S ned_

AQUIFER STORAGE AND RECOVERY
HYDROGEOLOGIC FEASIBILITY STUDY

CITY OF DALLAS, OREGON
WATER TREATMENT PLANT SITE

Submitted fo:

Oregon Water Resources Department '
725 Summer Street NE, Suite A

Salem, OR 97301-1271

Submitted by:

Golder Associates Inc.

9 Monroe Parkway, Suite 270

Lake Oswego, OR 97035

Phil Brown, R.G.
Project Manager

Distribution:

4 Copies- City of Dallas

4 Copies- Oregon Water Resources Dept.

1 Copy- Oregon Dept. of Environmental Quality
1 Copy- Oregon Dept. of Human Services

2 Copies-  Golder Associates Inc.

December 13, 2005

053-9747

Dallas ASR HFS.doc




b

December 2005 -i- 0539747
TABLE OF CONTENTS
1.0 INTRODUCTION........... erereeeetesstiiesseressesisessessescesiesssessesssstesesscetescescessessestrsnene 1
1.1 Project Background.......coinninnin st 1
1.2 ASR Study Scope.....cvvereevenieninnen SO OO OO 2
2.0 HYDROGEOLOGIC SETTING ...ccccocmmmmmmvnsinsnsisrisisensisearaes rereerareesnaasesns et eataestassrnnaeere 3
2.1 PhySical SEHNE.......ccceereererrrrerrrenserieceaersnermeeesrsssessesseasasresenessastassensinsssosinssaerssassnanes 3
A € 1o [0 OO 3
2.3 Project Area HYATrOZEO0LOZY ..c.cocureurercecereeirreneincssetsscssstseces s neercssenss s b secassns 4
3.0  PILOT DRILLING AND BOREHOLE GEOPHYSICAL SURVEY RESULTS .......... 5
3.1 Pilot Well Drilling and COrng. ...t 5
32 Borehole Geophysical INVEStIZAtION .....occveeerreericeeer s esenais 5
3.2.]1  VIAEO SUIVEY revvverirererrisrrrcteesrsssrnneesrnsssssvnesssnmsssessmeeaessssssnssassssassesneassssussassns 6
322 CaAliPer LOZ .o nciieircciriiiicinirecnis st sessisctnetssaesecnessssesessnissssesesss s sssssensansanens 6
3.2.3 Temperature/Resistivity............ fevenreesrertrestrareeaneenreenerarerenens everteeeeteetaraerarrne 6
3.2.4 7 FLOW MELET.....voveieiiriencecenirestnssessnstsessssstsssssssasssssssesssssnssssontassensasasasssessosassomsas 7
3.2.5 Downhole Survey Summary .......ccccceeeeraeens. teeerareseeesrenesareanr s rnsanrasnneerassananaes 7
4.0  AQUIFER TEST DESCRIPTION......c.cvimmmmmmriniiiiniiisrisssisiissssesssmnssesssssssssssnes 8
4.1 Observation Well Network ..o Ceesaeesare e s ee ek aeas 8
4.2 PreCiPItAtiON ... cveurrreneieecrissiresrsscrss st ss s b ss s s e asr s s b s era s s b eda b nr s e 8
4.3 Pumping and DiSCharge ..ottt 8
4.4 Step Rate Testing.......covcnninivvnniennens Lteereeeaeanterataae et erareaee e e e et A e st re s s aE e e b raneane 9
5.0 CONSTANT RATE AQUIFER TEST RESULTS ...t ennasneas 11
5.1 Pre-Testing Moritoring Results ..o saesesesnesns 11
0 0 R -t A= | TR O OO 11
5.1.2 Observation Wells........cccrvecriicimensnnennincincncrsesnnnns ettt 11
5.2 Aquifer Test DeSCTIPHON.....couvinc st 11
A Y N A | O O 11
522 Observation Wells........ooceirieinniee et sesse s reesee s s s reseseenens 12
53 Recovery Monitoring RESUIS .....c.ccoiimiierviinec v st nsss s ans 12
531 Test Wellu o i2
5.3.2 Observation Wells.................... e eeaes OO 13
54  Discussion of Aquifer Test Results........cooeoiiiiiiiic e 14
6.0 CONCEPTUAL MODEL FOR ASR ... ceecesisessese s ssssnsnsssesns 15
6.1 Conceptual Storage Model.........ciiiiiciicer e s 15
6.2 ASR Well Interference Analysis......c.cciireicercririrnisnrecsresrensssrsssssesssssrssensserassssesssasses 16
6.2.1 Distance-Drawdown Analysis .........ccociiiiinninciinssnsccsssnens 17
6.2.2 Recharge ANalysis .. 17
6.2.3 Offsite Well Interference ASSESSMENT ......ccocciiiirmnrerrvrseiiinsnisesisnsssesis s 17




December 2005 -ii- 053-9747

. 6.3 Aquifer Storage Capacity.......ccvvveeieccnmireeinsrrrescsesnectsessessees ............................. 17
6.4 Stored Water DIIfl .......occierece e e sree e se st rs s e e s s s s e 18
7.0 WATER QUALITY/GEOCHEMICAL COMPATIBILITY .....cooveiiiiniiceeeeennne 19
7.1 JE3TE (s L8 T3 10 ¢ O S OO OO OO ORI |
7.2 ANalyHcal RESUIES ... sseae s sas s a e rrs s e are ety 19
7.2.1  Groundwater CHEmiSIIY . ....voueeeeeeerercrrnssrees e s e siesssesssesssasnestassnsssasansesssase 19
7.2.2  Source Water ChelmtSIIY ... ..coieiiirrirsirrenrniesesseerearsreerressmreseessreessrerassosssins 19
73 Aquifer Matrix ChemiStIY..c.ccooireniciicecnecssi s et sa s 20
74 Geochemical Modeling.........ivvvevrrrerrcrrres it e s s rare e 20
- 74.1  Modeling APProachi....c..cecivecciieiicrriinccnrcniss st 20
7.5 Modeling Results ..o RO UPUOPUORN 22
7.5.1  INPut SOIULIONS .....coviiiiiirriiiiiientisrss st a e ra s nne s 22
7.5.2 Conceptual mixing of input sOIUtiONS......ccccvvrrrmreriiiiiiiesne e 22
7.6 3 TcTon 11 o ¢ USROS 23
7.7 Treatment OPIONS ......c.cccoererrmrcrenererieessesrs et resseesessssssmssssessrrsnsmsaerssssssssasessssnsnesis 200
8.0 SUMMARY AND RECOMMENDATIONS .......ccovmmemmiiicnrennssssessnsssssenas 25
9.0 REFERENCES ..o cereeeesessessssassessessssssssssesssmeassessesstossssssssssess samsssissessnssessasansnen 26
LIST OF TABLES
Table 3-1 Summary of Collected Cores, ASR Test Well
- Table 4-1 Observation Well Network
Table 4-2 Observation Well Network Elevations
Table 4-3 Step Rate Test, Laminar Loss Estimates
Table 5-1 Comparison of Theoretical Drawdown to Observed Drawdown at Observation Wells
Table 5-2 Observation Well Network Base Elevations
Table6-1 = Well Information

Table 6-2 Pumping Analysis

Table 6-3 Recharge Analysis

Table 6-4 Offsite Well Analysis for Pumping Scenarios
Table 6-5 Offsite Well Analysis for Recharge Scenarios
Table 6-6 Recharged Water Drift Analysis

Table 7-1 Results of Source Water and Groundwater Mixing
Table 7-2 Summary of Geochemical Analyses
Table 7-3 Saturation Indices of Input Solutions and Mixed Solutions

Table 7-4 Estimated Mass of Ferrihydrite Precipitate




December 2005 -iii- 053-9747

LIST OF FIGURES

Figure 2-1 Geologic Map
Figure 2-2 Generalized Geologic Cross Section

Figure 4-1 Observation Well Network

Figure 4-2 Barometric Pressure Changes

Figure 4-3 Precipitation Measurements

Figure 4-4 Pilot Well Step Rate Test

Figure 4-5 Relationship Between Pumping Rate (Q) and Drawdown (s)
Figure 4-6 Projected Pumping Water Level

Figure 4-7 Transmissivity Estimate

Figure 5-1 Pre-Test Water Levels

Figure 5-2 Hydrograph of Lowe Well (Lower)

Figure 5-3 Hydrograph of Birko Lower Well

Figure 5-4 Birko Well Water Levels

Figure 5-5 Hydrograph of Parker Well

Figure 5-6 Presser Well Water Levels

Figure 5-7 Water Levels Upper Lowe Well

Figure 5-8 -~ Observed Water Levels, City of Dallas ASR Pilot Well
Figure 5-9 Semi-Log of Late Time Pumping Response
Figure 5-10  Semi-Log of Recovery Response

Figure 5-11 Long-Term Projection of Pumping Water Level
Figure 5-12  Discharge Conductivity Versus Time

Figure 6-1 Dallas ASR -Distance-Drawdown Analysis (ASR #1)
Figure 6-2 Dallas ASR —Well-Interference Analysis (ASR #1 recharging at 175 gpm)

Figure 7-1 Saturation Indices, Fen;ihydn'te
Figure 7-2 Saturation Indices, Calcite

LIST OF APPENDICES

Appendix A Geologic Log of Pilot Well

Appendix B . Downhole Survey Figures

Appendix C  OWRD Water Well Reports
‘Appendix D Analytical Laboratory Reports

Appendix E Technical Memorandum — Packer Test Results at the City of Dallas ASR #1 Well

A 2 4 9 4 AR 3 AR AR A Ek 3N N N S SR | R O




December 2005 -1- - 0539747

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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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 235, 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 resuli, 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 appropriaté 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 downholé program included the
following elements: . :

e Video survey
e (Caliper log
o Static flow meter survey |

e Temperature logging
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o Fluid resistivity logging .

