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AAZER RESOURCES DEF1 EXECUTIVE SUMMARY
SALEM, OREGON

OVERVIEW OF FEASIBILITY STUDY

The City of Tigard (City) is pursuing the development of an aquifer storage and recovery
(ASR) system using it's existing wells and source supplies. The City currently utilizes
surface water from: 1) the Bull Run system via the City of Portland and Tualatin Valley
Water District (TVWD), 2) Lake Oswego from the Clackamas River source, and 3) City
of Beaverton Joint Water Commission source. In addition, Tigard has four wells. ASR
involves the injection of surplus water from other sources during periods of low demand
into the aquifer with recovery of the water during the high demand period. This report,
the Feasibility Study, is Phase | of a three Phase approach to ASR. Phase |l includes
the Pilot Test and Phase lil is the Full Scale Implementation. Phase | determines the
feasibility of the potential for ASR and identifies a potential well to be used in Phase Il -
Pilot Testing. Phase |l uses the Pilot Test to confirm aquifer performance, and to
confirm the feasibility of full-scale implementation.

Study Objectives

The purpose of the ASR Feasibility Study is to evaluate the feasibility of developing an
ASR system for Tigard. The Feasibility Study involves an assessment of the potential
storage capacity in the aquifer, recharge and recovery rates for wells, and potential
impacts on groundwater conditions and water quality in the storage aquifer. The
overall purpose of the feasibility study is to identify whether there are any potential fatal
flaws for ASR and to determine the optimum strategy for implementing pilot testing to
further evaluate ASR. There are several elements of the Phase | ASR Feasibility Study
including:

How ASR fit’s into the City’s overall water supply and identifying source water
Determining which City well is best suited for ASR pilot testing

Characterizing the hydrogeology in the area of the test well

Evaluating water quality compatibility with the groundwater and source waters; and
Identifying permitting issues to ensure regulatory success

* S & ¢ o

Evaluation of these elements will reveal any fatal flaws for the feasibility of ASR in the
City of Tigard. If no fatal flaws are found, then the Feasibility Study serves as the
foundation for the development of the Pilot Test Plan — Phase ll. One of the critical
elements of the Feasibility Study is to determine which of the City’s existing wells can
be used to conduct the pilot test. In addition, the Feasibility Study will estimate storage
volumes, predicte how the water quality may vary within the aquifer during storage,
evaluate the source water and effects of mixing with groundwater and identify any
permitting issues to ensure regulatory success.
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ASR Applications

The City wishes to utilize ASR for both short-term and long-term needs. In the short-
term, the City’s current water supplies from the above mentioned sources do not
provide additional water above the current peak day demands (13 mgd). For long-term
planning, the City must consider population growth and the renewal of contracts with the
City of Portland by 2007. If feasible, the City would like to use ASR to fill the gap in
short-term water demands and potentially provide a consistent water supply in the long-
term. ASR is a means of lowering the City’'s costs for peak day and peak season
supply. Use of ASR would allow the City to make better use of its existing wells and
reduce the need to obtain peak season supply. It may also allow for a more consistent
water quality throughout the year. ldeally, the City would like to complete the Pilot
Study by the middle of 2002 and begin delivering water to its customers by the summer
of 2002. Initial production would be approximately 1-1.5 mgd. Ultimately, the City
would like to utilize ASR with a production of 4-6 mgd within 10 years.

Hydrogeological Assessment

Hydrogeological investigations completed during the Feasibility Study indicate the
following:

¢ The storage capacity within the unconfined basalt (that has been dewatered over the
last 50 years) beneath Bull Mountain is estimated to be about 4 billion gallons. This
is more than sufficient to enable development of an ASR scheme that is capable of
producing up to 6 mgd for periods of up to 8 months;

¢ Injection rates of about 1,000 gpm in individual wells are feasible;

¢ Withdrawal capacities for new ASR wells are expected to range between 400 and
800 gpm and approximate 600 gpm;

¢ In order to achieve a 1.5 mgd ASR scheme pumping for 4 months, 240 million
gallons of water would need to be recharged to the aquifer. This volume accounts
for a 25% leakage loss. Two wells each injecting at an average daily rate of 2.0
mgd (1,390 gpm) could recharge the aquifer over a 4 month period. This quantity
could be recovered over a 4 month period by two wells each pumping an average
rate of 520 gpm.

+ A 6 mgd ASR scheme pumping for 8 months would require recharging of about 1.92
billion gallons of water over a four month period. Accounting for the possibility of
25% losses during the recharge and storage period, about 1.44 billion gallons would
be available for recovery. To recharge 1.92 billion gallons over 4 months would
require 10 ASR wells each recharging approximately 1,100 gpm. During recovery,
each well would operate at an average pumping rate of 400 gpm. Higher recovery
rates may be possible for shorter time periods;

¢ There is expected to be no adverse water quality impacts associated with injection of
treated surface waters into the basalt;
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¢ Potential impacts associated with the development of an ASR scheme are likely to
include a water level rise in other basalt wells on Bull Mountain. Other potential
impacts may include an increase in spring discharge on the slopes of Bull Mountain.

¢ The effects of large-scale water level changes (increases and decreases) on
individual well performance require additional monitoring of water levels.

Uncertainties

Assessment of ASR potential is subject to some uncertainty because of the limited data
available for the Feasibility Study. At this time, the hydraulic behavior of the aquifer
boundaries are unknown and require further study to determine how they will affect
storage quantities and recovery efficiency of the stored water. Resolution of the
uncertainty with regard to the aquifer conditions is recommended to confirm storage
volumes, injection and recovery rates, groundwater level changes and effects on
springs and streams.

Pilot Testing

The evaluation of the City’s four wells indicate that Well No. 1 is best suited for ASR
testing based on the hydrogeologic properties of the well and the location of nearby
monitoring wells. However, geophysical logging of the well revealed a poor casing, thus
requiring repairs for further production of groundwater or ASR development. Repairs to
the well or a new well will be needed for the Pilot test in the fall of 2001. A schedule for
the Pilot test is shown in Figure ES-1.

Cost Estimate for Pilot Phase Il

Based on findings from the Feasibility Study, estimated costs were prepared for the
Pilot Phase. Costs include the conversion of Well No. 1 to a monitoring well, drilling of a
new well on the same site and associated piping, equipment and housing costs. These
costs are estimated costs for planning purposes only and are based on previous ASR
projects. Table ES-1 lists the costs included in Phase Il — Pilot Test.

The following assumptions were made in developing the Phase Ii costs:

¢+ A new well can be drilled on the Well No. 1 site and Well No. 1 can be converted to
a monitoring well.

¢ The transmission line from the new well will be connected to the existing piping in
the reservoir yard.

¢ The distance from the wellhead to the transmission line is 100 feet.

The pump was sized for ASR injection and withdrawal rates at 1000 gpm

+ No additional water treatment will be necessary beyond the chlorination system
currently in place.

L 4
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TABLE ES-1 PHASE Il PLANING LEVEL COST ESTIMATE

¢ Descripton |  Costs
PERMITTING AND WATER RlGHTS* $ 19,500
WELLHEAD MODIFICATIONS
Conversion of Well No. 1 to monitoring well $ 18,000
New Well Construction Costs |
Drill new well on Well No. 1 site (12 in.) 600 ft. $ 80,000
Pump and installation (1000 gpm Vertical Turbine w/non- $ 55,00(1
reverse ratchet)
Pump House $ 45,000
Electrical $ 20,000
Infrastructure |
Flowmeter $ 4,000
IPRV/check valve $ 3,300
Back Pressure valve $ 2,600
Pump Control Valve $ 3,000
Valves/Fittings $ 8,000
SCADA $ 8,000
Dip Tube $ 500
Pressure Transducer $ 3,000
Transfer existing chiorination system $ 800
Subtotal $ 233,200|
Professional Services |
Hydrogeological oversite - includes pump test analysis $ 20,00q
Engineering Services $  42,000]
Water quality testing $ 3,000
Subtotal $ 65,000
Contingency (20%) $ 63,240
Subtotal $ 407,940
ASR PILOT TEST $ 97,000
GROUNDWATER MODEL & WELLHEAD $ 50,000
MODIFICATIONS (If necessary)
PILOT TEST REPORT $ 34,000
TOTAL $ 579,94

*$28,500 total costs for permitting. $9000 authorized in contingency from
Phase I.

Full-Scale Implementation

To enable the development of a 6 mgd scheme capable of being used for up to 8
months, up to 10 wells would be required. Based on the City’s desire to achieve full-
scale production within 10 years an incremental approach is recommended.
Specifically, the pilot test well would be converted to a full-scale ASR well followed by
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an additional well at that site. Subsequently, two wells could be drilled every 2-3 years
until the system is fully developed. Assuming the ASR permit is obtained without delay,
the first stage of the full-scale scheme could begin in the early part of 2003.
Approximately two wells every two years would need to be developed. Figure ES-2
shows the recommended schedule for full-scale implementation. This approach is
recommended for several reasons. First, the boundaries of the aquifer are uncertain at
this time. Development of each well will help determine these boundaries with little risk
to the City. Secondly, the flow characteristics of the aquifer can differ within short
distances, thus producing different yields. An incremental approach allows the City to
utilize ASR to their specific needs at that particular time. Should the City’s contracts
with the City of Portland change drastically, the City may decide to limit the need for
ASR production. Finally, this approach will allow the City to implement the project
without a large upfront investment.

ASR Well Locations and System Phasing

As indicated above, 10 ASR wells will be required to meet the overall performance
objectives of ASR. These wells should be developed across the service area such that
each well site is limited to a maximum of two ASR wells, unless indicated otherwise via
pilot testing. Widespread spacing of ASR wells will reduce interference effects and will
minimize the risk to the system in the event of potential groundwater contamination.
Figure ES-3 shows the potential and possible ASR wells sites. We have identified sites
that are located in close proximity to the City’s existing distribution system and where
possible are on City-owned property, or on property that is owned by other public
agencies amenable to well siting. The number of sites listed provides for some
redundancy in the event that the preferred sites are unavailable. Potential sites are
those that have the greatest likelihood of success for ASR. Possible ASR sites may
have reduced well yields and/or storage volumes may be lower because of less
favorable hydrogeological conditions.

Cost Estimate for Full Scale System

Cost estimates for Full Scale ASR development and implementation are listed in Table
ES-2. The costs are presented in increments with 5 stages to complete the ultimate 4-6
mgd ASR scheme. Cost estimates for full-scale implementation were calculated based
on the following assumptions:

¢ Ultimate ASR production is 4-6 mgd — a total of 10 wells.

¢ The full scale system will involve the new well used for the pilot test, modifications to
existing well 2, and eight new ASR wells;

¢ Purchase of land and extended pipeline cost beyond minimal distance from the
existing distribution system is not included.

¢ Costs are based on 2001 numbers.
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TABLE ES-2 PHASE lll COST ESTIMATE

i ERMITTING

STAGE 1 - DEVELOP ! - AT W

NEW WELL CONSTRUCTION COSTS (PER WEL

Drill new well (12 in.) $ 80,000
Pump and installation (1000 gpm Vertical Turbine w/reverse ratchet) $ 55,000
Pump House $ 45,000
Electrical $ 20,000
Infrastructure

Flowmeter $ 4,000
PRV/check valve $ 3,300
Back Pressure valve $ 2,600
Pump Control Valve $ 3,000
Valves/Fittings $ 8,000
SCADA $ 8,000
Dip Tube $ 500
Pressure Transducer $ 3,000
Chilorination system $ 3,506||
Subtotal $ 235,900
Professional Services

Hydrogeological oversite - includes pump test analysis $ 15,000
Water quality testing $ 3,000]|
Engineering Services $ 35,506"
Subtotal $ 53,500
Contingency (20%) $ 57,90&]
TOTAL $ 347,300
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 1 TOTAL $ 370,700
MODIFICATIONS TO WELL NO 2 $ 50,000
NEW WELL CONSTRUCTION COSTS $ 347,300
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 2 TOTAL $ 403,700
NEW WELL CONSTRUCTION COSTS ( $347,300 PER WELL) $ 694,600
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 3 TOTAL $ 701,000
NEW WELL CONSTRUCTION COSTS ( $347,300 PER WELL) $ 694,600
IMPLEMENTATION, OPERATION AND MONITORING $

STAGE 4 TOTAL 5

STAGE 5 - DEVELOP TWO WELLS st
NEW WELL CONSTRUCTION COSTS ( $347 300 PER WELL)

IMPLEMENTATION, OPERATION AND MONITORING

STAGE 5 TOTAL
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Based on 2001 rates and other reasonable assumptions, the cost to purchase water for
and operate ASR is approximately 45% less than costs to purchase water during peak
season. Table ES-3 shows the cost comparison.

TABLE ES-3 FULL-SCALE COST COMPARISON

- Coststo Purchase Water |
Peak Season Water Purchase Rate (perccf) | $ 0.91|
Demand (gpd) 6,000,000
Duration (days) 120|
Total Costs $ 875,936
SRR AS R, Costs TSRNG4k SRRy
ASR Injection
OffSeason Water Purchase Rate (per ccf) $ 0.30
Pump Costs (per ccf) $ -
Storage Needed to Achieve 6 mgd Recovery 8,000,000
(Assumes 25% water loss) - gpd
Duration (days) 120
Subtotal $ 385,027
ASR Recovery JT
Peak Season Purchase Rate (per ccf) $ -
Pump Costs (per ccf) $ 0.10
Demand (gpd) 6,000,000
Duration (days) 120
Subtotal $ 96257
Total Costs $ 481,283
Annual Savings § 394,652
Cost Difference 45%

RECOMMENDATIONS

¢ At this stage it appears feasible to develop an ASR scheme using the Bull Mountain
basalt, as such the City should proceed with the development and implementation of
a pilot test plan;

¢ In view of the poor condition of Well No. 1 casing, a new production well should be
constructed at the Canterbury Lane site that is capable of being used for the ASR
Pilot test. The existing well should be converted to a multi-level monitoring well for
pilot testing.

¢+ Before Wells No. 1 and 2 are used this summer, the well-heads should be modified
to enable a water level meter to be used to monitor the water levels in the two wells;

CITY OF TIGARD
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¢ In the period prior to the use of the wells, water levels in all of the City’s wells should
be monitored on a weekly basis;

¢ Arrangements to access the Tigard High School and James Templeton Elementary
School wells for monitoring purposes should be put into place prior to the use of the
wells;

¢ Consultant should be notified prior to the use of the wells so that consultant staff can
be in attendance at the start up of the pumps to record (valuable) early time test
data;

¢ During the subsequent period that the wells are used, water level measurements
should be taken in both the City’s wells and adjacent observation wells and the
production totals should be noted. As far as possible, measurements should be
taken daily throughout the summer;

¢ Once additional monitoring is complete, the City should confirm how ASR fits in its
water supply strategy and identify its role in both short-term and long-term planning.
At that time, the City should proceed with the level of ASR that is commensurate
with its needs.

¢ Development and implementation of the full-scale scheme should occur
incrementally over a 10 year period to allow better understanding of the aquifer
performance and allow the City to develop the project with little risk.
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FIGURE ES-1
ASR Pilot Project
Schedule

TASK NAME

2001

2002

2003

Jan

Feb

Mar

Apr

May

Jun | Jul | Aug | Sep | Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun | Jul | Aug

Sep

Oct

Nov

Dec

Jan

PHASE 1 FEASIBILITY STUDY

1.0 Coordination and Project Management

1.1 Project Management Plan

1.2 Establish Project Goals

1.3 Key Progress Review Meetings

1.4 Formal Progres Reports

2.0 Well Suitabllity Evaluation

3.0 Hydrogeologic Characterization

4.0 Water Quality Compatibility Evaluation

5.0 Permits and Water Rights

6.0 System Integration

7.0 ASR Implementation

8.0 Phase | Report

=l

8.1 Additional Water Level Monitoring (To be conducted by]

City)

PHASE 2 PILOT TESTING

1.0 Permitting and Water Rights

2.0 Wellhead Modifications/ New Well

3.0 ASR Pilot Testing

Cycle 1 Shakedown

Cycle 2

1. Recharge

2. Storage

3. Delivery

4.0 Pilot Test Report

|




FIGURE ES-2
Proposed ASR Development Schedule

PHASE II- EST

2001

2002 2003 2004 2005 2006 2007

2008

2009

2010

2011

2012

2013

ESTIMATED COSTS

PHASE 3 FULL SCALE ASR IMPLEMENTATION

PERMITTING

STAGE 1 - Convert Pilot Well to ASR Well and develop second
ASR well on Canterbury slte

1-1.5 mgd

ESTIMATED CIP COSTS

$ 370,000

[ESTIMATED TOSTS 10 PURCHASE WATER FOR ASR (1.5 mgd)

$ 120,321

STAGE 2 - Modify Existing Well No. 2 and develop second ASR
well at site

1.5-2.5 mgd

$ 404,000

[ESTIAMTED COS TS
MSWMATER FOR ASR (2.5 mgd)

$ 200,535

STAGE 3 - Install two wells at appropriate site

2.5-4 mgd

ESTIMATED COSTS

$ 701,000

ESTIMATED COSTS 1O PORCHASE WATER FOR ASR (4 mgd)

$§ 320,856

STAGE 4 - Install two wells at appropriate site

4-5 mgd

$ 701,000

[ESTIMATED COSTS
MDMMS mad)

$ 401,070

STAGE 5 - Install two wells at appropriate site

5-6 mgd

ESTIMATED COSTS

701,000

[ESTIMATED COSTS 1O PURCHASE WATER FOR ASH (6 mgd)

481,283

All costs are based on 2001 numbers. Costs to purchase water are based on 0.91/cfs from JWC
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SECTION 1 INTRODUCTION

The City of Tigard (City) is pursuing the development of an aquifer storage and recovery
(ASR) system using it's existing wells and source supplies. The City currently utilizes
surface water from: 1) the City of Portland Bull Run system, 2) Lake Oswego from the
Clackamas River source, and 3) City of Beaverton Joint Water Commission source. In
addition, Tigard has four wells. ASR involves the injection of surplus water from other
sources during periods of low demand into the aquifer with recovery of the water during
the high demand period. This report, the Feasibility Study, is Phase | of a three Phase
approach to ASR. Phase Il includes the Pilot Test and Phase Il is the Full Scale
Implementation. Phase | determines the feasibility of the potential for ASR and
identifies a well to be used in Phase Il — Pilot Testing. Phase Il uses the Pilot Test to
confirm groundwater quality and availability, and to provide hydrogeologic parameters
for the full-scale implementation.

STUDY OBJECTIVES

The purpose of the ASR Feasibility Study is to evaluate and demonstrate the feasibility

of ASR using the City’s existing wells and current source supplies. There are several

elements of the Phase | ASR Feasibility Study:

¢+ Determine how ASR fit's into the City’s overall water supply and identifying source
water

+ Evaluate the City’s wells to determine which well is best suited for ASR Pilot testing

¢ Characterize the hydrogeology in the area of the test well and estimate the quantity
of water that could be stored and potential impacts on the groundwater system

+ Evaluate water quality compatibility with the groundwater and source waters

¢ Identify permitting issues to ensure regulatory success

Evaluation of these elements will reveal any fatal flaws for the feasibility of ASR in the
City of Tigard. If no fatal flaws are found, then the Feasibility Study serves as the
foundation for the development of the Pilot Test Plan — Phase Il. One of the critical
elements of the Feasibility Study is to determine which of the City’s existing wells can
be used to conduct the pilot test. In addition, the Feasibility Study will predict how the
water quality may vary within the aquifer, evaluate the source water and effects of
mixing with groundwater and identify any permitting issues to ensure regulatory
success.

PREVIOUS STUDIES

The hydrogeology of the Cooper-Bull Mountain basalt aquifers has previously been
examined in connection with the following:

¢ Delineation and establishment of the Cooper-Bull Mountain critical groundwater area
(Beach and Bartholomew, 1973), and;
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¢ Assessment of the feasibility of using the Cooper Mountain basalt aquifers for ASR
purposes (CH2M Hill, 1997).

These studies show that although the basalt beneath the Cooper-Bull Mountain is
moderately transmissive, the ability of the formation to support large scale withdrawals
is limited by the relatively small amount of water that is recharged to the system
annually. In part, this is thought to reflect the presence of low permeability fauit zones
and the effect that these have in dividing the aquifer into a series of hydraulically
separate sub-aquifers.

This proposition is supported by the results of the ASR cycle testing reported by CH2M
Hill for both the Tualatin Valley Water District (TVWD) and the City of Beaverton (1999
and 2000). Atthe TVWD Schuepbach test site, aquifer boundary conditions are thought
to have been responsible for the rapid build-up of groundwater heads in the recharged
basalt, the loss of stored water from the system as seepage at the ground surface and a
reduction in estimates of the available storage capacity. At the City of Beaverton
Hanson Road test site, structural bounding of the basalt in the vicinity of the well was
also confirmed by ASR cycle testing, although not to the extent apparent at the TVWD
site.

Possible implications for the ASR program being pursued for the City of Tigard include:

¢ Faulting bounding may result in some limitation on the available storage capacities;

¢ For schemes that can be operated within such limitations, low permeability
boundaries typically enable the injected water to be stored without significant loss;

+ Demonstrating that the stored water can be retained tends to be easier in such
systems, as the injection typically results in a water level rise that is both significant
and stable;

¢ Moderately transmissive aquifers enable the injection and recovery of the stored
water to be undertaken using relatively few wells.

Subject to constraints on the available storage capacity, the previous studies suggest

that the basalts beneath Cooper-Bull Mountain are potentially suitable for ASR
development.

REPORT ORGANIZATION

This report is organized into the following sections:

Section 2 provides a summary of the existing water supply system in the City of
Tigard.

Section 3 describes the site setting in the Vicinity of Well No.1, the local and regional
geology and groundwater conditions, the investigations completed as part of this study
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including the evaluation of the City’s existing wells, identification of local monitoring
wells, testing of Well No. 1 and water quality sampling.

Section 4 describes the feasibility of ASR using Well No. 1 and in the basalt aquifer in
the vicinity of Well No. 1.

Section 5 describes the steps required for Phase Il — Pilot Test Study.
Section 6 describes the steps involved with the Phase Ill — Full Scale Implementation.
Section 7 provides conclusions and recommendations.

Several Appendices are included with supplemental information. Appendix A contains
Figures. Appendix B contains copies of the well permits and registrations for the City’s
wells. Appendix C contains well logs for wells in the Bull Mountain area. Appendix D
contains the results of the well evaluation. Appendix E contains water quality data for
Well No. 1 and recharge sources. Appendix F contains the results of the geophysical
logging and pump test conducted in Well No. 1 and Appendix G contains a mixing
analysis to evaluate the chemical interaction between native groundwater and recharge
water.
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SECTION 2 SOURCES OF SUPPLY

This section provides a brief summary of the City’s current water supply and discusses
the requirements for ASR in terms of their water supply strategy.

SOURCES OF SUPPLY

The City of Tigard (the City) currently serves over 46,000 people in the Cities of Tigard,
Durham, and King City and unincorporated Washington County through approximately
14,900 residential, commercial and industrial service connections (Wegner, 2001). The
City receives water from a number of surface and groundwater sources within the
region.

SURFACE WATER

Currently, the City’s primary water supply is from the City of Portland (COP), connecting
with a transmission line from Portland and through the Metzger area of the Tualatin
Valley Water District (TVWD). The City of Portland’s primary source of water is the Bull
Run watershed. Water from Bull Run is unfiltered, but is chloraminated prior to delivery
into the distribution system. The City also has a supply connection to the Clackamas
River source through the City of Lake Oswego (which once was the main supply) and a
small connection to the Joint Water Commission source through the City of Beaverton.
The Joint Water Commission treats water from the Trask and Tualatin Rivers. The City
has other connections to the Lake Grove Water District and the City of Tualatin.
Connections to Beaverton, Tualatin and Lake Grove District primarily allow the City to
provide emergency supplies. Table 2.1 lists the current water supplies obtained from
named sources (Wegner, 2001).

TABLE 2.1 SURFACE WATER SOURCES

Source City of Portland | Lake Oswego JWC

Supply 10.3 mgd” 1-2 mgd 2 mgd
*1.8 from TVWD

GROUNDWATER

The City owns four wells located in the Bull Mountain and Cooper Mountain area.
Figure 1 shows the locations of these wells. The Cooper Mountain-Bull Mountain area
was declared a Critical Groundwater Area by OWRD in 1974 in response to declining
groundwater levels in the area. Table 2.2 lists the well depth, production capacity,
pump type and operational status for each well. Wells. No. 1, 2 and 3 have a combined
production capacity of approximately 1.3 mgd. Well No. 4 has not been operational
since the 1970’s due to equipment failure and water quality issues. The City primarily
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relies on Wells No. 1 and 2 during summer months to augment existing surface water
supplies, producing approximately 1 mgd. Well No. 3 is used for emergency backup.

TABLE 2.2 TIGARD WELL SUMMARY

Depth Product_ion | ;
Well (1) Capacity Pump Type Operational Status
(gpm)
1 612 300 Line-shaft turbine Operational
453 500 Line-shaft turbine Operational
Electric
3 494 125 Submersible Emergency Backup
Out of Service since
4 925 500 Line-shaft turbine 1974

The City has in the past also received groundwater from the City of Portland’s Columbia
Southshore Wellfield. During heavy rains, turbidity in the Bull Run supply can rise
beyond acceptable limits and COP must rely on its groundwater supply near the south
shore of the Columbia River. COP only uses its groundwater during emergencies and
during peak season when Bull Run cannot meet the demands. During the winter of
1998 and 1999 the COP was forced to shut down Bull Run due to increased turbidity
and resort to using its groundwater until turbidity reached acceptable levels.

Water Rights

The City does not hold any surface water rights to its current supply. All surface water
is purchased from other sources. However, the City holds groundwater rights to its four
wells. Table 2.3 lists the wells and their respective appropriation (WRD). Permits for
groundwater were not issued until 1955. Those wells with priority dates before 1955
were given registration or certificate numbers. Registered water rights are non-
transferrable. Copies of the well permits are located in Appendix B.

TABLE 2.3 GROUNDWATER RIGHTS

Permitted
Well Location Registration| Permit | Certificate | Diversion Date
No. (T/R/S) No. No. No. (cfs) Drilled
1 |25/1W SW/NW 11 GR616 G3270 |G588/46639| 0.44/0.67 | 1947/1966
| 2 |2S/1W NW/NW 10| GR615 - G587 1.1 1949
3 2S/1TW SW/NE 4 - G655 28971 0.78 1958
4 2S/1W SW/NE 4 . G2999 46638 0.63 1966/1967

CITY OF TIGARD
PHASE | - ASR FEASIBILITY STUDY
JUNE 2001 Page 2-2



WATER DEMAND AND FUTURE GROWTH

Over the last several years, the City has been investigating a number of potential water
supply options in its efforts to secure a long-term water supply to meet the needs of the
community. Table 2.4 presents those needs as recently determined in the City’s Water
Distribution System Hydraulic Study, completed in May 2000 (Murray, Smith &
Associates). As can be seen, peak day demand is projected to grow about 40% and
average demand is projected to grow about 25% over the next fifty years.

TABLE 2. 4 FORECAST WATER DEMANDS

Average Day Maximum
Year Demand 2
(MGD) Day Demand

2000 6.0 13.8
2010 6.8 17.2
2020 7.1 18.0
2030 7.4 18.7
2040 7.8 19.1
2050 7.6 19.4

Population is growing at a rate of approximately 3.5% to 4% annually (Wegner, 2001).
This increase in population will continue to place demands on the City’s water supply.
Current supplies do not provide any surplus water in the short-term and this situation
will turn into a deficit of several million gallons a day by 2010.

AQUIFER STORAGE AND RECOVERY REQUIREMENTS

The City wishes to utilize ASR for both short-term and long-term needs. In the short-
term, the City’s current water supplies from the above mentioned sources do not
provide additional water above the current peak day demands (13 mgd). For long-term
planning, the City must consider population growth and the renewal of contracts with the
City of Portland by 2007. If feasible, the City would like to use ASR to fill the gap in
short-term water demands and potentially provide a consistent water supply in the long-
term. ASR is a means of lowering the City’s costs for peak day and peak season supply.
Use of ASR would allow the City to make better use of its existing wells and reduce the
need to obtain peak season supply. It may also allow for a more consistent water quality
throughout the year. Ideally, the City would like to complete the Pilot Study by the
middle of 2002 and begin delivering water to its customers by the summer of 2002.
Initial production would be approximately 1-1.5 mgd. Ultimately, the City would like to
utilize ASR with a production of 4-6 mgd within 10 years.
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SECTION 3 HYDROGEOLOGICAL EVALUATION

BACKGROUND

Well-field Development

The original City wells were constructed in 1947 (Well No. 1) and 1949 (Well 2) to
exploit groundwater in the basalt that underlies Bull Mountain. To increase the
production from the basalt, additional wells were added to the system in 1958 (Well 3)
and 1966 (Well 4) and in 1966 and 1967 Wells 1 and 4 were deepened. During the
early 1970’s, however, the Cooper-Bull Mountain area was declared a critical
groundwater area and further withdrawal of groundwater from the basalt was restricted.
Given that the yields available from other aquifer systems in the Tigard area were too
small meet the needs of a large-scale municipal water supply, the establishment of the
critical groundwater area prevented any further development or expansion of the City’s
well field.

The location of the four City wells is shown on Figure 1. Until comparatively recently,
areas in the immediate vicinity of Wells 2, 3 and 4 were composed of homesteads,
woodland and pasture. Recent development, however, means that all of the wells are
now located in areas that are adjacent to residential housing.

Topography

Bull Mountain rises from the floodplain of the Tualatin River, forming a plateau at the
eastern end of the Tualatin watershed with a maximum elevation in excess of 700 ft.
The plateau surface is approximately 0.5 mile wide and 1 mile long and is elongated in
an east-west direction. The southemn and northern slopes of the plateau run-out onto
the flood plains of the Tualatin River and Fanno Creek and terminate at elevations of
120 ft and 150 ft respectively. The eastern and western slopes terminate in a pair of dry
valleys. The valley to the west has a maximum elevation of 280 ft and separates Bull
Mountain from Cooper Mountain. The valley to the east has a maximum elevation of
310 ft and separates Bull Mountain from an adjacent, unnamed, area of elevated
ground (Canterbury Lane).

To the north, east and south of Bull Mountain lie the Portland Hills, Petes Mountain,
Parret Mountain and the Chehalem Mountains. These upland areas mark the northern,
eastern and southern boundaries of the Tualatin watershed.

Climate

The climate of the Willamette Valley is characterized by cool, wet winters and warm, dry
summers. Average monthly precipitation and temperature data for the NOAA climate
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gauging stations nearest to Bull Mountain are presented in Table 3.1 (Oregon Climate
Service, 2001). The precipitation data is derived from measurements taken at the Rex
1S station, which is located at an elevation of 520 ft on western side of Parrett
Mountain. As no reliable temperature data is available for this station, the temperature
data in Table 3.1 is derived from measurements at the adjacent N. Willamette
Experimental Station (elevation 150 ft).

TABLE 3.1 MONTHLY CLIMATE DATA (1961-1990)

el Flai::‘:;?(in.) | MGZLT" “::raﬁn o
January 6.28 39.2 32.2 458
February 4.49 42.7 34.6 51.3
March 4.21 46.0 36.5 55.4
April 2.59 49.7 39.0 59.4
May 2.18 55.4 44.0 66.8
June 1.56 61.5 49.5 731
July 0.63 66.1 52.4 79.6
August 1.00 66.2 52.2 80.2
September 1.82 61.6 48.4 741
October 3.18 52.8 41.2 64.0
November 6.41 45.2 37.3 52.7
December 7.02 39.6 33.3 46.3

Table 3.1 shows that the average annual precipitation at the Rex 1S station was slightly
in excess of 41 inches for the period 1961-1990. Over the same period, maximum and
minimum monthly totals were recorded for December (7.02 inches) and July (0.63
inches) with the majority of the available rainfall (69%) falling between November and
March. The equivalent temperature data shows an average annual temperature of 52.2
F°, with minimum and maximum mean monthly temperatures being recorded for
January (39.2 F°) and August (66.2 F°).

Annual pan evaporation for the Tualatin valley is estimated from historical data to be
approximately 30 inches (Hart and Newcomb, 1965). The majority of the evaporation
occurs between the months of Aprii and October, with mean monthly losses of
approximately 6-inches being experienced in July and August. These values compare
with a more recent pan evaporation estimate of 35 inches per year for the entire
Willamette valley climate zone (Oregon Climate Service, 2001).

CITY OF TIGARD
PHASE | — ASR FEASIBILITY STUDY
JUNE 2001 Page 3-2



Surface Water Hydrology

The northern and southern slopes of Bull Mountain support numerous small streams
that drain to Fanno Creek and the Tualatin River respectively.

The Tualatin River rises in the Coastal range and drains eastwards in the direction of
Bull Mountain and the Willamette. The system receives drainage from a 700 square
mile area that encompasses portions of the Coastal Range, the Portland Hills, the
Chehalem Mountains, Cooper, Bull, Petes and Parrett Mountain as well as the valley
floor. The available gauging data shows an annual pattern of variation in which flow in
the river at the confluence with the Willamette varies between 50 cubic feet per second
(cfs) in the summer and 10,000 cfs in the winter (USGS, 2001).

Fanno Creek drains the northern slopes of the Cooper-Bull Mountain area and the
southeast slopes of the Portland Hills. The stream has a total watershed area of 31.5
square miles and the available gauging data shows that this supports flows that vary
between 2 cfs in the summer and 800 cfs in the winter (USGS, 2001).
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GEOLOGY
Litho-Stratigraphy

The geology of the Tualatin valley comprises the sequence of sedimentary and volcanic
rocks described in Table 3.2 :

TABLE 3.2 GEOLOGICAL UNITS IN THE TUALATIN VALLEY

Division Age Strata
o Alluvium
S 0-0.01 Undifferentiated sediments (Pliocene to Holocene
> 8 Million Years | including Portland Hills Silt, lacustrine deposits,
] g BP Troutdale Formation and Helvetia Formation)
=
)
ol
S| o
8 S 001—-16 Undifferentiated sediment (see above)
8 Mil.lion Ye'ars Catastrophic Flood Deposits
7 BP Unnamed conglomerate (early Pleistocene)
&’ Boring Lavas (early to middle Pleistocene)
L g 1.6-5.3 Undifferentiated sediment (see above)
S S Million Years | Unnamed conglomerate (late Pliocene)
g = BP Boring Lavas (late Pliocene)
)
O
2| 53-237
- 8 Miliion Ye.ars Colgmbia Biver Basalt Group (middle _Miocene)
£ o Marine sedimentary deposits (early Miocene)
8= BP
=
o
| o
§ | 23710366
3 Million Years | Marine sedimentary deposits
2 BP
o
e 36.6 — 52
?6,’ Million Years | Basalt of Waverly Heights (middle to late Eocene)
W BP

The geology in the vicinity of Bull Mountain is illustrated in Figures 2 and 3. These
show Bull Mountain and the Canterbury Lane area to be composed of outcrops of the
Columbia River Basalt Group. The adjacent low-lying areas are underlain by
catastrophic flood deposits. These rest on an underlying sequence of undifferentiated
sediments that are thought to contain elements of the Troutdale Formation, Sandy River
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Mudstone equivalent and the Helvetia Formation. In areas close to the Tualatin River,
the catastrophic flood deposits give way to deposits of more recent alluvium. Details of
the lithology are described below:

Recent Alluvium

The alluvium consists of poorly consolidated silts, sands and organic material. The
deposits typically vary in thickness between 20 ft to 40 ft but locally may attain
thicknesses of 70 ft.

Catastrophic Flood Deposits

The Catastrophic Flood Deposits consist of poorly consolidated and poorly structured,
medium sand and silt composed predominantly of quartz and feldspar with significant
concentrations of mica. The sediments were deposited by one or more phases of
catastrophic (glacial outburst) floods from late Pliestocene Lake Missoula. Typically, the
unit is between 30 ft and 60 ft thick but locally thicknesses may approach 180 ft. The
upper portions of the unit contain a significant clay fraction. This is thought to represent
the effects of soil development.

Undifferentiated Sediments

These are commonly fine grained, massive to finely bedded sediments that are
moderately to poorly lithified. In the study area these sediments include the Troutdale
Formation and Sandy River Mudstone equivalent and, in the lower sections, the
Helvetia Formation. Samples recovered during drilling are variously described as
quartzo-micaeous siltstone, claystone and fine sandstone with rare gravel interbeds.
The thickness of the unit is extremely variable and may vary between 15 ft and 200 ft.

