samples are. dlscusscd in the ¢ase
narrative.
I
" CH2M HILL Applied Sciences Group: appreciates your busiriess and looks forward to
P%L serving your analytical needs again. If you should have any questions concerning the data, or
) if you need additional information, pleas& call Mark Bos at (541) 758-0235, extension 3135.

Sincerely,

Mark Bos
Analytical Manager

Enclosures

GRIDO02Z
PAGE 1 of 15
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CLIENT SAMPLE CROSS-REFERENCE

CH2M HILL Applied Sciences Group Refereano_ DATA

_ SaihpleID Client Sample ID Collected  Colleated

DAL2ADT 59041 0870572004 300
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-

ez

r
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GENERAL CHEMISTRY
Lab Referenice No.: D4124
Client/Project:: City of Dallas/ASR

Holding Tim
Al ac&ptance criteria were meL.

. Digestion Exceptions:
None

Ir. Analysis:

A.  Calibration:
Al acceptance oritefia were met.

C.
All aaceptanca cmeda were met.
E. Other:
The sample had 2X dilution for perchlorate due to high condativity (4600 us/cm.
MCT 4900 us/crii). :
IV.  Documentation Exceptions:
None.

V. Teertify that this datax package is in compliance with the terms and conditions agreed to by the

client and CH2M HILL, both technically and for completencss, except for the coaditi

abave; Release of the data contained in this hardcopy data package has been: authaﬁzed by the
Laboratory Manager er his designee; as verified by the following signature.

“3 -
Pl‘epared by: (,fﬂ——--m,-_

SN
Reviewedby: 7 —




e
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r

r-

P

Reviewed by:

Lab Reference No.: Dd124

L
1L
11 8
All anceptance mte;ia were‘ met.
F. ICP Serial Dilution:
Not Requited.
.

-ahfmt and CHZM HILL both teclnmally and for campleteness, except forthc cqn&xtmns detanled,
above. Release of the data contained in'this hardcopy data package has been authoriged by the
Laboratory Manager of his desrgnae, ag-verified by the following signature.

Prepated by: 0 dé\ﬁ

9
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CICLOETTH Ir P& U s phgrssopsprguo vy -

CASE NARRATIVE.
VOLATILES

LabReference Nous D4124

Alt aeceptance cntena Were Taet.

F r.
None

.  Documentation Exceptions:
None

V. 1 certify that this data package is in compliance with the terms and canditions aggeéd to by the
clisntanid. CH2M HILL, both technically-and for completeness, except for the- couditions detailed
above. Release of the data contained in this hardcopy-data package has been: autherized by the
Laboratory Manager or designee, as verified by the following sighatyre.

Prepared by: ‘77 /A:—\'_\

Reviewed by: | Ka:Q’fLQ,} mec kﬁf‘\(«@;}
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CH2M HILL Applied Sciences Lahoratory

Client Sample 1D: 99041

Project Neme: City of Dallas/ASR
Project Manager: Chris Augustine/PDX
Sampled By: Not Provided
Sampling: Date: 09/09/2004
Samyplinig Time: 13:00
Type: Grab
Mairix: Waler
Basis: As Reesived

Lab Batch 1D: D412401

Date Received: 09/09/2004

Report Revision No.: 0

Réported By: DDH/YL
Reviewed By: o2

Analyte

MRL

Safnple
Reésult

Qualifier

Analysis

Units Method

Date

Anabyzed:

Gernteral Chemistry

Alkalinity, Total

Bicarbenate-Alkalinity
Carbonate-Alkalinity

Amrmonia

Ghioride
Colar (APHA) True

Cyanide, Total

Fluoride
Nitrate
Nitrite
Odor
Perchlorate
pH

Sulfate

Total Dissolved Soilds
Total Suspended Solids
Total Phosphorus

TOC

U=Not detected at specif

50
5.0
5.0
0.10
-ze.o

0.085
0.10
0.10
0.10
0
5.00
0.10
5
2
0.06
0.50

e teporting limits

124
50
50
0.39
2560
5
0.005
0.44
0.10
0.10

5.00
8.17
122
4190

0.05
0.50

cocgc €©c <

ccc

- mg CaCOyL

EPA 310:1
EPA:3101
EPA 310.1

mg CaCOyL

mg/t.asN
mg/L

color units
migh
mgfL.

mg/lLasN

EPA 300:0-A
sM21208
SM 4500 CN-E
EPA 300.0-A
EPA 300.0-A
mglLasN EPA 300.0-A
T.ON. 8M 21508
gl EPA 314
pH EPA 150:1
mg/L EPA 300:0-A
ma/L EPA 160:1
g/l EPA 1602
mg/L EPA.365.1
mg/L SM5310D

SM4500-NH3-D

09/20/04
08/20/04
00121/04
09/11/04
00/10/04
09/11/04
08/41/04
09/14104
Q9HO/04
16/04/04
09/10/04
QO 1/04
09/13/04
09/13/04
09/24/04
09n7R4

MNWWMM Carvalis OR 97330-1538
PO Box 428 Coryalis, OR 973500498
Tel 541:752.427 1 Fax 8417526275

ang



CH2M HILL Apphed Sciences Laboratory

ror-

rwﬂc @

Client Sample: ID: METHOD BLANK

Projéct Nairite: City of DallAs/ASR
Prolect Manager Ghﬁs Augustine/PDX

Lab:Batch ID: D4124

Date Réceived: 05/09/2004
Report: Revision No.: 0
Reported By: DDH/YL
anedsy P,

= Analyte

Qualifier

Units

Analysls _Bate
Method _ Analyzed

General Chemistry
Alkalinity, Total
Blcarbonate-Alkalirity
Carbonate-Alkalinity
Ammonia
Chioride
i Color (APHA) True
LCyanlde Total
Fluoride
. Nitrate
LNltme

k Perchlorate

i pH

b Suifate
Total Dissolved Sofids.
Total Suspended Solids:
L Total Phosphorus
TOC

]
~

§
-

5.0

50

50
0.10
0.10

0.10
0.10
0.10
a.10

0.05:
0.50

O 10
9.19

0,005
0.10:
0.10
010
5.00

0.10

065
.. 0.50

cCcogCCc cecococoococococ oo

mg CaCQJL
mg CaCO4L
mg/i.as N

color units.

mg/L

mg/las N

mg/LasN
T.O.N.
uglL
pH
mg/L
mg/L
mg/L
mg/L
mg/L

EPA 3101
EPA 3101
EPA 31014
SM4500-NH3-D
EPA300.0-A
SM: 2? 0B
SM 4500 EN-E
EPA.300.0-A
EPA 300:0-A _
EPA.300.0-A 09/11/04
SM2150B - -09/10/04
EPA 314 10/04/04
EPA 1501 09/10/04
EPA 300.0-A 09/11/04
EPA 160.1 09/13/04
EPA 160.2 09/13/04
EPA 365.1 09424104
SM.5310D, 0917104

mmmm M:OR??W
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CH2M HILL Applied Sciences Laboratory

Client Information

Client Sampile ID: 99041

Project Namme: City of Dallas/ASR
Project Manager: Chris Augustine/PDX
Sampled By: Not Provided:
‘Sampling Date: 69/09/04
Sampling Time: 13:00
Type: Grab
Matrix: Water

Analyte MRBL

Qualifier _

Analysis
Method

Metals-Total

-Aluminum, Al .. 160 100
Antimeny, Sh 3.0 3.0
Arsenic, As 20 20
Barium, Ba 259 260
Beryllium, Be a0 4.0
Cadmium, Cd 50 5.0
Chromium, Cr. 10.0 100
Copper, Cu 10.0 132
Iron; Fe 100 313
Lead,Pb - 30 3.0
Magnesium, Mg 500 5750
Manganese, Mn 10.0 4.8
Mercury, Hg 010 0:10
Nickel, Ni 20.0- 20:0
Potassium, K - 500 1150
Selenium, Se 20 2.0
Silica, Si0; 1070 25900
Silver, Ag ‘-I-O.@ 10.0
Sodium, Na 5000
Thallium, T1 2"0' 29
Zinc, Zn 20.0 20:0
Total Hardness 33 2000

Metals-Dissolved
Iron, Fe 1 100
Manganese, Mn 10.0 H3

U=Not detected at specified reporting limits.

321000

ol call ol culll il gl o

mg CaCOGIl

HOL
HolL

EPA200.7

SM3113B
SM3113B

EPA 200.7
ERA200.7

ERA 200.7
EPA 200.7
EPA 200.7
EPA200.7
8M31138
EFA 200.7
EPA.200.7
‘SM31128B
EPA 200.7
EPA 200.7
SM3113B
EPA 200.7
EPA 200.7
EPA 200.7
EPA200.9
EPA 200.7

SM23408B .

EPA 200.7
EPA 200.7

09/27H%.
081704,

09/17/04.

09/17/04-
09/17/04
09/17/04.

09/1 7104
09/21104.

09/17/04:

091 TI04

09/27/04.
0817104
00/28/04
00/27/04.

09/21/04
09117104
09/21/04
09/28/04
09717/08
09717104

00M17/04
09/17/04
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CH2M HILL Applied Sciences Laboratory

Client Sample ID:: METHOD BLANK

Project Name: ‘City of Dallas/ASR
Project Manager: Chris. Augustine/POIX
Sampled By RA- '

Sampling Date: NA
Sampling Time: NA
Type: QC

Matrix: Water

Basis; NA.

