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City of Dallas ASR Fieldtrip Name
Review Questions

Read the ASR Feasibility Study by Golder Associates, answer the following questions BEFORE
attending the field trip.

1. Define the following terms:

a. WTP

b. ASR

c. MGD

d. SRV

e. DEQ

f. OAR

g. OWRD

2. Provide a 2-sentence description of the physiographic setting of Dallas, Oregon.

3. What watershed is the Dallas treatment plant facility located in?

4. What USGS quadrangle is the WTP and ASR located on?

5. What are the dominant bedrock units located in the ASR area? List and describe the
geologic units in ascending order, from bottom to top.

6. What is the primary aquifer material at the ASR study site?



7. What was the total depth drilled for the ASR test well?

8. Is this a granular aquifer for fractured? Confined or unconfined?

9. Define the following terms

a. Downhole survey

b. Caliper log

c. Conductivity

d. Fluid resistivity

e. Observation well

f. Test Well

g. Pump test

h. Step-Rate Pump Test

i. Static Water Level (SWL)

j. Depth to Water (DTW)

k. Specific capacity

I. Drawdown

m. Well interference
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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 demnands 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 sclected 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:

e 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 aquer

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 limitegq
license application under Oregon Administrative Rule [OAR] 690.350. Program review during th

Depariment of Environmental Quality (DEQ), and the Oregon Department of Human Service
(DHS). Specific feasibility components addressed in this document include:

. 'Physical setting of the vicinity surrounding the WTP

. 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

* Storage capacity of the target aquifer

¢ Potential loss of stored water and well interference effects

* 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 Seiting

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 volecanic
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 creck 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 overlie 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 Yambhill 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
arca 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 Comer 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 gpn/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.

- Qurface 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.
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40 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 instailation, 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 baromeiric 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




December 2005 _ -9- B 0539747

-,
‘

" totalizing flow meter was installed to provide more accurate discharge flow measurements for the

consfant rate test.

4.4 Stép 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-purnping 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 pilot 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

gph:
e A minimum separation between the pumping water level and the pump intake should be

maintained.

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

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

- Tt 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 altows 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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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 dischargc 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 3. '
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50 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 Test Well

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.

522 '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 responscs 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 fest 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 initiated 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, sec Figure 5-10); in this case, 72 hours into the recovery period. At
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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 lbs/ft’, and for seawater it is 64 Ibs/ft’. The volume of the
borehole is estimated to be 2,527 fi’, and for this volume the weight of the two different fluids are:

o Freshwater (62.4 lbs/ft*) = 157,685 Ibs
» Scawater (64 Ibs/f%) = 161,728 Ibs

The difference in weight is 4,043 Ibs. At a point at the base of the borehole (201 in?), this difference
translates to approximately 20 Ibs/in® (psi), or 46.5 feet of water.

If the difference in head at a production zone were estimated assuming that the salinity of the water
entering the borehole was approximately one 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 not 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/fi. 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 litile 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 I 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
¢ Recharge water levels will be maintained at least 5 feet below ground surface .

¢ 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/fi 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.

Tt 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 aqulfer 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 marme depositional environment of
the volcanic and adjacent sedimentary sequence.

To be considered successfill, 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 P:lot 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 resuliing from ASR pilot testing at the existing well (ASR #1).

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

;. =5280

[log(r)—k 0.5 log( 5 iTt ﬂ

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:

s Maximumn sustainable pumping/recharge rates and associated volumes;
» Optimal well site Jocation (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:

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

o 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.

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

o 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.

s Drawdown or buildup effects related to variable density (salinity) and temperature are-
neglected. ‘
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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 suiface. 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.

63  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:

V
748 % w*bh*ne

Radius of Bubble = ‘/

Where:

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

b = saturated aquifer thickness {feet)

n, = effective porosity



December 2005 -18- : 053-9747

Based upon an assumed saturated a(iuifer 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 f/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 refatively 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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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 recovéring 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 groundwatér 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 5 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 auturnn 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 resuits from the first year of testmg indicate

3 favorable conditions for additional ASR wells.




TABLE 3-{. 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 fractured, 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 quartz or calcite




TABLE 4.1 OBSERVATION WELL NETWORK - DALLAS, OREGON
City of Dallas ASR Hydrogeologic Feasibility Study, 2005

e AN S i

Abprox. Distance from

OWRD ID Owner Name Depth Pump Menitoring
(feet bgs) Installed? Method Test Well {feet)
i 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
Manual
I POLK 572 Woody Birko 40 Yes Manual 700
POLK 539 Woody Birko 270 No Electronic & 1000
] Manual
i 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
i City of Dallas ASR Hydrogeologic Feasibility Study, 2005
' OWRD ID Owner Name Depth Estimated Estimated Approx.
(feet EISurfa_lce Base of Well  Distance from
bgs) f""a“""l“) Elevation Pumping Well
(feet, msl) (feet, msl) (feet)
' POLK 52056 City of Dallas _ 2001 570 -1,431 0
i (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
I POLK 572 Woody Birko 40 410 370 700
: POLK 593 Woeody 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
i (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 (ff)

incremental Drawdown (ft)

% Laminar Well Losses

187

220 187.2 99% .
267 232.4 45 91%
300 263+ 31 90%
320 281.9 19 89%
350 32 30 88%

* Calculated from Figure 4-5




TABLE 5-1. COMPARISON OF THEORETICAL DRAWDOWN TO OBSERVED DRAWDCWN 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) {feet) {feet) (feet)
Lowe Well 291 10,000 1',600 4.3 11.9

Presser Weli 29 10,000 5,800 25 33
Theoreticat drawdown predicted using the Jacob-Cooper Equation (Driscoli, 1986)
s = (264*Q/Tlog [(0.3TL)/(*S)], where
s = drawdown (feet)
Q = pumping rate at Test Well (gallons per minute)
T = Transmissivity (gailons 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 4]
TABLE 5-2 OBSERVATION WELL NETWORK BASE ELEVATIONS. DALLAS, OREGON
City of Dallas ASR Hydrogeologic Feasibility Study, 2005

Estimated Surface Estimated
Depth Elevation(s) Base of Well R‘:,supn‘::i‘:f:?“
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 3 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,



5002 isnBiny SHPI0SSY JApI0Y LplG-ES0

. . s : uopenjess abieyded sy} Ul PaIaP|SUOD S| UCIIEAS]S BDELNS punci
(Bupse} 0OZ Joqueidss o; Joud 1# MSY 1e LopeAs|d Jejempunold opels Uodn peseq) 1# HSY I8 [SW 98] 0¥ i UonBAdje JeyempuncdB (el salnssy,

Aloapoadsal ‘-0 x| pue /pdb goo*L 1 18 BUS 8y} ssone Esm:oo aie Ajlapriols pue Assiwsuen saipadoud Jaynbe sewnssy ¢

00z Jequaidasg Ul pejonpued 188} Buidwind ajel

JUEISUas Jnoy-z2 ays Bupnp uo«o: 1# HOV Jlom Jof Aousplle __Qs palens|es uodn peseq |jom UYoea Jo} ADUSI0IS ||lom JUedad G2 e SaWnssy 2

SUOHPUOD umN_Swmma JApUN 10§ LORINASUOD lam PIOAE ) dnpjing pejedonue uodn peseq sje: abeyoal SBWNssy |