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

321 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 shified 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 fect/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 well to be 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. -

3.2.3  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 (sec 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 350 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. '

3.24 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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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
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" 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
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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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70 WATER QUALITY/GEOCHEMICAL COMPATIBILITY

71 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
Jower than normal due to a quality control issue with reagent. Asa 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

7.2.1 Groundwater Chemism.

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 nifrite 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.

7.22 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 shori 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. Tt 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. -

73 Aquifer Matrix Chemiétry

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 iinerals 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.

74 Geochemical Modeling

74.1 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 (&.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 Surtfey
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 Equatlon 1.

4P
ST =log— 1
B M

P

The saturation index is the ratio of the ion activity product (IAP) of a mineral and the solubility
product (K;). 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 lumted 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 Ioput solutidns

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 [CaCQs] and gypsum {CaS0;.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 17 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 saturatlon indices of ferrihydrite and cak:lte
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 potassmm 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, chioride 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 1 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. Tt 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 [H;NO;S] and hydroxyacetic acid {C;H,05]. Other chemical treatments make
use of oxidizing agents to act as bactericide (e.g., chiorine, 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. Vyrf-:gardTM is a similar in-situ method that consists of continuous
recirculation of aerated groundwater via several recirculation wells surrounding the production well.
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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.
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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.




I
pln

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,
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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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| Yamhill Formation and related rocks e —

and related rock ] Terrace, pediment, Scale 1" = 5 Miles &
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APPENDIX A

GEOLOGIC LOG OF PILOT WELL




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




APPENDIX B
DOWNHOLE SURVEY FIGURES
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OWRD WATER WELL REPORTS



H

Rl New Well []Deepening [] Alteration {repairrecondition) [ ] Abandonmens
{3) DRILL METHOD:

-nme—e--- B el POLK 52056 2 =  -==-=-=«=-=uono R
STATE OF OREGON
WATER SUPPLY WELL REPORT (WELL §.D.)# L 88036
(a8 required by OFS 337.765) : 164741
lnstructions for completing this repord are on the last pape of this form. (START CARD) #

{1) OWNER: Wel) Number Dalias ASR (9 LOCATION OF WELL by legal description:

Name Clty of Dallas, Oregon County Polk Latitude Longitude

Address 187 SE Court St Township 7 8 Range 6 w WM.

City Dallas : State OR Zip 973368 Section 36 SE 174 NE /4

(2) TYPE OF WORK TaxLot 109 Lot Block Subdivision_

Strect Address of Well {or nearest address) 16375 W. Elendale Ave., Dallas

OR

pRotary Air [ Rotary Mud  [jCable  [JAuger (10) STATIC WATER LEVEL:
fJOter reverse circulation 188 fi. below fand surface. Date 9-07-04
(4) PROPOSED USE: Artesian pressure 1b. per square inch. Date
[CJDemiestic  §f{Community  { Jindustrial [ Imigation {11) WATER BEARING ZONES:
Themmal  [Jinjection [qLivestock  [JOther :
{5) BORE HOLE CONSTRUCTION: Depth at which water was first found 545
Special Construction approval [] Yes /[ No Depth of-Completed Well 2004 &
Explosives used [ ]Yes [[JNo Type Amount From To Estimated Flow Rate | SWL
ROLE SEAL **SEE ATTACHMENT |~ '
Dismeter From To  Materisl From To  Sacks or pounds
0" 0 501" .|Cament 0 Jsot* [10 yards
15* 1501 {2001 '
{12) WELL LOG:
How was seal placed: Mehod [JA [O8 Mc¢ {5 [E Ground Elevation
0] Other .
Backfill placed from fi. to fi. Material . Material From To SWL
Gravel placed from fl.io- R Size of gravel
{6) CASING/LINER:
Dimeter  From  To Gauge Steed  Plastic Welded Tureaded | ["SEE ATTACHED SOIL PROFILE SHEET™
-(_gmimz.iﬁ" 501" +1 I75 E D m D )
0o O 0 0
0o 0O g O
O 0O 04 O
Liner: O O O 0
O 0 o O
Firal lecation of shoe{s) :
{7 FERFORATIONSACREENS:
O rerforations Method
[C1Sereens Type Material
Slot Felelpipe
From Te site  Number | Diameter size Casing Liner
J O
O 0
a O Moo - . 2T
O ] Sei¥sy JREGON
O ]
{8 WELLTESTS:_ Migimum testing time is 1 hour Date started 2/25/04 Completed 9107104
' Flowing (wnbonded) Water Well Constroctor Certification:
5 Pump [OBailer Oair Artesian 1 certify that the work I petformed on the constryction, alieration, or abandonment
R S e | TS O ol i
A and beliet.
300 280 72hr. -./_."_, !":;__ Y WWCNumber 772
. Signed W/&w;—ﬁ s é/ Date G¥ /L
Temperature of water F 57 Depth Artesian Flow Found (bonded) Water Well Constmc?l‘erﬁﬁcaﬁon:
Was a ‘water apalvsis done? M Yes By whom CH2MHI | accept responsibility for the. enstraction, alteration, of abandonment work
Did any strata contain water not suitable for intended use? [ ] Too linde performed on this vl during the construction dates seported above. All work -

(dsalty [IMuddy [JOdor [TJColored [JOther
Depih of strala:

perfomed during: tHis time 15 in compjlance with Oregen water supply well
consinuction standards. Fhis report if'true 1 the best of my knowledge and belief.

4 WWC Number

i sl

Signed :‘Z—*‘/ﬂ,; A Date I/ .ﬁg&‘z

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SEC

OND COPY-CONSTRUCTOR  THIRD COPY-CUSTOMER




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: L68036
Boring#: ASR-1

Water Bearing Zones:

From | To Estimated Flow Rate ‘ SWL

723 800 1 - 188
936 941 1 188
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 ﬁ E e ‘ E?ﬁ ’ = “¥x 35¢ | 378

Black basalt il 378 414

Black w/ green clay M 414 446

Black basalt 446 523

Black basalt w/ green clay & quartz waTER RESOU: ! 523 526

Black basalt : SALEM. OREGUN 526 545

Black w/ green claystone 545 612 188

Black w/ brown basalt 612 723 188

Black basalt — fractured 723 741 183

Black basalt . 741 800 138

Black basalt w/ green clay 300 816 188

Black basalt w/ green claystone 216 891 183

Black basalt w/ green quartz : 891 2035 188

black basalt{med.gray) w/ white/preen quartz 905 917 188

Basalt (black) w/ streaks of gray clay 917 936 188

Basalt (black) — fractured w/ gray clay 936 | 938 188

Basalt (black) - fractured 938 941 188

Conglomerate volcanic brachea w/ basalt 941 967 138
188

Basalt w/ pray and tan claystone 967 982

L

W

= il T : - - e N - T el A . B
1 3 ! 1 I
i . . " .




_ 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 clayston 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 1 1008 1016 188.
Basalt (black ) fractured 1016 | 1020 188
Basak (black — gray) med 1020 ) 1035 188
Basalt (black w/ brown) med 1035° | 1037 | 188
Basalt (brown) w/ black and red siltstone 1037 | 1043 183
Basalt (black) w/ brown/green specked siltstone 1043 1 1046 188
Basait (black) w/ streaks of green claystone 1046 1 1054 188
Basalt (black) slighty fractures 1054 | 1058 | 188
Basalt (black) w/ sireaks 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 183
Basalt (black) w/ red/green speckled siltstone 1096 | 1104 183
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 - 1155 | 1126 188
Basalt (black) w/ streaks of green claystone 1126 | ¥132 88
Basalt (green & black) w/ red & brown silistone 1132 11139 188
Basalt (black} w/ brown & green siltstone and white quartz 1139 1144 188
Basalt {black) w/ brown & gray siltstone 1144 1 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 siitstone 1182 | 1196 188
Basalt (black) w/ red/green siltstone - 1196 } 1208 188
Siltstone (gray, green, red) wi streaks of black basait 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 siitstone 1265 | 1268 188
Basalt (black) w/ red & green siltstone 1268 {1273 188
Basalt (brown / black) w/ brown & preen 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 siltstonie 1338 | 1360 188
Black basalt w/ green, red & gray siltstone- 1360 | 1366 138
Volcanic Layer — red, brown, grey , silty porous sandstone w/ green 1366 | 1372 188

.t claystone

-| Black basalt w/ tan & gray siltstone 1372 | 1379 183
Black basalt w/ gray siitstone 1379 | 1387 188
Grey, brown siltstone w/ streaks of basalt & white quartz 1387 . | 1390 188
Brown, red & gray siltstone w/ green claystone 1390 | 1385 1838
Black basalt w/ gray & brown siltstone 1395 | 1411 138
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 i88
claystone
Brown & tan silistone w/ streaks of black basalt 1430 § 1433 188

“RECEIvES
0CT 04 20

WATER RESOUs T
SALEM, OREGUN

W
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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 183
Black basalt w/ gray & brown siltstone 1480 | 1495 188
Green & black siltstone w/ basalt & green claystone 1495 | 1510 188
Basalt w/ gray silistone & streaks of gray claystone 1510 | 1522 188
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 siltstone 1556 | 1569 188
Lens of soft grey sticky clay 1569 | 1570 | 188
Black basalt w/ gray & green siltsione and streaks fo gra y & brown clay 1570 | 1575 188
Black basalt w/ pray siltstone and quartz 1575 | 1587 188
Black basalt w/ gray siltstone and red claystone 1587 ] 1590 188
Black basalt w/ gray and green siltstene 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 11715 | 188
Brown & red siltstone w/ streaks of red claystone and white & green quartz | 1715 | 1758 183
Gray siltstone w/ streaks of gray claystone 1 17158 | 1772 188
Grey, green & 1ed silistone 1772 | 1779 188
Grey & green silistone 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 | 1308 188
Siltstone — grey & green 1308 | 1817 188
Red, green & gray silistone w/ quartz 1817 1884 | = 183
Black & gray siltstone w/ streaks of quartz 1184 | 1941 188
Brown & gray siltstone w/ green claysione & quartz (soft) 1341 | 1946 188
Black, grey & green siltstone w/ some quartz 1946 | 1967 188
Grey, red, brown & green silistone w/ quartz 1967 | 1939 188
Biack basalt w/ gray siltstone-and small streaks of gray clay 1989 | 1998 188
1998 | 2001 188