Columbia River Basalt Group

This unit consists of Miocene flood basalts that were periodically erupted from linear
fissure systems in eastern Washington, eastern Oregon and western Idaho. On the
basis of geochemical, paleomagnetic and lithological variations, the flows that resulted
may be divided into five formations. Within the study area, only two of these are
represented, the Wanapum and Grand Ronde Basalts. Each of these is composed of a
number of individual, mappable, flows, which vary in thickness between 25 ft and 400 ft.
In total, up to 1,000 ft of basalt is present in the study area. Within the basalt of the
Tualatin Valley, appreciable thicknesses of interflow sediments are absent and the
exposed rock comprises a sequence of brown, red, black or dark gray, dense, blocky,
jointed lavas that contains small amounts of breccia. The zones between individual
flows are denoted by changes in the color of the basalt, typically from black and gray to
red and brown or by an increasingly porous (vesicular or granular) texture.

Geological Structure

The area enclosed within the Tualatin watershed is underlain by a geological structure
known as the Tualatin Basin. The basin is a broad, northwest trending syncline (bowl
like structure) that is bounded by the Portland Hills, the Chehalem Mountains, Petes
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Mountain, Parrett Mountain and the Coastal Range. The structural movements
responsible for the basin post-date the deposition of the Columbia River Basalt Group
and, as such, the basalt underlies the entire structure. In most areas, the dip of the
basalt strata is towards the center of the basin and the Tualatin River.

Within the eastern portion of the basin, however, strata beneath Cooper Mountain and
Bull Mountain are up-warped to form a subordinate, anticlinal, structure. This divides
the main basin into two separate sub-basins. These lie beneath the present day course
of Fanno Creek and the lower Tualatin River and extend north and south in the direction
of the Portland Hills and the Chehalem Mountains respectively. The axis of the Bull
Mountain anticline runs east to west across the center of the plateau and is assumed to
pass further east beneath the Canterbury Lane area. Strata on either side of the axis
dip at between 4 and 6 degrees to the north and south, in the direction of the two
synclinal sub-basins.

The north, east, southeast and southwest edges of the Bull Mountain structure
terminate at a series of intra-basin faults. The displacments on these suggest that the
anticline takes the form of an up-faulted block in which strata is raised above the level of
corresponding strata in the surrounding rocks. An east-west extension to the Bull
Mountain faulting is thought to pass to the south of the Canterbury Lane area, dropping
the basalt to the south. The structural effects associated with this are accentuated in
areas beneath the lower Tualatin River by the presence of a buried channel. This
greatly increases the depth to the basalt in areas to the south of the fault. A similar
buried channel feature extends along the lower reaches of Fanno Creek, although this
is not thought to be associated with any faulting.

HYDROGEOLOGY
Principal Aquifers

The two principal aquifers in the Tualatin Basin are the Columbia River Basalt Group
(basalt) and the valley fill sediments. The permeability of the underlying Oligocene
marine sedimentary deposits is relatively low and as such these sediments are usually
considered to form the base of the overlying groundwater system. General hydraulic
characteristics of the valley fill and the basalt are described below:

Valley Fill Aquifer

The valley fill aquifers are restricted in occurrence to areas close to the valley floor.

Groundwater within the fill is concentrated in relatively thin (< 10ft thick) sequences of
bedded sands that, typically, are distributed at irregular intervals within a greater mass
of silty or clayey sediment. The sands tend to be localized in occurrence and are
difficult to correlate over large areas. The yield available from the sand varies between
2.5 gpm and 40 gpm, with an average of between 10 gpm and 15 gpm for the deeper
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wells. The associated specific capacity is typically less than 1 gpm/ft, implying a
maximum transmissivity of 2,000 gpd/ft.

No information describing the storage properties or the vertical permeability of the valley
fill is available.

Basalt Aquifer

Wells that produce groundwater from the basalt are distributed throughout the Tualatin
valley, from areas on the valley floor to areas within the surrounding mountains. The
associated yields vary from < 20 gpm for domestic supply to > 1,000 gpm for wells
designed to meet large industrial or municipal demands.

The lower boundary of the basalt aquifer system comprises low-permeability marine
sedimentary deposits. The basalt outcrops on Bull Mountain, therefore in this area the
silts and clays derived from weathering of the underlying basalt represent the upper
boundary of the basalt aquifer. However, over much of Bull Mountain, the groundwater
level is below the top boundary of the basalt and hence the aquifer is unconfined in this
area. Elsewhere, in confined portions of the basalt aquifer, the upper boundary
comprises the overlying deposits of relatively low permeability valley fill sediments.

In areas to the east of Bull Mountain, it is likely that lateral boundaries are formed by the
low permeability sediments that are found within the Fanno Creek and lower Tualatin
River buried channels. In areas south of the Canterbury Lane area, this boundary may
also coincide with the presence of an east-west trending fault. A similar combination of
faulting and buried channels is also considered likely to bound the northern and
southern limits of the system in the areas of Bull Mountain to the west of Canterbury
Lane.

Groundwater flow in the basalt is typically concentrated in discrete zones of enhanced
permeability. These zones develop at the interface between successive basalt flows
and may be composed of weathered basalt, paleo-soils, granular sedimentary material
or, where the younger basalt flowed into a pre-existing water feature, highly porous,
vesicular material. Owing to the lower permeability of the intervening basalt, the
interflow zones tend to be hydraulically isolated. As such, the basalt typically behaves
as a muiti-layered system in which the net aquifer transmissivity is a function of the
number, permeability and lateral extent of the interflow zones that are present. Given
that the thickness and extent of individual zones varies, yields from the basalt may also
vary - sometimes significantly over relatively short distances. The intervening, un-
weathered, basalt contributes little to the overall productivity of basalt aquifer systems.

The transmissivity of the basalt beneath Bull Mountain is estimated from the available
well testing data to vary between 200 gpd/ft and 73,000 gpd/ft with an average of
approximately 7,000 gpd/ft. In the absence of an obvious spatial correlation, this large
range is considered to reflect a combination of the following:

CITY OF TIGARD
PHASE | - ASR FEASIBILITY STUDY
JUNE 2001 Page 3-7



¢ the effect of well design and construction on the number and permeability of the
interflow zones that are exposed in each well and
¢ variations in the thickness and lateral extent of individual interflow zones.

Table 3.3 shows that estimates of the transmissivity of the basalt penetrated by the City
wells vary from 7500 gpd/ft (Well 3) to 20,000 gpd/ft (Well No. 1). Equivalent estimates
for Wells 2 and 4 were 9000 gpd/ft and 10,000 gpd/ft respectively. The broadly
comparable performance of each well can be attributed to interception and penetration
of a similar number of (potentially identical) interflow zones. The higher transmissivity of
Well No. 1 is considered likely to reflect the effects of additional permeability
development that may be associated with sub-vertical fracturing along the axis of the
Bull Mountain anticline.

No site-specific estimates of the storage properties of the Bull Mountain basalt were
available from the existing pumping test data. Estimates derived from other studies,
however, suggest that the unconfined basalt is likely to have a specific yield of between
0.01 and 0.05 and that the confined basalt will have a storativity of between 1.0x10° and
1.0x10°. Copies of the well logs are located in Appendix C.

TABLE 3.3 HYDRAULIC TEST AND RELATED DATA FOR THE CITY WELLS

Number of Interflow Zones
Estimated Penetrated Below Water Water _Level
: : Elevation at
Well Transmissivity ~ Table and Time of Testina’
(gpd/ft)"* ~ (Total thickness)® () g
(ft)
1 20,000 10 (130) 178
2 9,000 5(47) 199
3 10,000 5(126) 180
4 7,500 10 (187) 148
' Estimate based on draw down predicted for 300 gpm production rate
? Data obtained from available well logs (OWRD data base)

GROUNDWATER FLOW DYNAMICS
Recharge

Available estimates of the volume of water that is recharged to the aquifers of the
Tualatin valley, expressed as effective rainfall in inches per year, are given below in
Table 3.4
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TABLE 3.4 RECHARGE OF TUALATIN VALLEY AQUIFER

Recharge
Source of Estimate Aquifer Systems (inches per

year)

Cooper-Bull Mountain
Beach and Bartholomew (1973) Basalts 2-3

: Columbia River Basalit

Driscoll (1986} Group (entire formation) 02-10

Miller et al. (1994) Parrett Mountain Basalt 0.72-2.86
Hart and Newcomb (1965) Valley fill 11

In addition, since the 1940’s, base flows in the Tualatin have been stable at levels of
approximately 50 cfs. Assuming that flows of this magnitude are indicative of a basin-
wide state of dynamic equilibrium, between groundwater recharge and surface water
flows, the effective rainfall required to sustain this equilibrium would be equivalent to
0.97 inches. Conceptually, this would be distributed between the valley fill and basalt
aquifers across the entire 700 square miles of the watershed. The calculation also
assumes that minimal volumes of groundwater leave the basin as underflow that is not
measured as streamflow.

In reality, net recharge is likely to be within the 0.72 to 3 inches range estimated by
Beach and Bartholomew (1973) and Miller et al (1994) and to occur as a combination of
(a) precipitation excess over evapotranspiration losses and run-off, (b) limited leakage
losses from streams, and (c) leakage of treated water and effluent from the City’s
network of buried pipes. As such, it is also likely to be concentrated in the following
areas:

¢ Outcrops of the basalt in areas where the surface soils are permeable, where the
topography is flat and where the water table is well below ground surface;

+ Outcrops of the basalt where surface or sub-surface drainage flows in contact with
permeable strata in which the water table is below ground surface.

In addition, the basalt will also be recharged in areas where groundwater in the
overlying valley fills drains vertically under the influence of downward hydraulic
gradients. Recharge of this type is expected to be concentrated in areas where the
valley fill sediments fringe the upland areas of outcropping basalt.

Under circumstances where groundwater withdrawal results in the development of a
large cone of depression, it would normally be expected that lateral inflows from
adjacent portions of the affected aquifer would also recharge the depleted area. The
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development and persistence of the cone of depression beneath Bull Mountain,
however, suggests that recharge of this type may be restricted. Possible constraints
include the presence of low permeability zones within the basalt that may be associated
with either (a) the intra-basin faulting, or (b) the presence of the buried channels.

Groundwater Flow

Groundwater flow within the Tualatin basin will be from the recharge zones towards the
regions where the groundwater is discharged.

Prior to the construction of wells, Bull Mountain is likely to have formed a groundwater
divide, separating groundwater catchments that were associated with the lower Tualatin
River and Fanno Creek synclinal sub-basins. As such, the pre-development directions
of groundwater flow are likely to have been from the axis of the anticline towards the
north and south. In areas beneath the two rivers, the hydraulic gradients are likely to
have developed a strong vertical component, with the result that groundwater in the
basalt would be driven upwards through the overlying valley fill surface water. A
modified version of this pattern would also occur to the east of Bull Mountain, with
recharge migrating from the Canterbury Lane area to the north, east and south in the
direction of the Tualatin River, Fanno Creek and the confluence between the two.

Possible exceptions to this general pattern would occur under circumstances in which:

¢ Discharge of groundwater to springs rising on the flanks of Bull Mountain causes a
local, lateral, diversion of flow and the premature discharge of groundwater from the
system (from either perched water tables or the main, regional, water table);

¢+ The permeability of the valley fill deposits is sufficiently low that groundwater in the
confined basalt is “trapped” and the majority of the recharge to the system is
discharged at the boundary between the confined and unconfined basalt;

¢ Faulting of the basalt introduces a significant degree of anisotropy with respect to
large scale permeability (either by significantly increasing or decreasing permeability
along the fault zone), with the result that groundwater is diverted laterally;

The depletion of the groundwater levels that has been experienced in the Bull Mountain
area since the late 1940’s can be expected to have produced the following effects on
groundwater flow:

¢ A reduction in the volume of groundwater that was discharged from the regional
water table as spring flow on the slopes of Bull Mountain;

¢ An increase in the volume of valley fill groundwater that recharges the basalt in
areas on the margins of Bull Mountain;

¢ A reduction in the magnitude of the flows to the north and south of the Bull Mountain
anticlinal axis;

¢ A reduction in the volume of groundwater flowing from the basalt to the valley fill in
areas close to the Tualatin River and Fanno Creek.
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Groundwater Discharge

Permitted withdrawals from the Bull Mountain basalt total 176,894,475 ft'/yr
(approximately 2,500 gpm). Of this, 114,775,470 ft’/yr (1,632 gpm) is allocated to the
City of Tigard for operation of the City’s wells. The remainder is allocated for irrigation.

Assuming that residential development on Bull Mountain has eliminated the need for
large scale irrigation and that the City withdrawals have been restricted to summer use
of Well No. 1, actual withdrawals from the basalt are likely to be between 10,000,000
ft’/yr to 20,000,000 ft’/yr (150 to 300 gpm). Assuming an outcrop area of 6 square
miles and effective rainfall of between 1 and 3 inches, this sum compares to values of
recharge that vary between 14,000,000 ft’/yr and 42,000,000 ft’/yr (200 to 600 gpm).
Given that withdrawal approximates recharge and that groundwater levels beneath Bull
Mountain have stabilized in recent years, it is apparent that the volume of groundwater
naturally discharged from the system is relatively small and likely to be less than
20,000,000 ft%yr (300 gpm).

HYDROGEOLOGICAL INVESTIGATIONS (MARCH - APRIL 2001)

As part of the City of Tigard aquifer storage and recovery (ASR) program a number of
preliminary investigations have been completed. The purpose of these has been to
confirm details of the geology and hydrogeology in the City’s well field, to characterize
the quality of the groundwater that is produced and to determine which of the City’s
wells is the most suitable for use as an ASR pilot test well. The investigations that have
been completed include the following;

Well suitability evaluation;

Water quality investigation;

Preliminary geophysical and hydraulic testing;
ASR geochemical evaluation.

* & & o

The results of each investigation are presented as a series of Technical Memorandum
that are contained in Appendix D-G of this report. A summary is provided below.

Well Suitability Evaluation

The primary purpose of the well suitability evaluation was to identify which of the City’s
wells would be the most suitable for use as the ASR pilot test well. The criteria used in
the selection process included compliance with current OWRD well construction
standards, available recharge capacity, engineering considerations and the availability
of nearby observation wells.
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Of the four wells examined, Well No. 1 was considered to offer the greatest potential.
The specific advantages of Well No. 1 included the largest recharge capacity, the ready
availability of nearby observation wells and the likelihood of minimal modification of the
existing well-head engineering. It was also originally thought that this well best
complied with OWRD well construction standards, but a video inspection subsequently
proved that the well had a leak in the casing.

Water Quality Investigation

The water quality evaluation comprised an assessment of the available groundwater
quality data, sampling and analysis of the groundwater produced from Well No. 1 and a
review of the quality of the treated water that is likely to be injected into the basalt during
future ASR operations. The results are summarized below:

Basalt Groundwater Quality

The available water quality data indicated that the groundwater in the City’s wells is
moderately soft, with a low mineral content. The reviewed data also indicated that
concentrations of trace metals have historically been detected at all four wells, including
copper, zinc, lead, barium, iron and aluminum. None were present at levels in excess
of the corresponding Maximum Contaminant Level (MCL) or Secondary Maximum
Contaminant Level (SMCL). Similarly, no samples recovered from Well Nos. 1, 2 and 3
contained any detectable concentrations of regulated Volatile Organic Compounds
(VOCs) and Synthetic Organic Compounds (SOCs). Water quality data was not
available for Well No. 4.

Historically, samples from Well Nos. 1, 2 and 3 have also been analyzed for an
additional 42 unregulated VOCs and 13 unregulated SOCs. The results of this testing
confirmed the presence of low concentrations of chloroform in the groundwater. This is
likely to have originated as a disinfection by-product present in treated water that is
either:

¢ run into the well during periods when the pump is not operating (to lubricate the
pump column bearings), or;
¢ leaks into the basalt from overlying storage reservoirs and associated pipe-work.

No other substances were detected.

The resuits of sampling and analysis of the groundwater produced from Well No. 1
during the Feasibility Study investigations confirmed the findings of previous sampling
and analysis at the well.

Injected Water Quality
The three potential sources of injection water that were examined comprised the
following:
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¢ Lake Oswego WTP - Direct Filtration

¢ City of Portland Bull Run — Unfiltered

¢ Joint Water Commission — Conventional Filtration

*

Review of the available water quality data showed that none of the sources contained
any constituent at levels above 50 % of the corresponding MCL or SMCL. Exceedance
of this criteria would require the recharge water to be treated prior to injection into the
wells.

Preliminary Geophysical and Hydraulic Testing of Well No. 1

Following identification of Well No. 1 as the prospective pilot test well, the well was
geophysically logged and subjected to a series of short duration pumping tests. The
purpose of the testing was to confirm details about the well engineering and basalt
geology, to determine values for hydraulic properties and to identify any near-well
aquifer boundary conditions that may influence ASR related testing or operations.

The geophysical logs that were produced included natural gamma, formation resistivity,
fluid temperature and conductivity, caliper and flow. A Closed Circuit TV (CCTV) log of
the wells was also produced. The pumping tesis that were completed included a
stepped rate test and 6 day constant rate test. The constant rate test was run
approximately five days longer than anticipated owing to the development of a constant
head boundary condition and the need to confirm this in the late time test data (see
below). The results of the geophysical logging are summarized in Figure 4 and the
results of the aquifer test are shown in Figure 5. Figure 5 shows that the drawdown
observed in the production well is composed of three separate elements. These
include;

¢ 1 min. to 1000 mins. Delayed yield and well-bore storage response (denoted by
initial steep rate of drawdown and subsequent near stabilization)

¢ 1000 mins. to 3500 mins. Confined aquifer response (denoted by constant rate of
drawdown)

¢ 3500 mins. to end of test. Constant head boundary response (denoted by
stabilization)

Interpretation of Figure 4 and Figure 5 confirmed the following about the basalt in the
vicinity of Well No. 1:

¢+ The aquifer comprises a series of (interflow zone) sub-aquifers that in the near
vicinity of the well, appear to be linked as a consequence of networks of sub-vertical
fractures;

+ In the vicinity of the well the basalt is unconfined, with a depth to water (unsaturated
zone) of 250 ft and a specific yield that is likely to be equivalent to the effective
porosity (of the order of 0.05);
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¢ In areas distant from the well, the basalt is confined with a transmissivity of the order
of 6,500 gpd/ft and a storativity which is likely to be of the order of 1.1x10° or
greater;

¢ The region of the basalt penetrated by the well appears to be bounded by one or
more high permeability features; '

¢ To the south, these may reflect the effects of faulting or interception of permeable
paleo-channel deposits;

¢ To the west, these may reflect water table conditions beneath Bull Mountain or the
effects of faulting.

It is also noted that the current yield appears to be limited by the pumping capacity that
is installed in the well. As such, it is considered likely that greater yields from the well
may be possible, provided that the additional draw-down does not de-water any of the
existing groundwater inflow zones that contribute water to the well.

Geochemical Evaluation

The purpose of the geochemical evaluation was to determine whether injection of any of
the available source water was likely to result in adverse geochemical reactions that
may either:

¢ Result in the clogging of the basalt aquifer in the near vicinity of the well; or
¢ Cause an unacceptable impact on the quality of the recovered water.

The results of the modeling demonstrated that mixing of the in-situ groundwater with
either the Portland or JWC water is not likely to result in any adverse geochemical
impacts. The dissolution amorphous silica from the basalt may result in an increase in
the silica concentrations in the recovered water. However, maximum silica
concentrations are not expected to exceed 40 mg/L and concentrations at these levels
are less than those that are present in the in-situ groundwater.

As the available analysis for the Lake Oswego water was significantly incomplete, this
was not used in any of the associated modeling.
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SECTION 4 ASR FEASIBILITY

This section describes the feasibility of ASR in terms of the hydrogeological conditions,
development and implementation costs and the City’ system potential.

ASR OBJECTIVES

The City wishes to develop an ASR system utilizing water purchased from either the
City of Portland, Joint Water Commission or Lake Oswego that will be recharged into a
basalt aquifer using the City’s existing wells. The initial goal is a supply of 1 to 1.5 mgd
for 120 days, however, the City is interested in evaluating the maximum ASR storage
capacity of the basalt aquifer. In the short-term, the recharged water would typically be
stored for 3 to 6 months, then recovered to meet summer peak demands or emergency
needs. For long-term use, recharged water would be injected during winter (120 days)
and utilized for the rest of the year. The recovered water will be required to have a
composition similar to the recharge water, and have acceptable taste and odor. The
overall objective is to design a system to maximize the recovery of recharge water while
providing consistent water quality to the City.

It is currently understood that the City desires to implement ASR operations in two
distinct phases: The objectives for the proposed Bull Mountain ASR scheme comprise
the following:

¢ An initial, intermediate, phase in which ASR is used to generate a 1 mgd to 1.5 mgd
peaking supply which would be available for a 4 month period each summer (180
million gallons);

¢ A subsequent, full development phase in which ASR is used to supply between 4
mgd and 6 mgd over a period provisionally estimated to be up to 8 months long.

During the intervening 4 to 8 month (non-recovery) period, the basalt system would be
recharged using available resources of treated surface water.

ASR ISSUES

To determine whether or not it is feasible to achieve these objectives, a number of ASR
feasibility issues require evaluation. These include the following:

¢+ What is the total storage capacity available within the target aquifer? (including an
assessment of the risk of significant leakage or off-site migration losses)

¢ At what rate can water be injected into the target aquifer?

At what rate can the water be recovered?

¢ What are the impacts of recharge on local and regional groundwater and
geotechnical conditions and on surface water features that are connected to the
groundwater system.

L 4
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¢ What reactions will take place in the aquifer between the recharge water, the native
groundwater and minerals within the target aquifer matrix?

¢ Based on the conceptual hydrogeological model, is there sufficient confidence to
proceed with a pilot test? If a pilot test is performed, what approach should be taken
to collecting the information necessary to design a full-scale scheme?

Evaluation of these issues is usually performed using a phased approach in which the
commitment of resources is commensurate with the level of confidence in a successful
outcome.

EVALUATION OF ASR IN TIGARD
Conceptual Hydrogeological Model

Key features of the conceptual hydrogeological model of the Bull Mountain basalt are
illustrated in Figure 6 and are summarized below:

Aquifer Units
The basalt is the main aquifer system in the study area. The unit comprises between 4

and 6 sub-aquifer units that are formed from the permeable material that occurs
between individual basalt flows. These sub-units appear to be present over a wide area
and to collectively possess a transmissivity that varies between 5,000 gpd/ft to 10,000
gpd/ft. Along the axis of the Bull Mountain anticline, the basalt permeability is likely to
have been further enhanced by the presence of networks of sub-vertical fractures.

The aquifer is unconfined beneath Bull Mountain and confined beneath the adjacent
valleys of Fanno Creek and the Lower Tualatin River.

The permeability of the overlying valley fill sediments appears to be significantly lower
than that of the basalt. Despite this condition, the sediments support small amounts of
groundwater withdrawal and as such are considered to form a leaky confining unit that
is capable of transferring limited volumes of groundwater to or from the basalt.

Aquifer Boundaries

The lower boundary of the basalt aquifer system comprises low-permeability marine
sedimentary deposits. The basalt outcrops on Bull Mountain, therefore, in this area the
silts and clays derived from weathering of the underlying basalt represent the upper
boundary of the basalt aquifer. However, over much of Bull Mountain, the groundwater
level is below the top boundary of the basalt and hence the aquifer is unconfined in this
area. Elsewhere, in confined portions of the basalt aquifer, the upper boundary
comprises the overlying deposits of relatively low permeability valley fill sediments.

In areas to the east of Bull Mountain, it is likely that lateral boundaries are formed by the
low permeability sediments that are found within the Fanno Creek and lower Tualatin
River buried channels. In areas south of the Canterbury Lane area, this boundary may
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also coincide with the presence of an east-west trending fault. A similar combination of
faulting and buried channels is also considered likely to bound the northern and
southern limits of the system in the areas of Bull Mountain to the west of Canterbury
Lane. It should be noted, however, that there is considerable uncertainty with respect to
the effects of such boundaries on groundwater flow and aquifer storage and as such
significant volumes of groundwater may be transferred across them. In areas to the
extreme west, the Bull Mountain system appears to be directly connected to the basalt
beneath Cooper Mountain.

Recharge
Recharge to the basalt occurs at a rate that is likely to be equivalent to between

1 and 3 inches of effective rainfall per year. This is most likely to be composed of
precipitation excess that infiltrates through the soils of the basalt outcrop where the
topography is flat, the outcrop soils are permeable and where the water table is below
ground surface. The presence of a groundwater mound beneath Bull Mountain implies
that this is an active groundwater recharge zone. Estimates of the total volume of water
that is naturally recharged in the Bull Mountain area vary between 14 and 42 million
cubic feet per annum (equivalent to between 200 gpm and 600 gpm).

Groundwater Flow

Groundwater in the unsaturated zone of both the basalt and the valley fill will migrate
vertically to the regional water table, unless intercepted by a laterally extensive low
permeability horizon. Where a low permeability horizon is intercepted, the migrating
groundwater will be diverted laterally and may then either emerge at the surface or
recharge the underlying basalt via some discontinuity (uncased well, fault or sub-vertical
fracture). Similar vertical flow processes may be expected to operate beneath the water
table, with lower sub-aquifer units being recharged by flows that are derived from the
overlying sub-aquifer units.

Under natural (non-pumping) conditions, the subsequent direction of flow will be to the
north and south, in the direction of the center of the Fanno Creek and lower Tualatin
River synclinal sub-basins. Vertical components of the head gradients at the center of
the basins are then expected to drive the basalt groundwater into the overlying valley fill
and ultimately result in the discharge of groundwater to the overlying surface waters.
This general pattern of groundwater flow may be locally modified as a consequence of
the following:

¢ Large scale withdrawal of groundwater from the basalt;
¢ A lower than expected bulk permeability for the valley fill deposits;
¢ Faulting of the basalt and large scale anisotropy with respect to permeability.

Depending upon the hydraulic behavior of the faults and buried channels, two
alternative conceptual hydrogeological models of the Bull Mountain area are proposed
at this time. These correspond to low and high permeability conditions respectively and
include:
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¢ Bounded, hydraulically isolated block into which recharge is limited by a combination
of minimal precipitation excess and limited leakage from surface waters;

¢ Fault connected, regionally extensive aquifer that extends beyond the centers of the
synclinal sub-basins that lie beneath Fanno Creek and the lower Tualatin River.

Given the development and persistence of the cone of depression beneath Cooper-Bull
Mountain, it is considered more likely that the groundwater system behaves as a
permeable, fault and channel bounded block that extends eastwards from Bull Mountain
to areas beneath Cooper Mountain.

Groundwater Discharge

The total volume of groundwater discharge from the Bull Mountain basalt is estimated to
vary between 10 and 20 million cubic feet per annum (equivalent to between 150 gpm
and 300 gpm). The majority of this is assumed to be withdrawn for municipal water

supply.

Storage Capacity

Assuming that the Bull Mountain system performs hydraulically as a fault bounded
block, water injected into the basalt will be stored by filling the unsaturated pore and
fracture spaces. The available space is likely to occupy a volume that is defined
laterally by the boundary between the confined and unconfined aquifer and vertically by
the historical (pre-development) groundwater levels. Storage at levels in excess of the
historical levels is considered unlikely as these are likely to represent levels at which
groundwater naturally leaked from the system, feeding springs, baseflow to springs, or
the natural groundwater leakage to the valley-fill sediments that surround Bull Mountain.

The area of the unconfined aquifer on Bull Mountain that could be developed for storage
is estimated to be approximately 7.5 square miles. The associated thickness of the de-
watered basalt is estimated to vary between 50 ft and 60 ft based on the following
information listed in Table 4.1:
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TABLE 4.1 HISTORICAL STATIC WATER LEVELS

Historical Static :
Tigard Well | WaterLevel | Dateof | 2001Static | nigorence
No Elevation (ft) | Measurement el (ft)
; : Elevation (ft)

1 212 1946 145.55 66.45

2 200 1948 142.03 57.97

3 180 1958 137.02 42.98
Source of Data OWRD Water Level Records
No comparable data available for Well 4 (only constructed Average 55.8
and operated between 1966 and 1974)

Assuming a specific capacity for the basalt of between 0.01 and 0.05, the available
storage capacity could vary between 850 million gallons and 4,250 million gallons.
However, owing to the presence and apparent influence of the sub-vertical fracturing
along the axis of the Bull Mountain anticline, it is considered that the specific yield is
likely to be closer to the 0.05 value than the 0.01 value. As such the available storage
capacity is likely to be of the order of 4 billion gallons.

This, potentially available, storage capacity compares to a required capacity of 225
million gallons to achieve the intermediate phase objectives and 1.4 billion gallons to
implement the full-scale scheme.

Number of Wells Required for ASR

Assuming an average transmissivity for deep production wells on Bull Mountain of
10,000 gpd/ft, the specific capacity of any new ASR wells can be expected to be
approximately 5 gpm/ft. In areas close to the Bull Mountain anticline, transmissivity and
specific capacity values may increase to 20,000 gpd/ft and 10 gpm/ft respectively. As
injection capacities are usually marginally lower than production capacities (a ratio of
0.75 is assumed), associated injection capacities are likely to vary between of 3.75
gpm/ft and 7.5 gpm/ft.

The available (gravity) injection head on Bull Mountain is equivalent to the depth to
static water level and, based on the elevation of the static water levels in the City’s wells
at the present time, is approximately 250 ft. Under circumstances in which the basalt is
fully recharged and static water levels are at elevations of approximately 210 ft, the
available injection head will reduce to 190 ft. As such, the injection capacity of the ASR
wells is likely to vary between 712 gpm (1 mgd) and 1,425 gpm (2 mgd).
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Assuming that the injection source water will only be available for 4 months per year
and a leakage rate during storage of 25%, it will be necessary to inject at an average
daily rate of 2.0 mgd for 120 days to acheive the 1.5 mgd objective. This will result in
the recharge of 240 mg. Based on our previous experience, about 25% or (60 mg) of
the recharge water could be “lost” as leakage during storage (i.e. increased spring
discharge, baseflow, etc). Therefore, after storage, 180 mg would be available for
recovery providing 1.5 mgd for 120 days.

The full scale system requires up to 6 mgd for 240 days. To implement the 1,440
million-gallon, full-scale scheme, as much as 1,920 million gallons may need to be
injected into the basalt at an average daily rate of 16 mgd (11,100 gpm).

Table 4.2 shows the estimated average well recharge and pumping capacities to meet
the above objectives. The initial phase will require either one or two wells depending on
well performance. The full-scale system will require between 7 and 10 wells. Short
term pumping and recharge rates may be greater than that shown on the table. The
pilot test will be used to better estimate recharge and pumping rates of the ASR wells.

TABLE 4.2 ESTIMATED WELL CAPACITIES AND RECHARGE RATES

S A RECHARGER INUECTION ISR it s
Recharge | Total Volume
PHASE Recharge Rate Wells Duration Recharged**
Avg. Cap.
(mgd) | (gpm) [Number] (gpm) (days) (mg)
Iniital (min) 1.33 926 1 926 |EEIEONE 160
Initial(max) 2.00 1,389 694 120NN 240
Full-scale(min) | 10.67 | 7,407 |0Z| 1,058 |00 120 1,280
Full-scale (max) | 16.00 | 11,111 [F 0] 1,111 [P 420 ] 1,920
pH - RECOVERY - WITHDRAWAL
Pumping Total ASR
PHASE ASR Supply venlls Duration |Water Pumped
Avg. Cap.
(mgd) | (gpm) |Number| (gpm) | (days) (mg)
Initial (min) |0 ] 694 || 694 | 120 120
Initial (max) |15 | 1,042 |2 | 521 | 120 180
Full-scale (min) | =4 | 2,778 | 7 397 IEE 220 B 960
Full-scale (max) | "6 | 4,167 | 40| 417 | 240 1,440

*All pumping rates are average - higher capacities are possible for shorter durations
**Assumes 25% Leakage Loss
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As production rates are likely to be lower than the required injection rates and the
corresponding production capacities will be greater, fewer wells could be required to
recover the stored water.

ASR Well Locations and System Phasing

As indicated above, up to 10 ASR wells could be required to meet the overall
performance objectives of ASR. These wells should be developed across the service
area such that each well site is limited to a maximum of two ASR wells, unless indicated
otherwise via pilot testing. Widespread spacing of ASR wells will reduce interference
effects and will minimize the risk to the system in the event of potential groundwater
contamination. Figure 7 shows the potential and possible ASR wells sites. Sites were
identified based on their proximity to the City’s existing distribution system and where
possible on City-owned property, or on property that is owned by other public agencies
amenable to well siting. The number of sites listed provides for some redundancy in the
event that the preferred sites are unavailable. Potential sites are those that have the
greatest likelihood of success for ASR. Possible ASR sites may have reduced well
yields and/or storage volumes may be lower because of less favorable hydrogeological
conditions.

It is the understanding that the City wishes to develop the overall system over a 10-year
period. Therefore, an incremental approach to the development of the full-scale system
is recommended. The first step involves the conversion of the pilot test well to a full-
scale ASR well followed by an additional well at that site if ASR proves feasible.
Subsequently, two wells could be drilled approximately every 2 years until the system is
fully developed. Assuming a 2003 start date, the City can achieve the the 4-6 mgd by
2013. Figure 8 shows the stages involved with the full-scale development.

Potential Impacts of ASR

ASR operations will result in a cyclic increase in ground water levels in the basalt
beneath Bull Mountain. Adverse environmental impacts that could potentially be
associated with this include ASR related flooding and slope de-stabilization. Typically,
ASR flooding impacts are associated with non-artesian wellhead completions or the
stimulation of surface water flow (seeps, springs and streams).

Owing to the high storage capacity and moderate transmissivity of the basalt, it is
considered likely that the increases in water level will be moderate (< 50 ft) and in ali
cases less than levels that historically occurred in the aquifer. As such, any flooding
risk will be restricted to either newly constructed wells that have been drilled into the
unsaturated basalt at relatively low elevations or springs that historically were active but
subsequently dried-up owing to regional lowering of the water table. Based on a review
of the available documentation, it is currently believed that the potential for any such
impact is low. Similarly, as ground water levels are unlikely to be raised above historical
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levels, it is currently considered unlikely that ASR operations will have any adverse
effects on slope stability.

Uncertainties

The assessment described above contains a number of significant assumptions that, at
the present time, are subject to some uncertainty. These include the following:

¢+ The vertical and lateral distribution of permeability across the Bull Mountain block
and associated variations in well performance;

¢ The effects of large scale water level changes (increases and decreases) on
individual well performance;

¢ Possible limits on the available head build-up capacity within the Bull Mountain as a
consequence of losses to springs and streams that rise on the slopes of Bull
Mountain;

¢ The effective permeability of the lateral boundaries to the system and the potential
magnitude of any loss of stored water from the Bull Mountain basalt block to
adjacent basalt blocks (i.e. Cooper Mountain and the basalt beyond the centers of
the Fanno Creek and lower Tualatin River synclinal sub-basins).

Resolving the relative significance of these uncertainties is a priority is terms of
confirming the feasibility of developing the full-scale scheme. Whilst the Phase Il pilot
testing will address this issue, data collected in the meantime may be used to make a
preliminary evaluation and to guide the subsequent data collection effort. The key to
any such (intermediate) effort is the systematic recording of daily production rates from
the City’s wells and weekly monitoring of the associated water level response. This
includes measuring the water level in the production wells and at nearby observation
wells.

Recharge Water

The City could use any of the following sources of water for the Pilot Test and long-term
operation of ASR:

City of Portland - Bull Run and/or Columbia Southshore Wellfield
Joint Water Commission — Trask/Tualatin River

Lake Oswego — Clackamas River

TVWD - City of Portland water

®* & & o

Different sources could be used at different times during the project or a mixture of
sources. Source water will depend on availability at the time of injection. Based on the
City’s current supply, it is likely that the City of Portland water will be used as a source
water. A water quality compatibility model was completed as part of the Feasibility
Study to evaluate the potential effect of reactions between the injected water and both
the in-situ groundwater and the basalt aquifer matrix. Modeling results indicate that
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there is unlikely to be any adverse impacts. Appendix E contains the complete report of
the modeling.

Quantity and Duration Available for Recharge

Currently, the City obtains water from the City of Portland (COP) throughout the year
(8.5 mgd). As water demands are typically lower in the winter, the City could purchase
surplus water from COP to use as recharge water. During the winter, the City’s demand
for water is lower than in the summer. The City’s contract with the City of Portland
does not expire until 2007. The City’s renewal of their contract with COP will determine
in part on the quantity and duration of water received for use in ASR.

Short-term needs for ASR will require an injection rate of 2.0 mgd for 120 days to
achieve 1-1.5 mgd for peak demands during the summer. Long-term requirements for
ASR include an injection rate of 16 mgd for 120 days in order to achieve a supply of 4-6
mgd for up to 240 days throughout the year. Both these injection requirements account
for 25% leakage losses.

Permitting

Permitting requirements for ASR involves two major components: the Limited License
and ASR permit. The Limited License is required to perform the Pilot Test. This permit
enables the applicant to confirm the storage capacity of the aquifer and water quality of
the withdrawn water. Submittal of this application requires the identification of a well for
testing, monitoring wells and source water(s). The ASR permit allows continued use of
ASR and cannot be applied for until the Pilot Test is complete. The Water Resources
Department (WRD) is the agency responsible for issuing the permits and consults with
the Oregon Health Department (OHD) and Department of Environmental Quality (DEQ).