:SSjoN
906~ 2685 ¥z 081 )4 20 , Gll
e
ucpEAB|g 00BUNG (15w K1oR)
” . , db
punoug pue 100)) wopeAsie | Aeagiaiem | ¥ a peBaysey GON {wdB)

dnpling wnwixe 1e3em peBreyoes | dnpiing 0L ieAQ | ejqepeay ejor | VB eBieyoey

pejewsisy S polIPald | g ois o . juesuon
usemeg
___esussopig
sisA|euy sbieyssy -9 s|qeL

A@Anosdsal -0 X1 pue Y/pdB 000" L L 1€ B)IS BU) SSOIDE JUBISUOD BJE A)jAlRIO)S pue AjAIss|wsue)) sefuedoid Joynbe seunssy ¢
+00Z Jequisydag Ul pajonpuco Jse) Buidwind el

JUBSUOD INOL-Z2 AU BULNP PaIoU L# HSY |[em J0j AoUBIoe Jlom PeleInajes uodn paseq ASUBIDLYS [jom JUBoIad 67 B SBLUNSSY 2
ONE}S MOJa] 1395 OOE 12 1as BuISED |jam JO BSEG LM

sAep g1 Jo uopeinp Buidwnd e pue 188} GOE JO UMOPMEID B|qE|IEAS WNWIXEW SBWINSSY |

1SDION

562 Zr0 _ 162
Ty ; -
1o Jpodwng qOW {wdB) ajey
umopmelq | sjgejieAy |ejoy  |Buidwing yuejsuo)
peIRiped _

siskjeuy Bujdwing z-9 ejqe

, SN0 Nod o sade ANy
'9)1sgem AJunog {0 U} L0 UexE) $8)euIpIo0d pue WeiBe|p Jueld Jusuneal] JaJe Ueld J0id, 9U) Lod) Peseq pejetnsa S| UoEIo] [|IA 10N

[[_ublgl 8E b2 - 602} 56 .tP|S06090L SrB0LF 668 L# Hev|

epmyibuc spmpe |  Bupseg| BulION {Isui 3094) 1o
UOIBAS|T 30BHNSG
puUnoIs) pejewnss|-

Arpwuing __m_E_

uofjeWLIOM| [[8AA -9 B|geL.

Alewwng sisAjeuy esualepeiu) e
uSv sejjeq jo 19




5002 1snBny

SSIRIOSSY JEPIND

LbLG-E50

(Ajoanoadsal ‘sjjam Jassald pue amo Joj Ssa) salup g6 0 pue £19¢°0) Bunsa) joiid Yev 0} Bupss) FOOZ Jaqusidas wiol) umopMelp psjalpald pue paaasdo usamjaq opel mm__nnc..u
lIeMm a1 U] |8Ae] punoil mojaq aq o) pajellnse s| suoljipuos ableysas Buunp |aas| JsjempunoiB s sejesipus snfea aAjeSau Y
¥00Z Jequieldeg ui pepiodes SINES paAasqo uodn paskq [SW 199} 9°ePe S1 S09LS @M Je PUe [SW Je3) £'PEE SI ZHELS 1M 18 UOREAS|a Jajempunolb ape)s Salunssy |,
S00Z Ilidy patep wodss weibolg Bunohuow Agend Jsiep pue ‘Bupse) ‘Suiia Apms Alyqisead YSYy selfeq jo AUD., sul woy

ISW }¥3) 06F JO LOJEAS]2 33BUNS PUNOIB PAIBLUISD UB UM L# WSV IIOM Wol) Aeme 199 00g'G INOge paledo| S| SOOLS II9M
500z 1udy patep wodal ,welBoid Bupojuop Aend ieslem pue ‘Bugsel ‘Bulug Apnis Allgisead YSY seiled Jo A1D, a4 Wwol

|SW 193} oGt JO LoleAs|a BaBlNS punolb pslewnsa ue YiMm L HSY 19 Wod) Aeme 1&3) 00o'| Jnoqe pajeso| s| 21118 oM,
sAep 0gl 51 swy abieyzal _r.otc jo Aapeio)s pue Y/pdB 0o’ L L Jo AlAISS|UWISURY)
safuedoid Japnbe yueisuoa Bununsse pue sisAieue qoae-Jadoos sy Buish sajewnss [eapaloay) uodn psseq ale suepenojes dnpjing pejolpaldg

ueemieg eotialay|g

usemjeg esuelely]d

SON
SZ'vEl- Y] ¥r'e gg'0g- 12ie oLyl 820 sjoays UopeAals||
BoBUNS JOJ
pajsnipe ableysay
541884 uopeasiy Jhees) 1ee) 541159} UojeAs|] .:3: dnp)ing pejoedx3 eal{aow) ebieysey (OLBUBOg)
VBN pUNOID pue dnp|ing dnpjng jeoneJcel) eoBLNG punody dnpjing |eapelosy]
dnpjing pejoedx3 peyoadxy pue dnpj|ng peisedxy

50915) |[eM Jossedd

(ZLL1G) [1op 8o

soleuedss ebieyaoy 104 S|SA|RUY [[OM OUISHO -9 ejqe ]

(AlsAnoadsal 's|jam 195S31d PUE @m0 Jo) SS8) SeLl 8262 0 pue ¢19e"0) Bunss) jo)id Hey o} Bunss) +o0zZ Jaqusides Wol umopmelp pajalpsld pue paalesqo usamiaq ofel mo__n_n_f.

#00Z Jsquisidag Ul papIods. SIYB)S PaAIasqe Uodn peseq |SW1e8) §'8E SIG09LS 19/ 18 PUB [SW 188} £'FEE SI THELG (19 e UoReAs|a Jejempunold ojels seunssy ,
§002 iiidy pajep Uodal weiBold Buuopuopy Alfend Jajep pue 'Bunss] ‘Bulng Apnis Alligisead HsY selled jo Al sy wol
L# USY 19M WoJy Aeme 198) 002°S INOGe Palesd] S| G09LG oM,
§002 [idy pajep Lodaa Wieifiold Buionuoly Anfend Jejepy pue ‘Bupse] ‘Buliug Apnig Alqisead HSY selleq jo A)ID, 9y woi}
|# HSY (19M Woy Aeme Ja9) 009°) JnOge psjesd] s1 ZL5LG 1B z
sAep g} s! swy Buidwind A...o X} jo Ananeials pue y/pdS 0oo'L | Jo Aassiusuen)
sajuadosd Jaynbe jueysuos Bupunsse pue sisAleue qoaep-ladoog ey Buisn sejewpsa [espalosy; uodn paseq aie SUCHEINED UMOpMBIR-a0UR)SIC

ey

SION
68°'L1 0L'GE 15’8 S5°¢2 Z¥r'o
R{TEN , TN {109y) 11893 (aow}
umopmel pejoedxg| umopmel(q jeopedosy ) umopmelq pejoadxy umopmesg| ety Burdung
feoyelony| |
{50915) oM Jesseld {Z1118) [[oM om0 Hl|

solreusag Bujdwng Joj sisAjeuy |[op 81ISHO 79 ejgel

Aeuuwng sisAfeuy aauedajieju] ljlop
SV selfeqd jo AlD




500z Jsnbny 59)8j008SY lepjoD 116550

juessed Gz = Snipel 9|qqnq o) SAe[e1 Jup sbejusdiad
}} £1°8GE =l

goviCuXa)idXsy YAl : = (y) (4) snipes ,8iqang,

sfep ogl . jo uoneinp sbieyosl B salunssy

() glo (°u) Ausolod anyoayal

129} 00} {(q) ssawoiy) Jayunbe pejeinjeg

suojeb J0+39ES ¥ (A) pousd eBueyosu Aep 081 JoA0 swnjoA pabieyosy

wdb /1 , aje) ebleysay

‘ slejaweled

1am ejbuls e Joj sishjeuy ,81qang,, eBieyoey

U6 3Juq Jo Junowry
Repatul A L0 b = A s1 AYIDOIBA
Aep/yurb 110 (Ip/up M) = b s1 abieyosip oy1oedg
Aep/y UM LLbL /1 =M S AJAIONPUDS SINEJPAH