Black basalt w/ gray & black siltstone and streaks of green claystone

WRETE W ETETE W ECAT W N w

RECEIVED
00T 04 24
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(WELL LD.)# L 17126
(START CARD) # 174395

POLK
STATE OF OREGON )
WATER SUFFPLY WELL REPORT
(a3 required by ORS 532.765)

Instructions for completing {hiz report are on the last pape of thiy form,
(1) OWNER: Well Number Dallas ASR
Name Clty of Dallas, Oregon
Address 187 SE Court 5t
City Dallas State OR Zip 973368

{2) TYPE OF WORK
[[] New Weit [ Deepening 7] Altesation (repair/recondition) [ ] Abandonment

(3) DRILL METHOD:

{CRatary Air [ Rotary Mud [ JCable [JAuger

A Other pump cement vla treme pipe

{4) FPROFOSED USE:

[IDomestic  pf]Community [} Industrial [T rigation
[ Thermal [injection {1 Livestock [Jother

(5) BORE HOLE CONSTRUCTION:

Special Conslruction approval [ ] Yes INo Depthor Completed Well 925" 1.

(%) LOCATION OF WELL by legsl description:

Comty Polk Latitude Longitude
Township 7 s Range 6 w WM.
Section_36 SE 1/4 NE 14
Tax Lot 108 Lot Black Subdivision
Street Address of Well (or nearest eddress} 16375 W. Ellendale Ave,, Dallas
OR -
(10) STATIC WATER LEVEL:
188t below land surface. Date 070605

Artesian pressure Ib. per square inch, Date
(11) WATER BEARING ZONES:

Depth at which water was first found

From To Estimated Flow Rate SWL

Explosives used [ |Yes {JNo Type Amount
HOLE SEAL
Diameter From To Material From To Sncks or pounds

How was seal placed: Method []JA [JB [Jc [p [JE
[} Other

(12) WELL LOG:
Ground Elevation

Backfill placed from 825 fi 102001 A Material Neat Coment

Material From To SWL

Gravel placed from & 10 ft. Size of gravel

(6) CASING/LINER:

Diameter From To Gauge Steel Plastic Welded Threaded

Refer to POLK 52056 for well construction
detalls.

Casing- a 1 | [
O 0O O J
g O 0O O
g 0O 0O a
Liner: J 0O [ |
[} 0 3 M| Backflll lower porflon of well with cerent | 2001" . | 925" 188
Final location of shee(s) (open hole; no screen, casing or finer)
') PERFORAT]ONSISC_REENS: 1,012 sacks (94¥)
I Perforations Method
[]Sereens Type o Material
From To ﬂ::m Number , Diamseter Td:ilz’:” Casing 1[-5:!’ 3 E!"‘ # D
2 B o205
d O 1 &
1 O S
(8) WELL TESTS: Minimum testing time is 1 hour Date started D6/24/05 Completed O7/08/05 .
Flowing {unbonded) Water Well Constructer Cerfification:
{JPump - [ Bailer Jair [[J Artesian [ cartify that the wark I performed on the construction, alteration, or abandonment
Yield galfnin Drawdown Drill stems at Tirme :‘:' ltns_ \:'ell ;:dm cmp[;‘hanoe_wﬂ.h Oregon mer supply welll construction I:t:andan'ls.
: b anad tgtgﬁ es{u and information reported a- € are true to the best of my knowledge

Temperature of water F 57 Depth Artesian Flow Found

Signed <

) £
i WWC Number jﬂ # Z
. Date E“{ EOS
(banded) Water Well Constructef Certification:

Was a water analysis done? [] Yes By whom
Did any strata contain water not suitzble for intended use?

Osalty TTMuddy []Odor [JColored [ JOther
Depth of sirata;

[ Too tittte

1 accept responsibilily for the construction, alteration, ar abandonment work
performed on this well during the construction dates reported above. All work
performed dusingfthis time is in complignee with Oregon water supply well
censtritction s rds. This report is-Yygto the best of my knowledge and belief,

lS/Z (4

Signed ' Date

ORIGINAL & FIRST COPY-WATER RESOURCES DEPARTMENT SECOND COPY-vCONSTRUCT OR  THIRD COPY-CUSTOMER




2Ly RECEIVED

STATE OF OREGON 5112, :
WATER SUPPLY WELL REPORT - , MAY 1 7 2000 WELLID.#L__ R 7Y 7/
{s8 reqeired by ORS 537.765) _ STARTCARD#____ /32870
for comapleting thi: ort are on the Inst of this PT.
{1) OWNER: - Well Number __ /' S LQEﬁﬁQN OZWELL by legat tlescrlption
Longitudo
Aaws (6655 Mot L& Townﬂnp. y. Nw@mae__é_.. E or SoWM.
State e Zpl 733§ Secin__ 25 S W_Su0 14
OF WORK T - TaxLot ¢pp Lot Block Subdivision
New Well [ ] Deepening [i3ATieration (repair/recondition) [ ] Abandonment Street Address of Well (or nearest address) Y
0D: _
DMM DR.owyMu(l {JCable  [JAvger (10) STATIC WATER LEVEL:
- = SO PSRy py, 2 P it below land surface. Date
Aricsienpressuse Ib. pctsqulrcmch. Date

a&;mc DCmnmnmty Oindustrial ~ [Jligation {il) WATER BEARING ZONES:

Thermat [Jinjection - [JLivestock [ ]Other } - - ] -
Hf BORE HOLE CONSTRUCTION: Depth at which water was first found _,,ﬁmg_@’mL
! g'z fi. ~

Bpecial Construction spproval {o4Yes [ INo Depﬂ:ofConq:letedWell

Beplosives used [J¥es [JNo Type Amount Fromi™~,_ To Estimated Flow Rate | SWL
HOLE SEAL Do \_\ '
Diamstar From To Materisl From Te -t T poundy :
v W /52 2 \
i /S W R VI A ~
- . (12) WELLLOG _
Howwmmalplaced  Method [Ja [JB [Jc [Op []E Ground Elevation
(] oer : =
Backfiliplaced from _____ ft. 1o R Material Material From | To | SWL
Cravel placed from fute . fr  Sizeofgmvel . - : [ 1Sar¥| Ao b
® CASING/LINER: ‘ Zj?n o
Dismeter  From  To Gauge Sted Plase Weded Threaded | | . . X ’/4“&—#_
Caslng: \ 0 O O 0O |Lfwm  Comagli o | S A
N Y 0 O 'R 0 [ d & 2 ) 7372 P
Urtg et g 0O O O Lot 1L
il O (M| a Lowe s, émﬂ-_‘g ot | a
Liner: _mg[ 0O 0O o O || e ,47:-.,,
g a ad 0
Floa! location of shoe(s)
(N PERFORATIONS/SCREENS: ‘
0 i Method .
[ Screcns M\ Type Material [N < jr Zq’ il .
Prom , Ts size w Diameter Tl c.smu; LEf M_.ﬁ/@ [L /4 ‘[TQ
, T o -0 _fLH_#(_oa) 123~ Zb0F
1 o o0
~_ 0O a0
~0 O
8 TESTS: Minimwm testing time is 1 hour Date started &—tt g Compileted L A= o
Flowing {unbonded) Water Well Constructor Certification:
Orump Jair fJAstesian that the work I performed on the construction, amntmnrlbandmn
ot e e | bl i G gy e S
1h | sndbetief
_ WWC Number
T~ Signed ‘ Date
Temperature of water _ A 4 Depth Artesian Fiow Found (bonded) Water Well Constructor Certification:
Was a water analysis done? {7} Yes By whom lmptusﬂu'blhtyforlheoonmwmmemmn.onbmdmmmtm
Did any sirala contain water not suitable for intended use? [} Too little petformed Mmg&:snmgo %gg %‘bﬁlﬂ&“ _
[(3Saty [(JMuddy [JOdor [JColored [JOther construction standards. This report is true fo the best of my knowlcdge and belief.
Depth of strata: ' WWC Number /.5 7/

Signed _%L_&ZL_J-M S o

TiN—e mmmmrmore SeTa RTATRET TIROT ANDV CANSTRITETAR  SRONND CNPY _ CTISTOMER




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

H B N B E 88N EH S & W T8 o e

{® 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

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

L




B

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-

& FIRST COPY - WATER RESOURCES DEFARTMENT

don 'rmnnconr

C'USTOMER 9809C 10/

- ——— e s+




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,
Z 4




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



APPENDIX D

ANALYTICAL LABORATORY REPORTS




CH2MHIL
APDMSdam;Gm
ZIHONN Wt B
v . CHZ2IMHILL : _ P gt
o] ’ Appliad Sz:rencesﬁroup _ Gowvaits- OB
' | etieroen
Qctober 7, 2004 , s
City of Dallas/ASR:
314363.40.03

RE: Lah@rator_y Report for City of Ballas/ASR:
Apphed Scierices Gmup Reference Ne: D4124

Sen . Apphied Sciences Grotip réceived one samiple with a.
requ.' .;fﬁr, analysm of selectf:d parameters. All analyses weie perfornicd by- CH2M HILL
unless: @therwme mdlcated below.