It has been determined that Well No. 1 could be used for the Pilot Test and COP water
would be the source or recharge water. One of the reasons that the permit process
requires identifying the source of supply is that the recharge water from these surface
water sources will have a different water quality than the native groundwater. Because
the City may use different or a mix of source waters during ASR, water quality will be an
important issue.

In addition, the conditions of the aquifer at Well No. 1 indicate that the well is affected by
a boundary that may be related to one or more geological conditions. With the limited
data currently available, it is uncertain how the boundary will affect the storage of water
in the aquifer and how groundwater levels will behave during recharge and recovery.
Typically, WRD accounts for groundwater storage by measuring the water level rise
during recharge and the water level decline during pumping. In view of the uncertain
behaviour of the aquifer during recharge and pumping, both groundwater elevations
and water quality criteria could be required as part of the permit conditions to account
for the stored water. These alternative methods could include additional water quality
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monitoring or monitoring surrounding wells. The details of the permit will be developed
during the Pilot Phase to help determine the design of the Full Scale Iimplementation.

During the Pilot test, water initially withdrawn from the well will need to be wasted until it
has been demonstrated that it meets all water quality standards. Water wasted from the
well can be discharged into the existing sanitary or storm system. The existing
detention pond on site could be used for discharge during the Pilot test. Depending on
the volume and rate of discharge, a discharge permit (NPDES) from DEQ may be
required.

Cost Comparison

To adequately evaluate the feasibility of ASR, a comparison of costs to purchase water
versus that of ASR production is appropriate. Two scenarios were used for the analysis:
Intermediate ASR — 1.5 mgd and Full-Scale ASR — 6 mgd. Both scenarios assume a
demand of 120 days during peak season. The analysis includes the cost to purchase
water and well operations costs. Well development costs are not included in this
comparison but addressed in Sections 5 and 6. Costs to deliver water are the same. It
is assumed that the City can purchase water from a current supplier with two applicable
rates: peak season rates ($0.91/ccf) and winter rates ($0.30/ccf). Costs to operate the
wells during ASR injection and withdrawal are assumed to be $0.10/ccf. All rates are
based on 2001 costs. Table 4.3 illustrates the costs for the Intermediate scheme. Table
4.4 illustrates the costs of the Full-Scale scheme.

Annual operating cost savings both for the Intermediate operation of ASR and in the
long-term, are 45%. This equates to $98,663 a year initially, and rising to $394,652
after full-scale implementation. Assuming a total full-scale implementation cost of
approximately $3.5 million (see Sections 5 and 6), the operating cost savings will pay
for the ASR system in less than 10 years.

CITY OF TIGARD
PHASE | - ASR FEASIBILITY STUDY
JUNE 2001 Page 4-10



TABLE 4.3 INTERMEDIATE ASR COoST COMPARISON

Peak Season Rate (per ccf)

$0.91
Demand (gpd) 1,500,000
Duration (days) 120
Total Costs $ 218,984

ASR Injection
OftSeason Rate (per ccf) $0.30
Pump Costs (per ccf) -
Storage Needed to Achieve 1.5 mgd Recovery
(Assumes 25% water loss) - gpd 2,000,000
Duration (days) 120
Subtotal $ 96,257
ASR Recovery

Peak Season Rate (per ccf) -
Pump Costs (per ccf) $0.10
Demand (gpd) 1,500,000
Duration (days) 120
Subtotal $ 24,064
Total Costs $ 120,321
Annual Savings $ 98,663
Cost Difference 45%
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TABLE 4.4 FuLL-SCALE COST COMPARISON

___ Coststo PurchaseWater =~
Peak Season Water Purchase Rate (per ccf) $ 0.91
Demand (gpd) 6,000,000
Duration (days) 120
Total Costs $ 875,936
WL e ASR;‘,CQsts:mwmeﬂgihﬁ B e
ASR Injection
OffSeason Water Purchase Rate (per ccf) $ 0.30
Pump Costs (per ccf) $ -|
Storage Needed to Achieve 6 mgd Recovery 8,000,000
(Assumes 25% water loss) - gpd
Duration (days) 120
Subtotal $ 385,027
ASR Recovery
Peak Season Purchase Rate (per ccf) $ -
Pump Costs (per ccf) $ 0.10
Demand (gpd) 6,000,000
Duration (days) 120
Subtotal $ 96,257
Total Costs $ 481,283
Annual Savings $ 394,652
Cost Difference 45%

SUMMARY OF ASR FEASIBILITY

In summary:

¢

The available data indicates that there is sufficient storage capacity within the
unconfined basalt beneath Bull Mountain to enable development of an ASR scheme
that is capable of producing up to 6 mgd for periods of up to 8 months;

¢ Based on the available well testing data, construction and operation of 1000 gpm
(Bull Mountain basalt) injection wells is feasible;

¢ Assuming a 4 month injection period, 1 to 2 wells would be required to enable
development of a 1 to 1.5 mgd scheme capable of being used to provide a peaking
supply for periods of up to 4 months;

¢ To enable the development of a 4 to 6 mgd scheme capable of being used for up to
8 months, 7 to 10 wells would be required. The construction of these wells should
be phased to develop the ultimate ASR capacity over a 10 year period;
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¢

The costs to purchase water for and operate ASR are approximately 45% less than
that to purchase water during peak season. This savings does not account for
infrastructure costs.

It is likely that the recovery of the injected water could be achieved using fewer wells
than are required for the injection;

There is expected to be no adverse water quality impacts associated with injection of
treated surface waters into the basalt;

Potential impacts associated with the development of an ASR scheme are likely to
include a water level rise in other basalt wells on Bull Mountain. Other potential
impacts may include an increase in spring discharge on the slopes of Bull Mountain.
There is expected to be no adverse impacts on slope stability.

It should be recognized, however, that the assessment presented above is based on a
number of significant assumptions. These are subject to some uncertainty and
resolution of the significance of the uncertainty is recommended to confirm storage
volumes, injection and recovery rates, groundwater level changes and effects on
springs and streams.

CITY OF TIGARD
PHASE | - ASR FEASIBILITY STUDY
JUNE 2001 Page 4-13



Section 5

g uopdes



TABLE 5.1 PHASE Il COST ESTIMATE

~ Descripton | Costs
PERMITTING AND WATER RIGHTS* $ 19,500
WELLHEAD MODIFICATIONS
Conversion of Well No. 1 to monitoring well $ 18,000
New Well Construction Costs
Drill new well on Well No. 1 site (12 in.) 600 ft. $ 80,000
ﬁJmp and installation (1000 gpm Vertical Turbine w/non- $ 55,000
reverse ratchet)
Pump House $ 45,000
Electrical $ 20,000
Infrastructure
Flowmeter 3 4,000
PRV/check valve $ 3,300]
Back Pressure valve $ 2,600
Pump Control Valve $ 3,000]
Valves/Fittings $ 8,000
'SCADA $ 8,000
Dip Tube $ 500
Pressure Transducer $ 3,000
Transter existing chlorination system $ 800(
Subtotal $  233,200|
Professional Services
Hydrogeological oversite - includes pump test analysis $ 20,000
Engineering Services $ 42,000
Water quality testing $ 3,000
|Subtotal $ 65,000
Contingency (20%) $ 63,240
Subtotal $ 407,940
ASR PILOT TEST $ 97,000
GROUNDWATER MODEL & WELLHEAD $ 50,000
MODIFICATIONS (If necessary)
PILOT TEST REPORT $ 34,000
TOTAL $ 579,940

The following assumptions were made in developing the Phase |l costs:

¢ The new well can be drilled on the Well No. 1 site;

¢ The transmission line from the new well will be connected to the existing piping in
the reservoir yard;

+ The distance from the wellhead to the transmission line is 50 feet;

¢ The pump was sized for ASR injection and withdrawal rates;

¢ No additional water treatment will be necessary beyond the chlorination system
currently in place.
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SECTION 5 PHASE Il - PILOT TEST PLAN

PHASE Il - PILOT TEST PLAN
Objectives

Pilot testing will be accomplished under the terms of a Limited License for ASR. The
goals of the Pilot Test Plan are to determine the percent recovery of stored water, the
potential of recovered water to meet water quality standards and the ultimate capacity of
the aquifer.

Limited License Application

This section describes the requirements of the Oregon Water Resources Department
(WRD) for obtaining a Limited License, which is required to conduct an ASR pilot test.
These requirements are specified in OAR 690-350 Aguifer Storage and Recovery (ASR)
and Artificial Groundwater Recharge, in Section 0020 “ASR Testing Under Limited
License”.

Pilot testing under the terms of a limited license is addressed in Section (1):

(1) Testing Purposes. To store and use water injected into an aquifer for aquifer
storage and recovery testing purposes requires a limited license. Only after
completion of an ASR testing program under a limited license may an applicant
apply for a permanent ASR permit. The testing approach shall be designed to
provide information as needed to evaluate the ultimate capacity anticipated for
the project. The limited license may allow for a beneficial use(s) of the recovered
water.

A pre-application conference is required prior to application for a limited license:

(2) Pre-application Conference. The Department requires at least one pre-
application conference with a prospective licensee prior to filing an application
requesting the right to use water under a limited license for ASR testing. The
purpose of the conference is to describe and discuss the processes and
requirements which the Department associates with water storage and recovery
in the ASR Program. The conference may serve as a point of review for the
apparent adequacy of the applicant’s hydrogeologic and other information. The
Department shall invite personnel from both the DEQ and HD to the conference.

The proposed ASR testing program is addressed in Section (3) (b) (A) as follows:

Proposed ASR Test Program. The proposed testing program shall include
injection rates and schedules, water storage volumes, the injected water storage
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durations, recovery rates and schedule, water quality sampling including a quality
assurance and quality control plan, water level monitoring including location of
observation wells, contingency plan for use of recovered water if the intended
use not possible, information on the anticipated final project (scope and
conceptual design), and testing report outline. (A licensed professional will be
required to develop this information as required by Oregon Law)

The proposed system design is addressed in Section (3) (b) (B):

(B) Proposed System Design. The proposed system design package shall
include well construction information for any injection, recovery, observation and
source wells, the wellhead assembly, piping system for injection and recovery,
and other conceptual design components of the system. (A licensed professional
will be required to develop this information as required by Oregon Law).

Groundwater information requirements are addresses in Section (3) (b) (C):

(C) Groundwater Information. Preliminary hydrogeologic information shall include
the local geology, a conceptual hydrogeologic model, a description of the aquifer
targeted for storage, estimated flow direction and rate of movement, allocation of
surface water, springs or wells within the area affected by ASR wells, rationale
for estimating the affected area, anticipated changes to the groundwater system
due to the proposed ASR testing, potential natural resource problems of testing,
and other information on groundwater and surface water conditions antecedent
fo ASR for basing recovery estimations. (A licensed professional will be required
to develop this information as required by Oregon law. (ORS 672.505-705))

The source water quality is addressed in Section (3) (b) (D) as follows:

(D) Quality of Source Water. The applicant shall provide information regarding
the quality and treatment of the proposed injection source water relevant to the
proposed injection time of year for:

(i) Regulated constituents with maximum contaminant levels under OAR 333-
061-0030 (test results from a laboratory approved by the HD (OAR 333-061-
0036));

(i) Unregulated constituents under OAR 333-061-0036 (test results from a
laboratory approved by the HD (OAR 333-061-0036));

(i) Constituents with maximum measurable levels established under OAR 340-
040 (ORS 468B.165) (test results from a laboratory approved by the HD (OAR
333-061-0036)),
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(iv) Compliance with treatment requirements and performance standards for
source waters that fall in categories identified in OAR 333-061-0032;

(v) Common ion constituents and water quality parameters to include: alkalinity
or bicarbonate, calcium, magnesium, iron, manganese, sodium, potassium,
chloride, sulfate, silica, total dissolved solids, pH, redox potential and
temperature;

(vi) Other constituents as required by the Department.

Additional information on the source water quality, including compliance with
applicable water quality standards, is addressed in Section (3) (b) (E):

(E) Comments on Source Water/Standards. The applicant shall address the
following situations as they apply:

(i) If a constituent that is regulated under OAR 333-061-0030 (ORS 448.131 and
448.273) or OAR 340-040 (ORS 468B.165) is detected in the source water, the
applicant shall demonstrate that there are not other sources of water available to
the applicant which would be satisfactory for injection and lower in the constituent
of concern;

(i) If a constituent is detected in the source water above 50% of the levels
established under OAR 333-061-0030 (ORS 448.131 and 448.273) or OAR 340-
040 (ORS 468B.165), the applicant shall install a treatment method, system or
other alternative method to reduce the constituent to less than 50% of those
levels, unless the applicant can show that there is not a treatment method,
system or other alternative method that will reduce the level of a contaminant
below the 50% level, or the lesser of:

(l) The applicant can show that it would be more costly to provide the treatment
method, system or other alternative method necessary than to obtain the same
amount of stored water from the next cheapest feasible water supply alternative;
or

(ll) In the case of a drinking water system the applicant can show the cost of
adding the treatment method, system or other alternative method increases the
cost per household of providing water (including operation, maintenance, and
debt service for prior water projects) above 1.5% of the median household
income of the community.

(iii) Notwithstanding paragraph (3)(b)(E)(ii) of this rule, in the event the applicant
cannot reduce a constituent to less than the 50% level, the applicant shall
minimize the constituent level by providing the level of treatment available or
other alternative method which for the same amount of stored water is not as
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costly as either the next cheapest water supply alternative or an amount equal to
that necessary to increase the cost per household of providing water to 1.5% of
the median household income of the community, whichever is less;

(iv) Notwithstanding the provisions of paragraphs (3)(b)(E)(i), (ii) and (iii) of this
rule and after consulting with the DEQ and the HD, the Department may
determine that the circumstances are such that an alternative source, treatment
method, system, or other alternative method is acceptable or not necessary.

The quality of the receiving water (native groundwater quality) is addressed in
Section (3) (b) (F) as follows:

(F) Quality of Receiving Aquifer Water. The applicant shall provide information
regarding the quality of the receiving aquifer water for:

(i) Regulated constituents with maximum contaminant levels under OAR 333-
061-0030 (test results from a laboratory approved by the HD (OAR 333-061-
0036));

(i) Unregulated constituents under OAR 333-061-0036 (test results from a
laboratory approved by the HD (OAR 333-061-0036));

(ifi) Constituents with maximum measurable levels established under OAR 340-
040 (ORS 468B.165) (test results from a laboratory approved by the HD (OAR
333-061-0036));

(iv) Common ion constituents and water quality parameters to include: alkalinity
or bicarbonate, calcium, magnesium, iron, manganese, sodium, potassium,
chloride, sulfate, silica, total dissolved solids, pH, redox potential and
temperature;

(v) Other constituents as required by the Department.

The compatibility of the recharge source water and receiving aquifer water is
addressed in Section (3) (b) (G) as follows:

(G) Comments on Compatibility. The applicant shall evaluate the compatibility of
the injection source water and receiving aquifer water for possible changes in
aquifer characteristics due to hydrogeologic or hydrogeochemical changes.

Agency Review

Once a completed application for a Limited License is received by Oregon Water
Resources Department (WRD) almost five months must be allowed for in the schedule.
By rule, WRD has 45 days to consult with the Health Division and Department of
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Environmental Quality about the completeness of the application. It then has 7 days to
provide public notice of the request for the License. A 30 day public comment period
follows posting of the public notice. WRD then has 60 days within which to prepare a
final order with conditions on the License. The public notice period is expanded to 60
days, and upon issuance of the final order with the permit, there is a 45-day protest
period within which anyone objecting to the permit may file. Even prior to issuing a final
order, the application can be sent to the Water Resources Commission for review.
While no protests or significant policy concerns requiring Commission attention are
anticipated on the application, it is not possible to assume that none will materialize.

Modifications to Pump for Pilot Testing

In its current state, Well No. 1 cannot be used for the Pilot test without costly repairs. In
order to meet the State standards for well construction, the well casing would need a
sleeve to repair the leak, thus reducing the size of the columns and pump. In turn, the
production of the well would be decreased significantly.

To conduct the Pilot Test, a new well should be drilled on the Well No. 1 site. A 12-inch
well would allow a larger pump, thus allowing greater recharge and withdrawal rates.
The new well would be equipped with a pump allowing recharge water to be introduced,
monitor the progress of the testing, and dispose of the recovered water. Specifically,
these features include : a pump designed to rotate in reverse as may occur during
recharge; disabling of check valves; installation of a water level monitoring port and
sounding tube; installation of 2-way flowmeters and other meters as needed; installation
of a pump-to-waste connection or other means to dispose of the recovered water, and
other considerations. The existing well will be converted to a monitoring well with minor
modifications.

Modifications to Distribution System for Pilot Testing

The existing distribution system allows for the delivery of groundwater from the City’s
wells. With the construction of a new well at Well No. 1 site, new piping will be needed
to connect to the distribution system and reservoirs for the Pilot Test and long-term
operation of ASR. The new well will be located on the opposite end of the building
where the existing well is located. Connection to the system can be readily
accomplished with minor modifications.

Water Rights

Since the City does not hold any surface water rights to any of three potential sources, a
water right holder agreement will be needed from the appropriate water provider(s) as
part of the ASR permit application. The agreement must indicate permission for use of
the water for ASR testing. Early contact with potential source water providers will be
required to facilitate this permitting process.
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Monitoring

Close coordination with the Oregon Health Department will be required to ensure that ali
water quality standards are being met. Additional or increased frequency of water
quality monitoring may be required during the Pilot Test and initial ASR operation.
Once the City has demonstrated that the withdrawn water meets all drinking water
standards, the OHD may reduce these monitoring requirements.

Schedule

The anticipated schedule for the injection phases of cycle testing would occur during the
winter of 2001/2002. This is ideal from the perspective of availability of source water for
injection. Surplus water is available during these months and can be utilized for the
Pilot Test. Figure 9 shows the schedule for the Pilot Test Plan.

Assuming there are no delays in the Pilot Test, initial delivery of ASR water to
customers would occur in the summer of 2002. The period for the Limited License will
be at least two years and is recommended to be the five year maximum to allow
operation of the ASR system by the summer of 2002 regardless of the status of ongoing
ASR permitting. While the ASR system is operating and serving water under the terms
of the Limited License, the long-term ASR permit can be obtained.

Cost Estimate

Based on findings from the Feasibility Study, estimated costs were prepared for the
Pilot Phase. Costs include the conversion of Well No. 1 to a monitoring well, drilling of a
new well on the same site and associated piping, equipment and housing costs. Table
5.1 lists the costs included in Phase Il — Pilot Test.
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SECTION 6 PHASE Iii - FULL-SCALE IMPLEMENTATION

Objectives

Full-scale implementation will be accomplished under the terms of an ASR permit. The
goals of Phase Ill are to develop and implement a plan for full-scale implementation
based upon hyrdogeologic requirements identified in the Feasibility Report and Pilot
Test Plan and the water supply needs of the City. The findings of this report indicate
that a total of 10 wells will be needed to achieve the 4-6 mgd scheme. The City has
expressed a desire to complete the full-scale implementation within a 10 year period.

ASR Permit

Based on the results of Pilot testing, a permit application from WRD for full-scale
operation will be prepared. It is assumed that this application will be submitted while the
ASR system is operated under the terms of the Limited License. A formal
preapplication conference will be held with WRD to review application requirements as
required under WRD rules. The application will contain all information required under
OAR 690-350-030. These requirements are similar to those for the Limited License
Application.

Agency Review

Once received by WRD, the agency has 45 days to review the application for
completeness. DEQ and the OHD are provided opportunity to review the application.
Once deemed complete, WRD will notify the City that the application is complete.
Within 7 days of this notification, a public notice is released by WRD commencing a 60-
day comment period. After this 60 day comment period, the WRD will issue a proposed
final order on the application. The City will be notified of the final order. Certain
conditions may be placed on the ASR permit including the maximum allowable injection
rate, storage volume and duration and the maximum allowable recovery rate.

Schedule for Implementation

Once the initial Pilot testing is complete and the Pilot Test Report is written, application
for the ASR permit can be made. Assuming there are no delays in the Pilot Test,
application could be made as early as the fall of 2002. Based on the City’s desire to
achieve full-scale production within 10 years an incremental approach is recommended.
Specifially, the Pilot test well would be converted to a full-scale ASR well followed by an
additional well at that site. Subsequently, two wells could be drilled every 2-3 years until
the system is fully developed. Assuming the permit is obtained without delay, the first
stage of the full-scale scheme could begin in the early part of 2003. Figure 8 shows the
recommended schedule for full-scale implementation. This approach is recommended
for several reasons. First, the boundaries of the aquifer are uncertain at this time.
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Development of each well will help determine these boundaries with littie risk to the City.
Secondly, the flow characteristics of the aquifer can differ within short distances, thus
producing different yields. This was evidenced in the Salem, Oregon ASR well field. An
incremental approach allows the City to utilize ASR to their specific needs at that
particular time. Should the City’s contracts with the City of Portland change drastically,
the City may decide to limit the need for ASR production. Finally, this approach will
allow the City to implement the project without a large upfront investment.

Integration with Existing System

Based on the City’s desire to utilize ASR as a constant source supply, ASR can be
developed with minor modifications to its existing distribution system. Dedicated ASR
wells will require connection to the system. Initial review of the City’s current properties
indicates that parcels close to major distribution pipelines are available for development
of ASR wells.

Well Locations and Capacities

Feasibility Study investigations indicate that 7 to 10 wells could be needed in order to
achieve the 4-6 mgd ASR production. Assuming Well No. 1 is converted to a
monitoring well (as recommended), and a new well is drilled to replace it, only Well No.
2 could potentially be used for long-term ASR. Wells No. 3 and 4 were ruled out due
to potentially poor ASR production capacity, inaccessibility to repair or replace the pump
and uncertainties with regard to future property ownership. The existing Well No. 2
could be equipped with a larger pump, thus allowing greater injection and withdrawal
rates.

In addition to the existing wells, it is recommended that new ASR wells be drilled at sites
throughout the City. These wells should be developed across the service area such
that each well site is limited to a maximum of two ASR wells, unless indicated otherwise
via pilot testing. Widespread spacing of ASR wells will reduce interference effects and
will minimize the risk to the system in the event of potential groundwater contamination.
Figure 7 shows the potential and possible ASR well sites. Sites are located in close
proximity to the City’s existing distribution system and where possible are on City-
owned property, or on property that is owned by other public agencies amenable to well
siting. The number of sites listed provides for some redundancy in the event that the
preferred sites are unavailable. Potential sites are those that have the greatest
likelihood of success for ASR. Possible ASR sites may have reduced well yields and/or
storage volumes may be lower because of less favorable hydrogeological conditions.
ASR well capacities during pumping are expected to range from 400 to 800 gpm.
Testing will be required at each well site to determine well yields.
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Recharge Water

Similar to the Pilot Test, multiple source waters from the City’s suppliers could be used
for ASR. Because the City does not hold any water rights to these sources, a water
right agreement will be required. Water used for ASR recharge may come from one or
more of the following surface water sources available to the City:

¢ Clackamas River via Lake Oswego (or South Fork Water Board),
¢ Bull Run River via the City of Portland; or
¢ Trask-Tualatin River via the Joint Water Commission.

This situation could change in the future as long-term supply decisions are solidified.

Monitoring

Increased water quality monitoring or frequency of monitoring may be required to
account for water injected and withdrawn from the aquifer. This will be determined once
Phase Il is complete. Monitoring of water levels in the ASR wells and other local wells
will be required to demonstrate the effects of the system on local groundwater levels.
Existing wells should primarily be used for this purpose such as the monitoring wells
that would be instalied in Wells No. 1, 3 and 4, and irrigation wells at local schools and
golf courses.

Cost Estimate for Full Scale System

Cost estimates for Full Scale ASR development and implementation are listed in Table
6.1. Cost estimates were calculated based on the following assumptions:

¢ Ultimate ASR production is 4-6 mgd from 10 ASR wells.
¢ The 10 ASR wells consist of:
¢ The Pilot Test well at Well site No.1;
¢ Modifications to Well No. 2 and
+ Eight new ASR wells developed over a 10 year period.
¢ Land acquisition is not included.
¢ Full-scale implementation will occur in five stages over a 10 year period.
If fewer wells are needed to achieve system goals, the cost of the full program will be
reduced.
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TABLE 6.1 PHASE Il COST ESTIMATE

DE == ATWELLNO.TSITE
NEW WELL CONSTRUCTION COSTS (PER WELL)
Drill new well (12in.) $ 80,000
Pump and installation (1000 gpm Vertical Turbine w/reverse ratchet) $ 55,0(@
Pump House $ 45,000
Electrical 3 20,000
Infrastructure
Flowmeter $ 4,000
PRV/check valve $ 3,300
Back Pressure valve $ 2,600,
Pump Control Valve $ 3,000
Valves/Fittings $ 8,000
SCADA $ 8,000
Dip Tube $ 500
Pressure Transducer $ 3,000
Chlorination system $ 3,500
Subtotal $ 235,900
Professional Services
Hydrogeological oversite - includes pump test analysis $ 15,000
Water quality testing $ 3,000}
Engineering Services $ 35,500/
Subtotal $ 53,500
Contingency(20%) $ 57,900
TOTAL $ 347,300
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 1 TOTAL $ 370,70
MODIFICATIONS TO WELL NO. 2 $ 50,000
NEW WELL CONSTRUCTION COSTS $ 347,300
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 2 TOTAL $ 403,70
NEW WELL CONSTRUCTION COSTS ( $347,300 PER WELL) $ 694,600
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 3 TOTAL $ 701,00
NEW WELL CONSTRUCTION COSTS ( $347,300 PER WELL) $ 694,600
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400
STAGE 4 TOTAL $ 701,00
STAC
NEW WELL CONSTRUCTION COSTS ( $347,300 PER WELL) $ 694,600
IMPLEMENTATION, OPERATION AND MONITORING $ 6,400]
STAGE5 TOTAL 701,000
' o S— - —— 5,877,400
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SECTION 7 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The City wishes to utilize ASR for both short-term and long-term needs utilizing its
existing wells and water supplies. The Feasibility Study investigated the potential of
ASR to meet these requirements. An evaluation of the City’s wells indicate that Well
No. 1 is most suitable for use as an ASR pilot test well. Hydrogeological investigations
were conducted at Well No.1 to characterize the aquifer and groundwater quality.
These initial investigations revealed the following about the aquifer in the vicinity of Well
No. 1:

¢ There is sufficient storage capacity within the unconfined basalt beneath Bull
Mountain to enable development of an ASR scheme that is capable of producing up
to 6 mgd for periods of up to 8 months;

¢ Construction and operation of 1,000 gpm (Bull Mountain basalt) injection wells is
feasible;

¢ Assuming a 4 month injection period, 1 to 2 such wells would be required to enable
development of a 1 mgd to 1.5 mgd scheme capable of being used to provide a
peaking supply for periods of up to 4 months;

¢ To enable the development of a 4 to 6 mgd scheme capable of being used for up to
8 months, 7 to 10 wells would be required

¢ ASR wells should be developed incrementally over a 10 year period.

¢ ltis likely that the recovery of the injected water could be achieved using fewer wells
than are required for the injection;

¢ There is expected to be no adverse water quality impacts associated with injection of
treated surface waters into the basalt;

¢ Potential impacts associated with the development of an ASR scheme are likely to
include a water level rise in other basalt wells on Bull Mountain. Other potential
impacts may include an increase in spring discharge on the slopes of Bull Mountain.

¢ The effects of large-scale water level changes (increases and decreases) on
individual well performance require additional monitoring of water levels.

¢ If additional monitoring of water levels show little change in the draw-down,
alternative methods may be imposed as part of the permit conditions required to
account for the withdrawn water.

In summary, the results of the Feasibility Study indicate there are no fatal flaws for ASR
development in the City of Tigard. It should be recognized, however, that the
assessment is subject to some uncertainty. At this time, the boundaries of the aquifer
are unknown and require further study to determine their influence on the storage of
recharged water. Resolution of the uncertainty in the aquifer boundary conditions is
recommended to confirm storage volumes, injection and recovery rates, groundwater
level changes and effects on springs and streams.
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RECOMMENDATIONS

The following is recommended:

¢

Before Wells No. 1 and 2 are used this summer, the well-heads should be modified
to enable a water level meter to be used to monitor the water levels;

In the period prior to the use of the wells, water levels in all of the City’s wells should
be monitored on a weekly basis;

Arrangements to access the Tigard High School and James Templeton Elementary
School wells for monitoring purposes should be put into place prior to the use of the
Tigard wells;

Consultant should be notified prior to the use of the Tigard wells so that consultant
staff can be in attendance at the start up of the pumps to record (valuable) early time
test data;

During summer use of the Tigard wells, water level measurements should be taken
in both the City’s wells and adjacent observation wells. Pumping rates should be
noted for all wells. Measurements should be taken daily throughout the summer;

At this stage it appears feasible to develop an ASR scheme using the Bull Mountain
basalt. As such the City should proceed with the development and implementation
of a pilot test plan;

In view of the poor condition of Well No. 1 casing, a new test well should be
constructed at the Canterbury Lane site and the existing well should be converted to
a multi-level monitoring well for pilot testing.

Once additional monitoring is complete, the City should confirm how ASR fits in its
water supply strategy and identify its role in both short-term and long-term planning.
At this time, the City should proceed with the level of ASR that is commensurate with
its needs.

Develop and implement the proposed ASR scheme incrementally over 10 years to
achieve the 4-6 mgd scheme by 2013.
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FIGURE 8
Proposed ASR Development Schedule

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
TMATE TS s 579,940
PHASE 3 FULL SCALE ASR IMPLEMENTATION
PERMITTING
STAGE 1 - Convert Pilot Well to ASR Well and develop second 1-1.5 mgd
ASR well on Canterbury site
[ESTIMATED CIP COSTS $370,000
[ESTIMATED COSTS TO PURCHASE WATER FOH ASH (1.5 mgd) $120,321
STAGE 2 - Modify Existing Well No. 2 and develop second ASR 1.5-2.5 mgd
well at site
[ESTAMTED COSTS §_404,000
5 mgd) '$ 200,535

. 2.5-4 mgd
STAGE 3 - Install two wells at appropriate site
[ESTIMATED COSTS $ 701,000
ESTIMATED COSTS TO PURCAASE WATER FOR ASH @ mgd) $320,856

. 4-5 mgd
STAGE 4 - Install two wells at appropriate site
[ESTIMATED COSTS $701,000
mmmgu) 401,070

5-6 mgd

STAGE 5 - Install two welis at appropriate site
ESTIMATED COSTS $ 701,000
ESTIMATED COSTS TO PORCHASE WATEHR FOR ASR (6 mgd) _ $ 481,283

All costs are based on 2001 numbers. Costs to purchase water are based on 0.91/cfs from JWC
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FIGURE 9
ASR Pilot Project
Schedule
2001 2002 2003
TASK NAME Jan (Feb | Mar | Apr | May | Jun | Jul | Aug| Sep | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug| Sep | Oct | Nov | Dec | Jan
PHASE 1 FEASIBILITY STUDY
1.0 Coordination and Project Management
1.1 Project Management Plan |
1.2 Establish Project Goais
1.3 Key Progress Review Meetings 2 o u a | a
1.4 Formal Progres Reports [] [] [] [ [] [] a [ a [] L] u . [ ] a | | [ ] a n a l a
2.0 Well Suitability Evaluation ]
% 3.0 Hydrogeologic Characterization
4.0 Water Quality Compatibility Evaluation
5.0 Permits and Water Rights il
6.0 System Integration
7.0 ASR Implementation |
8.0 Phase | Report |
8.1 Additional Water Level Monitoring (To be conducted by
City)
PHASE 2 PILOT TESTING [ B

1.0 Permitting and Water Rights

2.0 Wellhead Modifications/ New Well

3.0 ASR Pilot Testing

Cycle 1 Shakedown

Cycle 2

1. Recharge

2. Storage

3. Delivery

4.0 Pilot Test Report

I AN N N I
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STATE OF OREGON !
COUNTY OF WASHINGTON -
CERTIFICATE OF WATER RIGHT
This Is to Certify, tha  T16ARD WATER DISTRICT
of 8841 S.W. Commercial St., Tigard , State of Oregon, 97223 , has made

proof to the satisfaction of the Water Resources Director, of a right to the use of the waters of
a well

a tributary of Fanno Creek for the purpose of
municipal

under Permit No.  G-3270 and that said right to the use of said waters has been perfected in
accordance with the laws of Oregon; that the pnortty of the right hereby confirmed dates from
April 25, 1966

that the amount of water to which such right is entitled and hereby confirmed, for the purposes
aforesaid, is limited to an amount actually beneficially used for said purposes, and shall not exceed
0.67 cubic foot per second

or its equivalent in case of rotation, measured at the point of diversion from the stream.
The point of diversion is located in the Lot 2 (SW4 NW%), Section 11, T. 2 S., R. 1 W.,
M., 1625 feet South and 30 feet East from the NW Corner, Section 11

The amount of water used for irrigation, together with the amount secured under any other
right existing for the same lands, shall be limited to -=-------—--- of one cubic foot per second
per acre,

and shall
conform to such reasonable rotation system as may be ordered by the proper state officer.
A~description of the place of use under the right hereby confirmed, and to which such right
is appurtenant, is as follows:

SEE NEXT PAGE

STATE OF OREGON ‘
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County of Washington

. Roger T| omsseq D|recgor of Records

and Electigns” apd Ex-Off\cm @ecorder of
Conveyance&(or said county, ddpereby cer-
tify that?the wnhm,,mstrumem\ of writing

was rece:ved an? recordeéd.iin’badk:of records.
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STATE OF OREGON
COUNTY OF WASHINGTON
CERTIFICATE OF WATER RIGHT
This s to Certifp, that  T16ARD WATER DISTRICT
of 8841 S.W. Commercial St., Tigard , State of Oregon, 97223 , has made

proof to the satisfaction of the Water Resources Director, of a right to the use of the waters of
a well

a tributary of  Fanno Creek for the purpose of
municipal
under Permit No. G-2999 and that said right to the use of said waters has been perfected in

accordance with the laws of Oregon; that the priority of the right hereby confirmed dates from
November 19, 1965

that the amount of water to which such right is entitled and hereby confirmed, for the purposes
aforesaid, is limited to an amount actually beneficially used for said purposes, and shall not exceed
0.63 cubic foot per second

or its equivalent in case of rotation, measured at the point of diversion from the stream.
The point of diversion is located in the NWy SWY%, Section 10, T. 2 S., R. 1 W., W. M.,
25 feet South and 500 feet East from the W% Corner, Section 10

The amount of water used for irrigation, together with the amount secured under any other
right existing for the same lands, shall be limited t0wacea—ane- of one cubic foot per second
per acre,

and shall
conform to such reasonable rotation system as may be ordered by the proper state officer.
A’description of the place of use under the right hereby confirmed, and to which such right
is appurtenant, is as follows:

SEE NEXT PAGE

STATE OF OREGON %
5§

County of Washington

I, Roger Tpomssen Dxrector of Records

and Elections and ‘Ex- OfficjotBecorder of
ConveyanCes dor said countx)/(dggvsreby cer-
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tify that™the within, insttumé

f writing

was received and recorded_mleookno (records.
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Abstract of Ground Water Registration

Registration No. CR=615

Certificate No.

Name M gard Water District

By C. E. Janoe, Chairman, Beard of Commissioners
Address 8900. S+, W. Burnham Averme

Tigard, Oregon

Source of water supply ~ Pump woll #2
Use Yurdcipal

Point of diversion

@B-587

vithin N3 M¥%, Sec. 10, Te 2 Sep Re 1 We, WM. in the
28 3 W Gaarde

Number of acres county of Washington.

<

= Lo -

s

DESCRIPTION OF LAND TO BE IRRIGATED OR PLACE OF USE

S. 610 ft. and E. 1270 ft. from N¥ corner of Soc. 20 being

. \ NE% ; NWi SWi4 | SEY

ey Range] Sec. NEY | NWii | SWi | SE!L || NEY | NWY ‘ SWi, | SEW || NEW | NWY | swy, | sz‘.:‘ NEW | Nwig | swi | sER
| T

1S|1W3 ! | { Exx xix xx_xfx

2slw(2Lx| ;}x‘fx X ﬁxx x]x 1|z ! xlx

2S|11¥W 3 IIX | X i_x_‘ X X x| X I X !'x | x|x | x X

X
X

2S5 1¥W 9 ||X X | X | X
X

2S[1W10 X

X X
X X
X | X 1 X
X X
X X

X
X
2511 %W _X_,LX__.ITLL.J_..._. X | X

| i;

Priority date 1949

Amount of water claimed 500 gep.m.