(}sL0 (eu) Aysolod amoaya

sfep 021 . (1) Jaynbe v swiy abeiols Jeyem pabieyosy

(eyep AoAins JejaLu moyj a1je)s Jo mainal uodn paseq s| sseuXoly} Jajinbe pajenies -sjou)

188 00l (q) sseuya|U} Jepnbe pajeinieg

u/pdB 0OO°LL (1) ApAissiusues),

711G PUB 50916 'Sllem uonealasqo Buipuodsal Z pue (95025} llom SV BunsiXa Ul #0-9-6 UO Papliodal S|9A3] sjoyempunoiB anels peaesqo uodn paseq st juelpelb - sjou)
Wy 22000 . {Ip/4p) usipelb SlNeJpAH

suondwnssy

sisAjeuy YuQ Jorep pebieysey 9-9 eqel
MUSY sejieqa jo 819

o y o~




R et

(SR

i

Table 7-1

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

Parameter Unit
pH S.4L 73 8.7 7.3 7.5 1.5 7.9
 Alkalinity me/L as CaC03 20 12 20 18 i8 17
[ttt mp/L as N 0.10 0.39 0.10 0.16 0.16 0.32
Chloride mg/L 8.2 2560 8 519 519 1029
Fluoride jmg/L 0 044 0.00 0.09 0.09 0.18
Sulfate mg/L 5.6 12 56 6.9 6.9 ]
Aluminun 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 mgfl 0.040 0.040 0.040 0.040 0.040 3.040
Calcium mg/L 3.0 793 8 i65 165 322
Cadmium ma/L. 0.005 0.005 0.005 0.005 0.005 0.005
Chromiurm mg/L 0.01 0.01 0.01 0.01 0.01 0.0}
Copper mg/L 0.000 0.013 0.000 9.003 0.003 0.005
iron me/L 0.005 0.013 0.001 0,007 0.001 0.008
Igad mg/T. 0.003 0.603 0.003 0.003 0.003 0.003
[Magnesium mg/L 1.8 57 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 ¢.0001 0.0001 0.0001
Nickel mg/L 0.02 0.02 0,02 0.02 0.02 0.02
Potassiun mg/L 0.27 730 0 146 146 292
Seleninm - |mgd, 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 0.01
Sodium mg/L 39 321 4 67 67 131
Thallinm mg/L 0.002 0.002 0.002 0.002 0.002 0.002
Zinc jmg/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 0539747
Summary of Geochemical Analyses
City of Dallas ASR
DASR-1 DASR-2 DASR-3 DASRA DASR-5
Depth 725 807 594 544 1117
Description Dark green, fine grained, Dark green, fine grained, Dark green, fine grainad, Coarse grained, green basalt,|Fine grained, fracturad,
massive basalt; fractures ive basalt; fi ive basalt; fr: locally fractured, weakly oxidized basall; appears to
with slick alteration suefaces [with slick alteration surfaces |with slick alteration surfaces |altered with soft, dark green |be fractured with accasional
noted. noted; rare pillow structures (noted. |"clayey" alteration products. |healed” fractures.
naoted,
CEC _|meq/100g |CEC 12 24 21.8 51.1 3.5
Wi % Na20 272 2.15 234 1.15 2.11
Wi % Mgl 6.95 643 73 11.5 7.1%
Wi % Al203 17.8 14.6 15.4 10.7 13
Wi % Si02 51.9 46 49 38.8 46.2
Wt % P20s 0.24 0.23 0.25 0.17 0.39
‘Wt % S <005 0.07 <0.05 <{.05 <0.08
Wt % cl <0.02 <0.02 <{.02 0.06 <0.02
Wt % K20 0,28 0.13 0.13 1.33 0.5%
Wt % Cal 13. 124 - 1.6 7.62 9.2
Wt % TiOZ 1.97 2,02 2.08 1.33 235
Wt % MaO 0.17 02 0.16 0.13 0.14
Wit % Fe203 13.1 13.7 13.8 1.7 15.3
Wit % ’B_aD ~_<0.01 <0.0% <0.01 <0.01 <0.01
ppm v 330 344 33 235 365

W |EEm Cr a1 218 209 221 74

% pprn Co 60 £3 [5)] 54 59
ppm NI 93 a2 83 H 89
pem W <14 <1¢ <19 <10 <10

m Cu 184 173 100 121 214
m Zn a7 29 104 72 133
m AS <20 <20 <20 <20 <20
m Sn 9 149 138 19) 170
ppm P <10 <10 <10 <10 <18
ppm Mo <10 <10 =<t <10 18
[ppm Sr 262 243 233 432 229
ppm 1] 24 20 12 27 15
[ppm Th <10 10 <10 <10 <10
(ppm N i} " 12 <10 19
ppm Zr 10 105 103 74 188
|ppm Rb <10 <10 <10 18 <10
ppm v 28 E1] 26 17 a3
~wi % Plagiociase feldspar 52 40 48 - 40

% [-wt%__ |Cinopyroxene 45 34 33 35 25

o [Ewt% Analcime - - - ] -

b wt % K-feldspar - - - =5 -

w o ~w% Smectite <57 - 12 44 27

g —wt% __ [Vemmiculite - 20 - N -

v |owt% {limenite - - <5 - <5

3 [wt% Magnetite - <5 - - -

@ ~wt Calcite - - - =5 -
—wt% "Unidentified” <5 <5 <5 <5 <5
~ wt % Smeclite 88 - >90 =00 >80

» |-Wi%  [Chicrite <57 Z5 - - N

8 ~wi % Micalillite <37 - - <37 <3

= |~w% Vermiculite - <20 - - -

2 [Cwi% [Kecinte 5 - - <% <5

% [-w% _|Plagiociase felospar <5 55 <5 - <57

Zz |~w% K-feldspar - - - - <37

E ~wi% lAnalcime - - - <3 -

o |mw% Calcite - - - <3 -
~wt % Quartz - - - - <3
~wi% "tnidentified” <5 <5 <5 <5 <5

11/29/2008 Golder Associates Table 7-2.xls
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Well ID: Dallas ASR No. 1 & cuznabi - sheet: 1010

Driller: Geo-1ech Exploratons/Boart
Ciient: City of Dallas Drilling Method: Reverse Circulation
Project: Task 40 Sampling Method: Grab samples with spot cores
Location: Daltas WTP : Logged by: Chris Augustine -
- Project Number: 136343 ' Start/Finish Date: Feb -July 2004

Description Core Description Notes

Sample
Interval/No.
Graphic Log
Cored !nte_rval

Ground Surface - )
Slity Sand itk : Dritling using Mud

1 SM, Orange-brown, moist, sand med-fine i , Rotary to 500 feet

Some Basalt coarse sand/gravel at 50-60 fest
Woeathered basalt

Basalt, black-grey, aphanitic, dense, drill chips 4N
angular to sub angluar, magnetic |/f