Lab Safaple ID: D4124

Dafe Received: NA
Repert Revislen Na.: 0
Repoited By: J&___
Reviewed By

Analyte

Sample:

Resuit

Qualifiér-

Units

Analysis
_ Nethod

Metals
Aluminum, Al
Antimony, 8b
Arsenic, As
Berium, Ba
Beryllium, Be
Cadmium, Cd
Chromium, Cr
Copper, Cu
Iron, Fe

Lead, Pb
Magnesium, Mg
Manganese, Mn
Mercury, Hg
Nickel, Ni
Potassium, K
Selenium, Se
Sllica, SiO,
Silver, Ag
Sodium, Na
Thalllum, TI
Zinc, Zn

Total Hardness

' 100
: 2&!
250
49
59
19.0
100
160
30

10.0

0.10

20,0
500
1 070
1990

20
20.0
33

100
30
2.0
250
4.0
5.0
10.0
19.0
100
30
500
10.0
010
20.0
500
2.0
1070
10.0
50600
20
200
33

U=Not detected at spegified reporting fimits

CH2M HIEL

Applied Sclences Grotip

cocccEecCcccCccecec cogCccCccCcaeaca

Hgh.
RgiL.
#lL
pgiL
pgll.
ol
AL
pglL
HgiL
mglL
wolL
gl
ugi
uglL.
HglL
Hgll
agll
Hall
g CaGo3i

EPA 200.7
SM31138
sum T&B

EPA200.7
EPA 200.7
EPA 200.7
EPA:200.7
‘SM31138
EPA 200.7
EPA200.7
SM3112B
EPA200.7
EPA.200.7
SM3113B
EPA 200.7
EPA 200.7
EPA200.7
EPA200.9
EPA200.7
SM23408

osmm '
09/17104
09/47/08
09124/04
09/17/04
09/17/04
09/27704
09/17104
09/28/04
09727104
0921704
09/17/04
09/2/04
09/28/04
09/17104
09/17/04

RUVNW Wit B, Covolls, OR' $7330:3538
PO: Box 428 Corvolls DR 97339:028"
Tol 5437524271 Fox S41. 7520096
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CH2M HILL Applied Sciences Laboratory

Client Sample 1D: 99041

roject Name: City of Dallas/ASR
Project Manager: Chris AugusﬂnalPDX
Sampled By: Net:Provided
Dats Cuollected: 09/09/2004:
Time Collected: 13:00
Type: Grab
Matrix: Water
Bdsis: As Réceived

Lab Sample ID: D412401

Analysis Methed EPA 524.2

Dilution Factor 1"
Date Recewgd_ 09/09/2004-
Date Analyzed: asmefzom

Report Revision-

Reportag B in.‘eﬁa

Reviewed:By:

A

B Reporting
CAS # Limit

sampla
R&su[t

Qualifier .

Purgeable Volatiles'
Vinyl Chloride 75-01-4
1,1-Dichloroethens 75-35-4
Methylene Chioride 75-09-2
trang-1,2-Dichloroethene: 156-60-5
. Methyd tent-Butyt Ether 1634-04-4
1,1-Dichloroethane 75-34-3
cis+1,2-Dichloroethene 156-59-2
1,2-Dichloroethane 107-06-2
1,1,1-Trichlercathane: . 71-55-6
Carbon tetrachloride: 56-23-5
Benzene: 71-43-2
1,2-Dichlorepropane: 78-87-5
Trichloroethene 79-01-6
1,1,2-Trichlorosthane 79-00-5
Toluene 108-88-3
Tetrachlgroethene 127-18-4
Chiorobenzene 108-90-7
Ethylbenzene 100-41-4
m,p-Xylenes- '1330-20-7
Styrene 100-42-5
o-Xylene 95-47-6:
1,4-Dichlorobenzena 106-46-7
1,2-Dichlorobenzene 95:50-1
1,2.4-Trichlorobenzene: 120-82-1

Q5.

0.5
0.5
0.5

05

0.5

0.5

0.5
0.5

05

05
0.5
05

05

05
05
o5
85
05
0.5
‘0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
0.5
0.5
0.5
1.0
0.5
0.5
0.5
%Rec

F el ol ool sl s ol ol cull aenll el acoill ool iyt el urll ol wnl el o8 it o vl et

r—

Dibromotiucromethane 1868-53-7 75-125% 100% ss
1,2-Bichloroethane-d4 17068-07-0 75-1268% . 98% 88
Toluene-d8 2037-26-5 75-125% 98% 88
p-Bromofluorobenzene 460-00-4 75-125% 91% 88

E=Estimated value above instrument calibration range
J=Estimated value below reporting limit

U=Not detected at specified reporting limit
§S=Surrogate standard

CHINM HILL
Abplied Sclences Group
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CH2M HILL Applied Sciences Laboratory

‘Client Sample ID: 99041 Lab Sample ID: D41240%

Project Name: City of Dallas/ASR Analysis Method EPA 524.2
Projest Maniager. Chiis: Augistine/PDX Units: ggil
Sampled By: Not. meidad Pilution Faetar: 4
Dt Collectatl: 00972004 Pty Received: 09709/2004.
Time: Collected 13:00 Dafg Ai 'af}ézed 09/16;’2004

; (_Eirab Y
Mai;nx Vater Reparted By' MCB
Basis: AsRecenved _ Revigwsd BY: i

Sample:

_Compoungd-Nama Result Qualifier

cHam HilkEstimated valug ,
- ApPlad SiblobtiGregtad at gpecified feporting limit

Tentatively Idsntifisd Gompounds {FIC)

2,4-Dinitrotoluene 05 ud
2,6Dinitrotoluene 05. uJ

Nitrobenzene 05 us

UJ = Estimated nori-détect at reported result

mwmm COMSB G?Pm
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CH2M HILL Applied Sciences Laboratory

Client information

Client Sample:ID: METHOD BLANK

Project Name: City of Dallas/ASR
Project Managsi: Chris Augustine/PDX

Sampled By: NA
Date Caflected: NA
Time Collectad: NA:

Tyﬁé ac
Matsix: Water

_Basie: NA

~ Data: Analyzed: 09/16/2004.

Lab Information

Lab Sample 1D: WB1-0916

Analysis Mathod: EPA 524.2
UnAits: pgA.
Difution Facios: 1
Date FRaesived: NA

pott Révision Mo 0
Reporled By~ MCB
wed B A

Analyte _ _ _CASH

1,1-Dichlorogthene

cis-1,2-Dichloroethene

" Chiorobenzene

Purgeable Volatiles: |
Vinyl Chioride 75:01-4.
75-35-4
75-09-2.
156-60-5
1634-04-4
7584-3
156-59+2
107-06-2
71:55-6

Methylene Chloride
trans-1,2-Richlorosthene
Mathyt tert-Buty! Ether
1,1-Dichlaroethane

1,2-Dichloroethane
1,1,1-Trichlorosthane

‘Garbon tetrachlaride: 56-28-5

Benzene.
1,2-Dichloropropane
Trichloroethene
1,1,2-Trichlorosthane
Toluene.
Tetrachloroethene

71-43-2
78-87-5
79-01-6
79-00-5
108-88-3
127-18-4
108-90-7
Ethylbenzene 100:41-4
m.p-Xylenes 4330-20-7
Styrene 100-42-5
o-Xylene 95-47-6
1,4-Dighlerobenzene 108-46-7
1,2-Dichiprabenzene 85:50-1
1,2,4-Trichlorobenzene 120-82-1
Dibromoflueromethane 1868-53-7
1,2-Dichloroethane-d4
Tolyens-d8
p-Bromofluorobenzene

2037-26-5
460-00-4

E=Estimated value.above:instiument calibration range:

J=Estimated value bslow reporting limit
U=RNot detected at speoified reporting limit

$S=Surrogate standard

CHEM HILL
Apiphed:Seiences Group

17068-07-0

75-1 28%
T5:125%
75-126%
75-125%

101%
99%
100%
95%

RELY cccoccecccccecccoccecEccacaa

Pa Boxd28 Govols, oa-—éizam
B TE2 A7} mﬁtrmwé
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M $7330-353¢ .

mmwm
AND AGREEMENT TO PERFORM SERVICES By 78427t BAX 4n) 720278
COC #:

Project ¢ Purchase Order # Requested Analytical Method # ' THIS AREA Fanus USEC em.v

3143¢ 3 v& &3 Tab ¥ Page | o

Pwémfw of Do las /ASR 2d L L]

Ccampany Name
Mol

. Rﬁa@dﬁq Eﬁ#ﬁé%&n
C%ﬂ by A N gdg’é’; e A63-235 - &)
RaGuesied Complation Dare! S Dianosit

Sondorvd Dgeer  Metwn

Resoteed F/fm

QA Onits JT -PH)
N

voC
o

‘Preseryative

OROT=P4ZTO00 MO = rP>-40-4

T "EPA Tior GG Lovel

Sa
. Sampling CLIENT SAMPLE 1D LAB

. 2EO0
0
T M
20O

)

1 mAbg|

(SCHARACTYERS) ac . 1 Goronring) 2, 3 4

Paw | T | AfemateDesiiption. | LabID

Ala ool )2 I O Y 7 Y30 % ) I =

Recalved By

Relhqiistied By Piease-sin anc i hare) " [ Batefiime

= 9i9)e] | 750

“{Plesseaigmand prét same)

e “RalinquRed By e e, | QTR
, Fhaled ity .

mwrsy h “(Prasealgnand jéitriame) | Daterrime. Shipped Via ' ' 8hipping#
UPS  Fad-Ex Othar '

£8

“Spechalnstructions:

| 4.0 C’«:"-fac)vd /@wﬁ'h:_ OO0 - o3y fe pmw _ |

Instrustons and Agreement Provisions on Reverse Side * [QUSTRIBUFION; Origingi + LAB, Yellow « LAB, Pink  Client
o A - "Riew.2/01 Lab form 340




ANALYSIS CHANGE ORDER

) Pmb . ,_“ 7‘

|_OCkunlle,  Date Requsstec: /2
' i B 7 bl

Approved By: K«
Affected BatchfSamples: 19 2 S 2
Client/ Project DC»“‘M As R

Descriptionof

Enteredinto LiMS (Na
Verified /Reviewed:

Comment;

DISTRIBUTION

B( LiMs Dayna Kaiunans
DataPaekaging K.Ensor 8. Haywood
Inorganics. A.B
Cationis | _
Organics .D.,.Huhba_xd M. Bos D. Hardy M:Schaade
Air Toxiics. B. Thompson G- Collins. R. Wong

Organics/MS B, Thompson. 'M. Bes D. Hardy Josephine-
Treatability - T.Maloney  D:Hardy

INCLUDE N FiNAL REPORT "

L. Tepper D: Hubbard

cCoCOO0 Q% 0O

014
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' CH2IVIHILL

i Areiytical Secvicos

Sample Receipt Record

Bateh Number: | ’Q EITNY|

. Date recaived: | [A [0

|

VERIFIGAT!@N @F SAMPLE 80NDIT|0NS (verifyall Rems) HD = cl.enm:md delivered Sal‘ﬂphs

servation

YS

x%kmﬁﬁ

If the answer- o any of the:questians above'is NO, a: Samp}e Rgeaipt: Exeep\ions Report Must he written

VER!FIGATIQN QF ﬁAMPLE PRESERVATION (vesify. allpnqsewedsamplas exceptHAAs. HMsan(t GH)

% [Wetals pH

<2

Volatiles
_pH<2

Cyanides
pH1Z |

OX pH
<2

Other (specily)

| (somnptu),

AL

<

arf4 [y

1SYY

Rev 11/05/2003-recpticd. s

“TOGIN AND pH VERIFIGATIONS PERFORMED BY

DaterTiive.



UMPQUA Research Company
P.0O. Box 609 - 626 Division Street
Myrtle Creek, OR 97457

(541) 863-5201 Fax: (541) 863-6199

ANALYSIS REPORT

i RELAP ID# OR100031

Date Reported: 09/15/04

"H2M Hill Applied Sciences Lab
i 1tn: Kathy McKinley

PWS#: Date Collected: 09/09/04
PWS Name: Time Collected: 2:00 PM
Sampled At: Sampled By: C._Augustine
Address for Report Sample Information

. JAccredited in accordance with NELAC

b,/00 NW Walnut Blvd Invoice#
Corvallis, OR 97330-3638 18264
- '‘BAS (Surfactants) Matrix: Aqueous
‘ URC Sample #: 40910-19
. Sample ID: Dallas ASR1
alyte Method|  Results (o] Units mcL |DateAnalyzed | 4, 05
;" SM 2320B-H-] 7.7 pH Units 09/10/04 MLH
L )ecific Conductance SM 2510B 6400 umho/cm 09/10/04 MLH
AS (Surfactants) SM 5540C ND@0.02 mg/L as LAS 09/10/04 MLH
%T- Maximum Contaminant Level Page1ofl
0 =N tected ndicated 7
) = None D AtLevel Ind Approved By: ?/ S o ¢‘(

Laboratory Manager

{)) Qualifier:  [B]= Analyte Detected in LMB; [E]= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; [X]= See Case Narrative

L 4 ':,,ﬂ,'

Web Site: http://www.chemlab.cc ~ E-mail: lab@urcmail net

40910-19




&  UMPQUA Research Company
P.0. Box 609 - 626 Division Street

Myrtle Creek, OR 97457

W (541)863-5201 Fax: (541)863-6199

ANALYSIS REPORT

: YRELAP ID# OR100031 Date Reported: 09/29/04

PWSH#: Date Collected: 09/09/04

r PWS Name: Time Collected: 2:00 PM
Sampled At: Sampled By: C.Augustine

{ Lailing Address for Report
H2M Hill Applied Sciences Lab
. ttn: Kathy McKinley

. 300 NW Walnut Blvd

Sample Information

Invoice#
Corvallis, OR 97330-3638 18264
. shestos Matrix: Drinking Water
‘ URC Sample #: 40910-19
Sample ID: Dallas ASR1
alyte Method|  Results [q) Units McL | DateAnalyzed | o
Esmzos EPA 100.172 ND@0.38 MFL 1.5 09/10/04 .
*Tested at MWH Laboratories
B
b
m= Maximum Contaminant Level Pagelofl 7 >/ 5
- - | o
ND = None Detected At Level Indicated Approved By% 2 e~ —— ¢ 6{/

(i \ccredited in accordance with NELAC

Laboratory Managexr

:& Qualifier: [B]= Analyte Detected in LMB; [E]= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; [X]= See Case Narrative

Web Site: http:/www.chemlab.cc  E-mail: lab@urcmail.net

40910-19b



UMPQUA Research Company
P.O. Box 609 - 626 Division Street
Myrtle Creek, OR 97457

) (541) 863-5201 ‘Fax: (541) 863-6199

ANALYSIS REPORT

)i (ORELAP ID# OR100031

). PWS#:

b PWS Name:
3 J ~ Sampled At:

Date Reported: 09/30/04

Date Collected: 09/09/04
Time Collected: 2:00 PM
Sampled By: C.Augustine

C'HI2M Hill Applied Sciences Lab
- JAttn: Kathy McKinley
2300 NW Walnut Blvd

Invoicet|
) {Corvallis, OR 97330-3638 18264
) ¥ iSynthetic Organic Chemicals (SOC's) Matrix: Drinking Water]
' URC Sample #:| 40910-19 ‘
Sample ID:] Dallas ASR1 Date Date
Code/Method] Results - jQi| Units | MCL | Extracted|Analyzed| Analyst.
2105/5152  [ND@0.0002 mg/L_(0.07 09/21/04 | 09/24/04 | JCN
b [2,4,5-TP (Silvex)(}) 2110/515.2 @0.0004 mg/L 0.05 09/21/04 | 09/24/04 | JCN
j lii,s’_(z-cmylhexyl)adipate(:t) 2035/525.2 IND@0.001 “mg/L |04 09/23/04 | 09/30/04 JCN
Alnchlor (Lasso)X(1) 205175252 ND@0.0004 mg/L  0.002 09/23/04 | 09/30/04 JCN
. |Atrazine(}) 205075252  [ND@0.0002 mg/L 0.003 09/23/04 | 09/30/04 | JCN
| cnzo(a)pyrene(}) : 2306/525.2 ND@0.00004 mg/L.  0.0002 - 09/23/04 09/30/04 | JCN
BHC-gamma (Lindane)(}) 2010/5252 |[ND@0.00002 | mg/L |0.0002 09/23/04 | 09/30/04 | JCN
‘Carbofuran(t) 2046/531.1 [ND@0.001 mg/L [0.04 - N/A 09/27/04 | JCN
( hlordane(i) 2959/ 508.1 ND@0.0004 mg/L. [0.002 09/23/04 09/28/04 JCN
E]l yalapon(t) 2031/5153 |[ND@0.002 mg/L (0.2 09/20/04 | 09/21/04 | JCN
. "ibromochloropropane(DBCP)(}) |2931/504.1 |ND@0.00002 | mg/L |0.0002 09/23/04 | 09/24/04 | JCN
. Dinoseb(1) 2041/5152 |[ND@0.0004 mg/L [0.007 09/21/04 | 09/24/04 | JICN
Diquat(3) 203275492 |[ND@0.0004 mg/L [0.02 09/13/04 | 09/28/04 | JCN
Mindothall(}) 2033/548.1 |ND@0.01 mg/l. (0.1 09/13/04 | 09/24/04 | JCN
t Endrin(}) 2005/525.2  IND@0.00002 | mg/L |0.002 09/23/04 | 09/30/04 | JCN
it'mylcne dibromide (EDB)(}) 2946 /504.1  [ND@0.00001 mg/L. |0.00005 | 09/23/04 | 09/24/04 | ICN
ilyphosate(t) 2034 / 547 ND@0.01 mg/L |0.7 N/A 09/16/04 | JCN
Heptachlor epoxide(}) 206775252 ND@0.00002 mg/L.  [0.0002 09/23/04 09/30/04 JCN
&lcpmchlor(j:) 206575252 |[ND@0.00004 | mg/L |0.0004 09/23/04 | 09/30/04 | JCN
Hexachlorobenzene(}) 227475252 [ND@0.0001 mg/L  [0.001 09/23/04 | 09/30/04 | JCN
lcxachlorocyclopentadxene(I) 2042/525.2 ND@0.0002 mg/L. |0.05 09/23/04 09/30/04 JCN
ethoxychlor(}) 2015/5252 |ND@0.0002 mg/L |0.04 09/23/04 | 09/30/04 | JCN
Pentachlorophenol(t) 2326/515.2 |ND@0.00008 mg/L  |0.001 09/21/04 | 09/24/04 | JCN
iv (2 c&ylhexyl)phthalate(:t) 2039/525.2 ND@0.0013 mg/L.  [0.006 09/23/04 | 09/30/04 JCN
piclomm(}) 2040/5152 |ND@0.0002 mg/L [0.5 09/21/04 | 09/24/04 | JCN
I’olychlonnatedblphenyls-PCBs(I) 2383/ 508.1 ND@0.0002 mg/L  |0.0005 09/23/04 | 09/28/04 | JCN
i hmazine(3) 2037/525.2 |ND@0.0001 mg/L  |0.004 09/23/04 | 09/30/04 JCN
o xaphene(T) 20207/508.1  [ND@0.001 mg/L.[0.003 09/23/04 | 09/28/04 JCN
ydate (Oxamyl)() 2036/531.1 @0.002 mg/L (0.2 N/A 09/27/04
{¢’l. - Maximum Contaminant Level

&
! 1 - None Detected
r, 1) Accredited in accordance with NELAC

32} Chaalifier:

K ld
Pagelof2  Approved By: 2L 4 nv“’\__\-g{

Laboratory Manage-

B= Analyte Detected in LMB; E= Estimate, Qutside Calibration Range;

M= Possible Matrix Effect;