Time limit to completely apply water campleted extended to

Remarks: Tigard Well No. 1 belng reglstered.

exrtended to
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o avmge g A,
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El
¥
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romsrmmcmmoromo&

. ) _mdlsmmpuucumlydm'bedw!omm:

. .inLot __ s Block of

" from ..zm-_g.!@” © SQP.....;A&?..L

" fectper year.

~*  Registration No. GR-. &

' Centficate No.GR.__ 07
Regzstmuon Stalement oGt

. OF CIJIIMAN'! OF RIGHT TO mnormrc GROUND wam

.. Re: fldard'ﬁeii No. 2

. TIGARD WATER DISTRICT ]
1 By €. E. JANOE, Chafrman: Boara: oz Commlaaionera

- _of 8900 s.w. Bmhan 4‘7914_.?..&8,% Caumyl:f -Fashingten.

.. Stateot °"°B_°n dobmbymkeappﬂmﬂonforacemmdreclmUmasmdm
", -ofaright to appropriate ground water

22
L. Source from which water fs withdrawn h-.l“..‘.’.’uﬂll z

-‘mmmm-mb

2. Locafion f5: 1% 81loc aonthweat of Tigerd, Orogon

Gy o Pmsnd

(@ .South 610 ft. and Enst 1270 'ft. _from MI gorner of Seotion 10
T ol

Il.-w.)

(b wlmmumxtsofnmdedphmdmm towm or clty:

OFanwe c3 pint s etdizien)

County of
G witkia city nb-q,mnm)

R : 194
3 Construction Work was begun on /‘Z{? -wumplenedm_lnlx_ﬁﬂ,_ﬁﬁi

‘and :hemmmmmmmmemmmmmmnmn%

Since which time the water hag been usod . ~Sontinuouply

m—wumm

Qtnnmydw:ltcrchmedandusdk &L____ganmpermlmm-______m

Pmpmwrmtuwmmmm ~munlelea) -

oa, e
& Deseription of Well: nopzh__ﬁ53 fleet, Type _Prillod

Gl.-

. — )
- dlameter 12 inches, mmumamunaawonm..i&. 275 feet, mean seq level,
" Depthto water table . 299 gece.

€0 GEAT O MES=i2)

2 Capacity ot Well: 335

- K Flowing Well: Measured dischirge
) "Shummmummmmm——-_.__;__lbapermhm
Water is contralled by — ‘

L=y e Y

N e L
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Abstract of Permit No. 6655
Application No. G=760 Certificate No. 28971

Tigard Water District
Neme 8841 3. w. Comaercial
Address Tigard 23, Oregon

Source of water supply 1+8ard Well #3, a trib. of Fanno Creek (Tualatin River)
Use "ﬁmi,d?al

- s . Well'No. 3: 25' N, and 50! E. from the center of Section
Point of diversion
omt of divers: L, belng within the SW: NE? Section 4, T. 2 S., R. 1 W.,

Number of acres W.M., in the county of rashingten.

TosT o% 135
DESCRIPTION OF LAND TO BE IRRIGATED OR PLACE OF USE
I R NEY NWY% | SW4 [ SEL
Twp, | Range Sec. B L
NEY, | NWi, | sW¥ Br. MNE', [ NWU | sWi SET, NE'YQ | NWio | SWiL SZY, |NZ’,’. Nwiy 5 swey SE',
=
B 1W (34 . x | x x x| x| x| X X
_ 35 - x |lx | = x| x| x x| x
LR
25 [1IW | 2 x x| x| x|l x|z x| x x | x x x x x X X
)
3 x X| X | X X|x | X x| x| X X x x| x x| x
4 x X| x| X X X| X | x | x @ x X | X_)_x_|_x! xix
- - ﬁ
}
- 5 I X |x x|x |/ x X _x
7 x x X X
_. o {
8 X X| x| x|l x| x| x x| x| x|x |x X | x xJ x
9T X X x| x X X x| x X x = x | x Ix x
10| x X x|x | x x x| x| x| x| x|x || x| x| x|x
IT7 X X x X X X X X X X X X X X X
Priority date September 16, 1957
Amount of water 0.73 c.f.5., measured at the point of diversion
Time limit to begin construction ety B, 19022
Time limit to complete construction 10/1/57 extended to extended to
Time limit to completely apply water)10/1/60 extended to extended to

Remarks:



- Abstract of Ground Water Registration
Registration No, GR-616 Certificate No. GR-588
Name TIGARD WATER DISTRICT by C. E. Janoe, Chairman,
: 8900 S.W. Burnham Ave. Board of Commissioners
- Address Tigard, Oregon
: 3 Source of water supply Pump Well #A
LN '
t* Use Municipal
B Point of diversion 1625' S. and 30' E, from NW cor. of Sec, 11; being within
- P the SW} NW§ of Sec, 11, T. 2 S., R. 1 W., W,M., in the
Number of acres county of Washington. omoee e
r | [l RO 'Q' BRIV T 1"\.~‘\<;_‘-.43\/v.1.’
¥
" DESCRIPTION OF LAND T0 BE IRRIGATED OR PLACE OF USE
‘ | NEY NwWi, ‘ 5Wig SE14
bt Tup. | Ronge| Sec. -
= NEU | NWu | SWx | SEN || NEW | NWi | SWi | SEN || NEN | Nw | Swu | sEn || NEN | Nw | swi | SER
! | i 1
- L8 ]2 Wiz - X L X X X ) X X X X
G 28 W 2 J|X | X X IX X X X h o x L x fl.x ] x | % ;X
Y |
1 . 3 X ¥ .x Iy lx X X X X Y Xl x
\ ) X Y ¥ lx ix Yy _Ix ¥ JR
- ( | [ o
: :j _ ng X X lx 1y Jx Y x X I" : L
S - Lx |_y X Xy vy v e ‘ |
g\ ? .-._“ o = L v 1A EAd e R A } I 4(
t _ S R |
| | L |
S IS S | A ; ' I
§ a T
} ?
s 3 Priority date Oy 1947
< Amount of water ¢laimed 200 g.p.m.
- Time limit to completely apply water Completed extended to extended to
; Remarks: Tigard Well No, 2 being registered.
G
w‘
=]
7
o
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Map Number
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Section' Certificate
3 29918
3 0
4 0
4 0
4 28971
4 35683
4 72399
5 40701
6 0
6 0
6 0
6 30332
6 55550
6 73179
7 0
7A 36444
10 0
10 0
10 0
10 0
10 29661
10 32020
10 43690
10 46638
11 69344

[r——
—
N N
W W)
N O
O O
S o

11 0
11 0
11 0
11 0
11 32496
11 46639
12 0
12 T 29260
12 0
12 0
12 0
12 0
12 67910
13 8906
13 S 11133
13 T 0
13 T 32023
13 0
13 0
13 0
13 47773
14 0
14 0
14 48489
15 0
15 0
15 0
15 23218
15 23253
15 30540
15 40822
16 41378
17 0
18 0
18 50548
18 51171
18 60569
Notes

R R S A

. WE-Well; SP-Spring

Permit
S 25054
GR 567
GR 548
GR 3997
G 655
G 2367
G 2367
G 4167
CG 488
GR 352
GR 1481
G 488
G 1985
G 488
CG 488
G 3542
GR 587
GR 1545
GR 2104
GR 2104
G 612
G 2170
G 3463
G 2999
R 100555
R 100555
R 100555
GR 122
GR 123
GR 588
GR 1499
G 1612
G 3270
S 48096
D 29260
G 11155
G 11155
G 11340
GR 3472
G 11089
S 8061
S 8061
S 37411
S 26285
GR 2156
GR 2615
GR 3945
G 6547
GR 1736
GR 2669
G 5823
R 8480
R 8480
R 8480
S 20055
S 21683
S 25886
G 3304
G 3116
GR 1819
GR 1818
G 5476
G 5476
G 6780

Priority Date

8/13/57
3/3/53
12/31/53
12/31/49
9/16/57
2/28/63
2/28/63
5/29/68
27/57
10/31/52
10/15/53
27/57
11/9/61
2/7/57
27/57
12/9/66
10/31/49
8/27/51
3/1/48
3/1/48
6/24/57
4/30/62
1/17/67
11/19/65
1/1/93
1/1/93
1/1/93
2/15/53
12/31/52
4/25/47
2/1/53
7/12/60
4/25/66
6/27/83
12/31/1867
5/22/90
5/22/90
5/14/91
9/11/51
5/9/89
7/5/27
7/5/27
7/18/74
7/20/59
6/30/41
7/31/51
9/30/48
8/15/75
12/31/52
4/30/52
8/14/75
5/18/82
5/18/82
5/18/82
12/28/50
8/6/52
1/14/59
5/26/66
9/23/65
8/8/53
12/31/51
5/4/71
5/5/71
5/3/76

. All Sections in Township 2 South, Range 1 East
. DQO-Domestic; [R-Irrigation; RC-Recreation; SC-School; IM-Industrial-Manutacturing; ID-Irrigation and Domestic; MU-Municpal; DN-Domestic, Including non-commerial; WI-Wildlife.
. V-Non-Cancelled; C-Cancelled
. P-Primary; A-Alternate

Quarter Section

SWSE
SWSE
NWNE
SENW
SWNE
NWNE
NWNE
SWNW
SESE
SESE
SWSwW
SESE
NWSE
SESE
NENE
SWNE
NWNW
NWSE
SWNE
SWNE
SESE
NWSE
SWSW
Nwsw
NESE
SENE
SWNE
Nwsw
NwWsw
SWNW
NWNE
NWSsw
SWNW
NWSE
SWNE
SENE
SENE
SWSE
NWSE
SWSE
NENE
NENE
NENE
NENE
NESW
NWNW
SWSE
SWNE
SWSW
NWNE
NESE
NWSwW
NWSwW
NESW
NESW
NwWsw
SWNE
SENW
NWSE
NWNE
NESE
SENE
SENE
NENE

Use®

DO
IR
IR
DI

MU
IR
IR
IR
IR
IR
IR
IR

DO
IR

DN

MU
IR

MU
DN
DO
IR
RC
IR
IR
IR
IR
IR
M
DO
ID
sC

IR
IR
IR
IR
RC

‘RC

RC

Rate
0.01
60
250
16
0.78
0.18
0.106
02
0.013
70
135
0.48
0.0007
0.467
0.013
0.13
500

35
35
0.03
0.03
0.53
0.63
27
27
27
35
10
200

0.02
0.67
0.01
0.01
0.67
0.11
0.04

0.02
0.06
0.06
0.05
0.01
25
12
12
0.02
25
40
0.17
17
0.78
2.8
0.03
0.01
0.01
0.05
0.01
200
150
0.34
0.34
0.03

Units
cfs
gpm
gpm
gpm
cfs
cfs
cfs
cts
cfs
gpm
gpm
cfs
cts
cts
cfs
cfs
gpm
gpm
gpm
gpm
cts
cfs
cfs
cfs
acre-teet
acre-feet
acre-feet
gpm
gpm
gpm
gpm
cfs
cfs
cfs
cfs
cfs
cfs
cfs
gpm
cfs
cfs
cfs
cfs
cfs
gpm
gpm
gpm
cfs
gpm
gpm
cts
acre-feet
acre-feet
acre-feet
cfs
cfs
cfs
cfs
cfs
gpm
gpm
cfs
cfs
cfs

Status®
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Legal Description

522 FEET NORTH & 245 FEET EAST OF 1/4 SECTION CORNER, SOUTH LINE SECTION 3
1070 FEET SOUTH & 2200 FEET WEST FROM NE CORNER, SECTION 4
980 FEET NORTH & 1930 FEET EAST FROM W1/4 CORNER, SECTION 4
25 FEET NORTH & 50 FEET EAST FROM CENTER, SECTION 4
1080 FEET SOUTH & 330 FEET EAST FROM N1/4 CORNER, SECTION 4
1080 FEET SOUTH & 330 FEET EAST FROM N1/4 CORNER, SECTION 4
1540 FT 5 & 1150 FT E FM NW COR, S5
63 DEG 54 MIN WEST, 1200.8 FEET FROM SE CORNER, SECTION 6
NO 63 DEG 54 MIN WEST 1200.81 FEET FROM SE CORNER, SECTION 6
NORTH 38 DEG 27 MIN EAST 347 FEET FROM W1/4 CORNER, SECTION 6
63 DEGREES 54 MINUTES WEST, 1200.8 FEET FROM SE CORNER, SECTION 6
158 FEET SOUTH & 1302 FEET EAST FROM CENTER 1/4 CORNER, SECTION 6
NORTH 63 DEGREES 54 MINUTI:S WEST, 1200.8 FEET FROM SE CORNER, SECTION 6
850 FEET SOUTH & 100 FEET WEST FROM NE CORNER, SECTION 7
1280 FT E & 280 FT N FM CEN, §7
610 FEET SOUTH & 1270 FEET EAST FROM NW CORNER, SECTION 10
1950 FEET NORTH & 1560 FEET WEST FROM SE CORNER, SECTION 10
1700 FEET SOUTH & 205! FEET EAST FROM NE CORNER, SECTION 10
1700 FEET SOUTH & 2050 FEET EAST FROM NE CORNER, SECTION 10
NORTH 27 DEGREES 55 MINUTES WEST 796.4 FEET FROM SE CORNER, SECTION 10
30 CHN & 24 CH W FM SE COR, 510
610 FT M & 570 FT E FM SW COR, 510
25 FT S 4: 500 FT E FM W1/4 COR, 510

392 FEET NORTH & 459 FEET EAST FROM CORNER, MARGUERITE ABSTRACT
50 FEET SOUTH & 900 FEET EAST FROM W1/4 CORNER, SECTION 11
1625 FEET SOUTH & 30 FEET EAST FROM NW CORNER, SECTION 11
660 FEET NORTH & 2376 FEET EAST FROM NE CORNER, SECTION 11
11.5 CHAINS SOUTH & 9.5 CHAINS EAST FROM NW CORNER, DLC 44
1625 FT S & 30 FT E FM NW COR, S11 -
35 FEET NORTH & 25 FEET WEST FROM SE CORNER, LOT 11

2630 FEET NORTH & 640 FEET WEST FROM SE CORNER, SECTION 12
2630 FEET NORTH & 640 FEET WEST FROM SE CORNER, SECTION 12
440 FEET NORTH & 1090 FEET EAST FROM 51/4 CORNER, SECTION 12
1470 FEET NORTH AND 1400 FEET WEST FROM SE CORNER, SECTION 12
440 FEET NORTH & 1090 FEET EAST FROM $1/4 CORNER, SECTION 12

SOUTH 11 DEGREES 35 MINUTES WEST 507.5 FEET FROM NE CORNER, SECTION 13

NORTH 49 DEGREES 40 MINUTES EAST, 347.6 FEET FROM CENTER, SECTION 13
NORTH 45 DEGREES EAST 10¢ FEET FROM SW CORNER, LOT 4 DURHAM ACRES
2230 FEET SOUTH & 400 FEET EAST FROM CENTER, SECTION 13
1080 FT'N & 170 FT E FM CEN, S13
300 FEET NORTH & 50 FEET WI:ST FROM SE CORNER, LOT 1 HAZELBROOK FARM
375 FEET SOUTH & 425 FEET EAST FROM N1/4 CORNER, SECTION 14
20 FT S & 280 FT W FM E1/4 COR, S14

1750 FT 5 & 1700 FT E FM NW COR, S15
2040 FT N & 1480 FT W FM SE COR, S16
100 FEET SOUTH & 1800 FEET WEST FROM NE CORNER, SECTION 17
350 FEET SOUTH & 430 YEET WEST FROM NE CORNER, SECTION 19
1020 FT N & 480 FT W FM E1/4 COR, S18
1020 FT N & 480 FT W FM E1/4 COR, S18
1100 FEET SOUTH & 700 FLET WEST FROM THE NE CORNER,SECTION 18

Source Type®
SP

3333333495988 e 355553480 YNS35538833335388%333333355333333333333333
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LOBSERVATION WELL

STATE ENGINEER WhAsy Well Record STATE WELL NOX/4 -5 ()

Salem, Oregon

011434 R b

MAILING

o T e e

COUNTY Wasg B
APPLICATION NO. .£%-S 97

OWNER: £.cor2.@rcl...3.. L2 @40 15T ... ADDRESS: oo
CITY AND
LOCATION OF WELL: Owner's No. v STATE: .....d.4. j awcd, Orea.......
” ©. .
S SE Yy Sec. B T2 S.R.L_W, WM ! |
Bearing and distance from section or subdivision L )
T PP e e
corner JJLKA/{‘}’-Y&—/AE E ! ﬁ
P70 O . 3= P S : B
__________________________________________________________________ | |
i |
................................................................................................................... ! :
._____,_{_.._____ _____:_._.____
Altitude at well 272 Aol ! Jo0)
1 7.~ 4 l
TYPE OF WELL: &7/ Date Constructed Macsh. 0~ 54 ! % |
Depth drilled DB Depth cased /& 4 Section s
CASING RECORD:
& /ock
FINISH:
AQUIFERS:
WATER LEVEL:
/TS reetf
PUMPING EQUIPMENT: Type .\ 4ta........ YW PPN PRPy Y V- S HP. 70 ..
Capacity .cceveee. B @..GPM.
WELL TESTS:
DrawdoOWnl woeeeeeeveeeceecenenee ft. after e ROULS e G.P.M.
Drawdown .o ft. after .« hours ....._ e e e e e oot eae s e e e em e - GPM
USE OF WATER /&¢7, / /ﬁlj ....... [2’: ........ Temp. OB e L 19
SOURCE OF INFORMATION G ST 7 oo
DRILLER OF DIGGER oo e oooooooooeoeeeeeseeeeeeeeeeeeereeoeesesseeemesoeesseeeeeeeeeseeeeeeeeeseseeseesese oo -
ADDITIONAL DATA:
Log wveee. 3 Water Level Measurements .....c......... Chemical Analysis ........_... Aquifer Test ..o
REMARKS: §
('/a?, - - - e
Sand -~ £& FF*
State Printing 88316
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Salem, Oregon COUNTY e, Washington..
RPN TIRNNQ. GR=2636.. .

STATE ENGINFEI'R X";’Q‘ﬁf’g ; Well Record STATE WELL NO. .ﬂlf&P _____________

i T T MAILING
OWNER: Reuben C. & Joyce V. Sandness .. .. .. ADDRESS: ........13725 8S.W. ¥Fern .. . .. .. .
CITY AND
LOCATION OF WELL: Owner's NO. v STATE: oo Tigard 23, Qregon. . . ... . . . .
8B Y MW See B T2 S,R.1 W, WM ’ !
Bearing and distance from section or subdivision , |
N Rt HAm e e ] T
corner ..1930!". F.%.980" N.frow Wicorner Sec. 4 ... roe 'i'
{ “
.............................................................................................. . P i
.............. i E
-------------------- .- seceisememmacEsstassetmasucsmaonnn. . -----L-- . ___-_-__;-'__.-_J
Altitude at well ........... 61010 R Ii I
\ ]
TYPE OF WELL: ...Drilled. Date Constructed ..1949. ... i V
Depth drilled ... 178! . .. Depth cased ... 03" .. Section....b ...
CASING RECORD:
6-inch

FINISH:
AQUIFERS:
WATER LEVEL:
- 145t
PUMPING EQUIPMENT: Type .......... Red . Jacket . submergihle ... HP. 1.

Capacity ........: 16 G.P.M.
WELL TESTS:

Drawdown ..o....... o~ ft. after ....oav hours ... L et G.P.M.

DrawdowWn .oeeeeeeeeeeeeeeeeeeeeeann ft. after .ol PLOUTS ettt e e e eeeeme e G.P.M.
USE OF WATER BResidence.l.acre.gazden...... Temp. woveeeene B , 19
SOURCE OF INFORMATION .GRmBGG e rrersoeooemiemeroemssemoeesseseesseseseeseeeeeasees oeseeeseseseesseeeess s sosseseeeeeomeeeereeeseeeerereroeoress
DRILLER 08 DIGGER et eeete e emeaeaaenesenmeemenneanemsasenen e et eeeeeae
ADDITIONAL DATA:

Log .. NA. .. Water Level Measurements ............. Chemical Analysis ... Aquifer Test ...
REMARKS:

State Printing 89316
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JAN 17 1880

STATE OF OREGON

WATER RESOURCES DEFT

whsy /) )
0115235» 25///&)/4/46

WATER WELL REPORT A
{ns required by ORS 537.765) SALEM, OREGON (START CARD) # -

1) OWNER: B . I Number: i i .
r(V_M?Je City of Tigard Well Numbe (9) LOC&E}I}?&%}F‘BWELL by lege’ll d'escr'lptxon.
Addrem 7. 0. Box 23397 gount);f r I;mt.ude T Longitude '
Ciy Tigard _ sue  OR _ 2p 97228 ST S e B
(2) TYPE OF WORK: Tax Lot Lot Block Subdivision
[ New well 1 Deepen ] Recondition ‘Abandon Street Address of Well (or nearest address)

(3) DRILL METHOD .

O rotaryair 3 Rotary Mud O Cable (10) STATIC WATER LEVEL:

] Other R. below land surface. Date
(4) PROPOSED USE Artesian pressure Th. per square inch. Date
(J Domestic D Comn?unily [ Industrial D [rrigation (1 1) WATER BEARI-NG ZONES:

O Thermal O Injection O Other

(5) BORE HOLE CONSTRUCTION:

Depth at which water was first found

Special Construction approval Yes No Depth of Completed Well From To Estimated Flow Rate SWL
Yes No J
Explosives used O O Type Amount
HOLE SEAL Addhid
Diameter From To Material From To sacks or pounds
See #127 (12) WELL LOG: Ground elevation
' Material From To J SWL
_ | Casing perforated/well abandoned
Howwassealplaced: Methed [1 A B O c Obp Ok ' Cement/gel grout 0 | 130 [¥4sac
O Other Gravel backfill 130 | 180
Backfill placed from ft. to ft. Material Cement grou't 1—90 21016 sac
Gravel placed from ft. to ft.  Size of gravel Gravel fi11 210 280
(8) CASING/LINER: Cement grout _ 260 275°|5 sac
Diameter  From Gy t)[ Steel Plastic Welded Threaded || Gravel fill 275 325
Casing: B | 17 | 704228 § o o O Cement grout —= 325 | 34015 sac
‘o o O 0 |[Gravel fill 340 | 370
o O d 0 Cement grout 370 [385 d sac:
oo o O
Liner; O O O | r
' O 0o O O
Final location of shae(s)
(7) PERFORATIONS/SCREENS:
Perforations Method Drive down { y
O Screens - Type Material { \
Slot Tele/pipe {( 4{
From To size N er Diameter size Caging Liner
8" 104 1'% ASAY F Sl {
] - O o |
O O |
I o O |l —
— Tl O O | Datestartea/_/12/90 Completed -2/ 9
— T o = {unbonded) Water Well Constructor Certification:
(8) WELL TESTS: Minimum testing time is 1 hour 1 certify that the work I performed on the construction, alteration, or
O pu O Bail O ai ilxlf’g abandonment of this well is in compliance with Oregon well construction
P arer ¥ i standards. Materials used and information reported above are true to my best
Yield gal/min Drawdown Drill stem at Time knowledge and belief.
Tid WWC Number
Signed Date
(bonded) Water Well Constructor Certification:
Temperature of water * Depth Artesian Flow Found I accept responsibility for the construction, alteration, or abandonment

O Yes

Was a water analysis done? By whom

Did any strata contain water not suitable for intended use? I Toolittle

[ Salty [ Muddy [0 0dor [0 Colored [ Other
Depth of strata: R

work performed on this wel! during the construction dates reported above. all
work performed during this time is in compliance with Oregon well
construction standards. Thi; ort is true to the best of my knowledge and

s . w CNu;nber/__lm
Date 1/15/90

ORIGINAL & FIRST COPY - WATER RESOURCES DEPARTMENT

SECOND COPY - CONSTRUCTOR

Signed ~— s 7
" " THIRD COPY - CUSTOMER

9809C 8/88




NOTICE TO WATER WELL CONTRACTOR
The original and !lrsl.):opy
of this report are to be

o 4
WATER WELL REPORT .

~ -y
. E‘

[ 2

TUER
s

tiled with th WA- ) Vo
STATE ENGINEEER :ALEMC OREGON 973 et Ao OREGON Sy e el No. ? /Lo "{):E’
(Please type or gFG7T)' " ENG!NEE
within 30 days from the date 0 1 I 4 7 8 (Do not write above this. lmc) =~ 5\’ )
of well complellon i iy 2 N : ) el &qts ermlt No, . e -
~ 3 G-4 ‘—} 22
(1) OWNER: (11) LOCATION OF WELL:
Narne Harry Werner County Hajll.QQth Driller's well number
Address Rt.1, Box 436 o 1 14 Section B 1. 2 R 1W w.M,
n, 97/00" ’
. Bearing and distance from section or subdiviston corner
(2) TYPE OF WORK (check): = <
New Well T Deepening [J Reconditioning (J Abandon 3
If abandonment, describe material and procedure In Item 12.
(3) TYPE OF WELL: | (4) PROPOSED USE (check): WELL 8
Rotary Driven [ (12) LL LOG: Diameter of well below casing .. .%.._ .. .
D t1 dustrial
Cable Jetted [J omestic K Industrisl [] Munlelpal D | p oy getied 229 1t Depth of completed wen 229 I
Du O Bored [ Irrigation X Test Well [0 Other 0
4‘ Formatfon: Describe color, texture, grain size and structure of materials;
CASING INSTALLED: and show thickness and nature of each stratum and aquifer penetrated,
{ Threaded [] Wcldec‘llgtd with at least one entry for each change of formation. Report each change
..... 8_‘ Diam. from _O_,_. ft. to ﬁ._jj ft. Gage aﬁ.._._-,_ in position of Static Water Level as drilling proceeds. Note drilling rates.
e Diam. from tt. to ft. Gage oo . AR AL, m(“j To swL
vimem!” Diam. from oo ft. to b o - | R e O tOE SOil 5 |
@ PERFORATIONS: perommbit 1 e 25 ¥ clay = brown 5 2
Type of perforator used L . s 2 6
rock - brown 33 1100 .
Size of perforations in. by in " ) hard 100 L18 i
i
eermmmre e —me peTfOrations from ... 8,10 ceeem 1} ] " hlaak 11 8 ! 130

.............. - perforations from ft. to £t.
................. pertorations from ... £t 0 e £
oveee— e perforations trom ft. to 1®t.
i peTfOrations from ... ft 0 e £t
(7) SCREENS: Well screen {nstalled? [] Yes & No
Manufacturer's Name = ’
Type .. Model NOo. e
Diam. __ Slot size .. Set from 1t. to 1t
Diam. .....c.ee Slot size .. Set from 1t to 1t

(8) WATER LEVEL: Completed well.
* level - 150 £t. below land surface  DateNO Vi, 6"
!:ian pressure

(9) WELL TESTS:

Was a pump test made? (] Yes [XNo If yes, by whom!

1bs. per square Inch Date

Drawdown is amount water level is
lowered below static level

gal./min. with ft. drawdown after

” " » ”

Baller test 30 __gal./min, with Q 1t. drawdown after 2 hrs.
Artesian flow ___g.p.m. Date : 5
Temperature of water Was a chemical analysis made? (] Yes [J No
(10) CONSTRUCTION:

Well seal—Material used Be tonlte

Depth of seal 20_ - 1t.
Diameter of well bore to bottom of seal ._..... 1 ..1__...____... in.

Were any loose strata cemented offY ] Yes [X No
Was a drive shoe used? (J Yex [¥No
Did any atrata contain unusable water? [J] Yes (KNo

Type of water? depth of strata

Method of sealing sirata off

Was well gravel packed? [J Yes [J No Slze of gravel:

4

Gravel placed from ... tt. to 1t

" brown-not hard 1304155 | _
" brown 160 (166

" ‘black- hard 1661181
W " 1ittle water | 181 201

v black- little
watéer in seams

201 229 |
| i

T T

|
L
| i
g
Work started {Jgt, 26 10@7 Completed Nov -7 1967 “

Date weu drilling machine moved o(E of well 18

Drilling Machine Operator’s Ceruﬂcatlon'
This well was constructed “under my direct supervision. Mate-

rials used and information reported above are true to my best
knowledge and belief.

[Signed] A@amh%pjg‘p)w( Date U A {.. 18, ./,7

3 N S

Drilling Machine Operator’s License No. .....&.L.

Water Well Contractor’s Ccrtification:

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

NaME .BBrron. & Strayer

(Person, firm or corporation)

[Signed) »@ 7?[ @ W _

W ater ‘Well Contgactor)
21

35 Nov,

Contractor s License No.

Date

(USE ADDITIONAL SHEETS IF NECESSARY)
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STATE ENGINEER : ‘ STA W65
ATE ENGINE H Well Record TE WELL NO. 2/1W-65..

0 1 1 51 D COUNTY . Washington . ...
e : i QR 1481 APPLICATION NO. . GR-.1538..
MATLING
OWNER: ... Be. e & Ra B Tdndqudst oo ADDRESS: .Rt, 1, Box 832
CITY AND
LOCATION OF WELL: Owner's No. oo STATE: ....Beaverten, Oregon ..
XXX X
SV Y NW_% Sec. 6. T. .2 S R LW, WM. ! !
Bearing and distance from section or subdivision : |
L R R ep— - o f— " — I _____
corner .. No38°27'E, 347" from SW cor. Sec. 6. i i
!
...................................... ; |
........................ ! i
| !
""""""" SRS TS B AU
Altitude at well .............. e o i
'? \> |: |
TYPE OF WELL: Drilled  Date Constructed .1953. . o ol |
Depth drilled ... 544! ... Depth cased ........ BRI Section ....&.
CASING RECORD: =
8"
FINISH:
AQUIFERS:
WATER LEVEL:
g8!
PUMPING EQUIPMENT: Type ...Johnson 4" tarbine . oo HP .30 -
Capacity 33 _GPM.
WELL TESTS:
Drawdownl eooe.... 30 ft. after .. hours 309 G.P.M.
DrawdowWn oo ft. after .. s Y0100 - . GPM.
USE OF WATER ... Trrigation . Temp, ceeee. °F. ... S , 190
SOURCE OF INFORMATION ... (€33 AT Yo of o NSRRI
DRILLER or DIGGER . Bl oemmedit oo -
ADDITIONAL DATA:
Log ...Neda. Water Level Measurements ................ Chemical Analysis .._.__. ___ Aquifer Test ..o -
REMARKS:

Irrigation of 7 acres.

Stata Printing 85318
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WASH -
STATE ENGINEER . - /
Satean ooy 011513 Well Record STATE WELL NO.3Z4~6 /7

COUNTY t¥a.x 2,.

rateen R et APPLICATION NO. G4 -
MAILI .

OWNER;: O/Wa*a//%fé¢/ ___________ ADDRI?S%: /27/4 ..... gt T FE
CI

LOCATION OF WELL: Owner's No. ... ST&%*fNDféng¢aqéﬂ/€ .......

X =
2L Y SE e . T 2 SR/ W. WM.

Bearing and distance from section or subdivision

_____________ i

!
efeeare it aeoeeR e oA e et et e e RS R4t e e e sttt eer st e e R .
Altitude at well ..=< &S | = %-’w

- : 7oye
I'4 i
TYPE OF WELL:LB2 /@< Date Constructed «Zas.. 52 — h/é piic
A

Depth drilled 2H 2. — Depth cased ... 7Z .. Section _Gﬂ?/ A

CASING RECORD:

6 soa' i

FINISH:

AQUIFERS:

WATER LEVEL:
S0
PUMPING EQUIP%ENT: Type 7,..-_=;: <= 4 /e..é:,r C’ 504 /(‘Z.Zfﬁ.g.A{.P. - T
Capacity ... G.P.M.
WELL TESTS:

Drawdown oo £t @fter o hours . R G.P.M.

Drawdown ... floafter HOUTS o S GP.M.
USE OF WATER .£.¢44, ...z./_ff'a/,z .................. TIAD. oo OB e 19
SOURCE OF INFORMATIBN (L«.a.un.a.’.....kém_.rf:«.....é?:;ﬁzx:..z . STEC ok
DRILLER or DIGGER Wirr..d.. S ema @l Ore." VRN ) 7 - T —
ADDITIONAL DATA:

Log o.. ... Water Level Measurements ........... ~ Chemical Analysis . .e........ . Aquifer Test ...ooomeee.
REMARKS:

Stats Printing 89318
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STATE ENG;i\;'EER WA SH Well Eecord

Salem, Oregon

| 011578 oy 1s45

_ MATILING
OWNER: .....W.1liam Bodman & Claire M, SandexsADDRESS: ... ...
CITY AND
LOCATION OF WELL: Owner’s No. oo STATE: .....Tigard, Oregon . .. . ...
' h. 4 K
..... NW vy, SE 14 Sec. .10 T, 2._.S,R...L.W,WM

Bearing and distance from section or subdivision
corner ..1950! N, & 1560' W, from SE cor.. Sec..10.

STATE WELL NO. .2/1W.10K

COUNTY

""""""""" e
Altitude at well .. 20 e !
{
TYPE OF WELL: .Dxrilled  Date Constructed ..295L. ... |
Depth drilled .....225" ___Depthcased .....2Q% ... Section ............
CASING RECORD:
8" _
FINISH:
AQUIFERS:

WATER LEVEL:
701

PUMPING EQUIPMENT: Type .....Rarward jet.
Capacity RO G.P.M.

APPLICATION NO. ..GRm..667

WELL TESTS:
Drawdown .o._... 25 . ft. after ..o — hours

Drawdown oo ftoafter hours ...

28..

USE OF WATER ... Irrdgation.. Temp. ......

SOURCE OF INFORMATION _.GR.Record ...
DRILLER or DIGGER ...Klundt.Bros,

ADDITIONAL DATA:

Log .o Water Level Measurements ............. Chemical Analysis ...

REMARKS:

Log: Clay 0 to 10 ft.
Soft rock 10 to 20 ft.
Hard rock 20 to 125 ft.

Irrigation of 8.5 acres,

State Printing 89316
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STATE ENGINEER '\ A S Well Record STATE WEL, Aggiﬁé%&:.}.oﬁ_.