- Woeathered at 60-70 feet zone

-

g

1
I
J,

W E NN B & N M & 6 MM 4 & M 4 o
g 3 '
| I |
' -




@ cuznan :
A 7 ILL  Sheet: 20f 10

Well ID: Dallas ASR No. 1

Driller: Geo-1ech txplorations/Boart

Client: Cily 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

Description Core Description : Notes

Depth (ft bgs)
Interval/No.
Graphic Log
Cored Interval

Sample

Basalt, black-grey, aphanitic, dense, drill chips
angular o sub angluar, magnetic RN
210+ Sk
-~ 4 Secondary mineralization: Quartz and Calcite '
220— ',_\ I

1230 _ S

240 : =1

7 Ayt 271-297 Loss of
. . . /I'_> I_ Drilling Mud

310 ' | P
320~ , M=

| Y
330~ | A=A

J Basalt, black-grey, aphanitic, dense, drill chips [N
angular to sub angluar, magnetic ke

- Secondary mineralization: Quartz and Cakite EaN

Basalt, black-grey, aphanitic, dense, drill chips [~ '.\'l
angular to sub angiuar, magnetic -

Secondary mineralization: Quartz and Calcite -




Bl | Well ID: Dallas ASR No. 1 @ crznarins  sneet: 3010
' Driller: Geo-1ech EXplorations/Boart
u 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
W ]
- & s| 81 2 - -
g Description o % - £ Core Description Nofes
= -4 = k-
' £ £S5l 81 B
I -1 wEl 6 | 8
Basalt, black-grey, aphanitic, dense, drill chips paiN'd
- angular to sub angluar, magnetic ‘ Iy
o 1410 , N =
4 Secondary mineralization: Quartz and Calcite PN
4 N
! 420 -,"-:\f«
; i =31
430 7]
g | 440~ N0
o - ll’, —>
s
- 450 ,l_\ I )
7 Py
460 ) -\—l’/
L
P | Fd
! 470 A
B N
480+ 1 ,:\
- II —'/
e
. i /\_
b 17
PN
1.7
! N =
pad
(RN
N
PN
S
Y |
\—s |
I . e /’ i
. e
Amygdaloidal Basalt, grey-green, aphanitic, 4 ’ SWL = 188 ft. i
' magnetic ' 74 4/23/04 :
. Secondary mineralization in vesicles consist of r 3 ) ' 1
pink to clear Quartz and Calcite a7 : ' |
g Basalt, black-grey, aphanitic, dense, drill chips '/’ N e '
: angutar to sub angluar, magnetic ' Ny
: Secondary mineralization: Quartz and Caicite = |
. rd
s - 2
Amygdaloidal Basalt, black-grey, aphanitic, PR |
| dense, drill chips angtiiar to sub angluar, T ' i
magnetic | ) T o . |
IS Secondary mineralization: Quartz and Calcite t 4 :
2% =7 ‘/ ) :
b




Well ID: Dallas ASR No. 1.

. CH2ZMHILL .
4 Sheet: 4 of 10

Driller: Geo-1ech Explorations/soart

!' 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
“I Project Number: 136343 Start/Finish Date: Feb -July 2004
) | ol E
" 2 sl 5| 8
= Description OE‘; ° = Core Description - Notes
£ - : as» = o
=1 £ 5 2 g
| & BE o6 | ©
Basait, black-grey, aphanitic, dense, drill chips YNy
1 angular to sub angluar, magnetic : ’
! 6107 ‘ A=A
. .1 Secondary mineralization: Quartz and Calcite N l"
S
n 620 1 .::ZI
- w4
=1
a yL
}630 ] Y
. va =7
640+ N
H - \Ilf_},l
650 S
4 NN
. 1 — /l
™ {660 vahnls
/...} 1]
. Py o SWL=188.5 ft bgs
! 670~ N 4126/04.
4 i o
680 '/I,/\ [
7 ML
rd
Y |oo- e
i {60 Amygdaloidal Basalt, green-grey, aphanitic, T a
1 dense, magnetic, Secondary mineralization: « T
- 700 pink quartz and Calcite T3
- 4 4
21710 _ M \ | PR
Fractured Basalt, Porphyritic, augite and + 4
7 plagioclase,magnetic T
! 720 Secondaryminerals: manganese oxide r 3
: - slickensides along fracture plane RN A 725-730 Core No. 1
730 ¢ 4
‘_ ) 3 SWL. = 188 ft bgs
! + 4/29/04
740 PR
! 750~ U
] - i 4 4
760 - — Lo
| Basalt, black to greenish grey, aphanitic, PN
magnetic, slightly fractured 7
~
_ 770 8 lll__ S
s
. Y
e | 780 ’i, N
! _ b (77
- Ve
PR
790 1
! 800 vt
b L’

et

ey s
"r.".v" i w-,w.

"

— st gl s o



Well ID: Dallas ASR No. 1

Client: City of Dallas
Project: Task40
Location: Dallas WTP
Project Number: 136343

. cl-lznnHl_LL -Shget: 5of 10‘

Driller: Geo-1ech txplorauons/Boart

Drilling Method: Reverse Circulation

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

Start/Finish Date: Feb -July 2004

Description

Sample
Interval/No.

Core Description Notes

1 Graphic Log
Cored Interval

s N _F>1 803-808 Core No. 2

]

—i’* N
ESN i N
\/ l\

1
S

N
i
N4

4

)
N

Y

il |
N
N
, ]
"

893-898 Core No. 3.

SWL= P04
5/19/04

]

-

Volcanic Brecciafagglomerate, green-black,
green clay sized matrix with gravel sized
-1 angular basaltic clasts

Fault/Fracture plane?

f
u\\li’) {1
MR

SR w

0t
é'ﬁnll

A1
p /,\Il
"\Mt n
A

A |

%

b3 ]
NS )

-
™

]

™
“\ |!? [}
Pl

S
L8]

7
iy

(—er—zv 943-948 Core No. 4

7
M)

X “\I
o

Basalt, red-brown - black, aphanitic, oxidized,
magnetic, minor secondary quartz and calcite

N
\




Well ID: Dallas ASR No. 1 | @ crznaHiLL  Sheet: 607 10
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
) B
2 s|] €| & B
& Description S - )= Core Description Notes
£ gzl 5| 3 |
o . ] © LA
a BEl 6 | 8
L
~

!
N
|

Q.

2

=
I

=

020 _ L=
Y

030-7- iul

040 Sy

050 PN’ '

7] ’ SWL =188 ft. bys
, Sh 5/26/04

060 — — | Fasera
Basalt, black-grey, aphanitic, dense, drill chips {7
angular to sub angluar, magnetic 7]
070~ -
-4 Secondary mineralization: Quartz and Calcite

