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This report presents the results of a study to investigate the feasibility of Aquifer Storage
and Recovery (ASR) as a technology to provide a reliable emergency or peak supply of
2.5 million gallons per day (MGD) of potable drinking water to the City of Baker City.
ASR is defined as the underground storage of treated water in a suitable aquifer during
times when there is excess water available (e.g., winter and spring) and then recovery of
the stored water during months when the water is needed to meet peak or emergency
water demands.

Benefits of ASR
ASR offers the City a number of potential benefits including:

¢ Increasing the volume of water available to the City to meet peak summer water
demands,

¢ Increasing the reliability of the backup/emergency source provided by the
Reservoir Well in the event that there is a fire in the watershed,

e More effectively utilizing high quality water that would otherwise be spilled or
diverted from the City’s system when available supply from the watershed
exceeds demand, and

¢ Improving the quality of the water produced by the Reservoir Well.

Implementation of ASR at the Reservoir Well site is a cost effective alternative compared
with developing additional production wells elsewhere because there are substantial costs
involved in finding sites, obtaining the water rights, drilling the wells, and building the
pump stations and infrastructure to deliver the water. Groundwater development without
ASR may not be sustainable due to the limited amount of natural groundwater recharge in
this region and native groundwater quality is generally less acceptable compared to
surface water sources. ASR in contrast, stores high-quality surface water from the City’s
watershed in the aquifer, and the quality of the recovered water is very similar.

ASR Project Scope

The study focused on a number of technical issues relating to ASR feasibility including
suitability of the local aquifer for storing water, water quality compatibility between the
injected source water and native groundwater, water availability for recharge, quantity of
water that can be injected, stored and recovered, and the water level response at the
Reservoir Well during injection and pumping. The study also presents a conceptual ASR
system design, operational scheme, and updated Phase 2 pilot testing cost estimate. The
work performed for the feasibility study and Phase 2 pilot testing provides the City with
information necessary to prove the feasibility and effectiveness of ASR, and at the same
time, provides information to the Oregon Water Resources Department (OWRD) that is

- required as part of the ASR permitting process.
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Feasibility Study Results

The results of the feasibility study indicate that there is sufficient water available from the
watershed in the winter and early summer to conduct recharge, the aquifer is capable of
storing at least 115 million gallons (MG) of high quality water at the Reservoir Well site,
and the well should be capable of producing water at a rate of 1800 gpm for a period of at
least 45 days without overpumping the aquifer or producing poor quality water. We
estimate that it maybe possible to store 165 MG and recover this water at a rate of 1,800
gpm in a given year, which will extend the summer recovery period to between 60 and 90
days, based on the following assumptions: ’

The well efficiency can be maintained

The size of the aquifer is not limited

The aquifer does not become less permeable
Seeps do not develop

According to historical records, the Reservoir Well production typically decreases to
1,000 gpm or less within 30 days of continuous pumping, and the quality of the water
degrades to the point where residents complain. Over the last 25 years, the City has
pumped approximately 560 MG from the aquifer and there has been a 73-foot decline in
static water level, which indicates that even sporadic, un-sustained pumping has exceeded
the natural rate of groundwater recharge. ASR will substantially improve and extend the
sustainable production capacity of the well and improve the quality of water produced
after extended periods of pumping. In addition, ASR will stop “mining” of the aquifer
that has occurred over the past 25 years.

The quality of the recovered water will be similar to the quality of the mountain line

~ water (which is excellent) and no adverse chemical reactions are expected as a result of

mixing surface water with native groundwater. Because the watershed periodically
produces water containing suspended sediment (turbidity), particularly in the early winter
and spring, attention must be given to making sure that injection is not occurring when
turbidity values exceed 1 NTU. Recharge water containing elevated turbidity values will
clog the well and reduce injection and pumping capacity. Any reduction in pumping
capacity will be a significant concern to the City. The City has an automatic turbidity
monitoring system and 24-hour auto-dialer that will trigger an alarm if turbidity values
exceed the target threshold. In addition, the mountain line water will be stored in a 4.5
MG contact chamber prior to being boosted to the ASR well; and because of its size and
dilution capacity, the reservoir provides additional protection from turbidity events.

Even with the attention given to monitoring turbidity, ASR wells will clog over a period

‘of time. Reduction in injection and pumping capacity caused by clogging can be

managed by periodically backflushing the well (stop injection and pump to waste) in
order to remove sediment from the well. Depending on the amount of observed clogging,
it may be necessary to remove the pump and aggressively redevelop the well every 2 to 3
years.



cccccccccaccacceececr

cccccccccccceccccec

cCcC T (

Uncertainties

The feasibility study identified several uncertainties that will require further investigation
during the ASR pilot testing. The uncertainties include:

1. The ability of the ASR well to maintain target injection and pumping rates. This will
depend upon the well efficiency over time, storage zone size and permeability, and
actual rate of clogging caused by turbidity and possibly entrained air. Several
measures should be implemented to maintain the injection and pumping capacity
including:

¢ Flushing the water lines in the system that provide injection source water to
remove particulates prior to starting injection. '

¢ Closely monitoring the quality of water being injected, and monitoring water
levels in the well for changes in specific capacity.

e Implementing a regular program of backflushing the well and pumping it to
remove particulates introduced into the well during injection.

o Periodically pulling the pump and aggressively redeveloping the well.

2. The long-term impact of injection and pumping of the deeper basalt aquifer zone on
the shallow tuffaceous sediments beneath the valley floor north of the fault. The
short-term aquifer testing showed that there is limited connection between the two
aquifers and so there should be limited loss of stored water due to movement across
the inferred fault boundary or due to capture by other pumping wells in the area.
Monitoring of water levels in response to longer-term injection and pumping will be
necessary to resolve this question.

3. Itis predicted that the water level rise in the aquifer will eventually exceed the 1977
historic high water level in the basalt aquifer, potentially creating or enhancing seeps
and springs. Monitoring the potential for surface discharges during pilot testing will
be necessary.

Conclusions and Recommendations

On the basis of the technical analysis presented in this report, we do not see any fatal
flaws for developing ASR at the Reservoir Well site and recommend proceeding with
phase two of the project — ASR Pilot Testing at the Reservoir Well. The scope for Phase
2 consists of the following tasks. These activities are required by OWRD under the ASR
rules.

» Task 1 Permitting: Obtain 5-year Limited License from OWRD

» Task 2 ASR Design and Construction: Design and construct well, pump station,
and system modifications to accommodate ASR at the Reservoir Well site

» Task 3 ASR Work Plan: Prepare pilot testing work plan for submittal to OWRD

» Task 4 ASR Pilot Testing: Conduct injection, storage, and recovery testing and
monitoring at Reservoir Well as required by OWRD
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» Task 5 ASR Analysis and Report: Assess sustainable injection and pumping
rates, storage volume, water quality improvement and aquifer response to ASR

> Task 6 ASR Operations Plan: Develop operational parameters and O&M plan
for City use

A number of improvements and modifications will be required at the Reservoir Well site
in order to retrofit the system for ASR. These improvements include the following:

o New booster pump at the 4.5 MG chlorine contact chamber and variable
frequency drive (VFD) that allows adjustable rates of injection.

o New piping that conveys recharge water from the booster pump to the
Reservoir Well.

o New recharge loop, piping, valves, and controls at the well head that permit
injection down the pump column. Building modifications are required to
accommodate the additional piping in the pump house.

. New pump to waste piping that permits discharge of wastewater from startup
and back flushing.

° New liner casing in the well to 500 feet to protect the pump from falling
rocks (there is presently only 20 feet of casing and open borehole to total
depth).

e New pump, pump head, and pump column. The existing motor will be
reused.

. New system controls and monitoring at the chlorine building that allow
manual operation with automatic safety overrides.

The estimated cost for these improvements and associated engineering costs for
permitting, system design, construction oversight, pilot testing, monitoring, and reporting
are within the range presented previously. The total estimated cost for Phase 2 ranges
from $425,000 to $458,000. A range of cost is presented because there are a number of
elements that must be resalyed during the design phase. Typical annual operation and
maintenance costs during ASR pilot testing are approximately $30,000 to $40,000.

These costs include the additional monitoring and laboratory testing fees required by
OWRD for the Limited License. These estimates also assume that City staff will
complete the majority of the data collection in the field and that they will maintain and

operate the ASR system with limited technical support. It has been our experience that

these costs can be reduced after the first year of successful full-scale operation, due to a
reduction in monitoring, assuming OWRD approves. From past experience, the cost to
pull the pump and redevelop the well every 2 to 3 years to remove sediment from the
well that could not be removed by backflushing is approximately $20,000.

The initial testing can last up to 5-years under the Limited License. Afier sufficient data
regarding aquifer response, operational data, and lack of impacts are obtained to
demonstrate ASR feasibility, the City would then apply for a full-scale ASR permit. It is
possible that this could be accomplished after one or two years of operation. Assuming
that the results of the pilot testing are favorable, the City will have a fully functional full-
scale ASR system at the conclusion of Phase 2. '
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The next steps of the project will include the following:

- » Meet with OWRD to discuss the project (pre-application meeting July 2003)
» Complete and file a Limited License application and ASR work plan (July 2003)

» Work closely with the City to prepare design drawings and specifications for the
well and pump station improvements (summer 2003) :

» Obtain ASR Limited License after 30-day comment period (September 2003)

> Assess the condition of the well using a down-hole camera and install a steel liner
- to protect the new pump (fall 2003 after summer pumping season) '

» Construct well and pump station improvements (fall 2003)
> Begin pilot recharge testing (winter 2003/2004)
> Begin recovery of stored water (summer 2004)
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1.0 Introduction

1.1 Purpose and Objectives

The City would like to develop an emergency water supply source and to increase its
supply of water to meet peak water demands in the summer by storing surplus water
derived from its watershed using Aquifer Storage and Recovery (ASR) technology. The
City’s goal is to develop an ASR system with at least 2.5 million gallons per day (MGD)
recovery capacity that is sustainable for at least 45 days in the summer months. If the
City is able to achieve this goal, it will realize a number of benefits including:

. Increasing the volume of water available to the City to meet peak summer
water demands,

° Increasing the reliability of the backup/emergency source provided by the
Reservoir Well in the event that there is a fire in the watershed,

. More effectively utilizing high quality water that would otherwise be spilled
or diverted from the City’s system when available supply from the watershed

exceeds demand, and

. Improving the quality of the water produced by the Reservoir Well.

The City has excess high-quality water available from its unfiltered surface water sources -
and a limited amount of above ground reservoir storage. In the past, the City has had to
spill water from its reservoir during the winter months or during other times of the year
when water demands are low and there is an excess supply from the surface water
sources. The City would like to be able to store this excess water and avoid having to
spill it. In the fall and springtime, the source water can become unusable due to turbidity
events that exceed drinking water standards. During these events, the City must rely on
its backup water supply well to meet distribution demands. The City intends to evaluate
the feasibility of ASR by utilizing its existing backup production well as an ASR test
well. Because this well is a key part of the City’s water system, any modification or
testing that is done must ensure that the well is not out-of-service for an extended period
of time and that no chemical reactions occur that could degrade the quahty of produced
water or the production capacity of the well.

Implementation of ASR at the Reservoir Well site is a cost effective alternative compared
with developing additional production wells elsewhere because there are substantial costs
involved in finding sites, obtaining the water rights, drilling the wells, and building the
pump stations and infrastructure to deliver the water. Groundwater development without
ASR may not be sustainable due to the limited amount of natural groundwater recharge in
this region and native groundwater quality is generally less acceptable compared to
surface water sources. ASR in contrast, stores high-quality surface water from the City’s
watershed in the aquifer and the quality of the recovered water is very similar.
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1.2 Project Scope

Figure 1-1 is a map showing the project location. The project has been broken down into
two phases: Phase 1 — ASR Feasibility Evaluation and Phase 2 — ASR Pilot Testing
Program. The Phase 1 feasibility evaluation described in this report was designed to
provide the City with key information needed to identify fatal flaws and to determine the
feasibility of ASR at its backup well location. It also provides information required by
OWRD as part of the ASR permitting process and it is intended that the report will be
submitted to OWRD. The Phase 2 pilot-testing program is also a required element of the
ASR permitting process and it is designed to demonstrate ASR feasibility and to provide
the City with needed operational data. If the City decides to proceed with Phase 2, the
Reservoir Well will be retrofitted to allow ASR operation and the first year of testing and
monitoring will provide important information concerning water quality compatibility,
aquifer response to recharge, optimal injection and recovery rates, back flushing
frequency to remove suspended solids introduced into the well, and well performance
data. The Phase 2 program will be conducted to test the well at full-scale operation so
that it can provide significant emergency or peaking capacity during the first year of
operation. '

The Phase 1 feasibility study scope of work included the following tasks:

Task 1 — Preliminary Water Quality Compatibility — Reviewed available water
quality data and conducted limited sampling and analysis to determine the likelihood for
a fatal flaw to exist, prior to continuing with the project.

Task 2 — Hydrogeology Characterization — Constructed geologic cross sections
through the project study area to further define the nature, extent, and character of the
target aquifer and to assess how recharge water will move in the subsurface.

Task 3 - Aquifer Testing — Installed a water level access tube in the Reservoir Well,
monitored water levels in several nearby wells, and conducted an aquifer test at the
Reservoir Well to measure well performance and aquifer characteristics including
transmissivity, storage coefficient, and boundary conditions. This information was used
to estimate the target recharge rate, pumping rate, and the amount of water that can be
stored. :

Task 4 - Water Quality Compatibility Evaluation — Conducted detailed geochemical
testing and geochemical modeling to predict the likelihood for reactions to occur that
might clog the well or affect taste of the recovered water. Groundwater samples were also
tested for all drinking water constituents as required by the ASR rules.

Task 5 — Water Availability Analysis — Reviewed City water supply and production
data to confirm that an adequate quantity of water is available for recharge in the winter
and early summer.
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Task 6 — Recharge Analysis — Used aquifer parameter information estimated in Task 2
to predict target injection and pumping rates, target storage volume, and water level
increase during injection and drawdown during pumping.

Task 7 — Conceptual ASR System Design, Operation, and Cost — Prepared a
conceptual design for the booster pump and wellhead modifications required to permit
ASR operation at the Reservoir Well. Described ASR operation sequence. Reviewed
previously prepared ASR construction cost estimates.

Task 8 — Preliminary ASR Feasibility Report —Prepared a report documenting findings
from the preceding tasks.

Findings from each of these tasks are presented in the following sections beginning with
the hydrogeologic characterization.
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2.0 Hydroggalogic Characterization

The hydrogeologic setting, which includes the general geology, structure and
hydrogeologic conditions of the City of Baker area is described in this section and is
primarily based on work by the United States Geologic Survey (1976) and Brooks,
MclIntyre and Walker (1976). The physical setting of the area also is described in this
section. Appendix A contains drillers logs for the deeper wells located in the study area.

2.1 Physical Setting

Baker City is located within the Baker Valley, which is a northwest trending valley. The
elevation of the City ranges from approximately 3,400 to 3,600 feet mean sea level (msl),
while the topographic highs surrounding the valley reach altitudes of around 8,900 feet
msl. These highland areas supply the majority of recharge to streams and groundwater in
the area from both rain and snow melt. Baker City receives on average 10.5 inches of
rain per year and 27 inches of snow per year according to the National Weather Service.

2.2 Geology

The general geologic units in the Baker City region are presented in Figure 2-1 and are
described from youngest to oldest below.

Alluvium - Qal

This unit consists of stream channel sands, gravels, silts, and decomposed basalt and it
includes unconsolidated colluvium material (debris deposited at the base of slopes by
gravity) and decomposed basalt. The decomposed basalt is commonly found near the
base of hill slopes as part of the colluvium deposits. These deposits normally are less than
10 feet thick in the study area, however thicker sequences of colluvium material are
present along the base of the hills.

Tuffaceous Sedimentary Rocks — Tst

This unit consists of poorly consolidated lacustrine (lake bed) and fluvial (stream)
deposits. The lacustrine deposits contain tuffaceous clay, siltstones, and sandstones. The
origin of the material is volcanic before it is re-worked in either a lacustrine or fluvial.
environment. Overall, these sediments were deposited in a low-energy environment and
are up to 520 feet thick in the study area. The tuffaceous sediments also contain coarser-
grained fluvial deposits consisting of gravels, pebble and cobble conglomerates,
sandstones and siltstones. Locally, some thin basalt units can be found underlying the
tuffaceous sedimentary layers. In general, coarse-grained tuffaceous sediments can yield

“sufficient quantities of water for municipal use (greater than several hundred gallons per

minute). However, wells completed in the finer-grained tuffaceous sediments do not
normally yield sufficient quantities of water for municipal use.
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Basalt—Tbh

This unit consists of a series of basalt flows. Individual basalt flows can vary greatly in
thickness from several feet to greater than 100 feet thick. Groundwater in the basalt is
predominantly derived from interflow zones, which represent the contract between
individual basalt flows. These interflow zones are typically rubbly and porous, and thus
can transmit water easily. Groundwater also is produced from fractured zones in the
more massive interior flows, if sufficient structural deformation and/or fracturing has
occurred. Tuffaceous sedimentary rocks are also found in the interflow zones.

Intrusive Igneous Complex — Trqd

This unit consists of intrusive igneous rocks ranging from peridotite to albite granite. The
intrusive rocks in the region have been altered by regional metamorphism. Steeply
dipping dikes that range from several inches to 10 feet in width are commonly found
cross cutting the intrusive rocks. This unit is considered to have little groundwater
development potential.

2.3 Geologic Structures

Geologic structures have an important influence on groundwater flow in the basalts as
well as the basin tuffaceous sediments. Faults and folds influence groundwater flow by
promoting or impeding both lateral and vertical groundwater flow. Baker Valley is
structurally controlled by northwest-trending normal faults (see Figure 2-1). Geologic
cross sections parallel and perpendicular to the structural fabric in the area are shown in
Figures 2-2 and 2-3. The vertical scales of the cross sections were exaggerated to better
display subsurface conditions. Overall faulting has down-dropped the basalts to the
northeast, resulting in a graben structure. Tuffaceous sediments were deposited in the
graben structure. In the Baker Valley the tuffaceous sediments (Tst) deposited in the
graben are up to 520 feet thick.

The size of the faulted basalt block directly influences how much water can be withdrawn
and/or stored (injected) in a particular basalt flow sequence. If a particular part of the
aquifer is bounded by faults that limit its size, injection into this unit will cause water
levels to rise high enough to create springs. The effects of the faults on the hydrogeology
in the Baker area is not completely understood, however, aquifer test data did help to
better understand its influence on the target test area — Reservoir Well. A more detailed
discussion is presented in the aquifer test section of this report.

2.4 Hydrogeology

The principle aquifer in the area is hosted in the basalt unit and the majority of flow, as
previously outlined, within the basalt is concentrated in interflow zones. Groundwater
also is hosted in the tuffaceous sediments and alluvium units. The basalts can be highly
productive if permeable interflows are encountered and/or if secondary fracturing has
enhanced the basalts permeability. The potential yield of the tuffaceous sediments can
vary depending on the amount of coarse-grained material encountered and also depends
on the amount of cementation of the formation and its clay content.

11
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The primary source of recharge to the aquifers is rainfall and snowmelt in the Elk Horn
Range. The groundwater flow is typically to the northwest and matches the topography.
The depth to groundwater in the basalts in the upland portion of the study area is around
3,560 feet msl, whereas the groundwater elevation in the valley (graben) is at 3,450 feet
msl. A range fault along the base of the hill, as shown in Figure 2-1, most likely acts as a
hydrogeologic barrier between the upland and valley hydrogeologic regimes, which
would account for the head difference between the basalt and tuffaceous sediments.
Overall, it is believed that the shallow groundwater flow path in the vicinity of the
Reservoir Well is most likely supplemented by a deeper groundwater flow path, which
discharges northwest to the Powder River.

Groundwater Development

An inventory of wells in the Baker City area was completed around the Reservoir Well to
obtain hydraulic, as well as hydrogeologic information about local wells. The inventory
was limited to wells greater than 200 feet in depth. Reported yields of wells in the
inventory range from 5 to 2000 gallons per minute (gpm). Specific capacity in the area
wells exhibited a wide range of values from 0.04 gpm/ft to 20 gpm/ft. Specific capacity
is aratio of a wells yield per foot of drawdown (gpm/ft). Specific capacity can be used to
assess the relative performance of a well and the productivity of the aquifer. The wells
with lower productivity and specific capacity could be the result of wells completed in
the finer-grained tuffaceous sediments or they could represent wells completed in the
basalts without significant interflow zones. The wells with higher yields in general are
larger diameter and deeper, and most likely intercepted interflow zones.

12
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3.0 Aquifer Testing

Aquifer testing was performed at the Baker City Reservoir Well to measure aquifer
parameters including transmissivity and storage coefficient. This information was later
used in the ASR recharge and pumping analysis (see Section 6.0) to predict water level
draw-up (mounding) during injection and drawdown during pumping under several ASR
injections and pumping scenarios.

Aquifer testing consisted of a step-rate drawdown test and a 5-day constant rate aquifer
test. The step drawdown test consisted of four 1-hour consecutive steps and the constant

~ rate aquifer test consisted of pumping the Reservoir Well at a rate of 1500 gpm for

approximately 120 hours. Water levels in the Reservoir Well were monitored during
pumping and also for approximately 216 hours during recovery. Water levels in the Paul
Hill well and Golf Course well also were measured during the pumping and recovery
phase of the test. Appendix B contains manual water level data, water level plots, and a
detailed description of the methods used to calculate aquifer parameters.

Water quality sampling and testing was also completed during the aquifer testing. A
water quality compatibility evaluation related to the ASR feasibility analysis is included
in Section 4.0.

Drawdown and recovery data were used to compute aquifer transmissivity and storage
coefficient. Transmissivity is a measure of the productivity of an aquifer in terms of
thickness and permeability of the aquifer matrix. The storage coefficient is a measure of
how much water can be released from the aquifer given a unit decline in the hydraulic
head. Specific capacity was also computed on the basis of the pumping test data. It is-an
index for how a given well performs and it is calculated by dividing the discharge rate by
the drawdown (or drawup during injection). The specific capacity index takes into
account both the productivity of the aquifer (transmissivity) and the efficiency of the
well. Specific capacity, transmissivity, and aquifer boundary conditions are used to
determine what injection and pumping rates can be sustained at an ASR well because
they influence the drawdown and drawup in the well for a given storage or pumping
volume. A more detailed discussion of how these aquifer and well parameters were used
to calculate target injection rates, pumping rates, and storage volume is presented in
Section 6.0.

Prior to initiating the tests, it was necessary to lift up the pump and install a water level
access tube so that water levels could be measured in the well (the existing airline was
not functional). This proved problematic because the lifting ears on the pump head broke
off as the crane began to lift the pump and column. Inspection of the pump head
indicated that the metal casting was probably defective. In order to avoid further damage
to the pump head, a lifting plate was fabricated. The pump was then lifted and a PVC
access tube was installed in the well to allow measurement of the water level. Because a
crack was observed in the pump head, a second support was fabricated to take the weight
off of the pump head after the pump was lowered back into place following the aquifer
testing. '
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Deep wells within the study area that could be affected by ASR testing were identified.
Wells located closest to the Reservoir Well that might serve as observation wells during
the testing were identified utilizing OWRD well log data and local knowledge from City
staff (see Table 3-1). City staff obtained permission from several well owners to allow
monitoring of water levels prior to and during the tests. Water levels were monitored for
several weeks prior to the start of the aquifer tests by City staff at the Golf Course well,
Paul Hill well, Reservoir Well, and Ellingson well (see Figure 2-1). Due to access
limitations, consistent measurements could not be obtained at the Ellingson well and only
limited data were obtained from the Golf Course well. A pressure transducer and data
logger were installed at the Reservoir Well and Paul Hill well to allow automated water
level monitoring (these are the only wells that had sufficient room for the transducer). A

-summary of the aquifer tests is presented below and Appendix B provides a more detailed
description of the tests.

3.1 Step-Rate Test

In order to determine the performance of the Reservoir Well, a step-drawdown test was
completed. This testing provides a baseline from which to compare future changes to well
performance resulting from ASR. A step-drawdown test is conducted by pumping a well
at successively higher pumping rate over an equal interval of time. For this test the
Reservoir Well was pumped at 500, 1,000, 1,500, and 2,000 gallons per minute for one-
hour intervals. The step test data was used to pick a pumping rate for the constant rate test
and to assess head losses in the well due to laminar flow. Based on step test data, the
Reservoir Well’s laminar flow losses as a percentage of total head losses are
approximately 59 percent. This indicates the well has moderate efficiency, which is
typical of most open-hole basalt wells. On the basis of the step-test results, a constant
rate of 1,500 gpm was chosen for the constant rate test.

3.2 Constant Rate Test

A constant rate test was also conducted for a period of 5 days at the Reservoir Well to
determine the following;:

Calculate transmissivity of the aquifer.

° Determine the specific capacity of the well and project the specific capacity
over long-term pumping.

o Identify possible boundaries to the aquifer that might limit the ASR storage
volume. ’

° Measure the potential response in the valley fill sediments due to pumping in
the basalt aquifer. This was accomplished by measuring water levels at the
Paul Hill well during the constant rate test. This well is located on the
opposite side of the basin fault from the Reservoir Well.

The initial pre-test static water level in the well was approximately 250 feet below ground
surface (it was originally 177 feet below ground surface when the well was drilled 25
years ago). The constant rate test was conducted over a 5-day period from January 24" to
January 30™, 2003. The well was pumped at a rate of 1,500 gpm and drawdown was
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measured in the Reservoir Well and the Paul Hill well. The maximum drawdown after
7,200 minutes (120 hours or 5 days) was approximately 90 feet. A response was not
observed in the Paul Hill well during the constant rate test. Recovery data also was
collected after the pump was turned off. A summary of the aquifer test data interpretation
is presented below.

3.3 Aquifer Parameter Estimation

Graphs of the aquifer test data are presented in Appendix B. A transmissivity of 2,800
gallons per day per foot (gpd/ft) was calculated using drawdown data. A transmissivity
value of 7,300 gpd/ft was calculated using recovery data. The transmissivity estimate
from the recovery phase of the test is considered to be more representative because it is
less affected by fluctuations in pumping rate. The S-day specific capacity of the well was
approximately 16.5 gpm/ft. The storage coefficient was not calculated from test data
since it requires a response in an observation well; no response in the Paul Hill
observation well was measured during the constant rate test. Since the aquifer test results
indicate the aquifer is confined or semiconfined, a storativity estimate for the basalt at the
Reservoir Well site would normally range from 1 x 10°to 1 x 107,

The moderate transmissivity and low storativity values commonly found in basalts
indicate that the formation will readily yield water to wells but the drawdown (and
drawup) effects will be large and transmitted over long distances (miles). Low storativity
values also mean that the basalt aquifer is vulnerable to overpumping, which can result in
significant water level declines. It should be noted that ASR is particularly beneficial in
this setting because it augments the naturally low rate of groundwater recharge and
reduces the impacts from pumping. Because the water level in the well did not recover
fully following the pumping phase, some amount of groundwater was apparently
removed from storage. This indicates that recharge to the aquifer is probably limited,
which is consistent with the observation that water levels have declined on the order of
70 feet since the well was drilled.

The drawdown and the recovery curves for the constant rate test do not suggest that a no-
flow hydraulic boundary was intercepted during the 5-day constant rate test. Instead of a
sharp rate of change in the drawdown curve, which is indicative of a no-flow boundary,
the drawdown curve for the Reservoir Well shows a steady decline (see Figure B-5,
Appendix B). This same type of response has been observed in pump test data collected
from other basalt-hosted wells (e.g., Beaverton ASR No. 1). This is not to say that the
cone of depression (or cone of head rise during injection) after more than 5-days of
pumping would not encounter a no-flow boundary. However, the greatest impact on

- drawdown and drawup is directly related to boundaries intercepted early by the cone of

depression (or cone of head rise). The cone of depression (and cone of rise) propagates
less and less over time assuming a constant rate of pumping (injection).

The drawdown curve does shed some light however on the hydrogeologic regime in the
Reservoir Well area. In general, the juxtaposition of the basalts and the tuffaceous
sediments caused by faulting appears to have some implications on the hydrogeologic
framework of the area. Constant rate pump test data from the Reservoir Well shows a
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diminishing transmissivity and specific capacity with time as the cone of depression
expands. The data does not suggest that the fault contact between the basalt and the
tuffaceous sediments acts as a no-flow boundary but behaves more like a leaky boundary.
This suggests that there is some connection between the water bearing units in the basait
and the tuffaceous sediments present in the valley. However, no response was observed
in the Paul Hill well and so the degree of connection is muted due to the leaky boundary.
It is believed that the cone of depression during the constant rate test most likely
propagated parallel to the hill and took on an elliptical shape, and as it extended, it most
likely encountered less and less transmissive interflow zones. This observation highlights
some of the heterogeneity of the basalt system around the Reservoir Well.
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Table 3-1
Well Data for Wells Located within 1/2 mile of the Baker City Reservoir Well
[ [ Depth Specific
Drilied | Casing or Borehole SwlL Date of | Capacity DD Capaclty
welliD | Township | Range | Section Address Owner Date Drilled {feet) diameter (inches) |Screen Intervai|{feet bgs)| SwL gpm (feet) gpmit Use Misc. info
1148 18 9S8 40E Reservoir Well Baker City Jul-77 800 16 NA 177 Jul-77 1500 Municipal Baker City Well No. 1
1138 18 95 40E Paut V. Hiit Apr-55 575 12 NA 29 May-77 1100 166 6.6 Irrigation
122'-157, 272'-
163 20 9! 40E Ellingson Timber Co. Nov-65 650 10 287", 538-618" 8 Nov-65 2000 100 20.0 Imgation
45 9 9 40E Dave Erwin (Briggs) Jun-79 520 -] NA 287 Jun-79 200 153 1.3 Test Waell
2187 g g 40E 900 Story Ln Mike Voboril Sep-95 498 8fliner 6" 435'495 180 Sep-95 Domestic
1935 ] [] 40E 6770 Greenridge | Alpine Timber Corp. Oct-92 465 8/Liner 7" 410'450 300 Oct-g2 Domestic No water found
1780 18 9! 40E 3975 Indiana St | Robert P. Eflingson Jul-89 362 6 NA 240 Jul-89 50 122 0.4 trrigation
Baker Municipa! Golf Municipal/
1153 20 9S8 40E Course Sep-77 349 8 NA 85 Sep-77 320 141 2.3 Irrigation
2022 9 9S 40E 1205 17th St Steve Bogart Apr-34 330 6 290'-330" 50 Apr-94 25 280 0.1 Domestic Wall in Sand and Clay_
100-122' perf
1140 19 98 40E 1241 4th St Park Taylor Mar-72 305 6"10 197'6.75"to TD | 198-TD open 10 Feb-72 4.5 120 0.0 Domestic
1142 18 9S 40E 2350CSL | Senta Rasmussen Sep-81 345 B/Liner 4" NA 280 Sep-81 Domestc

SWIL = static water level
bgs = below ground surface

Groundwager Selutions inc.