Salem, Oregon COUNTY . _ ‘i e e
011570 APPIICATION NU, . 2199
. ' MAILING
OWNER: . J+ Vs Chandler ... ADDRESS; T Or Box 6384
CITY AND
LOCATION OF WELL: Owner's No.];& ............................ STATE: ... tgard, Oregon
W B ysee 20T 2 sR.I.W ownm ! |
Bearing and distance from section or subdivision L__ |
corner .. 1700 S, and 2050' E, "-"'g N ’f"‘"’
i 1
————— ] J
............................... | !
! |
N — S - i |
. e e b
Altitude at well .o ) I
1]
!
TYPE OF WELL: Brilled... Date Constructed ....1948 ! n
Depth drilled ... 183 ..cccovnmenene -~ Depth cased .......... 6..n26...... Section e
CASING RECORD:
8-Inch
6-Inch
6-Inch
FINISH:
AQUIFERS:
WATER LEVEL:
90-Feet
PUMPING EQUIPMENT: Type ... Pomena. Turkine........._. HP. 3
Capacity ......5Quceeaene G.P.M.
WELL TESTS:
Drawdown ...... e, ft. after .iieeoemides hOULS oo FTRANE 35, G.P.M.
Drawdown oo iRl 144 LA SR TR ey ROUTS oo e G.P.M.
USE OF WATER .. Industriel & Irrigation... Temp. ... R ,19.
SOURCE OF INFORMATION CR-2104 )
DRILLER or DIGGER .Harry. Carsh, Tigard, Oregon -
ADDITIONAL DATA:
Log e Water Level Measurements ........c..cc.o.. Chemical Analysis ... Aquifer Test ..ooooeen. —
REMARKS:

Stats Printing 893168
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NQTICE TO WATER WELL CONTRACTO

- The original and first copy E I H A&
of this report are to be W T LL RE‘P’OR
filed with the \; EB' g’ - 2309 State Well No. / , 1% ‘K

- BTATE ENGINEER SALEM, OREGON 97310 'JAN 1 ?' s ATE. OF OREGON
hin 30 days from the date oS e Please type or priat) G - 2/70 State Permit N
of well completion, . oy FNP Ul"l‘":\ [T
- R ™
v : =iv 0 « D ! t ter 1
(1) OWNER: 1. OREGON (11) WELL TESTS: Tonrered tion Talis fovarer fever
e Name VAR 4am B, San ders Was a pump test made? 7] Yes g No If yes, by whom? )
Address HF‘ ]]]65 SY Namym Sj; Yield: gal./min. with £t. drawdown after hrs.
Tgard, Ormgan " - : t
= (2) LOCATION OF WELL: ” - - ”
Baller test 0 gal./min. withs . ft. drawdown after T hrs.
c , 4
ounty 12500 Driller’s well numbgy 2=67 Artesian flow g.p.m. Date
1/ 17, N
gbnf'*“‘i-—-SE—-— ‘4 Sectlon 30 T. 2% L Wit Temperature of water 53  Was a chemical analysis made? (] Yes #) No
- caring and distance from section or subdivision corner
) (12) WELL LOG: Diameter of well below casing .. 6"
Depth drijled 330 _ft. Depth ot completed well 330 2,
. Formation: Describe b(p color, character, size of material and structure, and
- show thickness of aqutfers and the kind and nature of the material in "each
stratum penetrated, with ot least one entry for each change of jormatzon
MA’I“EBI.I{}J; R FROM TO
(3) TYPE OF WORK (check):
- s Well O Deepening X Reconditioning O Abandon [J
andonment, describe material and procedure In Item 13,
& (4) PROPOSED USE (check): (5) TYPE OF WELL: 810
) Domestic 3] Industrial {J Municipal O f:{olt:l,ry g Driven [J abeut. ]LfA’$ ) L'}’
Irrigation %1 Test Well (J Other O T dnliall £ 12;
bug O] Bared O Rock, dark grey, hawrd 128 | 1A5
- (6) CASING INSTALLED: Threaded [X Welded [ _E.m:k_,_gnay,_mgd, hard 11 165 | 168
........ 8....» Diam. trom Qo 2L mppmx...ZZ::. Gageo.o.zs.Q....,..... M’——m; mad, softf, 168 173
e DiamM, from {t. to ft. Gage .o m—ﬂnﬂmﬁ‘“ﬁ 173 184
| — “ Diam, from £ to £, GAEE e - | Beck, Browm, whifs clay ssams 186 1 393
= Rock, Grey with brown ssams (water) 393 | 220
(7) PERFORATIONS: Perforated? [J Yes X No Rock, Dark grey,. haoyrd | 220 238
Type of perforator used | Reck, Brown_- ’JB.& 263
- Sfze of perforations in. by in, _Bock’mth'_bm s& QMR l 263 295
... perforations from ft. to £t. RQCk ]]ark gm med hand 295 3})3
~ pertorations from ft. to £ | Rock, grey with breown _seans 303 L 317
perforations from ftto . | _Reck, Brown honeyoomb  (water) ‘ 317} 326
. . ... perforations from t. to £t. Rock,-gray 45 1 3130
C4 Cd -
h ... perforations from 1t. to ft. [
(8) SCREENS: Well screen installed? [J Yes [(XNo l
- Manufacturer's Name r
6ne Model NO, .coccvcmmecome. e
Paiit, . oo Slot slze e, Set from ft. to 1t. Work started o, N 3’ 144 Completed Jm'r Q; 67
oy Diam. ... e Slot size ........... Set from ft. to ft. Date well drilling machine moved off of well J:m. 9. é']
(9) CONSTRUCTION: (13) PUMP:
Well seal—Material used In seal ? Manufacturer’s Name Bnrk.'Lnyﬂ-Zunitﬂ ......
- Depth of 5eal v oo, £t Was a packer used? D SR TYPE: erersrsannn Submarsibles lemdl% .......
{ ) ORI SO in,
Diameter of well bore to bottom of sea ? Water Well Contractor’s Certification:
Were any loose strata cemented off? ] Yes E No Depth coveecevenarens -
| Was & drive shoe used? [J Yes X No This well was drilled under my jurlsdiction and this report is
- Was well gravel packed? [J Yes ¥ No Size of gravel: ....oirneeronns true to the best of my knowledge and bellet.
Gravel placed from 1t. to it. NAME Steinm B].‘.O&
Did any strata contaln unusable water? [] Yes X No Eoemsen) fhm or corpouuom (Type or print)
: Type of water? depth of strata Addreslm..SE.MLngmm;..w.lﬂ'au}iiﬁ.,.qu ..............
thod of 1t trat £
Method of sealing strata off Drilling Machine Operatar's License No. ............... BB
(10) WATER LEVELS:
i Signed e e
f ( Lg J (Wnter Well Conuaclor)

Static level 100 ft. below land surface Datel/g/é']
Artesian pressure lbs. per square inch Date Contractor's License No. . g ......... Date ..Jm....lé,..,........., 1987....
(USE ADDITIONAL SHEETS IF NECESSARY)

. N—— — - =
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NOTICE TO WATER WELL CONTRACTOR O 1 1 5
The original and first copy
of this report arem&-—
filed with the

STATE ENGINEER, SALEM, OREGON 97310
within 30 days from the date
of well completion.

u\u ; R
WATER WELL-RE ORTM
STATE OF ORECDN

(Please type or print)  +

pEIVE

K4 1967 @

‘TE }:NG“\étateE\r% No
cm OREG

G- 3777

State Perm[t No.

(1) OWNER:

(11) WELL TESTS:

Drawdown is amount watgr lﬁvel is
lowered below static level .

(8) SCREENS:

Manufacturer's Name

Well screen installed? [J Yes [ZFNo

Name Tyalatin Development Cos Was & pump test made? ] Yes [J No 1 yes, by whom? Jannsen Drill
Address ]5).1.75 Sw Pacific HW_Y. Yield: 190 gal./min. with 23 f{. drawdown after 8 nrs. c
q\igram‘ QreJ " ” - — " <
(2) LOCATION OF WELL: £ - L “
. Baller test gal./min. with ft. drawdown eafter hrs.
County Washlngton Driller's well number h
» ; 10 T 28 R 1W 1 Arteslan flow _g.p.m, Date o
= {4 Section . . = | Temperature of water Was a chemical analysis made? [] Yes A No
Bearing and distance from section or subdfvision corner o
(12) WELL LOG: Diameter of well below casing %;:jggggg:
y Depth drilled 805 ft. Depth of completed well 80 1t.
t Formation: Describe bZJ color, character, size of material and structure, and
show thickness of aquifers and the kind and nature of the material {n each
stratum penetrated, with at least one entry for each change of formation.
- = MATERIAL J FROM l TO
(3) TYPE OF WORK (check): B BT -1 19
“ Jell E-T Deepening [ Reconditioning [ Abandon [ Sandv blue Cléy ]_9 l @
W :ndonment, describe material and procedure in Item 12, Brown clay j 67 i ]4_}_.5
(4) PROPOSED USE (check): (5) TYPE OF WELL: | Decomposed rock 15 227
Domestic [] Industrial [] Municlpal [J Rotary § Driven [J Hard hlack I‘C')Ck 237 {L
Irrigation [{] Test Well [] Other o ([ g e O Clay & rock interbed 267 | 27
Dug L Bamat Brown & bleck rack - water bearin ETL 291
(6) CASING INSTALLED: Tmeﬁ’éd o w‘ﬂm]ﬁz Very hard gray rock 358
.................... " Diam. from 0 ft. to 2 ft. Gage 5 S fu- black I‘OCk - 25 to 3~O gom 5841 377
e Diam. from . to ft. Gaoge ... - !
................. _* Diam. trom 1810 £ Gage .. Hard black basalt %%%é—
- Gray hard besalt, 5 g
(7) PERFORATIONS: Pertorated? (] Yes 1 No TLoose rock, lost cuttings L2 | 751
Type of perforator used Hard Iﬂack hasalt | 751 797 -
Size of perforations in. by in. | Logt c”;t:tjngq_ ! 797 ﬁOL
.............................. perforations from ft. to ft. | Hard black basalt , BOLI, 805
... perforations from ft. to 8.
..... _...A‘permrauom from gee Lo O ft. N
. .............. —— perforations from It. to ® _
ettt abe e assene perforations from .. ft. to o It

" Model NO. e eseraereeas -

- it to | Work started _ 5-19 1966 completed 1-15 1 OF
Diam. oo - Slot size ... ft. to 1 pate well drilling machine moved off of well 1-19 19 67
(9) CONSTRUCTION: (13) PUMP:

Well seal—Material used in seal Bentonlte N Manufacturer’s Name

Depth of seal .St bonimnnn. 8. Was a packer used? ° Type: H.P

Diameter of well bore to bottom of seal ...
Were any loose strata cernented of£? [ Yes ] No
Was a drive shoe used? (] Yes XJ No

Was well gravel packed? [J Yes £] No
1t. to .

Size of gravel:
Gravel placed from

Did any strata contain unusable water? {J Yes X No
depth of strata

Type of water?
Method of sealing strata off

(10) WATER LEVELS:

Static level J—L? ft. below land surface Date

Artesian pressure Ibs. per square inch Date

(USE ADDITIONAL SHEETS IF NECESSARY)

1-19-67

Water Well Contractor’s Certification:

This well was drilled under my jurisdiction and this report is
truc to the best of my knowledge and belief.

NaMmE A. M. Jannsen Drilling Co.

(Person, frm or corporation)

Contractor’s License No, 19
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o eenen Y7807 Well Record  gpaeumis xo 2ecy 41
o SR APPLICATION NO. “@A=(7%..

MAILING
OWNER: Hou bk il / Hecriyn M dsyle. ADDRESS: ..M. 2y B0X LB . .
CITY AND
LOCATION OF WELL: Owner’s No. ..o STATE: ... dbF Gl .y lD LM ...
2= =
M Yy SE Yy Sec. AT 2 S0 R W, WM. ! :
Bearing and distance from section or subdivision ! !
______ P PPN SU— ——
corner Edszcﬁ.s—‘éﬁﬁzzﬁf/af'“/"%Mﬂxfaé‘j;&lz‘ ) T 1
1
__________________ | |
h i
"""""" - (2, E
"""" - 395 SRR S S SRS
Altitude at well ,?2575652‘1 I/rc’f Sl R0 L8 o fed .. ! |
1 L '
TYPE OF WELL: L2r/kd. Date Constructed £Ra, /252 L L
Depth drilled ......J@2........._. Depth cased .......... FE . Section ... .......... -

CASING RECORD:

b —— snch s/ Cossing SeZ’ Frow O 76 30 fecl, E?oc/\' 38 Zs /(zﬁ’j

FINISH:

Vol

AQUIFERS:
1//{[/1 ownr

WATER LEVEL:

~ /10 Feelt Besow /8/10/ Sorfsce 2zl

PUMPING EQUIPMENT: Type ... & d.  JCL 248 .. HP. 2o
Capacity ... L05Y....... G.P.M.
WELL TESTS:
Drawdown ........ o7 £t ALTEOT oo NOUTS ol . GPM.
Drawdown oo bR Ui ) RO o Uo) 50 - S GP.M,
USE OF WATER Z//aakion. . ... . 2.2.aes.. Temp. . °F, ey 190
SOURCE OF INFORMATION . Afrgistitazion. Statecment- G- 22 ' .
DRILLER or DIGGER ..<L.@uce. bid...S. a‘ra:;:/r. ..... Lt B 450, B etlon. J/é:j;m ____________________
ADDITIONAL DATA:
Log ...A#2... Water Level Measurements ._...._..._ - Chemical Analysis ... ... Agquifer Test ... .
REMARKS:

State Printing 89316
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STATE ENGINEER WA S H Well Record STATE WELL NO. 2/1¥=113.__
Salem, Oregon 011 539 . COUNTY .. .Washington. ...
A GB~ 1499 APPLICATION NO. .GRe.1555....
MAILING
OWNER: . George L, Penrose .. ADDRESS: .....928Q. SW Mt. View.lane ... . .
CITY AND
LOCATION OF WELL: Owner’s NO. wooreoereeeecaee STATE: e Tigard.. Qregon ...
E{ L
NV 1 NE 3 Sec. .11 T .2 _S,R.1L__W,WM f e !
Bearing and distance from section or subdivision : @VV i
..... A e e - ———]
corner 660! N, & 2376' E, to NE cora.. Sec.. 1l . . ! T
t
.................. ; !
_____________________________ ! i
| f
....... 1 R ' )
{ L U U (N
Altitude at well 100! R | |
1 1
TYPE OF WELL: Dxilled.. Date Constructed 1953........ L |
Depth drilled 200° Depth cased ... 37 eeees Section............ i -
CASING RECORD: )
8!!
FINISH:
AQUIFERS:
WATER LEVEL:
1651
PUMPING EQUIPMENT: Type ..Peep.well turbine ... HP. B
Capacity G.P.M.
WELL TESTS:
Drawdownl wee. 20 ft. after . ___ hours B /S S ... GPM
Drawdown .o £t after e OUTS e e eeee GP.M
USE OF WATER ... Irrdgafion. ... Temp. ... °F, e 519
SOURCE OF INFORMATION ZR.Record.......
DRILLER or DIGGER ... 38d@0man. B0 a. oo e e ee e e ee e eereeemeeee e eemeeseetes e son
ADDITIONAL DATA:
Log ....NeAe Water Level Measurements ... Chemical Analysis ...—...._.._ Aquifer Test ... -

REMARKS:
Irrigation of 10 acres.

State Printing 89316

e —————— E—— |
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WASH
STATE ENGINEER

Salem, Oregon 01 ]. 6 O 8

[ oW VR U IO N

"Well Record

MAILING

OWNER: .Mfz./ff/éfzfﬁac/z%azlfﬁy/m ........ ADDRESS:
CITY AND
LOCATION OF WELL: Owner’s NO. ... A . STATE: ...
2 £,
W vy S v See. AT 2 S,R. A W, WM.

Bearing and distance from section or subdivision

corner 372 tezl" ./z&r[%..é’zz & YT el ea ST
.__._.('If//’.—__.c.ez.’a‘.f(‘...af..‘.%c?.@.«.(ﬁdfc,_._/d(ﬁt./?’dazﬁm
.....mf....5./!2_,.59/41&/.34a/_.Zéeﬁf:Zf.yffam..4«:,5:3_‘///«:41{41.31.‘.

..... Sectian.de....... 55 .
Altitude at well m;‘«z‘_ﬂz’:/’ ﬂ/?&zﬁt?/

TYPE OF WELL: £x/42... Date Constructed 2@3’
Depth drilled 262 Depth cased VL4

LBSERVATION WELL

STATE WELL NO. 244t 27.4)

COUNTY ../ &85hinolan... .
APPLICATION NO. ... ’?‘ﬁ?

e e

L]
|

|
I.“-,
|

Section ......... Vi

3%

Zz}?&/d/dfﬁjad

)
]

CASING RECORD:

6 —— snch sZed Cosig SeZ" From P25 SOP FeaZS [_})"oc«é yodc 3637

FINISH:
7o

AQUIFERS:
“H /{/nawn

WATER LEVEL:

100 feel below Jouy SupFace

kg

PUMPING EQUIPMENT: TYPE wuororereroeerrremeetmosmssmesmersmeeens e cocsmos et eememeeemsseser st essesssmsssseseermemece . HP e

Capacity .oceececvereceeeecns G.P.M.
WELL TESTS: 5

Drawdown .l ftoafter oo OUTS o aZsS oo G.P.M

Drawdown e S— ft. after oo hours ......... — G.P.M
USE OF WATER Zx#1p 87 704...... FSdcres.... Temp. °F, 19
SOURCE OF INFORMATION AfepilinnZitn. SEa.dc amenls @E-LIL : .
DRILLER or DIGGER ..&wlle SELRYCL: ... MBEL... B0 SR RN TN LT 055oee
ADDITIONAL DATA:

Log dB..... Water Level Measurements ........._... Chemical Analysis ... -~ Aquifer Test ..o..ocoven.
REMARKS:

Etate Printing 89318
. . R
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sTATE ENGINEER WA Gy STATE WELL NO. .2/IW=12§ .
Salem, Oregon H well Record . COUNTY ... Washington .
011621 APPLICATION NO. GR=3810
At P WAL L A
MAILING
OWNER: Willdam. Clifford. Vantott .o ADDRESS: ......15455. SW. 7208 A6 oo
CITY AND
LOCATION OF WELL: Owner’'s NO. .o STATE: ........Tigard 23, 0regan ..
. X
LNy SE ¥ See J2.T. 2 S, R.L.LW, WM f !
Bearing and distance from section or subdivision . X E
corner ....3400! W, & 1470' N,. from SE_Cor..Sec..12 T —"—"ir—-—__
1
......................................................... ; {
........ ! ?
| |
T e T T LT T T PPt _---~_-L_- '.;-—----~-J-.’—-~~
‘ Altitude at well ... e ! |
TYPE OF WELL: ...Ing..... Date Constructed .9/11/51 I |
Depth drilled 29 fest__ Depth cased Section ... A&,
@  CiSING RECORD:
FINISH:
AQUIFERS:

WATER LEVEL:

. 12 fest below surface
PUMPING EQUIPMENT: Type ....Pagific. Pump R HP. ...1/2. ...
Capacity .........: L. G.P.M.
WELL TESTS:
. Drawdown .o foeS. ftoafter oo hours < GP.M,
Drawdown ......... L 1‘!’.'_ .......... ft. after oo ... hours ... 142 e G.P.M.
USE OF WATER ... Trrigatdon e e e TP, s OB e C 19
SQURCE OF INFORMATION ... Well--Registration- St,&temant,
DRILLER or DIGGER Charles Myers e et e rnena
ADDITIONAL DATA:
10g e . Water Level Measurements ......—... — Chemical Analysis ... Aquifer Test .ocovocceeee
REMARKS:

State Printing 85318
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File Original and

WATER WELL REPORT

WASH o
011662 / n/gL/)

State Weil No, .7 .

X

STATE PRCINEER STATE OF OREGON Lo,

ATE °R, °

SALEM. OREGON %Q\ 2?_5 9 State Pcrﬁlt No. G 9\ ‘Z‘\SQ

i O\VNER D 1 . Drawdown ts amount water level

( ) x E_ »_\ (11) WELL TESTS: lowered below static level '

Name Q va \ \ Q G491 Oy Was a pump test made? [] Yes [] No If yes. by whom?

Address vield: 2.5 o gal./min. with § 1t. drawdown after hra

]j‘ .0 6 < " " » "
Henw ! QQ\\(S} Ao, » " " "
(2) LOCATION OF WELL: ) 2 .
I . . ailer tes c .
County , ' 5&\ . Gwnera number, £ any— - gal./min. with {t. drawdown after hrs
e Artesian flo
WE W G\W %Seetion | T. 2S5 R _IwWwM = =t §.p.n Date
P Y 4 3 ¥ N
Bearing and distance from section or subdivision corner FIpcra U of water Was a chemical analysts made? [) ¥es [J No
Q e m ~ -
_§N LtLL\ 6] E— 347 l’)T\'.g?F.%. - J\. Q (12) WELL LOG: Diameter of well .. ? SRR 5 1) 1.3
8 ! Depth dritiea | %0 1t. Depth of completed well l?\O 1.

Formatlon: Describe by color, character, size of material and structure, and
show thickness of uqui}’en and the kind and nature of the material in each

.- stratum penetrated, with at least one entry for each change of formation.

MATERIAL FROM | 1O

(3) TYPE OF WORK (check): . Said Q | 5

New Well [J Deepening 0] Recondltloninz 0. Abaundon [J §D \A\a O3 ¥ Q\(‘L\\ N __5_____13__

If abandonment, describe material and procedure in Item 11. I e S Q. Q. Q 2 !

(5) TYPE OF WELL:

Rotary [] Driven [}
Cable 0 Jetted i)
Dug ] Bored B

PROPOSED USE (check):

Domestic [ Industrial {3 Municipal [J
Imxmonjg( Test Well [] Other O

(6) CASING INSTALLED: Threaded [J Welded [

......... ) ... Diam. £rom e th, to LD £t GERE o
e Diam, from . to 1. Gage e,
oo Diam. from £t to 1t Gage S

(1) PERFORATIONS:

Type of perforator used

Perforated? mcs O No

VinYwewin

SIZE of perforations in. by in.

s T iR, G\ m.; . '

_&_mwmhm Bk 130
Leoose ovave SO 165
 Geods\_ ond_ G o_»x 105 | 120

perforations from .. %Q.. .._10“ 1t. —_—
perforations from L to L —

................... ——perforations from oS $ 3 4] 1t.

er e, perforations from £t to . ~

‘ perforations from It to . 5 - -

(8) SCREENS: Well screen installed [J Yes [J No

Manufacturer's Name ; N

Type Madel NO. ccoovoperccerssasmestsssirmes

Diegn. .o —— Slot size ... .. SBet from ft. to b ) )

l‘ erirerr. Slot BizZ€ ..ie.. Set from 1t to w2t | Work started 19 Completed 104 f

(9) CONSTRUCTION: (13) PUMP: P

Was well gravel packed? [J Yes [] No Slze of gravel: ..cime - A rnmrelnfer Name avn oW

Gravel pluced from ft. to - ft. Type: HP 3

Was a surface seal provided? [J Yes [ No To what depth? ... o it
Material used In seal— - et 7
Did any strata contaln unusable water? [] Yes [] No

Depth of strata

Type of water?

Method of sealing strata off

(10) WATER LEVELS:
static level 25 O

Artesian pressure

ft. below land gurtface Date‘\)\rgq' f\“\\
1bs. per square Inch Date

Log Accepted by:
19...... -

he ]

(Owner)

Well Driller’s Statement:

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

‘_5'\'&,\\(\\(“(\5\\’\ % veS. B

NAME ...
{Person, firm, cr cgrporallon) ('IVDc or pru;xt.)
AQAress e e e e R
Driller’s well number ........... et et araaaene
[Signedl e mesmiuest it ene e et e st e ans e cadnacsenerrn e
(Well Driller)
License No. Date .o , 19,

(USE ADDITIONAL SHEETS IF NECESSARY)




L

I""

3

I |

S |

Ef

&

- WAsH

STATE ENGINEER

2/1W-13Q

STATE W’M@TON ........................

d
Salem, Oregon 0 1 1 6 8 0 Well EECOI COUNTY e,
s e T ARPPEICATIORONG. (GR=3Q10. .
MAILING
OWNER: Ben Brehm e ADDRESS: 18069 Lower Boones Ferrey Rd
CITY AND | .
LOCATION OF WELL: Owner’s NO. cooooooioooorrooreeeeeeeeee STATE: .. Nashington e
- _ B § 8. T -
LSy SE 3 See, L3 T 2L S, RoLLLLW, WML : |
Bearing and distance from section or subdivision ' \
corner 2230’S&@OO’Efromcorofseclj ................. ? T ?n"
V )
.................................................................................................................... H ;
.................................................................................................................... i |
| |
.................................................................................................................... ——-_.._i--..____-___._{__.___
ATIEUAE BE WEIL et en e e E E
I ©® |
TYPE OF WELL: .Drilled Date Constructed ..1948 .. ! 1
Depth drilled ....... oL . Depth cased ... L) ... Section ..t T ...
CASING RECORD:
6~inch
FINISH:
AQUIFERS:
WATER LEVEL:
- 561
PUMPING E%U;PMENT: Type Montgomery Ward - deb . o HP L
Capacity ..t27 e G.P.M.
WELL TESTS:
Drawdown .....B.oeenenn. ft. after v NOUTS oo 15 A B G.P.M
DrawdOWn ceeeeeeeeeeeeeeeeeeen ft. after .. | 900 ) b of- SRR G.P.M.
USE OF WATER Ir1lgation e Temp. ... O e e 19
SOURCE OF INFORMATION GRS oo mee oo ee oo e e eeee e oo eseeeeeeenee
DRILLER or DIGGER 58X MUIS O o oo eeeeeme oo e eeee e eeeeseeeeeee oo ee e e eeeseeees e oo e oo e ee s eeseee
ADDITIONAL DATA:
Log .NA . Water Level Measurements ............... Chemical Analysis ................ Aquifer Test ..o
REMARKS:

State Printing 89316
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o ortpin Wﬁb SH WATEE WELL DRILLERS BEPORT
B e EnamR, 01 164 0 "

' STATE OF OREGON
P

Do Not )
-
Fill In State Well No.

Blate PEXIL No.
L4

i

(10) WELL TESTS:

Was a pump test made? {J Yes {0 No Xf yes, by whom?

1ok 3

Yld: /7  spl/mio with £t draw down after B,

0 - m —T—

i = = — T e

(2) LOCATION OF WELL: Arteslon oW ———__Epm o

Coun N M Ownar's number, Uw— eE — | Shutelp premure . _____Ibe. per square inch. R
X F. D. or Strsst No. e | Bqflartast £p.m. with W dwdown =

B mdmmummmucnox'ubdlvwmwmﬂ ; Temparature of water WIIIMMWWMI'DYII DZ@';‘,:

Y7 y7) 2 A Was slactrio 1og mads o wall! (O Y (INQ. =

(1) WELLLOG:

¢ Diamater of well, inches. -
(%) E OF WORK ( )i %.ﬁ__}* Foaa Total depts 280 28 letholcnmpmodnn yATE Y :
Qo e, D o -
bandonment, describe material and proceduxe in Item 11 show thickness of mﬂw n&";‘ ‘“ ;}g )
(4) PROPOSED USE (check): (5) EQUIFMENT: it W™ . .
Damestic OMwepip| Bmy O 0" £ - Brows SHF =
Yon [ TestWell 0 Other O| pugwen [ (! N ly«L ’ K iSaek o
i A
CASING INSTALLED: If gravel packed 7 -
Threadsd [] Welded TJ . i
Qage —
or | Diametar from to =
YROM fh %0 #t.  Diam Wail| of Bare 1t n o
o L S -
o ——— E
e i o T A mrar R Ly -
Dasartbe jolnt ' ' P ;. I
(7) PERFORATIONS: g - —_
'rypoo!pcrbnwruud - - E— — ‘ — L L] .
SIZE _of pertorations In., leagth, By : E " il = - = =
FROM  ft.to 'y "part pet dool . . ' No, ot rows z .. e
¢ — T -
. BCREENS! T i g -
| ! alv.mnuhmnuNmMNo mdlin _ameas » " -
(8) CONSTRUCTION: = i
Was a surface sanitary seal provided? [J Yes [J No To what depth Tt L] f -——
Were any vt sealed agaimet poliutiont O Yes O Mo " | Ground elevation at well site __—— __ faat ahove maan sea leval
Lys oot depth ol Stall ooy T Work started  JU{ 3, Compend Ao A
TROM £ to 4 % .
- p T = | Well Driller’s Btatement:
o — - This well was drillsd undsr my jurisdiction snd this report is
trus to the bast of my knowledge and ballef.

MITHOD OF SLALING
(9) WATER LEVELS:

NAME Uni, .

Depth st which water was fizyt found g (Person, frm, or ocrporation) Typed of printed)
Xt e e SILaf o g D = - . — . —_— .o . .

Standing level beiore perforating . : N | Address B, Lol o ' -
Standing lavel Aftar parforating ) TR | Driller's well pumber _ U=
Log Accepted by: [Signed] N

{gned] . ted 19 or.
s Owner De ' License No. ~=_Dated 18

L
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i

LOCATION OF WELL: Owner'’s No. ey STATE: Tigard 23, Oregon _
MW L W oiBee 2T 2 Rl wW,wa : ! i
Bearing and distance from section or subdivision 7 Lot \
corner N. 45° E., 100! to S cornmer Lot 4 Durham Acres "—"E ] "—?—“'
! ,f
| |
S I B
‘ Altitude at well : ;
TYPE OF WELL: .. 5311ed Date Constructed . 195% |
Depth drilled .. 330 .. Depth cased 150 __ Secton e
@ iSRG RECORD:
~6-inch
FINISH:
From 110 to 147
AQUIFERS:
S41%, sand, clay and shale
WATER LEVEL:
PUMPING EQUIPMENT: Type ... .RxHald.Blegkor. ... =P, . 1k
-~  Capadlty .22 GPM.
WELL TESTS: Punp
o Drawdown o {6 R8T o hours ing 17 GPM
Drawdownl - 6 after . hours GPM.
USE OF WATER Domestic & m&tiOn Temp oF ] 19
SOURCE OF INFORMATION i '
DRILLER or DIGGER
ADDITIQNAL DATA:
Log Water Level Measurements Chemical Analy=is __......._. —— Agulfer Test oo
REMARKS: '

& ot ?

TUATRAT® ollpg) _Wel Recod  BIRR gy
ABPLICATION-NO= GR=27

Washington Co. School Dist, ¥82 s B8040 8.W, Durham Road

OWNER: By E5ther U, Pelldngton, clerk

Stais Printing 80814



&

2

“a

e

!l\.'

L. B S >

. ‘.mﬁh (9 5 i G %
STATE ENGINEEE T\ LAC :  State Well No. . 2/TH=13 _._
Salem, Ouzon‘ ' } County WASHINGTON
. AppHegtion s GR-2764
T Well Log
Owner; _ Washington Co, School Dist. $#82 by Esther C. Pelidngton . s No
‘ ij‘k . T . Y - T 4 e e e caaee. —
Driller: ~ Date Drilled 1551
CHARACTER OF MATERIAL (Teet balow ‘and surtes) Thicknam
— — From Te (faat)
Brown silt 8 . 8
Brown sand . 64 56
blue clay (very stioky) ol 10
blue and brown silt layers 95 21
blue clay (stielky) 105 10
blus silt wmixed with brown 120 15
brown silt 135 15
blua silt (watercsving) sand and wmika 140 '.
blue shale 150 . 10
blue shald and clay some of the layers very bavey 200 50

N
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STATE ENGINEER WAS STATE WELL NO. ... 2/1d-148
Salem, Oregon % Well Record COUNTY ... WASHINGTON ~
0 11 70 ik ~APPEICATION N~ ... GR-2832
D o
¥ 1s MAILING
OWNER: _meon_ﬂlgh School Noé 2 Jt., ADDRESS: ....Tigard, Oreson. .. .. ..
ashington County, Cregon CITY AND
LOCATION OF WELL: Owner's NO. wocooooovecoreeroereees STATE: oot oo oo o
‘ N — ;
W Y yigee 1 2 7s R TwW, wm 1 |
Bearing and distance from section or subdivision . | )
COrner .......... 3751 S. and RS E. -: R T o
V !
................................................................ t L
.................................................................................................................... | |
| |
; 1
............... : P T Y cemeeevamsenne __—---‘--"-J_-—_-_L_‘---
ATHEUAE B WEIL oo eeeeeeeeseeeteemeeeee e e s s oeeee e i E
— = | l
TYPE OF WELL: ....&rilledDate Constructed .. 1952....... = l
Depth drilled ........ 880, ... Depth cased ..........00% ... Section e
CASING RECORD:
10-inch
FINISH:
AQUIFERS:
WATER LEVEL:
PUMPING EQUIPMENT: Type Sup. 5011 T HP Q.
Capacity -.......... 80 e G.P.M.
WELL TESTS:
Drawdown ........... 232 .. o hours ..oo.... Pumping. B0 GP.M.
Drawdown ..o ft. el . cemadiicenss ... 025 5o/ G.P.M.
USE OF WATER .. S°hool use, l”G%ggggc’n Temp. oo S 19
SOURCE OF INFORMATION .. B e
DRILLER  OF DIGGER ooooomoeeooooeeoeme oo eeeeemeeseeseoeeemesseeseeesemees oo rereeseessoeseeesseessseoeeeenmmmeses oot eeeeeeememmeseeseeeteeseeremeemms e
ADDITIONAL DATA:
LOE weeeeeeene Water Level Measurements ............. Chemical Analysis ............... Aguifer Test ..ocoeeeeeenn..
REMARKS:

State Printing 89316
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STATE ENGINEER WASH Well Record STATE WELL NO. .2/1v=14N.. .
Salem, Oregon 011715 COUNTY .. Washington......
R Gl 17485 APPLICATION NO. .GR=.1736....
MAILING
OWNER: ...George L. Hansen ... ADDRESS: ..Rba . Box 146
CITY AND
LOCATION OF WELL: Owner’s NO. oo STATE: ... .Tualakin,. Qregsor e
XS{ m { T
SW o1y SW 1y Sec. . X T. 2. S,R ... W, WM. [ i
Bearing and distance from section or subdivision :_“ :
——————————— — + ——
corner ..390' N. & 50' W. from SE cor. of Iat.l of f !
1 1
BN - -5 A= N ot To): 1 o U ; |
............. | |
| |
i )
.................................................................................................................... S S N
Altitude at well ....._... 1O \\,’V,/- :' i
{
TYPE OF WELL: ......Dug..... Date Constructed ...1952.... 42 ! I
Depth drilled ... 40} ... Depth cased .......... LAY Section ... 1%
CASING RECORD:
36" circular brick walled
FINISH:
AQUIFERS:
Gravel
WATER LEVEL:
k2!
PUMPING EQUIPMENT: Type ... Mrers. Jet.2% 5. 15% e HP. 5.
Capacity .oeee. 20 . G.P.M.
WELL TESTS:
Drawdown ........] (O JS— ft. after e 1916130 - S b2 T G.P.M.
DrawdoWn eoceeceeecereeneceneeas ft. after o Lo T01 5 OO G.P.M.
USE OF WATER ... Irrigation . Temp. °F, ... L 19,
SOURCE OF INFORMATION ...GR BOCORG. oo eeeeeee e eeee e rereeeeeeeeene
DRILLER or DIGGER e aeeortrteectetteeeoeseeaeaaeete ettt nn rea s s ae e e teemaemnstmemeeemtmnearenenton
ADDITIONAL DATA:
Log ..Nehe . Water Level Measurements .................. Chemical Analysis ... Aquifer Test ...ooeeeeee..
REMARKS:

Trrigation of 4 acres.

State Printing 89316
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NOTICE TO WATER WEL'Y CONTRACTOR -~ ¢ N
The original and first copy ] IE‘ e E
e 01 WATER WELL R i - F

filed with the STATE Ui GRE APR 5 1973 @Well No. /RS /W—IL{‘Q/&

STATE ENCINEER, SALEM, ORECON 97310 Y, Pl .
within 30 days from the date 7O70  (Piease type or ’S"X*ATE ENGINEE‘FP”"’“ No
n 30 days trom tne (Do not wrte avove this gy N e e e
& -bi1nz s M. OREGON

(1) OWNER: W - - | (10) LOGCATJON OF WLL:%M el
Name Cl 1970 Piro W N
Address

County Driller's well number

1 l,'.zgcuon /&f A r W W.M,

Bearing and distange from section or subdivision corner

(2) TYPE OF WORK (check): )
New Well ) Deepening [ Reconditioning [J Abandon O . -

If abandonment, describe material and procedure in Item 12. (11) WATER LEVEL: Completed wel_l. .
(3) TYPE OF WELL: | (4) PROPOSED USE (check): Depth at which water was first found VA /

ft.
Rotary [] _ Driven [J - . L k lal
Cable | Jetted O Domestic [J Industrial [J Municipal [] | Static level / L]L ft. below land surface. Date 2 -2 «'75
Dug 0 . Bored [J . Irrigation 1 Test Well [ Other 0 | Artesian pressure ¢ . lbs. per square inch. Date
CASING INSTALLED: a Welded ;
0 Iy 2/ A (12) WELL LOG:  Dismeter of well below casing . .
... Diam. from "j' .. ft. to /é ). W ft. Gage ... .ea<;

Depth drilled / 67 ft. Depth of completed well /& 7 1:t.
T T

” Diam. from it. to ft. -
. Formation: Describe color, texture, grain size and structure of materials;
s’ DlGML from it to it and show thickness and nature of each stratum and aquifer penetrated,
with at least one entry far each change of formation. Report each chanpge in
b PERFORATIONS: Perforated? J Yes [J No. Dposition of Static Water Level and indicate principal water-bearing strata.
Type of perforator used 272,)'24 1’/’,,,,,‘4}, > MATERIAL From To SWL

Size of perforations in. by , in. _/Z:;t) .4.2‘&-41
%b perforations from _//7_. ft. to Lﬁy 1t. M’ ﬂ/gf/_/L
............................... perforations from ... £t 10 wocieesciee oo £t J/j

............................. perforations from ... it. to 1ft. MM?%{L/%

ad
, Y il e )
(7) SCREENS: Well screen installed? [J Yes RNO 1 oA s s Md ({‘ ) » .5-1 }‘Z_SP
Manufacturer ' . . . ; y » Ny
, 2, | IR¥ 133
Slot size .......... Set from .5 o s,y JHET 11T -
... Slot size .. Set from ft. to b8 j ( "J

(8) WELL TESTS: Drawdown is amount water level is

lowered below static level

Was a pump test made? MYes {1 No If yes, by whom?

3

‘d: /&E/ gal./min. witﬁ}@/ ft. drawdown after (9 hrs. S N I ‘ ' ,
I R | VAR % S _ |
L0 T e,

”

Bailer test gal./min. with ~——1t. drawdown after ~— ~hrs, N
Artesian flow g-pm. i

B # - - A
‘perature of water Depth arteslan flow encountered wo....... ft. | Work started /) <AL 1974 Completed /——ﬂé xgb

.(‘9) CONSTRUCTION: Date well drilling machine moved off of well / —Q’Z/n 19 7\3

Well sesl—Materfal used .. Ce Drilling Machine Operator’s Certification:

This well was constructed under my direct supervision.

Well sealed from land surface to, : ft. | Materials used and information reported above are true to my
Diameter of well bore to bottom of sij‘l /ZL best knowledge and beii

Diameter of well bore below seal /n. NSNS 8 e [Signed] Z. o/ 7o W AL >e DA Date d’{%_’ ,1g7j
Number of sacks of cement used in well seal /é sacks A Mahine Ox.seramr) /

Number of sacks of bentonite used In well seal (@) sacks Drilling Machine Operator’s License No- 58 T T

Brand toni - , L -
rand name of bentonite Water Well Contractor’s Certification:

Number of pounds of bentonite per 100 gallons . - e ae s . .
£ wat — . - ; This well was drilled under my jurisdiction and this report is
of water 1bs./100 gals. | {ryue to the best of my knowledge and belief.