X= See Case Narrative

Web Site: http:/www.chemlab.cc  E-mail: lab@urcmail.net

40910-19a
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UMPQUA Research Company

P.O. Box 609 - 626 Division Street

Myrtle Creek, OR 97457

(541) 863-5201 Fax: (541) 863-6199

ANALYSIS REPORT

ORELAP ID# OR100031 :
SYNTHETIC ORGANIC CHEMICALS (SOC'S) - Unregulated

Matrix: Drinking Water

(1) Accredited in accordance with NELAC

URC Sample #:] 40910-19
Sample ID:| Dallas ASR1 : Date Date
Unregulated SOC's Code/Method| Results [q) Units_ MCL Extracted | Analysed | Analyst
|[3-Hydroxycarbofuran(}) (2066 / 531.1 [ND@0.004 [mg/L N/A 09/27/04 JCN
Aldicarb(}) 2047 /531.1 @0.002 |[mg/L N/A 09/27/04 JCN
|Aldicarb sulfoxide 2043/531.1 IND@0.003 [mg/L N/A 09/27/04 JCN
[Aldicarb sulfone(}) 2044/531.1 [IND@0.001 |mg/L N/A 09/27/04 - JCN
Aldrin(}) 2356/5252 [ND@0.0001 |mg/L 09/23/04 | 09/30/04 JCN
Butachlor(}) 2076/525.2 IND@0.001 |mg/L 09/23/04 09/30/04 JCN
Carbaryl(}) 20217/531.1 |[ND@0.004 |mg/L T N/A 09/27/04 | JCN
Dicamba(3) 2440/5152  IND@0.0005 |mg/L 09/21/04 09/24/04 JCN
[Dieldrin(}) 2070/525.2 |ND@0.0001 [mg/L 09/23/04 09/30/04 JCN
Methomyl(}) 2022 /531.1 @0.004 |mg/L N/A 09/27/04 JCN
Metolachlor(}) 2045/525.2 IND@0.002 |mg/L 09/23/04 09/30/04 JCN
Metribuzin() 2595/5252 |ND@0.001 |mg/L 09/23/04 | 09/30/04 JCN
Propachlor(}) 2077/525.2 IND@0.001 |mg/L 09/23/04 09/30/04 JCN
- oy
CL = Maximum Contaminant Level Page 2 of 2 Approved by:cr/é
= None Detected Laboratory Manage:

I[Q] Qualifier:  B= Analyte Detected in LMB; E= Estimate, Outside Calibration Range; M= Possible Matrix Effect;  X= See Case Narrative

Web Site: htip://www.chemlab.cc

E-mail: lab@urcmail.net

40910-19a



el 1o |

UMPQUA Research Company
P.O. Box 609 - 626 Division Street
Myrtle Creek, OR 97457

(541) 863-5201 Fax: (541) 863-6199

ANALYSIS REPORT

B()RELAP ID# OR100031

PWS#:
PWS Name:
Sampled At:

Date Reported: 10/20/04
Date Collected: 09/09/04
Time Collected: 2:00 PM

Sampled By: C.Augustine

Atta: Kathy McKinley

Mnlllng Address for Report -
CH2M Hill Applied Sciences Lab

Samgle Information

gl Togn X ap B oo

. 12300 NW Walnut Blvd Invoice#
Corvallis, OR 97330-3638 18264
Radium/Uranium Matrix: Drinking Water '
~ URC Sample #: 40910-19
Sample ID: Dallas ASR1
i Analyte Method|  Results |0 Units | mcp |PateAnalyzed |, st
Combined Radium 226/228 EPA 903.0 & 904 ND@0.2  pCVL 5 10/06/04 *
A ‘ombined Uranium ATM D5174-9t ND@0.001 pCi/L 30 09/23/04 - *
irous Alpha EPA 900.0 ND@1.0 pCi/L - 15 09/29/04 *
(iross Beta EPA 900.0 ND@2.0 pCi/L 50 | 09/29/04 *
4 Strontium-90 EPA 905.0 ND@10.0 pCV/L 8 - 09/14/04 .
b ritium EPA 906.0 ND@1200 pCiL 09/17/04 >
odine- 131 EPA 901.1 ND@20.0 pCilL 09/14/04 .
} Teated M Encrgy Laboraton& Inc.
;t ‘. ~ Maximum Contaminant Level Page 1 of 1 VY OVd ( ¢
R2:13 =~ Hane etected At Level Indicated

{ Accredited in accordance with NELAC

Approved By: %} 2

F) (usliftes:  [B)= Analyte Detected in LMB; [E}= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; [X]}= See Case Narrative

8

)

'L Web Site: hitp://www.chemlab.cc  E-mail: lab@urcmail.net

40910-19c¢
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COOLER RECEIVED ON q/MJQ;[

UMPQUA RESEARCH COMPANY

P O BOX 609 - 626 DIVISION ST
MYRTLE CREEK, OR 97457
TELE: (541) 863-5201 FAX: (541) 863-6199
ORELAP IDi# 100031

COOLER RECEIPT AND PRESERVATION FORM

'URCSMLE%?/& "lCl .

OPENED ON q//do/ BY% e

vTYYYY©Y .-““ rowwyYyYsvrYYEX2X: Xasrr2IXTXIYY.

F-293 06/03/03 QA z _

. Were seals intact and signature & date correct YES |NO |[NA
2. Cooler# /AR < Walk-in
. Temperature of cooler upon receipt: j-, 7 < )
3. Type of packing material present: [ JBubblewrap [ Jice Packs [ JPeanuts [ JOther
4. Chain of Custody (COC) papers enclosed with samples? D |no [Na
COC papers properly filled out in: ik or pencil (YES) |NO |nva |
Were they signed? YES NOo |Na
) ‘Were they dated? . NO |nNa
5. Didall bottles amive in good condition (unbroken)? - e [vo |na
6. Were all bottle labels complete?: Collection date | ]@j Ino |na
' Time ( ’—’@‘ NO |NA
' Initialed/name AJves |wo |Na
Analysis /‘@ NO |NA
| Preservationinfo A YES) |NO- |Na
7. Did all bottle labels and tags agree with custody papers? AES |wo |wa
8.  Were the correcttypes of bottles used for the tests indicated?  ~ fYES) [No | nvia
9. Were VOAvials checked for air bubbles? (gEs|no |Na .
[ 10.  Did the bottles originate from URC? | somE fALL |
11.  LAB Sample Processing: Split/Preserve/Other: |
‘ SPLIT : <iY_ES'S :NO | N/A
COMMENTS: presgrvep ((YES) |No - |wa
Date/Initial 7/0/0 ¢ der\




r oo e e akorCostovykecdro ¢ 7

AN
ALYTICAL SERVICES : CLIENT NAME: Chham ‘J‘ )\

v—vvvv-'v*.

o

UMPQUA Research Company .
626 N.E. DIVISION ST. - P.0, BOX 609 BILLING ADDRESS: , 825 Al W\, fvo~
MYRTLE CREEK, OR 97457 Satkl 1D, pa:iimd ok, 7L
Ph (541) 863-5201 Fax (541) 863561 99 PO Number:
' Date:___ 9 H/ oY
ORELAP ID # OR100031 - COOLER Number:
PROJECT NAME CLIENT CONTACT PERSON: ____C W( R A M
TELEPHONE 503 - 2235 £0 )_2 FAX
PWS Number SAMPLE COLLECTED BY: C. ,
Ifthe sample wiis collectsd by s URC Lab chhnldﬂ aiter the
: Sample Collection Fee miles and hours to be charged to Client: Miles Lab Tech Hours
Lab Use Only SAMPLE LOCATION / COLLECTION NO. OF MATRIX
URC SAMPLE ID No. CLIENT SAMPLE ID No. DATE Toqe | BOTTLES | pw | aqueous | soiL ANALYSIS REQUIRED

HWY07/7 | Dives AX

1/9)ot | 10| — [

X

Sao Sh—

4

S0 Asb

G A8 Raoliin/

UW@rium

Shontuim. 90

Dikum ot

- 11B%s

F

"DgMim& 6’/,{/517’"' m::;By&mplcQulodm ’

=7
M
Relinquished by

Dot/ Tame

=L s

% 09/ Kpn

A7 mm/

Recsived By Analyst/Custodian:

Tl [T Rk e

Data/Tirme

9 Lslod /soo

1 QCLevel (Circle One) 1 3

Qther

Note: Fallure to fill out ¥he entire Chain of Custody Record may result in rejection of samples.