Refer to Figure _ for well locations.

P:\145 - Baker City\001\baker_city_gis\Well_inventory2
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This section presents a discussion of water quality compatibility between the native basalt
groundwater and recharge source water for the project. This analysis was performed to
assess the potential for adverse chemical reactions that could occur as a result of mixing
City of Baker potable drinking water with native groundwater in the aquifer. Adverse
reactions that could occur include precipitation of minerals (e.g., iron or manganese
hydroxides) that could clog the aquifer or well, and dissolution of minerals in the aquifer
that could mobilize metals or affect taste and odor. The analysis was conducted utilizing
results of sampling the Reservoir Well and the City of Baker water system at the clear
well. : »

Samples collected from the Reservoir Well and clear well (referred to here as the
mountain line source) were tested for geochemical parameters relating to water quality
compatibility and potability. In addition, the sample from the Reservoir Well was tested
for the full suite of regulated and unregulated drinking water parameters as outlined in the
ASR rules. Analytical testing conducted on the well sample included:

¢ Field parameters, including pH, electrical conductivity (EC), and
temperature

Disinfection by-products

Total and Fecal Coliform

Geochemical constituents (anions and cations)

Metals :

Miscellaneous constituents — e.g., color, odor, etc.

Radionuclides — Gross Alpha and Gross Beta

Synthetic Organic Compounds

Volatile Organic Compounds

Results from the testing are presented in Table 4-1. Because chemical testing for metals
and organic compounds was not performed on the mountain line sample, the table
includes historical data for certain parameters collected at the clear well in the past.
Laboratory analytical data sheets for samples collected for this project are presented in
Appendix C. The following sections present a discussion of native groundwater quality,
recharge water quality, and the results of a mixing analysis utilizing the geochemical
model PHREEQC.

4.1 Native Groundwater Quality

General Chemistry

In general, the native groundwater quality is good with a moderate amount of dissolved
minerals (184 mg/L total dissolved solids [TDS]). The water is considered hard (154
mg/L) relative to what most people consider hard (greater than 50 mg/L). The water has
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a slightly alkaline pH (8.01), and is relatively low temperature (14.7 °C). The water had
no color and is also considered to be non-corrosive (corrosivity = 0.23).

Figures 4-1 and 4-2 are Stiff and Piper diagrams that illustrate the chemical signature of
the groundwater compared with the Baker City mountain line water. These diagrams are
commonly used to graphically illustrate the dominant cations and anions dissolved in the
water and to aid in comparing two water samples. The groundwater is a calcium-
magnesium-bicarbonate type water. As can be seen from the shape and size of the
polygon on the Stiff diagram, the native groundwater is significantly more mineralized
than the recharge source water and has a different chemical signature based on the
relative proportions of dissolved cations and anions. This difference in chemical
signature will be important during future ASR pilot testing as we track the recovery of
the stored water. As discussed later in this section, we expect the recovered ASR water
to be more like the recharge source water and so ASR will actually improve the water
quality near the ASR well by reducing the concentration of dissolved ions.

The groundwater has a total organic carbon content (6.7 mg/1), which suggests this water
will have a low potential to promote the formation of disinfection by-products when
chlorinated water is injected into the aquifer or when it is recovered and then
rechlorinated.

Iron and manganese is often elevated in basalt/volcanic groundwater; however, the iron
concentration measured at the Reservoir Well was less than 0.1 mg/L (the detection
limit). The manganese concentration was above the secondary drinking water standard
(0.05 mg/L) at a concentration of 0.09 mg/L. Manganese does not pose a risk to human
health; it is an aesthetic standard that can affect taste and can discolor laundry and
bathroom fixtures.

Figure 4-3 presents a plot of several water quality parameters measured at the well during
a 30-day pumping period in 1999. The plot shows that water quality changed at different
times during the period but that there was not a significant increase in concentration of
any of the parameters, including iron and manganese, as pumping continued. These

- results are inconsistent with past observations whereby the City reports that the water

quality produced by the well tends to degrade and produces a light brown floc in the
chlorine contact chamber after extended periods of continuous pumping (within about 10
days). This is not uncommon in aquifers that experience substantial drawdown caused by
pumping and where zones that contain poor quality groundwater contribute an increasing
percentage of the total production from the well. The reasons for this apparent
discrepancy are not understood and this emphasizes the importance of doing water
quality monitoring during a later full-scale field-testing phase.

No direct measurement of dissolved oxygen or oxidation/reduction potential was made in
the field at the wellhead. However, we expect the native groundwater to be somewhat
deficient in oxygen and in a reduced state glven that layers of volcanic rock and clay
confine the groundwater system.
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Regulated Constituents

Parameters that have regulatory standards (e.g., metals, nitrate, volatile organic
compounds, pesticides) and are indicative of contamination were either not detected or
were detected at levels below the applicable regulatory criteria. Unregulated organic
parameters and Total and Fecal Coliform also were not detected in the native
groundwater sample.

Mineral Stability

A geochemical model (PHREEQC) was used to assess the equilibrium state of the native
groundwater with respect to common minerals associated with basalt/volcanic aquifers.
The analysis is used to determine whether the water is undersaturated, supersaturated, or
at equilibrium with a particular mineral in solution. Undersaturated means that there is a
tendency for this water to dissolve minerals present in the subsurface. Supersaturated
means that the water has a tendency to precipitate the mineral. Equilibrium means that
the water does not have a tendency to either dissolve or precipitate a mineral.
Understanding the equilibrium state of the water helps us to understand what will occur
when recharge water and native groundwater are mixed.

Based on the geochemical modeling, native groundwater at the Reservoir Well is
undersaturated with respect to calcite (calcium carbonate) and dolomite (calcium
magnesium carbonate). Iron oxyhydroxide is not a concern in the groundwater due to the
absence of iron in the water. The groundwater is undersaturated with respect to
manganese-containing minerals (e.g., tendency to dissolve rather than precipitate), which
explains why there is somewhat elevated dissolved manganese in the groundwater. The
very low level of dissolved aluminum in the groundwater indicates that clay minerals in
the aquifer (including kaolinite, montmorillonite, illite) are insoluble and will tend to stay
in solid form.

4.2 Recharge Source Water Quality

General Chemistry

The water sample collected from the clear well (mountain line source) has excellent
quality with a low dissolved mineral content (TDS) of 42 mg/L that is typical of a surface
water origin. The water is a calcium-magnesium bicarbonate type water. The water is
considered slightly hard (51 mg/L) relative to what most people consider hard (greater
than 50 mg/L). The water has a slightly alkaline pH (7.4) and has an alkalinity of 24.6

‘mg/L.

Metals and organic compounds that have regulatory standards (e.g., MCLs) have either
been not detected in previous sampling episodes or were detected at levels below the
applicable regulatory criteria. Total iron and dissolved iron were not detected in the
source water.

The concentration of total ofganic carbon is also considered low (0.98 mg/L) and so the
formation potential for disinfection by-products is expected to be low.
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Suspended Sediment

Suspended solids or turbidity present in recharge source water can be a significant
concern because it can clog the ASR well and reduce its efficiency and pumping/injection
capacity. The City has a long historyof carefully tracking turbidity in the mountain line
source. During periods of elevated turbidity, typically during the spring snowmelt
period, the City may shut down the mountain line source and operate its well. Figure 4-4
presents a plot of clear well turbidity versus time and Reservoir Well pumping data for
2001. As can be seen from the 2001 data plot, elevated turbidity has been observed in
both the late fall and during the spring and summer. In order to minimize the chance for
turbidity events to impact the City’s water system, the City has since been shutting down
flow to the mountain line from lower elevation drainages when turbidity begins to
increase. This practice has significantly decreased the frequency of turbidity events
reaching the clear well.

The turbidity of the ASR source water should be less than 1.0 NTU, and preferably less
than 0.5 NTU. Because the watershed is subject to unpredictable turbidity events that can
occur if the weather becomes suddenly warmer, the City monitors incoming mountain
line turbidity on a continuous basis. An alarm sounds if the turbidity exceeds 1 NTU.
Because the ASR source water will be drawn from the 4 mg reservoir, there will be
adequate time to shut down ASR injection before the turbidity in the reservoir reaches 1
NTU.

Even very good quality recharge water will gradually clog an ASR well. With proper
monitoring of the source water and well performance and proper design of the system,
impacts from clogging can be effectively managed. The well can be back flushed
(pumped to waste) on a periodic basis to remove sediment from the well. In order to
maximize the removal of fines that have accumulated in the well, we recommend that the
target injection rate be 60 to 70 percent of the pumping rate. The optimal back flushing
frequency can be established during the pilot-testing phase of the project.

‘Mineral Stability

The geochemical modeling results show that the mountain line source water is
undersaturated with respect to most mineral assemblages; meaning that it is not at
equilibrium and it has a tendency to dissolve minerals like calcite, dolomite or quartz
minerals, if these minerals are present in the aquifer. Because iron and manganese were
not detected in the mountain line source water, there is little or no iron or manganese
mineral (hydroxides) to be concerned with.

4.3 Mixing Analysis

An analysis of water quality compatibility was performed for the ASR source water
(Baker City water derived from the mountain line) and native groundwater (represented
by the Reservoir Well). The purpose of this assessment was to determine if chemical
reactions could occur as a result of mixing the recharge water with the native
groundwater that might adversely affect ASR well performance, flow properties of the
basalt aquifer, or recovered water quality. The evaluation was conducted by interpreting
Stiff (Figure 4-1) and Piper (Figure 4-2) geochemical diagrams and by performing an
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analysis of the equilibrium status of a theoretical mixture of the source water and native
groundwater using the PHREEQC geochemical model. The modeling was performed to
predict possible geochemical effects, such as mineral precipitation or dissolution, that
might occur when the recharge water and native groundwater are mixed. The modeling
was performed using a theoretical 50:50 mixture of native groundwater and ASR source
water. This is the worst-case mixing relationship that could produce adverse chemical
reactions. Due to a lack of Eh (oxidation-reduction potential) data for these samples,
values were assumed for the mixing analysis. To be conservative, we assumed that the
recharge source water (mountain line water) was highly oxidized (especially after
chlorination) and that the native groundwater was reduced. This is commonly the case
and represents a worst-case scenario for assessing whether or not iron or manganese
containing minerals are likely to precipitate and clog the well when the two waters are
mixed in the aquifer.

As the recharge water is introduced into the ASR well, some native groundwater will be
displaced and some will mix with the recharge water. The TDS immediately adjacent to
the ASR well will be approximately the same value as the recharge water. Near the outer
limits of the recharge water bubble, the water quality will gradually become a mixture
between recharge water and native groundwater. The pH in the mixed zone is predicted
to remain alkaline (pH = 8). Outside the mixed zone further away from the ASR well,
the water quality will be identical to native groundwater. Because most of the recharge
water will be withdrawn soon after it is injected every year, there will be no long-term
change in water quality within the aquifer. If for some reason the native groundwater
quality becomes unacceptable, the City would likely store more water than it would pump
so that the recovered water more closely resembles the mountain line water quality.

Geochemical Modeling Results

Based on the available water chemistry data and geochemical modeling results (using
PHREEQC), the recharge source water and receiving native groundwater appear to be
chemically compatible and do not appear to present any fatal flaws for ASR. When the
relatively oxidized recharge water mixes with non-oxidized (reduced) native groundwater
in the aquifer near the ASR well, precipitation of calcite and dolomite that could clog the
well is not predicted to occur. In fact, the geochemical modeling results indicate that
these mineral assemblages are at equilibrium and do not have a tendency to either

dissolve or precipitate. We anticipate that the recovered water chemistry will resemble

the recharge water chemistry with each subsequent ASR cycle (injection, storage and
recovery), particularly if additional recharge water is left in the aquifer from year to year.

Manganese in the mixed water is undersaturated with respect to manganese minerals and
therefore is more likely to dissolve than to precipitate. Manganese dissolution and
precipitation rates are very slow in natural systems and we are uncertain how much and
in what form the manganese minerals are in. While not considered a fatal flaw to ASR
implementation, manganese concentrations should be monitored closely during the pilot
study phase to confirm these findings and to assess whether manganese concentrations
increase above present levels and cause taste or staining problems. This will be
particularly important in this case given the water quality degradation that has been
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observed in the past when the well is pumped for an extended period of time.

Because iron and manganese precipitation and dissolution reactions are pH dependent,
iron and manganese equilibrium, and hence the resultant concentration of dissolved iron
and manganese in recovered water can often times be managed through pH adjustment
(adding caustic to keep the pH elevated) at the ASR wellhead. '

Well performance during injection should be monitored to determine if turbidity is

* beginning to clog pore openings near the well. If this is observed, the well can be

periodically back flushed to remove the material. Aggressive redevelopment (pull the
pump and physically and chemically treat the well) may also be needed periodically. For
budgeting purposes, the City should plan do this aggressive redevelopment every 2 - 3
years until pilot testing results indicate otherwise. If iron precipitation or manganese
dissolution is found to be a problem during the pilot phase, consideration should be given
to storing more water than is recovered each year so that the mixing zone where this
reaction is most likely to occur is kept away from the ASR well. This should improve the
quality of the recovered water over a longer time period and substantially reduce losses in
well efficiency that might be caused by precipitation reactions.

If more than approximately 80 to 90 percent of the stored water is recovered, there will
likely be a noticeable change in hardness and taste (probably related to dissolved
manganese in the groundwater) at locations closest to the ASR well source. This change
is very gradual but may be noticed by industries relying on a constant water quality or by
residents who notice water spots on windows. This condition will not be any worse than
what the City already experiences when it runs the well during turbidity events. Leaving
more stored water in the aquifer can minimize these effects. From past experience, we
have found that operation of the ASR system over many recharge cycles will improve the
quality of the water produced by the well.

Disinfection By-Products

Chlorine and disinfection by-products will be introduced into the aquifer because the City
water supply is disinfected. Residual chlorine concentrations will dissipate quickly
(hours) as the recharge water comes into contact with the aquifer matrix. Disinfection
by-products (DBPs) are produced as a result of chemical reactions between organic
carbon present in the surface water or groundwater and chlorine. Disinfection by-
products include haloacetic acids (HA As) and trihalomethanes (THMs). Because the
TOC of the native groundwater is low there is a lower potential for DBP formation after
the chlorinated recharge water is introduced into the aquifer. It is anticipated that HAA
concentrations will dissipate quickly in the aquifer (within days of storage) as a result of

. aerobic microbial degradation. THM concentrations may increase slightly after injection

as a result of the reaction between the TOC present in the recharge water and chlorine;
however, THM concentrations should decrease with time (within weeks of storage) due
to anaerobic microbial activity. Dilution caused by mixing between recharge water and
native groundwater is also expected to reduce DBP concentrations.
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Table 4-1

Summary of Native Groundwater and ASR Source Water Quality Testing

Baker City ASR Evaluation

Gl Lowest Regulato
- Analyte - - Standard
S ~+ |29-Jan-03 & 14-Oct
Date| ' 29-Jan-03 e Pl e
Bacteriological Fecal Coliforms/E.Coli <1 NT
Total Coliform <1/100 ML CFU/100 ml MML <1 NT
Disinfection By-Products
THM |Chloroform (Trichloromethane) None mg/L URC 0.0005 ND NT
THM |Bromodichloromethane None mg/L None 0.0005 ND NT
THM |Chlorodibromomethane None mg/L None 0.0005 ND NT
THM |Bromoform (Tribromomethane) None mg/L URC 0.0005 ND NT
Total Trihalomethanes 0.08 mg/L MCL ND NT
HAAiDibromoacetic Acid None mg/L None 0.001 ND NT
HAA| Dichloroacetic Acid None mg/L None 0.001 ND NT
HAA|Monobromoacetic Acid None mg/L None 0.001 ND NT
HAA|Monochloroacetic Acid None mg/L None 0.002 ND NT
HAA| Trichloroacetic Acid None mg/L None 0.001 ND NT
Total Haloacetic Acids 0.06 mg/L MCL ND NT
Field Parameters Temperature None Celsius None NA 14.7 7
Conductivity None mS/cm None NA 315 NT
Dissolved Oxygen None mg/L None NA NT NT
pH 6-85 Units SMCL NA 8.01 7.4*
Turbidity 1 NTU mg/L MCL, MML NA NT NT
ORP None mV None NA NT NT
Geochemical Bicarbonate None mg/L None 2 92 246"
Calcium None mg/L None 0.1 30.9 8.95*
Carbonate None mg/L None 2 <1 <1*
Chloride 250 mg/L SMCL 1 6 3*
Hardness (as CaC03) 250 mg/L SMCL 4 154 51*
Magnesium None mg/L None 0.05 16.3 2.18*
Nitrate as N 10 mg/L MML 0.05 <0.05 <0.05*
Nitrite as N 1 mg/L MCL 0.002 <0.002 <0.002*
Potassium None mg/L None 0.1 1.8 ND*
Silica None mg/L None 0.2 38.1 11.1*
Sodium 20 mg/L URC, SMCL 0.05 19 2.1*
Sulfate 250 mg/L URC, SMCL 5 39 ND*
Total Alkalinity 250 mg/L SMCL 2 92 246*
Total Dissolved Solid 500 mg/L SMCL 0.7 184 42*
Total Organic Carbon None mg/L None 0.5 6.7 0.98*
Total Suspended Solids None mg/L None 2 <1 2"
Metals Aluminum 0.05 mg/L SMCL 0.05 0.0071 0.0489*
Antimony 0.006 mg/L MCL 0.001 ND ND*
Arsenic 0.05 mg/L MCL, MML 0.002 0.006 ND*
Barium 1 ma/L MCL, MML 0.05 ND ND*
Beryllium 0.004 mg/L MCL 0.0005 ND ND*
Cadmium 0.005 mg/L MCL, MML 0.001 ND ND*
Chromium 0.05 mg/L MCL, MML 0.002 ND ND*
Copper 1.3 mg/L MCL 0.005 ND 0.02*
Iron (Total) None mg/L None 0.05 <0.1 ND*
Iron (Dissolved) 0.3 mg/L SMCL 0.05 <0.1 ND*
Lead 0.015 ma/L MCL, MML 0.001 0.005 ND*
Manganese (Total) None mg/L None 0.002 0.12 ND*
Manganese (Dissolved) 0.05 mg/L SMCL 0.002 0.09 ND*
Mercury 0.002 mg/L MCL, MML 0.0004 ND ND*
Nickel 0.1 mg/L MCL 0.004 ND ND*
Selenium 0.01 mg/L MCL, MML 0.002 ND ND*
Silver 0.05 mg/L MML, SMCL 0.005 ND ND*
Thallium 0.002 ma/L MCL 0.0006 ND ND*
Zinc 5 mg/L SMCL 0.01 ND ND*
Miscellaneous Odor 3 TON SMCL 1 ton ND NT
Color 15 ACU SMCL 5 color units ND NT
Methylene Blue Active Substance 0.5 mg/L SMCL 0.05 NT NT
Corrosivity (Langelier Saturation Index) Non-Corrosive mg/L SMCL - 0.23 NT
Fluoride 2 mg/L MCL, MML, SMCL 0.5 0.3 NT
Radionuclides Gross Alpha 15 pCilL MML 1 1.1 NT
Gross Beta 50 pCi/L MML 1.9 12.2 NT
] Radon 300 pCi/L MML 80.7 465 NT
Synthetic Organic Compounds (SOCs)
Regulated SOCs 2,4,5-TP (Silvex) 0.01 ma/L MCL, MML 0.0004 ND ND**
2,4-D 0.07 mg/L MCL, MML 0.0002 ND ND**
Alachlor (Lasso) 0.002 ma/L MCL, MML 0.0004 ND ND**
Atrazine 0.003 mg/L MCL, MML 0.0002 ND ND**
Benzo(a)Pyrene 0.0002 mg/L MCL 0.00004 ND ND**
BHC-gamma (Lindane) 0.0002 mg/L MCL, MML 0.00002 ND ND**
Bis(2-ethylhexyl)adipate 0.4 mg/L MCL 0.001 ND ND**
Bis(2-ethylhexyl)phthalate 0.006 ma/L MCL, MML 0.001 ND ND**
Carbotfuran 0.04 mg/k ViCL 0.001 ND ND**
Chlordane 0.002 mg/L MCL 0.0004 ND ND**
Dalapon 0.2 | malL MCL 0.002 ND ND**
Dibromochloropropane (DBCP) 0.0002 mg/L MCL 0.00002 ND ND**
Dinoseb 0.007 mg/L MCL 0.0004 ND ND**
Digquat 0.02 mg/L MCL 0.0004 ND ND**
Ethylene Dibromide (EDB) 0.00005 mg/L MCL, MML 0.00001 ND ND**
Endothall 0.1 mg/L MCL 0.01 ND ND**
Endrin 0.0002 mg/L MCL, MML 0.00002 ND ND**
Glyphosate 0.7 mg/L MCL, MML 0.01 ND ND**
Heptachlor 0.0004 mg/L MCL, MML 0.00004 ND ND**
Heptachlor Epoxide 0.0002 mg/L MCL, MML 0.00002 ND ND**
Hexachlorobenzene 0.001 mg/L MCL, MML 0.0001 ND ND**
Hexachlorocyclopentadiene 0.05 ma/L MCL, MML 0.0002 ND ND**
Methoxychlor 0.04 mg/L MCL, MML 0.0002 ND ND**
Polychlorinated Biphenyls (PCBs) 0.0005 mg/L MCL, MML 0.0002 ND ND**
Pentachlorophenol 0.001 mg/L MCL, MML 0.00008 ND ND**
Picloram 0.5 mg/L MCL, MML 0.0002 ND ND**
Simazine 0.004 mg/L MCL, MML 0.0001 ND ND**
Toxaphene 0.003 mg/L MCL, MML 0.001 ND ND**
Vydate (Oxamyl) 0.2 ma/L MCL 0.002 ND ND**
Unregulated SOCs 3-Hydroxycarbofuran None mag/L None 0.004 ND ND**
Aldicarb None mg/L None 0.002 ND ND**
Aldicarb Sulfone None mga/L None 0.001 ND ND**
Aldicarb Sulfoxide None mg/lL None 0.003 ND ND**
WQ_Results.xIs 1of2 6/18/2003
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Aldrin None mg/L None 0.0001 ND ND**
Benzyl Butylphthalate None ma/L None 0.001 ND NT
Butachlor None mg/L None 0.001 ND ND**
Carbaryl None mg/L None 0.004 ND ND**
Di-n-Butylphthalate None mg/L None 0.001 ND NT
Dicamba None mg/L None 0.0005 ND ND**
Dieldrin None mg/L None 0.00001 ND ND**
Diethylphthalate None mg/L None 0.001 ND NT
Dimethylphthalate None mg/L None 0.001 ND NT
Di-n-octylphthalate MNone mg/L None 0.001 ND NT
Methomyl None mg/L None 0.004 ND ND**
Metolachler None mg/L None 0.002 ND ND**
Metribuzin None mg/L None 0.001 ND ND**
Propachlor Necne mg/L None 0.001 ND ND**

Volatile Organic Compounds (VOCs)

Regulated VOCs 1,1,1-Trichloroethane 0.2 mg/L MCL, MML 0.0005 ND ND**
1,1,2-Trichloroethane 0.005 mg/L MCL, MML 0.0005 ND ND**
1.1-Dichloroethylene 0.007 mg/L MCL, MML 0.0005 ND ND**
1,2,4-Trichlorobenzene 0.07 mg/L MCL, MML 0.0005 ND ND**
1,2-Dichlorobenzene 0.6 mg/L MCL, MML 0.0005 ND ND**
1,2-Dichloroethane (EDC) 0.005 mg/L MCL, MML 0.0005 ND ND**
1,2-Dichloropropane 0.005 ma/L MCL, MML 0.0005 ND ND**
1,4-Dichlorobenzene 0.075 mg/L MCL, MML 0.0005 ND ND**
Benzene 0.005 mg/L MCL, MML 0.0005 ND ND**
Carbon Tetrachloride 0.005 mg/L MCL, MML 0.0005 ND ND**
Chlorobenzene 0.1 mg/L MCL, MML 0.0005 ND ND**
cis-1,2-Dichloroethylene 0.07 mg/L MCL, MML 0.0005 ND ND**
Ethylbenzene 0.7 mg/L MCL, MML 0.0005 ND ND**
Dichloromethane (methylene chloride) 0.005 mg/L MCL, MML 0.0005 ND ND**
Styrene 0.1 mg/L MCL, MML 0.0005 ND ND**
Tetrachloroethylene 0.005 mg/L MCL, MML 0.0005 ND ND**
Toluene 1 mg/L MCL, MML 0.0005 ND ND**
trans-1,2-Dichloroethylene 0.1 ma/L MCL, MML 0.0005 ND ND**
Trichloroethylene 0.005 mg/L MCL, MML 0.0005 ND ND**
Vinyl chloride 0.002 mg/L MCL, MML 0.0005 ND ND**
Total Xylenes 10 mg/L MCL, MML 0.0005 ND ND**

Unregulated VOCs 1,1,1,2-Tetrachloroethane None mg/L None 0.0005 ND ND**
1,1,2,2-Tetrachloroethane None mg/L None 0.0005 ND ND**
1,1-Dichloroethane None mag/L None 0.0005 ND ND**
1,1-Dichloropropene None mg/L None 0.0005 ND ND**
1,2,3-Trichloropropane None mg/L None 0.0005 ND ND**
1,2,4-Trimethylbenzene None mg/L None 0.0005 ND NT
1,3-Dichloropropane None mg/L None 0.0005 ND ND**
2,2-Dichloropropane None mg/L None 0.0005 ND ND**
Bromobenzene None mg/L None 0.0005 ND ND**
Bromodichloromethane None mg/L None 0.0005 ND ND**
Bromoiorm None mg/L None 0.0005 ND ND**
Bromomethane None mg/L None 0.0005 ND ND**
Chloroethane None mg/L None 0.0005 ND ND**
Chloroform None ma/L None 0.0005 ND ND**
Dibromochloromethane None mg/L None 0.0005 ND ND**
Dibromomethane None mg/L None 0.0005 ND ND**
o-Chlorotoluene None mg/L None 0.0005 ND ND**
p-Chlorotoluene None ma/L None 0.0005 ND ND**

NOTE

mg/L = milligram per liter

MDL = Method Detection Limit

ND = Not detected at concentrations greater than the MDL

NT = Analyte not tested

MCL = Federal maximum contmainant level for drinking water

MML = DEQ's maximum measurable levels for groundwater

SMCL = Federal secondary maximum contaminant levels for drinking water
URC = Qregon Health Division unregulated contaminants for drinking water
* = 29-Jan-03 Sample Date

** = 14-Oct-02 Sample Date

WQ_Results xls 20f2 6/18/2003
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DESCRIPTION: Stiff Diagram lllustrating Major Cations & Anions
CLIENT: Baker City
PROJECT:ASR Feasibility Study
PROJ. #145.001 | pATE: May 2003

. Figure 4-1
Stiff Diagram Illustrating Major Cations & Anions
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DESCRIPTION: Piper Diagram lllustrating Water Quality Signatures -

CLIENT: Baker City

PROJECT:ASR Feasibiity Study

PROJ. #145.001 | DATE: May2003
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Figure 4-2
Piper Diagram Illustrating Water Quality Signatures
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Figure 4-3
Baker City Reservoir Well
Water Quality Trends
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Figure 4-4
Mountain Line Turbidity and Well Flow Data
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5.0 Recharge Water Availability
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5.1 General

Water availability for recharge is one of the essential components of the ASR project.
Also, the length of continuous availability is important. Minimizing the start/stop
operation of injection will minimize the potential for air intrusion into the aquifer. The
City of Baker City has targeted two time periods for injection: winter and early summer
after springtime runoff. These two seasons appear to be the most effective time periods
for continuous recharge. The winter season will most likely be the most reliable period
for continuous recharge.

Water source for recharge will come from diversions located within the City’s watershed.
These diversions vary in capacity depending on the time of year, weather patterns, and
snow pack. The major diversions are Mill Creek, Little Mill Creek, Marble Springs, Elk
Creek, Little Marble Creek, Little Salmon Creek, Big Salmon Creek, and the Goodrich
Reservoir. There are other minor diversions that produce less water and are very
seasonal.

- 5.2 Winter Season

During winter, the City staff utilizes Mill Creek, Little Mill Creek, and Marble Springs to
meet average use. Additionally, Elk Creek is used for peak periods during the winter, but
only approximately once every two weeks.

Historical flow data from the City’s reservoir outlet for the years 2000, 2001, and 2002
indicate an average water system demand of approximately 800 to 900 gallons per minute
(gpm). This would mean that approximately 850 gpm of water supply is obtained from
the combination of Mill Creek, Little Mill Creek, and Marble Springs. Based on review
of the fall/winter data logging at Mill Creek and Little Mill Creek and discussions with
staff, the approximate distribution of water supply from these sources is as follows:

Primary Source to Meet Wintertime Demand: ]
| Mill Creek | 500 gpm ]
| Little Mill Creek ] 150 gpm |

| Marble Springs 200 gpm H

Total Estimated Water Supply 850 gpm |

As previously mentioned, Elk Creek is also used in the winter but very sparingly. The
estimated water supply from Elk Creek, based on staff observation, is approximately 400
gpm. Little Marble Creek produces approximately 100 gpm in the winter. Little and Big
Salmon Creeks produce approximately 100 and 200 gpm, respectively, based on staff
observation. Therefore, from secondary sources the following water supply is available
for recharge during most of the winter season.
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Secondary Source Available for Wintertime Recharge:
| Elk Creek 400 gpm

Little Marble Creek 100 gpm

Little Salmon Creek 100 gpm*

Big Salmon Creek 200 gpm*
Total Estimated Water Supply 800 gpm

* These sources may taper off depending on snow pack and weather conditions.

Additionally, the Goodrich Reservoir basin may be a source of water supply during
winter months. It has been reported that there is approximately 200 to 300 gpm available
from reservoir leakage and immediate downstream creeks and springs that are between
the reservoir and the point of diversion. Also if in the future valving and piping were
installed in order to operate the reservoir outlet during winter months, more water supply
would be available -- approximately 400 to 500 gpm.