Was & drive shoe used? [J Yes [¥No PIUgS comeu Size; location ..., ft. Name M/Z.?P.ébémgjde‘)yfapjp)&@%fad)

Did any strata contain unusable water? [ Yes [[No

erson, f%r corpora ??e r_print)
Type of water? —r depth of strata _~_ Address §7b_y : . / 542//47 §rgﬂ/}ﬁy€

Method of sealing strata off.  ™— . . "(/'g
_ . [Signed] £.£. fstete
Was well gravel packed? [ Yes' [J Nq . Size of gravel: %“&,{7 {Water Well Contractor)
’ v

Gravel placed from oo Bl #t. t0 od oD 11, Contractor’s License No~3.&7.Z... Date .....2. =<¢ 9 L, 194

(USE ADDITIONAL SHEETS IF NECESSARY) SPr46658-110

— e L —_—— - o hN{O‘F—UA M&E[J__
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NOTICE TO WATER WELL CONTRACTOR
The original and first copy
of this report are to be
filed with the

STATE ENGINEER, SALEM, OREGON 87310
within 30 days from the date
of well completion.

WATER WELL REPORT

STATE OF OREGON
{Please type or print)

=340

Stgl(e Permit No.

(1) OWNER: ]
Name M. L. Tarril

Drawdown is amount water level |s
lowered below static leve

(11) WELL TESTS:

Was a pump test made? {J Yes ﬁ No If yes, by whom?

Address 17260 So W, 131st Yield: gal./min. with ft. drawdown after hrs.
Tipard, QOragon = " " "

{2) LOCATION OF WELL: : # " 7 » n

county Washington Driller’s well number 39—65 i}a’i:a:s;ow 30 gal/min. with 390 £t drawdowm after 1 nos

7. 28 r1W

g.p.m. Date

i 5B ¥ Section 16 L ° Temperature of water ﬁ;ho Was 2 chemical analysis made? [ Yes X No
Bearing and distance from section or subdivision corner
. (12) WELL LOG: Diameter of well below casing ... én .
Depth drilled 285 £, Depth of completed well 285,
‘ Formation: Describe by color, character, size of meaterial and structure, and
show thickness of aquifiers and the kind and nature of the material in each
stratum penetrated, with at least ane entry for each change of formation.
MATERIAL FROM TO
(3) TYPE OF WORK (check): L e 5T 25
v well Deepening (O Reconditioning 71 Abandon (O Quicksand. brown 22 h5
‘i‘__mdonment. describe material and procedure in Item 12. Sil‘b‘L j)lue & grey packed |:B ::; jg
(4) PROPOSED USE (check): (5) TYPE OF WELL: | Clay, blue sticky J[ 58 | 70
- Rotary Driven [J Sand, blue 70 95
Domestic g Industrial (3 Municipal O G Jetted O Cl@r‘ ki T 95 115
Irrigation Test Well [J Other O Dug 0 Bored O Clav. grey 112 HB
(6) CASING INSTALLED:  Tnreaded I Welded Clay, soft tan 158 | 187
B Diam. from . £ t0 L.-__—....t.22_8n. Gage Qe25Q..... | Conglomerate, brown lﬁg 212
. Diam. from ft. to . GAEE i . | Bock, decomposed brown 21 22
. i Rock, grey-yellow seams 228 | 255
iam, from £ft. to P GHRER e B
Rock, brown 255 | 263
(7) PERFORATIONS: Perforated? (] Yes Xi No Rock, black 263 | 271
Type of perforator used Rock, brgwn, geany 271 271
Size of perforations in. by - _ in. . ] _ Rock, black 275 285
.............................. perforations from ft. to ft.
.. perforations {rom . e 8. tO ; ft.
....__.._m....‘.'perfcrationﬁ from it. to : ft.
s, perforations from . ft. to 1t. Yen .
......... v, Perforations from ft. to ft. IU GJ G ']965
(8) SCREENS: Well screen installed? [J Yes é No ST#A‘—T‘-E Eﬂh‘r CJA ?‘1 EEI hY
A AL O\ VR
Manufacturer’'s Name LR AL I~y i ¢ ey i e e A 8
:. Model NO. v oerccrrceeceermarresaene e ]
—
M crererremeeens S10L S12E i Set from ft. to ft. Work started Aug. 2 19 65 Completed AUZ 9 19 65
Diam. .o Slot size .cvvmrcnee Set from I8 10 s ft. 19 65

(9) CONSTRUCTION:

Well seal—Matertfal used in seal Puddledclayg .....................
Depth of S€al .ccereveceemesrnen 22.. ft. Was a packer used? NQ
Diameter of well bore to bottomn of seal wccnneee lO in.
Were any loose strata cemented off? [ Yes E No
Was a drive shoe used? (xYes (O No
Was well gravel packed? [] Yes dNo
ft. to ft.

Size of gravel: ...oomuenne

Gravel placed from

Did any strata contain unusuable water? [J Yes [:xNo

Type of water? depth of strata

Method of sealing strata off

(10) WATER LEVELS: )
19 1t below land surface Date 8/9/65

lhs. per square Inch Date

Static level

Arteslan pressure

Date well drilling machine moved off of well ‘uﬁ. 11
(13) PUMP:

Myers

Manufacturer's Name

rype: Submersible

Water Well Contractor’s Certification;

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

NaMme Steinman Bros,

(Person. firm or corporation)

[Signed] .

“(Water We

Contractor’s License No.__..._.I.._,; ..... Date Aug.lz .............. , 19.65.

(USE ADDITIONAL SHEETS IF NECESSARY)




NOTICE TO WATER WEL
The original and fl
of this report are
tlled with th

ITCEINE

JUNZ 41369
STATE ENGINEER, SAL

wlithin 30 days uo&ﬁBﬁfgi7%.NGﬁNEE

of well complctiox\p a\l_w ORT.‘("O

STATE OF

TER WELL REPOR

(Please type omwprint)
0 not write above this line)

.50

B11673 /=12 ads

C;'Sg O\ S'f;te Permit No.

NE R
State Well No.

-

OREGON

AT

(1) OWNER: Poctn Wollbon Co. nc. Winars, ‘wﬂ’/

Namr—¥O8hlo—&-Sachiko-Humutke

(11 OCATION OF WELL:

mresgsees_s,ﬂ,;mn.gm‘mmm.gzzz

(2) TYPE OF WORK (check): /
Ab}don ]

New Well (X Decpening [ Reconditioning O]
1f abandonment, describe material and procedure in Item 12.

4
(3) TYPE OF WELL: | (4) PROPOSED USE (check):
Rota Driven : -
Coble g atted 3 Domestic 0 Indystflal O Municipal O
Dug O Bored [ Irrtgation ﬂ &st Well OJ Otber 0

CASING INSTALLED: Threaded g‘ Welded.E
Gage 5

..~ Diam. from ft. to
ft. to . Gage ...
ft. to £t. Gage

PERFORATIONS:

e of perforator used

Perforated? [] Yes [] No,

. by

Size of perforations
.................... perforations from 1t. to £t
[OOSR — perforations from ft. to 2.
e se o totasraaes ~ perforations from 1. to L.
rrenrmmmmmeee. Perforations from ft. to ft.
.......................... perforations from . to L.
(7) SCREENS: Well screen installed? [J Yes [] No
Manutacturer's Name
Type Model NO. v eeereeceee
Diam. .oveene Slot size ... - Set from . to b8
Diam. .. ft. to .

(8) WATER LEVEL: Completed well.
ft. below land surface Date 6/18/6C

Ibs. per square inch Date

Static level

stan pressure

(9) WELL TESTS:

Drawdown s amount water level {s

lowered below static level %%&Qn
Was a pump test made? [] Yes [No If yes, by whom?Bo ner
ch}d: . 260 gal./min. with 50 ft. drawdown after 7 hrs.
Baller test gal./min. with ft. drawdown after hra.

Arteslan flow g.p.m. Date

Temperature of waterﬂl, Was a chemical analysis made? [J Yes i No

(10) CONSTRUCTION:
gement & mand

16

Well seal—Materlal used

Dcpth of seal

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

Were any loose strata cemented otft [J Yes I No Depth o
Was a drive shoe used? [] Yes [XNo
Did any strata contain unusable water? Y3 Yes [] No

depth of m-uh.O' t,o. LLZ'
casod

Sandy

Method of sealing strata off

Type of water?

Was well gravel packed? [J Yes [;No Slze of gravel: ...

W ﬂb:ngtgn Driller's well number
Section 3 T. 28. R. lw

Bearing and distance from sectfon.or subdlvision corner

1t.

(12) WELL LOG:

392

Formation: Describe color, texture, grain size and structure of materials;
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 position of Static Water Level as drilling proceeds. Note drilling rates.

Diameter of well below caslng ...

Depth drilled ft. Depth of completed well 392

MATERIAL From To SWL
o -
Clay, yallow 3 7
Rock, bboken __ _. __ i 8 _
Clay w/ambaded rock. Bl
Sand, yellow. Lol ho! 27
Clay,yallow sandy. 21 48 §
Clay w/embeded rock 481 50
Rock, brown__solid. 501 118
Clay, brown .. 118 126
Rock, red-.lava sofk. , '
water bearing 126 | 159 —
Rock, blaclk _ 159 | 197
clay, yellow 197 [ 198 _
Rock, black 198 | 358
Rack, gray, mdm, hard 3581 370
Rock, brown, soft,w.brng, 370 389/ 60
Rock, black, hard 389 ] 392

196q Completed Juna 12
June 2O

wﬁq
1569

Work started ADril 1
Date well drilling machine moved off of well

Drllllnz Machine Operator’s Cerﬂ!lcation

This well was constructed under my direct supervision. Mate-
rials used and information reported above are true to my best

knowledge and b liet gw

Derator)

[Signed]

(Drﬂllm{ Mac)une

Drilling Machine Operator’s License No. z—h

Water Well Contractor’s Certification:

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

nameE HAAKON. BOTTNER DRILLING.COMPANY.. .

- (Person, {irm or corporation) (Type or print)

R 31;224...5..3..1.7‘ _tha AVE.PORTLAND,ORE,

(Water Well

onlractor)

Gravel placed from .

Contractors License No. - J.QQ Date [/éﬂ/ 19(7

ft. to

(USE ADDITIONAL SHEETS IF NECESSARY)

Mt o o
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MEMORANDUM

To:  Jennifer Renninger, Montgomery Watson March 26, 2001

FR:  Steve Moncaster, Golder Associates Inc.

Re:  City of Tigard ASR Study QOur ref: 013-1419.002

City of Tigard ASR Study — Task 2 Well Suitability Evaluation

1. Objective
The purpose of the work reported in this memorandum is to determine the
feasibility of using the existing City of Tigard public water supply wells to inject
and store treated water underground. This work forms part of an ASR pilot-
testing program that is being performed for the City by Montgomery Watson and
Golder Associates Inc..

2. Approach and Scope of Work

The approach used and related scope of work is summarized as follows;

e Collate and review the available well construction logs to determine whether
or not each well complies with the current OWRD well construction standard;

e Determine the aquifer properties in the vicinity of each well and generate a
preliminary estimate of the available recharge capacity;

o Identify the pump and pipeline engineering associated with each well and
assess the ease with which treated water could be recharged to the underlying
aquifers via use of the existing equipment;

In addition, an assessment has been made of the availability of monitoring wells
in the vicinity of each production well.

Specific deliverables associated with this memorandum include the following;

e A summary of the issues described above;
e The available well construction and geological logs;
e A map identifying the Jocation of suitable monitoring wells;
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March 26, 2001

Compliance with OWRD Well Construction Standards

013-1419.002

Current Oregon Water Resources Department (OWRD) regulations require
compliance with the following well construction specifications:

e Casing — the well must be cased using steel or plastic casing in order to seal
the upper portion of the borehole and prevent caving;
e Seal - the annular space between the casing and the borehole wall must be
sealed using either a neat cement grout or bentonite. The seal must be a
minimum of 18 ft deep;
e Co-mingling — under no circumstances should groundwater derived from
more than one aquifer be permitted to mix within the well;
¢ Openings — each well should be constructed with an opening at the surface to
enable the water level in the well to be measured;
e Top terminal height — the casing head shall be completed at a minimum of
12 inches above the local surface run-off Jevel.

On the basis of the table below, it can be seen that Wells 1 and 3 fully comply
with the OWRD regulations but that there is some uncertainty with respect to the
surface seal construction and integrity in Wells 2 and 4. This means that there is
also some uncertainty about the risks associated with co-mingling (between basalt
groundwater and groundwater in the overburden) at these wells.

=T

( Compliance Well
Issue 1 2 | 3 4 |
Casing Type and [Zinchsteelto | 10inchsteelto | 12inchsteelto | 12 inch steel to
Depth 71 ft bg!' 342 ft bgl 91.5 fi bgl 242 ft bgl
g‘i‘;ﬁ’;:rgo basalt (47 ) (47 f) (54 1) (710
Seals (minimum | 0- 71 ftbgl 60 ft - 70 ft 0-915ft 0-242 ft bgl
18 ft) cement grout cement grout’ cement grout cement, sand
and gravel
Risk of co- Minimal In worst case’ Minimal Depends on
mingling depends on the method of
permeability mixing and
distribution in placement of
top 30 ft of concrete used
L aquifer for seal
Access for water | Available Available Available Not available
Jevel
measurements
Terminal Complies with | Complies with | Complies with | Complies with
Height specification specification Bpeciﬁcation specification

ng — below ground level
?Not clear from log whether the seal is from surface to between 60 ft and 70 ft bgl or the seal is
between 60 ft and 70 ft (i.e. 10 ft thick)

Golder Associates
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013-1419.002

In addition, 1t is noted that there is no apparent access at Well 4 for water level
recording devices.

4 Recharge Capacities

For the purposes of comparison, the recharge capacity of each well has been
estimated on the basis of the maximum amount of water that could be injected
under the influence of gravity. The results are given below;

o wenl | Estimated | Available Water | Injection Capacity |
Transmissivity' Level Build-up (gpm)’
(gpd/ft) (f®
1 23,000 222 2,418
2 21,600 190 1,943
3 5,000 215 509
4 2,400 257 292
! approximate estimate, empirically derived using the available drawdown data
2Based on static water level at time of construction
*Assumes steady-state conditions and that each well is 100 % hydraulically efficient.

The results suggest that significantly high rates of injection will be possible in
Wells 1 and 2, principally as a consequence of the high transmissivity of the

basalt at these sites and the significant depth to static water level.

By contrast, the injection capacities of Wells 3 and 4 are likely to be significantly
lower than those of Wells 1 and 2. Given similar depths to static water levels, the
large differences primarily reflect the lower transmissivity of the basalt in the

vicinity of Wells 3 and 4.

Uty

A summary of the available pump engineering data is given below;

Engineering Considerations

Well Pump Type | Capacity Nominal Pump Nominal
and Column Annular
Status Diameter Space
(inches) (inches)
1 Peerless 75 hp 300 gpm 8 reducing to 4 at 210 350 ft
Turbine line Operational 350 ft bgl
shaft (21 stages)
2 Peerless 75 hp 500 gpm 6 2
Turbine line Operational
| Shaft (9 stages) | ]

Golder Associates
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March 26, 2001 4 013-1419.002
Well Pump Type Capacity Nominal Pump Nominal
and Column Annular
Status Diameter Space
(inches) (inches)
3 Crown Electric 125 gpm 4 4
Submersible (25 | Operational
hp 9 stage)
4 150 hp Turbine 500 gpm Not known at Not known at
line shaft Out of present present
Service

In respect of the equipment present in Wells 1 and 2, the following is noted;

e The two Peerless turbine line shaft pumps are equipped with non-reverse
ratchets on the pump motors (Mather and Sons, personal communication).
These will enable water to be injected via the pump column without causing
the pump motor to Spin in reverse;

e The magnitude of the head Josses likely to be experienced across the pump
bowls is not known, with the result that there is some uncertainty with respect
to the injection rates which can actually be achieved at each well;

In respect of the equipment present in Wells 3 and 4 the following is noted;

e The electric submersible pump in Well 3 contains a check valve that would
prevent water being injected via the pump column (Mather and Sons, personal
communication);

e To put the pump in Well 4 back into service would be difficult and expensive
owing to a combination of

1. limited access for lifting equipment;

2. lack of level, stable ground in the immediate vicinity of the pump
house for siting a crane or hoist;

3. uncertainty with respect to the available electrical supply;

4. limited space at the wellhead for the disassembly and assembly of
the pump column;

S. likely long length of the pump column;

Subject to further evaluation, therefore, it appears likely that the existing pumps
and pump columns in Wells 1 and 2 could be used to inject treated water
underground. By contrast, none of the equipment in Well 4 could be used in its
current condition and use of the equipment present in Well 3 would require either
insertion of an injection pipe into the well or recovery and modification of the
existing submersible pump.

It is also noted that the future value of any additional engineering work at Wells 3

and 4 is likely to be constrained by the low specific capacity of these wells and
the associated limits on recharge and recovery rates.

Golder Associates
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March 26, 2001 5 013-1419.002

Observation Wells

Consultation with Marc Norton of the OWRD indicates that the following
observation wells may be available for use in conjunction with any ASR pilot
testing at Wells 1 and 2;

e Tigard High School (irrigation well)

e King City Golf Course (irrigation well)

e  Wardin Well (domestic well)

e James Templeton Elementary School (irrigation well)

The location of these wells is shown on the attached figure, together with wells
identified in the MW/Golder proposal document and two additional, domestic
wells, identified by Mr. Norton. The domestic wells are located on Hoodview
Drive and SW Kable Street, in an area that is immediately to the south east of
Well 1. At the present time, the construction, status and accessibility of these are
unknown.

It should be noted that there appears to be no grout seal between the casing and
the adjacent geological formations in the Tigard High School well. Implications
for future ASR operations include a potential flooding risk. A similar risk may be
posed to the domestic wells on Hoodview Drive and SW Kable Street.

Summary

Subject to confirmation with respect to certain engineering issues, the injection
capacities and equipment available at Wells 1 and 2 make both of these wells
suitable for future ASR pilot testing and potentially suitable for full scale ASR
operations. At the present time, however, uncertainty with respect to the integrity
of the grout seal in Well 2 means that Well 1 offers the greater potential for
immediate testing and development.

Other potential advantages inherent in the use of Well I include;

e Ready access to waste water disposal facilities (subject to any requirement to
obtain a NPDES permit);
e Nearby location of observation wells;

By contrast, the feasibility of using Wells 3 and 4 is compromised by a

combination of low injection capacities, failure to comply with current well
construction standards (Well 4) and the lack of suitable existing equipment.

Golder Associates



b

=

LS |

March 26, 2001 6 013-1419.002

Addendum

CCTV logging of Well I on 03/02/01 revealed the presence of water cascading
into the well via a perforation in the well casing. The location of the leak was
estimated to be at approximately 50 ft bgl, the rate of inflow was subsequently
estimated to be less than 1 gpm. In addition, it was also noted from the CCTV log
that water appeared to be entering the well at the base of the casing.

The condition of the casing and the presence of the leak(s) mean that Well | fails
to comply with the current OWRD well construction regulations. Subsequent
discussion with OWRD confirmed that the leak would have to be repaired to
prevent co-mingling of groundwater in the well. The two basic engineering
options comprise the following;

e Insertion of narrower diameter casing into the well and grouting this into
position in such a way that defections in the casing and seal are remedied;

o Construction of a new well at the site with either refurbishment or
abandonment of the existing well.

During the discussions referred to above, OWRD indicated that any narrower
diameter casing would likely have to be inserted to a depth of around 300 ft bgl.
Whilst this is desirable from the point of view of a future ASR test (to prevent
recharge of the unsaturated zone and problems associated with leakage loss or
cascading), re-casing to this depth necessitates use of a casing smaller than 12
inches in diameter. It is likely that an 8-inch casing will be required to ensure a
good grout seal between the casing and borehole wall.

However, casing of this diameter or less would restrict the pump column diameter
that could be set and, as such, would significantly reduce the yield that could be
developed from the well.

To avoid any yield restrictions, construction of a new well is recommended. The
advantages inherent in this strategy for a future ASR test include the following;

e Reduced uncertainty with respect to the future performance of the production
well seal during injection, storage and recovery;

e An option to design and construct the new well to enable the efficient
collection of water level data (i.e. complete at a diameter sufficient to enable
installation of an access tube for a pressure transducer);

e An option to re-furbish the existing production well so as to provide a
dedicated on-site ASR monitoring well - without incurring the bulk of the
associated construction costs;

e A related option to monitor ASR related water level responses in the basalt
without having to gain access to or instrument off-site monitoring wells.

Golder Associates
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Finally, in view of the developing drought situation, it has been agreed with
OWRD that remedial work on Well 1 can be deferred until after the (summer)
period of peak demand, providing that;

(2) a sample of the inflow is obtained, analyzed and is shown to be free from
contamination, and;

(b) a program of additional sampling and analysis of the production from the well
is undertaken to demonstrate on-going compliance with water quality
standards.

VAPROJECTS\_200t PROJECTS\013-1419 - Tigard ASR\Task 2 - Well Suitability\Well Suitahility AO-V1-DB edits.doc

Golder Associates
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WELL #1 c | nfs

November 18, 1947 Sounded

R. J. STRASIER DRILLING CO.

R 3, Box 59
Portland 6, Oregon

Log of 12" well drilled for Tigard Water District, Completed April
25, 1947 by R, J. 8trasser Drilling Company.

Surface to 2 £ft. Top soil

2 Lt " o L Yellow ola
11 ¢ n e Hard pan wzth some gand
22 " # 47 Silt and yellow alay
7w 64 " S8oft lava rock
L " n 8y v Gray and grsen lava rock
82 " L Black, gray, red rock medium hard
168 n AR - fe Black and red rock medium hard
g2 ¢ n 202 Blsck hard rock
202 * LI 1 - Red and black soft porous rock with some water
212 ¢ ® 220 0 Hard black rock
220 ¢ " 230 ¥ Hard black rock
230 * no 260 " Gray and black medium hard rock
260 T " 272 " Gray porous rock with water
272 mno 309" Hard black rock some crevices
309 ¢ L~ . Red rock not so hard -
315 ® "o 325" Yellow and gray soft rock showlng water
325 .1 n 5 v Gray hard rock :
3,5 1 vt 370 " Medium hard gray rock
270 » noo28L " Hard gray rock

Well cased'with 12" pipe to a depth of 71 feet and a cement grout
placed to prevent surface water from entering the well,

Static water level 188feet from the surface.
Pump test showed 60 G.P.M, with 20 fset dsaw down,
1 1

144 1" 3 120 1] 1] 30
" 1 f 170 1" 1" le 1Y L tt
n t n 210 1t " 97 1 1 1!

Would recommend pump setting of 250 feet column, bowls and 35 feet
of suction capacity 176 G.P.M. TYour pumping level would be 240 feet
which would be the most practicable level to pump from as the next
40 feet of draw down only adds 4LO G.P.M. of water and all of your
water would need to be pumped that extra depth.

Sit Degtepiné d-21-tb
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— W As RESERVATION WELL
STATE ENGINEER V440 x - ‘ STATE WELL NO. S%w—4 £
Salem, Oregon 0 1 1 5 9 4 well Record COUNTY /{Xli?%%fam{

L i —a APPLICATION NO. :gi-__é&
. Ry MAILING S £ Janoe
OWNER: . ./yam/ﬁzé:&sz‘t&c.zf ................. - ADDRESS/Z..._£740. Eurerbamm. ea (S15).
CITY AND .-
LOCATION OF WELL: Owner's No. %"/ STATE: ... Z0zare, g

. .. N
S Yy SNy See. M. T. .2 S.R.. Lo W, WM.

Bearing and distance from section or subdivision

|
corner .f-./o’éé',p@{_{‘_é_.!dﬁf o £ (t)ﬁ;- T

|

i .

|

Loses UM _aor  Ssec,. ).

B L s DR Y

Altitude at well R339

TYPE OF WELL: @i//#a. Date Constructed 4?&/_'.[4.’; ¥4

OEEPEPED Y-a4l L =
Depth drilled BE 32 v s Depth cased Section ... Ze....
CASING RECORD:
/2 s
FINISH:
AQUIFERS:

WATER LEVEL:

[ T 5
PUMPING EQUIPMENT: Type ,/’?n:e/-/e_s:_s- ........ J..zzz:é/f.é.s: .............. HP. /5. .
Capacity 252 GP.M.
WELL TESTS:
Drawdown e ERE g SO S _ hours /772 a1
DrawdoWn ..o 77 s after ... — hours 3 L/ ;1
USE OF WATER fZzediclmad __ Temp. OF, e 19,
SOURCE OF INFORMATIOI\(. a0 b lé

DRILLER or DIGGER i
ADDITIONAL DATA: _
Log .= __ Water Level Measurements ... — Chemical Analysis ...

REMARKS:
S

Aquifer Test ... .

(R e Y

State Printing 85318
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NOTICE TO WATER WELL CONTRACTOR WAS A T A f"/ )/v\/
first B c
e gpnaland ey ‘(011959 IATER WELL REPORT
flled with the State Well No ‘2 w — (| £
L  STATE ENGINEER, SALEM OUREGON'$7310 - - - BTATEQE.QBEGON \
wit.higt S‘evgfzgérglr:u%h: date . {Please type or print) State Permit No.
. = p
(1) OWNER: 1W (11) WELL TESTS:  Rrawdoynts smosot water lovel s
e Name Tig&rd water Distric Was a pump test made? [XYes [] No If yes, by whom?Drj_lling
> Address 88).!.1 2 W.COMMERCTAL 3t . Yield: 165 gal./min. with 17 ft. drawdown after hr
Tigard Oregon 37k . 110 -
“ (2) LOCATION OF WELL: Near S.W.103rd.Ave, 152 : L& Sombined 15
él ghway Tede 99W Mt* 11.95 gal./min. with LL?) ft. drawdown after | D hr
County Waahinp; Driller's well number At e
g.-p.m. Date
S ’w % N ’w' ¥ Section lL g 28 B m WM. Temperature of water 53 Was & chemlical analysis made? [J Yes Q>
Bearing and dista from sectlon or subdivision corner S —
o e | (12) WELL LOG:__ _Diameter of well below casing k2.
22
Depth drilled gz; t. Depth of completed well 612 '
[ “ Yy, i (L 4 Fﬁmat%i?x}c Describe by color, dc)t;gru}gteg :dee af materuztlhand structure, ar
ol W M _/ :tr%lfum ;e:}lz:iaot{:g qw!te}{‘anguteon:neniﬁy ?oﬁ'w:;zecgfchaenﬁafaefﬁflgrﬁ:afg
- MATERIAL - FROM TO
(3 TYPE OF WORK (check): Rock , black 381 I1(
" U0 beowni  SewaieansO  awdonD| Rogk ) red Lol o
’ donment, describe material and procedure In Item 14. clavw T Lo b?é Jll)!(
w (4) PROPOSED USE (check): (5) TYPE OF WELL: B.an_._bl/.&ck hhal ho
Y Domeste O Industrial OJ Municipal 8. Rotary [J Driven [J Gl&y Y embeded rock ' J_E_QJ )_Lgf
Irrigation [J Test Well [J Other o gt L e Bo Qk g I‘e_d }J' JO(
. Buy N S B Rock , black 500 H2!
% (6) CASING INSTALLED: Threaded (1 Welded Cuttings washed away,
R * Dfam. trom . to #. Gage .. |HALOT Dearing 525! 53
[N -.” Diam, from — ft. to e GARE e et RO Ck-' Jl&gk hm 5'32 E)'gs
B . oum om o to o aage...  |Bock , black ( creyls ) 560l Bé;
Boock ,brownish red, soff 562, 87
(7) PERFORATIONS: Pertorated? O Yes [ No Bock ,red soft , coarse
Type of perforator used mter beasring E)I7q L;Q'
" Sie of perforations _ n. by 1n. Rack , blaok , mdm hard 597614
eemctser ety aene - perforations from 1t. to £t
[ _.perforations from ft. to it |Note b4
by e perforations from e T fo £ T_Q_Mj_ghten WBll; back fillled
... . perforations from _ - . to St 1 from
___________ perforations from ; ft. to 1t 38‘% R tO;ﬂéB fﬁ.rl‘edl‘ill&d and
: . k f111ed tha 2nd. time .
(8) SCREENS: Well installed? [] Yes XIN bag
X ol sereen I D Ve % After pumping 12 hra. gain
Manufacturer's Name . : i
m, ModelNo. . |=
- P ; (YRR Slot size oo Set from ft. to . | work started J'a_n.Z'] 1000 Completed April 2 19"
~ Dlam. e ~ Slot §12€ o - Set from S e - | Date well drilling machine moved off of well April 6 19
(9) CONSTRUCTION: (13) PUMP:
- Well seal—Material used in seal Manufacturer's Name
"ISepth of seal v £t WaS 8 packer USEd? ... — | Type: H.P.
Diameter of well bore to bottom of seal — . vmsicicmne, in, Water Well Contractor's Certification:
B8 Were any loose strata cemented off? [J Yes (0 No Depth cmurceivomen. -
“*  Was a drive shoe used? [] Yes []No , This well was drilled under my jurisdiction and this report
Was well gravel packed? [] Yes O No. Stp of gravels L ¥ 4 true to the best of my knowledge and bellef.
L Gravel placed trom  to f nave BAAKON BOTTNER DRILLING GCOMPANY
. (Person, firm or corporation) (Type ar print)
2 Did any strata contain unusable water? [J Yes [ No ¥ : 0
and I
Type of water? depth of strata Address 3"‘24 s .E. lTk Street Portl
jy (licthod of seallng sirata off Drilling Machine Operator's License No. 380..&.2116. ...
‘4 (10) WATER LEVELS: 5
[Signed] Y 2. .
Static level. 22& ft. below land surface DateJ_L/l /66 (Wl!er Welrcantratto

T > Artesian pressure lbs. per square inch Date Contractor’s License No. 109“” Date April _______ 9 ________ 1 96
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WELL # 2

R. J. STRASSER DRILLING COMPANY
8110 3,E, Sunaset Lane
Portland 6, Oregon

Log of well # 2 for the Tigard Water District 12 inch well caszed
with 10 inch to 342 feet deep. Comleted 7/30/49,

Surface to. | 2 Ft TOE soil

2 It " 29 " Yellow and red clay

29 " " 47 " Dec¢omposed roeck

L7 " " 63 7T Hard gray ro¢k

83 " " 97 %  Brownish red medium rock

97 v n 192 " Hard gray rock

192" " 20 " Soft brownish red rock with around 100 G.P.M,
209 " " 2@9 "™  Hard gray rock

2Q9 " " 224 " Porous brown rock with a little water

224 " " 265 " Gray and brown rock

265 n " 274, n Porous brown rock a little water

27, " " 319 ' Hard gray rock Well was tested at 342 feet

and furnished 220 G.P.M.a
draw down of 140 feet.

335 " 362 " Hard gray rock

32§ : : ggg : grogn forous rogk

3 ard c¢lay '

395 ® b 400 %" Soft red rock should have some water
LOoo " " L38 Gray rook :
L38 * " L7 " Very soft yellow roegk with water

LL7 " " 453 " QGray rock

Static water levil 190 feet from the surfaee.

Pump test showed 325 G.P.M. with 72 feet draw down
L"OO 1 ” 90 tr 1 i

A cement seal was made around the casing at a depth of 60 t0 70
fest to prevent any water from entering the well above the 70
hig leve{,
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MESERVATION WELL
STATE ENGINEER WAS H ’

Well R " STATE WELL NO. .24/ ~2.
Salem, Oregon 011592 ecord COUNTY . /{/asémf;‘ .......
- — 2 APPLICATION NO. < @A
. g ) MATL °C.E T > -
OWNER: 7;}‘@’/47/ o D75 AODRRSS: —Fr s e i
CITY AND B
LOCATION OF WELL: Owner's No. ___ %2 STATE: .. “_W o
.

.
M v M Y Sec. ST, _ 2. SoR..de W, WM | !
Bearing and distance from section or subdivision 20 G? ;
!

comer S b LA LHE £ L L2 72 T T
fromm MW Colb.. . sec. lO... !

ﬁ_m_i--q---
i

!

]

!

!
Altitude at well _»..?7:.5/ ]6( » 5 -“"T" N
TYPE OF WELL: 2 +i//@ Date Constructed Ja/z.m—.‘!i’/ ‘a5 ]
Depth drilled ._4€.=5_#%___ Depth cased ..»3 4 #Z Section ...df....

CASING RECORD:
/72 /4 d/

FINISH:

AQUIFERS:

WATER LEVEL:

VAN
PUMPING EQUIPMENT: Type W R s HP, 45
Capacity APt . GcPM.
WELL TESTS: .
Drawdown ... i ,Z. B e (s Sl hours S22 G.
Drawdown ...ﬂ____Z:é_-_ PL i pen e AN hours ] 7 0 G.
USE OF WATER /[Z22UA /AL G AT S— - Temp. - : = -, 1§

SOURCE OF INFORMATION .8/~ £/.5.
DRILLER or DIGGER =
ADDITIONAL DATA:

Log ...~ Water Level Measurements .........._.. Chemical Analysis ............. — Aquifer Test ...

REMARKS:

Stata Printing 89318



B
b

T

ORIGINAL

WATER WELL REPORT R - ‘
g);lx%l;cglgem;ilt;n&e DBSERVATION WELQ ATE OF OREGON State Well No. 4!4/ 4 Gﬂx
SALEM, OREGON GT6LQ State Permit No. G655

R a s
(1) OWNER: Zb WEL . o
name  Tigard Water District_ 0 1 14 (1) L TESTS:  Drawdownls amount wates level 1o
sdaress  Tigard, Oregon . _ .. wuipumPMthe? Kl Yes [JNo 1f yes. by whom? Drjllin
o Z Yield: 380 gal./min. with 153 ft drawdown after 94
i - 350 v 128 ” 24
(2) LOCATION OF WELL: 300 “ 80 24
County WA&H, Owner’s number, if any— i —2dlee fegt —gal./mlo. wity £t drawdown after
1 1, Sectlon T. R wopr, | Astestan fow < = EPm. Date
Bearing and distance from section or subdivision corner Ieppas o Witer Was g chemical analysis made? E YESJ
(12) WELL LOG: Diameter of well _...}._.2.....“.___._.. ine
I Depth drilled ft. Depth of completed well 494'
<=. | Formatlon: Describe by color, character, size of material and structure,
v e e e e
l\d:ASTERr.IA.L o FROM TO
') TYPE OF WORK (check): Topsoil and brown clay Surfa/ !
New Weu& Deepening [J _ Reconditioning (O Abandon [J Red shale . . ) 24
If abandonment, describe material and procedure in Item 11. GIEY and green conpl omerate | 926 5.
» Soft grey basalt
(4) PROPOSED USE (check): | (5) TYPEOF WELL: | Bog ang tmemn oo =" g‘é Sf
,‘r\&sdc O Industrial [ Municlpal 49 s ey 8 Grey basalt 114 | 13¢
rigation (] Test Well []J Other o Dug Bored [ Grey and brown rock - clay"seamq 136 | 15¢
Red rock
SG) CASING INSTALLED: Threaded (] Welded Grey basalt " izg | éii
.................... *! Diam. Xromsurface £t. to 91 3] £t Gage45#/£t Porous grey basalt jwater) 218 Yy
.................... * Diam, from £t, to ft. GAZE e Brown and grey basalt 963 28l‘
- S Diam, from .cocee.. PR 3 S 7« SN WU & M = | T O E6f0u5§ grey bas&lt 287 Af 30]
(7) PERFORATIONS: Perforatea? [J Yes XJ No Hard grey basalt 301 31¢
Type of perforator ysed _ _ Porous grey basalt 312 | 33«¢
SIZE of perforations in, by o, z gorous brown and grey basalt 330 342
‘. emr—eee erforations from £t to £t ard grey basalt 341 351
__________ pertorations from o to o grogn and Ig)rej;l%orous basalt 35; 37¢€
[E— — perforations from 1t to 1t P&r ZXeY a';a' 1% 33 zgé
......................... . perforations from 1t to 1. B;roEsbgre{t 28a 223 43;
-H ....................... perforations from 1t to 1t Poizus gg bas;alt = 234 250
SCREEIIIS; Well screen installed  [] Yes 49 No Hard grey basalt L.|y450 456
ufacturer’s Name - Porous black bas al;_(muddy-“'w % ¥974856 | 485
Type Model No. e Grey basalt . 483 | 494
Dia.m cerrernrenenes Slot S1Z€ i - Set from e £t to 1t. _ 3 . f
Diamm...; ........ Siot SiZE meormereme. _ Set fram mt | PR — 2. | Work started Dec. 11 ) 1957“ _ Completed Feb- 17 . ...19
. CONSTRUCTION: = (13) PUMP:
Was well gravel packed? [J Yes [Xo "Size OF . EFATELT o it Manufacturer's Name
Gravel placed from £t ta* ft. Type: HP

Was a surface seal provided? (X Yes [] No Tqm.ﬂcpih'? o 1y WY L
Material used in'seal— Neat cement grout- ———

— T
Did any strata contain unusable water? ([ Yes Y] No E S i
e De - M*:_-:
Type of water? ~~ Depth of strata :-:--_. e
Method of sealing strata off = = “‘-‘i—;_“"

et a}: com l%tl

(10) WATER LEVELS: = 0Lq!