The: analmcal results and associated quality-control data are enclesed. Aeny unuseal
difficulties encauntered during the analysis of your sampies are discussed in the.gase.
narrdtive,

CHZM HILL Applied Sciences Group apprec:ates yourbusmess and looks forward fo
serving ycur analytical needs again. I you should have any questions concemmg the data, or
if you hieed additional information, pleas:a call Mark Bos at (541) 758-0235, extension 3135.

Sineerely,

Mark Bras

ﬁmfm :
PAGE1 of b 15




SAMPLE CROSS-REFERENCE

MUHHILL Applied Scicnces Group Reference No. DA124

Clignt Sample 1D Collested _ Cllevted
5041 OB 1300

3 ! ) o 3]
H b H ] ;
.




B Lab Refereiice No,: D124
Client/Projeet:: City of Dallas/ASR
I

All:aceeprance criteria were:tiet.

A, Calibition:
‘Al aceeptance critefia weie miet.

ix Spike Sample(s)

acceptanee criteria were met.

&

Displicate. Samplets):
iteila were met.

All acoeptance &

D,  Lib-Conirol Samiple(s

Al aceeptance criteria were met.

B Qther
‘The:samplediad 2X dilution. for-pérchilorate due fo'tiigh Eondativity (4600 uslem.

v.

V.. Teeitify that this-ditx package is in complianee with the terms and conditiens.agreed toby the
client and CHIM THLL, both technically and for completeness, exeept forthe cenditions detailed
above; Release of the data centained in this hardcepy data packag sn:quthioiizad by the

Laboratory Manager or his-designge, as verified by the following signatrire.




-

Reviewed by:

Lab Reférence No.; Dd124

L

Al] accseptaneﬁ mteria were: met.
F. ICP Serial Diltion:
Not Requited:

G Other
None

Wone

s,,m-{g;egxxphance with the terms and conditions-agreed:to by the
b th technieally and forc mpleteness,. except for the conditions detailed,
. wonfained fivthis hardeopy data package has been authorized by the:
OFy Manager oF htsﬁemgnae Ag-verified by the following: sigrature.

Prepared by Q




CASE NARBATIVE.
VOLATILES

Liah Refevence Nait D124

:AJI acceptdnce. criteria wan:c raet.

E @rber
None-

,_Emumamanmn Excc tions:

vkt thil data packagc is in: comphﬁnse. with the terms and conditions asg;:eed to by the _
‘ M HH L, both teehnically-and for completeness, exeept forthe: 3 raditions detailéd
dbove. ‘Releaseof the eiata .contained in this hardcopy data package has.beer autherized by-the
‘Laberatoiy Managet or designee, as venﬁed by the foltawing signature.

Prepired by: ‘ ,
Revigwed by- / Ka:‘l'ftmw; me Ki'nLeﬁ




CH2M HILL Applied Sci

Lab Batch 10: D412404

Date Reaceived; 991’0512”4
_ Report Revisior Mo o
Sampled By: Not Prav:ded Reported By: DDHMYL
Sampling Bate ;agfezs;e@eez Reviewed: Bay o

Bams' As Reeewad

—
Anaiyte — _MBL- Reésult - Qualifier __Units, Meihad Anaberad

General Chermistry _

Alkcafinity, Total 50 124
‘Bicarboiate-Mikalinity 50 50 U A:310: ¢
Carbohate-Alkalitity 50 50 aGOE. EFA 8101 09/20164

- Amimonia .10 0:39 Mgl as N SMAS00-NHI-D  09/21/04
-Ghiotide 20.0 2560 Mg/l EPA 3@0 Q‘A [ol275 K7

- Calor (APHA) True 5 & : M 09/10/64

Cygnids, Total 0.005 0:005

Fluoride 0.10 0.44

Nitiate 0:10 810

Nitrite ' 6.30 0.10

Odor ' 0 0 _ i

Perchlorate 5.00 5.60 gL EF'A 314 19]&4!64

. pH - 847 pH EPA 150:1 - 08/10/04

Sulfate. 0.0 122 gL EPA 300.0:A ﬂsrmezl

Tital Dissolved Salids. 3 4190 el EPA 169,1 ‘

Total Suspended Solids - 2 2 J 602

- Total Phesphoius 0.06 - 0.5

TOG 6:50 050

EPA 310 0eiRp04

coEg ©C
g
B
=

L w1
33
&

| U=Hot detected at speeified repmiting limits

Tet AT 752527 FadeJ 7smm

0 5




' CH2M HILL Applied Sciences Laboratory

Client Sampie10: METHOD BLANK Lab Batch ID: Da124

Pmleﬂt Nerité: City-of Dallas/ASR , Drife Réceived: 09/09/2004
Praject Ma’nager hifis Atigustine/PEX: fahort .

 Beperied By: DDH/YL
" Reviewed By: g

Bsiss NA

Sample

= Analyte ) MBL ‘Hesple ﬁha[lﬂfegg _ Units

Analyzed

General Chemistry '

Atkalinity, Total - i) 58
Bicarbonate-Alkafinit 50 5:0
Ca rbonate—Atka[In ity 5O 50

' Ammonia , .10 018

Chloride . BIG 044

Color (APHAj Thie 5 5

 Cyanide, Total 0.605 6,005

Fluoride : 0.10 8,10

Nitrate 030 040

mg GaCoA. ERAS10:% ‘09720104
mg CaCosfl. EPA310.1 09/20/04
mg:CacOs. =PA3 09/20/04
gl 4s N 09f21ti0:
color unils:
mg/l. sm 4500 cN-E
mg/L. EPA 300.0-A
mgias N- EPABOOO-A  0S/H/O4
mgilasN- EPASDO.O-A  09/T1i04
T.QN. SHM21508 - 00ft0/4
pH
mg/L '
mgll ) EPA 160 1
rag/L EPA 160.2 :
mglL EPASS51  09(24/04
mgl  SM5318D BOATIO

Perchicrate 5.0 5.00
pH . [E, e
Suifale 7 0.10 0.10
Total Dissolved Solids = & 5
Total Suspended:Salids: 2 2
“Total Phospheriss 0.05 005
- TOC Q.50 . 0.50

cocoE CEEECECECE T C 8

CHIM HILL MWWMM QR-92330-3538
Applled Sclences Groti ; PR30 08




CH2M HILL Applied Sciences Laboratory

Glient_Information

.G‘;l"iaﬂ!" Sample iD: 99041

Projeet: Naivie: City-of Dallas/ASR.
Project Manage: Chris AugustinefPDX:
‘Sampled By: Not Provided
Sampling Date: 69/0904
Sampling Time: 13:00
Typs: Grab
Malrix; Water
Basis: As. Rﬁﬁewed

Lak Sample1D;: 1341..24m

Date: Reee" eds 69199%64

Qualifier

Analysis
Methiod

Analyte MRL  Result

' Metals-Total ‘
Aot Al - 100 TEO -
Antimeny, Sh 30 g1
Arsenic, As 20 20
Barium, Ba ' 250 250
Besyllium, Be A0 A
Gadmium, Gd _ 50
Chramium, Cr. 1& 0
Gaﬁper Cu 18.0
ltony, Fe. ' 100
Lead, Pb : 3.0
Magnesium, Mg 500
Mariganiese, Mn 10.0
Metcury, Hg: 018 0
Nickel, Ni 20.0° 200
Potassium, K - 800 1150
Selgnium, Se 20 2
Silica, $i0; 1070
Silver, Ag 10.0
Sodium, Na. 5000

Thialliden, T1 20 20

Zinc, Zn 200 206

Tofal Hardness 33 2000
Metals-Dissolved

Iren, Fe 160 100
Manganese, Mn 10.0 1.3

U=Neot detected at spesified reporting fimits

Aﬂﬁlfed Sm"eheés Grogp

o=l el ool gl =8 ot

Units.

ZEPA 209 7 '

'EPA?.OG 7

EPA 2007
BM31138
EPA200.7
EPA2060.7
‘SM31128
EPA 260.7
EPA 2007
8M3113B
ERA 200.7
EPA 200.7
EPA 2007
EPA 2009
EPA 2007

EM23408

EPA.200.7
EPA 200.7

ot Barysa 07 m;}

69! ‘i TIQ4

09/17/04- |

pocktioung
0572104

horting

09!1?]94

092704,
09/21/0%
097104,
" 0gi2t/e4.
09/28/04
001704
001 7i04

0r7/04
09/17/04

- AN




CH2M HILL Applied Sciences Laboratory

Eﬂgn; Informatian:

Client Sample ID: METHOD BLANK

5 Clly of DéliasiASR
Project Manager‘ hieis: Augustmei?ﬁx
' Sampled By NA-
Sampling Date; NA

Type: GG
Matrix: Water
Basis! NA.