5.3 Winter Recharge '

In summary, there appears to be enough water supply during winter to provide sufficient
continuous recharge water for the ASR project. The amount of available supply could
range from approximately 750 to 1,100 gpm based on the above data. Although this
would mean that approximately 108 to 158 MG could be stored for a 100-day recharge
period, it should be noted that these values could vary depending on snow pack and
weather conditions. A very cold winter could have a major influence on water
availability. Also, water system demands for Baker City could have an impact on the
availability of recharge. As the population of Baker City increases, availability of
recharge water during this time period will decrease. Refer to Table 5-1 for the projected
future water system demands.

5.4 Summer Season

Early summer recharge water availability is more uncertain and will be highly dependent
on weather conditions and turbidity levels. Average water system demand for June
through July is approximately 2,300 to 3,100 gpm. The average water system demand
for June alone is approximately 1,940 to 2,700 gpm. From discussions with staff and
review of data log readings, water supply from the watershed is approximately as
follows: '
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| Available Water Supply During Early Summer:

ﬁ Estimated Water

Supply * Rights
Mill Creek 1,500 gpm | 2,805 gpm
Little Mill Creek 500 gpm | 2,244 gpm
@a.rble Springs 400 gpm | 2,244 gpm
" Elk Creek 800 gpm | 1,683 gpm
Little Marble Creek 100 gpm 561 gpm
Little Salmon Creek — 561 gpm
Big Salmon Creek 800 gpm | 2,244 gpm
Totals- 4,100 gpm | 12,343 gpm

* These flows can vary significantly. Additionally, Goodrich Reservoir water
is used during this time period when demand in the system increases and/or
when available water is not as much as shown.

Given the fact that the mountain line can carry only approximately 3,100 gpm, historic

50 MG (maximum recharge of 1,250 gpm) available.

Table 5-1
Projected Future Water System Demands

peak system demands during June and July are met by using the mountain line, the
Marble Springs intertie line, and, on a less frequent basis, the City well.

Based on the data, it appears that approximately 1,000 to 2,160 gpm can be available for
recharge in early summer. During a 28-day period, there would be approximately 40 to

Future Demand*

Den]f::;sdt‘?ggp o Low Medium High
Winter 850++ 900 1,030 1,210
Spring 1,180 1,260 1,420 1,650
Early Summer 2,700 2,890 3,280 3,860
Summer 4,530 4,980 5,660 6,660

¥k

Future water system demands are based on loW, medium, and high population

projections for a 20-year planning period as shown within the Baker City, Oregon,
Water Facility Plan. '

38
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6.0 R'echarge Analysis

6.1 Introduction

This section presents a detailed evaluation ASR injection and pumping at the Baker
City’s Reservoir Well based on aquifer test results and other data gathered during the
initial ASR feasibility evaluation. The general criteria used as guidelines for evaluating
the hydrogeologic feasibility of ASR for the City’s Reservoir Well includes the
following:

1. A confined aquifer with a transmissivity greater than 10,000 gallons per day per
foot that is not significantly bounded; lower transmissivities are permissible if
headroom (area above the static water level) is available in the aquifer.

2. The target aquifer can store in excess of 100 MG of water at the well site, can
sustain the injection rates necessary to achieve this storage volume during an
injection season, and can support well yields of at least 500 to 700 gpm (0.7 to 1.0
MGD) during recovery.

3. The water level in the recharge well does not rise above ground surface during
injection and does not drop below the pump intake during pumping.

4. The target aquifer does not have other wells that could capture stored water.

The analysis of ASR feasibility with respect to these criteria is presented in the following
sections.

6.2 Aquifer Characteristics

The Reservoir Well is completed in a volcanic basalt aquifer consisting of numerous
individual lava flows. The aquifer is considered to be confined or semiconfined with a
transmissivity ranging from approximately 2,500 to 7,300 gpd/ft. A storativity estimate
was not calculated since a response in the observation well was not seen during the
aquifer test. However, storativity estimates for the basalt aquifers generally range from
1x10°to 1 x 107, Groundwater flow within the aquifer occurs through permeable
layers between individual lava flows and fractures in the rock. The nearby mountain-front
fault appears to be a leaky boundary between the basalt aquifer and the volcanic '
sedimentary aquifer beneath the valley floor. This is inferred because there was no

-abrupt change in the drawdown slope during the aquifer test. Instead the drawdown

curve gradually steepend with time (refer to drawdown plots in Appendix B), which
suggests that the fault is leaky. This increasing slope also suggests a diminishing
transmissivity and a reduction in specific capacity as the cone of depression propagates
away from the well. Overall, even though the transmissivity is less than 10,000 gpd/ft,
the specific capacity at the end of a prolonged pumping period (flow rate divided by the
drawdown or drawup in the well) appears high enough (16.5 gpm/ft) to support continued
pumping and/or injection at lower rates than where used during the constant rate test.
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6.3 Target Injection and Pumping Rates and Storage Volume

Based on discussions with the City, the following operational scenarios for the proposed
ASR project were developed and are described below. These parameters were used
during the ASR evaluation process. The scenarios also include target injection/recovery
rates and estimated storage volumes. In general, injection will occur using mountain-line
water during the wintertime when turbidity is acceptable. Summer time injection will
occur after the spring turbidity events and its primary purpose is to store excess
mountain-line water that may otherwise be spilled.

Winter-time Injection Criteria

The following represents general ASR evaluation criteria for a wintertime recharge
scenario. '

e A total of 100 days of injection were assumed based on:
= Injection period from December 1 to April 30" each year (about 150 days).
= A total of 40 days where assumed for shutdown due to turbidity events.
= Back flushing will occur every three weeks, which results in an additional 10-

days of lost injection time.
‘e The injection rate was assumed at 800 gpm, which is 44 percent of the maximum

pumping rate for the well.

¢ Recharge water turbidity is less than 0.5 NTU during injection.

e Head buildup in the well casing cannot exceed a threshold criterion of 25 feet
below ground surface.

Summer-time Injection Criteria

The following represents general ASR evaluation criteria for a summer time recharge
scenario.

e A total of 28 days of injection were assumed based on:
= Injection period from June 15 to July 30" each year (about 45 days).
= A total of 4 days where assumed for shutdown due to turbidity events.
= Back flushing will occur every three weeks, which results in an additional 3-
days of lost injection time.
= An additional 10 days of lost injection time will occur due to cycling the
system on and off due to changes in the water level in the clear well.
¢ The injection rate was assumed at 1250 gpm, which is 70 percent of the maximum
pumping rate for the well.
e Recharge water turbidity is less than 0.5 NTU during injection.
Head buildup in the well casing cannot exceed a threshold criterion of 25 feet
below ground surface.
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Pumping Criteria
The following represents general ASR evaluation criteria for pumping (recovery).

o Head buildup calculations from year-to-year assume that 100% of the stored
water is removed; otherwise the head buildup in the injection well will exceed the
ground surface during year 2 injection.

e The pumping rate assumed at 1800 gpm.

6.4 Assessment of Target Injection and Recovery Rates

- ASR well injection and recovery rates are controlled by a number of factors including

pressure available in the recharge piping, the available headroom (drawup) and
drawdown in the well, aquifer transmissivity, well efficiency, and boundary conditions as
they affect drawup and drawdown. Aquifer and well performance data were used to
evaluate if target injection and recovery rates are feasible based on predictions of drawup
and drawdown during typical ASR operations in the City’s proposed ASR well. These
predictions were based on projections of specific capacity changes and water level trends
over time. Specific capacity is the injection rate or pumping rate divided by the water
level drawup or drawdown. It provides a simple and convenient index for how the well is
performing and for the extent to which clogging is reducing well efficiency. For
example, if the well is becoming clogged, we will see a reduction in specific capacity
over time. For the purposes of this analysis, the constant rate drawdown test data were
used to estimate the specific capacity at the end of winter- and summer time injection

‘periods. Table 6-1 summarizes the head buildup and drawdown in the proposed ASR

well for wintertime and summer time injection. The predictions are shown graphically in
Figure 6-1. Appendix D presents detailed assumptions and calculations of the ASR
evaluation.

Table 6-1
Estimated Drawup and Drawdown During ASR Operation at the Reservoir Well

Winter Time Injection |

113 feet 89 feet
(800 gpm) :
Summer-Time 71 feet 32 feet
Injection (1250 gpm)
Recovery (1800 gpm) | 398 feet 360 feet

bgs = below ground surface - :
Scenario assumes that the stored water (winter- and summer-time) is fully recovered
each year.
Head buildup in summer assumes no water removed during wintertime storage.
Drawdown is less from year-to-year since the water level is higher each year due to injection

(mounding).
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This assessment is based on an assumed maximum water level buildup that is 25 feet bgs
in the ASR well during injection. This threshold was used because it is assumed that
injection will be driven by a booster pump, and that the wellhead is not sealed to prevent
water from discharging from the top of the casing. It is possible to design the wellhead
for injection under pressure, but it is generally not desirable if it can be avoided because
of design and construction costs. The threshold of 25 feet bgs provides a buffer between
the water level in the well and the wellhead in case of unexpected fluctuations during
injection.

The assessment of injection and recovery rates incorporate a number of assumptions
involving short-term and long-term decreases in injection and pumping specific
capacities due to head changes in the well and clogging. The key assumptions are

~ documented in Appendix D. The most critical of these assumptions involves estimates of

the injection and recovery specific capacities. The assumptions regarding differences
between injection and pumping specific capacities, and reductions in specific capacity
over time are based on analysis of trends observed during ASR operation in Beaverton,
Oregon and based on direct ASR project experience with other basalt-hosted systems.

The specific capacity of an ASR well is expected to decrease with time because of
clogging of the skin around the borehole due to the introduction of suspended particulates
during injection. Regular backflushing (pumping to waste) is an important operational
tool for reducing the decline in specific capacity by removing particulates from the
aquifer in the immediate vicinity of the well. However, declines in specific capacity can
be expected even with a regular program of back flushing because short-term
backflushing typically will not completely restore the specific capacity of the well. Thus,
the need to redevelop an ASR well to reverse long-term specific capacity declines should
be expected as part of the operation and maintenance of an ASR system. Redevelopment
entails removing the wellhead and pump assembly, and aggressively cleaning out the
well by some combination of scrubbing, jetting and pumping. The interval between
redevelopment episodes will depend on the initial specific capacity of the ASR well and
the long-term rate of specific capacity decline.

Air entrainment also is another factor that can result in loss of specific capacity of the
well. At the startup of injection, as the water is injected down the pump column,
cascading water causes air to become entrained. If the entrained air is forced out into the
aquifer it can cause the formation to be air-locked and thus result in a loss of the aquifer’s
ability to transmit water, which is translated into a loss in well specific capacity. Since
the summer time injection plan includes cycling injection (many starts and stops) possible
air entrainment becomes an even greater concern. Designing the ASR system to
minimize or ideally eliminate possible air entrainment of the injection water should be a
high priority in the design and operation of the proposed Reservoir ASR well.

Our analysis indicates that target ASR recovery and injection rates are feasible at the site
under the most conservative scenario used for this analysis and given the assumptions
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outlined above for wintertime and summer time injection. The analysis also indicates that
the Reservoir ASR well may need to be redeveloped every 2 to 3 years to restore specific
capacity so that the final injection water level during summer time is maintained below
the threshold level of 25 feet bgs.

6.5 Evaluation of Available Storage Volume

Evaluation of the projected well and aquifer response during injection indicates at least
115 MG can be stored in the aquifer during the wintertime and that an additional 50 MG
can be stored during the summer injection period for a total of 165 MG. If the stored
water is recovered at a rate of 1,800 gpm, pumping could be sustained for 60 to 90 days
without depleting the aquifer or causing water quality degradation. This assumes that the
total volume is removed each year. If the stored water is not removed, then it is
anticipated that only a limited amount of water can be injected during the subsequent
recharge period until the water levels drop back down.

The water level in the aquifer after the winter and summer injection period (with 165 MG
in storage) is predicted to reach 142 feet bgs. The static water level in 1977 was 177 feet
bgs. Since the water level in the aquifer will be higher than what was recorded when the
well was drilled, there is the possibility that seeps could occur along the slope of the hill
if a preferential pathway (e.g., fracture) exists between the deeper confined aquifer and
the ground surface. As is common in any ASR project, monitoring for the possibility of
losing water through seeps will need to be done during pilot testing of the ASR system.

According to historical records, the Reservoir Well production typically decreases to
1,000 gpm or less within 30 days of continuous pumping and the quality of the water
degrades to the point where residents complain. Over the last 25 years, the City has
pumped approximately 560 MG from the aquifer and there has been a 73-foot decline in
static water level, which indicates that even sporadic, un-sustained pumping has exceeded
the natural rate of groundwater recharge. ASR will substantially improve and extend the
sustainable production capacity of the well and improve the quality of water produced

- after extended periods of pumping. In addition, ASR will stop “mining” of the aquifer

that has occurred over the past 25 years of operating the Reservoir Well.

6.6 Capture of Stored Water by Other Wells

Three large-capacity (>100 gpm) wells completed in the deep basalt that could capture
stored ASR water have been identified in the general vicinity of the site. Baker 1145
(Erwin well) is located approximately 0.2 miles northwest of the Reservoir Well and has
a capacity of 200 gpm. Baker 1163 (Ellingson Timber well) is located approximately 1.4
miles east of the Reservoir Well and has a capacity of 2,000 gpm. It is not known if these
two wells are still in operation or what rate they are pumped. Baker 1153 (Golf Course
well) is located approximately 0.9 miles east of the Reservoir Well and has a capacity of
320 gpm. Both Baker 1163 and 1153 are located on the opposite side of the fault
boundary from the Reservoir Well. Because we did not see a water level response in the
Golf Course well (Baker 1153) or Paul Hill well (Baker 1136) during the 5-day aquifer
test, we do not believe that wells located north of the fault will capture stored water.
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7.0 Conclusions, Uncertainties, and Recommendations

7.1 Conclusions

~ The analysis of the results of the aquifer tests, water quality compatibility analysis, and

ASR recharge evaluation indicate that an ASR well system providing up to 2.5 MGD
(1800 gpm) of’ peakmg and or emergency) capacity appears to be feasible at the site. With
a target winter storage volume of 115 MG and recovery rate of 1,800 gpm, the well will
provide about 45 days of peak or emergency supply. It also appears feasible to store an
additional 50 MG during the early summer months if demand remains low and flow is
available in the watershed. This will extend the summer peak pumping period to 60 to 90
days without overpumping the aquifer or causing water quality degradation. Our
conclusions are based on a number of hydrogeologic factors including:

Aquifer Characteristics: The aquifer is confined or semiconfined and the transmissivity
of the aquifer is estimated to be between 2,500 to 7,300 gpd/ft, which is less than the
minimum criterion proposed in the initial ASR evaluation. However, the estimated
specific capacity at the end of a proposed injection period, coupled with the large
available headroom in the aquifer, indicate that ASR is still feasible at this site. The
projected effects of aquifer boundaries observed during the aquifer test do not appear to
be a significant limitation to achieving target injection and recovery rates and the target
storage volume.

Injection Rates, Pumping Rates and Storage Volume: The thickness of the basalt
unsaturated zone and relatively low groundwater levels in the aquifer provide for
sufficient available drawdown and headroom (drawup) in the aquifer to achieve the target
injection and recovery rates and storage volume.

Capture of Stored Water by Other Wells: No large capacity deep basalt wells were
identified on the south side of the fault boundary that could capture stored ASR water.
The potential effects of pumping wells located north of the fault should be further
assessed through monitoring during pilot testing at the Reservoir Well.

These conclusions are based on use of data obtained from relatively short-term aquifer
tests. Thus, the validity of these conclusions for a long-term ASR operational scenario is
subject to some uncertainties that are discussed in the following section. '

7.2 Uncertainties

The results of the Reservoir Well recharge evaluation indicate that ASR is feasible at this
site; however, there are still some basic uncertainties about what the long-term injection
and recovery capacity of the ASR system will be. ASR field-testing will be requlred to
resolve these uncertainties. The key uncertainties are listed below:

1. The ability of the ASR well to maintain target injection and pumping rates. This will
depend upon the well efficiency over time, storage zone size and permeability, and
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actual rate of clogging caused by turbidity and possibly entrained air. High quality
recharge water that is free of suspended sediment and air is a key factor for
maintaining well efficiency. Recharge water with turbidity exceeding 0.5 NTU will
clog the aquifer matrix and quickly reduce the specific capacity of the well. The result
will be decreased injection and potentially decreased recovery rates. In addition, since
the summer time injection scenario will include cycling on and off, the system should
be designed to minimize air entrainment of the injection water. Maintaining the
emergency production capacity of the Reservoir Well is a high priority. Several
measures should be implemented to maintain the injection and pumping capacity
including:

e Flushing the water lines in the system that provide injection source water to
remove particulates prior to starting injection.

o Closely monitoring the quality of water being injected, and monitoring water
levels in the well for changes in specific capacity.

o Implementing a regular program of backflushing the well and pumping it to
remove particulates introduced into the well during injection.

o Periodically pulling the pump and aggressively redeveloping the well.

. The long-term impact of injection and pumping of the deeper basalt aquifer zone on

the shallow tuffaceous sediments beneath the valley floor north of the fault is not well
understood. The data from the aquifer test indicate that the boundary fault is leaky;
however, no response was observed in the Paul Hill well. Consequently, there is
some uncertainty associated with the potential for ASR operation to affect water
levels in shallow wells in the tuffaceous sediments. ’

. Since the head rise in the aquifer is anticipated to exceed the 1977 historic water level

in the basalt aquifer, creating or enhancing seeps and springs due to increased water
levels in the basalt aquifer is a possibility. Monitoring the potential for surface
discharges during pilot testing will be important. The monitoring would include
measuring water levels in the Reservoir Well and other wells in the area, such as the
close by domestic wells, the Paul Hill well, and the golf course well. Periodic visual
surveys of potential seep areas also should be conducted during the wet season prior
to and during pilot testing.

7.3 Recommendations

On the basis of the technical analysis presented in this report, we do not see any fatal
flaws for developing ASR at the Reservoir Well site and recommend proceeding with
phase two of the project — ASR Pilot Testing at the Reservoir Well. The scope for Phase
2 consists of the following tasks. These activities are required by OWRD under the ASR
rules. -

» Task 1 - Permitting- Obtain 5-year Limited License from OWRD
» Task 2 — ASR Design and Construction — Design and construct well, pump
station, and system modifications to accommodate ASR at the Reservoir Well site
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Task 3 — ASR Work Plan — Prepare pilot testing work plan for submittal to
OWRD

Task 4 — ASR Pilot Testing — Conduct injection, storage, and recovery testing and
monitoring at Reservoir Well as required by OWRD

Task 5 — ASR Analysis and Report — Assess sustainable injection and pumping
rates, storage volume, water quality improvement and aquifer response to ASR
Task 6 — ASR Operations Plan — Develop operational parameters and O&M plan
Jor City use

v V V VY

A number of improvements and modifications will be required at the Reservoir Well site
in order to retrofit the system for ASR. These improvements include the following:

o New booster pump at the 4.5 MG chlorine contact chamber and variable
frequency drive (VFD) that allows adjustable rates of injection.

) New piping that conveys recharge water from the booster pump to the

_ Reservoir Well.

o New recharge loop, piping, valves, and controls at the well head that permit
injection down the pump column. Building modifications are requlred to
accommodate the additional piping in the pump house.

. New pump to waste piping that permits discharge of wastewater from startup
and back flushing.

o New liner casing in the well to 500 feet to protect the pump from falling
rocks (there is presently only 20 feet of casing and open borehole to total
depth).

. New pump, pump head, and pump column. The existing motor will be
reused.

o New system controls and monitoring at the chlorine building that allow
manual operation with automatic safety overrides.

The estimated cost for these improvements and associated engineering costs for
permitting, system design, construction oversight, pilot testing, monitoring, and reporting
are within the range presented previously. The total estimated cost for Phase 2 ranges
from $425,000 to $458,000. A range of cost is presented because there are a number of
elements that must be resolved during the design phase. Typical annual operation and

‘maintenance costs during ASR pilot testing are approximately $30,000 to $40,000. This

includes the additional monitoring and laboratory testing fees required by OWRD under
the Limited License. This estimate assumes that City staff will complete the majority of
the data collection in the field and that they will maintain and operate the ASR system
with limited technical support. It has been our experience that these costs can be reduced
after the first year of successful full-scale operation, due to a reduction in monitoring
assuming OWRD approves. From past experience, the cost to pull the pump and
redevelop the well every 2 to 3 years to remove sediment from the well that could not be
removed by backflushing is approximately $20,000.

The initial testing can last up to 5-years under the Limited License. After sufficient data
regarding aquifer response, operational data, and lack of impacts are obtained to
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demonstrate ASR feasibility, the City would then apply for a full-scale ASR permit. It is
possible that this could be accomplished after one or two years of operation. Assuming
that the results of the pilot testing are favorable, the City will have a fully functional full-
scale ASR system at the conclusion of Phase 2.

The next steps of the project will include the following:

Meet with OWRD to discuss the project (pre-application meeting July 2003)
Complete and file a Limited License application and ASR work plan (July 2003)
Work closely with the City to prepare design drawings and specifications for the
well and pump station improvements (summer 2003)

Obtain ASR Limited License after 30-day comment period (September 2003)
Assess the condition of the well using a down-hole camera and install a steel liner
to protect the new pump (fall 2003 after summer pumping season)

Construct well and pump station improvements (fall 2003)

Begin pilot recharge testing (winter 2003/2004)

Begin recovery of stored water (summer 2004)

VVYVY VYV VVYV
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8.0 Conceptual ASR System Design, Operation, and
Cost Update
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This section of the report presents a description of the conceptual ASR system design and
operation and an update of the costs for implementing Phase 2 — pilot testing. Pilot testing
is required by OWRD to prove ASR feasibility and it will provide important operational
data to be used by the City during full-scale operation. The system will be designed and
the pilot program developed so that the system will deliver up to 2.5 MGD during the
first summer following the first recharge season (summer of 2004).

8.1 Conceptual ASR Design and Operation

A preliminary site plan illustrating the planned ASR system layout is presented in Figure
8-1. Figure 8-2 presents the hydraulic profile for the system as it relates to the existing
infrastructure at the Reservoir Well site. The ASR system components and well
improvements consist of the following:

. New booster pump at the 4.5 MG chlorine contact chamber and variable
frequency drive (VFD) that allows adjustable rates of injection.

o New piping that conveys recharge water from the booster pump to the
Reservoir Well.

e - New recharge loop, piping, valves, and controls at the well head that permit
injection down the pump column, Building modifications are required to
accommodate the additional piping in the pump house.

° New pump to waste piping that permits discharge of wastewater from startup
and back flushing.

o New liner casing in the well to 500 feet to protect the pump from falling
rocks (there is presently only 20 feet of casing and open borehole to total
depth).

o New pump, pump head, and pump column. The existing motor will be
reused.

. Existing supply line from the well back to the chlorine building. .

o New system controls and monitoring at the chlorine building that allow
manual operation with automatic safety overrides.

The ASR system will consist of two individual and separate operations: 1) recharge, and
2) withdrawal. The control and safety functions for each operation will utilize equipment
with parallel capability, when possible, to simplify the system and avoid duplication of
cost and/or control function. The following narratives outline the preliminary concept of
operational and safety functions for each operation:

Recharge

Recharge operation will consist of delivering water from the chlorine contact chamber
through a new booster pump. This water will be diverted to the well via a new 10-inch
diameter buried recharge line to be installed from the proposed booster pump location to
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the well. Water will be delivered into the well through a series of control valves and
ultimately down the pump column, through the bow! assembly and out the pump inlet.
Adequate pressure is required to fill the pump column as quickly as possible in order to
minimize the amount of air that is pushed down the well and out into the aquifer. This is
accomplished by a combination of the booster pump pressure and frictional losses
developed as the recharge water flows down the pump column and through the bowl
assembly. The rate of flow will be controlled by a variable frequency drive at the booster
pump that will allow the injection rate to be adjusted. For example, the initial flow rate
will be high in order to fill the pump column and then gradually reduced so that it
matches the available supply coming in from the mountain line. The system is intended to
be controlled manually at the chlorine building and there will be a number of automatic
safety overrides that will shut down the system if a problem develops.

Withdrawal

Normal operation of the well will not differ appreciably from the current operation,
except for operation of the control valves and a short duration pump to waste sequence
prior to pumping the water to the chlorine building. Well operation will be based on
normal withdrawal of water from the existing well using a new vertical turbine pump
(which will also be used for recharge purposes). Operation of the well pump is also
intended to be a manual operation with appropriate operational and safety controls.

A more detailed description of the ASR system operation and schematic of the system
prepared by Stettler Supply Company are presented in Appendix F.

8.2 ASR Program Cost Update

Phase 1 of the project was completed on budget except for additional expenditures
relating to addressing the broken pump discharge head. The cost estimate prepared
previously for Phase 2 of the project was reviewed using information developed for the
ASR conceptual design and information obtained when the existing well pump was lifted
and tested. The updated cost estimate for Phase 2 is within the range of costs presented in
our original proposal even though items have been added to the project, including a steel
liner casing to protect the new pump. Table 8-1 presents our cost estimate for the
engineering and construction elements of the Phase 2 pilot project. We have presented a
range of costs for the ASR construction activities because there are a number of elements
in the design that have not been finalized. When the next level of preliminary design is
completed, the construction cost estimate will again be updated. On the basis of what we
know now, the estimated budget presented in Table 8-1 will be adequate to complete the

project.
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Table 8-1
Phase 2 Pilot Project Cost Summary
Baker City ASR Proj

$15,000

Task 1 Permitting — ASR Limited License

Task 2 Well and Pump Condition : $8,000
Task 3 ASR Work Plan : $6,000
Task 4 ASR Design and Construction Management $57,000
Task 5 ASR Pilot Testing $60,000
Task 6 ASR Analysis and Reporting : $20,000
Task 7 ASR Operational Plan ' $9,000
Subtotal $175,000
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Appendix A: Well Logs
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L cem - 3 X . e
s R EIVED,
The original and first copy of p
. are to be filed with the WELL REPOR

T
WATER RESOURCES DEPARTMENT(\ | (3 31977 STATE OF OREGON /
SALEM, OREGON 97310

within 30 days from the
of well completion.

_(Pleage type or print)
\?]ﬁTFR RESOURCE%HEPL;“ above this line) |

SALEM, OREGON

WNER; 2z
] //7‘;/ g borer /S

(2) TYPE OF WORK (check):
Reconditioning [ Abandon [J
I abandonment, describe material and procedure in Item 12.

New Well &~ Deepentng [0

A

(10) LOCATION OF WELL: ,
County A EL Driller's well number 0._2 ‘/ - 7 /]
N W SE ysection /F_T. P Sn L7 £ w.

Bearing and distance from section or subdivision corner

(11) WATER LEVEL: Completed well.

(3) TYPE OF WELL: | (4) PROPOSED USE (check): Depth at which water was first found /7_5"
m e m g_~ ‘| Domestic [1 Industrial {J Municipal [J | Static level 177 #t. below land surface. Date 2. J¢
Dug [ Bored [0 .| Irrigation [J Test Well [] Other O | Astestun preasure Ibs. per square inch. Date
ED: 78" 7¢ 390 Z% , wn
CASING INSTA}_"‘?' Tf_":%‘" w““%a (12) WELL LOG: pisieter of well below easing .22 &
- o m‘m‘, i e £ Cuge T | Depth drilled f ﬂﬂ £t. Depth of completed well 5’ Jo
—rie i s e s M - TR OMloe. Eaars, s M A1 eirawaind of murtacia
——iimnme” Digm. from ft. to A CANS i and show thickness and nature of each stratum and aquifer penetratc
’ with at least one entry for each change of formation. Report each change
PERFORATIONS: Perforated? [ Yes @& 'fo. position of Static 'Watar Level and indicate prineipat water-bearing stra
of perforator used ETHg o Lty ! e 1o gk MATERIAL
Bize of perforations dn. by in. @/77— & -
—a. perforations £rom ... 0t | LYED AR LaPtsos! BASHT]
. perforations from ... 2t to 2E Y oS AT
e, PErforations from T N PR SETTR S,
(7) SCREENS: Well screen installed? [J Yes a»t{
B ._Mnnu.facﬁzm's Name
Type ; Mol NO:  cmspmmamamiimm
Diam. Slot size .......... Set from ft. to
Diam, : Slot size ... Set from t. to
(8) WELL TESTS: }’“‘W“‘mlg'w'gfg}emm level is
Was a pump test made? [ Yes o If yes, by whom?
Yield: __gal./min. with ft. dmde after i
; (4 A &
R L1 FT i s !
R/ S PADIT 8 A/
r Lhdl Be macs darer) - | —Fgos ey Somencr
. Bafler test gal./min. with ft. drawdown after hrs. OFT . 6~B&Y Y L ONLw
Artesian flow g€.p.m. 2F7 (- FEN v
pmture of waﬁeréz Depth artesian flow encountered / 4. ft. | Work started 7’/{ 19 Z 709:_\;101«! 7-* J& 19 7
(9) CONSTRUCTION: Date well drilling machine moved off of well f/ / 19 ;

Well sealMatarial used .. A EL T {;‘5 2’/57/7 i

Well sealed from land surface to

£t.

Dismeter of well bore to bottam of seal"......#2.&. __ in.

Diameter of well bore below seal ...
" Number of sacks of cement used in well seal

How was cement grout placed?

L

A5 .m,

P Y

IR

g AV .- 3 PP st LY

ol r S ¥ Yy AR Sy T

Was a drive shoe used? [] Yes E’Nﬂmﬂ -----
Did any strata contain. unusable waterf L] Yes

_[;‘:uypeauon ...... - It
o 2

" Type of water? depth of strata’
Method of sealing strata off e

Was well gravel packed? [] Yes.

0

Size of gravel! .. .o, -

Gravel placed from

tt. to

cted under my direct aupervisi'oz
to m;

Materlals myremrtedabovemu'ue
[Signed] ¥ =, W bat_e 4%,/‘..., 1.7
L5

(Driliing Machine Operator) _
Drilling Machine Operator's License No.

Water Well Contractor’s Certification:

true Ttgmth: ofdd;lelgno“:‘lleej%m}ndj e ctlon snd this report &

Name _ﬁ;ﬁ};ﬂ(’&' £ Mé—zf SR 6;
or | )

Address _,2*_,. :'?’