%8€

Static level 218 £t. below, lanql_surface

S &C e
Arteslan pressure Ibs. per square inch Date
Log Accepted by:
[Signed] L Daté - S
. (Owner). - .=

J

/¢

2 HF /

Well Driller’s Statement:
This well was drilled under my jurisdiction and this report
true to the best of my knowledge and belief.

| NaAMER. J. Strasser Drilling Col
(Person, £%m, or torporation) (Type or print)

t‘i%dresgllo SE Sunset Lene, Portland 6, Orego

(USE ADDITIONAL SHEETS IF NECESSARY)

T- - | L“ Wp ”J (')/7l

[ = =Y

Driller’s well pumber .. %8 30!
LSigned% "‘g"" ....... ..... ’{ lrnpals - ar;/z?dl:‘._.__.
10 I Maych 5 m = 5
Licensw No. Date ..Fnﬁr, 190
%:E-_ _-. __!1

. ";;:__.:

¢
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NQTICE TO WATER WELL CONTRACTOR 0 1 ]_ 5

The original and firat .
of this report are mw_
Hled with the

- STATE ENGINEER, SALEM, OREGON 97310
within 30 days from the da
of well completion.

5CJ;QJJL

ity @),
s U’IJHQGG 9 /wf-/o

WATER WELL REPORT

STATE OF ORBGON NG INEEB Well No.
(Please type or print) —°'* WREGON

State Permit No.

(1) OWNER:
“  yame Tigard Wabter District

Address 88111 S.K. COMMERCIAL ST,

(]_1) WELL TESTS: Drawdown {s amount water level {s

lowered below static level
Was a pump test made?¥) Yes [] No If yex, by whom?

Yield: 25’1} __gal./min, with Q2 ft. drawdown after 8 t
TIGARD ORREGON 97223 - 023 . ga . 8
“  (2) LOCATION OF WELL: N <360 - 173 - 8
County WASHING’TON Driller’s well number Ll Bnﬂe;;es;ow o KWI:: Dateﬂ. drawdown after !
14 HW 1% Sectton 10 T. 28 R._1W WM. A 3 A 5 'e -
- Bearing and distance from section or subdivision corner ZSmReratie of mater 5 Wns. = h' Dl anayssmader g Yee D)
5 NDI‘th. Q:f S nW’ Bem J{IBQt Of S.w. P&Oiri b (12) WELL LOG' Diameter of well below casing .,__.12"
W near the King City Development Depth drilled 725 ft. Depth of completed well 725 -
- b ’F’smrt‘?at%&r}xmlgclsg?ba b s_olor dc)‘zgra;gteg atzde of materialhand structure, ¢
-3 /49 ﬁ/ —AA o J stratum pene?rategq:‘u th .a?nleuteon;nen%?y }‘:}t“e?cﬁ’cia%w?fﬂﬁ#aff
kit
MATERIAL FROM TO
w (3) TYPE OF WORK (check): R o7 Torh — T 5%
Y e Deepening [J .- Reconditioning [ Abandon [ Cla_x & broken rock 25 r 71
andonment, describe material and procedure {n Item 13. Rock i .bl&Ok 71| 107 ’
w (4) PROPOSED USE (check):  (5) TYPE OF WELL: | Bock , brown soft 103 | 111
Y Domesttc [] Industrial 3y Municipal [ RO#¥ O Driven [J Baok , xmd black &2 11l | 11
Irrigation [ Test Well [ Other - Ova Y el H Clay > rad = 1L,
Dug [0 Bored [] Rock , brown soft 16 [ 161
¥ (6) CASING INSTALLED:  Tnreaded O Weldedgm Rock ,' black hard 161 | 210
— .." Diam, from 2t to . Gage ROOk r"' blue alQ 2"‘2
" Dlam. from . to e Rock y' brown 242 1 320
A =T R 6
o ::j.:_z_..._." Diam. from O 1t. to 21!—9 ft. Gage :D.BBQ_... ROCk -4 I‘ed 520 3 O
: Rock ,' brown 360 | 389
(7) PERFORATIONS: Pertorated? [J Yes XJ No Rock j red 389 =at
Type ot perforator used : Rock ::' browun LL21 Mﬂ
|
1 Size of perforations in. by {n. Rock o blue &9 [ 2.1.36
e perforations from £t to .| Clay , brown 1136 1 1138
[ — perforations from ft. to . Rock e brown lj.igil LLéO
- Y ——— perforations from ft. to . | Rock blue EéO I LL88
‘ _i .......... — perforations from 1. ta # | Rock , black ,softer LBB | 500
s perforations from it. to . | Rock blue g%g 258
Rock , blue, hard
e . -2 . 3
3 (8) SCREENS: Well screen {nstalled? [ Yes [J No Rock N blaC]L, coarse 688 695
Manufacturer's Name Rock , brown , reddish(w.brg)6S95 [ 712
’! Model NO..mmThems Basalt,grey, hard - 712 | 725
T Dl . Slot alze ' 8et from ke | work started _FPah . lahJ86A Completed AUR e 9 10 ¢
- Diam. . Slot size Set from i I | pate well d.rﬂllmnachine moved off of w& 15 19
(9) CONSTRUCTION: (13) PUMP: §
- \%
] Well seal—Material used fn seal NQ_Qant,ﬁ.mﬁ._&_.graygl, Manutacturer'’s Name
Depth of seal .. v I, Was a packer used? . .10 _______ | Type: =
- Diameter of well bore to bottom of seal - Water Well Contractor’s Certlﬂcatlon
Were any loose strata cemented off? [J Yes W No Depth oo
- Was a drive shoe used? {J Yez XJNo i This well was drilled under my jurisdiction and this report
Was well gravel packed? [J] Yes X] No Size of gravel: true to the best of my knowledge and bellet.
% Gravel placed rom  to & NaMs EAAKON BOTTNER DRTLLING.COMPANY.
R Did trata contaln un ble water? (] Yes [ No arson, or carporation pe or print
Typ:?; :,ataen = = depth of strata Address 3142}4. Naa. 1’ZJ4.th. AZENUE
PORTLAND , ORBGON 972
W Method of scaling strata off Drﬂling Machine Opera'tor’s Llcensz N% ......
&  (10) WATER LEVELS:
g [Signed] W
" Seatle level 2 E ¢t. below land surface Date . Yrd (Water Well Contractor)
? * Artesian pressure _Ibs. per square Inch Date Contractor’s License No. ...109 Date 18




(1) OWNER:
Name Tigard Water Distriet

Address Tlgara, Oregon Comms =

0114

Apr-02-01 09:08A Golder Assoc-PORTLAND//// 503 241 9403 P.03
T N
QRIGINAL WATER WELL REPORT 2 )
g;&a[%r; ein“lﬂ‘;n&‘e DBSERVATION WEJJ% . State Well No, ... /(P/"4_6ﬂ
STATE ENGINEER, D ATE OF OREGON )
SALEM, OREGON w G769 State Permit No. _6_555_

(11) WELL TESTS:

Was a pump teat made? K) Yas

Drawdown {3 amount wat eve -
lowercd belaw static lev:]% rgégse‘

(| No_If ycs. by whom? Drillip

(2) LOCATION OF WELL:

Yielda: 280 gel./min. with 153 fi. drawdown uffer D4 .
* 450 S =128 " 24
300 80 —24

Baller teat

gal./inin. with ) [t drawdown after

County . Owner's numbar. if any— T —
1A Y Section_ T. R, * . W.M Sramihy Duw —em B p-m. Date . s

Bearing and distunce from section or subdivision corner Temperaturs of wster Was g chomical analysis made? &Yes RA
I 1 r-— (12) WELL LOG: Dlamster of woll 12-- inct
"(,—54(':1\7!\ S P & Depth drinted 494 1t Depth of completed wey 494

L 3 —a-. | FormaUon: Describe by color, cheracter, stze of material and structure, ¢

. how thick , ucture, «
¥ . :21%“::.4311 ;e::f:a%dfq;{ l%r‘,c? ?ga.ttjtwa::’:n?rn: f’:;a-rmeaf:)‘? lcix}}:crw.’%atc‘} _tf(olr-;?u?’.‘

- _ MATENIAL . | rrom foro

- ‘) TYPE OF WORK (check): Topsoil and brown clay ] 'Surfa, ¢
New Well Deepening [] . Reconditioning O Abandon [ | Red shale - |9 I 26
1t abandonment, degeribe material and procedure in Item 11. Grey and green conglomerate |28 | 54
» Soft grey basalt | 54 86
(4) PROPOSED USE (check).x—] (SR) ;IB'YPE OI‘;XVELL: Red and brown rock . - — _S,Q__—].T_q:
’mestlc O Industrial [J Municipal C:bI:y Jd:’:: 8 Grey basalt . = 114 1_3_6_
rigation [J Tast Well J Other O Dug Bored [ Grey and brown rock - clay™ seamy 138 150
Bed rock 15 68

(163 CASING INSTALLED: Throaded [ Welded Grey basalt 162 ;lg

2 vt Dlam. tromSUTL8C8 0 10 91,8 . gD #/Lt. oy

) i "1 Porous grey basalt _(wuter—r 218 263
[ESIRRNIIUNRLAS 0JY:1, T § o1 2 : RENIRINRURIRIVE N - S ———— — Brown and srey basalt ~ 283 287
o Diam. from cccniiiine. £ W e (L GABE e P&s 0ua§ grey b&sﬁlt 987 301—

(1) PERFORATIONS: Pertorated? (J Yes Xj No Hard grey basalt | 30Y | 312
Porous grey basalt 312 | 330

Type of perforator ysed . P 3 g b 1t 330. 341
SIZT. of perforationsd in. by in. = FEOLS TOWh and grey asa — e
e Hard grey basalt _ 341 357

R <L dans {rom 1t. to . . =
Brown and grey porous basalt 357 378
R ... parforationg {rom .., L to 143
. Hard grey basalt 378 404
v ... perforations trum .., 2¢, to. e

berforations from & « | Porous grey basalt 404 | 422

"""""""""""""" e torations {rom - =T zr.' Black basalt 422 | 434
W DOTLOT Porous grey basalt 434 | 430
SCREENS: well screon installed [ Yos 49 No Hard grey basalt R o %50 | 456
S.:.cturor's Name . - Porous black basalt{muddy weter ) 456 | 483
Grey basalt ' 483 | 494

”

—

1957._Coc;plel(:_d Feb_’ 17 _-__19 <

Work started Dec_'__ 11

CONSTRUCTION: =
Wag well gravel packed? [1 ves (YN0 ‘Rze of gravel! .coimmimcnn
Gravel placed £from .. 1t 10 de . St
Wag 8 surtace geal pravided? [ Yes [J No Toyfigidepm? .91, K- ft
Matarial used in'seal— Neast coment --E—"‘—“—‘“t- —_-_;—- - :
Did any strata c_o_x‘x.taln unusable g&mf?. ] Yes Y] No -’:"7’_ = -
Type of water? dapth of atrata 4 m

Method of sealing strata off

2 23 B g .
(10) WATER LEVELS: ~— == &} 5°m§:%3’§

te. below, lang purts3Pba

SERE |

(13) PUMP:

Manufacturer's Name .......ccooon.
Typs:

Well Driller's Statemeni:

This well was drilled under my jurisdiction and this repoct ic
true to the best of my knowledge and belief.

NAMER: J. Strasser Drilling Col =
(Pervon, ff*m. or wwrperation) (1ype o prind)
dd
516

resP110 SE Sunset Lane, Portland 6, Oregon

Static laval 215 -
Artealan preasure 1bs. per square inch Dafe Driller’s well pumber .38 .3 094 .. et e e
Log Accepted by: [sunedm"f 7T RN _—ﬁz—;//‘zc[t-

(Well Driller) -

- . omig s AT — 10 ©” March B w & 48
(Signed] womrmeseeneees rowpmaian SEEEMEE ! ] Licens® NO. e emecececccreeieeee. DAtE e 1_9._.,'...-
k’_‘: Rt A
7 ’ (UBX ADDITIONAL STIEETS IF NECESSARY) e ==



The original and tirst copy
of this report are to be
fled with the

within 30 days from the date
of well completion.

ratets A wALKK WELL CONTRACTOR

STATE ENGINEER, SALFM; . OREGON 97310

f7 (G
" St v weefRE S EVWE T /,w S
Well#i sTaTE oF orEcon !N AN U 198

(Please type or print)

ASH (Do not write above this GT ATE EN

——

CATE (lég'\‘ l
_ p.'(fﬁ’“cg

" (1) OWNER: — __OXT59T _1a) rocamion or wain Y,
Name  PTGARD WATER DISTRICT L County Wgﬂhington Driller's well numb‘e_r .

L Addres 88Lg. SleWle COMMERCIAT 3;1; 1y NigWlg 1 Section 10 = 28 = 1W ;

o (2) TYPE OF WORK (check): Bcnrln'z and distance from section.or subdivision corner . '
New Well (] Deepening X Reconditoning [ Abandon (3

= If abandonment, describe material and procedure in Item 13.

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

Rotary Driven O
Cable Jetted [ Domeauc O Industrial [ Mun{cipal
L Dug O Bored O n-rmtion [0 Test Well [J Other [m}

CASING INSTALLED:

Threaded [ Welded O

" Diam, from ft. to ft. Gage
g _» Diam. from 2t to #t. Gage
7. Diam. from ft. to . Gage
@ FERFORATIONS: Pertorated? [] Yes ,%:/.
- Type of perforator used . . .
Bize of perforations ' __n. by in.
...... . perforations from ST V- - 1
r ____________ perforations from ..o SUSENSEES - B 1. MU . A
imetsemreme. PET{OTAtiONg oM oo £t to .'__..__..........._...-tt,
e perforations from £t. to i A
'r e perforations from £t to SPTSTINE, Y
(7) SCREENS: Well screen installed? [J Y.u_ X No
W Manufacturer's Name - —
Type a :=. Model No. e
Diam. ... Slot size Set from £t to %t
Diam. Slot size — Bet from . to £t
L
“  (8) WATER LEVEL: Completed well.
| sgucleva A8 #t. below land surface Date
- “Aau pressure ) 1ba. per square inch .Date

. D d i= t water level is
(9) WELL TESTS: lo?:egﬁlown?g‘gé lzrlderBeovif
Was a pump test made? §g Yes [J No If yes, by whom? ?SI}&

t. drawdown after LL hrs.

I w: 230  galsmm, witn 12

265 . 209 . - =Y

. 305 . 259 . 7 -

L—I Bailer test __gal./min. with £t. drawdown after hrs.
Artesian flow g.p-m. Date
- Temperature of water Was a chemical analysis made? [J Yes ﬂ
* (10) CONSTRUCTION:
Well seal—Material used
S Depth of seal .. PR S . £t
- ‘Diameter of well bore to bottom of seal in.

Were any loase strata cemented off? J Yes E No Depth

'_ Was a drive shoe used? [J Yes [J No

4 Did any strata contain unusable water? [J) Yes 4§ No

Type of water? depth of strata

s Method of sesling strata off

Y% was well gravel packed? [J Yes & No

Blze of gravel: — i !

1t. to

“ravel placed from ... ..

remem £

(12) WELL LOG: D&meter of wzég xw-c-;s:ang'ggr Ig't

Depth drilled _3.-97 ft. Depth of completed well 925

Formation: Describe color, texture, grain size and structure of mater
and show thickmess and nature of each stratum and aquifer penetra
with at least one entry for each change of formation. Report each che
In position of Static Water Level as drilling proceeds. Note drilling rs

MATERIAL From Ta S%

Ba.sa.lt ,black hard 725 | 746

' gray, softer L6 1761
“  black, hard 761 1798
% brown, soft 98 1802
% hlack,hard 1802 1837
Clay , white 837 1839
Rack , gray Mdm.hard 839 8116
Basalk, hlack ,hard 816 1895
n _, black , L softer  |895 1904

/ 0lay seamd906 |91l
Rock hlack broken

caving 91k 192%

I
!
N - . [
Work started  May 8 1967 Completed Septh,26  19¢

Date well druun( mach!ne moved oL: ofwell Sapt.29 19

Drmlnz Mazachine Operator’s Certification:

This well was constructed under my direct supervision. Mai
rials used and information reported nbove are true to my b¢

knowledg%d/bdi
[Slgned] ettt Machine Operator)

Drilling Machine Operator's License No. 211-6;1-1—6.3".1!-31..

Water Well Contractor’s Certu_lcntion:

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

name HAAKON BOTTNER DRILLING COMPANY

(Pmon, ﬂrm or carporation) (Type or print)

Address 3!—1—2):{-....8 E: 1214- th. .AYENUE

TEND, ORE
[Signed]

(Watar Well Contractor}

Contractor’s License No. 109 Date Oot, 31 . 19.._.§




Mar-30-01 07:44A Golder Assoc- PORTLAND//// 503 241 94903

ELL REPR‘ c E v

ROTICE TO WATER WRLL CONTRACTOR

The ariginal and tirst copy E c E ‘ “VE'

of this repor! are to be
Hled wlth the

STATE FNGINZEZR, BALEM,

P.O2

011534
-l{a

EP18 797&

el No, ..

with{n 30 days from the datéT ATE ENG‘NEERYW or print

of well completion.

SALEM. OR

‘EM;NS I§E5Rmu NOL e .

&u‘qﬂtc ahove this u.ne)

(1) OWNER: /3 rMES ﬁ’ﬂ’l(ﬂd iy 4/#oo«~T(10) LOCATION OF WELL:

Name ZAMWI—‘ ﬁ 3 l./ County -~ }10&95//» Drfiler’s well aumber {L{SJ
Address | _ QQ D5 L i 7 ) .
I F gein ORE . S71.33 S v M rseesn_(f v 235 n i ww

(2) TYPE OF WORK (check)

New Weuﬂ Deepening O Reconditlonlng (O -
1t sbandonment, deseribe material and procadure in Item 12,

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

Abandon [0

N R A :

cf.’ffi? ?:::: 8 Domestic [ IMdustrial O Municipal

bue ‘O Borea O Drrigation J{ Test Well [J Otner  [J

@PCASING INSTALLED:  muuicesn woaca){
v Diarm, from P stto L Be tt. Gage 2227

e " Digm, toom . . B - RS R S
_." Diam. £rom cenicmeceee B W0 e R~ GRRE L imn

B PERFORATIONS: Pertorated? O Yes Ji(No

‘Bearing and distonce trom :e'etl_grl_:éx_- cuhdivigion comaer

.

(11) WATER LEVEL Complctcd well.
Dcpth at whlch waler was firgt £nund _ /fo

/3 4 tt below land surface. Datwé/

Arlu(nn presgure l.bn per sQuare inch, Daze

Static Ievel

(12) WELL LOG: Disneter of well helow cnsing ... f
Dopth drilled 2 513 f1, D:pth of completcd well ) }(3 *

Formation: Describe color, u:xlure £TaIn slZe and suructure of milerlals
‘and show thickneas and nature af each atratum and aquiter penectrutec
with &t least ane entry for cach cﬂnnge of formaUlon. Repart each change 1
pqﬂmm o] Statle Water Leovel uﬁd ‘ndlmte principal water-decring stratc

MATIRIAL S

e of perforator used e —— i Lt ..., - N . From To 3wy,
Bige'of pertorutions —mvy | Browd Ao Ein s | o |k
smevemmeim i een—_perforations from __ ft. to n|_ SARID co 4L 127 -
S pertorations from 6o et | BROG SARO B Lear] 27 47
I perforations from £t. to 2t _M T S/?' | i

- = 1% SX L
(7) SCREENS: Wsl acreen installed? [J Yes xNo Eago“!‘) oc A IRIPY
Manufacturer's Name - < ‘ﬁﬁﬁ:ﬂ)ﬁ ‘Q &aég};‘—t;
Type Model NO, e & g g’: :E: & /0¢ /7‘5-
Dlam. ... SlOt Bize ..c....o.... St trom f. Lo, o __H@M&_ﬁﬂé Bocik | 7250 /02
hoR¥:\. VNSRS - I-) "1 7. RO Set rom f1. %0 .. I & h‘ﬂﬂaﬁgr &CK XL /V‘I
' ' __ﬁziyﬂpp Lo Hrevs | /¥2| 174
(8) WELL TESTS:  Duiqyn,@ smount witer level i %
Brocsd | (7¢ 1233
Was & pump test made? m‘lel [0 Na_lf yos, by \"homf_:SfMSSEQ . j‘ Qe fe g33 )'_3,5 e -
Yield: 200  gl/min win JJ gt drawdown aner 7 bn, _MM_ o 22¢ | T3
& 250 - _az - 3. S e i N I
v oo - L9 ’ e - —
S |
Bailer test gal./min, with ¢, arawdown afier hrs, .. e
Axteslan flow B (_Pm- it : A'Gi

Work started UG < zz‘ZO-_cﬂle:_ed Pl Y

o] : :
pcrature of water 5/313&;301 artesian flow encountered ... — o A
!!! CONSTRUCTION:

CEMEST é',eaur—
b2= 1Ak 018 n

Well geal-Malerial used
Weil sealed Zrom land surface to

Date well drilling machine m_ov_éz_c‘xu 0! well /Zu_ﬁ 20 Ty

Drilling Machlne Operator's Certtioatlon:
" This well was constructed upder my dlrect supervisior

-+ | Materials used and mtormnti eported above are ftrue to m
Dlameter of well bora to bottemn of geal .../ &= . in. zﬂu F/Lf.l'pbest knowledde and b
VR

Diameter of well bore bolow seal ...
Number of sacks of cament uxed in well xeal ...
Nurmnber of sacks of degtonite usad in well geal
Brand name of bentonite
Number of pounds of bentonitc per 100 gallons

_e

1bs./200 gals.

of water ...
War a drive shoe used? [J Yea yNo Plugs —_ Sire: location ....... £,
Did any strata contain unusable water? [J Xes MNO

depth of !Lrlh

Type of wnten

Mathod of sealing strata off.
Wa¢_well gravel packsd? [) Yes %@o

Bize of gravel:

in. /‘:’”7;"‘ v A,Y‘r?gned; L

Aachin op..,.lff\/Da‘e /?JG 3/19‘74
' <7

pygrator’s u_.ccﬁse No. 22

Drﬂlin.g 'M_achlne

— &

- — -
Water Woll Contractar’s Cerﬂ-ﬁc;tlon:
This well was drilled ugder my jurisdiction and this report |

true to the best of my kno#l®ge and bellsl.

Neme Bl SIRASEL. DRree/fe Lo
Ciew .7, AParaan, fiom or qiftion) or print)
Address 8410 SE 5o :’Afr LBuE [foerffwo C

[Signed]~
5w ¢ B o : yﬂ'ar Well Coatractor)
- LR T TR ﬂr)A 5"/

Taba
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.STATE OF ORLGOh/ 2 4@‘!

WATER WELL REPORT

(as required by ORS 537.76%)

o2+ NOV - 7 1394

_ NATER RESOURCES D

ECEIVED |

P.0O3

26//u>///<

LRT CARD) af/ 56073

425!

-

. well NurRHLEM, OREGON

(1) OWNER:

Name John Wardin Ty
City _Tigard swme OR  zZip 97724
(2) TYPE OF WORK:

O New Well D Deepen R Recondition D Abacdon

(3) DRILL METHOD: _

{7 Rrowry air T3 Rowry Mud (] .Cable

X oter Boom Truck to Set Manhcle Section

(9) LOCATION OF WELL by legal description:

County. Washin L.ON atitude __ Longitude
Toun:hipz_s_ NorS. R.mgclw—._f. or W,
Sectinn 11 NV % _SW »

'Ihx Loy _,.L.ul oo Bluck Subdivisior,

(4) PROPOSED USE:

O Domcsuc U CDmmumly [0 Industrial m Imgmpn/LElndscapt
(O Therma [ tnjection . [J Other :
(5) BORE HOLE CONSTRUCTION:

im:r.( Addrc“ of Well (or nearest address) 15052 Sw 1O3rd
Tigard, OR 971
(10)] S’IA_TIC WATER LEVEL:
205 fr_ below land surface. Due_ 0/ 26
Aresian pressure _.. |b. per square inch.  Datc

(1II) WATER BEARING ZONES:

Depth at which water was first found

Speeial Constructios approval & Yes D No Dcp.th uf;_Coxnplcwd Well i) ft.

From

Explosives used O vea & No Type. .. Amount . 3 To Estimated Flow Rate '

HOLE SEAL Amount
Diameter From To Materlal From To sacks or paunds
UNCHANGED] - SEFE. DESCRIPTION OF WORK

' (12) WELL LOG: - v

. : Ground elevativa@Pprox. 360" above
How was seal placed: Mcthaod Oa D b He. s Ca . _
O other o Muterial From | To
Beckfill placed from fi. 10 ft.  Material v _
Gravel placed from_____ f.p___.__ R, Size of grevel NO DRILLING.

{6) CASING/LINER:

|

Description of Work: |

Diameter . From To Gauge | Steed  Flastic Welded Threaded
Casing____6" ® * b = Y 3 Excavated around existing well depth to:
HNCHANGED| FRO O | R Rt depth of apprximately 2 feet.| Set |conc?
EXTSTING O £Y el manhole section over well and|pourgd pre-
O £ "G SR mixed concrete around base of lmanhgle se:
Liner: = o 0O 0O (3 and up inside cone section foif 8" thickw
0O €k &35 E concrete base with 30 sacks ¢f) premix |
Final locaton of shoe(s concrete. Grouted watertite frame jand d:
(7) PERFORATIONS/SCREENS: in place and sealed pipe and donduit |
O Perfarations Method penetration opening f{nto manhele sgtctioyr_.
[.) screens Type Materia) Pump was never removed frop tle well.
Slot Tele/pipe Backfilled around the manhole sectilon af:
From To sizx  Number  Diameter size Caslig  Liner concrete was set. Cut off 2"[PVC inside
O O manhole section 30 any water seevede j
wOou igcharge into drain. ,
UNCHANGED .0 O 1d disch to d —+
i
ol 7 SR
O O SEE ATTACHFED.
I
8) WELL TESTS: Minimum testing time is 1 hour : .
&) e~ Flowing Date sared 10/3/94 Cowmpleted 10/6/9¢
D 'Pump D Bailer ’ [j .‘:ir D Ancslan (unbondced) Woter Well Constructor Certificatinn;
. 1 centify that the work | performad on the consiruetion, alcration, or &b
Yleld gul/min Dravdowa Drill stem at Time ment of this well i3 in compliance with Orcgon well construction stendards. M
S Warer Rioht P 1mp Test Dara 115 uscd and information reported above are true 1o my best knowledge and bel
for Permif No. G—-161P, Certificatp No. 32496, , ﬁ/ /WWC Number __J
Performed| 6/26/90. Signed o A e D T1/2/94
(bonded) Water Wtﬂ,Cunslructor Certiflcatiog:
Temperature of Water eweee—  Depth Artesian Flow Found I accept responsibility for the coastruction, alieration, of abandonment wr
Was A warer analysis done? L Yes By whorn formed on this well during the construction dates reparted above. All work pet
e | during this time is in compliance wlth Oregon well construction sndards. Thi:
Did any straia contaln warer not suiwble for intended use? f__.] Too litile

D Salry D Muddy D Odor D Colored D Other

Ere A ATAD

i 1rue 10 hest of myAnowlctige and bcl
J WWC Nuinkee 87
o™ P T Sy e
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Apr-02-01 09:08A Golder ASSOC—PORTLAND//// 503 241 9403 P.0O4a

AT
STATE ENGINEER %'3
Salem, Oregon 0 116 W_e_ll Record ggﬁw NO. 27 u/...._/
TEPNR TPy Yo . LOUNTY ... ___ i
~hn APPLICATION NO. .70
OWNER: ......_... 2. a.. Fabte ADDR%ISGS' ................
ADDRESS:
LOCATION OF WELL: Owner's NO. v, - ST’I‘EI‘E _______________________
z o STATE: o
.......... Y4 ooV SeC. e T, S.R. W, W.M. ! !
Bearing and distance from section or subdivision S !
corner . . - e _-----."- -_—-——T——-'T
t
: |
...... . ! '
. ]
i Y SPS UHpEI I B, .:..—-..
Altitude at well ...24. {é’ ........... | L
, !
- | !
TYPE OF WELL: A#fdtd). . Date Constructed ... | l
Depth drilled /.fz'.:z,/f‘," Depth cased ..4;:/4 ........ - Section oo
CASING RECORD:  , ' __ g
FINISH:
AQUIFERS: ;eyuﬂjﬂaﬂ 74 & /327
WATER LEVEL: 45 // Ao Az W ,
PUMPING EQUIPMENT: TYPe —gfibeln o oo TS - & S
Capacity G.P.M. '
WELL TESTS: -
Drawdown ...ceecemeee e ft. after- . ..io—— _ houfs ~ —_ Gl
DrawdowWn oo —e P BT th e hours .. — [ G.

USE OF WATER . M {.M . Temp. «oceeenee O 19
‘f )

SOURCE OF INFORMATION .. AN

DRILLER or DIGGER , R

ADDITIONAL DATA:
Log ........ Water Level Measurements ...........—.— Chemical Analysis ..........— Aquifer Test ...

REMARKS. W b4 . -;/«‘4»«;{ M{’/o// e
W% W!g—;ﬂﬂvﬁ S, S0t

_VW%_




T WAsy

NOTICE TO WATER WELL coxmAcroRO 1 1 5 '7
The originsl snd ﬂgz coEz
of this report ar ——
tiled with the

STATE ENGINEER, BALEM, OREGON 97310
within 30 days [romn the date
ol well completion,

Apr-02-01 08:08A Golder Assoc-PORTLAND//// 503 241 89403 P.02

—— DECE] \!55 B¢ s
WATER WEDLL. REBSR R %4 1

STATE OF ORE(DN -1
Fleate typs or print) «~ ~* £

INE D No, ? e "L Lo
B

State Permit No.

(1) OWNER:

Narme Tualatin Develoyment Co.
15475 SW Pacific Hwye

Drawdown is smount wan Jﬁx':l .4
L] *

(11) LL TESTS: lowered below atatic level
Was a pump test made? @) Yoo [ No If yar by whom? JENNIEN !

Addreas Yield: 2190 @al./min, with 23 g, drewdown arter C -
Tigard, Ore, : N - - -
(2) LOCATION OF WELL: a - .
Baller teat gal./min. with ft. drawdown &fter r
ashington ; .
County Was j't' Driller's well number & Sk Ak com. Date

B V. Section 10 T 25 R. Iw

Bearing and distance from saction or subdivision corner

WM

Temperuture of water Was a chamical anealysis made? [] YoLi

(12) WELL LOG:
Deptn artiiea 805

Dismeter of well below razing ! ”t’Q 1
M tO I
ft. Depth of completed well 80

L A

EINC vy GolF Cou/lse

N e LA~

Formation: Descride by color, churucter, alza of material and struclure, ¢
show thickneas of aquifers and the kind and nature of ths mnaterigl In ac
atratum penetrated, th at least one antry for goch change of formati.

< MATERIAL rroM | TO
(3) '?YPE OF WORK (check): Browhl CIAY ~ 1 19
e X Deeponing O Recondtioning [ Abandon 0 | Sapdy blue clay 91 61
ndonmant, describe materfa] and procedure o Item 12. an&l&! 61 Lm
(4) PROPOSED USE (check):  (5) TYPE OF WELL: Decompos:ime§ SN %? -.%
. Rotary &% Driven O Eard black roclk
Domestic [} Industzial [ Munielpal D " o e 0 Clay & rock inmterbed 1267 1 27,
Lrrigation ([ Test Well {3 Other O - Y
Pur O hord ) Brown & hlack wock MQML._,. /
(6) CASING INSTALLED:  Threpded OO Yary hard gray rock 29%__355
B Diam trom O 0 BB, Soft black Tock - 25 %o 30 gom | 358 311
- Dlam, from o to " Hard pgray rock with crevicesg 377 ) U27
e rea—— . e, . > D= et
e DININ. 200M e B0 L 2% GAZE e - Ha.r..d_.bla.ck_ba.sslt__ - LLzL—é'éé
Lray hard basalt 1 666 | 702
(7) PERFORATIONS: Pertorated?t O Yes 3 No 702 | 781
Type of perforator used . Havd hlack haaslt | 791 | 7917
E1ze of perfarations in. by in. .| logt C"++{ng~— 797 1 &
i meaee. Porforations from £, o it | Her~d hlack bsasslt %Qh— 80
RSN - Y3 33 - 14 {-}:¥ IF ¢ £o14.} 2t to . J —_—
rmrrpreeramrnrene e P@rIOrAtions from ,— . W tt. J
. .............. — perforatians trom Tt to - b | .
e e renes DETIOTALIONE LZOM viim e O e B
(8) SCREENS; Well sercen fnstallod? [ Yes F No
Manufacturer's Name ... J
!I Model Nok o e i
. tresenena Slot size ... et from .. o T WO i L 5__19 5 B& Campleted 1-15 19
Diamn, ... - 8Blal slre ... ~ Bat fTom ceiciiiimna w B I8 i B Date well dnn’nx machine movee gff of ‘”:1_1,, 1—19 wlg_—
{8) CONSTRUCTION: (13) PUMP:
Well peal—Material wsed in scal Bentondte W Manutacturer’s Name o _
Depth of el .. __&5 7__...,. ft. Was a packer used? -o.__ Type: e P e

Dlamstar ot well bore to bottorn of seal ....._..J.-Z_.-.._.,_.--.. in,
Were any loose strata cemented off? [J Yer XJ No  Dapth ceiciocmvem e
Was a drive shoa usedy 3 Yes X No :

Was well gravel packed? [J Yes L] No Bize of gravel: ..o,
Gravel placed £rom .——.coemvcvememeen £ 80 7"

Did sny strate contain unusable watert (] Yes (X No
depth of strata

Type of water?
Method of sealing strata off

(10) WATER LEVELS:
Static level b?

tt, below lapd wurface Date L1=19-67

Water Well Contractor’'s Certification:

This well was drilled under my jurisdiction and this report
truo to the best of my knowledge and bellc?f.

A, M, Jannsen Drilling Co.

PP LY PO P nparphtpo i ph e

(13'"9. or pnnﬁ
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MEMORANDUM

@ MONTGOMERY WATSON
' April 13,2001

FINDINGS OF WATER QUALITY INVESTIGATIONS

This memorandum presents results of water quality testing performed on waters pertinent to the
City of Tigard (City) ASR system including water from the Columbia River Basalt Aquifer and
waters from the potential sources of injection water. The object of the water quality sampling
was to characterize ambient groundwater quality and evaluate compatibility between
groundwater and recharge water. To evaluate ambient water quality conditions in the basalt
aquifer, data was collected from the following sources:

e Historical data from City Well No. 1 (COT-1)
e Recent data collected as part of the initial ASR feasibility investigation from COT-1

Injection water for the ASR system could potentially come from one of three different water
treatment plants in the region: Lake Oswego WTP, City of Portland or Joint Water Commission..
Historical finished water quality data from each of these three plants was reviewed to
characterize the injection water.

HISTORICAL WATER QUALITY DATA IN THE COLUMBIA BASALT AQUIFER

Historical water quality data was obtained from the City of Tigard for all four wells. Since they
have been in operation the longest, the majority of data is available for Wells No. 1 and 2. The
period of record for Well No. I extends from 1949 to 2000 and 1983 to 2000 for Well No. 2;
both wells were sampled intermittently throughout their respective record period. Tables 1 and 2
summarize the available historical water quality data for Wells No. 1 and 2. Little data is
available for Wells No. 3 and 4 since they have not been used on a regular basis. Tables 3 and 4
list the available water quality for Wells No. 3 and 4 respectively. Water quality data for Well
No. 4 is imited to general minerals and metals only. Analyses of organic compounds were not
conducted at this well.

General Mineral Quality

In general, water at all four wells is moderately soft. Hardness at Well No. | ranged from 50
mg/L in 1949 to 118 mg/L. as measured in 1966. Mineral content consisted mostly of calcium
and magnesium. Low concentrations of minerals at each well indicate a consistent aquifer

characteristic in the region.