Lab:Satple 1D: Dat24

Sample

rits

Analysis

mm’ — m — Re,smt Qualifier

‘Metals _ ,
Aluminum, Al 160 140
Anlimony, Sb B3 3.0
Arsenic, As 2.8 2.0
Barium, Ba 25:0 250
Beryllium, Be A4 4.0
Cadmium, Cd 50 50
Chromium, Cr 100 16:0
Copper, Cu T0:0 10.0:
iron, Fe _ 100 106
Lead, Pb ‘ 30 30
Magnesium, Mg B0 500
Manganese, Mn - 180 10.0
© Mercury, Hg 0:10 840
Nickel, Ni 50.0 200
Potassium, K 500 500
Selenium, Se 2.8 0
Silica, Si0y 78] 1070
‘Siver, Ag. 10:0 10.0
Sodium, Na 5606 5000
Thallium, TI 6 20
Zinc, Zn 20.0 2080
Total Hardnass 33 23

CCcoctEcoocecccococoocoecE e

U=Not detacted at spesified feportitig linits

CHIMHILL.
Applied Seionces Gioup

pglL

.ugﬂ-

ﬂgﬂ-
Hgll.
1ig CatOaf

_ Method

EPAzeb 7
SM3H13B:

EPA: 20& 7 '09!21&4
2 BQI‘I ?{94

EPA200.7 QOMTRY.
8M23408 09:17194_

200N Wit Bivil. ool O 930598 -

POY:-Box 258 Convolls, DR ma?ﬁm




CH2M HILL Applied Scienees Laboratory

- LabSampleID; D412401

Analysis Meihod: EPA 624.2

Repozﬁng

Hnaiyte - CASH L:mit Bﬁglt _____Qualifier

Purgeable Volatiles'
V‘ny! Ghlﬂnde 75-01-4 05 ¢ )
75854 05 05
trans-1 ,2»Dichlamethener 156+60-5 0:5- a5
. Methyl teR-Butj Ethver 1634-04-4. 0.5. 05
75-34-3 0.5 05
L trane 107-06-2 0.5 05
14,1 Tnf:hl@m&thane 71-55-8 0.5 05
Carbon tetiachloride: 66:23-5 05 0.5
Benzene- 71-43-2 ' 05 .5
1,2-Dichlotoprapane: 78-87-5 0.5 0:5
Trichloraethena 79-01-6 D5 G5
1,1,2-Trichlorosthang 79-00-5 0:5: 85
Tohienis 108-88-3 04 - 05
Tetrachlaroethene ¥27-184 05 a5
Chioichenzene 108:90-7 0.5, 0:5
Ethylbehz‘éné 100-41-4 05 0.5
m,p-Xilenes- '1330-20-7 10 1.0
‘Styrene 100-42-5 0.5 0.5
G-Xyrane 95-47-6: 0.5 2.5
1,4-Dichlotobisnzens 106-48-7 0.8 .5
1,2-Dichlorobenzerié 95:50-1 0.5 a5
1,24-Trichlorobenzetie 126-82-1 0-5 s 0.5
-Dibromofluotomethans 1868-53-7 75-1 25% 100%:
1,2-Bichilorostiane-d4: 17068:07-0 7 s~12&% : 98%
Toluené-48 2037-26+5 ‘ - 98%
p-Brorrioflugrobenzene’ 460-00-4 75425% 9%

LRBY CorECCCCCCCCrETonceECmEa

E=Estimated value above instrurngnt calibration range
J=Esfimated-value below reporting finiit

U=Not detected at specifisd reporting. lirmit
S8=Surregate standard

CHEM HH.L
App!:ed Seient cias Graup




CH2M HILL Applied Sciences Laboratory

L"a'h'.samplié 1D: BAY24071

Anglysis Melhosf EP;A 5242

B&f& Fterfelved: m&ﬂ4
' f. 69[18!2%4

‘Tenttively Idsntifie Sompounds (FIC)

24-Dinitrotoluens 05 Ul
2iaDinifratoluene ' 0.5 Ud-
Nﬁrobenzene Q5 uJ.

U = Estirnated riori-detect at feported rasult

9 g 2 i : . 8 i k ] 1 E ]

CH2M tuk:l?_.sttmated walue




CH2M HILL Applied Sciences Laboratory

‘Client_Inforination

ClientSample:1D: METHOD BLANK

Profect-Name: City of Dallas/ASH
Project Managet: Chris Augustine/PDX

-Sampled By: NA

_Bagie: NA

Dtte Collested: NA

Maifix. Water

Lab lnformation

Labr Saniple iD: WB1-0916

Analysns Methad EP»A 524.2

 Date Analyzec: 09/16/2004

it Révision Mo 6
7 Eeaarted By* MCB

Analyte

Purgeable Volatiles
Vinyl Chitoride
1, 1-Bichlorosthcne
Methylene Chliide:
trans- 1.2~E§lchloroeihene
Wethyltert:-Butyl Ether
1,1-Dichlaroathane
Cis-1,2-Dichlerosthena
1,2-Diehlorasthane
1,1.1-Trichloresthane
‘Carbbr tetrachlaride:
Benzene.
1.2-Bichloropropane
Trichloroethene
1,1,2-Trichleroethane
Taluene.
Fetrachloroethene

" Chiorobenzene
Ethyibenzene
mp-Xylenes
Styrene
o-Xylene.
1,4-Dighlorebenzene
1,2-Dichlorobenzens
1.2,4-Trichlorobehzens

Dibromoflugromethane
1,2-Dichleroethane-d4
Tolieria-¢s:

p-Biomofiuorebenzene

‘EsEstimated value aboveinstiurveit-callbration rangs:

J=Estimated value below reportirig fimit

75:01-4.
75854
7509-2.
1 58—6&-5
£l 634—04_—4_
7584-3
156:59:2
107-08-2
71556
56:23-5
71-43-2
78-87-5
7901-6

79:00-5

108-88-3
127-18-4.
108:90-7
1380-20-7
id 0.*42-5

2037265

460-00-4

U=Hot, detected at specified reporting limit

.SSﬁSurmgate standard

CHQM ML .
AﬁpﬁedSwenees G‘reup

&5

75-125%
75:125%

RLRY ccrortcEccocscpnEccTocCRaeEn

N e
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. H F

@QOQG@%@O@N

ANALYSIS CHANGE ORDER

;,t%'l_}até!l{éqaes‘tecﬁ; _ qfra

Requested By:_lCa by
Approved 'By?f i

Affected BatehySammples T4
Clignit/. Project: @Q“@,& AR

P26 0 . SERTCang? )

Verified /Reviewefl: . LAMNG

QAnCmordmator

L:Tepper  D:Hubbard

b....,\.,hbard FLBos  D.Hady
B ‘Ihﬁfnpsan G. Collins R Wong

s/ & Thompeen. . Bes D.Hardy  Josephine
Tfeatabxhty . Malmey D: Hardh ' ' '
INCLWE 11y FinNaL REPORT

G814

e s ol R . e G A A A e S SN s M M M S M S e Sm e e e e m m e o e -




- GHZNIHILL

i Atialytical Satyines:

‘Sample. Receipt Record

 Batoh Numiser: -r ”3 'Hit‘-’ét' ]

' GlientiPrej it

. Dalé received: |

Hlaiea

'mlvncsfzenfawﬂbbias? i

ﬁ-g-. s [k s, [ |

If the answerta:

'thaqge, tema aboie i IS NO & Sampte Reoelpt’ Exaep‘liens Repart Must he m?ﬂtten

Sample

Cyanides

pH>Z |

:‘TIOM (uenfyalfpmewe@samplwempmm 1 ngtcH)

“Olher {spedty)

. isoiistungins)

3 : . ! H P ey CAIPRNN, P
) E : i ; 4 : 4 EETNPOSY RO N .
N " % LSS

i

als [oy

1549

-

BatesFirte

Rev 1 1/05/2003reepticd.xis

OGN AND pH VERIEIGATIONS PERFORMED BY

Saariiipe.

o



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

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

LAP ID# OR100031 Date Reported: 09/15/04
PWS#: : Date Coliected: 09/09/04
PWS Name: Time Collected: 2:00 PM
Sampled At: Sampled By: C_Augustine
ling Address for Report Sampte Information _
*H2M Hill Applied Sciences Lab
i tn: Kathy McKinley
3§00 NW Walnut Blvd : Invoice#
Corvallis, OR 97330-3638 : 18264
Sl BAS (Surfactants) - , Matrix: Aqueouns '
‘ URC Sample #: 40910-19
Sample ID: Dallas ASR1
alyte Method|  Results @1 .|  Units McL, |DateAnalyzed 40 pe
SM 23208-H-B 7.7 pH Units 09/10/04 MLH “
oific Conductance . SM 2510B 6400 umho/cm 09/10/04 MLH
MBAS (Surfactants) SM 5540C ND@0.02 mg/L as LAS 09/10/04 MLH
/
BLL. - Marimum Contaminant Level Page10f1
4[> =+ None Detected At i ' S/ 7
b an- cled Al Level Indicated Approved By: ?/ 4 P e — ¢‘(
QI ccrditcd in accordance with NELAC Lahboratory Manager
{2} Quilificr: ~ [B]= Analyte Detected in LMB; [E}= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; [X]= See Case Namative

Web Site: http://www.chemlab.cc  B-mail: iab@ummaﬂ_uet 4 09 10-19



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

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

ANALYSIS REPORT

BIRRELAF ID# OR100031

Date Reported: 09/29/04

[ ailing Address for Report _
CH2M Hill Applied Sciences Lab

[Sample Information

PWS#H: Date Collected: 05/09/04
PWS Name: Time Collected: 2:00 PM
Sampled At: Sampled By: C_Augustine

Lattn: Kathy McKinley
00 NW Walnut Blvd Invoice##
18264
Matrix: Drinking Water
URC Sample #: 40910-19
Sample ID:]  Dallas ASR1
Method|  Results (o) Units | mcr |DateAnalyzed} oo
EPA 100.1/2 ND@0.38 MFL 1.5 09/10/04 *
*Tested at MWH Laboratories
: .
‘; Maximum Contaminant Level Pagel of 1 . ? 2
z . ' S
ND = None Detected At Level Indicated Approved By: R 6{/

Laboratory Manager

ited in accordance with NELAC ) )
:Q Qualiﬁer: BF Ana.lytc Detected in LMB;  [E]= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; (X]J= See Case Narrative