L/ E DR, [EwoiE?
[Signed] .= = ' ‘-

ft.

(USE ADDITIONAL SHEETS IF NECESSARY) Onsinaen <os
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OBSERVATION WELL

WATER WELL: REPORT

e = ORI

Name Pa,%! v. Hill ) i
Address 1045 Riverside Drive.

File Origind] and - - State Well No. 9/bo - 18¢(1)
First Copy with the _
g&m'rﬁ%gmon ; COFY SEAEROP PENaON U- 786\ State Permit No. U-696

(1) OWNER; (1) WELL TESTS:  Dowiows s o yater ve

Was a pump test made? [] Yes [] No Ifyes by whom?

. : ! CTT— Yield: 1100 gal/min. with 166 _ ft. drawdown after ____hm
B.eno, Nevaod.a i g () 980 B Sy lq_L " o . L]
- & & 750 w e LIS 5 "
~ (2) LOCATION OF WELL S L s . 4 | Bailer test gal./min, with ft. drawdown after _hn
W . County _ Bsker SRk 8 number, i any— = —==
- _SW 4 SE 34 8ection 18 .. R. WM. Arteslan flow, X §:p.mn. Date it
et Bearing and distance grbin gection or visioncorner. _ .. . _ . Temperature'of w:ter 0 Wes n_ chemlcal__ ma;d_‘_e;L_ELYes ON
- . 568 feet North . £ gt _of (12) WELL LOG: Diameter of well ...k ... inches
& . the SW corner, Section 18 . .. . | Depthdrinea . 575 _ st peptn of completed welt 575 __ #
e Formation: Describe by color, character, size of material and structure, an
show thickness of aquifers and the kind and nature of the material in eaci
- 2o stratum penetrated, with at least one entry for each change of formation
- —— " " MATERIAL . FROM TO
(3) TYPE OF WORK (check): ' ——Soll end Clay , 1ol 38
' New wen O Deepening []  Reconditioning [ Abandon [J Shale Gravel and Ssnd - 38 60
- andonment, describe material and procedure in Item 11.. Gravel snd red clay, cemented
. gravel e 60 180
v—‘ PROPOSED USE (check): (5) TYPE OF WELL: G 1 & Shal ] o -
Rotary [J Driven [J _._1BQ__28.6_
W  Domestic [ Industrial [J Municipal O cade © e B ___Gravel and Clay 286 | 4o
Irrigation §J Test Well .[] Other .. 00 | pyg [ ‘Bored 0O ~ . tonk 408 | 488
- ' Clay, Soapatone, gravel ' ap | 538
“.il.) CASING INSTALLED: Threaded [T Welded (3 L (T : : , >
“ 12 v« piam trom #0310 & e 7Y FLULE Mg _ qs 6: é i 7 q—ﬁ
W —em—-” Diam. from 1t to #t. Gage e} _L._Qlal.__S.Q&pBIQnL&‘E ——— e
= * Diam. from e 24, 0 £t Gage ..
‘ : : : E—p— . e .
- (7) PERFORATIONS: Perforated? [ Yes [J No
Type_of perforator used -
W  SIZE of perforations inby . . in. .
e PETfoTAYONS £rOM . #® to 1
. PET{OTAIONS £POM i £ 10 e .
- e DETfOTAtiONS frOM oo £, O SEB— . S
: e perforations from ... o 3% RN G, - -
- [ perforations oM ..o cosrmenme ﬂ:. RO comscissarmiime it 1R, A
= (8). SCREENS: Well screen installed [] Yes ¥1 No
W  Manufacturer’s Name S I R B
‘ Model NO. oo s -
- . e Slot 120 ... Set from ft. to tt. - . . .
- i SlOt 8128 i Sot 2rom ft, to At | Work started September 719 54 Compléted April 12 1955
“ (9) CONSTRUCTION: j (13) PUMP: - '
Was well gravel packed? []Yes []No Size of gravel: —ce—emem—on | Manutacturer's Name - Fairbanks Morse .
Gravel pluced from ... £t to 27t Type: Turbine ' CHP. 50
Was a surface geal provided? [ Yes []J No To what depth? 1®t.
Material used in geal— e e o i e el Well Driller’s Statement: o
Did any strata contain unusable water? [] Yes [J No | == -:] ' 'This well was drilled under my jurisdiction and this report is
Type of water? Depth of strata e .. | true to the best of my knowledge and belief.

ceeeeeeee

(10) WATER LEVELS:

Tatic level og ft. below land surface Date April 195
. Artesian pressure 1bs. pergquareinch Date . .. .

Log Accepted by: '

(Signed] Date’ 3§

(Owner) =

g
1

Person, firm, or corporation) (Type or print)

Address .......Pendleion,-Oregon
Driller’s wellhumber_ .

[Signed]

(Well Driller)
Date -

Licensg No. SN | T

(USE ADDITIONAL SHERTS IF NECESSARY)
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seaTs SyonEER. SALEM, SEOSPEVE NG [N EE

D 4 L)... pertorations from ..
............ - perforations from

ceececceeee(

¢

NonCETOWATERWELLC%E‘Q E E v E
ogtmsteportare to NOV 17 1965

ot well completion. SALEM OREGON

QTER WELL REPORT
ATE OF OREGON
Please type or print)

2 D

ot Well No. ......?. .ﬂ&f%

State Permit No,

Drawd is amount wate level is
(11) WELL TESTS lo;rreg‘%ré!ow static lev i

Was a pump test made?j’{e-s {] No If yes, by whom? le[l&,@
Yield: .J P20  gal/min. with /00 st drawdown after 'Z brs

(0 “w »

(2) LOCATION OF WELL:

’ ’
County Dr.mer‘s well number
3% Section . 1. P~§ R 45117 E wwm.

Bearing and distance from section or subdivision corner
¥

(3) TYPE OF WORK (check):
Well Deepening ] Reconditioning [J
Sandonment, describe material and procedure in Item 12,

(4) PROPOSED USE (check): (5) TYPE OF WELL:

Domestic ';}‘d“sﬁ'ial 0 "Municipal [J Rotary [ riven [
T

Cable Jetted [
Irrigation est Well [1 Other O Dug [ . Bored 0O

(6) CASING INSTALLED:  Tnreaded 1] Weldea iR
/l—" Diam. from . -’J ...... ~ £t. to @Xm - £t. Gage
gl Dim. trom e d . to oS3 s Gage

iee—e” Diam. from £t. to . GAED i episiars

(1) PERFORATIONS: ~ pertorategt @es 3 No -
of perforator used S - £ /

Size of perforations .3,{[ . in. by / in. |
tt, to LS £t

~— ‘5:_ (1. pertoratiods from [
-71 Z_:eHZZMMnom,.g’ya ﬂto.&gz Ny | 5

g 35?__ ft. to ._é 4( Lol

Abapdon [

e rsemsssmmsnnmenne PEEfOrations from
(8) SCREENS:
ufacturer’s Name

Well sereen installed? [ Yes Ko

Model No. ..
£t. to £t.
£t. to £t.

o cemnnesanin Slot size ... Sot from ...
Diam, ... Slot size ......__ Set from.

(9) CONSTRUCTION:

Well seal—Material used in seal 56.4/ 7‘.&'4/ / ]L' <., T

Depth of seal b I #t. Was a packey, useds Cete N1

Diameter of well bore to bottom of seal ... In.

Were any loose strata cemented off? [ Yes 3

Was a drive shoe used? es CJNo '~ e

Was well gravel packed? EI Yes W( Size of gravel:

Gravel placed from ....... y £t. to o S

Did any strata contain unusuable water? [] Yes E’ﬁo 2 Sy b
'ype of water? depth of strata . & et

;l:/I_e_t_hodo.-‘.seallngstratagtf [ TR T : e

Depth =it 2

—_

(10) WATER LEVELS: e

_—

i

Statie lsvel £, below land surtace Date Ny //- 5’

Artesian pressure lbs. per square inch Date

(USE ADDITIONAL SHEETS IF NECHSSARY)

g W [ s579
Y - 75| o 7 f
U Cal W Sodfe |0 7k 2

1/ )

Person, firm or carp
" Address ..«@/;'A

” ” ’ ” ”

Baliler test gal./min. with bhrg
Arxtesian flow g.p.m. Date

Temperature of water I‘:”as a chemical analysis made? [] Yes 4
(12) WELL LOG: 3 Diameter of well below casing 2.7
7

Depth dritled (.50 " 1t. Depth of completed well L5 «

£t. drawdown after

Formation: Describe by color, character stze ‘of material and structure, ang
Y smt#tgm:aéiq%t ”’fdﬂ-'ttMO"{% eﬂw f#meach fcmemmegc“h
MATERIAL FROM TO
CLayd Boylde .S o345
G4 e L 258
/B 4l oy 25 g0
Af_¥ate £ 40 [/
' le. /42 7455
e udte f LS55 | 152

Rod £ B ke fe.,

LS5 6.9
Work started 184, § Completed / & 194 ¢
Date well drilling machine move. of ﬂ pa) 1965,
(13) PUMP:

Manufacturer’s Name ﬂﬂ plIM P VP 7L‘

Type:
‘Water Well Oontraotor’s Certification:

H.P.

This well was drilled under my Junsdlctlon and this report is
true to the best of my knowledge and belief

o Mo Kd o sla )l DRI WG (B
.j..-.!Z..@A’ eGed....
2o/ ‘

Drilling Machme ‘Operator’s Licens
[Signed] .. W /&o
ater Well Contmtor)

Contractor’s License No ...... Date (7@16"/\:, 196.::




w
lv?'lCE TO WATER WELL CONTRACTOR

« ¥ The original and first copy of this report
; are to be filed with the

WATER WELL REPORT

BAKE |i4s5
State Well No. 7\3/‘/05 /qbb

" WATER RESOURCES DEPARTMENT. STATE OF OREGON
SALEM, OREGON #1310 (Please type aor print)
- " with!n 30 days from ‘the date i et AR s 120> "State Permit Na.
1 letion. " ;

- of well comple Pg /O{z ; AE W a.»vu_( sﬂ.cl SE ‘Jh._?_‘—s‘_,;_‘s
1) OWNER: o (10) LOCATION OF WELL:
wame [hb-( £ b LA County t’r)ﬁ[ég& Driiler’s well number 7?&5 50

* ddress 4 Mu Y% M[I.A.Secuon /"L ‘/S R. yDF w.M,
o Buﬂand distance from section or subdivision corner
w ') TYPE OF WORK (check): ,

“ew Well Deepening O Reconditioning [} Abandon [

‘7! sbandonmaent, describe material and procedure in Item 13.

{3) TYPE OF WELL: | (4) PROPOSED USE (check):

wwolary Driven ) leipal
Cable Jetted O Domestic [J Industrisl [J Municipal ]
Qut O Bored 0~ | Irigation O Test wen X otner O

, ASING INSTALL Thresded [} Welded (J_, —
—." Diam. from ... ol ttro. ZQ ..... £#t. Gage s 1=

(11) WATER LEVEL: Completed well, .
Depth at which water was fint found _ 4/%A/ 1.

static level - 7 &; Y 1t. below land surtace. Date Z - A S 79

Artesian pressure Ibs. per square inch. Date

(12) WELL LOG:
Depth drilled _§°2 O

Diameter of well below casing ..n.......é..........;...
ft. Depth of completed well ft,

'9) CONSTRUCTION. e e
el seal—Material used 3@, vy }:’77 / Z

YVell ssaled from land surface to : ft.
Diameter of well bore to bottom of seal . ................
Woiameter of well bore below seal ................ r L C E E "; Q
L&

_-'umber of sacks of cement used in well seal

_ was cemeni grout placed? [ e S O
- , ATau197g
; VATER rhaOU‘?C £S..DE
= ' SALEIA DT‘EGQM i,
w

a drive shoe used? (] Yes gfo Plugs ;g location ... ft.
o .

"ld any strata contain unusable water? [] Yes
depth of strata

TYpe of water?
- .
Method of sealing strata off

WNas well__gr_ﬁve’l packed? (3 Yes E'Zo ___Size of gravel: o L
eravel placed from ........orrernnn 7t to ... e eceritraonnarises ft.

.,._W,_..' Diam from .. ...ccomeionn F e — ft. Gagd . il
: Formation: Describe color, texture, grain gize and structure of materials;
o “ DIAM. 210M cimrrsiorier T 80 s B GOGO i and show thickness and nature of each stratum and aquifer penetrated,
with at least one entry for each change of formation. Report each change in
w , PERFORATIONS: Perforated? D Yes V( pesition of Static Water Level and indicate prlnclpn water-bearing strata.
w.Ype of perforator used MATERIAL ) _ To BWYL
“ize of perforations in. by in, GnS g é '
':’................_.......... perforations from 2. to T ‘ [2).8 % d
et perforations from ft. to ity B o~ '
oo PErforations from. ft. to £L. 1
- : A A
SCREENS:  well seroen tnstaliear (1 ves o Vo [rga=——
awtufacturer's Name %S / '
W'ype Model NO. .oeereeececrscversmnrcsriocs / 4L
"lam. J——— Slot size ............ Set from ., ft. to 2t ; 7‘
Ofam. ._......... Slot size ............. Set from ft. to ™ 1. 4 g ?, =
- 4
¢ . andown fs amournt water level is —
8) WELL TESTS lowered below static level J
Wu a pump test made? [] Yes ‘¢No 12 yes, by w! whom? Aca 77 [ 4
riatg: 206 L/min, with £5~3 et. drawdawn atter ’>7 hrs. , Mé |4
¢ —— ; . 7 /AR 7 WA i
. , . o ¢ i p 29
- ; A l/ i '
Tailer test gal./min. with ft. drawdown after hrs. o ] )
* -egian flow g.p.m. Y 74 _
- -nnwre of water Depth artesian flow encountered ............... ft. ork started et /6 19 7 (%u leted é"}ts- 19
Date well drilling machine moved off of well & ~ 2~3 1/ 7

Drilling Machine Operator’s Certification:

tad under my direct supervision.
[Signed) .C7% o Ay

ported above are true to my
| Water Well Contractor's Certification:

. Date Z....z.:\?: 1979
Thlsyudrmed under my jurisdiction md this report is
70

.6'&7/
true to the wledge and belief.

Narie D VTN A—

print)

asasesssecvaacery

[Signed T
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NOTICE TO WATER WELL CONTRACTOR

CCCCE

The ort and first copy of this report :
T e 10 be filed with the ' WA WELL REPORT wc q /
WATER RESOURCES DEPARTMENT, ™ TE OF OREGON te Wdl No. ..L.l 7&4— ........ qu
SALEM, OREGON 97310 - A ‘Please type ar print) -
within 30 days trom the date W\ ¢ State Permit No.
of well completlon R mot write above this line) C_
pg et 2 _
(10) LOCATION OF WELL:
County K2 Driers wen number 7%50
NW%NMS«:&:‘ /9 r 95 r LDF w.M.
Bearing and distance from section or subdivision cormer
(2) TYPE OF WORK (check): .
New 'Well* ' Deepening ]  Reconditioning [}  Abandon [J .
1t abandonment,, describe material and procedure 1n Tiem 13 (11) WATER LEVEL: Completed well.
(3) TYPE OF WELL: | (4) PROPOSED USE (check): | neptn ut which water was sirst touna _4/54/ .
'é.‘i'.:’ ?"""‘, g Domestic [} Industrial [J Municipal [J | Static level ﬂ 'd ft. below land surface. Date 4 - A 7
Dug (] Bored 0O Irrigation O Test Well 10“"" o Artesian pressure ibs. per square inch. Date
\FASING INSTALLED:  7ygoges 0 Wty | (12) WELL LOG: e s wt viow g — &
~ff—~ Diam. trom ... L.l £t tO M L...... : Gage £E55 | Depth driied 5°'20 £ Depth of completed wen 1,
''''''' Diam. from i e ¥8 —cwem——— { Tormatich: ‘Deseribe eslor, texture, grain size and structure of materials;
“““““ . Diam. from ft. to f. Gage ... | and show thickness and nature of esch stratum and aquifer penetrated,
; with at least one entry for each change of formation. Repert each change in
) PERFORATIONS: Perforated? [] Yes wé position of Static Water Level and indicate principal water-bearing strata.
1ype of perforator used i 1 HAZIRLAL & From To SWL
Size of perforations in. by in, D
e p@TfOrations from ft. to f®. ) I
............. perforations from £, to 2. |
............ . potforations from £t to . 2. I
4 .
(7) SCREENS: Wl screen tnstalled? [1 Yes %o <
nufacturer’s Name :
TYype _ Model NO: e mseiimssisresonn cen
Diam. ... Slot size ... Set-from £t. to £t
Diam, ... Slot size ... Set from ft. to ft. ; =
(8) WELL TESTS: 1°u“,.,'.r‘°. TR, Samanry wiikar devel -
Was & pump test made? [T Yes @ No I2 yes, by whom? Y- %
yieia: OO gat./min. witn {53 ¢t rawdown atter % nrv. | Ml
: - . » - » d yj’/
] — _ ~ ; B ‘ T&‘
Bagler test gal./min. with £t. drawdown after hrs. -
Artesian flow - ' g.p-m.
peﬂtunocvum mpmmuwmm S Te ork d S w/ ‘-}d_ 107¢
Well seal—Material usad. J‘e Ij‘vtﬂ /Z Drilling Machine Operator’s Certification:
; This well was co under my direct supervision.
 Well sealed from land surtace to . | Materials used and i a are true to my
Diameter of well bore to bottom of seal ... — ' best know ; p
‘Diameter of well bore below seal ... i U1 [\ : r }:{".’": i (Signed] L@ y NS Date IZN 197 ¢
Number of sacks of cement used in well seal ... 5 Cu & 1} :
How was cement grout placed? r 19 ,157" Drilling Machine tor’s License No A
WO TER (o4 LGICES nesd Water Well Contractor’s Certification:
..... ’ DEF ‘
8! 1 ~ = ~ e This well drﬂledunderuwjurbdicﬂonmdthisrepmu
: : : SALLIL..OREGon true to the and belief.
ua drive shoe used? [] Yes g0 Plugs ... location ... 1t R / ﬂ [/ ” P /d C..... .......................
-id any sirata contain unusable water? [] Yes () { (Type or
Type of water? - depth of strata Address ..
Method of sealing strata off : [Sl. 1 Jore
Was well gravel packed? (7 Yes ﬁ Size of gravel: ...
Gravel placed from ft. to : tt. Contractor's License No.<=).c4 & Date ..
‘ ) 4WVEE A ry 4 -u
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RECEIVED

" STATE OF OREGON 3l 97
wﬁym%%s 537.765)RT OCT 1 3 1995 (START CARD) # 5- @_24 4 O
Instructions for this report are on the last of RRESOUIRGES DEPT v
b (1) o Well Number SALEM, RGN OF WELL by legal description:
[N ame Mt ke_ Vobo v‘{\ County Latitude Longitude
- AddmssQOQ Stovy Ln. Township G S N or S Range ﬂﬁE E or W. WM.
Ci Py ' st OR zip 471814 Section__} 4 S\J _gE 14
“ (2 TYPEOFWORK ° T Lot 5205 Lot Block Subdivision
- [ New Well [(JDeepening {"] Alteration (repair/recondition) D Abandonment Street Address of Well (or nearest address) _Sdme,
: (3) DRILL METHOD:
'  [XRotary Air [:]RotaryMud [(JCable  [JAuger (10) STATIC WATER LEVEL:
« [dother = 190t below land surface. Date j{m[g
(4) PROPOSED USE: ; Artesian pressure Ib. per square inch.  Date
et Domestic [ |Community [Jindustrial [ Jligation | (i) WATER BEARING ZONES: _
- Therma! [ Jinjection [ JLivestock [ ]Other .
{5) BORE HOLE CONSTRUCTION: Depth at which water was fistfound | S O X
Special Construction approval [7] Yes [R]No Depth of Completed Weuﬂ_m : \ :
- Explosives used [ Yes WN Type Amount From To Estimated Flow Rate = | SWI
HOLE SEAL ' 15 ¢t LC
m.meur Fom To Materl From To  Sacksorpounds e il = '
i o ‘%g © |Znl |3bgaes 450 498 6 20 |19
. z.o 98 " '
— - (12) WELL LOG:
How was seal placed: Mzdlod Oa B [Jc [Op [E Ground Elevation
- X Other ' Y. -
Backfill placedfrom _____ f.to_____ ft.  Matesial Material Fom | To .| SWL
= Gravel placed from ft. to fi.  Sizeof gravel . o 2 |
- (6) CASING/LINER: Bro'kelh ro 3 5
Diameter From To Geuge Steel  Plastle . Welded Threaded = :f:uy_-gd roc E_ s |25
bk * Casing;. "n + 41 P4 O X] O ro Pn/Fr-a_r_ ared ru:k 2S5 Ro
w o S i S | ma T i ; 80 |90 R
e DL = S O roKen/F 190 370 ¥
« 0D O .8 O Hovd rock ctures 370 | 376 y
- Liner: JE £ [ O ' rack 376 (450 | [
: . - 1. . F1 2 Fl 0 ' Iuresl|4sn (457 /
g Final location of shoe(s) D 12 4110 49 9' [Braken/ Fractured rock (457 (498 |/
- (7) PERFORATIONS/SCREENS: _ ' | : v
Perforations _cl.nu.uJA.ALP
- Screens Type ! Material
- To g,‘ Number i Casing  Liner
4351495 bex" GO0 K O
N Eos b
= O
= (8 WELLTESTS: Minimum testing time Is 1 hoar Date saned G/ R/ 95" Completed _ 4/ 13]45"
- : » Flowing (unbonded) Water Well Constructor Certification: :
- CJPump (I Bailer [\ Air ] Artesian I centify that the work I performed on the construction, alteration, or abandonme
_Vemlms  Drawiewn polsmu T | gfiit et comslmce ik Gt gy ol oo sandis.
- T 420 Lhr, and belief. I
WWC Number | 3|
- Signed C.j. }> Date 9}
- Temperature of water 5 1 E Depth Artesian Flow Found _ (bonded) Water Well Constructor Certification:
- Was a water analysxs done? |'__'_| Yes By whom r%‘ mt ms&ionsxbllllng for dg constrg:ugm alteration, g;;b::odonm:ln'llt wor;k
Did any strata contain water not suitable for intended use?  [] Too little g‘eﬁomd ok ng‘ ois m“:‘i‘fm g(m?i ion “sm':g: s s we“ﬁ"
- {(Saity [Muddy {JOdor [:]Colomd [Jother construction standards. /his report is #yé to fy! best of my know! gc and belief,
- Depth of strata: . 2 P ~ WWC Number !fz_{ 7%
Signed _ (. Date F—2 %
-

ADTAITATAT 0. TN /N “'_Am TITOATTRAATIO TNTINA VT ST AT 2AYALTTY AAanTy r‘f\\vo‘m:mv\ .

YTV T ST Y vy wom o S pm——
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STATE OF OREGON

R - JAN 19 1993

7=/ 6506/ /S

ST A OURCES DEPT.

W wrecnared by OB SIATTD "ATgﬁLﬁ R N |~ TaRT parD) 430067
(1) OW}\IEE: X Well Number: (9) LOCATION OF WELL by legal descrlptlon
Name . @M L4 C«)unt}m Latitude Langitude '
- - 4 a’lt / TuwnshiplL NorS. R%_ EorW. W

ity s é’_’ —= ZipZ?YI ?( Section —li..—.-iﬁ. Y Vi
(2) TYPE OF WORK: Tax Loy Lot Block Subdivision
[ New well | Deepeﬁ M@mndi(ion J Abandon StreefAddrespofl Well (or near/St address}
(3) DRILL METHOD 4
B Ruarcair O FoarMad O Cabie .| (10) STATIC WATER EEVEL: .
3 Other pne R 2 ;- 4&_&. below land surface. Date d #
{(4) PROPOSED USE: Artesian pressure i ib. per square inch. Date ____
m Domestic O (Tu;lr\m.unil.\' . Industrial 3 'l:] I{l;ilm(iu_n A ; (1 1) WATER BEARING ZONES: =
0 Thermal I injection ) Othes =1~ = o

(5) BORE HOLE CONSTRUCTION

Spevial Construction appaval  Yes  No

- Depth of Completed \\'ellﬂ2 ft,

Yes No .
Explisives used O Type —— Amount
HOLE SEAL . .Amount

Diameter From To \huny’ From To sacks or pounds

: ,@a{z-,:,, & |57 a9

& |B-Hed
How was seal placed: Methed (18" 00 B [ . ®o Oc=
O Other P rt,
Backfill placed from . w ft.  Material
Gravel placed from ft.ias f...Sizé of gravel

(6) CASING/LINER:

Depth at which water was first found

To

From Estimated Flow Rate !

(12) WELL LOG:

Ground elﬂ ation

2 4 Material From To _!
: 4Ro’f/ﬂ<l 3] -
Q175
L (3371900
L. _» % /0 | =
101457 =

Diameter From Ti_, Gauge| Steel Plastic Welded Threaded .
Caxing H 5 m /Z O )Z = O
O 0O .0 O
B
2 i | S e (e 1
Liner: '? E- yﬂ I Z O ﬂ i D
; : D E e R
Final location of shoeis) =8 A
(7) PERFORATIONS/SCREENS:
®f Perforations Methad™ ‘
3 screens Type — T Material
F Slot - Tele‘/zlzlpe % "
rom 0 Number ameter } asing ner
5o t{% 6% o g
o B 0 =
& SN o
G IS
& S ' g Datestarted L O =3 — ¥ Y Completed -
: i - o (unbonded) Water Well Co;i'structor Certification:
(8) WELL TESTS: Minimum testing time is 1 hgll::mg I certify that the work I performed on the-construction, alteratic
- - il f i abandonment of this well is in compliance with Oregon well constru
O pump O Baiter z AY: O Actesian standards. Materials used and informption reported abave are true to m;
- Yield gal/min Drawdown Drill stem at Time _knowledge and behe 7
‘_/ i\ WWC NI L
75~ 7o - : Signed Date [ I5 -7
(bonded) Water wlell Constructor Certification:
Teinpoaiant il iz Depth Artesian Flow Found I accept responsibility for the construction, alteration, or abandon

Was a water analysis done? O ves By whom
Did any strata contain water not suitable for intended use? 0 Toolittle * it
O saiy 0 Muddy (3 0dor El Colored D Other

‘ Depth of strata: ] : PR - ARl

work performed on this well during the gonstruction dates reported abos
work performed during this time js in compliance _with Oregon

con_struction stan s. This rt i true to the best of my knowl
PG WWC Number
Signed } Date [On{F~-TF

ORIGINAL & FIRST COPY - WATER RESQURCES DEPARTMENT

SROOND COPV .

CONSTRIICThD TLITON AADD  ATTOMALITN



¢ RECEIVED ,.
- STATE OF OREGON 16@ JUL 190 \9.99 S E
PORT
w T oL - \ (START CARD) § 2 R 7€ 7
b 1o e Ta s Well Number.—__ AWATHRREOOUNCENRAPWELL by legal description:
& Nte Wﬂ /7. SALEM Latitado " Longitode
Address /. 00, 37 x : 0. LS  Nog O LA
- cwfBalsery sl C P23/ w °@wﬂg « SZ__u Bor
NewWell - [] Despen ' [J Recondition [ ‘Abandon Street Address of Well (or nearest address) ‘
- (3) DRILL METHOD - ‘ :
. RotryAir  [J RotaryMud ~ [J Cable A .| (10) STATIC WATER LEVEL:
- Ol other 24 nbelowland surface. Date Z—/ 2
(4) PROPOSED USE! _ Artesian pressure Ib.persquareinch.  Date
- Ol Domessc T Comiity” L] Indusrisl B tergation (11) WATER BEARING ZONES:
- O] Thermat  [J Injection _ C1 Other TEsy pteedil o o _ _acs
(5) BORE HOLE CONSTRUCTION: ; - S e e
- Special Construction approval ~ Ye8 m Depth of Complated Wel k2 & 2_p. From To EstimatedFlow Rate | |
- Yes & O . 2¢5 2&L7 2 b4
Explosivesused L] Type Amount L9 292 A% 2
- HOLE SEAL e : »
Diameter Fr "To Material F To sacks gr pounds
- 201010 amenr| & | (2 "
- (191202 (12) WELLLOG: g0 clevation _
_ Material From To __-‘.
- /a8y~ fRocis o Jﬂ,__
HowwessealplacetMethod (14 (1B [Xc Op O y & |75
- Dosa 34/ - 25 |ZesT
- Backfill placed from ft.to — ft.  Material Scons —~ % R¢S” ES
Gravel placed from ft. to ft.  Sizeof gravel - SAIT m\__
~ (6) CASING/LINER: Sy e GRAVC]—Med =2 7 92| 2
- Dismeter From  To . Gauge| Steel Plastic W Threaded | | .50/ 7 2921821
 Casing +4 1 {Flasel 8 O O G RaN/Te o\ 7Ch
g .| | O ]
- o g SRS A
0. E (M| O
: O 0O | O
Final location of shoe(s) A2 LG '
- (7) PERFORATIONS/SCREENS:
[ Perforations Method iy
- L1 Screens Type = Materis]
: Slot Tele/pipe
From  To size Number Dismeter , size Casing Liner
" TRl s
- O O
- Cl O
: £ i ‘ 1T
— . = : g E[_'_l] Dm.wﬁ‘z7‘7§ Completed 57 =/ <2
- —— — unbonded) Water Well Constructor Certification:
“  (8) WELL TESTS: Minimum testing time1s 1 hour _ R G T o o e ko, alteatin
o v . : abandonment of this well is in liance with Oregon well '
D Pump L1 Bailer A 4 _ L1 Atesien smm.m&wm:dm'ﬁmfmmm.mnagm?ﬁw
- Yieldgal/min © Drawdown Drill stem at Time knowledge and belief. . v :
WWC Number
- &7 AL Jhd 1hr. Signed Date
S _ {bonded) Water Well Constructor Cextification:
e : I sibility for the constructio i
©  Tempemtuwostwisr S E ___ . Depth Aresan Fow Found R e Tk Tt o S o ey
W  Wasawateranslysis donet? [IYes Bywhom ‘| work performed during this time is in compliance with Oregon °
Did any strata contain waiter not suitable for intended use? X TooHttie construction standards. This report is true to the best of my knowledge :
- Ds-nyl:luﬂom[]mmaﬂom belief. ) WWC Number 5-F.4.
o  Dwtictemn LOUJ Signed %&m— Date Z =/ 2~
ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT SECOND COPY - CONSTRIICTOR TUTDN ANDBY  ATTamAs erv



W  NOTICE TO WATER WELL CONTRACTOR
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= )CASING INSTALLED:  mhreaded 1 Welded

¢
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The ongi;x:: ::geﬂtr;; :o:is;::;:is "ﬂ E c E ,vE WELL REPORT-

WATER RESOURCES DEPARTMENT, S E n ,
SALEM, GON 87310 A
within 30 _da.;rsm;rom the date : P o 1 19 77 (Please type

of well cémpleﬂm- VATER RESOURCES DEPT

(Do not write above this line)

OF OREGON

tate Well No. 75/ féé’ Ho&

tate Permit No.