o |
080 . N I/_>
1090~ 1 7
100__ /_> 1

110 o FaN
- [ /=3 k7= 11161121 Core No. 5

{120 - 7 | 15WL=188.5ft bgs
- | iy 5/28/04

Amygdaloidal Basalt, black-grey, aphanitic,
dense, magnetic

<4 Secondary mineralization: Quartz and Calcite S . SWL=189.5ftbgs
~ o 6/3/04

Basalt, black-grey, aphanitic, dense, magnetic

190+ Secondary mineralization: Quartz and Calcite N

| — ‘N [—

-

1

s

|
I




Well ID: Dallas ASR No. 1

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

. CH2MHIL ot
— k LL Shegt. 70of 10

Driller: Geo- 1 ech Expiorations/Boart

Drilling Method: Reverse Circulation

Sampling Method: Grab samples with spot cores

~ Logged by: Chris Augustine
Start/Finish Date: Feb -July 2004

—_ : w
; s| 81 %
e Description ° .% - E Core Dascription Notes
= a = ° '
§ 25| B | E
a wnEl O o
e
- 1.} "
210 =
. PN
- i
220 ‘..:)/l
. , '
230- -
] >
'y
240 — - Tl
- | Basalt, black-grey, aphanitic, dense, magnetic MRS
. "N
250~ Secondary mineralization: Quartz and Calcite =
s
] P
260~ RSN
. =,
270 RN
i -
280 sl
S
- —\/ I i
: : 2! Tz ==~ 1288-1293 Core No.6 SWL = 189.8 ft bgs
280 Basalt, black-grey, aphanitic, dense, magnetic It N l" == ) 6/7/04 |
7| Dilt chips small {med sand} and subangular to -3 |
300 sub rounded ‘ 3
et -, ' _,
310 Secondary mineralization: Quariz and Calcite - L‘I
-
. - N I/
320 ]
] /...‘/-I
‘=
330 — - o
{ Basalt, black-grey, aphanitic, dense, magnetic FaNg
Ny
340 Secondary mineralization; Quartz and Calcite N .—_‘:; SWL = 189.7 ft bgs
_ Y 6/11/04
350 B - _I ",‘_ .
| Pumaceous Basalt, grey, porphyritic, magnetic /’ ~ l"
360 Secondary mineralization: Quartz and Calcite Ny
" | Basalt, black-grey, aphanitic, dense, drill chips N
angular to sub angluar, magnetic 7]
3704 : 7=
4 Secondary mineralization: Quartz and Calcite 7 ‘\Hl’
380 7.
| Vesicular Basait, red-brown to grey, FENS SWL = 189.7 ft bgs
porphyritic, magnetic, some oxidation (N 6/16/04
3901\ Secondary mineralization: Quartz and Calcite - Takars
A s
S
400— g!""\ l




jg | \Well ID: Dallas ASR No. 1 | @ crzratie  speet: sor 10
| ] o ' Driller: Geo-1ecn EXplorations/Boart
! Client: City of Dallas o Drilling Method: Reverse Circulation
PrOch_:t: Task 40 S Sampling Method: Grab samples with spot cores
] chgtlon: _Dalfas WTP _ Logged by: Chris Augustine
Bl | Project Number: 136343 Start/Finish Date: Feb -July 2004
N ; 7]
M| o . 2l S| 8
£ Description o =1 £ Core Description Notes
£ ad = o . .
B £ E a 2
iy | 2 3 & | 8
Pomi) - b - o
.| Basalt, black-grey, aphanitic, dense, magnetic ;’ N l’
(R
! 410 Seconidary mineralization: Quartz and Calcite 1
. - [~ ' _/
NS
420~ L~
. | Basalt, black-grey, aphanitic, dense, magnetic ," « I"
=S
™ 1430-] Secondary mineralization: Quariz and Calcite ' -
- -/ ' ‘-./
. S
.. “] L ‘s I
- . S =
 Jaso-] 1>
g N .—_Z'
_ P pavd
[ 1 /,\
] =]
470 payd
480 v -
N lr=>i].
! 490 )
. el
- ] ,
500 *i,_> . . SWL =191.3 ft bgs
- wiinls 6/18/04
= 1510- RS
llx...>l
o - I t=r1
! 520 ’:—‘ -
e — /_\
: [ —r
- 1 v-—/
..... 530 {-)1—
_ . Ny
540~ VA
i /_'> 1_]
_ " "y
! 550 ',
u s
. pL
560~ =
_ WA
n | =8
7Q" N .f.-_) l SWL = 190.5 ft bgs
- ‘'S l-’ - : 6/24/04
> 580 ’l-/\-';
-
|
590 - <1
. | Vesicular Basalt-andesite, grey - red, magnetic Rt
! Pillow Basait? . : N
600 _ 3ty

|




7401 ' 1“4

750~ ¥ 3

780 3 3
1 - ‘ v - SWL =190.7 ft bgs

770+ : - 1r . 717104

780 PR

7%"" . | - -]

800} - vty

i Well ID: Dallas ASR No. 1 @ crznaHiL  sheet:90f10
) - ' | ‘
' , B -. Driller: Geo- 1 ech 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
| ,
. J o b
E’ ' . ot 8 .
3 Description oS| = k= Core Description Notes
dl . - 22 g3
) RE[ 6 | 8
- Amygdaloidal Basalt, black-grey, aphanitic, PR
. dense, magnefic PR
. 610 : v =
3 4 Secondary mineralization: Quartz and Calcite « 4
“ 620 ' R
T « a7
‘ 830._ . - . -
4 v 4 ¥
) 640__ P - ‘ ]
R ‘ - < |
N G| T
- 4 v " b
- 870~ I 3 SWL=19141fhgs
) - U ‘ 6/29/04 '
p . 880"' 4 4
! b 4 e 4 v
860 — - v~
i Basait, black-red, aphanitic, dense, magnetic 4 4
‘ 700 Secondary mineralization: Quartz and Calcite ! z ! 3
' - 4 A v—v| "1704-1709 Core No. 7
ﬁ
)
)
)

l




Well ID: Dallas ASR No. 1 | @ crznmiiil  Sheet: 1007 10
Driller: Geo- 1 ech txploratons/soart
; 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
- -
N |} Hi -
o 21 S [}
; = Description = t Core Description Notes
= 28 = | = -
o | & Es| 5| &
- 1 a _ wEl O o
Amygdaloidal Basalt, black-grey, aphanitic, P
) dense, magnetic 7
810 v o
. 4 Secondary mineralization: Quartz and Calcite a7
820~ | ' RN
830— LT SWL = 191 ftbgs
_ 1l o s 3 7/08/04
‘ 840 44
. | - i 4 v 4 N
T 1as-d PR
i . v M -
- 860 _ PR
= ‘. - . L
_ 870 | 73
- -t ' 4 4
T 1880 L
_ - a7 a7
. 890 \ PPN
' 7] . 4 v 4 M ‘ )
I LS | RS - -] SWL= 1908 ft bgs
. 1 : :d | 709104
4 910_ 1 - 4 -]
- 4 +
inmy  £970-! . . - . -
-: “1 + h 4 7
930 L
4
- o40- R
’ i PR
. §950— $
- . P v ‘ h 4
960 LT .
4 S | SWL =190.8 ft bgs
- 970 R 07/12/08 -
980 N
! - 4 v 4 M
E 990" ’ 4 i 4 v
\ 7] ' 4 h 4 : )
- 000 > I— SWL = 191.5 1t bgs
: 7713708




HEVEIVED
FEB 2 2 2000 PolLK
STATE OF OREGON S
WATER SUPPLY WELL RRRANER RESOURCESDEPT, = ' & WELLLD.#L_R7 47/

(1) OWNER: ./ Well Number /. ® LOCATION OF WELL by legal :Iescrlptlon

* Name 0Ll comy PolK Latitude

O-ﬂij;.@—l 51138 Log

Township z N ot@Range z E u@NM.
P Secion RS S v Lid s
(1) TYPE OF WORK TxLot ¥00 Lo Block Subdivision
New Woll [(}D%cpening [] Alteration (repais/recondition) [ ] Abandonment Strect Address of Well {or nearest addreas)
[fowyAic [JRotayMud []Cible  [JAvger {i0) STATIC WATER LEVEL: -
- . _&Lﬂ. below land swface. Dats _&&M
SE: - Artesian pressure Ib. per square inch.  Date
[JCommunity {Jindustrial [ ]Imigation | GD WATER BEARING ZONES:

Theroal [ Jinjection  [JLivesock  [JOther - ,
B‘EM_EW—O ONSTRUCTION: Depth at which water was first found /72

Spacial Construction approval ] Yes (35" Depth of Completed weil /7Y p.