- F236 02/05/03 QA 2'

Page of

———



(;-h‘) PV aloratories - r2HAD @F CUSTEDY(REGZRE Lot CEL

MONTGOMERY WATSON HARZA MWH LABS USE ONLY:

750 Roval Oaks, Suite 100 LOGIN COMMENTS: : SAMPLES CHECKED AGAINST COC BY:
. Monrovla, California 91016
Phone: (626) 386-1100 SAMPLES LOGGED IN BY:
(800) 566-5227 oo : — =
Fax:  (626) 386-1101 ~ |SAMPLE TEMP WHEN REC'D AT LAB: ‘_" Z (Compliance: 4 +/- 2°C) SAMPLES REC'D DAY OF COLLECTION? D (check for yes)
: CONDITION OF BLUE ICE: FROZEN ____ PARTIALLYFROZEN = THAWED
TO BE COMPLETED BY SAMPLER; (check for yes) (check for yes)
COMPANY, UTILITY or PROJECT: SYSTEM #: COMPLIANCE SAMPLES NON-COMPLIANCE SAMPLES l I
' - Requires state forms REGULATION INVOLVED:
AN POUA ?ﬁ‘bm C/b Type of samples (circle one): @m PECIAL CONFIRMATION (68 SDWA. Phase V, NPDES, FDA...)|
MWH LABS CLIENT CODE: P.O.#/JOB #/ PROJECT : SEE ATTACHED BOTTLE ORDER FOR ANALYSES | _|«hecktoryen, OR
‘ LIST ANALYSES REQUIRED BELOW (enter number of bottles sent for each test for each sample):
SAMPLER PRINTED NAME AND SIGNATURE TAT requested: rush by adv notice only . )
Chiy A,Q,A,. W STD 1 weok __3day__ 2day__1day__ : SAMPLER
T . COMMENTS
STATION #or g E .
§ < g E LOCATION SITE NAME OR SAMPLE LD. g 5 8 Q ,
T8 130 OMa AR\ TlohaS ABK -\ |G ind
* MATRIX TYPES: RSW =Raw Surface Water CFW = Chlor(am)inated Finished Water CWW = Chlorinated Waste Water BW = Bottled Water SO = Soil
RGW =Raw Ground Water FW = Other Finished Water WW = Other Waste Water SW = Storm Water SL =Sludge
{
/N N sg;z@wngf " PRINT NAME COMPANY/TITLE DATE TIME

EsE ] Y] of A
RECEIVED BY: MM‘_—_ _ A A LA /',4’ ~0-0¢ > (0 ty_g—
RELINQUISHED BY: T

RECEIVED BY:

RELINQUISHED BY: ' 57‘ .
RECEIVED BY: ' —




UMPQUA RESEARCH COMPANY

P O BOX 609 - 626 DIVISION ST
MYRTLE CREEK, OR 97457
TELE: (541) 863-5201 FAX: (541) 863-6199
ORELAP ID# 100031

COOLER RECEIPT AND PRESERVATION FORM

PROJECT/CLIENT CHIM .11

COOLER RECEIVED ON ‘7/MZ Q;[

mcsmw%?/& ‘-/7

OPENED ON q//ozoz BY 1S (L

1. Weres&lsmmctandslgnatme&datcconect YES |NO |NA
2. Coolerd_ /AR . Walk-in
. Tmnpcrauueofoooleruponreceipt' j-, 7 <.
3. Type of pachng material present: { Bubblewrap [ Jice Packs [ JPeanuts [ ]Othcr .
4. Chain of Custody (COC) papers enclosed with samples? (% NO |Na
COC papers properly filled out in: ink or pencil YES) |NO |NA
Were they signed? @ NO |NA
- Mooyttt P To Tun
5. mdmmﬂw_mmmmﬁﬁm(@okm)? } AYED [NO |NA
6. Were all.bottle labels complete?: " Collectiorrdate IY;ESB 1'NO N/A
| Time @ NO |N/A
hitialedame (] YE® |[NO |Na
Analysis AxEs) |no |
| | Preservafioninfo  {YES) |NO- | NA
7. . Did all bottle labels and tags agree with cuistody papecs?. @ NO |NA
8.  Were the correot types of bottles used for the tests indicated?  ~ YES |NO | Nia
9. Were VOA vials checked for air bubbies? {Es|No |na
| 10.  Did the bottles originate from URC? | some fALL |
11. LAB Sample Processing: Split/Preserve/Other: \"/.,
' - spum [YES _|NoAlaeal
COMMENTS: . PRESERVED |YES |[NO QNA
Date/Initial R0 ettt

F-203 06/03/03 QA_JT _



r;,w r,..,,“.:' r: !m—_w., r) | rw 'Mw, r .- '»'zw - ;,W« ,,,,, i r.,.,’ r.m . r» r.,w.,v r” - r‘” e

CHAIN OF CUSTODY RECORD
-, ' : ANALYTICAL SERVICES
- UMPQUA Research Company . CLIENT NAME CUZ™ P‘ ) \ )
626 N.E. DIVISION ST. - P.0, BOX 609 - , “BILLING ADDRESS: . 825 A€ W\ fonw
MYRTLE CREEK; OR 97457 . ; e 2o, O Hond ok, % 73
Ph (541) 863-5201 Fax (541) 863-6199 PO Number:
- ' - Date: 7_% oY
ORELAP ID # OR100031 e ' COOLER Number
PROJECT NAME, CLENT CONTACT PERSON: ___C W A &J\" i
: TELEPHONE: 503 - 2.3%7 56')_2 FAX
PWS Number, - SAMPLE coLLECTEDBY.___ (- ,
Ifthe vample wis collected by @ URC Lab Technlelap{ aritar the ,
S _Sample Colleetion P miles and haupeto be charged to Qents _____Miles __ Leb Tech Hours
Lab Uss Only SAMPLE LOCATION / COLLECTION % NO. OF MATRIX .
URC SAMPLE ID No. " CLIENT SAMPLE ID No. . DATE TME | BOTTLES | opw | aquEous | soiL ANALYSIS REQUIRED

Y9/0-¢ 7 'g,\\e..5,yA(_<R'\. | 18fet | AHR | - (8 ){ 1 e Shyr™
i S0L pAsb

| GCA+B

R | - Wanum
" Shontuim. 90
| - Dt St
| || mbAEs
| .

Date/Time

Dete/Tims Recetved By Log bx v v
i | =AU (TYrag %@Mﬂ@m
e Racsived By Analyst/Clatodhin: ‘ ime
- . / To-1 /Y S 320
1 QCLevel (Circle One) 1 /2 3 Other | Note: FaUq% to fill out the entire Chain of Custody Record may result In rejection of samples.
F236 020503 QA 9T ‘ Page__of___
1000000000000 0000000000000000RRRRRRRRRRRAARAS
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1

T e w e Y OTUISUG AT A3l Ta SdQGeSTTWSCOi1a ~ Fage 0
PLEASE-PRINT, provide as much information as possible. Refer to oomaspondmg notes on reverse side.
Company Name: Pro;ed Name, PWS # #.Permit #, Etc.:
Lo (piup. Dallas . ASR | JY2E3. 9 7> -
Report Mail Address: ~ Contact Name, Phone; Fax, E-mall: "‘Sampler Name If other.-than Contact
p O o 09 | ,Ljé Lerminé
Mu vy Qm}(, OR_ 914957 5%/ 803 300/ .
Invoice f ddress: ' A Invoice ?ontact & Phone #: [ : Purchasebrder #: “ EL! qute #:
Sanv 3= a hswe Sl g Loa2 ~ -
Report Required For:  POTWWWTPL) DW ) 5 |'A SIS REQUESTHD Notify ELI.prior to RUSH -
Other 29 §} ; NE% S ﬁ sample submittal for additional ] Receipt Te":p
£ > §\3 S S o~ s charges.and scheduling . . C
Special Report Formats - ELI must be notified prior to 2 g%.'g m ) o o o= Cooler ID(s)
sample submittal for the following: 32 2 @ .u % | - % g £ : |
‘ . - .‘-. .. i . . N - b
NELAC y A2All Level VU] S.g% g ‘§P . g E J _ 2 ® ;’ Custody Seal Y N
Other. 1825& § § H.3 1E 4E Intact YN
EDD/EDT 0 Format 253 é 3 a g <|2|§ Signature Y N
Yl . Y Match
SAMPLE IDENTIEICATION — |Collection [Colecion] 2| S 3‘] 3% [§S L E 5
(Name, Location, Interval, etc.) Date Time MATR|X QD' ~] -~ 5] Z)z Lab ID
" Duiles ASR 49o4 1901 LJ XIX[X] [NAX \ ;
TR ,
| o)
3 | g
\ L
rl \ V)
; s |
5
\ >~
-] l ﬁ:
7 :
l <
8 B (vl
- ‘ -
| 0
10 |
| i
CUStOdy Relinquished by: élh /’-S ..‘\/L : Dx“atem = L‘ SFipped DYLP A /J( - | Resaved b7 SateTime:
Relinquished by: i ! Date/Time: ~  |Shipped by: : Received by: Date/Time: -
ecor (
MUST be 1 LABORATORY USE ONLY
Slgned Sample Disposal: Return to cllent: Lab’ Disposal: Sample Type: # of fractions
in certain circumstances, samples submitted to Energy Laboratories, Inc, may be subcontracted to other certified laboratories in order to complete the analysis requested.
This serves as notice of this poss(blllty All sub-contract data will be clearly notated on your analytical report.
it ourw b sita a wwwn raviah far additinnal nfnrma n Aaw nariam fnn rabkadile fasgne P lia
2 _x a Vprourygoshe pwwwarproviah gom for fgdtionjpformatign e [ S T T



UMPQUA RESEARCH COMPANY

P O BOX 609 - 626 DIVISION ST
MYRTLE CREEK, OR 97457
TELE: (541) 863-5201 FAX: (541) 863-6199
ORELAPF ID# 100031

COOLER RECEIPT AND PRESERVATION FORM

PROJECT/CLIENT Mo?/l’( /.,Z /(

COOLER RECEIVEDON_V/j0// Q;z[

URC SAMPLE wﬁ/ﬁ /0 — lﬁ

OPENED ON /oo b BY DS z

L Were seals intact and signature & date correct YES | NO NIA
2. Coolect____ /A . Walk-in
. Temperature of cooler upon receipt: j-; 7 < B
3. Type of packing material present: | JBubblewrap [ Jice Packs [ JPeanuts [ JOther
Chain of Custody (COC) papers enclosed with samples? YES) [No |Na
| COCpapers propesty filled outin: - ink or —pencil —— [YES) {No |{na& | — —
Were they signed? ES) Ino lwa |
; Were they dated? . NO |NaA
I's.  Didal botles amive in good condition (unbroken)?  4¥E> |No |na |
6.  Wereallbottle lsbels complete?: ~ ©  Collectiodate e {nvo |na
Time ’—'—@ NO |NA |
hitalediname (] YE) |[NO |NA
Analysis A¥es |vo |ma
Preservationinfo  AYES) | No- |Na
17. . Dndallbottlelabelsandtagsagrecwxﬁ:custodypapers? ' ﬁ ) |No |nva
‘ Wmtheoonwttypwofbottlmwedforthemtsmdxcated? - A¥ES) [No |wa
9. Were VOA vials checked for air bubbles? {wEs O|vo |ma .
{10.  Did the bottles originate from URC? | some fALL )
11.  LAB Sample Processing: Split/Preserve/Other: ' |
SPLIT 1XES INO |NA |
COMMENTS: | . PRESERVED |YES |NO-|Na
Date/Initial