\\9@ _

or print)

(¢ 8) OWISER:

Address :ﬂéﬂ:é 2.0 &%om

SALEM, OREGON

(2) TYPE OF WORK (check):

New Wenﬁ ‘Deepening 3

If abandonment, describe material and procedure in Item 13,

Reconditioning [J Ahandon [

(3) TYPE OF WELL:

Rotary Driven O3
Cable 0 Jetted OO
Dug 3 Bored [

(4) PROPOSED USE (check):

Domestic [J Industrial [J Municipal m
! 2 ;
Irrigation [ Test Well [J Other DO

7

#t to 23T #t Gage .22

ft. to 2. Gage .o

ft. to ft. Gage ammimios

PERFORATIONS:

Perforated? X Yes [J No.

(10) LOCA! OF WELL:
County ) At Driller's well number

SE  y A tfusection Fp T 'f/ ’{ n .;4/(};.( W.N

Bearing and dxstance from section or subdivision corner

(11) WATER LEVEL: Completed well.

Depth at which water was first found —Q £
; = ,
Static level 35 O _ft. below land surface. Date q.. A5
—
Artesian pressure 1bs. per square inch. Date

(12) WELL LOG: Diageter of well below casing ....Q
Depth drilled_ :3"5/ Z ft. Depth of completed well .3 ‘)47 1t

Formation: Describe color, texture, grain size and structure of materials
and show thickness and nature of each stratum and aquifer penetratec
with at least one entry for each change of formation. Report each change i
position of Static Water Level and indicate principal water-bearing strata

Well seal—Material used ( P/))Fﬂ—z; 6/~c) 127

Well sealed from land surface to _.,..-‘.?2

pe of perforator used /:.1‘7‘));1 //'//7/ From To SWL
Size of perforations /¥ ,l‘ by 2 j/"[_ _1n. W) /
23330 pertorations trom 24Tt to ABL 1. 12
e PéTf0Fations from ft. to £%t. /2 e ye)
mmmmmm perforations from 1t, to €. —
. £'S | e
(7) SCREENS: Well screen installed? [) Yes [XNo 70y 77
Vanufacturer's Name - e |ABE| 55
Type Model No. 255 | 3/« A
Diam. ... Slot size .._......... Set from 1t. to
Diam. ...eon.. Slot size .. Set from ft. to YA EV]
(8) WELL TESTS:  Duardoudt Ulagies 'ove e P EVNARFLS
Was a pump test made? [] Yes j No If yes, by whom? Wﬁ? (e KAl a
vied: 3R gat/min. with /4A/ 1. arawdown amr‘/,:)’ hrs. m/,/_ V.7 i lade f:/_? ns
0 11 LOACSSOI~" A e o :
e s ” 7 =
Bailer test gal./min. with f£t. drawdown after hrs. -
Artesian flow gp.m. ' . : ®
erature of mur:;__[‘s” Depth artesian flow encountered .. _ ft. | Work m?‘ /D 0?7 Completed S/ a 7“
(9) CONSTRUCTION: Date well drilling machine moved off of well 7/~ /% 1/,

Drilling Machine Operator's Certification:
This well was constructed under my direct supervision.

Y Materials used and infp tion reparted above are true to my
Diameter of well bore to bottom of seal ...,/,6. ......... in. best know%e and;f.( %
Diameter of well bore below seal _/.2« ............ mé.z' g [Signed] (A% jzﬂ_/ Date‘?— f ? _19_2 y
Number of sacks of cement used in well seal ..., - sacks (Drml@{uhm: Operator) / O ,)l
How jvas cement grsut ar . _ | Drilling Machine Operator’s License No. ]
7 z 7
fcj;fu )£ fljﬂf )Y/ &YX
= s i Water Well Contractor’s Certitication: _
e F152 g e, D T Tk R This well,was drilled under my jurisdiction and this report is
w dﬂ 4 x T3 true to Wt my kn le?e and belief.
as a drive shoe used? [ Yes A No Plugs ... ze: location ... =
: Name L2524 MZW (gt L2008
d any strata contain unusable water? [J Yes M‘Io sl n, firm or eorp{o‘ rtion) &/,  (Type or print)
. 4 <. .
Type of water? _ .. depth of strata .| Address. £oARReLr 2 ( ol ./%_‘ﬁ’l/ ...........
Method of sealing strata off el TEL e ===z [igned s M .wd“’\——
Was well gravel packed? ﬁYes [ N6 _Size of gravel /.. o0& e - s A : Wﬂ Contractor)
Gravel placed from .‘ﬂ)"._.—.ﬁ._ ft. to 341?“ ........... ft. / Contractor’s License No.«<2x4 Date ,4.—/ lq . , IQ,/
' (USE ADDITIONAL SHEETS IF NECESSARY) SPesese-119
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STATE OF OREGON - APR28 19
WATER WELL REPORT ;3/"7&6 4
(as required by ORS 537.765) - ATER ReduuntVES DEPT, (START C

. O Doepen‘
(8) DRILL METHOD

Other =
(4) PROPOSED USE:
& Danestic ] Community [J Mifust
O Thermat  [J Injection ] Other
(5) BORE HOLE CONSTRUCTION:

Special Construction approval ‘II'_EI' % DepthotComphtedWoﬂ*_jza_ﬁ.
Yes No
Explsivesused [] W Type Amount
HOLR SEAL Amount
Dhuetor!‘mn To Material From To sacks or pounds
L2 dol o | ey | Zo
(4
How was Meod JA Or Oc Op O
O other 77k ]
Backfill placed from R to _ft. Material
_ Gravelplaced from .t ft. . Size of gravel
(6) CASING/LINER:
. er From , To Gauge|Steel Plastic Welded Threaded
© Cesing 7 >4 B O E | O
. : o 04d 0. O
o O O ‘g
., O o0 O O
" Linex X212 | O B\ B O
O O O O

Final location of shoo(s) SJ

@?E&WAHON OF WELL by legal description

e
Section

y/ 2R Block n__
Btrect Addrees of Well (or nearest M)L&_/w_

Tux Lot
(10) STSTIC WATER LEVEL:
1. below land surface.

R X
Date 4

Arteslanpressure ____________ |b, per squars inch. Date —
(11) WATER BEARING ZONES:
DmﬁuwhkhWMWuMﬁm : ?fj -

~ To Eatimated Flow Rate | :
97 7 ° .‘L K
112 N <
‘ 7&’- X190 : g
L 230 A5~ =
(12) WELL LOG: Ground elavation
From | To | !
o 1 3
A5
2 744
AR 4
921 led |
Z7 O

:I ;
—
ea i

¥

5
5

n

(7) PERFORATIONS/SCREENS: ’.
Mﬂﬁ/ L pw

Was awater analysis done? [ 1Yes Bywh
Did any strate contain water not suitable for intended use? d"lbolxwa

O Sany [ M Odor [ Colored [} Other :
Depth of strata: o | . AP, . |

Perforations
Screens Mlterhl
From Te i Number Casing
o eter er
290 1355 | YT % ¥, i “a
. _ : a
O O
a O
g El Detestarted =L P= 7 4 Compieted £ = 9 ~
== == — | (unbonded) Water Well Canstructor Certification:
-~ (8) WELL TESTS: Minimum testing time is1 hour I certify u‘f’ﬁ" “l)lrk 1 .paf:,,;‘ed on g,;h Wn' alterath
L Flowing abandonment of this well is in compliance with Oregon well constn
O Pomp O Bater Q““ [ Artestan standards. Materials used and information reported above are true to m
Yleldgal/min = Drawdown Drifl stem at Time knowledge and belief. .
7 V) 1hr. WWC Number ___
; (bonded) Water Well Constructor Certification: _
Tkt oh ﬂ " Deptt Amm Flow Found I accept responsibility for the construction, alteration, or abandor

" | wark performed on this well during the construction dates reported abo

work performed during this time Is ‘in compliance with Oregon

construction . This report is true to the best of my knowledg
belief. ; WWC NumberZ 7.
Signed Date 4 =% =

ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT ' :

SECOND COPY - CONSTRUCTOR

THIRD COPY - CUSTOMER .
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'CASING INSTALLED: Threaded [ Welded [

! PERFORATIONS:
pe of perforator used !

xittlctcctttccitugqc

level .
tegian pressure

% TO AVATER WELL CONTRA
_~ ~ The original and first copy

- of-thls report are to be
< medp:m: the JUL 3

STATE ENGINEER, SALEM, onnéougsﬁATE ENC‘!'(

e dite SALEM. Offte® !

'ATE OF OREGON

\\\°

State Well No. ...

LL REPOR ﬂg_: _[ 9____

e or print)

bove this line State Permit No.

(1) OWNER: (11) LOCATION OF WELL:

Name Park Taylor county Baker Driller’s well number _
Address ol % Sectton]19 T 9 S.r 40 E, wa
( 2) ﬁFE OF WORK ( <h eck): T Bearing and distance from section or sgbdivision corner

New Well X Deepening [J Reconditioning O Abandon [J.

I abandonment, describe material and procedure in Item 12
(3) TYPE OF WELL: | (4) PROPOSED USE (check):
Ralir O el Domestic g Industrtal [J Municipal O

Cable [ Jetted O
.0 Boered O Irrigation [] Test Well (1. Other 0

L s S

&% Guge =t

.....6....." Diam. from .....:ll__.. ft. to 1.92 !6 ft. Gage ..

i Diam, from .. £t. to
oo™ DiamM, from £t, to

Perforated? X Yes [ No.

tor

Siza ot pertorations 2.5 muby 5/16 T T e
J— perforations from ._.....].-.'_OQ - ft. to ...l-g..g...... £,

perforations from ~ . to .\ .
mesrsmsem e PErforations from ft. to £,
s esness ‘Perforations from - f#. to £t,
j— perforations from ft. to 1t
(7) SCREENS: Well screen installed? [] Yes DL No
Manufacturer’s Name :
Type B T, ot kMt
Diam. Slot size Set fropy £t to £t
Diam. ........... Slot slze - Set from . to .

(8) WATER LEVEL: Completed well.
10 #t. below land surface Date 2/;],6/72

lba, per square inch Date i

=ce

Drawdown is amount water level is
lowered

(9) WELL TESTS: [ smaunt et
Was a pump test made? (] Yes Kl No If yes, by whom? iy
d: gal./min. with £t. drawdown after hrs.

~ . ~ . . . & » »

Work started g o 20, 1972 completed March 30,197

(12) WELL LOG:  Diameter of well helow casing 2.9.2.9."....
Depth dried 305  #1. Depth of compteted wen 305

Formation: Describe color, texture, grain size and structure of material
and show thickness and nature of each stratum and aquifer penetrate
with at least one entry for each change of formation. Report each chang
in position of Static Water Level as drilling proceeds. Note drilling rate

MATERIAL From To SWL,
Top soil 0 2
Broken rock; clay. 2 10
Broken rock; clay, 10 [ 1%
-|Hard yellow clay 1y | 22
Broken rocks; clay 22 26
Broken rocki clays san 26 | 30
Broken rock; clays sand 30 | 35
Hard brown roc 35 | 37
Clay 37 | 40
Hard rock o | &
Hard clays en _ro 43
Hard Clay; Broken rock | 50
Hard blue sghale . L Q0 [ .
Brown rocks clay 8 | 90 '
3 90_ (100
Brown rocki clay 00 (105 1.2
- v 05 (120
vel 120 121 [10!
. s 121 126 |
: H vel 126 (131 | 34!

Date well drﬂling machine moved offof well _ May 15, 197,

Drilling Muhine Operator’s Gerﬂﬂa.tlnn

Bafler test 4,5  gal/min with]120 . drawdown atter 2 nrs.

Arteslan flow
Temperature of water 5()© Was a chemical analysis made?.(] Yes Kl No

(10) CONSTRUCTION:
Well seal—Material used
Depth of geal .
Diameter of well bore to bottom of seal e ds. in

Were any loose strata cemented off? [] Yez M No Depth corvecrnsnrncm.

g§.p.m. -Date

_peisitis

20

ft.

‘ Was & drive shoe usedt Xj Yes (1Na._
" Did any strata contain unusable water? [J Yes T No

Type of water?

Method of .galm‘ strata off
Was well gravel packed? [] Yes B No
Gravel pl

depth of strata

Size of gravel: ... oo
L, L ey

d from £t to

Drilling Machine Operatox"s License No

: [Slsned] %"6

This well was constructed under my direct supervision. Mate
rials used and intormation reported above are true. to my be:

knowledge apd belief
[Signed] % ruu&'g'"n'&'.'&ﬁi{i'o:a i dune..3Q 4.7

20

Water Well Gontuetor’s Oertlﬂclﬁom

This well was drilled under my jurlsd.lction and thig report {
true to the best of my knowledge and bell

NAME o........... Wi.lbm' Cs ..%1!4!1_9.!‘
firm or corpération) (Type or print)
305 204 Bta

ers. Ore. ...

(Water ‘Wel

Contractor's License -No.
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'WATER WELL REPORT
STATE OF OREGON

REGE !tanguon Ci/s/aﬁ /9 Z.¢
i S

. WATER RESOWT ....................................
SAL...... OREGON

@) TYPE OF WORK (check):

New Well Deepening O Reconditioning 0, * Abandon 01
If abandonment, describe material and procedure in Item 12.

(3) TYPE OF WELL:| (4) PROPOSED USE (check):

Tox Lot #

10) IJOCATION OF WELL:
4

Dn]lex’awellnnmber
% % Saction T 7 R. ZD W
N B

Lot Blk Subdivision

—_—

Addrees gt well location:

(11) WATER LEVEL: Completed well
ngt_hatwhichwnﬁerwuﬁrstlbund- 32&

Number of sacks of cement used in well seal

: 3 Suaticlovl R 22 ft. below lond surface. Date & —<"
RotwyAlr W Drt O | Domest Ind O Municipal B . | Artesian v
RtwyMol D Dug O | Imigstin O TetWell O Other o - fbs: per equare inch Date
| [ sBoeed . [ ©|ciiRepeals Withd O Refnjection O | (12) WELL LOG: Diameter of well below casing .......{#...............
ASIN AIIE  Plasts - drilled %7 4 ft of completed well
© i - ‘ " Welded D ' Eﬂdmsmdmmm andaquifu”n”d o\iith leutm.h
stratum penetra at
.é Dmm-fmm‘f"/ ftfn----f-g---ft Gmse & JSD .......... fmeuhﬂmdfcm&omwmm;ampdﬁndsnﬂcw&el’:
.......... # DIST. £1OM 1.crrverenreen £ 0 orrnnsiemmree e —CHUGR  comrerervrmsnsriorisicome | 004 indicate principal water-bearing strata. ‘
LINER lNSTALLED' ¢ MATERIAL From | To WL
# *Dism. from ~. L., _ﬁ.m&q_ft. Gauge jl:’-D ........... MIT‘— Necl o 2
6) PERFORATIONS:  Petorated? O Yo §fNo Dol ~ICORIVA =3 451 29
Type of perforator used : : : o ;
Size of perforations _in by in.
cereereivtnnes perfarations from ......eeeeeeees Y e il
a perforations firom ft.to ft
... perforations from ............c.. I b0 s et ft.
(7) SCREENS:  Well screen installed? O Yes ({No
Manufacturer’s Name ..... e
Type ... e i3t e eittiiosstr: Miodel No %
o 7 Slot Size ............ et from ..o.venenss B0 il ft.
DA,  .eoeeeeceeemmveecene Slot Stze ............ Bet from ............... Shitnil o B ft.
® WEI.LTESTS: Whmuntwmrlmlillowemd
a test made? [J Yes No Iy whom? - '
: gal/min. with - £t. drawdown after hrs.
L4 . ~ » -
Artest  Jf gal/min with drillstemat $3J tt. /  bra.
Bajlertest - ' with drawdown after hrs.
are of water &5~ 7 Depth artesian flow encountered ............ ft. Woek started 10 € y 2’_
(9) CONSTRUCTION:  6pocial standards: Yes 0 No J§ Dnﬁem%mnhmmwdoﬂdwn v —g( 1912
‘Well seal—Material used- Cﬁ'.’y’ﬂ« ﬂnf | Drilling Machine Operator’s Certification: -
Well sealed from land surface to ./, te. This well was constructed under my direct supervision. Materials us¢
'Dlameurcfwcllbwotobo&mof ..... /d ......... in. m“nfmﬁm zwmmhwmmwy jef
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'Add:ess

Water Well Contractor’s Certification:
Mweuwasd:ﬂledm:dermyjmsdxcﬁonandth:smportmh'uei

the best my belief.
............ : .%e-ﬂ a/s

................................................

(Signed] !

~ NOTICE TO WATER WELL CONTRACTOR
The original and first copy of this report
are to be filed with the

WATER RESOURCES DEPARTMENT,
SALEM, OREGON 97310
within 30 deys from the date of wall comnletion.






Appendix B: Aquifer Test Analysis and Results
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Appendix B
Aquifer Test Analysis and Results

Step Drawdown Test Analysis

The step drawdown test consisted of four 1-hour consecutive steps with discharge rates of
500 gpm, 1000 gpm, 1500 gpm and 2000 gpm, respectively. The drawdown data for each
step are presented in Figure B-1.

-3.00
-1.00
1.00

3.00 l

= £=

. 11.00
— L
13.00 L 1000 gpn?’ !

15.00 [
17.00 1
19.00
21.00

! 1500 gpom—
23.00
25.00

27.00
—&—Transducer |_|

29.00
“ ®  Manual

31.00

43.00 _2000gpm —
35.00 T T T T T T v
7:12:00 8:24:00 9:36:00 10:48:00 12:00:00 13:12:00 14:24:00 15:36:00 16:48:00 18:00:00

1/24/03

.

L1

Drawdown (ft

-

Figure B-1
Step Drawdown Test Hydrograph
Baker City ASR Reservoir Well Study

The Hantush-Bierschenk (1964) method was used to analyze the data in order to pick a
pumping rate for the constant rate test and to assess head losses in the well due to laminar
flow. The governing equation for evaluating the step drawdown test data is:

s=BQ+cQ2

where:
s is the drawdown
Q is the pumping rate
B is the laminar flow loss constant
C is the turbulent flow loss constant
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Solving for laminar flow losses as a percentage of total head loss the equation becomes:

BQ +CQ°
The data analysis is summarized in Table B-1 and figure B-2.

Table B-1

Step Drawdown Test Analysis
Baker City ASR Reservoir Well Project

Step S (60 min) | Q (gpm) s/Q
1 5.23 500 0.01034 Slope (C)= 4E-6
2 7.5 1000 0.01267 Y Intercept (B)= 0.0086
3 8.38 1500 0.01403 Q=1500
4 11.17 2000 0.01611 Laminar Flow Losses = 58.9
0.02400
y = 4E-06x + 0.0086
R?=0.9911
0.01600 ,—
g
)
0.00800
0.00000 +— . : —_ —
0 500 1000 1500 2000 2500
Q (gpm)
Figure B-2

Hantush Bierschenk Analysis
Baker City ASR Reservoir Well
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Constant Rate Test Analysis

The constant rate aquifer test included pumping the Reservoir Well at a rate of 1500 gpm
for approximately 120 hours. Water levels in the Reservoir Well were monitored during
pumping and also for approximately 216 hours during recovery. Water levels in the Paul
Hill Well and Golf Course Well also were measured during the pumping phase of the
test. Figure B-3 shows a hydrograph of water level changes in the Reservoir well during
the pumping and recovery phases of the test. Figure B-4 shows a hydrograph of water
levels in the Paul Hill Well during the pumping phase of the test. No change in water
level was observed in the Golf Course Well and so no hydrograph was prepared.

The test data for the Reservoir Well were plotted on semi-log graphs and assessed for
potential boundary conditions. The aquifer transmissivity was calculated from the early
time pumping phase water level data and from the recovery data using the Cooper-Jacob
(1946) method. The Cooper-Jacob equation for calculating transmissivity using English
units is:

T=264+Q
As
where:

T=  transmissivity of the aquifer in gallons per day per foot of aquifer thickness

Q = pumping rate in gallons per minute (gpm)

As = the change in drawdown over one log cycle of t (time in minutes) on a plot of
drawdown versus log time (minutes since the beginning of pumping)

Using projected late time pumping phase data shown on Figure B-5 to calculate the
aquifer transmissivity gives:

T, =264+ 1500 gpm
140 feet

T\=~ 2800 gpd/ft

The equation is the same for calculating transmissivity from recovery data except As is
taken as the drawdown over one log cycle of time plotted as t/t” where t is the elapsed
time in minutes since the beginning of pumping and t’ is the time since pumping stopped.
If the projected late time recovery data (t/t’ < 10) are used to calculate transmissivity
(Figure B-6), the results are as follows:

T, =264 « 1500 gpm
54 feet

Ty=~ 7300 gpd/ft
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Figure B-3

Reservoir Well Hydrograph

Constant Rate Aquifer Test

Baker City ASR Reservoir Well Study
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Figure B-4

Hydrograph of Paul Hill Well
Constant Rate Aquifer Test
Baker City ASR Reservoir Well Study
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Pumping Phase Data Analysis - Reservoir Well
Constant Rate Aquifer Test

Baker City ASR Reservoir Well Study
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Reservoir Well Recovery Data Analysis
Constant Rate Aquifer Test
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Appendix C: Laboratory Data Sheets
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MAGIC VALLEY LABS

210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867

Phone: (208) 733-4250
Fax: (208) 734-2539

BAKER CITY OF

P.0. BOX 650
BAKER CITY OR 97814

Collection Date 1/29/2003 Received Date 1/30/2003 Location
Coliection Time 12:00 PM Received Time 8:10 AM SURFACE

Sample # Test / Method Code g Date Analyzed Analyst
in mg/L
309841 CHLORIDE 3 1/31/2002 RB
309842 IRON ND 2/12/2003 RB
309843 DISSOLVED IRON ND 211212003 RB
309844 MANGANESE ND 3/11/2003 RB
309845 DISSOLVED MANGANESE ~ ND 3/11/2003 RB
309846 DS 42 1/31/2003 RB
309847 ZINC ND 1/31/2003 RB
309848  ALKALINITY 246 25 1/29/2003 EB
309849 CARBONATE < 1/29/2003 EB
3098410 BICARBONATE s 1/29/2003 EB
“ 25(/'/"""1“;' 4:(;?03
ML ¢ < ;
s/
Signature R R@m Date: Wedresday, March 26, 2003



MAGIC VALLEY LABS

210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867

Phone: (208) 733-4250
Fax: (208) 734-2539

CHUCK EVERSON
BAKER CITY OF

" P.O. BOX 650
BAKER CITY OR 97814

. 'Collection Date 12/18/2002 Received Date 12/18/2002 Location
Collection Time 7:30 AM  Received Time 6:00PM RESERVOIRASR

Results

(CCCCCCCCECCECC

. Sample # Test/ Method Code - Date Analyzed Analyst
) : in mg/L

o 302471 BICARBONATE 38. 12/19/2002 EB

¢ |
302472 CARBONATE <1 12/19/2002 EB

-»

i 302473 ALKALINITY - 1 12/19/2002 EB
302474 CALCIUM 18.6 1/24/2003 RB

302475 CHLORIDE 2 12/20/2002 RB
302476 HARDNESS 86 12/20/2002 RB

302477 MAGNESIUM o7l 1/28/2003 RB
302478  NITRATE/N SM4500D 0.19 12/19/2002 JK
302479 NITRITE/N SM4500E <0.002 12/19/2002 JK

. 3024710 NITRATE/N + NITRITE/N  0.19 12/19/2002 JK

v

é

-

-

- 3

o Signature | Repo ate: Friday, January 31, 2003

el ’-"a'/‘ .

-



3024? 11
3024712
302471 3
3024714

3024715

-
&
-
-
-
-
-
®
-
-
-
&
-
-

3024716
)
3024717
3024718
3024719
3024720

3024721

3024722

3024723

3024724

LEACY

3
4 8
R

MAGIC VALLEY LABS

Twin Falls 1D 83303-1867

Phone: (208) 733-4250
Fax: (208) 734-2539

POTASSIUM 0.7
SILICA 16.8
SODIUM 5.03
SULFATE 1"
TDS 79
TOC 0,71
TSS EPA160.2 <1
ALUMINIUM <0.10
ARSENIC <0.005
DISSOLVED IRON <0.1
TOTAL IRON <0.1
DISSOLVED MANGANESE <0.05
TOTAL MANGANESE <0.05
FILTER _ o

210 Addison Ave / PO Box 1867

1/29/2003

12/24/2002

1/22/2003

12/20/2002

12/20/2002

12/26/2002

12/19/2002

12/30/2002

1/8/2003

1/16/2003

1/16/2003

1/14/2003

1/14/2003

RB

JH

RB

RB

RB

MDM

EB

JH

JMR

RB

RB

RB

RB

ceccacacaaag

Signature

Report Datd:Friday, January 31, 2003
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MAGIC VALLEY LABS

210 Addison Ave / PO Box 1867

Twin Falls ID 83303-1867
Phone: (208) 733-4250
Fax: (208) 734-2539

3098411 CALCIUM 8.95 2/12/2003 RB
3098412 HARDNESS i 1/31/2003 : R‘B‘
3098413 MAGNESIUM 2.18 2/12/2003 RB
3098414 pH EPA150.1 6.2 1/29/2003 EB
3098415 POTASSIUM ND 2/8/2003 RB
3098416 SILICA 11.1 2/10/2003 JH
3098417 SULFATE ND 2/5/2003 RB
3098418 TSS EPA160.2 g 1/31/2003 EB
3098419 TOC 0.98 2/7/2003 MDM
/J
Signature \N/V Vﬁépo}n{o te: Wednesday, March 26, 2003



Magic Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

To be Filled in by Person Submitting Sample:

Public Water System (3 Realty Transaction O

Pws ID #: 4100073 Source ID: Source name;
_—

—_—
===

—

Public Water System or Property Owner Name _

BAKER CITY OF

Address P.O. BOX 650

City, State, Zip BAKER CITY OR 97814

Sampled at: GROUNDWATER Sampled by:

Date Collected: 1/29/2003 Time collected: 12:00:00 PM

Sample Composition: Plant Tap = | Single

To be Completed by Laboratory

Nitrate MDL = 0.06mg/L. Nitrite MDL = 0.003mg/L
Date analyzed NO3: Date analyzed NO2:
1/31/20031/31/2003

Date received in lab: 1/30/2003

Lab sampled ID #: 309821

Sample composited in lab: N

Contaminant Code MCL mg/1 Analysis mg/l Method  Analyst
Nitrate 1040 10. <0.05 SM4500D RB
Nitrate-Nitrite 1038 10.

Nitrite J1041 1.0 <.002 SM4500E RB
Signature / date:
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Baker city of
PO Box 650

Baker City OR 97814

Magic Valley Labs, Inc.
210 Addison Ave

Twin Falls ID 83301

Date Time  , |Name Sample # Total coliform |E-coli Completed Initials
mpn/100mi mpn/100mi
1/29/2003 | 12:00pm Groundwater <1 <1 1/31/2003 EB

Signature & date:__ | ‘Qgg;gé QQ v - 5@
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MAGIC VALLEY LABS
210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867

Phone: (208) 733-4250
Fax: (208) 734-2539

BAKER CITY OF

P.0. BOX 650
BAKER CITY OR 97814

Collection Date 1/29/2003

Received Date 1/30/2003 Location

Collection Time 12:00 PM Received Time 8:10 AM GROUNDWATER
Sample#  Test/Method Code PR Date Analyzed Analyst
in mg/L
309811 CHLORIDE 6 1/31/2003 RB
309812 COLOR ND 2712003 MDM
309813 IRON <0.1 2/12/2003 RB
309814 DISSOLVED IRON <0.1 2/12/2003 RB
309815 MANGANESE 0.12 2/11/2003 RB
309816 DISSOLVED MANGANESE  0.09 2/11/2003 RB
309817 ODOR ND 2/7/2003 MDM
309818 SURFACTANTS ND 2/15/2003 MDM
309819 TDS 184 1/31/2003 RB
3098110 ZINC ND 2/8/2003 RB
J.M&g

Signature //' > U Report Date: Wednesday, March 26, 2003



MAGIC VALLEY LABS

210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867
Phone: (208) 733-4250
Fax: (208) 734-2539

3098111 ALUMINIUM ND 2/12/2003 RB
3098112 ALKALINITY ;92 1/29/2003 EB
3098113  CARBONATE <1 1/29/2003 EB
3098114 'BICARBONATE 92 1/29/2003 EB
3098115 CALCIUM 30.9 2/12/2003 RB
3098116 HARDNESS 154 1/31/2003 RB
3098117 MAGNESIUM | 16.3 2/12/2003 RB
3098118 POTASSIUM 1.8 2/8/2003 RB
3098119 SILICA 38.1 2/10/2003 JH
3098120 SULFATE 39 2/5/2003 SK
3098121 TSS EPA160.2 <1 1/31/2003 EB
3098122 TOC | 6.7 2/7/2003 MDM
3098123 LANGELIER INDEX 0.23 2/18/2003 RB

NN
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Signature Report Date: Wednesday, March 26, 2003
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ENERGY LABORATORIES, INC. '233938/[0%/"78}’ (82601} + PO. Box 3258 + Casper, WY 82602
% Tol/ Froe 888.235.0515 + 307.235.0515 + Fax 307.234-1639 - caspar@energylab.com « www.energylab.com

LABORATORY ANALYTICAL REPORT

Client:  Magic Valley Labs Inc Report Date: 03/11/03

Project: Baker City Collection Date: 01/29/03

Lab ID: C03010962-001 Date Received: 01/30/03

Client Sample ID:  Ground Water ' Matrix: Drinking Water

MCL/ o

Analyses Result  Units = Qual RL QCL  Method Analysis Date / By
’ L

MAJOR IONS

Fiuoride 0.3 mg/L 0.1 2 A4500-F C 02/03/03 14:30/slb

METALS - TOTAL

Sodium 19 mg/L 1.0 E200.7 02/05/03 13:13 /¢p

RADIONUCLIDES - TOTAL

Gross Alpha 1.1 pCiL 1.0 15 ES00.0 02/03/03 12:00 / rs

Gross Alpha Precision (t) 1.0 pCiL Eg800.0 02/03/03 12:00 / 1s

Gross Beta 122 pClL 20 50 £900.0 02/03/03 12:00 / 1s

Gross Beta Precision (&) 1.8 pClL E£900.0 02/03/03 12:00/rs

Radon 222 465 pCIL . 100 300 D5072-92 01/31/03 17.05 / db

Radon 222 precision (1) 80.7 pCil D5072-92 01/31/03 17:05 / db

INORGANIC COMPOUNDS

Aluminum 0.0071 mg/L 0.0001 0.2 E200.8 02/05/03 22:15/ smd
Antimony ND mglL 0.001 0.006 E200.8 02/05/03 22:15 / smd
Arsenic 0.006 mg/L 0.005 0.01 E200.8 02/05/03 22:15/ smd
Barium ND  mglL 01 2 E200.8 02/05/03 22:15 / smd
Beryllium ND mg/L 0.0005 0.004 E200.8 02/05/03 22:15 / smd
Cagmium ND mg/L 0.0005 0.005 E200.8 02/05/03 22:15 / smd
Chromium ND mgh 005 0.1 E200.8 02/05/03 22:15 / smd
Copper ND  mglL 001 1.3 £200.8 02/05/03 22:15 / smd
Lead 0.005 mgnL 0.001 0.015 E200.8 02/05/03 22:15 / smd
Mercury . ND mg/L 0.0005 0.002 E200.8 02/05/03 22:15 / smd
Nickel ' ND  mglL 002 0.1 E200.8 02/05/03 22:15 / smd
Selenium ND mg/L 0.005 0.05 E200.8 02/05/03 22:15 1 smd
Siiver ND mg/L 0.0009 0.05 E200.8 02/05/03 22:15/ smd
Thallium ND mgiL 0.0004 0.002 E200.8 02/05/03 22:15 / smd

VOLATILE ORGANIC COMPOUNDS

1.1,1,2-Tetrachioroethane ND ug/L 0.50 £524.2 01/31/03 23:02 / th
1.1,1-Trichloroethane ND  uglL 0.50 . 200 E524.2 01/31/03 23:02 / rh
1.1,2,2-Tetrachloroethane ND ug/t 0.50 E6524.2 01/31/03 23:02 / th
1.1,2-Trichloroethane ND ug/L 050 5 E524.2 01/31/03 23:02 / rh
1.1-Dichloroethane ND ug/L 0.50 E524.2 01/31/03 23:02 / th
1.1-Dichloroethene ND ug/L 050 7 E524:2 01/31/03 23:02/ th
1.1-Dichloropropene ND ug/, - 0.50 E524.2 01/31/03 23:.02/ th
1,2.3-Trichloropropane ND ug/t 0.50 E524.2 01/31/03 2302/ rh
Report RL - Analyte reporting limit. . MCL - Maximum contaminant level.