- Web Site: http://www.chemlab.cc  E-meil: lab@urcroail.net

40910-19b

2000000000 000000000000 0cRAREccncm o e




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 Date Reported: 09/30/04
PWSH#: - Date Collected: 09/05/04
PWS Name: Time Collected: 2:00 PM
. Sampled At: Sampled By: C.Augustine
CHZM Hill Applied Sciences Lab
iAttn: Kathy McKinley
2300 NW Walnut Bivd Invoice#|
Corvallis, OR 97330-3638 18264
Synthetic Organic Chemicals (SOC's) Matrix: Drinking Water
' URC Sample #:| 40910-19 ‘
~ Sample ID:{ Dallas ASR1 " Date Date
_ Code/Method| Results - [o}{ Units | MCL Extracted | Analyzed| Anatyst
2105/5152  [ND@0.0002 mg/L[0.07 09/21/04 | 09/24/04 | JCN ||
2110/5152  [ND@0.0004 mg/L. [0.05 09/21/04 | 09/24/04 | JCN
(2~eﬂ1ylhexy1)ad1pate(:l:) 2035/525.2 {ND@0.001 "mg/L 0.4 09/23/04 | 09/30/04 ICN
{2051/525.2  [ND@0.0004 mg/l. [0.002 09/23/04 | 09730/04 | ICN
" |2050/5252 IND@0.0002 mg/L [0.003 09/23/04 | 09/30/04 | JCN
230675252 |ND@0.00004 | mg/L [0.0002 | - 09/23/0a 09/30/04 [ JCN
§1311C-gamma (Lindane)(T) 201075252  IND@0.00002 mg/L. 10.0002 09/23/04 | 09530/04 | JCN
x nrbofuran(I) : j2046/531.1  IND@0.001 mg/L. |0.04 - . N/A 09/27/04 | IJCN
B hlordane(}) 2959/508.1 |ND@0.0004 mg/l. |0.002 09/23/04 | 09/28/04 | JCN
“[Dalapon(}) 2031/5153  [ND@0.002 mg/L 0.2 05/20/04 | 09/21/04 | JCN
Dibromochioropropane(DBCP)X(1) [2931/504.1 ND@0.00002 mg/L. {0.0002 09/23/04 | 09/24/04 JCN
B inoseb(}) 2041/5152  [ND@0.0004 mg/L 10.007 09/21/04 | 09/24/04 | ICN
TR iquat(}) 2032/5492 |ND@0.0004 mg/l. {0.02 09/13/04 | 09r28/04 | JCN
_aliindothall(}) 2033/548.1  [ND@0.01 mg/L (0.1 09/13/04 | 09/24/04 | JCON
G lrin(}) 2005/525.2 IND@0.00002 | mg/L 10.002 09/23/04 | 09/30/04 | JCN
“§ithylene dibromide (EDB)(:t) 2946/504.1  IND@0.00001 mg/L [0.00005 | 09/23/04 | 09/24/04 | JCN
(ilyphosate(}) 2034 / 547 ND@0.01 mg/l. 0.7 N/A 09/16/04 | - JCN
I | cptachlor epoxide(f) 2067/525.2 ° [ND@0.00002 | mg/L [0.0002 09/23/04 | 09/30/04 | ICN ﬂl
Ntieptachlor(}) 2065/525.2  [ND@0.00004 | mg/L [0.0004 09/23/04 | 09/30/04 | JCN
[Hexachlorobenzene(t) 2274/5252  IND@0.0001 | mg/L [0.001 09/23/04 | 09/30/04 | JCN 1’
W | cxuchlorocyclopentadiene(T) 2042/7525.2  [ND@0.0002 mg/l. [0.05 095/23/04 | 09/30/04 | JCN |l
cthoxychlor(}) 2015/525.2 |{ND@0.0002 mg/L. [0.04 09/23/04 | 09/30/04 [ ICN
Pentachlorophenol(}) | 2326/515.2  IND@0.00008 | mg/L [0.001 09/21/04 | 09/24/04 | ICN
pia(2-cthylhexyDphthalate(}) 2039/ 525.2 ND@0.0013 mg/L. [0.006 09/23/04 | 09/30/04 JCN4"
Piclormm() 2040/515.2 [ND@0.0002 mg/L. 10.5 09/21/04 | 09R24/04 | JCON "
P'o) ychlonnatedblphenyls-PCBs(I) 2383/508.1  IND@0.0002 mg/l. [0.0005 09/23/04 | 09/28/04 | ICN
i zine(]) 2037/525.2  [ND@0.0001 mg/l. [0.004 09/23/04 | 09/30/04 |  JCN
g oxaphene(T) 2020/508.1 |[ND@0.001 mg/L. [0.003 09/23/04 | 09/28/04 | JCN
ydate (OxamyD)(T) 2036/531.1 |ND@0.002 mg/L. 0.2 N/A 09/27/04 | JCN ||

p L. - Maximum Contaminant Fevel
M) ~ None Detected

{1} Accredited in accordance with NELAC

3 Owalilier:

5/ " '
Pagelof2  Approved By: L L 4 WH@{

Laboratory Manage‘r .
M= Passible Matrix Effect;

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

X= See Case Narrative

|

Web Site: hitp//www.chemlab.cc

E-mail: Tab@urcmail.net

40910-19a




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

(1¥ Accredited in accordance with NELAC

Matrix: Drinking Waterl
URC Sample #:| 40910-19
Sample ID:| Dallas ASR1 . Date Date
Unregulated SOC's ~ Code/Method| Results {oj| Units MCL Extracted | Analysed | Analyst
[ Tiyaroxycarbofuran(}) |2066 / 531.1  [ND@0.004 |[mg/l. © ' " NA 09/27/04 JCN
Aldicarb(}) 2047/531.1 [ND@0.002 = |mg/L N/A 09/27/04 JCN
| Aldicarb sulfoxide 2043/531.1 [ND@0.003 [mg/L N/A 09/27/04 JCN
Aldicarb sulfone(f)  [2044/531.1 |[ND@0.001 |mg/L N/A 09/27704 | - ICN
 Aldrin(t) 2356/5252 IND@0.0001 [mg/L 00/23/04 | 09/30/04 JCN :
Butachlor(}) 2076/525.2 IND@0.001 |mg/L 09/23/04 | 09/30/04 ICN
[|Carbaryl(1) |2021/531.1  IND@0.004 {mg/L N/A -09/27/04 - JCN
{Dicamba(}) 2440/515.2 . [ND@0.0005 jmg/L 09/21/04 | 09/24/04 ICN
{Dieldrin(t) 207075252 [ND@0.0001 |mg/L 09/23/04 | 09/30/04 JCN
Methomyl(1) 2022/531.1 ND@0.004 [mg/l N/A 09/27/04 JON
Metolachlor(}) 204575252 |[ND@0.002 |mg/L 09/23/04 09/30/04 JCN |
Metribuzin(}) 2595/525.2 |ND@0.001 |mg/L 09/23/04 | 09/30/04 JCN
Propachlor(}) 207775252 [ND@0.001 |mg/L 09/23/04 | 09/30/04 JCN
{
ii
‘ . oty |
CL = Maximum Contaminant Level Page2 of2 Approved by@"j d
= None Detected Laboratory Manage:

[Q] Qualifie: 8= Analyte Detected in LMB;  E= Estimate, Outside Calibration Range; M= Possible Matrix Effect;  X= See Case Narrative

Web Site: http :l/www_cherﬁ!ab.cc E-mail: lab@uremail. net

40910-19a




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# OR160031

L
i

Date Reported: 10/20/04

PWS#: Date Collected: 09/09/04
PWS Name: Time Collected: 2:00 PM
Sampled At: Sampled By: C.Augustine

Mailing Address for Report -
CH2M Hill Applied Sciences Lab

Attn: Kathy McKinley
2300 NW Wainut Blvd

dtl

Samglle Information

Invoice#
Corvallis, OR 97330—3638 18264
dium[Uramum Matrix: Drinking Water '
URC Sample #: 40910-19 '
Sample ID: Dallas ASR1
nalytc Method]  Results (o) Units My | DateAnalyzed | -, oot
‘ombmed Radivm 226/228 EPA 903.0 & 904 ND@0.2 . pCi/L 5 10/06/04 hd
mnhmod Uranium ATM D35174-91 ND@0.001 pCi/L 30 09/23/04 - *
iross Alpha EPA 900.0 ND@1.0 pCiL - 15 09/29/04 *
irosu Beta EPA 900.04 - ND@2.0 pCi/L 50 69/29/04 *
Imnllum-90 EPA 905.0 ND@10.0 pCi/L 8 09/14/04 *
"ritium EPA 906.0 ND@1200 pCVL. 09/17/04 *
ludino« 131 EPA 901.1 NP@&20.0 pCi/L™ 09/14/04 *
* lmwd at Encrgy Labomtonm Inc.
’ = Maximum Contamninant Level Page 1l of 1 7o o {(
1y~ Mons Itected At Level Indicated

Hcredited in accordance with NELAC

Approved By: % o

i Qmufkv: {B]* Analyte Detected in LMB; [E]= Estimate, Outside Calibration Range; [M]= Possible Matrix Effect; [X]=See Case Namative

- 'I“I

Web Site: hup://'www.chemlab.cc  E-mail: lab@urcmaitnet

40910-19¢




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 é/é/a?/‘/( #r\/ 1 -mcsmw#éé G/0 —-IC] R
COOLER RECEIVED ON Yo/ 0;‘/ OPENED ON C7//0/6’;/ By 1S [ L

. Were seals intact and signature & date correct |YES\{NO |NA
12 Cooler# / R - Walk-in

<
. Temperature of cooler upon receipt: 3’—.» 7 '
Type of packing material present: { JBubblewrap [ Jlce Packs [ JPeanuts s [ [Other

m&mm&mm - M&& teceeesetectsdttttsstns

Chain of Custody (COC) papers enclosed with samples? C% NO |NA
COC papers properly filled out in: ik or pencil = [YES) |[NO |NA |
o | Were they signed? YES) [NO |NaA
3 Were they dated? . NO |na
5. Did all botiles arive in good condition (urbroken)? - {7 Ino |Na
6. Wercallbottle kbels complete?:  ©  Collectiowdate _ {¥YES) |NO |Na
| Time  v®® Ino |na |
hitialedname (] YE® |[NO |Na |
Analysis /‘*/YESQ NO |NA
| Preservationinfe AYES) |NO- | na
7. . Did all bottle labéls and tags agree with custody papers?. A3Es) |vo |mn
Were the correct types of battles used or the tests ndicated?  * /(YES) | NO | N/a
9. Were VOA vials checked for air bubbles? {wEs N0 |va
| 10, Did the botles originate from URC? . | SOME {ALL |
111, LAB Sample Processing: Split/Preserve/Other: [
| o SPLIT - (@ NO |NA
COMMENTS: B preservED (YES) [No - |Na
Date/Inifial Yiloil e

t B¢ B B¢ B BF BF B BF BF B BF B BF BF B B OBF B

F-293 06/03/03 QA ,
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UMPQUA RESEARCH COMPANY
PO 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

rrorecriciEnt (AIM. ey ( URCSAM'PLE#%ﬁ G0 — ﬁ

COOLER RECEIVED ON 9/10/ U?[ opENED ON Yio/b g ¢ BY 1S [ L
i.  Were seals intact and signature & date correct ~ JYES|NO |na
2.0 Cooter#___ /A Walk-in

. Temperature of oooleruponreccipt- j‘r 7 <.