Bxplosivos used [ Yes E‘N" Type Amount From To Estimated Flow Rate  { SWE.
HOLE SEAL /76" 277’ < % 2
h.- To Moursl  From To  gacerpeenis
WERYZ 3vd "8 335 | 3VF " ! Faclfd —

(H)W"E_LLLOG:
Howwissmalplscod:  Metod [JA  []B @AC [Op [Os - Ground Blevation

0O ower ¢ ‘
ST AN Ty Matazal From | To
m%m fi. 1o £ Size of gravel w lae | /20
R: .

Dismeter  Frem To Gguge Steel  Plastle Wi aded M /72 /P
ikt A i o R ]

a1

SWL
28
|
O O O 0O ||fesedf Black IVZZRFIZEBY]
g O O O -
O O O 0O [(|Sedidete,lug-dol (177|300 2F
O O O O |[Basall Llack 300 (320 | 28
MM__ZZO.?X?JE
Material : .
“ﬂhc.m Liner -
O al | A e —
0 O |[Leckesen WtV ILZZ
~— O OjfL N
0
O
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{® WELLTESTS: Minlmum testing time Is 1 bour 7 Daestaed /=20 . 00 Completed /=285 _ 0o
. {vabonded) Water Well Construcior Certification:
Flowing
O Punp [ Bailer r e [J Artesian L oetify that the work  pesformed on theconstrucion,sleation, o shandonet
Deswd Drifl stem at Thne of this is in compliance with Oregon waler supply well consiruction standards.
ﬂ » I at #—————— | Materials used and information reported above are frie to the best of my knowledge
: &‘:Z &d? Q .335-2 Ihr and belief.
4 [72 2 0 2L WWC Number
; , Signed Date
" Tempersturs of water 5 f Depth Artesian Flow Found (bonded) Water Well Constructor Certiflcation:
Was n water analysis done?  [] Yoes By whom lmeptra&om i for the construction, alteration, or abandoament work
. : N well during the construction dates shove. All work
Did any strats contain water ot suitable for intonded use? [} Too little Mmmgmmugnwmmmmmmvmn
alty [JMuddy [JOdor [JColored [[]Other construction standards, 'I'hisrq’omsuuetoﬂnbutofmytmwledgeandbekef

Depth of strata: 235 3us! _ WWCNumber /S 7/
' SMMM&— N
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APR. 03 2000 70 L.
STATE OF OREGON : : OEPT K 37779
i WATER SUPPLY‘VELLRE%WMES, - 5/ / /2 WELLLD.#L.__ 27
(na required by ORS 537.765) ' . /L 2S5
- Jostrwetions for completing this m}mmmm START CARD # Z
» (1) OWNER: Well Number___ 2. (9) LOCATION OF WELL by legal description:
. . y County _ﬁ_/{ Latitude Longitude
. adre ; ] Township Z N o(DRange é& Eoa@wMm
[ o asd - A p Prag5t  Sectin_ 25 S M 3 14
D TYPE Taxlot &p0 Lot Block Subdivision
e Well [} Deopening {] Alteration (repair/recondition) [ ] Abindonment Street Address of Well (or nearcst address) __/M_”
%lﬂ_‘ﬂﬂ'ﬁm}: ' _
{S¥Gey Air  [TRotryMud [JCable  [JAuger Zj_ﬁ—m) STATIC WATER LEVEL:
Other : é B, below land surface. Dato i—-ﬁz..z’
. ' &mﬂ‘u‘s& Artesian pressure Ib.per squaisinch.  Date
- (Afomestic  [JCommenity [Jlndustrial [ Jimigation (i) WATER BEARING ZONES: -
i Theemal  [Jmjecion  [JLivestock [ JOther ,
o B—mmmomoﬁ Depth st which water was first found LY
Special Construction approval [ ] Yes [BH6 Depth of Completsd Well 29/ 2.} -
b Explosivos used []Yos [BHG Type Amoust N From To Esinsicd Flow Rte | SWL
HOLE SEAL -7 232 < K g |
i __ um: Frem To Mokeriad  From To  (Gadfbrpeends . .
s 137 o |37 20 R?27 __RP0 W4 ﬁ_’," m 7Y
F 57 9/ -
{12} WELL LOG:
Howwmselplacod Method [JA [JB [Jc [Op [JEB Ground Hlevation
- O ower
- Backfil from . to AL Maerial IM_neml Fom | To SWL
Gravel placed from R to ft.  Sizeof gravel ﬁ‘ ol o z —
A {@) CASING/LINER:
g Disssetsr  From  To Gonge Stel  Plastic Weldod Threaded _Ch,g,_&gg.u_umw Vi 3 —
: Cuig £% [+ (3 |ammZ" O @F 0O '
» 0O O . il ' —
B g -0 0O [
X S—— g O O O —
, Oo. O —
: Pioal location of shoc(s) -39 /4 T}\D\*
(") FERFORATIONS/SCREENS: ——
otions  Mothod :
s Material
[DJsaceans Type o 2L
From Te size mber , Dismeter shs Caslng Liwer
= Bls
o D . 17 A ol
, ) O 0O l(klhe r
| —8. 5 Y f33- 2y
) O %EL@;I_AL&;&FL
| (8) WELLTESTS: Minitoum testing time is 1 hour Date siated =13-00 _ Comphetod 3=/ FJupd
Flowing (vabonded) Water WeM Constructor Certification: S
_ [JPump [JBaiter @sr [] Artesian “&%%m%wmmwwmgw
._“*‘.z_p_lt-i-__l;r"y‘?"_- "'!.éi.;i" 7 “-'1';—- mumﬁ?ﬁmm@&m“mmmmm
) 1%, /78" 24/ [ WWC Number
- ‘ Signed ' - Dae
Tomperaturo of water_ &% ®  Depth Artesian Flow Found {bonded) Water Well Consiructor Certification: R
Was & water analysis dooe? [ Yes By whom lmpreﬁmu for the construction, alteration, or abandonment work
Did any strala contain watex not suitable for intended use? [ Too litle m‘?&mﬂﬁmu?m Foon dutcs repartod above. Al work
Cdsaly [JMuddy [JOdor [JColored [ ]Other construction standards. This report it true to the best of my know :ulbehet. '
- Depth of strata: i . L .WWCwau Aiz[
Signed Date e

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




. " STATE OF OREGON
WATER WELL REPORT
{ns required by ORS 537.765) )

R;Z' ';”Vﬁﬂi )

"'MAR -4 1993

e .

% (1) OWNER; -

| Neme  Wolodymyr Birko
.Addmu 1363 plaza NW

TR

.

R e TR L

: 011

R s el 1-1 g
: q,-:-' HE i s g | 15 \
npm'l S e T 3 BET-Y =
,M’lt. SEEEESTETE oS A 2 19 Y A

i Deill-stema ol . ;.

s N

LR S I:'Hﬁ:" T oY

Sou ifHSY

F ity o et emeaagoe i

3 _,1.313“ G

ZH L awdemumxmwim or abandon-
mdmmwﬁwmﬂmmm standards. Materials
oaed-and infsdnationirépored sbevs 4TF tine ¥0- thwhnwled.ge and belief.