Definitions:  QCL - Quality control limit. ND - Not detected at the reporting limit.

* . The result exceeds the MCL.

TRACKING NO. PAGE No,
010962RONN
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ENERGY LABORATORIES, INC. + 2393 Salt Crook Highway (82601) « PO. Box 3258 + Casper, WY 82602
(TN IOV 701 Froe 885.235.0515 + 307.295.0515 + Fax 307.994-4639 + casper@energylab.com - www.energylab.com

LABORATORY ANALYTICAL REPORT

f(((((((((lll(l(l(

Client:  Magic Valley Labs Inc Report Date: 03/11/03
Project: Baker City Collection Date: 01/29/03
Lab ID: €03010962-001 _ Date Received: 01/30/03
Client Sample ID: Ground Water Matrix: Drinking Water
" MCL/ N
Analyses Result Units,  Qual RL QCL  Method Analysis Date / By
R J

VOLATILE ORGANIC CON!POUNDS
1,2,4-Trichlorobenzene ND ug/t 050 70 €524.2 01/31/03 23:02 / th
1,2,4-Trimethylbenzene Y ND ugiL 0.50 ES524.2 01/31/03 23:02 / th
1,2-Dichlorobenzene ND ugiL 0.50 600 £524.2 01/31/03 23:02 / th
1,2-Dichloroethane ND  ugl 050 § ES24.2 01/31/03 23:02 / th
1.2-Dichloropropane ND  uglL 050 5 E524.2 01/31/03 23:02 / th
1,3-Dichlorobenzene ND  uglt 0.50 E524.2 01/31/03 23:02 / rh
1.3-Dichloropropane ND  wgll 0.50 E524.2 QU3 25:0¢ 1 1hy
1.4-Dichlorobenzene NDO  wgi 050 75 ES24.2 01/31/03 23:02 / rh
2,2-Dichloropropane ND ug/L 0.50 E524.2 01/31/03 23:02 / rh
2-Chiorotoluene ND ug/L 0.50 E£6524.2 01/31/03 23:02 / rh
4-Chiorotoluene ND “ugl 0.50 E524.2 01/31/03 23:02 / th
Benzene ND ug/L 050 5 ES524.2 01/31/03 23:02/ rh
Bromobenzene ND ug/L 0.50 E524.2 01/31/03 23:02 / rh
Bromodichloromethane ND ug/l 0.50 E524.2 01/31/03 23:02 / rh
Bromoform ND ug/L 0.50 E524.2 01/31/03 23:02 / th
Bromomethane ND ug/L 0.50 E524.2 01/31/03 23:02/rh
Carbon tetrachloride ND ug/L 050 5 E524.2 01/31/03 23:02 / rh
Chlorobenzene ND ugl/L 050 100 E524.2 01/31/03 23:02/ rh
Chiorodibromomethane ND ug/L 0.50 ES24.2 01/31/03 23:02 / th
Chioroethane ND ug/t 0.50 E524.2 01/31/03 23:02 / th
Chioroform ND ug/L 0.50 E524.2 01/31/03 23:02 / rh
Chloromethane ND ug/L 0.50 E524.2 01/31/03 23:02 / th
¢is-1,2-Dichloroethene ND ug/L 050 70 E524.2 01/31/03 23:02/ rh
cis-1,3-Dichloropropene ND ug/it 0.50 E524.2 01/31/03 23.02 / rh
Dibromomethane ND ug/L 0.50 E524.2 01/31/03 23:02 / rh
Ethylbenzene ND ug/L 0.50 700 £524.2 01/31/03 23:02 / rh
Methylene chloride ND ug/L 050 5 E524.2 01/31/03 23:02 / rh
Styrene ND ug/t 0.50 100 E524.2 01/31/03 23:02 / rh
Tetrachloroethene ND ug/L 050 § E524.2 01/31/03 23:02 / rh
Toluene ND  ugll 0.50 1000 ES24.2 01/31/03 23:02 / rh
lrans-1,2-Dichloroethene - ND  ugl 050 100 E524.2 01/31/03 23:02 / rh
trans-1,3-Dichloropropene ND ug/L 0.50 E524.2 01/31/03 23:02 / rh
Trichloroethene ND ug/L 05 5 E524.2 01/31/03 23:02 / th
Vinyl chloride ND  ugl 050 2 ES24.2 01/31/03 23:02 / th
VOC pH 7 s.u. 0.10 ES524.2 01/31/03 23:02/ th
Xylenes, Total ND ug/t 1.0 10000 E524.2 01/31/03 23:02 / rh
Trihalomethanes, Total ND ugit - 20 80 ES524.2 01/31/03 33.02 / rh

Surr: Dibromofiuoromethane 101 %REC 70-130 ES524.2 01/31/03‘ 23:02/rh
Report RL - Anaiyte reporting limit. : MCL - Maximum contaminant leve!.
Defiaitions: QL. - Quality control limit. ND - Not detected at the reporting limit.

TRACKING MO. PAGE NO.
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ENERGY LABORATORIES, INC. - 2393 Sslt Creeklighway (62601) « F.O. Box 3258 + Casper, WY 82602
- Toll Free 886.235.0515 + 307.235.0515 + Fax 307.234,1639 « casper@energylab.com « www.energylab.com
~
-
- LABORATORY ANALYTICAL REPORT
' . 13
Client: Magic Valley Labs Inc Report Date: 03/11/03
' Project: Baker City Collection Date: 01/29/03
- Lab ID: C03010962-001 Date Received: 01/30/03
w  Client Sample ID: Ground Water Matrix: Drinking Water
v
- McCL/ Lo
- Analyses Result Units ;  Qual RL QCL Method Analysis Date / By
"  VOLATILE ORGANIC COMPOUNDS
(- Surr: p-Bromofluorobenzene 976 %REC 80-120 [ES524.2 01/31/03 23:02/ th
Surr: Toluene-d8 o4 104  %REC 80-120 E524.2 01/31/03 23:02 / th
i
- SYNTHETIC ORGANIC COMPOUNDS
1,2-Dibromo-3-chloropropane ND ug/L 0.02 0.2 E504.1 02/05/03 15:47 / rlo
- 1,2-Dibromoethane : ND ug/L. 001 0.05 E504.1 02/05/03 15:47 / rlo
- Surr: 1,1,1,2-Tetrachloroethane 96.0 %REC 70-130 E504.1 02/05/03 15:47 / rio
- Alachlor ND ug/L 020 2 E505 - 02/06/03 01:36 / rlo
Aldrin ND ug/L 0.010 E505 02/06/03 01:36 / rlo
= Chiordane ND ug/L 020 2 E5056 02/06/03 01:36 / rlo
- Dieldrin ND ug/L 0.10 E505 02/06/03 01:36 / rio
Endrin ND  ugll 0.010 2 E505 02/06/03 01:36 / rlo
et gamma-BHC (Lindane) ND  ugl 0.020 0.2 ES05 02/06/03 01:36 / rlo
e Heptachlor ND ug/L 0.040 04 ES05 02/06/03 01:36 / rio
Heptachlor epoxide ND ug/L 0.020 0.2 ES05 02/06/03 01:36 / rlo
" Hexachlorobenzene ND  ugl 0.10 1 E505 02/06/03 01:36 / rlo
- Hexachiorocyclopentadiene ND ug/L 010 80 ES05 02/06/03 01:36 / rlo
_ Methoxychlor ND ug/L 0.10 40 E505 02/06/03 01:36 / rto
¥ Toxaphene ND  ugiL 1.0 3 E505 02/06/03 01:36 / rio
s  PCBs, Total ND  uglL 050 05 E505 02/06/03 01:36 / rlo
Surr: Decachlorobiphenyl 92.8 %REC 60-130 E505 02/06/03 01:36 / rlo
- Surr: Tetrachloro-m-xylene 946 %REC 70-130 E505 02/06/03 01:36 / rto
-—
Buffer pH 5.0 s.u. 0.10 ES531.1 02/10/03 19:27 I wen
W Algicarb ND  uglL 050 3 E531.1 02/10/03 19:27 / wen
W Aldicarb sulfone ND ug/L. 050 2 E531.1 02/10/03 19:27 / wen
Aldicarb suffoxide ND ug/L 0.50 4 E531.1 02/10/03 19:27 / wen
W Carbaryl ND ug/L 0.50 E531.1 02/10/03 19:27 / wen
- Carbofuran ND ug/L 0.50 40 E531.1 02/10/03 19:27 / wen
3-Hydroxycarbofuran ND ug/l 0.50 ES31.1 02/10/03 19:27 / wen
¥ Methomy! ND ug/L 0.50 E531.1 02/10/03 19:27 / wen
- Oxamyl ND ug/L 0.50 200 E531.1 02/10/03 19:27 / wen
Surr. BDMC 921 %REC 70-130 E531.1 02/10/03 19:27 / wen
-
- Glyphosate ND ug/L 50 700 ES47 02/07/03 15:27 / wen
“  Diquat ND  ugl 040 20 E549.2 02/18/03,¥8:37 / wen
' T ——— cemeee - o B e e aem
R‘P°f‘ RL - Analyte reporting limit. MCL - Maximum contaminant level.
¥ Definitlons:  qcL . Quality control fimit. ND - Not detected at the reporting limit.
-
-
& TRACHING 0. PAGE NO.
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LABORATORIES

ENERGY LABORATORIES, INC. + 2393 Salt Craak Highway (62601) + PO. Box 3258 + Casper, WY 82602
(NI (CVd 70/ Fros 886.235.0515 - 307.295.0515 + Fax 307.2347639 + casper@energyiab.com « www.energylab.com

Client: Magic Valley Labs Inc

Project: Baker City
Lab ID: C03010962-002

Client Sample ID: Surface Water

LABORATORY ANALYTICAL REPORT

Report Date: 03/11/03
Collection Date: 01/29/03
Date Received: 01/30/03
Matrix: Aqueous

MCL/ *
Analyses Result  Units Qual RL QCL  Method Analysis Date / By
METALS - TOTAL
Sodium 2.1 mg/l 1.0 E200.7 02/05/03 13:16 / cp
INORGANIC COMPOUNDS
Aluminum 0.0489 mg/L 0.0001 0.2 E200.8 02/05/03 22:20 / smd
Antimony ND mgiL 0.001 0.006 £200.8 02/05/03 22:20 / smd
Arsenic ND mgiL 0.005 0.01 E200.8 02/05/03 22:20 / smd
Barium ND mg/L 01 2 E200.8 02/05/03 22:20 / smd
Berylium ND mgit 0.0005 0.004 E200.8 02/05/03 22:20 / smd
Cadmium ND mg/L 0.0005 0.005 E200.8 02/05/03 22:20 / smd
Chromium ND mg/L 0.05 0.1 E200.8 02/05/03 22:20 / smd
Copper 0.02 “mglL 0.01 1.3 E200.8 02/05/03 22:20 / smd
Lead ND mg/L 0.001 0.015 £200.8 02/05/03 22:20 { smd
Mercury ND mg/L 0.0005 0.002 E200.8 02/05/03 22:20 / smd
Nickel ND mg/L -0.02 0.1 £200.8 02/05/03 22:20 / smd
Selenium ND  mgiL 0.005 0.06 E200.8 02/056/03 22:20 / smd
Silver ND mg/L 0.0008 0.05 E200.8 02/05/03 22:20 / smd
Thallium ND mgit 0.0004 0.002 E200.8 02/05/03 22:20 / smd
7
Report RL - Analyte reporting limit. MCL - Maximum contaminant leve!.

Definitions:  QCL - Quality controt fimit.

ND - Not detected at the reporting limit.

TRACKING HO. PAGE N,
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ENERGY LABORATORIES, INC. + 2393 Salt CreékHighway (82601) - PO. Box 3258 + Casper, WY 82602
m Toll Free 868.235.0515 + 307.235.0515 + Fax 307.234-1639 + casper@enérgylab.com « www.eneigylab.com
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R L AGORATORIES |

= LABORATORY ANALYTICAL REPORT

-

o Client: Magic Valley Labs Inc Report Date: 03/11/03
Project: Baker City Collection Date: 01/09/03 12:00

' LabiD: C03010962-003 Date Received: 01/30/03

'  Client Sample ID: Trip Blank Matrix: Aqueous

e

- MCL/ _—

w  Analyses Result Units ¢5  Qual RL QCL Method Analysis Date / By

¥

" VOLATILE ORGANIC COMPOUNDS

“w  1.1.12-Tetrachioroethane ND ugit 0.50 E524.2 01/31/03 17:10/ th

i 1.1,1-Trichiorosthane ' ND  ugh 0.50 200 E524.2 01/31/03 17:10 / rh

' 1,1,2.2-Tetrachloroethane ND ugiL 0.50 E524.2 01/31/03 17:10/ th

W 1.1,2-Trichloroethane ND ug/l 050 5 E524.2 01/31/03 17:10/ th
1.1-Dichloroethane ND ug/L 0.50 E524.2 01/31/0317:10/ rh

¥ 1,1-Dichlorosthene ND  uglt 050 7 E524.2 01/31/03 17:10/ th

- 1,1-Dichloropropene ND ug/L 0.50 E524.2 01/31/03 17:10/ th
1.2,3-Trichloropropane ND ug/L 0.50 E524.2 01/31/0317:10/ rh

W 1,2,4-Trichlorobenzene ND ug/L 0.50 70 ES524.2 01/31/03 17:10 /rh

(- 1.2.4-Trimethylbenzene ND ugll 0.50 ES24.2 01/31/03 17:10/rh
1.2-Dichlorobenzene ND gl 0.50 600 E524.2 01/31/03 17:10 / rh

@ 1,2-Dichloroethane ND  ugit 050 5 E524.2 01/31/03 17:10/ rh

w 1.2-Dichloropropane ND ug/L 050 6 E524.2 01/31/03 17:10 / rh
1,3-Dichiorobenzene ND ug/L 0.50 E524.2 01/31/03 17:10/rh

¥ 1,3-Dichloropropane ND  uglL 0.50 E524.2 01/31/03 17:10/ rh

&  1.4-Dichiorobenzene ND ug/L 050 75 E524.2 01/31/03 17:10/th
2,2-Dichloropropane ND ug/L 0.50 E524.2 01/31/03 17:10/rh

W 2-Chlorotoluene ND  ught 0.50 E524.2 01/31/03 17:10/ rh

- 4-Chlorotoluene ND ug/L 0.50 E524.2 01/31/03 17:10/ rh
Benzene ND ug/L 050 5 E524.2 01/31/03 17:10/th

“  Bromobenzene ND ug/t 0.50 E524.2 01/31/03 17:10 / th

- Bromodichloromethane ND uglt 0.50 E524.2 01/31/03 17:10 / rh
Bromoform ND ug/L 0.50 E524.2 01/31/03 17:10 / rh

W Bromomethane ND  ugh 0.50 E524.2 01/31/03 17:10 /v

- Carbon tetrachloride ND ug/L 050 5 E524.2 01/31/03 17:10/ rh
Chlorobenzene - ND ug/L 0.50 100 E524.2 01/31/03 17:10/1h

“»  Chlorodibromomethane ND ug/L 0.50 E524.2 01/31/03 17:10 / th

- Chloroethane ND ug/l 0.50 ES24.2 01/31/03 17:10/ th
Chloroform ND ug/L 0.50 E524.2 01/31/0317:10/rh

‘W  Chloromethane ND  ugilL 0.50 E524.2 01/31/03 17:10/ rh
cis-1,2-Dichloroethene ND ug/L 050 70 E524.2 01/31/03 17:10/ rh

el cis-1,3-Dichloropropene ND ug/l 0.50 E524.2 01/31/03 17:10/ rh

W Dibromomethane NO ug/L 0.50 ES524.2 01/31/03 17:10/ rh
Ethylbenzene ND ug/L 0.50 700 E524.2 01/31/03 17:10 / th

- Methylene chloride ND ug/L 050 5 E524.2 01/31/03 17:10/ rh

W Styrene ND  ug/L 0.50 100 E524.2 01/31/03 17:10/ rh
Tetrachloroethene ND ug/L 050 5 E524.2 01/31/03 17:10/ th

" Tosene ND ug/L 0.50 1000 E524.2 01/31/03 £7:10 / th

- .

W Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions:  QCL - Quality control fimit. ND - Not detected at the reporting limit.

-
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: ENERGY LABORATORIES, INC. - 2393 Sakt CreekHighway (82601) - P.O. Box 3258 - Casper, WY 82602
% Toll Free 888.235.0515 « 307.235.0515 + Fax 307.234-1639 - casper@energylab.com - www.energylab.com

LABORATORY ANALYTICAL REPORT
Client: Magic Valley Labs Inc
Project: Baker City
Lab ID: C03010962-003
Client Sample ID: Trip Blank

Report Date: 03/11/03
Collection Date: 01/09/03 12:00

Date Received: 01/30/03

Matrix: Aqueous

...... _

MCL/

Analyses Result  Units, Qual RL QCL Method Analysis Date / By
1)
VOLATILE ORGANIC COMPOUNDS
trans-1,2-Dichloroethene ND ug/L 0.50 100 ES24.2 01/31/03 17:10 / th
trans-1,3-Dichloropropens ', ND ug/L 0.50 E524.2 01/31/03 17:10 / rh
Trichloroethene ND ug/L 0.50 5 E524.2 01/31/0317:10/ ™
Vinyl chloride ND ug/L 050 2 E524.2 01/31/03 17:10/ th
Xylenes, Total ND ug/L 1.0 10000 E524.2 01/31/0317:10/ 1h
Trihalomethanes, Total ND ug/L 20 80 E524.2 01/31/03 17:10/ th
Surr: Dibromofiuoromethane 103  %REC 70-130 E£524.2 01/31/03 17:10/ th
Surr: p-Bromofluorobenzene 989 %REC 80-120 ES524.2 01/31/03 17:10/ th
Surr: Toluene-d8 104 %REC 80-120 ES524.2 01/31/03 17:10/ th
Report RL - Analyte reporting limit. MCL - Maximum contaminant level.
Definitions:

QCL - Quality control limit. ND - Not detected at the reporting limit.
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- ENERGY LABORATORIES, INC. « 2393 Salt Cragk Highway (62601} - F.O. Box 3258 « Casper, VVY 82602
Toll Free 888.235.0515 + 307.235.0515 + Fax 307.25%1639 + casper@enargylab.com + www.energylab.com

)
i

QA/QC Summary Report
Client: Magic Valley Labs Inc Report Dates 03/11/03
Project; Baker City Work Order: C03010962
Analyte Resutlt Units RL %REC f{owlimit High Limit RPD RPDLimit Qual :
Method:  A4500-F C "+ Batch: 0-020303-2

Sample {D: DI-BLANK Method Blank 02/03/03 13:47
Fiuoride ND mglL 0.100

Sample ID: C03010931-006A Matrix Spike 02/03/03 13:56
Fluoride T 160 mgiL 0.100 106 90 110

Sample [D: C03010931-006A Matrix Spike Duplicate 02/03/03 14:00
Fluoride 1.68  mgl 0.100 104 80 110 1.3 10

Method: D6072-82 Batch: R18599
Sample ID: C03010962-001JDUP Sample Duplicate 01/31/03 17:05
Radon 222 483 pCil 100 3.8 30

Sample [D: MB-R18599 Method Blank  ~ 01/31/03 17:05
Radon 222 ND  pCit 100

Method:  E200.7 Batch: R18662
Sample ID: C03010813-001DMS1 Matrix Spike 02/05/03 10:32
Sodium 81 mg/L 1.0 87.4 80 120

Sample ID: C03010813-001DMSD1  Matrix Spike Duplicate 02/05/03 10:41
Sodium 80 mg/L 1.0 106 80 120 11 20

Sample ID: C03010965-001CMS1 Matrix Spike 02/05/03 12:29
Sodium 538 mg/lL 1.00 106 80 120

Sample ID: C03010955-001CMSD1  Matrix Splke Duplicate 02/05/03 12:38
Sodium 524 mglL 1.00 104 80 120 2.6 20

e

()

Qualifiers:  ND - Not Detected at the Reporting Limit
R - RPD outside of recommended recovery limits

S - Spike Recovery outside of recommended recovery limits

TRACKING NO. PAGE NO.

~010962R0007
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%.. ENERGY LABORATORIES, INC. « 2393 Salt Craek Highway (82601) + F.O. Box 3258 « Casper, WY 82602

Toll Free 886.295.0515 + 307.235.0515 + Fax S07.234-1639 « casper@energylab.com « www.energylab.com

=

QA/QC Summary Report
Client: Magic Valley Labs Inc Report Date: 03/11/03
Project: Baker City Work Order: C03010962
=

Analyte Result Units RL %REC LowLimit High Limit RPD RPDLimit Qual I
Method: E200.8 Bat;h: ICPMS1-C020503a
Sample1D: LRB Method Blank i-,' 02/05/03 17.05
Aluminum ND mgiL 0.00100

Antimony ND mglL 0.00100

Arsenic v ND mgh . 0.00100

Barium ' ND mgl 0.00100

Beryllium ND mght 0.00100

Cadmium ND mgit 0.00100

Chromium ND mglL 0.00100

Copper ND mglL 0.00100

Lead ND mgiL 0.00100

Mercury . ND mglL 0.00100

Nickel ND mgit 0.00100

Selenium 0.00119 ‘mglL 0.00100

Sitver ND mgiL 0.00100

Thallium ND mgiL 0.00100

Sample ID: C03010881-001AMS Matrix Spike : 02/05/03 19:00
Aluminum 0.0661 mgL 0.00100 107 .70 130

Antimony 0.0541 mg/lL 0.00100 108 70 130

Arsenic 0.0562 mglL - 0.00100 109 70 130

Barium 0274 mg/lL 0.00100 113 70 130

Beryllium 0.0586 mg/L 0.00100 117 70 130

Cadmium 0.0539 mglL 0.00100 108 70 130

Chromium 0.0503 mglL 0.00100  98.8 70 130

Copper 0.0543 mg/L 0.00100 107 70 130

Lead 0.0528 mg/L 0.00100 105 70 130

Mercury 0.00507 mg/L 0.00100 101 70 130

Nicke! 0.0584 mpit 0.00100 111 70 130

Selenium 0.0803 mg/L 0.00100 111 70 130

Silver 0.0191 mglL 0.00100 953 70 130

Thaltium 0.0520 mglL 0.00100 104 70 130

Sample ID: C03010881-001AMSD Matrix Spike Duplicate 02/05/03 19:06
Aluminum 0.0657 mglL 0.00100 106 70 130 0.6 20

Antimony 0.0537 mglL 0.00100 107 70 130 0.6 20

Arsenic 0.0574 mglL 0.00100 107 70 130 1.5 20

Barium 0.278 mg/L 0.00100 120 70 130 1.3 20

Beryllium 0.0573 mg/L 0.00100 115 70 130 2.3 20

Cadmium 0.0522 mg/L 0.00100 104 70 - 130 3.2 20

Chromium 0.0495 mglL 0.00100  97.3 70 130 15 20

Copper 0.0537 mg/ 0.00100 106 70 130 LIS 20

Lead 0.0516 mgi 000100 102 70 130 24 * 20

Mercury 0.00510 mgiL 0.00100 102 70 130 0.7 20

Nicke! 0.0685 mg/L 0.00100 112 70 130 0.2 20
Qualifiers:  ND - Not Detected at the Reporting Limit S - Spike Recovery outside of recommended recovery limits

R - RPD outside of recommended recovery limits

TRACKING NO. PAGE N,
D10962RNNNA
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ENERGY LABORATORIES, INC. - 2393 Salt Craek Highway (82601) « PO. Box 3258 + Casper, WY 82602
Toll Free 886,235.0515 + 807.295.0515 + Fax 3072341639 + casper@energylab.com - www.energylab.com

ENERGY

(AR ORIES

QA/QC Summary Report
Client: Magic Valley Labs Inc Report Date: 03/11/03
Project: Baker City Work Order: C03010962
Analyte Result Units RL %REC Lowlimit High Limit RPD RPDLImit Qual

Method:  E200.8 Batchs ICPMS1-C020503a

Sample 10: C03010881-001AMSD Matrix Spike Duplicate % - 02/05/03 19:06

Selenium 0.0587 mg/L 0.00100 107 70 130 26 20
Silver 0.0175 mglL 0.00100 87.86 70 130 8.4 20
Thallium . 0.0526 mgiL 0.00100 105 70 130 1.0 20
Method:  E&04.1 Batch: 2889
Sample ID: MB-2889 Method Blank 02/05/03 09:55
1.2-Dibromo-3-chloropropane ND ug/L 0.0200
1,2-Dibromoethane ND ug/L 0.0100
Surr: 1,1,1,2-Tetrachloroethane : 0.0200 98 70 130
Sample ID: C€03010962-001G Matrix Spike 02/05/03 16:5%
1,2-Dibromo-3-chioropropane 0.221 ug/t 0.0200 88.4 65 135
1,2-Dibromosethane 0.237 ug/L 0.0100 94.8 65 135
Surr: 1,1,1,2-Tetrachloroethane 0.0200 99 70 130
Sample ID: €03010997-001H Matrix Spike 02/05/03 17:31
1,2-Dibromo-3-chlosopropane 0.227 uglL 0.0200 90.8 65 135
1,2-Dibromoethane 0.232 ug/L 0.0100 92.8 65 135
Surr: 1,1,1,2-Tetrachloroethane - 0.0200 99 70 130
Qualifiers:  ND - Not Detected at the Reporting Limit S - Spike Recovery outside of recommended recovery limits

R - RPD outside of recommended recovery limits

TRACKING NO. PAGE No,
Ol09R2RNNANA
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ENERGY LABORATORIES, INC. vmsa/tmmy(azsog * PO, Box 3258 « Casper, WY 82602
Toll Froe 888.235.0515 « 307.255.0515 ¢+ Fax 807.234.1639 « casper@enargylab.com « www.enérgylab.com

-
- QA/QC Summary Report
= Client: Magic Valley Labs Inc Report Date: 03/11/03
" Project: Baker City Work Order: C03010962
- . :
i
w Analyte Resut  Units RL %REC Low Limit High Limit RPD RPOLImit Qual {
& Method:  E506 . Batch: 2890
' SampleiD: MB-2890 Method Blank . 02/05/03 18:36
- Alachlor ND ug/L 0.200
Aldrin ND ug/L 0.0100
& Chlordane , % ND  uL 0.200
Dieldrin ND  ugl 0.100
" Enarin ND  ugl 0.0100
w gamma-BHC (Uindane) NO ughL 0.0200
Heptachlor ND ught 0.0400
o Heptachlor epoxide ND  ugl 0.0200
“w Hexachlorobenzene ND  ught 0.100
Hexachlorocyclopentadiene ND ug/L 0.100
" Methoxychior ND gl 0.100
w Toxaphene ND  wgit ’ 1.00
PCBs, Total ND ug/L 0.500
¥ Surr: Decachlorobiphenyl 0.100 96.6 60 130
w Sur Tetrachioro-m-xylene 0.100 844 70 130
‘W Sample ID: C03010962-001G Matrix Spike 02/06/03 03:00
- Alachlor 310 ugll 0.200 124 65 135
Aldrin 0265 ugl ©0.0100 102 80 140
W Digldrin 0.285 ug/L. 0.100 114 65 135
Endrin 0.288  ugl 0.0100 118 65 135
gamma-BHC (Lindane) 0.276 ug/L 0.0200 110 75 135
W Heptachlor 0.281 ug/t 0.0400 112 75 135
,Heptachior epoxide 0.248 ug/lL 0.0200 99.2 65 135
Hexachlorobenzene 0.308 ug/t 0.100 123 65 135
‘W Hexachlorocyclopentadiene 0.359 ug/L 0.100 144 85 135 s
Methoxychlor 133 wgh 0100 108 65 125
Surr: Decachlorobiphenyl 0.100 108 60 130
w» Surr Tetrachlioro-m-xylene 0.100 115 70 130

- HCCPD and Simazine were slightly over range. Since the samples affected had no reportable responses for the analytes and the
W batch has an acceptable alternate MS result, this batch was approved.