Z;}. Type of; packmg mategial present: | JBubblewrap [ Jice Packs [ ]Peacnutsj ]Other

NO |NA

| a4 Chain of Custody (COC) papers enclosed with samples? (=
”COCpapempwpu'lyﬁ]]edoutm ik or pencil YES) {NO |Na
 Werethey signed? (:% NO |mna
| | ) Were they dated? ' NO {NA
5. Didanbo{ﬂm_miveiagooaeondiﬁon(upb:mkm)? - ‘ 4% NO |NA
6. Wereallbottle labels complete?:  °  Collectiomrdate ‘ﬁs)\ Ino |na
Time | ,.@‘ NO |N/A
‘hitaledmame (| YES |NO | N
Analysis s |vo |wa
| o Preservationinfo A YES) |NO- |Na
7. .  Did all bottle labels and tags agree with ciistody papers?. . :_@ NO |NA
8.  Were the comectiypes of bottles used for the tests indicated? /@ NO | NA
9. Were VOA vials checked for air bubbles? {xEsH|No |na
[10. Didthobotties origiate fomURC? |some {aLL |
11.  LAB Sample Processiog: Split/Preserve/Other: -
COMMENTS:

F-293 06/03/03 QA _
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1cSLTNECD:1G ~ Fage of
f LAGORATORIES § PLEASE PRINT, provide as much w_:,.o::maoa as possible. Refer to corresponding notes on reverse side.
Company Name: Project Narme, PWS #, Permit #, Etc.: — .
Reseprrd  (niUp. | Daitas’ AR | YL, HE IS =
Report Mail Address: =~ . Contact Name, Phone; Fax, E-mall:” C-Et T N igampler Name if other:thian Contact:
Po Bor. 09 N LIBAA Lenines
Muytty Qrze K OR. 914957 5] §6.3- 520/ | .
Invoiee Address: " : A Involce Contact & Phone #: R _ | Purchase Order #: " ELi Quote#: -
mmuon.mmn::mn_ For: POTWMWWTPL]} DW nu\ Bl 5 ”v& SIS REQUESTED Notify ELI.prior to RUSH Recelpt Temp
_ Other _ pos8 : w” S , sample submittal for additional | e~
‘ , 235 Mfl.@ S — charges.and scheduling . - _C
Special Report Formats - ELI must be notified prior to £ m_w_m " ) o P o — Cooler ID(s)
sample submittal for the following: 338 v_ _a MW A . - m.h._ Ele ]
Al ' 12 g , , N AR . .
zmgoﬂ A2l Level VL m_mm_m h.uu. . S .m /“ mum B W Custody SealY N
Other. _ £25p | 4 M H.3< E m : Intact YN
EDD/EDT 1 Format 283 % s M G -+ _ < |2 _m Signature Y N
2 ~ = Match
SAMPLE IDENTIFIGATION [ Gollscian [Collctor] 2 | & & N NS ez °
(Name, Location, Interval, etc.) Date Tima MATRIX ﬂU. =] : ~ wniz|x Lab ID
Nilas ASE | 4904 190 LD XXX [XINX N >
2 . , <
-
3
L
4 2
—
5
2=
m o)
i | ==
=
C [V
- -
o0
10 m
: . . L | - : — s y ) _ .
Custody Relinquishad by: ﬁ r RS Vo Uq_m:.__sm.nq UL Shipped Eﬂv \ﬁ@ \PX 3 Recaivad by: Date/Time:;
Record {Relinquished by: v Date/Tme: Shipped by: Received by: DatefTirme: .
MUST be . LABORATORY USE ONLY
Signed Sample Disposal:  Return to client: Lall Disposal: _ Sample Type: # of fractions
In certain circumstances, samples submitted to Energy Laboratories, Inc, may be subcontracted to other certifled laboratories In order ,o..m.oa_u_ﬁo the analysis requested.
This serves as notice of this possibillty. All sub-contract data will be clearly notated on your analytical report.

,. ____.m_o‘cm_ .
'R E B A &

“BE W Y YR E




UMPQUA RESEARCH COMPANY

P O BOX 609 - 626 DIVISION ST
MYRTLE CREEK, OR 97457
TELE: (541) $63-5201 FAX: (541) 863-6199
ORELAP ID# 100031

COOLER RECEIPT AND PRESERVATION FORM

PROJECT/CLIENT MO?M %/r_\/ { URCSAM?LE%/& G0 [Ci

COOLER RECEIVED ON Yo/ 05[ OPENED ON ‘7/10/09/ BY 1S [ L

1L Were seals intact and signature & date correct
12 Coolert /A . . Walk-in

. Temperaun-eofcooleruponreceipt j-r 7 <

5

_ NO NIA

7 3. Tygc of packmg material present: { JBubblewrap [ ]Icc Packs [ JPeanuts { ]Other

[ e | H

4. Cham of Custody (COC) papers enclosed with samples? C "YES) [NO iNA
.......... — . COCpapers properly filledoutin: — jnk ——pencxl (YES YN0 NIA
Were they signed? YES) |no |ma |
) Were they dated? %@ No |
i5. Did all bottles arrive in good condition (unbmkm)" . _ @ NO |NA '
6. Were all bottle labels complete?: " Collectiorr date _ ‘/Y];@ NO NA
. - et . )
. Time - 'YES) |NO |NA

Iifisled/name A |YE® [NO |ma .

B
amlyis  A{yms) [vo |wa
4
£

Preservation info YES) |NO- |na

17. . Didallbottlelabckandtagsagmcmﬂwustodypapm? ' A¥ES) |vo |wa
. Were the correcf types of bottles used for the tests indicated? - AxEs) |no [
9. Were VOA vials checked for ir bubbles? {¥Es N0 |na

| 10, Did e botties originate from URC? . ~ |somejaiL}

11. ms@lcmmgspﬁﬂPMdomm | e
SPLIT - TYES ‘NO IN/A |

COMMENTS: I PRESERVED |YES |NO |NA

' Date/Initial

F-293 06/0303 QA_J~ _
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Agpliadscionces Groop:
2560 MW Walnut fva

CHZ2MHILL. | | | P b

’ Applied Stieriges Eroup

T

| | : TISEIS2420
Decembei 15 2004 - e

City of Dallas/ASR
314363.40,04

RE: Laboratory Report for City of Dallas’ASK

', ‘ Applied Sciences Group Reference No. D4505
12N Applied Sciences: Gmup received ﬂt{e:'sampls with a,
or anglysis-of selected parameterst All analyses were performied by'CH2ZM HILL
unlcss othiers _s& indicated below.
- The an&lymcai results-and associated quality eontiol data are enclosed. Advy unusua]
| i g encountered during theanalysis of your samples are diseussed in thc case
", | M HILL Applied Sciences Group appreciates your Business and looks forward to
i youl ieal needs again. If you should have'any questions concerning the data; or
- :f yau neeel additional mfennatmu , please call Kathy MeKinley at (541} 75&4235 , Extension
' ' 3144
]

Anal}rtmal'Manager

Enclosuies

PAGEL o {0




CHIM HILL Applied Sciences Group Reference Mo, D505

SampléT® . Client Sawple 1D Collegtil _-Collected

| Date T Time

- 5. : i . B R i

"~ DAS0S0L | Swio 0 TWmBhed . 1asE

80%




Lab Referetice N D4505

Ail as;ceptanc:e cme:na« werc et

E
Not applicable.

igns-agreed to by the
and (. . d , or the conditions detailed
e, R Iease of the data. contamed i thig: ,ardeopy data packag&has been: authanzed by the
I.aberatory Manager or his designes, as verified by the:followig signatt;:e.




Clignt/Projece: City-of Dillas/ASR

L.

VL certiy Hhat this data package i in: mmphaﬂcc with thn tf;mas anid- condmﬂns agreed tor by the
' @t}r" ﬁnml"- nd: for j X

;clrent andCH2 3

Alllaccef;tsam;‘e entena Weri THiet:
ICP Serial Dilution:
Not Required.

: L 3

Prepared by: _ \A VY

Lab Reference No.: 4505

above: ed it atapaﬂkagnhasﬁeenéutﬁm""*'
Laboratory Managef or hxs dcsxgn*eﬂc, as venﬁed by the following signature.