* W Number ____
Date

4 LY
T LLaeraw T T g BN AT
. 1 SET i BN -

PRI ¥ iy

b Mmmmmﬁ

T

of Wheer

' G et Arcsen i Fomi bt
& wetes analysis done? [ ] Yes By whom

m9y wysta contain water not suitable for intended nse? D'l‘oolmle

E]am [ Mudgy [ odor DCo]omd O other

dunngthisumexsmoomplhlmthhm@nwell
is true o the

of strata:

-n“‘

- rk
a wﬂ‘mwmmm dﬁm;mmmw per-
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v .
"STATE OF OREGON

ORIGINAL & FIRST COPY - WATER RESOURCES DEMRPMENT

WATER WELL REPORT
{ns required by ORS 53L765) (START CARD) #
(1) OWNER: Well Number (9 LOCATION OF WELL by legal description:
Name - County F2/A _ Latitude : Longitude
Mdress /243 [ Laza 2t Towoship_—_Z___~ N on/§$)Range_ £ E.nr@WM
w _ Smte Jr( Zip 7 ?:?Jé _ Section =35 A u SE Y _
2) TYPE OF WORK: o ' Tax Lot Lot Blagk, Subdivision. -
: m’ﬁw Well D Decpen’ EJ Recondition [ abandon Street Address of Well (or nearest addmss)_l‘mi__m;
() DRILL METHOD: _ _ _ ) o ‘ uﬁi,d«:. 2728 : .
[FRowy aAir D Romymas Tlewe = 7 ° 7 777777 (10) STATJC WATER LEVEL: T
£ otker T T T __ﬂI?[___ﬁ. below land surface. _ Date .u(g;éz' )
() PROPOSED USE: Artesian pressae ___________ Ib, per square inch. Dae ..
G Bomestie - [} community L indusuial, ™ [ Irsgation. 5 '"——"‘“"'(11) WATER BEARIN“'_G ZONES:
£} theemat ") Tjection - [T other .~ )
(% BORE HOLE CONSTRUCTION- _ : Depth at which vater was first fooed &7~
Spocial Construction approval L] Yes Depth of Completed Well 272 . :
Bxplosives used [ vas [4 R0 'l‘ype.___.__ ‘Amount, From _ To Fstimated Flow Rate | SWL
. Amount «2° 2l L= gpe |32
. . l’
Dhmeter l“mm To Material TFrom To sacks or pounds
0" o /5 bt | o | 28 | /3
ARYArzZIN A
. (12) WELL LOG:
’ . Ground elevation
. How was seal placed: Method| 147 Oz 3¢ Obp [e ‘
7 other _ i . . Material From | T | SwL
Backfll placid from_____ ot .. . Material i —
Oravel placed from .. & to R Soeofgave T T - —
(6) CASING/LINER: 3
Dismeter = From To Gange | Steel  Plastic Welded Threaded 3Ir
Cuingt__ £ 1#2 [ 2 el B [0 BT 22
- o 3..-0° Y 22
O 0O o1 A 2>
O. .0 . 3200 . _&.7_M 32
Liner: Mg J .- D .. D N E] -
_ I S I O I RO B St B IR
Final location of shoe(s) : -
(7Y PERFORATIONS/SCREENS: . . s
[0 Perorations ©  Method [JM- - 4.1
[ screens™ ~ * qype " Material S 1
hom T st Nomber Dismeter | Soe Casing  Liser NNV 17 1097 l;!:; T 3[0-1992
I A I .
0 0O NATER RESOURMP— '"'"-.'..'.‘."' T
N a SALEM, OREGQN. . ¥ B .
S0
A7,
(8) WELL TESTS: Minimum testing time is 1 hour - '
_ L " Flowing Date started _éng—c:omp!cm Ag,&_;@__,
O pump [ Bailer FaT [ Atesian (unbonded) Water Well Constractor Cerfification:
I cectify that the work rmed on the construction, alteration, or bandon-
Vield gal/min  Drawdown Drill stem at Time ment of m:? well is in mmplif:;fo with Oregon well mnstrur:ﬁou standards. Materials
_g"’f;,lm 2..2../ 9z f 1 hr, usedfn);li ?@?}?gﬂiﬂz}ov;mmmmybwknowledgeandbdid‘
- T WWC Number
Signed s Y ; Date
(bon Water Well Cons on:
Temperature of Water ——ﬁi— DcPfh Astesian Flow FOllﬂd Id:?ecpt responsibility fomngt&muc:lf:,u alteration, or sbandonment work per-
Vs vter amalysis done? L) Yes By whom__ ﬁ"u‘fﬁ i T i o o “ﬁ‘m“m”mmmmﬂ&km
Did any strata contain water not suitable for intended nse? D Too little egon 08 ’
O saity [ Muady E.l Odor El Colored L] Offier . — ls e :hc ey o knowlelge.aod eliet. WWC Numbse_ &7/
Depth of steata: = oo oo | Signed - ’ Date /18 L . ___
. SECOND COPY - CONSTRUCTOR . . THIRD COPY - CUSTOMER .

- IR0C XL,
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cx TO WATER WELL CONTRACTOR

C siginal and first copy of this report

s weenmesB E CEIVE,
OURCES DEPAR

WATEL (LEM, OREGON 97310

within 30 days from the date
of well completion. -~

T

WELL REPORT
; OF OREGON

.~ JAN 4 133 (Please type or print)

not write above thiy line)

Btate Permit No.

y

SALEM, ORECON
’ .

-

(10) LOWN OF WELL: '
County 77 A/ Driller’s well number

LT3 foX 2o f
,, g A% £__=r [ d

TYPE OF WORK (check): )
"X. Decpening O Reconditioning []
onment, describe materfal and procedure in Tftem 13,

(4) PROPOSED USE (check):

Domestie Industrial ] Municipal 3
Irrigation [l Test Well [1 Other O

SING INSTALLED: Threaded [] Welded

Abandgn []

Driven 3
Jetted []
O Bored O

* lam. from 7L ft to 5 ‘? f#t Gage JM:E_
* Diam. from I to . Gage ..
* Diam. from 1 to ft. Gage

FORATIONS:
rforator used

Perforated? [J Yer M No.

Sty GF yseoton BT P50 €t

WML
Bearing and distance from section ar subdivision eorner

Lk -

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

: L
Statte Tevel Mm below land surface. Date I{/ 2977

Artesian pressure

Ibs. per square Inch. Date

(12) WELL LOG:  niameter ot wen betow casing . & __
Depth drilled 7 "2 {  #. Depih of completed went 32/ =
Forination: Describe color, texture. grain mize and structure of mnterials;
and show thickness and nature of each stratum

and aquifer Penetrated,
with at least one entry for each change of formatio

0. Report each change in
position of Static Water Level and indicate principal whater-bearing strata,

. . MATERIAL, From | To swL
toratlons . In. by in. £ T . O =z
perforations from ft. to #® s — "’ 3;0 L
v perforations from £t to 2t g Fa _
perforations from .. 1. to 1Tt gl iy .
HE |\ 130/25
EENS: Well screen installed? [] Yes Ko 32| {8
rar's Name f/ ;}a Vi &4 )
Model No, i 74 17 i
- Blot aize Set from foto o Bor - [76 ] 2aj] _
. Slot size . Set from _ 1t to 2. Thale G Ao/ =0/ |2 2] _
, ) T
test made? {J Yes ) No It yes, by whom? LAl it pRebd 115 -
_gal/min. with B £t drawdown atter 2  hry - 2 cf'\ .
— R T fﬂﬂﬁm"_a,:f;_ o
. S » >
L estjmin witn £4 11 arawaown atier L b, [ Pxa 20 Facile L
: . g-pm. . . . SEANETNT
e of waterd'/ Depth artestan flow encountered 2 | Work started // '/ ’7 1877 compietea (2 / w Ay ¥
STRUCTION‘ : Date well drilling machine moved off of well /2 / 4” 1977
Material used . &MV T ¢ o | Prilling Machine Operator’s Certificstion:
from land surface to Lz e B2,

£ well bore to-bottom of seal ...__AQ._...___ n.
T well bore below seat ......_..K_......_ In.
tacks of cement used In well seal 7

sacks
Ment grout pfaceds t&(#{&?_qﬁﬂﬂ_ﬁ&bﬂ“

AT A 8wy v e o

CimatetE s -3y -m

Iy e s ey

M oy

278 ST e

Drilling Machine Opefator's License No.