WwSample ID:  C03010997-001| Matrix Spike 02/06/03 03:42
Alachlor 259 ugll 0.200 104 65 135

S Aldrin 0.180 wgll 0.0100 72 70 130

W ieldrin 0232 uglt 0.100 928 65 135
Endiin 0.239 ugit 0.0100 95.6 65 135

“¥gamma-BHC (Lindane) 0.244 ugl 00200 976 75 135

«ieptachior 0.207 ugi 0.0400 828 75 135
Heptachlor epoxide 0.220 ug/L 0.0200 88 65 . 135

““Hexachiorobenzene 0.235  ugl 0100 94 65 135 .

-iexachlorocyclopemadlene 0.329 ugiL 0.100 132 65 135
Methoxychlor 1.03 ug/L 0.100 82.7 65 125

' Surr. Decachiorobiphenyl. 0.100  90.8 60 130

“Bualifiers:  ND-Not Detected at the Reporting Limit S - Spike Recovery outside of recommended recovery limits

A4 R - RPD outside of recommended recovery limits

. TRACKING NO. PAGE N,
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ENERGY LABORATORIES, INC. + 2393 Salt Creak-+ighway (82601) + PO. Bax 3258 « Casper, WY 82602
Toll Free 896.235.0515 + 307.235.0515 « Fax 307.234.1639 ¢+ casper@energylab.com « www.energylab.com

QA/QC Summary Report
Client: Magic Valley Labs Inc Report Date: 03/11/03
Project: Baker City Work Order; C03010962
Anaiyte Result  Units RL %REC Lowlimit High Limit RPD RPOLiMit Qual
Method: ES05 . Batch: 2890
a" 7
Sample ID: C03010997-001| Matrix Spike y 02/06/03 03:42
Sur: Tetrachloro-m-xylene’ 0.100 866 70 130
Qualifiers:  ND - Not Detected at the Reporting Limit $ - Spike Recovery outside of recommended recovery limits
e A ALILEAN A LA -

R - RPD outside of recommended recovery limits
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. ' "SUEEE R Ry % 110'S. Hill Street
: e e e ak " South Bend, IN 46617
' g §74.233.4777

800.332.4345

Environmental Health Laboratories 57293207
The Nation’s Drinking Water Laboratory

www.ehl.ce
LABORATORY REPORT
Client: Energy Laboratories Report: 845351-54
Aftn: Jim Yocum LT
P.O. Box 3258 £y Priority: Standard Written
Casper, WY 82602 .
Status: Final
Sampling Point: C03010962-001A, 0018, 001E & 001F
Samples Submitted: Four drinking water samples
Copies to: None
Collected: 01/29/03 By Client Received: 01/31/03

REPORT SUMMARY

None of the analytes included in the detailed parameter list were detected in the sample submitted for analysis.
Note: Sample containers were provided by the client.

Note: See attached page for additional comments.

Detailed quantitative results are presented on the following page.

We appreciate the opportunity to provide you with this analysis. lf you have any questions concerning this
report, please do not hesitate to call us at 574-233-4777.

Note: This report may not be reproduced, except in full, without written approval from Environmental Health

Laboratories (EHL). EHL is accredited by the National Environmental Laboratory Accreditation Program
(NELAP).

L2Y

Reviewed By:-.., ﬁt’c M Date: 21// ’/0'3

Finalized By: 2 bﬂ Z%g’_(i TRACKING RoP3RGE '-l‘g? ~f 503
. OIOQBZROOI6 Laboratories Inc.. pagg 1 of 2
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Client: Energy Laboratories

Sampling Point: C03010962-001A, 001B, 001E & 001F

Report: 845351-54

1
: PARAMETER SDWA MRL * Result MCL Analysis lab |
i Method (ug/L) wgl) | (ugl) Date Number |
12,4-D 515.3 0.1 < 0.1 70 02/05/03 845351 !
: Dalapon 515.3 1.0 < 1.0 200 02/05/03 845351 |
zz,zft‘;B 515.3 2.0 < 2.0 02/12/03 | 845351 |
: Dicamba 515.3 0.1 < 0.1 -- 02/05/03 845351
- Dichlorprop 515.3 2.0 <20 02/05/03 845351
‘Dinoseb 515.3 0.4 < 0.1 7 02/05/03 845351
i Pentachiorophenol 515.3 0.04 < 0.04 1 02/05/03 845351
"Picloram L 515.3 0.1 < 0.1 500 02/05/03 845351 |
12,4,5-TP (Silvex) 515.3 0.1 < 0.1 50 02/05/03 | 845351 |
| Atrazine 525.2 0.1 < 0.1 3 02/06/03 845352 |
:Benzolajpyrene 525.2 0.02 < 0.02 0.2 02/06/03 | 845352 |
; Butachlor 525.2 0.1 < 0.1 02/06/03 845352 !
i Bulylbenzylphthalate 525.2 1.0 < 1.0 - 02/06/03 | 845352
| Di-n-butylphtnalate 525.2 2.0 < 2.1 02/06/03 | 845352 |
: Di(2-ethylhexyl)adipate 5252 0.6 < 0.6 400 02/06/03 845352 |
| Di(2-ethylhexyl)phthalate 525.2 0.6 < 0.6 6 02/06/03 845352 |
i Diethylphthalate 525.2 1.0 < 1.0 02/06/03 845352 |
| Dimethylphthalate 525.2 1.0 < 1.0 02/06/03 | 845352
‘ Metolachlor 525.2 0.1 < 0.1 02/06/03 845352
i Metribuzin 525.2 0.1 < 0.1 -- 02/06/03 845352 |
: Propachlor 525.2 =04 < 0.1 - | 02/06/03 845352 |
Simazine 525.2 0.07 < 0.07 4 [ 02/06/03 | 845352
- Endothall 548.1 9.0 [ <90 100 | 02/06/03 | 845354 |
' Bromochloroacetic Acid 552.2 1.0 < 1.0 NA 02/06/03 | 845353 |
I Dibromoacetic Acid 552.2 1.0 < 1.0 ¥ 02/06/03 845353 |
' Dichloroacetic Acid 552.2 1.0 < 1.0 ¥ 02/06/03 845353
' Monobromoacetic Acid 552.2 1.0 < 1.0 ¥ 02/06/03 845353
“Monochloroacetic Acid 552.2 2.0 < 2.0 ¥ 02/06/03 845353 |
¢ Trichloroacetic Acid 562.2 1.0 < 1.0 ¥ 02/06/03 845353 j

NA = Not applicable

¥ MCL for total haloacetic acids(5) is 60 ug/L in Stage | of the D/DBP Rule

* EHL has demonstrated it can achieve these report limits in reagermAeK Wﬁbnot’gﬁw%

010962R00 |7

AR

lhem in all sample matrices.

A Division of
®
Laboratories IncRPage 2 of 2
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MAGIC VALLEY LABS
210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867

Phone: (208) 733-4250
Fax: (208) 734-2539

CHUCK EVERSON
BAKER CITY OF

P.0. BOX 650
BAKER CITY OR 97814

Collection Date 12/11/2002 Received Date 12/11/2002 Location

Collection Time
Sample #

301431
301432
301433
301434
301435
301436
301437
301438
301439

3014310

Signature

BICARBONATE
CARBONATE
ALKALINITY
CALCIUM

CHLORIDE
HARDNESS
MAGNESIUM
NITRATE/N SM4500D
NITRITE/N SM4500E

NITRATE/N + NITRITE/N

Received Time
Test / Method Code

Results Date Analyzed
in mg/L

51 12/1 1/2002
<1 12/11/2002
51 12/11/2002
134 12/17/2002
15 12/12/2002
34 121312002
2.39 12/17/2002
0.14 12/12/2002
<0.002 12/12/2002
0.14

6:00 PM RESERVOIR

12/12/2002

Analyst

BE

BE

BE

RB

JK

RB

RB

BE

JK

BE

Report Date: Monday, December 30, 2002
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3014311

3014312

3014313

3014314

3014315

3014316

3014317

3014318

3014319

3014320

3014321

3014322

3014323

3014324

3014325

Signature

MAGIC VALLEY LABS

Twin Falls ID 83303-1867
Phone: (208) 733-4250
Fax: (208) 734-2539

POTASSIUM <0.5
SILICA

SODIUM 1.93
SULFATE 0.4
TDS 50
TOC 0.37
TSS EPA160.2 <1
ALUMINIUM <0.10
ARSENIC <0.005
DISSOLVED IRON <0.1
IRON <0.1
DISSOLVED MANGANESE <0.05
MANGANESE <0.05
FILTER e
DIGESTION .

210 Addison Ave / PO Box 1867

12/17/2002

12/17/2002

12/12/2002

12/12/2002

12/18/2002
12/1.2/2002
12/17/2002
12/13/2002

12/14/2002

- 12/14/2002

12/14/2002

12/14/2002

RB

RB

JK

MDM

EB

JH

RB

RB

RB

RB

RB

Report Date: Monday, December 30, 2002
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MAGIC VALLEY LABS
210 Addison Ave / PO Box 1867
Twin Falls ID 83303-1867
Phone: (208) 733-4250
Fax: (208) 734-2539

'CHUCK EVERSON

BAKER CITY OF

P.O. BOX 650
BAKER CITY OR 97814

Collection Date 12/11/2002 Received Date 12/11/2002 Location‘

Collection Time
Sample #

- 301441

301442

301443

301444

301445

301446

301447

301448

301449

3014410

Signature

Test / Method Code

BICARBONATE

.CARBONATE

ALKALINITY
CALCIUM
CHLORIDE
HARDNESS
MAGNESIUM
NITRATE/N SM4500D

NITRITE/N SM4500E

NITRATE/N + NITRITEIN

Received Time

6:00 PM WELL |
Results Date Analyzed
in mg/L

133 - 12/11/2002
<1 12/11/2002
133 12/11/2002
308 12/1.7/2002
19 12/12/2002
205 12/13/2002
18.4 12/17/2002
017 1 2/1 2/2002
<0.902 1 2)1 2/2002
0.17 12/12/2002

Analyst

BE
BE
BE
RB
JK
RB
RB
BE
JK

BE

Report Date: Monday, December 30, 2002
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3014411
3014412
3014413
3014414

3014415

'3014416

3014417

3014418

3014419

3014420

3014421

3014422

3014423

3014424

3014425

Signature

MAGIC VALLEY LABS

Twin Falls ID 83303-1867
Phone: (208) 733-4250
Fax: (208) 734-2539

POTASSIUM 1.9
SILICA

SODIUM 16.3
SULFATE 38
TDS 179
TOC 0.93
TSS EPA160.2 <1
ALUMINIUM <0.10
ARSENIC <0.005
DISSOLVED IRON - <0.1
IRON <0.1
DISSOLVED MANGANESE  0.11
MANGANESE 0.11
FILTER 2

| DIGESTION %

210 Addison Ave / PO Box 1867

12/17/2002

12/17/2002

12/12/2002

12/12/2002

12/18/2002
12/12/2002
12/17 7/2002
12/13/2002
12/14/2002
12/14/2002
12/14/2002

12/14/2002

RB

RB

JK

JK

MDM

EB

JH

RB

RB

RB

RB

RB

Report Date: Monday, December 30, 2002
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Mg'c Vm Labs, Inc. 210 Addison Ave. PO Box 1867 Twin Falls Id 83301
i System ID #:4100073 Entry Puint or Source ID: Source name(s):

Water Systern BAKER CITY OF
AddressP.O. BOX 650
City, State, ZipBAKER CITY OR 97§14
Sample Identification
Sampled at: RESEVOIR WELL Sampled by: KEN ELLIS
- Date Cotlected:  10/1472002 Time collected:  8:10:00 AM
Date recieved: 10/14/2002 Date analyzed:
Sample: i Single
{Circle sppeopriate descriptors above)

Contaminant Code  MCL mgA Analysismg/l Method MDL  Anslvat

Antimony Total 1074 0.006 ND 2009 0.003  Umpgua
| Arsenic 1005 0.65 0.086 200.9 0605 Umpqua

Asbestos 1094 7 MFA?
Barium 1010 2 ND SM3113B 0.1 Umpaqua
Berylium Total 1075 0.004 ND 200.9 0.0002 Umpqua
Cadmium 1015 0.005 ND 200.9 0.001 Umpqgua

1 Chromium 1020 0.1 ND 200.9 0.02 Urspqua
Cyanide 1024 02 ND SM4500CN  0.02 Umpqua
Fluoride 1025 4.0 0.47 300.1 Umpqua
Lead 1030 0.015 ND 200.9 0.002 Umpqua
Mercury 1035 0.002 ND 245.1 0.001 Umpqua
Nicke} 1036 ND 200.9 0.02 Umpqua
Nitrate 1040 10.
Nitrate-Nitritc 1038 10.
Nitrite 1041 1.0
Selenium 1045 0.05 ND 2009 0.003 Umpqua
Sodiun? . 1082 210 SM3i1iB Umpqua
Suifate 1055 38.8 300.0 Umpqua
Thallium Total 1085 0.002 ND 200.9 0.001 Umpqua

=71, .

onductivity = 334 umho/em ? Cammuni ems only

2 Million Fi syﬂi:cr >10um

Siwlmw:ézmézz; JF = (O~ I
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| System ID #: 4100073

Water System BAKER CITY OF

l AddressP.O. BOX 650

City, State, ZipBAKER CITY OR 97814

Sample Identification
[_Sempled at  OLD MOUNTAIN LINE Sampled by: KEN ELLIS
" Date Collected:  10/14/2002 Time collected:  8:30:00 AM
Date recieved: 10/1472002 Date analyzed:
Sample: | Single
{Ciscle appropriate descriptors above)

Countaminant Cade MCL mgf Analysismg/l Method MDL  Apalyst
Antimony Totai 1074 0.606 ND 200.9 0.003 Umpqua
Arsevic 1005 0.05 ND 2009 0005 Umpgua
Asbestos 1094 7 MF/P
Bariumn 1010 2 ND SM3113B 0.1 Umpqua
Berylium Total 1075 0.004 ND 200.9 0.0002 Umpqua
Cadmium 1015 0.005 ND 200.9 0.001 Umpqua
Chromium 1020 0.1 ND 200.9 0.02 Urapqua
Cyanide 1024 0.2 ND SM4S00CN 002  Umpqua

| Fluoride 1025 40 49 300.1 Unipqua
Lead 1030 0.015 ND 200.9 0.002 Umpgua
Mercury 103s 0.002 ND 245.1 0.001 Umpqua
L Nicket 1036 ND 200.9 0.02 Umpqua
Nitrate 1040 10.
Nitrate-Nitrite 1038 10.
Nitrite 1041 1.0
Selenium 1045 0.05 ND 200.9 0.003 Unpqua
Sodium?® 1052 2.21 SM311iB Umpqua
L Sulfate 1055 3185 300.0 Umpqua
Thalliwn Total 1085  0.002 ND 2009 0001  Umpqua
El:ll.:lzgim = }64 umho/cm * Community systems only
1 Million Figersﬂiner >1(hm

s 05 (B g Gy 13— 100 >
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Magic Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

Water System ID #: 4100073 Source ID: Source name(s):

Waper Systen BAKER CITY OF

Address PO BOX 650

"City, State, Zip BAKER CITY OR 97814

“Sample Idemification
Sampled at: RESERVOIR WELL Sampled by: KEN ELLIS
Date Collected: 10/14/02 Time collected: & [0:00AM
1 Date received: 1012/02 Date anslyzed: 11/05/02
| Sample Composition: | Smgle
Lab sample ID #: 28934 Sample Composited : No

_Regulated VOC

W% /'.2~—/&—~03\

Coataminant Code MDLmg] Ansiysismgl  Method  Analyst

_Perchlorate 4.0 ND 314.0 *Umpqua
§ DCPA-mono + di acid 1.0 il 5152
1 Methyl-cert butyl ether (MTBE) 50 il 5242
Nitrobenzene 10.0 i 5242
¥ 2,4-Dinivowoluene 2.0 ol 5352
2,6-Dinitrotoluene 2.0 ) 525.2
Acetochior 20 ND 525.2
. 4.4°.DDE 0.8 oD 5252
EPTC 1.0 it 525.2
Molinate 09 e 525.2
*_Tubacﬂ 2.0 » 525.2
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Magic Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

wr System ID #: 400073 : Source :

§ Waer System BAKER CITY OF J
4 Address P.O. BOX 650

City, State, Zip BAKER CITY OR 97814

Sample identification
Sampied at: RESERVOIR, WELL Sempled by: KEN ELLIS
1 Date Coltecred: 107142000 Time colfected: 8:10:00 AM
| Dete seceived: 10142002 Date analyzed:_11/16/2002
Sample Composition: | Single

954 Sanp}

Volatile Organic Chemicals MDL foc al teat = 0.0004

' Contaminant Code MCLmgA  Aealysismgl  Metbod  Analyst
l 1,1-Dichlorozethylene 2977 0.007 ND 5242 *Umpqua
§ 1,11 Trichloroethane 2981 02 ND
] 1,1,2-Trichlarvethane 2085 0.008 ND
1,2 Dichloroethane 2980 0.005 ND
1,2 Dichloropropane 2983 0.005 ND
1 1.24-Trichlorobenzene 2378 0.07 ND
Benzene 2990 0.005 ND
[ Carbon Tetrachloride 2982 0.005 ND
Cis-1,2-Dichlorocthylene 2380 0.07 ND
Methylene Chloride 2964 0.005 ND
Ethylbenzene 2992 0.7 ND
{ Chlorobenzene 2989 0.] ND
1-2-Dichlozrobenzene 2968 04 ND
1-4-Dichlorobenzene 2969 0.075 ND
Styrene 2996 0.1 ND
Tetrachloroethylene 2987 0.005 ND
Toluene 2991 1.0 ND !
Total Xylenes 2955 10.0 ND
Trans-1,2-Dichloroethylene 2979 0.1 ND
Trichloroethylene 2084 0.005 ND
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Vinyl Chloride: 2076 0.002 ND
Unregulated
Contaminant Code Analysis mg/l h;!zcgagd _Analyst

1,1-Dichlorocthane 2978 ND
1,1-Dichloropropene 2410 ND
1,1,1,2-Tetrachloroethane 2986 ND
1,1,2,2,-Tetrachlaroethane 2988 ND
1,2,3,~Trichloropropane 2414 ND
},3-Dichloropropane 2412 ND
frans-1 3-thchioropropene 224

Cis-1,3-Dichlorapropene 2413

2.2-Dichloropropane 2416 :ﬁ
Bromobenzene 2913 ND
Bromodichloromethane 2943 ND
Bromoform 2942 ND
Bromomethane 2214 ND
Chloroethane 2216 ND
Chloroform 2941 ND
Chioromethane 2210 ND
Dibromochioromethane 2944 ND
Dibromomethane 2408

1-3.Dichiorobenzene 2967

2-Chlorotoluene 2965 ND
4-Chlorotoluene 2966 ND

— . BAKERCITYOF 29033
Comments:

wm@m&g&' )2 (& -

H:-eoamacionerirenlts. vor 30
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Magic Valley Labs, 210 Addison Box 1867, Twin Falls, (D 83301

Water System 1D #: 4100073

| Water System BAKER CITY OF

Address PO BOX 650

City, State, Zip BAKER CITY OR 97314

Sarnple tdentification
Sampled at: OLD MOUNTAIN LINE Sampled by: KEN ELLIS
Date Collected: 10/14/02 Time collected: 8:00:00AM
Date received: 10/14/02 Date analyzed: 11/05/02
Sample Composition: | Single

Contaminant Code MDL mgA Ammdbs mgfl Method Analyst
Perchiorate 40 | 3140 *Umpqua
DCPA-mono + di acid 1.0 ND S15.2
Methyl-tert butyl ether (MTBE) 50 ND $242
Nitobenzene 10.0 ND 524.2
2,4-Dinitrotoluene 20 ND 5252
2,6-Dinitrotoluene 20 ND §25.2
Aceiochlor 20 ND 525.2
4,4".DDE 08 ND 525.2
EPTC 1.0 ND 525.2
Molinaie 0.9 ¥ 5252
Texbacil 2.0 " 525.2

5 4 t‘./é&; /- jo-02
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Magic Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

Address P.O. BOX 650

City, State, Zip BAKER CITY OR 97814

Sample Identification
Sampled at: OLD MOUNTAIN LINE Sampled by: KEN ELLIS
Date Coliecred: 10/14/2002 Time collected: 8:00:00 AM
Dute received: 10/142002 Date analyzed: 11/16/2002
Sammple Composition: | Single

Contzminant Code MCL mgn Analysis mg/l Method Analyst
1,1-Dichlorvethylene 2977 0.007 ND 5242 “Umpqua
1,1,1-Trichloroethane 2981 0.2 ND
1,1,2-Trichlaroethanc 2985 0.005 ND
1,2 Dichloroethane 2980 0.005 ND
1,2 Dichloropropane 2983 0.005 ND
1,2,4-Trichlorobenzene 2378 0.07 ND
Benzene 2990 0.005 ND
Carbon Tewuchloride 2982 0.005 ND
Cis-1,2-Dichloroethylene 2380 0.07 ND
Mecthylenc Chlonide 2964 0.005 ND
Ethylbenzene 2992 07 ND
Chlorobenzene 2989 0.1 ND
1.2.Dichlarobenzene 2968 0.6 ND
14-Dichlorgbenzene 2969 0.075 ND
Styrene 2996 0.1 ND
Tetrachlorgethylege 2087 0.005 ND
Toluene 2991 1.0 ND
Total Xylepes 2955 16.0 NP
Trans-1,2-Dichloroethylene 2979 0.1 ND
Trichloroethylens 2984 0.005 ND
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Vil Chioride 2976 0.002 ND
Unregulated
Contaminant Code Analysis mg/l Mctbod Analyst
- 524.2 ¢ Umpqua
1,1-Dichioroethane 2978 ND
1,1-Dichlaropropene 2410 ND
1,1,1,2-Tetrachloroethane 2986 ND
1,1,2,2,-Tetrachloroethroe 2988 ND
1,2,3,-Trichloropropane 2414 ND
1,3-Dichioropropane 2412 ND
“Frams- | 3-Uichioropropene 2224
Cis-1,3-Dichloropropenc 2413
2,2-Dichloropropane 2416 I:z
Bromobenzene 2993 ND
Bromodichloromethane 2943 ND
Bromoform 2942 ND
Bromomethane 2214 ND
Chlproethane 2216 ND
| Chloroform 2941 ND
Chioromethane 210 ND
Dibromochioromethane 2944 ND
Disromomethane 2408
1-3-Dichlorobenzene 2967
2-Chlosotoluene 2965 ND
4-Chiorotoluene 2966 ND
o BARERCDIYOR 2y
Comments:
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Water Systers BAKER CITY OF

Address P.O. BOX 650

City, State, Zip BAKER CITY OR 97814

Date Collected: 10/14/2002

Sample Identification
Sampled at- OLD MOUNTAIN LINE Sampled by: KEN ELLIS

Time colfected: 8:30:00 AM -

Date received: 10/14/2002

Date analyzed: 10/23/2002

Sampie Composition; |

Single

Lab sample ID #: 28947

Regulated VOCs

Coantaminant Code MCL mgN Anslysis mg/l Method Analyst
1,1-Dichloroethylene 2977 0.607 ND 5242 *Unpqua
1.1,1-Trichlorocthanc 2981 0.2 ND
1,1,2-Trichloroethane 2085 0.005 ND
1,2 Dichloroethane 2980 0.005 ND

" 1,2 Dichloroprapane 2983 0.005 ND
1,2,4-Trichlorobenzene 2378 0.07 ND
Benzene 2990 0.005 ND

- Carbon Tetrachloride 2682 0.005 ND

{ Cis-1,2-Dichlorocthylene 2380 0.07 ND
Methylene Chloride 2964 0.005 ND
Ethylbenzene 2992 0.7 ND
Chlorobenzene 2989 0.1 ND
1-2-Dichiorobenzene 2068 06 ND
1-4-Dichlorobenrene 2969 0.075 ND
 Styrene 2996 0.1 ND
Tetrachioroethylene 2987 0.005 ND
Toluene 2991 1.0 ND
 Total Xylenes 2958 10.06 ND
Trans-1,2-Dichloroethylene 2979 0.1 ND
Trichloroethylene 29084 0.005 ND
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Vinyt Chloride 2976 0,002 ND
Unregulated
Contaminant Code Analyzic mg/l l;(gggd .m

1,1-Dichlaroethane 2978 ND
i,1-Dichioropropene 2410 ND
1,1,1,2-Tetrachioroethane 2986 ND
1,1,2,2,-Tetrachicroethape 2988 ND
1,2,3,-Trichloropropane 2414 ND
1.3-Dichloropropane 2412 ND
‘trang-{ , 3-thchioropropene 225

Cis-1,3-Dichloropropene 2413 ND
2, 2-Dichloropropane 2416 ND
Bromobenzene 2993 ND
Bromodichloromethane 2943 ND
Bromoform 2942 ND
Bromomethane 2214 ND
Chiorosthane 2216 ND
Chloroform 2941 ND
Chioramethane 2210 ND
Dibromochioromethane 2944 Nb
Dibromomethane 2408

I-3-Dichlorobenzene 2967

2-Chlorotalyene 2965 ND
4-Chlorotaluene 2966 ND

Comments:

s@“"”MM% /9*— (O~ D
Hilpmconcioeyrveminee 31853
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Maﬁi-c Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

} Water System ID #: 4100073

| Water System BAKER CITY OF
Address P.O. BOX 650
City, State, Zip BAKER CITY OR 97814

Sample Identification
Sampicd at: RESEVOIR WELL Sampled by: KEN ELLIS
| Date Collected: 10/14/2002 Time coltected: 8:10:00 AM
1 Dare received: 10/14/2002 Date analyzed: 10/23/2002
| secupie Composition: Single

28943

Lab sample ID #:

Regulated VOCs
Contaminant Code MCL mgA Analyssmg/l Method Analyst
1,1-Dichloroethylene 2977 0.007 ND 5242  *Umpqua
1,1,1.Trichloroethane 2981 0.2 ND
1,1,2-Trichlorosthane 2985 0.005 ND
1,2 Dichloroethane 2980 0.005 ND
1,2 Dichloropropane 2983 0.005 ND
1,2 4-Trichlorobenzene 2378 0.07 ND
Benzene 29%0 0.005 ND
Cearbon Tetrachloride 2982 0.005 ND
Cis-1,2-Dichloroethylene 2380 0.07 ND
Methylene Chloride 2964 0.005 ND
Ethylbenzene 2992 0.7 ND
Chlorobenzene 2989 0.1 ND
1-2.Dichlorobenzene 2968 0.6 ND
1-4-Dichlorobenzene 2969 0.075 ND
Styrene 2996 0:1 ND
Tetrachloroethylene 2987 0.005 ND
Toluenc 2991 1.0 ND
Total Xylenes 2955 100 ND
Trans-1,2-Dichloroethyleae 2979 0.1 ND
Trichloroethylene 2084 0.005 ND
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Magic Valley Labs, 210 Addison Box 1867, Twin Falls, TD 83301

| System ID #: 4100073

Water System BAKER CITY OF

I Address P.O. BOX 650

HCRy,Sme,Zip BAKER CITY OR 97814

- ———
Semple Idenification
Sampled att RESEVOIR WELL Sampled by: KEN ELLIS
Date Collected: 10/14/2002 Time collected: 8:10:00 AM
Date recieved:  10/14/2002 Date analyzed:
Sample Composition: | Single
Lab sample ID #: 28942 Sample Composited: No

Contaminant Code MCLmg/l Anmalysismg/l MDL Method Analyst
2.4-D 2105 0.07 ND 0.0002 515.1 Umpqua
2,4.5-TP Silvex mno 0.05 ND 00004 5151  Umpgus
Adipates 2035 04 ND 0.001 506 Umpqua
Alachior (Lassa) 2051 0.002 ND 0.0004 505 Umpquz
Atrazine 2050 $.003 ND 00002 507 Umpqua
Benzo{ A)Pyrene 2306 0.0002 ND 0.00004 550.1 Umpqua
BHC-garmma (Lindane) 2010 0.0002 ND 0.00002 508§ Urmpqua
. Carbofiiran 2046 0.04 ND 0.001 531.1  Umpqus
Chlordane 2959 0.002 ND 00004 508 Unopqua
Dalapon 2031 0.2 ND 06.002 515.1 Urmpqua
Dibromochloropropane 2931 0.0002 ND 0.00002 504.1 Umnpqua
Dinaseb 2041 0.007 ND 0.0004 515 Umpqua
Dioxin 2063 3x10°
Diquat 2032 0.02 ND 0.004 549.2 Umpqua
Endothali 2033 G.1 ND 0.01 548.1 Unipgqua
Endrin 2005 0.002 ND 0.00002 505 Umnpqua
Ethylene Dibromide (EDB) 2946 0.00005 ND 0.00001 504.1 Uropqua
Glyphosate 2034 0.7 ND 0.01 547 Unpqua
Heptachlar Epoxide 2067 0.0002 ND 0.00002 505

CORRECTED
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Heptachlor 2065 0.0004 ND 0.00004 505 Umpqua
Hexachlorobenzene (HCB) 2274 0.001 ND 0.0001 505 Umpqua
Hexachlorocyclopentadiene 2042 0.05 ND 0.0002 5035 Umpqua
Methoxychior 2015 0.04 ND 0.0002 505 Umpgua
Pertachiorophenol 2326 0.001 ND 0.00008 515.1 Umpqua

i Phithalates 2039 0.006 ND 0.002 506 Umpqua
Picloram 2040 0.5 ND 00002 515.1 Umpaqua
Polychlorinated Bipbenyls 2383 0.0005 ND 0.0002 508 Umpqua
Simazine 2037 0.0604 ND 0.0001 507 Umpgua
Toxaphene 2020 0.003 ND 0.001 508 Umpqua
Vydats 2036 02 ND 0.002 5311 Umpqua