F-293 06/0303 QA_JT ‘

.“““.-‘“““m“““]\“‘““‘A-‘ - e o am oam e -



hL . orasasw
GH2M HI LL | P, Bowizh
, ' : Tl OF
Yr33%0a8
50152420
bi Decembeér 1&‘4 T BAL7I20T6
1o |
) City of Dallas/ASR
18 314363.40,04
b .
W RE: Laboratory Report for City of Dallas/ASK
) -~ Applied Sciences Group Reference No. D43505
)
, ~
) On Nowvember 18, 2004, CH2M HILL. Applied Sciences Group received ong:sample. with a
request for analysm of selected: parametets All analyses were performed by CH2M HILL
 Rend unlcsaathcr,wme indicated below.
).
) 'L The analytical vesults and associated quality ¢ontrol data are enclosed, Ay unusual
difficulties-encountered during the: analysis of your samples are discussed in the case
', nairative.
) CH2M HILL Applied Sciences Group appreciates your business and looks forward to
serving your analytical needs again. If you should have any questions cancerning the data, or
' E, if you niged additional information, please call Kathy MeKinley at (541) 758-0235, extension
) 3144,
‘ E L
, L Singerely,
: ,
b
, i_ Analyucal Man&ger
? Enclosures




CLIENT SAMPLE CROSS-REFERENCE.

CHIM HILL Applied Sciences Group Reference No. D4505

Time
Collegted

ple ID Client Sample TD

r

DA50501 T SWI1 14:55

00



r; . )

Lab Refereiice No.: D4505

All acceptance crnena were met.

E. Other:
Not applicable.

V. Icertify that this data package is in compliance with the terms and conditioiis agreed to by the
client and CH2M HILL, both technically and for completeness, exeept for the condifions detailed
above. Release of the data contained in this. hardcopy data packag&has been authorized by the
LaberatOry ‘Manager or his designee, as verified by the following signature.

Prepared by: _ 4&4«1‘\ /JJ\ oo {

Reviewed by: - g 7 %




-

i

.

Lab Referunce Na.: D4505:

None
V. Icertify that this data package isin mmphance with the terms and conditions agreed to by the,
clientand CH2M HILL, both tecbnically and far compietmess except for the conditions detailed

above: Release of thc data containied in this-hatdcopy.data package has bécn avthotized by the-
Labaratory Manager or lis desighee, as verified by the following signature.

Prepared by: J) O\

Reviewed by:




CH2M HILL Applied Sciences Laboratory

Client Infor
Client:Sampile ID: SW1

Project Name: City of Dallas/ASR
Pro;ect Manager:. Chiis. Augustine/PDX
Sampled By: C.A.
Samphng Date: 11/18/04
Sampling Time: 14:55
Type: Grab.
Matrix: Water
Basis: As Received

Lab Sample ID: D450501

Date Reeelved 1111 8f2004

Sample

MBL Result

Analyte

Qualifier

Analysls Date

Units. Method.

Genoeral Chemistyy
Alkalinity, Total 5 20
Carbonate-Alkalinity 5 5
Ammonia 0.1 0.1
Chloride: 0.10 3.60
Cyanide, Total 0.005 0.005
Nitrate .10 0.10
Nitrite 0.10 0.10
Nitrate/Nitrite Q.10 0.10
Sulfate Q.10 557
Total Disselved Solids 5 53
Total Suspended Solids 2 2
Total Phesphorus 0.05 0.05
TOC 0.50 117

U=Not detected at specified reporting limits

CHZM HILL
Appliad Sclences Giaup

cecec cCc

cc

mgCaCOyl.  SM23208:
mgCaCO/L.  5M23208:
mgiLas N  SMA500-NFS-D
mg/L. EPA 300.0-A
mg/ll.  SM.4500 CN-E
mgh.asN  EPA 300.0-A.
mg.asN  EPA300:0-A
mglLasN  EPAJ00.G-A
Mgl EPA300.0-A
mg/t. SM2540€.
mg/L. SM2540D
mg/L EPA 365.1
mg/L. SM5316D

] l‘el&l} 76242)1 MWMM&

N5
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CH2M HILL Applied Scienices Laboratory

Glient Sample 1D: METHOD BLANK

ijeet Name Caly of Ba_llaszSR

Sampﬁng Date NA

Sairpling Tirne: NA
~Type: Q€
Matiix: Water

Lab Sample 1D: D4505

Date Received: NA
Refrort Revisiont No:: 0

Review [, i Bny.Q

Saniplé

Qualifier

Units:

Analysis Date

Anglyte MR ‘Resulf

General Ghantistry

Alkallnity, Total 5 5
Carhotiate-Alkalinity § 5

Anvinonia: 14} 0.1

Chloride 0.10 9310

Cyanide, Total 0:005 0005
Nifrafe: 0.10 0:10
' 0.10 0:10
rate/Nitrite: 0.10 010
Su\fate ' 0.10 010
Total Dlssalved Solids 5 5

Total Phosphorus 0.06 0.05
TOC 0.50 0.50

U=Nat detected at specified reporing limits

Appﬂ‘ed Seleneessloap

coccococococoCccocgec

Mgl

mg/t.
my/l. as N
mg/L as N

Matfiod Analyzet

mgCaCay/l.  SM28208 11/29/04.
mglLas N SM45

1429104
EPAsaﬂ 0=-A 11/19/04
SMASO0OCN-E 1172004
A 11118104
11119/04

mg/asN  EPA300.0- e-A 1/16(04.

mglL
mg/l.
mgfL.

EPAS008-A  11/19/04
SM2540C 1722104
' : 11£22/04
1210204

sméswi:: 11723104
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CH2M HILL Applied Sciences Laboratory
Client Information
Client Sample lD: swi Lab Sample (D: D450501
Project Name: City of Dallas/ASR Date Received: 11/18/2004
Project Manager: Chris Augustine/PDX Report Revision Mo 0
Sampled By: CA. Reperted By: JG
Sampling Date: 11/18/04 Reviewed Byis <%,
Sampling Time: 14:55
Type: Grab
Matrix: Water
Basis: As Received
Sample , Analysis Bate

Analyte MRL Resuit Qualitier Units Method Analyzed

Metals-Total _ )

Aluminurm, Al 100 100 U HglL EPA200.7 11/30/04

Antimony, Sb 3.0 3.0 (¢ prie/| SM31138B 12/08/04
 Arseriic, As 2.0 20 u Hgh. $M31138 12/01/64

Barium, Ba 25.0 25.0 U wglt. EPA200.7 11/80/04

Beryilium, Be 4.0 40 u uglt, EPA 200.7 11/30/04

Cadmium, Cd 5.0 5.0 U Hg/L. EPA 200.7 11730/04

Calcium, Ca: 5600 8050 HglL EPA200:7 11/30i04

Chromiurg, €t 10.0 100 U By EPA200.7 11/30/04

Iron, Fe , 100 100 u Hght EPA200.7 11/30/04

Lead, Pb ‘ 3.0 3.0 u ugfl 8M31138 11/29/04

Magnesium, Mg 500 1780 : polL EPA 200.7 11/30104

Manganese, Mn 10.0 16.0 U Hg/lL EPA200:7 11/36/04.

Mercury, Hg 0.10 0.10 u ugiL SM3a112B 12/03/04

Nickel, Ni 20.0 20.0 U RgiL EPA 2007 11/30/04

Potassium, K 100 273 HGAL EPA 200.7 12/08/04

Selenium, Se 2.0 2:0. u B ‘SM31138 11/30/04

Silica, SiO, 1070 18200 pgfL EPA 200.7 11/36/04

Siiver, Ag 10.0 10.0 u pgfL EPA200.7 12/01/04

Sodium, Na 1000 33810 AL ERA 200.7 11/30/04

Thallium, T1 2.0 20 u pg/L EPA200.9 12/10/04

Zinc, 2n 20.0 228 ag/l EPA 2007 11/30/04

Total Hardness 3.3 27.4 mg CaCO3L  SM2340B 12/13/04

Metals-Dissolved

Iron, Fe 100 100 U pgit. EPA200.7 11/30/04

Manganese, Mn 10.0 10.0 U ng/L EPA-2007 -  11/30/04

UaNot detected at specified reporting limits

camns - G St e
Applod Sclences Group: Vel 54, 752:4271 -Fox S41.253 G290 |
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CH2M HILL Applied Sciences Laboratory

CHent Sample 1D: ME’

Project Name: G;ty-of Dallas/ASR:
Project Manager: chris. Augy X
Sampled By: N
Sampling Date: NA
Sampling Time: NA
Type: QC
Matiix: Water
Basis: NA

Report Revision No.: 0

Lab Sample ID: D4505

Date Recelved: NA

Reviewsd Byaacs,/

Sample

Analyte | MR Hosult __Qualifier

Units _

Analysis
Method

Date.

_ Analyzed

'Irom, Fe: 100 100

10 100

30 3.0
_ 25 0 250
Berylhum. e 4.0 4.0,
Cadmiam, Cd 5.0 5.0.
Calcium; €& . - 508 500
Chromium, Cr 10.0 10.0

Lead, Pb 3.0 30
Magnesium, Mg 500
Manganess, Mn 10.0 10:0
Mercury; Hg: 0.10 0.10
Nickel, Ni 20.0 20.0
Potassium, K 100 100
Selénium, Se 20 20
Silica, SiQy. 1070 1070
Silver, Ag 10.0 100
Sodium, Na 1000 1000
Thaltium, TI . 20, 20
Zinc,Zn 20,0 20,0
Total Hardness 33 33

cCcCcCccoccCcocEcCccocCcEcCcececcceea

U=Net detected at specified repoiting limits

CH2M Hlﬂ.