Reviewed by:

an4



CH2M HILL Applied Sciences Laboratary

Clierit Information;
‘Client:8ample D7 SWT

PrdjectName; Gity of DallasfASR
Pr@}estmanager hi ::AUQHBUH&[F’DX

Basns As F{éeewaﬂ

Sample . Andlysis Date
ML Result  Qualifier _ Units _ Method sod

General Chemisty o _
Alkalitiity, Total 5 20 mgCaCOyl.  SM23208:
Carbanate-Alkalinity 5 5 mg-CaCO/L. sz:aeaa
Ammonia 0.1 0.1 mgitasN SN -0
Chloride: 210 3.60 mg/l.
Cyanide, Totai ' {5005 2.005 g/l
Nitrate G10 0.10 gl ag N
Nitrite 0:10 0.10 ‘mgil. as N
* Nitrate/Nitrite 0.10 0.10 mgf.as N
Sulfats , Q10 5.57 mg/L.
Total Dissolved Solids: 5 53 mgik.
Total Suspended Solids 2 2 g/l $M2540|3’f
Total Phesphicrus 0.05 0.05 mg/L EPA 365.°
TOC 0.50 117 mg]L

cc

cCcac

SMESA0E:

el e

U=Not detected 4t specifiedl réporting limits

Applied Sclences Graup A TekSaLPSAT fo AV IS0

BNE




 CH2M HILL Applied Sciences Laboratory

“Client_|nfermation
Glient Sample 1D: METHOD BLANK

airiie: Eif ity of BallasMSR
; Ghns Augusting/PBIX

samplingna NA
S‘arﬁpl‘mg Tirne: NA
Type: QT
_Matr : Water
Basis: NA

| S’ample _ - Aalysis Date
Angljte _MRL . Resdlf  Quafifist  Units.  Meffiod Analyzed

Generfai ‘ﬁ&efmmw

mMgCaCOyL  'SM2820B —
Cmgll as. N SKIME00NHE- 1_,2913;
L
gt
mg/lL asN
mgil agN
moll as N EPASSOOA 11904
mg/L EPAS00.0-A 1719004
mg/t SM2S40C fri
mg[l- '..’ n b
mgil. EPA.365.
mg/L. SMEZI0D 112304

; 1 Q4
Chlnnde 0.9 040
Cyanide, Tolal @005 0005
Nifrafe: 0.40 0.40
9. ﬂ]_ 0:40
010 6:10
_ 0.1 010
Tetal Dﬁsnlved Solids 5 5
Total.Sisspierided Selids: 2 2
Tolal Phogphorus 0.05 0:05
Toc 0.50 0,50

1 1f 4 9!04
11729704
1 1!19!04

coceCcocoECc oo EC

U=Not detected at spesified reporting limits

Applicd SclencesFroup

OO0 0000000000000000000000000000006000a00a06 8




CH2M HILL Applicd Sdierices Laboratory -

Client_Information

Project Name City of Dallas/ASR
Project. Manager Chivis Augustine/PLIX
Sampled By: CA.

Sampling Date: 1118/04
Sampling Tire: 14:55
Type: Giab
Malrix; Water
Basis: As Raceived

) Date:ﬂebehred ‘Hlt 812004

Sarriple o , Analysts Date
Analyte AL Result  Qualifier  Upfts  Méthod - Analyzed

Metals-Total o |
Aluminiuis, Al 100 100
Antiniory, St : 3.0 30
Arseriic; A 20 20
Bariurii, Ba, 25.0. 28.0
Beryllium, Be: 40 49
Cadmium, Cd 50 5.0
Calciurn, Ca: 500 8050
Chrornilury, Gr - 1o.0 C 104
Iron, Fe . 100 100
Lead, Pb ‘ 3.0 30
* Magnesium, Mg 500 1780
Manganese, Mt 100 10.0
Mercury, Hg. 0.10 o.1o
Nickel, Ni 200 200
otassium, 100 273 HOL
Selenium, S 20 2:0. s
Silica, Si0, 1070 13200 uglL
Sliver, Ag 10:0 10.0° U Hyft
Sodium, Na . 100 i1 : AL
Thallium, T1 2.0 20 2] mgiL
Zing, Zn 26.0 228 Hail
Total Hardness .33 274 g CaCOai.

1130104
12:&3:&4 :

Holl
wglL

ugll
ylisi
sl
LS
ugiL
nglt
HglL
HGL
,ﬂglL

1 1;39104
14/30/04
11/30104
11/30/04
11/30/04.
11/20/04
11/30104.
11/30/04
12/08/04
11/30/64.
12/01/64
11430/04
19716104
11/30/04:
12/13/04.

C Cte Cooce SCooeET

Metals-Dissolved :
fron, Fe _ ' 190 100 U Hglk
Manganese, Mn - 100 10.0 §] nalt.

14/30/04
11730004

Us=Not detected at specified ‘rep_ortirjg-'li'r-'rﬁt;%

) . . 300 WG Bivel. Gonidss O LERA53E.
CHIM HILL HOL o8 Conmti OF 9335941423
Appliod Sclences Group: 2036 )




CH2M HILL Applied Sciences Laboratory

Clicnt_aformation.

Client:Sample 10; METHOD BLANK

roject Naime: Gjtyof DallasfASE:
& » Augustine/PDX

; By
Sampting; late' NA:
Sanpling Time: NA
Tybe: ac

Mairix: Water

Bagis: NA

Reviewsid Bymi'

Sampite:

Analysis
Method

Date.

"lron, Fe: fao 100

e W A R O A G O SN JN OE JF 3 S AR AR AN A aE
. .

oo 160
36 30
26 20

78.0 250
4‘9 40
..5;9‘ 5.0

, . -500 500

Ehroimium, €r 10.6 10:0

Lead, Pb 30 30
Magnesium Mg 500
Manganese, Mri “10.0 10:0
Nickel, i 200 20.5
Potassium, K 100 100
Selgnium, Se 20 20
Silica, Sit, 1070 107D
Silver, Ag 180 100
Sodium, Na 16000 1050
Thallism, Tl , ‘ 20, 20
Zine, Zn 200 20.0
Tatal Hardiess 33 33

cocECCcccocacocornacocoecoaca

U=Not datected at specified reporling limits

CH2KEHIE

Applod Scionces Gioup -

MRE  Hesult  Qudlifiér

. ,uglL

EPA 290 7

. EF‘A 200.7
EPA200.7
EPA 200.7
5M31138
EPA 200.7
EF’A 209 7

__ Analyzed

T2/63/04.
12301!04

12108!@4

Y1/30/04.
11/30/04
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Wirganowicz, Mark

From; Salzsauler, Kristin
Sent: * Thursday, July 28, 2005 1:36 PM
To: 7 Wirganowicz, Mark; Brown, Phil

- Subject: FW.: Dallas Water Quality Resuits

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

From: Kathy.McKinley@CH2M.com [mailto:Kathy.McKinley@CH2M.com]
ent: Monday, January 03, 2005 2:08 PM '

To: Brown, Phil

: Christopher.Augustine@CH2M.com

Subject: 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.
'@ analyzed Calcium to calculate the hardness.

Calcium on this sample (D4124-01) sampled on 9/9/04 is 793,000 ug/L.

Let me know if you need anything else. :

athy

--——Criginal Message—

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

To: McKinley, Kathy/CVO

Cc: Augustine, Christopher/PDX

Subject: Dallas Water Quality Resuits

Kathy, we're working on a chemical compatibility analysis for Dallas, and we've come up with a
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 = 99041. 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? '

Thanks,
-Phil.

Phillip A. Brown R.G., LH.G
Golder Associates Inc.

4445 SW Barbur Blvd Suite 101
Portland OR 97239

Office: (503) 241-9404

Fax: (503) 241-9403

Mobile: (503) 313-5195

l/23/2005




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
Porttand, Oregon 97239

Telephone: (503) 241-9404

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

TECHNICAL MEMORANDUM

L Fl o 3 . g

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.

Tield Discussion

Packer testing was conducted by Golder Associates and GeoTech Drilling personnel on June 27,
2003. 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 §
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 Resnlts

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 10? ft/d based upon an assumed initial head of 165
feet. : ‘

Duc to the short duration of the slug ‘test, results were compared to early-time (near field)
transmissivity of approximately 20,000 gpd/fi 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 (.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 measuremr

(data has been adjusted to the same datum- top of well casing)

Unknown volume and initial height of water added for test

——

Tool string
depth to
Annular  |water -top
space of well
Elapsed [(depthto |casing
Time water reference |
Time (minutes) |{feet) {feet) Notes
[ 9:24:30 188.54333|static readings
{ 9:25 188.54
( 9:27 188.54 188.54
I 9:29 188.54 188.54}
[ 9:32:30 188.54 188.54 Al
i 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 29 188.49 188.47|345 psi
10:02 35
10:04:30 37.5] 188.49 188.18 1
10:06 39] 188.49 _
10:08 41 187.44{352/353 psi
10:08:30 41.5{ 188.49 187.31
10:09:30 425 187.19
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 51.5 187.10 i
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| 188.48
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




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 09] 188.49 187.88
11:11:30 104.5 187.92
11:18 109 187.95
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 17212
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

6-28-05



Tool string
depth to
~ {Annular  {water -top
" |space of well
Elapsed :|depthto |[casing
Time water reference

Time {minutes) |(feet) {feet) Notes ‘
13:53:30 268.5 176.09( It
13:55 270 176.78 4’

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

i 14:05 280 180.82
[ 14:06 281 181.11 4'

I 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 I
14:12 287 182.74 !

14:13:30 288.5 183.08

14:14 289 183.18
14:15 290 183.38 '

14:16 291} 183.57

14:17 292 183.79

14:18 293 183.97

. 14:19 204 184.16
I 1420 205 184.29 |
14:21 206 184.46 |

14:23 298 184.75
14:23:45] 298.75 “
14:25 300 185.02 i
14:27 302 185.28 I
14:30 305 185.59 It
“ 14:33 308 185.87 I
14:36 311 186.13 |
(l 14:44 319 186.62 |stopped collecting readings ~ §

Dailas ASR #1 PackerTesting

Golder Associates