Unregulated
Contaminant Code Analysis mgg/l Method MDL  Anslyst

3-Hydroxycarbofiran 2066 ND 5311 0.004 Umpgua
Aldicarb 2047 ND $31.1 0.002 Umpqus
Aldicarb Sulfoxide 2043 ND 531.1 0.003 Umpqua
Aldicarb Sulfone 2044 ND 531.1 0.001 Umpqua
Aldrin 2356 ND 505 0.0001  Umpqua
Butachlor 2076 ND 507 0.001 Unopqua
Carbary! 2021 ND 531.1 0.004  Umpqua

| Dicamba 2440 ND 515.1 0.005 Umpqua
Dieldrin 2070 ND 505 0.0001  Umpqua
Methomyi 2022 ND 531.1 0.004 Umpqua

1 Metolachlor _ 2045 ND 507 0.002 Unpqua
Metnbuzin 2595 ND 507 0.001 Umpqua
Propachlor 2077 ND 507 0.001 Unipqua

BAKER CITYOF 289421

Siﬁ/Dﬂe: f% /__;/‘d)

CORREFTED



ccccccceccececr

ettt ceccecc

Magic Valley Labs, 210 Addison Box 1867, Twin Falls, ID 83301

System ID #: 4100073 Emtry Point or Source ID: Source name(s):
Water System BAKER CITY OF
Address P.O. BOX 650
City, State, Zip BAKER CITY OR 97814
e —_—— ===

Sample Identification

Sampled att OLD MOUNTAIN LINE

Sampled by:  KEN ELLIS

Date Coliected: 10/14/2002

Time collected: 8:30:00 AM

Date recieved:  10/14/2002

Date analyzed:

Sample Composition:

| Single

Lab sample ID #. 28946

Sample Composited: No

Syntbetic Organic Chemicals
__ Reguiated
Contaminant Code MCLmpl Analysismp/l MDL Method Anatyst
24D 2105 0.07 ND 0.0002 515.1 Umpqua
2,4 5-TP Silvex 2110 0.05 ND 00004 5151  Umpqua
Adipates 2035 04 ND 0.001 506 Umpqua
Alachlor (Lasso) 2051 0.002 ND 0.0004 505 Umpqua
Atrazine 2050 0.003 ND 0.0002 507 Umpqua
Benzo({A)Pyrene 2306  0.0002 ND 0.00004 550.1 Umpqus
BHC-gamma {Lindane) 2010 0.0002 ND 0.00002 505 Utnpqua
Carbofuran 2046 004 ND 0001 5311 Umpqua
Chlordane 2959 0.002 ND 0.0004 508 Umpqua
" Dadapon 2031 02 ND 0.002 515.1 Umpaqua
Dibremochloropropane 2931 0.0002 ND 0.00002 504.1 Umpqua
Dinoseb 2041 4.007 ND 0.0004 5151 Umpqua
1 Dioxio 2063 3x10*
Diguat 2032 0.02 ND 0.004 549.2 Umpqua
Endothall 2033 0.1 ND 0.01 548.1 Umipqua
Endrin 2005 0.002 ND 0.00002 508 Umpqus
Ethylene Dibromide (EDB) 2946 0.00005 ND 0.00001 504.1 Umpqua
Glyphosate 2034 0.7 ND 0.01 547 Umpgqua
| Heptachlor Epoxide - 2067 0.0002 ND 0.00002 505

CORRECTED
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Heptechior 2065 0.0004 ND 0.00004 505 Umpque
Hexachlorabenzene (HCB) . 2274 0.00! ND 0.0001 505 Umpqua
Hexachlorocyclopentadiene 2042 0.05 ND 0.0002 505 Umpqua
Methoxychior 2015 0.04 ND 0.0002 505 Umpguz
Pentachlorophenol 2326 0.001 ND 0.00008 515.1 Umpaua
Phtbaistes 2039 0.006 ND 0.002 506 Umpqua
Picloram 2040 0.5 ND 0.0002 5151 Umpqua
Polychlorinated Biphenyls 2383 0.0005 ND 0.0002 508 Umpqua
Simazine 2037 0.004 ND 00001 5067 Umpqua
Toxsphene 2020 0.003 ND 0.001 508 Umpqua
Vidate 2036 02 ND 0.002 5311 Umpaqua
Usaregulated
Contaminant Ceode Analysis mgl Method MDL  Analyst

3-Hydroxycarbofuran 2066 ND 5301 0.004 Utopqua
Aldicarb 2047 ND 531.1 0.002 Unnpqua
Aldicarb Sulfaxide 2043 ND 531.1 0.003 Umpqua
Aldicarb Sulfone 2044 ND 5311 0.001 Umpgqua
Aldrin 2356 ND 505 00001  Umpqua
Butachior 2076 ND 507 0.001 Umpqua
Carbaryl 2021 ND S311 0.004 Umpqua
Dicamba 2440 ND 5151 0.005 Umpqus
Dieldrin 2070 ND 505 0.0001  Umpqua
Methomyl 2022 ND 5311 0.004 Umpqua
Metolachlor 2045 ND 507 0.002 Umpqua
Metribuzin 2595 ND 507 0.001 Umpqua
Propachlor 2077 ND §07 0.001 =Uwqul
BAKER CITYOF 289461

CORRECTED
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Appendix D: ASR Head Buildup/Drawdown Calculations
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Appendix D: ASR Head BuilduplDradewn Calculations
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Assumptions

Baker City ASR Head Buildup/Drawdown

Calculations

Operational Assumption

General - '
Wintertime (long term) injection event
Summer time injection event to offset spilling
Target injection volume is 100 MG +

Wintertime

Wintertime injection period: December 1* to April 30

Assume injection shutdown due to turbidity events. Assume two events
at 20 days per event, which is equal to 40 days of no injection

Assume back flushing every 3 weeks (loss of 10 days of injection)

Total days of injection = 100 days |

Assume 800 gpm (gallons per minute) for wintertime injection rate.

Summer Time

Summer-time injection period: June 15" to Jilly 30™

Assume shutdown due to turbidity events. Assume two events at 2 days
per event, which is equal to 4 days of no injection. _ _
Assume back flushing which will result in 3 days loss of injection
Assume a loss of 10 days durmg mjectlon due to cycling on and off the
clear well.

Total days of injection = 28 days

Assume 1250 gpm for summer-time injection rate

Pumping

Head buildup calculations from year-to-year assume that 100% of the
stored water is removed from storage; otherwise the head buildup in the
injection well will exceed the ground surface during Year 2 injection.

Pumpmg rate is 1800 gpm
o Winter-time storage volume is 115 MG, which is equal toad4
day supply assuming 1800 gpm.

‘0 Summer-time storage volume is 50 MG, which is equal to a 19
day supply assuming 1800 gpm.

P:\145 - Baker City\00\ASR_Calcs\ASR_Assumptions.doc
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Key Assumption

>

1)
2)

3)

4)

oW

8)

9

Aguifer characteristics further away from the well are uncertain. We have
assumed no negative boundary(s)(e.g., faults that limited the size of the storage),

- which is based on results of 5-day constant rate test data. As such, we used

specific capacity at 100 days based on projection of constant rate test drawdown
curve. If the aquifer permeability is lower than estimated, the assumed injection

~ rate of 800 gpm may not be sustainable over the entire injection period (100
days). Options for reducing the injection rate and keeping the pump column full

without air include: 1) down-hole control valve, 2) periodically stopping injection
to allow head buildup to dissipate, and 3) injecting under pressure in order to
maintain a full pipe-column at a lower injection rate.

Other Conservative Assdmptions

Threshold water level rise in ASR well during injection to be maintained 25 feet
below ground surface (bgs).

Assume back flushing will help control the head buildup due to clogging in the
ASR well.

Assume a 15% reduction in specific capacity between injection and pumping
(based on early cycle testing data for the Beaverton Project). Year 2002 data for
Beaverton showed little or no reduction between the injection and pumping
specific capacity. : |
Assume a 15% reduction in injection specific capacity from year-to-year (based
on early cycle testing data for Beaverton).

Assume no reduction in pumping specific capacity from year-to-year.

Assume a well efficiency of 50%, which is typical for basalt wells (e g., Hanson
Well).

Water level rise in aquifer will be used to predict seeps. If the water level in the
aquifer is less than 177 feet bgs (which was the depth to water when the well was

drilled) then assume no likelihood of seeps.

Specific capacity at 100 days based on constant rate test which was run at 1500
gpm — starting point.

Change in specific capacity at either higher or lower pumping rates calculated
using step test data. -

10) Wintertime head rise will begin to decay prior to start of summer-time injection.

Decay rate calculated based on recovery curve of constant rate test. Trend line
and equation fitted to test data to calculate decay rate for greater time span.

11) Since there was 6 feet of residual drawdown after the constant rate test, assume

that all of the water pumped was taken out of storage.

12) Assume summer-time injection specific capacity is 30% lower than wintertime

injection specific capacity since the aquer has a.lready been loaded with
approximately 100 MG.

'13) Incorporate turbidity events into the injection cycle.

14) Incorporate cycling of the clear well for summer-time inj ection cycle.

P:\145 - Baker City\001\ASR_Calcs\ASR_Assumptions.doc
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15) Head build up for summer injection period starts from where the wintertime head
build in injection well ended up minus decay amount (which is 36 feet).

16) Assume the head rise in the aquifer is the same from year to year starting from the
pre-ASR static water level, which is based on the assumption that 100 percent of
stored water is removed. No reduction in aquifer transmissivity beyond the
borehole skin.

17) Drawdown is based on where the head is after injection and not based on pre-
injection static water level. -

. P:\145 - Baker City\0O1\ASR_Calcs\ASR_Assumptions.doc
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Baker Clty Constant Rate Aquifer Test

Reservolr Well

1124/03 - 1127103
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P:\145 - Baker City\OOI\ASR_Calcs\ASR_Assumptions.doc
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Baker City Constant Rate Test Recovery .
Reservolr Well
1/30/02 - 2/9/03

0.0

Residual drawdown = 6 ft

¥

100 . N

~, ) [Q=1500 gpm
-~ ; T=7300 gpd/t
200 " delta S' =54 ft

30.0

ResIdual Drawdown (ft)

/

50.0

70.0
1.0

P:\145 - Baker City\001\ASR_Calcs\ASR_Assumptions.doc
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0.02400

0.01600

s/Q

0.00800

0.00000

Baker City Step Test

y = 4E-06x + 0.0086
R?=0.9911

Lp= 6§9% (Laminar flow loss only not well efficiency)
Linear well loss, well and aquifer (B)= .0086
Non-linear well loss coeff. (C)= 4.00E-6

S=(BQ)I(BQ+CQz), ((Hantush-Bierschenk, 1964)

Y = T T

500 1000 1500 2000
Q (gpm)

P:\145 - Baker City\OOI\ASR_Calcs\ASR_ Assumptions.doc

2500



cccccecccececc

€ € C (

rreececeecccccccccccrecceecccccaccac

L

Estimating Changes in Specific Capacity at dlfferent
injection/pumping rates

Use Step Test Equation
4X10-6 Q + 00.86
Where y =s/Q ft/gpm
Thus 1/y = Q/s gpm/ft (same as Specific Capacity (SC))

Drawdown at different pumping rates from step tests
SWL = 248 ft bgs
500 gpm = 253 ft dd
1000 gpm = 261 ft dd
1500 gpm = 269 ft dd

SC @ 1500 gpm = 1500/(269-248) = 71.41 gpm/ft

SC from 1500 gpm to 800 gpm
Y = 4X10-6 (800 gpm) + 0.0086
Y =0.0118
1/y = 84.75 gpm/ft

~ SC@ 1500 gpm = 71.42 gpm/ft to SC @800 gpm = 84.75 gpm/ft or 19%
increase

Assume 20% increase in SC when going from 1500 gpm to 800 gpm

SC from 1500 gpv m to 1250 gpm
Y =4X10-6 (1250. gpm) + 0.0086

Y =0.0136
1/y 73.52 gpm/ft
Assume a 3% increase in SC when going from 1500 gpm to 1250 gpm

SC from 1500 gpm to 1800 gpm
Y = 4X10-6 (1800 gpm) + 0.0086
Y =0.0158
1/y = 63.3 gpm/ft
Assume a 10% reduction in SC when going from 1500 gpm to 1800

gpm

© P:\145 - Baker City\001\ASR_Calcs\ASR_Assumptions.doc
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Baker City ASR
Constant Rate Test Recove
iy e y =-3.8987Ln(x) + 337.45
230.000
250.000 4 May 30th to June 15th = 45 days or 64,800 min. ]
'Y = -2.867 Ln (64,800 min) + 337.45
=204 ft

270.000 e
€ - Start at 330 ft bgs
£ === @ 45 days 294 ft bgs
E 290.000 | Thus decay Is 36 ft

) e

S
-
H

310.000

\_ —
e
330.000 Trend Line
350.000
10 100
Time {min)
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Baker City Head Buildup Calculations -- Winter Time
| :

Assumptions

SWL

Start ifjection

1-Dec

Each year

Stop Injection

30-Apr

Each year

Total Days|

150

days

Back flush 20 weeks every 3 weeks 7 days

-10

NTU events greater than 0.6

days

|2 events at 20 days per

-40

days

Total Days

i | |
Assume a 50% well efficiency — typical for basalt w

Volume estimates:

At 800 gpm 115,200,000 MG

187,200,000 |MG

At 1300 gpm

At 1800 ppm pumping assuming winter and summer time storage of 147

days

Maintain head buildup In well at 26 bgs ~ threshold

Assume 800 gpm since target is only 100 MG
[ B S|

Constant rate SC @ 1500 gpm at 100 days

Pumping SC @ 800 gpm at 100 days is 20% greals
[ gl

or based on step test data
|

20% 1.2

Pumplng SC at 1500 at 56 days

Pumplng SC at 1800 at 56 days assuming 15 % reduction based on shp

test data

-15%

-15% 0.85

Injaction SC is 15% less than pumping SC

is:)

Assume 15% reduction in SC between guccassive
| |

SWL bgs

days

well eff

m Injection rate

gpm Injection rate

m pumping rate

threshold

mlr_\}edion rate

gpmmt

15% reduction

[
Estimates (800 gpm Injection rate)

PA145-Baken001\ASR Qalc“Sé_Calc,_vi xi83/13/2003

Head Build
indide Well Casing Outslde Borehole in Aquifer
Yoar 1 136.40 |t of head bulldup
SCyr 1 5.865] 113.50]|bgs [ 181.80|bgs
Year 2 - 160.47 |ft of head buildup
SCyr2 499 89.53bgs 181.80 |bgs Same since water recovered from storape and SC
: in aquifer is not reduced with each injection cycle
Year 3 188.79 | ft of head buldup
SCyr3 4.24 61.21|bgs 181.80 Ditto
Year 4 222.11|ft of head buildup
SCyr4 3.60 27.89|bgs | 181.80 Ditto
Yoar 5§ 261.30 |t of head bulidup .
SCyrs 3.06 -11.30|bgs Head Buitdup in Well Above Ground Surface — Red ypment Needed
Drawdown Estimates
Pumplng rate of 1800 gpm —~ prior to summer time inj
Inslde Well Casing Outside Borehole in Aquifar
Year 1 327.27 |t drawdown 345.44 {bgs
SCyr1 6.50| 440.87|bgs
Year 2 327.27 |t drawdown 345.44 |bgs Same since water recovered from storage and SCin
SCyr2 - 5.50 416.80[bgs Nde:SinoeHeadBuLl_M_f%Is quifer Is not reduced with each injection cycle.
higher each year the drawdown
Year3 327.27 |t drawdown |in the wel in terms of bgs Is less 345.44
SCyr3 5.50 388.48|bgs @ach year assuming no
reduction In pum), SC
Yoar 4 327.27 |t drawdown 345.44 |bgs
SCyr4 5.650]  355.16|bgs
Year & 327.27 | ft drawdown 345.44 |bgs
SCyrs 6.60 316.97
SC = specific capacity = injection or pumping rate divided by drawup or drawdown = gpm/ft
= below ground surface [ |
[SWL = staticwaterieveibgs | [ ==
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Baker City Head Buildup Calculations -- Summer Time
[ [
Assumptions
Start Inj n after one winter injection season i
Start injection 156-Jun |Each year
Stop injection 30-Jul|Each year
Total Days 45|days
Back flush 3 imes 3|days
NTU events greater than 0.5
|2 events at 2 days per event -4 [days
Cycling of Clear Well results in lost days -10
= | ~_[Total Days 28 days
Assume 50% well efficiency which Is typical for basalt wells % well eff
Volume estimates:
At 800 gpm 32,266,000 (MG injection rate
At 1250 gpm 50,400,000 |MG pm injection rate
Pumping Rate m purnping
Maintain head buildup in welt at 25 bgs — threshold bgs threshold
Assume 12;50 ln]ocﬂor} rate per Balier request m Injection rate
Constant rate SC @ 1500 gpm for 30 days prvit
Pumping SC @ 1250 gpm for 30 days is 3% greater based on step test data
[ H_‘T. & =l . i : 3% 1.03 mAR
Pumping SC at 1800 at 56 days assuming 15 % reduction based on step test data
Summer time injection specific capacity is 30% less due {o winter-time loading of aquife 30% 07 gpm/ft
Assume 15% reduction in SC beh successive years 15% red 1
Based on recovery wrlve trend the winter-time head rise will decay 36 ft after 45 days ft decay of winter-ime head risa
Head Bulldup Estimates (1250 Injection rate)
) Inslde Well Casl | Outside Barehole in Aquifer
Year 1 78.80|ft of head bulldup
SCyr1 16.882 70.79|bgs } 142.40|bgs
Yoar 2 92.71/|ft of head -buildup
SCyr2 - 1348 32.82bgs | 142.40 Same since water recovered from storage and SC
: in aquifer is not reduced with each injection cycle
Year 3 109.07 |t of head bulldup |1
SCyr3 1148 -11.86|bgs Head Buildup in Well Above Ground Surface — R lopment Neaded
Drawdown Estimates
Inside Well Casing Outside Borehole In Aquifer
Year{ 327.27 |t of drawdown 308.03bgs
IsCyr1i 650 398.07 Note: Since Head Building Is
. higher each year the drawdown
) Yoar2 327.27 |t of drawdown in the well In terms of bgs Is less 306.03|bgs Same since water recovered from storage and SC
SCyr2 5.50 360.09|bgs each year assuming no in aquifer Is not reduced with each injection cycle
reductfon in.pumpng SC
: Year3 327.27|ft of drawdown 306.03 |bgs
S§Cyra 550 316.41|bgs }
SC = spadific capacity. = Injection or pumping rate divided by drawup or dawdown = gpm/ft
bgs = below ground surface _ |
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Baker City Storage Volume Estimate

Volume removed during constant rate test @ 1500 gpm for 5 days

Volume = 10,800,000

SWL 1977 177 bgs
SWL 2003 250 bgs
Difference 73
Residual Recovery 6 ft

(see recovery curve)

Assuming all water pumped during constant

rate test was from storage

Gallons per foot of residual drawdown 1,800,000
Assume that there is 73 feet of available head room in the aquifer
to allow the water level to rise to the 1977 level and assume that the

1977 SWL is in equ,f!ibrium with the system with no anomalies.

Thus: 73 X 3.6 MG 131,400,000
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‘Appendix E: Phase 2 ASR Pilot Project Scope of Work
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Appendix E

Phase 2 Aquifer Storage and Recovery Pilot Project

If the City chooses to move forward with the ASR project based on the findings from the feasibility
study, an ASR pilot project will be conducted as required by the OWRD ASR rules. The project will
include permitting the well according to State ASR regulations and will include completing an ASR
pilot test under an ASR limited license. The following specific scope of services will be provided.

Task 1 - Permitting. Meet with the Oregon Water Resources Department (OWRD) to discuss the
City’s plans for implementing ASR. Discuss with OWRD any concerns they may have with the
program to make sure there are no fatal flaws prior to proceeding. Prepare an ASR limited license
application on behalf of the City and submit it to OWRD. Follow-up with OWRD to ensure a limited
license is issued for the project. We assume that the City will be intimately involved in this task and

~ that GSI will provide support in agency meetings and that GSI will prepare the limited license

application. Dick Fleming will be task lead.

Task 2 - ASR Design and Bidding. AP will prepare plans and specifications for retrofitting the
well and will prepare a bid document that the City can use to solicit bids from qualified contractors
for retrofitting the ASR well. We will work closely with the City during the design phase to be sure
that the system equipment, controls and operation meet expectations. Because the well cannot be out-
of-service for an extended period of time, the work must be well planned; this will be accomplished
through frequent communications with the City, the selected contractor and the GSI-AP team. An
evaluation of the best way to control injection will be performed. Methods that will be evaluated
include injection through the pump bowls and the use of a down-hole control valve. In most cases,
injection through the pump bowls is preferred due to the high cost and complexity of down-hole
control valves. The recharge source water will come from the reservoir via a new booster pump. The
booster pump will permit the City to recharge at a constant rate whenever there is additional capacity
in the system. The injection system will be controlled via telemetry using the level in the reservoir,
which will eliminate the need to spill excess water delivered from the watershed. The design will
include a pump to waste system for wastewater generated during pump startup and periodic back
flushing episodes. A SCADA system will be developed to allow the City to remotely monitor
(including City Hall) and data log important operating characteristics of the ASR system. These
operating characteristics will include reservoir level, flow rate, injection/recovery volume, turbidity,
well water level, temperature, and alarm status. AP will provide the general conditions and technical
specifications for the contract documents. The City will bid, advertise and manage the retrofit of the
ASR well; AP will be involved in bid evaluation and will be available to answer technical questions
related to the retrofit. Because this is a municipal water system, the Oregon Health Division must
approve plans for the ASR system. If desired by the City, we would also be willing to discuss doing
the ASR design and construction as a turnkey project utilizing Ed Butts and Stettler Supply as the
ASR system construction contractor. Robin Harris and Jess Holt of AP will lead this task.

Task 3 - ASR Work Plan. GSI will prepare an ASR Work Plan and submit it to OWRD for
approval following City review and acceptance. The work plan will present a groundwater
monitoring plan, water quality sampling plan, ASR pilot testing plan, and ASR system design. GSI
will address agency comments on the work plan. Jeff Barry of GSI will be task lead.

Task 4 - ASR Pilot Testing. Complete a pilot test program based on the approved ASR work
plan. The pilot test program will consist of a short-term (1 week) injection and recovery test followed
by an extended injection period (4 to 6 months depending upon available recharge water supply and
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turbidity levels). Well efficiency will be monitored closely during injection (utilizing water level and
injection rate data) to determine the rate of clogging and to identify when back flushing should occur
in order to remove sediment introduced during injection. Beginning in June or July, the well will be

. pumped to recover the stored water. Prior to introduction of the water to the City’s system, a water

sample will be collected to confirm that it meets all drinking water standards and that it has
acceptable taste and odor. Additional water samples will be collected periodically during recovery to
assess water quality changes. The testing program will last approximately one year. As a cost saving
measure, we have assumed that the City will collect the majority of the field data with support from
GSI and local AP staff. Jeff Barry of GSI will be task lead with support from Larry Eaton. Specific

. work elements include the following:

1) GSI will install dataloggers and direct collection of base line groundwater elevation data by

City staff prior to ASR testing.
2) AP will assist the City during initial injection and recovery startup and testing to make sure

that the system is functioning properly.

3) GSI will direct monitoring of the injection well and up to three groundwater wells during
ASR testing based on the approved ASR Work Plan. City staff will collect the water level and
injection/pumping rate data. Periodically, local AP staff will download dataloggers and
forward the data to GSI. The City will collect water quality samples according to the ASR
work plan and ship them to the laboratory for testing. GSI will evaluate the data and enter it

into a project database.
4) GSIwill analyze the water level and water quality data and present bi-weekly updates to the

City during the injection phase of the ASR pilot test program. GSI will recommend when the
City should perform back flushing.

Task 5~ ASR Analysis and Report. We will complete a review of the ASR pilot study
and determine if the project is feasible and whether or not the City should apply for an ASR
Permit for full-scale operation. Treatment requirements will be evaluated. A realistic ASR
expansion plan will be provided that includes preliminary engineering cost estimates and
cost/benefits and associated risk of adding additional ASR wells to the system. This analysis
will include a review of how an expanded ASR system can be beneficially incorporated into
the City’s existing water supply system. Pilot testing results will be presented in a final ASR
report and submitted to the City and OWRD for review. Jeff Barry of GSI will be task lead.

Task 6 — ASR Operations Plan. We will develop an ASR operational plan that the City
staff can use to run the ASR system. The plan will include target injection and pumping
rates, injection and recovery schedule, recharge turbidity criteria, injection efficiency
monitoring, recommended back flushing frequency, and injection startup, injection
shutdown, and pumping startup procedures. We have assumed City involvement in this task
to ensure that the operational plan meets the City’s expectations and that ASR operational
protocols fit well with the City’s current water supply operational plan. Jeff Barry and Robin
Harris will collaborate with the City on this task.
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Appendix F: ASR Process Narrative (Stettler Supply
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City of Baker City Oregon
- Well #1
ASR Program

Process Narrative

Introduction: The Aquifer Storage and Recovery (ASR) system contemplated for the
Baker City Well #1 will consist of two individual and separate operations: 1) Recharging,
and 2) Withdrawal. The control and safety functions for each operation will utilize

equipment with parallel capability, when possible, to simplify the system and avoid

duplication of cost and/or control function. The following narratives outline the
preliminary concept of operational and safety functions for each operation:

Rechargm g'

Recharge operation will consist of extraction of potable and treated water from the
chlorine contact chamber through use of a new booster pump. This water will be diverted
to Well #1 via a new 10” buried recharge line to be installed from the proposed booster
pump location to Well #1. Water will be delivered into the well and aquifer by direct

~ discharge through a series of control valves and ultimately down the column, through the

bowl assembly and pump inlet, and into the well. Adequate pressure to prevent cascading
or air entrainment will be accomplished through wellhead pressure developed through a
combination of the booster pump, gravity head developed from the wellhead down to the

standing water level in the well, and frictional losses developed from the

column/lineshaft and the bowl assembly. Flow control will be the primary control
threshold with safety overrides capable of disabling the system at any time. The system is
intended to be controlled as a manual operation with automatic safety overrides.

Control: The following control functlons, in the order listed, will operate the recharge
process:

Beginning Status: All pumps off----valving and control logic in normal operational
position for withdrawal----Safeties in normal configuration----No alarms

~ Control Valve “A”---open; Control Valve “B”----closed; Control Valve “C”----open

1) Operator rotates selector switch to “Recharge” position from “Off” position
(Selector switch positions: “Off’-----“Recharge”----“Well Pump”’)
2) Operator selects desired recharge rate: 800 GPM------ 1500 GPM
3) Operator presses “Start” button
4) Well pump is immediately “locked out of service”
5) Blowoff control valve “C” remains open
- 6) Discharge line control valve “B” remains closed
7) Well Discharge valve “A” closes
8) - Recharge booster pump starts
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9) Initial recharge water discharged through blowoff for pre-determined interval
or until turbidity is within acceptable range.

10) Well Discharge control valve “A” opens

11) Blowoff control valve “C” closes

12) Booster pump operates at full rate until column is filled

13) Pressure sensor on well discharge line reports adequate recharge pressure at
wellhead

14) Booster pump, via variable frequency drive, lowers flow rate and controls
flow rate at selected rate after receipt of appropriate signal from pressure
sensor using analog comparator from flowmeter. :

<Normal shutdown sequence>
1) Operator returns selector switch to “Off” position
2) Control valve “C” opens

~ 3) Booster pump shuts down'

4) Control valve “B” remains closed
<system now at normal “oft” state>

Control: The following controls will regulate the recharge process:

1) Flowmeter-----Controls preselected recharge flow rate via analog feedback

2) Analog pressure Ssensor------- Insures maintenance of adequate wellhead
pressure during recharge . .

3) Variable: Frequency Drive------ Modulates motor speed to regulate and
maintain pre-determined recharge flow rate.

Safety Overrides: The following safety controls will immedialtely shutdown the

recharge process

1) Analog pressure sensor: Will shutdown and lockout the recharge process

should wellhead pressure fall below 10 psi or above 100 psi - “Alarm output”

2) Flowmeter: Will shutdown and lockout the recharge process should recharge
flow vary more than 20% above or below the selected flow rate.--------
“Alarm output”

3) Turbidity: Will send alarm (but not shutdown) should turbidity rise above
selected value.---“Alarm output”

4) Power failure: System will not restart until manually restarted “Alarm output”

~ 5) Well water level—Will send alarm (but not shutdown system) should water

level in well exceed or fall below predetermined levels.
6) Valve failure: Any valve that fails to operate (open or close) to it’s required
location will result in system shutdown via microswitches-- “Alarm output”
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Withdrawal

Normal operation of the well will not differ appreciably from the current operation,
except for operation of the control valves and a predetermined blowoff period. Well
operation will be based on normal withdrawal of water from the existing well using a
new vertical turbine pump (which will also be used for recharge purposes). Operation of
the well pump is also intended to be a manual operation with appropriate operational and
safety controls.

Control: The following functions, in the order listed, will control normal well pump
operation:

Beginning status: All pumps “off’-----Valving and controls in normal withdrawal
position----All safeties in normal configuration-----No alarms

Control Valve “A”---open; Control Valve “B”-----closed; Control Valve “C”----open

1) Operator rotates selector switch to “Well Pump” from “Off” position
2) Operator presses “Start” button”
3) Pre-lube injection valve opens and prelubncates llneshaﬂ bearings for 10-15
*  minutes.
4) At end of prelube interval, well pump starts and delivers water to surface
5) Initial water from well discharges through Control Valve “C” for predetermined
period. :
6) Control valve “B” opens
7) Control valve “C” closes
8) Well pump delivers water to system _
<Normal Shutdown Sequence>
1) Operator returns selector switch to “Off” position
2) Control valve “C” opens
-~ 3) Control valve “B” closes
4) Pump and motor shutdown occurs when control valve “C” is fully open
<System is now at normal “Off” state>

Safety Functions: The following safety controls will shutdown the well pump

operation:

1) Analog pressure sensor: Will shutdown and lockout the Well pump should
- operating pressure fall below or rise above predetermined levels—*“Alarm output”

2) Flowmeter: Well pump will shutdown if analog signal is not received at adequate
levels to PLC, indicates broken shaft—“Alarm output” '

3) Power failure: System will not restart until manually restarted-“Alarm output”
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4) Valve failure: Any valve that fails to operate to it’s required location (open or
closed) will prompt shutdown and lockout of system—*“Alarm output”

5) Well water level: Water level below predetermined level (10°-20° above the bowl
intake) will prompt shutdown and lockout of pump----“Alarm output”
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