This well was constructed under my direct supervision.
tion, reported above are true to my
<

ate /el 4L 1597

N N S g i ) A oo pretd
Water Well Coniractor’s Certification:
PO ) SR T e FL o R N

Y2

*hoe useds [} veg XNo Plugs ... Size: location e B,
ta fontain upy

usable water? [ Yes R No_ ..

- tru This well was drilled under my jur'lsdi_ci:ion- and this rei)ort is -
e .

to the begt of knowledge and belief.
Name ﬁfﬁiM y 7728

) (Person, firm o orat] CI'ype or, print)

. <denth of strata’ - Ad‘.kes_a - __J..é:_._?_ __C- .."i.._? » ..d';....f’;ﬂlﬂ({_m.._
Lng strata ors e et e seow e - - 4%
“dpacked? () Yes WNo  Size of gravel: o ____ . ignedl o e e e Wl Cantractor) -
from

e — . to

' T C:;ntraca;.or’s ];.ieense No. m Date .J&[,/ﬁi._, 19‘57_ o

(USE ADDITIONAL SHEETS I NECESSARY:

@-0‘ State 'We!."g N ' ' '
VY ASlaw-2s

OTARsEs wvn




2 B B aEFaES “.l‘lflil’l'l'll‘l‘l‘ll

POLK 51605
RECTFIVED

STATE OF OREGON )
WATER SUPPLY WELL REPORT  NOV 1 22 24 WELLLD.#1._J6427

{# required by ORS $37.765) START CARD ¥ Vs (7 & 14
Instructions for completing this reporm biﬂ}#%&‘b?ﬁsy%J_ . ,
(1) LAND OWNER Well Number (9) LOCATION OF WELL by leg] description: T 7a3%ay. /47
Mr County ,‘ Latitude gitnde X

750 L Township___Z.._____N oRange 1 E orf WM.
Cit 5 State She zip Y7738 Section _Z/ 174 14
(2) TYPE OF WORK Taxiat /822 Lot Block Subdivision
ew Well [J Deepening [ Alteration wrepniirireconditiont [J Abandonment Street of Well (ar nearest address) 0

(3) DRILL METHOD: M
{fSiary Air  OJRotary Mod O Cable T Auger (10) STATIC WATER LEVEL:
£} Other ft. below land surfacc. Date _/7=F-02
(4) PROPOSED USE: Artesian pressure Ib. per square inch Date

tic ) Community 3 Industrial [ lerigation
{IThermal  OJlnjection  [JLivesiock [ Other

() BORE HOLE CONSTRUCTION:
Special Construetion approval [ Yes (3496 Depth of Completed Wcllﬁ?_fl.

Eaplosives used [JYes Mo Type Amount

HOLE SEAL
Dismeiyr F) To Material Fi T é:por pounds
207 | 6 | 258 bechaite | O | 50| 32

scnbal 1w/

&% -fl So |RSF| 37

Wiar Al .

memlfhccf Method B BC 0Ob, 3B

1 0ther Fremi :. yay &

Backfilt placed from ftw______ft Material

Gravel placed from fi. 10 ft.  Size of gravel

(8) CASING/LINER: .

Mameter From 'I'o Gaupe Steel Plastic Welded Threaded

Cnidag: £ +2 22 (3 O =+ 0Od
O O d O
(I i | a
a O { O

Lmer: 27 | 5 ¥y e 0 = B O
] O tHl] (I

Drive Shoe used [ inside [FCutside [ N(}pc
Final location of shoe(s) sPK

(M PERFORATIONS/SCREENS:

{11) WATER BEARING ZONES:
Depth at which water was first found /<
From To Estimated Flow Rale SWL
/6 /8 /%4 /0
r /4 Yz Vd /o
30 #5850 2Y0 * /Yo
{12) WELL LOG:
Ground Elevalion
Material From To
Top 50l & 2
Clny, brosoa 3 4
Shale, drown - &rey 7 /&

Cclagshne, Crey = pugdnm 4 20
harl 57 _soft Sawdcthye Seams Wém Ao05

Swwdshoae, Light froy hoed | 208 | 0
Savdstone, Groy- Grecu~ bard] Fog 2o )
L Saned.

I  3Y> 333 /o

| Sasatl Sock- fonchured I3 Yok | /%0 |

R IR RN L
g

Sand - {op $iy | e
Basa J Y/ R Ld IRVL )
A - &re Y2é | r0

| Basatl, Black= bracteeed | 424 #72 | Mo

M%L-F_&M_JSL s¥o | Ive

| Clagstene, bnctucsl zGocns Y0 | 450 | Mo
Lof

#Aﬂ EN.I: - ¥so g | 2vo | y
& . £ ! , E F
Z 1 : ™ asl . Ka%.

DicKeram h/ elf | LRt Img), Joe

forations Method___ s&¢ /-
(3 Screens Type Material I.Pr <
Slot Tele/pipe -
- From To size Number Dmneter size o Casing  Liner
are | 459 o | B | ¥ 0 &=
O O
I (]
1 O
(8) WELL TESTS: Minimum testing time is 1 hour
Flowing
J Pump (1 Bailer @A 0 Antesian
Yield galimin Drawdown Dritl stem at Time
250" 35 " | #58 b
/80 A2 370 %
/32 Lo’ |2z 4
v
Temperature of water -55- Depth Artesian Flow Found
Was a waler analysis done?  [1Yes By whom
Did any strata contain water not suitable for intended use? [ Too lintde

Sany OMuddy CJOder (JColored [ Other

Depth of straw:
Con(n/lm‘! iss 3oxs

Date started __/#= 39-a2 Completed J/ﬁz -2
(unbonded) Water Well Constructor Certification:

T cenify that the work 1 performed on the construction, alteration, or abandon-
ment of this well is in compliance with Oregon water supply well construction
standards. Materials used and information reported above are true to the best of my
knowledge and belief.

WWC Number
Signed Date
{(bonded) Water Well Construcior Certification:

1 accept responsibility for the construction, alictation, or abundonment work
performed on this well during the construction dates reported above All work
performed during this time is in compliance with Oregon water supply well
construction standards. This repon is true to the best of my knowledge and belief.

Signed WA l' ML e N“;‘z:———-é—z—

ORIGINAL -WATER RESOURCES DEPARTMENT  FIRST COPY ~CONSTRUCTOR  SECOND COPY -C USTOM ER