Hgh
#alL

ngl-
HglL
ngh

nglL

aglL
HglL
kgl

ugiL
HY/L
HglL
ugiL
g/l

my: CaCOS/L

BM3113B
SM3113B
EPA 200.7
EPA:200.7
EPA200.7
EPA200.7
EPA 200.7

EPA200.7

5M31138
EPA 200.7
SM3112B
EPA200.7
EPA 200.7
SM3113B
EPA.200.7
EPA200.7
EPA200.7
EPA200:9
EPA 200.7
SM2340B

':rem; 752@7: Fax' :

1130104
12/03/04.
12/04/04

1 1/39/04
11/30/04
11/25/04
11/30/64
11/30/04
12/03/04.
11/30/04
11/30£04.
11/30/04:
12/01/04.
11/30/04
12/10(04
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CH2MIHI: Applled Sciences Lab

s e, T

'CHMN OF CUSTODY-RECORD

D AGREEMENT TPl ERFGHM SERVICES

r . r:vﬂ:.-x\ ’mw g
Vo 2300 NW‘Wnlnul Boulsvnrd
Carvallls, 9733843

(541) 7524271 FAX' (541) 752:0276

r

CocH

‘ Project #

314

Purchase Order #

ProjectName

| \\Q\S AS R

| Company Name.

L2

Reportto: Phono'No:

£ e rbi"&esﬁ»« |

i ‘Reguested Completion Date: ]

o

Htreea %’"‘&% |

THIS AREA FOR'LAB:USE ONLY

T Pege of

0455 |7 [

‘Matibe

il
1 § CLIENT SAMPLE ID
R[5 (6CHARACTERS)

Sampling

r'--D.w

Time

—sEsoly
[L ¥ =] ﬂ

BTWMET=FFEZOD TNO =» P40

LA

| EPA Tier GG Level

1 (Sereening) 2 3

Anternate Description

v

[ 53

¥

(EE

¥ {

|

-

‘ 1%3’,

P [£ [ XK[XTHE] wran
) el B B xwm-wé

RN S Eal YA |
t|L €

@ - |

Nrve et

—=

yished By

G‘ ek Afﬁ’c‘ay@zw o e~

Bltcmmo
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Batch Number: L,{)~ fy/.sv:r 1

- Sample Receipt Record

Date received: | //—/F-0F

—

i- ClienProject Lo ) A7 . £
VERIF&CATIGN QF SAMPLE CONDITION S (verify alr uems) HD = clrem Hand ‘délivéren) Samples
| _ “Gbservation YES NO
[ ‘Radiological Scresning for AFCEE Ve
' Were custody seals is Intact and orv the-oulside of the cooler? Lher el wdel Y
. " Ifyss, Where? an't _Rear LtSide, ac Side T e i r
. Type of packing materiaf; (Ee Blus'lce STbbI ‘
Was the Chain of Cus!ody tnside thie cmler? Shand nds st ¥
Was the Chain of. cuslﬂ properly filled out? ' X
L Were tha sample mmam in good. cnnﬂuﬂtm? X
Caintainers supphia by ASL? — x
Was there ioa in the cooler? Enter femp: rd Q ¢ £
L

f the-answer to any: of thie quesnms mevala N@ a Sanple Receipi Exaepﬂons Repm Must be written.

VERIFIOAT!QN GF 8AMPLE PRESERVATION {verify.all praserved samples exeept HARS, HANs and CH).

Cyanides] TOGC pH | TOX pH [omerepeam]
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~ 9
10
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UMPQUA Research Company
P J0. Box 609 - 626 Division Street
Myritie Creek, OR: 97457

(541) 863-5201 Fax; (341) 863-6199

Date Collected: 05/09704
The Collected: 200 PM

}mﬁmm oRIOBT . ~ Date Reported: 0S/15/04 =
Sampled By €. Augustine

CHEM Bill App!lmiSzimces Lab

2114 Kzlhy M:Kinley
300 NW Waltiut Bled

18264

’EmﬁfSamglea#:
Sample ID:|

40910-19°
Dalfas ASR1

Date Analyzed

Mefhiod w | Uniis MCL,

SMBUBEH 71 pH Units

SMas10B] 6400 | ‘nhofom | 0I0N4

clelslE

o 0910104

HEENERAERE NN ..

wepric
=

MCY. = Maximum Contaminant Level
¢ "Bi=None Deteetid At Livel Tnilicited.

Pageloft ¥ gl
Approved By: ?A s e
Laboratory Manager
(B} Batimate, Outside Calibration Range; (M= Possibilo Matrix Effect; ()= Ses Caso Namlive

Aioredited in accordance with NELAC

¢ Q;hhﬁer (B}~ Analyts Datpotediin LMB; -
i

-

e —

L

L Web Site: hitp:/fwww chemiab.cc  E-maik lab@uremailnet



JIMPQUA Research Company
] P.0O. Box 609 - 626 Division. Street

.L Myitle Creek, OR 95T

) (541) 863-5201 Fax: (541) 8636199

ANALYSIS REPORT

i JRELAP ID# OR100631
, - rws#

fling Adfivess for Report
) CH2M Hill Applied Sciences Lab
b \ttn: Kathy MeKinley
35,100 NW Walaut Blvd
) Corvallis, OR 97330-3638

Mutrix: Drinking Water:

]
)

 URE Sampled

4»10-19

Date Analyzed:

_09/10/04

) ~ None Detected At Level Hridicates

Pagel of T
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UMPQUA Research Company
P.O. Box 609 - 626 Division Street
Myrtle Creek, OR 97457

(541) 863-5201 Fax: (541) 863-6199

ANALYSIS REPORT

(ORELAP ID# OR100031
| PWSH:
PWS Name:
SﬂLed At:

Date Reported: 09/30/04

Date Collected: 09/09/04

Time Collested: 2:00 FM
Sampled By: C.Augnstitié

‘ [CH2M Hill Applied Scienes Lab
lAtm: Kathy McKinley
12300 NW Walnu¢ Bivd
[Corvallis, OR 97330:3638

Syntheﬁc Organic Cheniieals (SOC's)

URC Sum le 4091019

3105/ 5152

2110/ 515.2

0357525.2

mg/L. 005
IBQL o4

205175252

0.002

20507 5252

: ,0093

00002

'00002

2046/ 531.1

2959/ 508.1

2031/ 515.3

2931/504.1

mg/l. [0.04 -
[0002
mp/l. 0.2
0.0002

[Pctoram(yy

inoseb(}) 70417 515.2

0.007

Diquat(}) 2032/ 549.2

mg/L [0.02

ndotball(i) 3033 7 548.1

mg/E. 0.1

2005 /525.2

0.002

| Bthylene dibromide (EDBY(T)

2946/ 504.1

0.00005:

Glyphosate(t) 20347 547

mg/lL. 10.7

Heptachlor epoxide(}). 2067 /5252

00002

2065 7 5252,

0.0004

Heptachlor(f)

Jexachloroberizene(l) 22741525.2

0 001'

Hexachlofocyclopentadiene(t) 2042 / 525.2

mg/L, (0,05

Methoxychlor(t) 201575252

mg/L. (0.04

2326/515.2

0.001

20397 5252

0.006

Ecmaclﬁompheﬂel(t) |

2040 /515.2

mg/L. 0.5

0.0005

70207 508.1

2036/ 331.1

0.004-
0.003

mg/l [07

(2 Accreditedi sonoifancs with NELAC

(Q] Qualifier:  B= Analyto Détocted in LMB;  B= Estimate, Qutside Calibration Range; M= Possible Matrix Bffect; X~ See Case Narrative

Babaratory Manage:

AADAD 1004



UMPQUA Research Company
P.0. Box 609 - 626 Division Street

Myrtle Creek, OR 97457
(541) m--szm Fax (541) 863-6199

ANALYSIS REPORT

Matrix: Drinking Watet]

—Fate”

" 2047/531 1'

;

Extracted.

Anﬂma AN

l

WA

09/27/04

N/A

0927104

2043/531.1

2044 / 531.1

N/A

092704

1233615252

A

09/23/04

09730/04

207671 525.2

09723104

2021 /5%1.1

2440 /5152

N/A

092704

09721704

09724104

Iﬂ

12070/ 5252

202275311

2045 [ 5252

09723/04

09/30/04

09/27/04

09423/04

09/30/04

2595:/ 5252

TERLLTLT

09/23/04

09/30/04

3071/ 5252

myL

09/30/04

olyds

‘Laboratory Manage”

Page2of2

¢ ACL = Maximum Contaminant Level
- = None:Détected
(

1) Accrofiled ingceordanse with NELAC
{ | 'Q]Qualiﬁ_u: BeAnalyte Detocted inEMB;  B= Betimats, Outside Colibration Ravge;  M&Possible Mitrix Effect} - X=SeéCase Nasmative-
[
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., Wirganowicz, Mark

~ From: Salzsauler, Kristin

W Sent: Thursday, July 28, 2005 1:36 PM
To: Wirganowicz, Mark; Brown, Phil
Subject: FW: Dallas Water Quality Results

C Attachments: Appendix B - Source water.pdf; Appendix A - Groundwater.pdf

+ From: Kathy.McKinley@CH2M.com [mailto:Kathy.McKinley@CH2M.com]
nt: Monday, January 03, 2005 2:08 PM
To: Brown, Phil
i Cc: Christopher.Augustine@CH2M.com
wSubject: RE: Dallas Water Quality Results

. The report is correct. The quote that was used to select the tests for analysis on this batch did not have Calcium. But your in luck.
EHV:Ve analyzed Calcium to calculate the hardness.

alcium on this sample (D4124-01) sampled on 9/9/04 is 793,000 ug/L.
Let me know if you need anything else.

LKathy

: -----0riginal Message-----

- From: Brown, Phil [mailto:pabrown@golder.com]
Sent: Monday, January 03, 2005 1:38 PM

To: McKinley, Kathy/CVO

L Cc: Augustine, Christopher/PDX
Subject: Dallas Water Quality Results

Kathy, we're working on a chemical compatibility analysis for Dallas, and we've come up with a

b discrepancy in the first analytical package: the native groundwater sample collected Sept. 9 2004 does
not appear to have been analyzed for Calcium (though it was requested). Sample ID = 93041. Here's
one possibility: was the calcium value reported in the copper column? There is a reported value for

copper (though not requested) and in the next sample collected (November 2004) there was a calcium
result, but no copper. Can you confirm?
b Thanks,
: -Phil.

Phillip A. Brown R.G,, L H.G
Golder Associates Inc.
4445 SW Barbur Blvd Suite 101
i Portland OR 97239
Office: (503) 241-9404
Fax: (503) 241-9403
e Mobile: (503) 313-5195

L3/23/2005
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APPENDIX E

TECHNICAL MEMORANDUM
PACKER TEST RESULTS AT THE CITY OF DALLAS ASR#1 WELL
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Golder Associates Inc.

4445 SW Barbur Boulevard, Suite 101
Portland, Oregon 97239

Telephone: (503) 241-9404

Fax: (503) 241-9403
www.golder.com

TECHNICAL MEMORANDUM
TO:; File DATE: June 28, 2005
FR: Phil Brown and Alexis Clark OURREF: 053-9747.001

RE: Packer Test Results at the City of Dallas ASR #1 Well

The purpose of this memorandum is to document field procedures and test results for packer
testing performed on well ASR #1 located at the City of Dallas WTP site. Well testing was
conducted to assess the contribution of any significant permeability to overall yield from zones at
depths below 950 feet. Based upon drilling observations, significant permeability is not
anticipated below this depth. The testing was performed to confirm the lack of permeability
below a depth of 950 feet and was used as the basis for grouting the lower portion of the borehole
in order to limit the formation of stagnant water within the borehole.

Field Discussion

Packer testing was conducted by Golder Associates and GeoTech Drilling personnel on June 27,
2005. The base of an inflatable packer was set in the well through a tool string at a depth of 953
feet. The top of the tool string (datum for the packer water level readings) was 12.04 inches
above the top of well casing (datum for the annular water level readings). The packer was
configured to allow water level measurements to be collected from below the packer while
maintaining a seal in the well from overlying units. Manual water level measurements were
collected from both the open annular space above the packer and from within the tool string prior
to and during packer inflation and testing.

No changes in water level were noted within the annular space and tool string over a ten-minute
period prior to inflating the packer. The static depth to water was consistently 188.54 feet (top of
casing datum) above and below the packer before inflation. The packer was then inflated to 353
psi. The water level below the packer rose 1.54 feet without any change noted in the annular
space as water was displaced. Once full inflation was achieved, the water level below the packer
took about 3.5 hours to equilibrate to 0.24 feet below the pre-inflation static. Equilibrium was
assumed when several readings were collected with no or only 0.01 feet of head change over a 5
minute period. No change in water levels was observed in the annular space during packer
inflation.

Well testing was accomplished by adding potable water with a hose through the tool string and
then recording the responses both above and below the packer. This scenario effectively created
a falling-head test that was analyzed as a slug test. The total volume of water added during
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testing was not recorded and cascading water in the tool string limited measurements within the
first 3 minutes. The water level within the tool string rose by approximately 16 feet after the first
3 minutes. Water levels were recorded every 1 to 2 minutes for one hour. Water levels within
the annular space did not change. After one hour of recovery, the water level below the packer
had recovered to within 1.68 feet of the pre-test static water level.

Analysis and Results

It appears that an effective seal was formed around the packer assemblage, as no water level
change was noted in the annular space. The deep zone water levels are shown in Figure 1. Test
data were analyzed using the Hvorslev method (Figure 2) with the software program AquiferTest
distributed by Waterloo Hydrogeologic. The Hvorslev method involves matching the overall
response to a straight line for confined aquifers but also may be used for unconfined conditions.
The recovery curve in this case was extrapolated to determine the likely head at the start of the
test. This initial head appears to fall within a depth between 171 and 165 feet. This analysis
indicated a hydraulic conductivity of 6.51 x 107 f/d based upon an assumed initial head of 165
feet.

Due to the short duration of the slug test, results were compared to early-time (near field)
transmissivity of approximately 20,000 gpd/ft observed during a 72-hour constant rate test
conducted on September 7, 2004 (CH2MHILL and Golder Associates, 2005). The apparent
contribution of units below a depth of 950 feet with an estimated transmissivity of 14 gpd/ft
(assuming an arbitrarily selected saturated aquifer thickness of 100 feet) represents only 0.24
percent of the total transmissivity and is considered insignificant. The results of this test support
the decision to grout the Dallas WTP well up to a depth of 950 feet without risk of losing
significant permeability.

Tabulated test data are included with this memorandum.
References

CH2MHILL and Golder Associates, 2005. City of Dallas ASR Feasibility Study- Drilling,
Testing, and Water Quality Monitoring Program. April, 2005.

August 2005 Golder Associates 053-9747
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Dallas ASR #1 well packer test
conducted 6/27/2005

Test information:

Base of packer is set at 953 feet and was inflated to 353 psi during testing
Tool string measurement was taken 1.04 feet above annular space measurerr

(data has been adjusted to the same datum- top of well casing)
Unknown volume and initial height of water added for test

s

Tool string
depth to
Annular |water -top
space of well
Elapsed |depthto |casing
Time water reference
Time (minutes) |(feet) (feet) Notes
9:24:30 188.54333static readings
9:25 188.54
9:27 188.54 188.54
9:29 188.54 188.54}
9:32:30 188.54 188.54
9:35 188.54 188.54
9:39:30 0 188.54 188.54|begin packer inflation
9:40 13 328 psi
9:42 15 188.5 188.49|340 psi
9:45:30 18.5 188.49 188.49
9:50 23] 188.49 188.48|345 psi
9:53:30 26.5 345/346 psi
9:56 20| 188.49 188.47|345 psi
10:02 35
10:04:30 37.5 188.49 188.18
10:06 39 188.49
10:08 41 187.44|352/353 psi
10:08:30 415/ 188.49 187.31
10:09:30 42.5 187.19
10:12 45| 188.49 187.00
10:15:30 48.5( 188.49 187.01|353 psi
10:16:45 49.75
10:17:30 50.5 187.08
10:18:30 515 187.10
10:19:30 52.5 187.13
10:20 53| 188.49
10:20:45 53.75 187.18
10:22:30 55.5 187.23|352 psi
10:24 57 187.28
10:24:45 57.75 188.49
10:27 60 187.31|353 psi
10:29 62 187.36
10:29:45 62.75] 188.49
10:34 67 188.49 187.48
10:37 70 353 psi
10:38 71 187.54
Dallas ASR #1 PackerTesting Golder Associates

6-28-05
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Tool string
depth to
Annular |water -top
space of well
Elapsed |depthto |casing
Time water reference
Time {minutes) |(feet) (feet) Notes
10:46 79] 188.49 187.66
10:51 84 187.72|353 psi
10:56 89] 188.49 187.78
11:01 94 187.84
11:04 97 353 psi
11:06 99| 188.49 187.88
11:11:30 104.5 187.92
11:16 109 187.95
11:21 114 187.99
11:26 119 188.02
11:31 124] 188.49 188.04|353 psi
11:36 129 188.07
11:44 137 188.10
11:49 142 188.12
11:55 148 188.13
12:00 153 188.16
12:10 163 188.18
12:16 169 188.49 188.21
12:22 175 188.21
12:35 188 188.23
12:45 198 188.24
12:50 203 188.25
12:55 208 188.26
13:00 213 188.26
13:05 218 188.27
13:10 223 188.28
13:15 228] 188.49 188.28
13:20 233 188.29
13:25 238 188.29
13:30 243 188.30
13:35 248 188.30
13:40 253 188.30
13:42 255 188.49
13:43 256 188.30
final "static" reading (after
allowing equilibration from
13:43 0 188.30|packer inflation)
start adding water down tool
string; water level tape is wet -
13:44 0 had to clear
13:47 262 172.12
13:48:45] 263.75 173.04
13:49:30 264.5 173.83
13:51 266 174.88
13:52 267 175.26]
Dallas ASR #1 PackerTesting Golder Associates
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Tool string

depth to
Annular |water -top
space of well
Elapsed |depthto |casing
Time water reference
Time {minutes) |(feet) (feet) Notes
13:563:30 268.5 176.09
13:565 270 176.78
13:56 271 177.22
13:57 272 177.73
13:58 273 178.26
13:59 274 178.60
14:00 275 179.01
14:01 276 179.44
14:02:30 277.5 180.01
14:04 279 180.49
14:05 280 180.82
14:06 281 181.11
14:.07 282 181.41
14:08 283 181.69
14:09 284 182.00
14:10 285 182.26
14:11 286 182.49
14:12 287 182.74
14:13:30 288.5 183.08
14.14 289 183.18
14:15 290 183.38
1416 201 183.57 |
1447 292 183.79 |
14:18 293 183.97
14:19 294 184.16
14:20 295 184.29
14:21 296 184.46
14:23 298 184.75
14:23:45 298.75
14:25 300 185.02
14:27 302 185.28
14:30 305 185.59
14:33 308 185.87
14.36 311 186.13
14:44 319 186.62|stopped collecting readings

Dallas ASR #1 PackerTesting

Golder Associates

6-28-05
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