Metals
Trace metals were detected at all four wells, including copper, zinc, lead, barium, iron and

aluminum. None exceeded the MCL at any of the wells.
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Organics (SOCs and VOCs)

Wells No. 1, 2 and 3 have been historically sampled for all regulated VOCs and SOCs. Total
Trihalomethanes (TTHMs) were detected at low concentrations at all three wells, mostly in the
form of chlorform and bromodichlormethane. None exceeded the current MCL of 0.08 mg/L.
This detection is likely the effect of using chlomnated surface water to lubricate the pump. No
other regulated compounds were detected at any of the wells over the period of record. An
additional 42 unregulated VOCs and 13 SOCs were sampled for at each well. No SOCs were
detected at any of the three wells over the period of record.

Radionuclides
No historical data for radon is available for any of the wells. Gross alpha at Well No. | ranged
from -.79 to 0.4 pCi., 0.1 to 1.79 pCi at Well No. 2 and 0.3 to 1.63 pCi at Well No. 3.

RECENT WATER QUALITY RESULTS

An initial assessment of the City’s four wells indicated that Well No. 1 might be a good
candidate for the Pilot Test. Based on this assessment, a groundwater sample was collected
from Well No. 1 on February 7, 2001 for general minerals and regulated VOCs. Montgomery
Watson collected the sample after the pump test at the wellhead. Analyses were performed by
Montgomery Watson Laboratories. Results of all sampling are shown in Table 1.

General Mineral Quality

In general, mineral content and physical parameters were consistent with historical data. Less
than half the solids consisted of calcium, magnesium and sodium, thus indicating a low mineral
content. Hardness was comparable to historical observations, remaining fairly moderate (108

mg/L).

Organics (VOCs)

The sample was analyzed for all regulated and additional unregulated VOCs. No regulated
compounds were detected. Chloroform, a THM was detected at 0.0009 mg/L. This detection is
likely a result of using chlorinated surface water to lubricate the pump.

INJECTION WATER QUALITY

Three major water suppliers are being considered for injection water for the City’s ASR project:
Lake Oswego (LO), City of Portland (COP) and the Joint Water Commission (JWC). Depending
on the availability of water from these suppliers, the City could potentially use one or a
combination of these sources for ASR testing and long-term operation. In addition, the location
of the well may determine which source will be used. For example, Clackamas River water
could be readily brought to Well No. 1, but not Well No. 3. Thus, each of these three local
sources were considered as potential injection water for the City’s ASR program:

e Lake Oswego WTP - Direct Filtration
e City of Portland — Unfiltered
e Joint Water Commission — Conventional Filtration

(S
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Each of the three water sources conduct water quality sampling for the complete list of
constituents listed under the Safe Drinking Water Act. The following discussion focuses on
minerals/metals and disinfection by-products (DBPs).

Lake Oswego
Lake Oswego treats Clackamas River water. The Clackamas River watershed is generally a

sparsely populated and heavily forested with little agricultural activity. Thus, there are currently
few sources of potential contaminants in the watershed. Table 5 lists historical water quality data
from LO. In general, the water is fairly soft. The water is also low in naturally occurring organic
material as reflected by the low levels of disinfection by-products in the distribution system. In
spite of residual disinfection with free chlorine, maximum values for trihalomethanes (THMs)
were 0.0179 mg/L. Under the current regulation, the running annual average must be below the
maximum contaminant level of 0.08 parts per million.

City of Portland

The City of Portland’s primary source of water is the Bull Run watershed. Water from Bull Run
is unfiltered, but is chlorninated prior to delivery into the distribution system. Water quality data
as submitted to OHD are listed in Table 6. Bull Run water is considered moderately soft water,
with minimal contributions from calcium and manganese. Total dissolved solids were fairly low
at 20 mg/L.. Total THMs ranged from 0.001 mg/L to 0.0056 mg/L.

During heavy rains, turbidity can rise beyond acceptable limits and the City must rely on its
groundwater supply near the south shore of the Columbia River. Use of this groundwater is
limited to summer peaking or emergencies. However, with the current drought conditions, the
City may decide to blend surface water from Bull Run with groundwater. Table 7 lists water
quality for the wellfield. In general, groundwater from the wellfield is low in mineral content
and fairly soft. Low levels of TCE have been detected. The source has been confirmed as a
nearby commercial facility. Cleanup efforts are underway and water quality continues to meet
the standards.

Joint Water Commission

The Joint Water Commission treats water from the Trask and Tualatin Rivers. Table 8 lists
available data for treated water at the WTP. Water quality results as reported to the OHD
indicate that the treated water is fairly soft with total hardness ranging from 26 mg/L to 40 mg/L.
The majority is comprised of calcium and magnesium. Mineral content is fairly low as indicated
by Total Dissolved Solids (54-91 mg/L).

Summary

Based on the water quality data from each of the three sources, no constituent has been detected
at levels above 50% of the corresponding MCL. Thus all three of the proposed source waters for
injection meet OAR standards and no additional treatment 1s required prior to injection. Mixing
or blending of source waters will present new water quality issues. A water quality model of the
source waters will be beneficial once these have been determined.



TABLE 1

CITY OF TIGARD WELL NO 1
HISTORICAL WATER QUALITY DATA

[CITy wELL NO .Y DATE ]
Anaiyte MEL Unil 27101 | 820700 | 218/00 | earss | ezems | e | Tawa | wizme [ inoss] s | Inivi [ anenr] enma | sani | et | 7ewo | ezear [ rri2ne | zoma ] etms | e127s | «wee | v3ois
Physical
ot 7S sas | | 72 ¢ se2
rome oL 104 120 t i i
ratdness 25| mg 108 1o ! Pous L s
iron gL NO ND o0z2 { I ooa | o1
B myL ver : [ w2 ez
moL 25 29 i
mpt | o2e1 . I P T
gL 187 I as ! 36
uS X 200 ! H !
o | e : i
~ o pon . | o9 L o077 04 [ '
mgr | 0008 ] ' !
gL L - |
gt 180 R R ! | ! 208
0004 mo1 ND R ND ND ND . '
Asarc ood mgt ND D ND nO | <0002 coxe ! wo ! i
Asbastos 71w B HA NA NA |
Banum 4 mon 5 ND NO NO ND <0025 001 | ND !
Barybium 0004 my1 Ho ND NO NO I i
[T 000y my1 ND D ~o NO | <0008 KD nry
Chwomeum ot ay1 HO ND NO ND <0 005 ND HND
| Coppur 1 my 0008 ND O ND .
Cyante o mon ND - ND NO ND |
Fuonda a nor ND ND ND orr 018 o2a | NG |
| sad 001y mpil ND NO 0002 NO <0 002 ooos | wD | 1
haynusum g 1" | ! 1 |
Maogane s myL i ; i
Morcucy ao0] mgr HD o) ND nD | <0 0002 f HD wNo !
Pochw o1l ep ND ND ND ND t I 1
araie 10 ol 13 1S HD os 1 te 1 12 10i . ND | |
ratnie | gt ND HD ND NO ! | :
Pola ssium gL 3 ' ! i
Sutsnium oot gl ND ND NO ND 0003 [ I 7 :
Sivar oos gyt [ S S
Sodum myL 8s 813 87 8o a7 a3 I ¥ f
Sutlaie 2500 mort 32 ND O ‘ ND 18 | B,r5
Tratum ooud agl ND NO | o ND i '
i . H I
Dialntection By Producia
Total Hatouoese Aads 008 oyl | | i ! '
Towl Tahaoimeinanes 008l mgi | ooovs 00053 oo2e8 ‘ I 00951 00185 | 00002 ‘ ! ! | I
| | \
VOC's Reguiated
1.1 Dichalorothytens 0007] mon HD ND [£s) NO HD ND ND NO ND ND
11,1 Tachlorouthane o3 myL ND ND ND ND HD NO KO ND ND ND
1,12 Tactiorsthane 0004 myt NO HD ND ND Hn NO D ~O i
1.2 Dictdoroathany (EDC) 000y mot ND nO nND D D ~O HD D HD HD !
1.2 Dichlopropane 000y myl ND ND ND ND ND NO ND HD |
v.2.4 Tnotdorobenzens 007 mpt D ND ND ND ND ND ND ND
Banzens 0 0044 myl RO NO KD ND HND ND ND ND ND HD
[Carbon Tetractdonde 000q  myl ND HD ND NO ND ND ND ND HO HD
Crorubenzone o1 mguL ND NO HD ND ND HD HD ND i
as t.2 Dachiarusihyione 007] mp NOD NO HD ND ND NO ND ND
Dwchioiomotiane o000y~ ND ND ND [ HD HD ND ND
€ty tanrune a7] e ND nD ND NO ~O ND KD NO
o Dretriorobonzone o8 mpn NO NO ND NO ND ND ND ND
I Dt iorabonzene ooz mg1 ND HO up NO ND NO ND ~ND ND ND |
Syrsou o1 mon ND NO ND ND 3 ND ND » :
Touactiomettylune coof my1 ) NO NO D o ND ND NO ! : !
Toksane . I ~ND ND ND NO HND ND ND ND ! !
rans 1.2 Ochioroatyions o1l mpn HD NO NO NO D NO NO ~NO :
Trichlaroetnylone oooy mgn NO ND ~NO NO ND NO ND ND N ND '
Vinyl Chiondu 000/] mpt NO NO NO ND ND NO WO ND ND oy mD )
Xyt 1o mon NO NO ND ND ND ND NO ND i i : !
VOC's Urwepuiated
1.1 Dachiorouthana mot. NO NO ND NO ND WD ND ND ! : :
1.1 Dchiovopvopona gl ND NO ~ ND ND ND ND ND ND . .
1.1,1.2 Yetrachioroathans myl ND ND ND D ND NO ND ~O ! ;
1.1.2.2, Tutmchioouhane gL L} HD NO ND 1o ND ND ND i .
1.2.3 Tnchioropropans myl ND ND N ND NO ND ND ND NO i ; )
1.3 Dichoropropena mot ND ND ND D HD ND ND NO i : i
2.2 Dichioopropane oL o] NO . ND ND ND ND ND ND H )
2 Bulanone (MEK) gL ND ‘ . |
4 - Muthyl 2- Penlancae (MIBK) my'L ND i .
[ umotwnr wne gl NO NO NO NO HD ND ND ND |
Bermouchioromadhane Py ~O HD HO HD ND HD 00025 00023 | ND | } |
[8eamutom gl ND NO ND HD NO ND ND ND ND : i ! !

Taldu t COTHNo 1




TABLE 1
CITY OF TIGARD WELL NO. 1
HISTORICAL WATER QUALITY DATA

] .
CITY WELL NO_ 1 DATE
Analyte MCL Unit 2im | v2emg | 21000 | wane | a2a99 T sawwe [ 7 | 2name [ninons] mnama | shams | wzeme | eane T sant [ 7081 1390 | waean [ 71270 [ roma | wina | aiere | wsse | wsonas
Bromomethane gt ND HO ) O ) ) ND NO ND R
Chiarmownane I my | no | o ) Mo o o ] NO : no oo ; | :
Garutom ] wen | oooos | o002 00268 ND N NO o03z3 o017 | 0000z 1. - : i
Chioromethane | ,. L |~ s NO NO. NO NO ND ND . ! 1 !
o2 1,23 Dichiaropropune o Y . H { :
Otcomomemnana mL ND | ko~ | WO wo w | N ! :
Oxamochioromethane ND o | NO ND ND 00003 00002 | ND. i H :
- Dichlorolenzens NO NO ND ND ND ND ND | i .
Dx isopropyt st i ] 1 .
fo-Crio<oroiuvns ND NO w | o ) NO MO X
p-Criialoloene myL RO _ hD NO ND NO ND .ND | \ H
Bromochioromeihane ND no » | no ’ :
h Butytonzens oL o NO o ~O 3 I
[ Orcrioodehucromethane myL [ NO w | N 1 1 |
Frarotachioromethane NO HO N | N0 l i )
Huxachiomiutadions gL MO ND ND HD | i
|1 opeopramarens myL ND NO ND ND | 1 i
- Impropyfuluone ; mgL NO ND ND ~ND ! 1 '
(Muthydt Turt butyt it (MTBE) o ND i i { 1 : |
{hepthaton gL ND NO | ND ND ‘ 5| :
n-Proyytamzane gl ND AT, : ;
ec BulyHmnzane ~p ND ND NO ND O ! ! i
un Butptlunzeny L ND ND . ND ND ND | !
- ampt Mesthy! Eher gL ND ] i } i
wnt-Butyt Eunyt Ether myL NO 1 | i
Trchiooinfuothane (Freon) myt ND ' ! i
ans 1.3 Otiorupropene ey ND | | i |
1,23 Tactiobenzene mp ND ND ] ND ND ! ND ! [
1.2,4 Tometbonzane mglL NO ND ] ND ND ND i i X
1,25 Tamotyibenzene oL RO | ND | HO i ND ND | | i ;
SOCs Regulated
240 007] myL ND I | m~o NO l ND 1 1 ' ]
2.451P 00 myL ND | no MO 4 O | ! ! !
(Alactior 000 mpL ND 1 ~o ND ND . .
Atianne 000 myl ND : ND w ! ono i
Banzo{u)pryrena o00Uq  nuyl NO HD . ND | . ND H [
Carbotwan ood mpt | ) ND ' owp l v | o | ! !
Céondane ) 000 mgnL ND !~ ND ND | ! ! : :
Datapon oq men ND { ND ND ND i . X
DBCP (Dtromochiompropane) | 00004 mon. ND i ND ND I wo HO NO | ! A
Dy2-othylhaxyljatipate 0d mon ND | ro ND ND | : ! |
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TABLE 2

CITY OF TIQARD WELL NO 2
HISTORICAL WATER QUALITY DATA

CiYy wELL NO 2

[}
Anatylv McL Unit vy T wisyel e 2125¢[ “wremy[ eaoad] 1149 1%0f wzens] myed] 1o A
Physical
1 } H 4 : :
ey . : e : ;
Mardness 260 mgiL i : .
iecn g, I | I 1 I ! 015
Batonate mon H I | X 1 1 !
[Cokaam moA 21 H | N {
Cadonate as COY moL K :
Chicmse mod. . H : 1 1 | :
[Conductety uS 150 ; ; & i :
Fios CO2 | myL N : : ! 1 :
Grone Ay 1 Cn vl 179 . 01 ! 0225 |
Hptionsss a8 OH gt ! : I
Shca gL i 1 ! i
Tolal Dswohved Sokd _mgl ! i i _ ‘l :
000d  mgL . ND .. HD N ) D 1 ! !
ooy mon HO ) w1 wo i Y} oor9
7] daPm H yood oS N, T | !
T mod L - . WD i Nt ! { ‘) "o o031
[ B HO 1 o, I wo ND i i
oooq mgn Wl HD HD WD i i ’ ND NO
s o mpn ND ] ND ND N | i ND ND
fCopg I e ND ] : i : 1 I [
[Cyanete o mot D ono I wm ND ! 1 i
Fluonte 4 myn KD i HD I ND N | | i KO o017
Lead CLIE Y No T | 'nD ND ooy Ho D00t
e g murm oL { 1 i 1 !
[arjacse g1 1 i i i
000 myl w | ND HO WD | 1 ] 7]
o mgn . N . HD ND ND
1ol g 0% [T A 1 ND ! o2 15 2% | ! I o1z 018
| mgn ND HD I no NO { i i {
) - gt i : i
00y myt [ I - HD wo ! ‘ ) 000t
ood my1 i | { { : ND 00004
mg ND 1 |- ) 18 1 I [ 838
Sitale 250 my1 w HD i mp WD i |
Thaloam 000 mgA (Lo I ND KD N |
!
| Dt sintection By-Products
Tolal Heloaouin: Auxis 0068 moL ! | | {
lotal Trhackmethares ool mml 00009 oolez } 00014 00152 0001 ' 0002 ]
VOC's Regutated
1.1 Dholaioutiylens 0007 mon ND O o | W M ND MO ' ND HD ND
111 Tricioouhane 0 o 13 nD [ I " ND Wl HO ND
1.1 2 Tochknettiane 000 Myt ND HD . omD i WD ) HD w1 w .
3 2 Dutsloroutiane (EOC) oood myL HD ) w | o 253 Hp HD . ND ND Ho
12 Dusriorurogiane 000 mgn w0 i no ND WO D HD N ND
1.2 4 Tochkeolmnivoe 007] mg1 N ND NO N D rO ND wo | wp
Bonsone . 0004 myt HO . M NO ND ND ND ND ’ HD ) ND
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TABLE 2
CITY OF TIGARD WELL NO. 2
HISTORICAL WATER QUALITY DATA

£ ) !
s

CITY wELL NO2 = Osle 3
Analyle MCL 2/1000 8/99] /1379] mne] 10%4] 70433 v 1y 27:90] V78'89) 1112/89] 120/88] 1Am7] (LY
: i 1 | : :
VOC s Unisguizied
L1 Dutilivethens o ND ND ND nNO (o] ND NO H ND
11 Dk iq oy oo i wp T o wo HD w | ono : . 1
1.1 12 Tetinchimpeieny oL HD . no ! WD MDD no [ I T !
1.1 2 2. Telachioioomans oyl . w0l ) D ND i ND ND 1D NO [
1.2.3 Tachioropropane gL . moo oD ND nD D ND [7:] ND NO !
1.3 Dehioopig mna gL w iono o WD wp NO ~D HD :
2 2 Dxanogropane mgL ND Pono N D : ND ND +D NO ! !
2 Bulanane (MEK) mgL : f f
Moyl 2 Pontancna (MIBK) moL ! ... ! | !
|peomotmnrens moL ND ND Pono D ND HO MO nD | . '
Bromoddioromethana mg ND 0 Gaa -] ND ND 00014 ND ND 2T ! N X
|Bromotomn Tl omer NO O i ND nD N o ND ND N \
Bramomethane moL ND i ND HD N P ND ND ND no i
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[Chiorolomm mg. 00009 ND 00134 ! wno ND 00014 00138 0001 ND ND 000z | N
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s § 23 Diahlorepropene myL H | H i ! X
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p-Chiorclohiens mg1L | o |~ | wo O ~o ND ND wo | ' I
oyt nD T ko i o ND ) D no wo | !
n ButySunrene mot .o | np HO WO | 4D NO Ho ND
O hlorodituo ometane oyl . ND i ND 1 HND ND NO ND HNO WD
f kooeinahiurmothane g _ND ND HD Ho ND NO MO no | !
) tana chioroltahwrn m [ I 7. wD P o M ND ND _ND w ] 1 i
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1> 1nopx0)y RORSING myn i ND i ND | ND ND NO NO NO KD { i
t4utiyl Tua butyl omver (MTBE) gl 1 i i : i |
Hapmhakn L ND i wo ] ND ND ND ND N
n- Propytimnzene oL o ow ! ND "o ND  © ND ND KD ND :
aec Bulylwnsene L Powo KD nD w0 ' ND HD N w0 | ]
it Bulyunune my1 NO -] Pow no ND ND NO wo | ! ]
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2481P o0y g 1o ND 1o ' D | i
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TABLE 3]

CITY OF TIGARD WELL NO. 3

HISTORICAL WATER QUALITY DATA

i DATE
CITY WELL NO.3 MCL Unit Y99  B1VI9  T710/96  6/24/92 2/7/51
Analyte
Physical
oH S|
Alkalinity < SRS Myt EI SR
Hardness e 250 “mo |
iron BSEESEY. 1.5 my/
Bicarbonate PR st BT AR A
Calcium N e o O RN T A T
Carbonate as CO3 L oo e coam g o rea
Chlonde S el - 43 96
Conductivity | EF R gt
Free CO2 mg/L i .
Gross Alpha 150 pci | 163 03 o . _
Hydroxide as OH mo/L |
Silica mgil i
Totat Solids mg/L " 88 s
Total Dissolved Solids mg/L J )
{ i i
Inorganics
Antimony 0.006] moL ! i ND i
Arsenic 0.05) MFA ¢ _ND ND !
Asbestos 71 mgl NA R
Banum o 2 h-—rﬂg;L— ND NO .
|Beryitium 0.004] mgL NO |
Cagmium 0005] mgL : _ND MO !
Chromium 01 mg ! ND ND
Copper 1.3 moL 015
Cyanide 02 mglL ! __NO
Fluoride 4 mgL L) 024
Lead 0.015|  mgiL . 0007 ND
Egnesium mg/L !
Manganese mg/L 022 :
Mercury 0.002] mgiL T ND ND -
Nickel 01l mgL ) :
INitrate L ND | ND 032
Nilrite 1 mg/—o:— i NO
Potassium mg/lL_ [ :
Selenium 0.05]  mgL i _ND ND T
Silver 0.05] mgL : ND
Sodium _moL - & 178
Sullate 2501 mg/L i NO : S
Thallium 0.002] mg/L ©__NO i
Zinc mo/L. i 002 ]
T
' |
Disinfection By-Products
Total Haloacetic Acids 0.060 mg/L i : j
Total Trihaolmethanes 0.08 mg/L i 002 i
| i
VOC's Reguiated
1,1 Dicholoroethylene 0.007| mg/L N2 i)
1,1,1 Trichloroethane 0.28 mg/L ) NO \
1.1,2 Trichiorethane 0.005§ mg/L | _NO ND
1,2 Dichloroethane (EDC) 0.005]  mg/L i ND NO |
1,2 Dichlorpropane 0.005§ mg/L ! 1 ND ND !
1.2.4 Trichiorobenzene 007 mgL i i ND _ ND T
Benzene 0.005{ my/L . i ND__ i ND |
Carbon Tetrachioride 0.005) mg/L T __ND ND |
cis 1,2 Dichloroethylene 0.07] mg/L ND ND
Dichloromethane 0.005) mg/L i__ND ND !
Ethylbenzene 078 mgL ‘' NO ND
Chlorcbenzene 0.1 mgiL ND ND
o-Dichigrobenzene 0.8 mgL i ND ND
p-Dichiorobenzene 0.075 mg/L [ ND ND »
Styrene 01§  molL 1 ND ND i
Tetrachioroethylene 0.005{ mg/L i ND ND |
Toluene 1 meyL | NO @ NO
Xylenes 10] _mg/L ' ND T ND 1
trans 1,2 Dichioroethylene 0.1] mg/L | ND + ND ¢
Tnchioroethyiene 0.005f mg/L | | ND i ND |
Vinyl Chlonde 0.002F mg/lL . i ND ND |
f i i I
VOC’s Unreguiated
1,1 Dichloroethane my/L ] NDO | ND
1,1 Dichioropropene mg/L § ND | ND
1,1,1,2 Tetrachioroethane mg/L ! NO 1 ND
1.1,2,2, Tetrachloroethane mg/L : | _NDO ! ND
1,2,3 Trchloropropane mg/L ] i ND NOD
1.3 Dichigropropene mg/L ] . ND | ND
2.2 Dichloropropane mg/L ~ _ND__' _ND
2 Butanone (MEK) ug/L ' t ! !
4 - Methy! 2- Pentanone (MIBK) mg/L J |
Bromobenzene mo/l NO ND |
Bromodichloromethane mg/L 0.001 ND T

Table 3- COT NO. 3
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TABLE 3

CITY OF TIGARD WELL NO. 3
HISTORICAL WATER QUALITY DATA

cis 1,2.3 Dichioropropene
Oibromomethane

Owromochioromethane

m-Oechiorocenzene
Di-isopropy! ether %
o-Chioratoluene
p-Chlorotoluene

Bromochloromethane
n-Butylbenzene

Dichlorodiliucromethane
Fluorotrichioromethane

Hexachlorobutadiene

Isopropylbenzena

DATE
CITY WELL NO.3 MCL Unit w¥99  W13/99 71096 6/24/92  27/58
8romotorm_ i mgL __NO _ ND
Bromomethane mo/L _ND ND )
Chioroethane myL NO NO T
Chiorotorm _— — mL 0019 " ND”
Chioromelnane ___ 't ) NO_

prisopropyttoluene

Methyl Ten-butyt ether (MTBE)

Napihalen

n-Propylbenzene
sec-Butylbenzene
tert-Butylbenzene

tert-amyl Methyl Ether
ten-Butyl Ethyl Ether

trans 1.3 Dichloropropene

Tachlorotrlluoroethane (Freon) |

1.2.3 Trichiorobenzene

4 Tamethylbenzene

Tnmethylbenzene

SOCs Regulated

240
2457P
Alachior
Atrazine
Benzo(a)pyrene 2
Carofuran hh 00a) mo T TN
Chiorgane | —ooed “mgt |” i_NO e
02§ mo/L NO -
00002 mgL | I_~Np T -
ethyihexyljadipale L o4l mglL ' ND
Di(2-ethyihexyl)phinalate 0006} moL i ND _
Ongsed B Y T D
Dioxin x10-8 | mgL ND
Oiquat 002 mgL e ND
EDB (Ethyiene Dibromide) Logooos myea T NO
Endotnai oy mory ND
Endrin 0.002) _mglL__ . ND
Giyphosphate 071 mgL ' _NO
Heptachior 0.0004f mgll. [ ND
Heptachlor Epoxide 0.0002) mgt ND
Hexachiorobenzene 0.001] _ mg/L ND _
Hexachlorocyciopentadiene 0.05| mg/L ND
Lindane 0.0002]  mg/L ND
Methoxychior 004 __rgg/_l.— ND
Oxamyt 02| mgL ND
PCBs 0.0005{ mg/L ND
Pentachiorophenol 0001]  mgL gy ND
Picloram 05] mgl NO
Simazine 0.004f mg/L ND
Toxaphene 0.003] mgtL ! NO
—
SOCs Unregulated
3 Hydroxycarboluran mo/L ! _ND
Aldicart d mg/L ND
Aldicarb Sutfone mg/L ND —
Aldicarb Sulfoxide ]  mg/L ND
Algrin mo/L ~_ND
Butachior mg/L ND
Carbaryl mg/L ! NO
Dicamba = |_mon ND
Dielgrin Xy mg/L | ' NO
Methomyl mo/L NO
Metolachior B mg/L NO
Metnbuzin myL NOD _
Propachlor mg/L NO

Tabie 3- COT NO 3
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TABLE 4

CITY OF TIGARD WELL NO. 4

HISTORICAL WATER QUALITY DATA

COT WELL NO. 4 l Drinking Water Date
MCL
Analyte Primary Secondary Unit 2/13/69
Color 15 [ _ACU 2
Tubidty T | NTU
Total Solids L B | mglL 294
Volatle Solids I _mgiL 89
Carbon Dioxide mg/L 1
pH 6.5-8.5 7.4
Alkalinity, Total as CaCO3 mag/L 128
Hardness 250 mg/L 108.8
Calcium mg/L 29.5
Magnesium mg/L 8.6
Total Iron 0.3 mg/L 0.01
Manganese 0.005 mg/L 0.01
Arsenic Q05 mg/L ND
Conductance uS 255
Chlorides T mg/L 9.5
Sodium I mg/L ~_10.8
Potassium mg/L 3.3
Flouride 4 2.0 mg/L 0.27
Phosphates mg/L mg/L
Sulfates o 250 mg/L 2.1
Silicon mg/L. 68.6
Aluminum 0.05-0.2 mg/L 0.09
Ammonia mg/L. 0.1
Nitrate 10 mg/L 0.01
Nitrite 1 mg/L 0.07

Table 4-COT NO. 4
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Tabie 6
City of Portland - Bult Run
Historical Water Quality

Orinking Water Standards Buil Aun
o e T THr—— » y| e vz o) -Condultd | Conduit 4 B
Parameter **'* - - Primary © - Secondary slf
E Conventonal Parameters ; TS T T
Calcium i
1 Chionae.
i Coior
Conductvety
Corrosmty
T Fluonge (ree)_
-
Total nitrate and nitre
Orthophosphate
Qoor
Lo B
& Total Phosphorus
Potassium
Sica (5102)
- Sodium mg/L
& Sullate 250 mo/l ND a ND i . <05
- Total Aikaiinity mo/L 79 99 i
=4 (TOS) Total Orssoived Sohds 500 mg/L. 0 :
(TS) Tolal Solids my/L H] B 7 :
(TSS) Total Suspended Solids Mo/ 1 05 - ]
" Total Volalile Solids g/ 1 ) [
Total Hardness 250 mg/L-CaCO2 10 (] i ]
- | Total Kjeidahi Nitrogen mo/l ] g 1
- (TOC) Total Organic Carbon mg/L 1.10 i 1.0 f
Turbidity 5 NTU 0311 029 -
7 ? 7
A R IR | SRR | S | R | A R i O TR S TR N
Aluminum 0.05-0.2 myL 0670 - i NB: L MDD e
Anbmony 0.006 mo/L ND ! NO ND
1 Arsenic 005 mo/L ND 1 NO NO
Asbestos 7 MFL___ i I
Barum 2 mg/L 0.002 " NO_____ND —
Serylium 0.004 mg/L ! <0001 NO NG
Cagmium 0.005 mo/L. ND ] : ND ! NO
Chromium 0.1 mg/t. ND ; ND ND
b 4 : Cooper T K /L 05 f . .
Cyamde 02 mg/L i I <0025 - NO ND
iron 0.3 moL 0066 ¢ 0018 | ! 5
Lead TT 0.0009 mg/L 0009 ! NO 1 ND !
Manganase 0.05 my/L ND i ND . |
Mercury 0.002 moL__ ND ND_  ND .
b 4 Nickal mol_|”_o000z | NO NO
Saterum 0.05 mg/L ND ND 0.002
Sitver 0.10 ND ! | ND ND
Thaliium 0.002 mg/L ND 1§ .__ND ND -+ ND |
Zinc 5 mg/L ND__ ! ] i |
- B e B s
! 1 ' i .
oCiL i | i 1
Radon (Rn-222) pCvL i i |
- jodine-131 pCiL ] B
Suontum-50 pCiL, i i &
-L’i Tnuum peiL | i - “
Disintection By-Rfodu | B | e | PR | T S N SR I R N R
Total Haloacetic Acids 0.080 mg/L | ] '
Total Ti 8 0.08 myL 0.0056
! ] ]
b 4 vOCs Regulated S | R O | S | ey | e e e S T A N SR G e
1,1 Dicholoroathylens 0.007 mo/L | -
1.1.1 Tnchioroethane 02 mo/L ] J NO i
1.1.2 Tnchlorgthane 0.005 mg/L . i ND ! .
1.2 Dichloroethana (EDC) 0.005 - \__ND -
1.2 Dichlorpropans mg/L ) ND
! 1,2.4 Tnchiorobenzene 007 mg/L : i ND :
Benzena 0.005 mo/l : . ND i :
Carbon Tetrachiorice 0.005 mo/L | 1 ND ! i
Chiorobanzene 0.1 i g :
c1s 1,2 Dichioroethylena 0.07
Dichioromathane 0.005
T [Ethy 0.7
of o-Dichiorobenzane 0.6
p-Oichlorobenzene 0.075
Styrene 0.1
Tetrachicroethylene 0.005
Tolusne 1
z trans 1,2 Dichloroethylene 0.1
B Tn ylene 0.005
Vinyl Chioride 0.002
Xylenes 10
VOC!ViFRgulated f by Mgy
1.1 Dichioroathane
- 1,1 Oichloropropene
- 1,1,1.2 Tetrachioroethane
1,1,2.2, Teuachioroethang
1.2.] Tnchioropropans
1,3 Dichloropropens
2.2 Dichioropropane Fol
T 2 Butanone (MEK)

l: Table 6 - COP
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Table 6

City of Portiand - Bull Run
Historical Water Quality

Dvmluns Water Standards

Bull Run

P:nmo(or Tl

Pﬁmuy (: Socond-ary-

] _Conduit3 | Condult 4

[ & .

4 . Mathyl 2- Pantanone (MIBK) _
Bromobenzene

|Bromoachicrometnane T T
|8romotorm )

Bromomethane
Chiorogthane
ChlolDlorm ]

D-bfomomemane

Dibromochioromethana

o-Chilocotoluegne

DTCfﬂolololuens

Bromochioromethane

n-Butyibenzene

Dichlorodifiuoromethane

Fluorotnchioromethane

Hexmhlombutao-em

oovoovibenzene

pisopropy

Methyl Tert-butyi ether (MTBE)

Napihalen

pylbenzena

sec-Bulylbenzene

jen-Butyibanzene

tert-amyl Mathy! Ethar

tart-Butyl Ethyt Ether

TrchiorotnBiuoroathane (Freon)

trans 1.3 Dichloropropens
T

PN IEEESLETE %
. ND 1 i NO
i ND i ; NOD
Alrazine H ! ND i ! ND
Bsnzo(a)pyrem i { NO { . ND
Carboluran ! i ND i i ND
Chiordane . i __NO ;
Dalapon ; ‘ ND ! T ND
DBCP (D-btomochlotoploouna) ' | ND f :
D'(Z yin 3 U i v ND
01{2-ethythexyl)phthalate i ! ! ND
Dinoseb ! NO : ' ND
Dioxin | 3
Diquat . T ND ND
ED8 (Ethylene Dibromsde) I i ND 7
Endothait i NO | i ND
Endnin | ND i ! ND |
Giyphosphate NO | i ND
Heptachior I ND T - NO |
Heptachlor Epoxide ! ND ! . NO
Hexachlorobenzena 3 NO t - ND
Haxachiorocyciopantagiena ND ND
Lingane : NO ! | __ND
A Wor : ND ! ‘. ND
Oxamyl ! [ ' _NO
PC8s | ND : + ND
Pentachiorophenot 0.001 i ND . - ND
Picloram 05 ] ND H i NO
Simazine 0.004 i ND | « ND
Toxaphene 0.003 i NG | . _ND
Vydate 1 ND T i
i |
Socs Unregulated SERTI | IoSTTT | SR ...,“Mr.m.g_\memm
3 Hydroxycarboturan ND | _ND
Aidicard NO 1 © ND
Aldicard Sulfone NO j . ND
icarb Suifoxide [ ] ND i ND |
Aldsin \ ) NO i 1 ND
Butachlor i ND i ' ND
Carbaryl ¥ NO | ND
Oicamba i ND | i NO
Dieldrin i ND | { ND
[Metnomyi ] ND i _ND |
[Metotachior | ND I ND |
Metnbuzin ] NO i ND |
Propachior mg/L | NO  ND |
! i : ; 1 |
TT - Treatmant Technique 1 T I
Table 6 - COP
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[Cyarate } | i i

vton 03 mg i i i H ! ! o012
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Pkl moL x

Seorwm oL i

Sttves o myl { 1
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> DxchbrcLanrene mgl. ! ND N | ; ND ! nD ND ND NO NO i ND ND HD NO

> Dxtiorctanzene oy . nD (L I MO HO ND N [ NO HO ND

Styrone mot. NO NO w o o nO nO ND w N 1o N o

futtachkroathyhng mpt NO NO HDo L NO MO HNO . ND NO ND ¢ HO ND (Lo T . nD

Toluwns ny, wo [T MO “o Ho w1 ho ~D ND WD ] HD Y

vans 1.2 Dxctdoroathyiens o .NO LMD HD ND ND NO | WD HD Lo I ) NO )

Trchiorowtivyiens mgt ND ND ND no w0 wh ho ND w1 Tho I ND o

Vinyt Chiomse g ND . ND NO ND ND MO MO 1o KD i ND | D noo D

X pluoos anpl NOD ND ND ND ND i ND HD NO ND ¢ HD ND . 3]

Tatde T CSWF




Table?
Cliy o Portiand - Columble Boulh shore Wall held
ialock al Watar Quality

= nking Watsr Clty of PorOand - Wed
AL | WG A | AT AU ] e N R P P ; N e it B Geoundwatar
R o Betaails Lw;r’;l Wal o2 | Wel Mo | Wl Nef | Wall Hog | wes ‘s 1 | W Well No. | veull o g | wel Na. 10) Vel Moty wa Nou w-nu, el Mo 14 Well Ho.18| Well No.12 | Wkt No, 18 w..m.u Pk Rose| Pump Biation
_M_‘ o 3 | » w2rmo o] avame -vzml vrea | S warme Jvnm SAATR0Y| W2TR0: | 1W7R0 { W70 |- Ym0 - | F3zToe |amatee | varae .|- antme | aavme ¥2700 12
[€OC"s Untogubated fisbisnatl | ilisiaint | dabscian b | cortawaiioerd | areides o - arldLY i PO T L PPP T ) i P T e T o YL T W R O s ey ! PR
1.1 Drchioroethane. o, ) PonD | _ND NO | nD 1 ND f MO | ND : wNO D ) N | N0 | wD [* 3 e S B
1.1 Duioropiopens. mot N R 1T ket ND [ T t " wo | m T w | m B - T S B
11,12 Tetiachiorcethane. mont - B B - T [ BT T Y - T U T S - T B V1 wo 1 ow ! w e Mmoo ] m D w1 oo
1122 Tanachiorosthans o = myl ND wo 1 Mo | o 1T mo NO |, NO [0 [ ] M ' ND [ O D o 7 w0 w0 T KD i D
12 3 Tnctioeopropane 1. mon. . No w e | No i o w0 w0 I w "t w0l wp ND ND NO N O N M o ! ho
o mL e [T N T R - TR - T - Mol o ~o no N NO D N Twol w0 | omp T
B ot 5 B $ . $ : :g :g > ::g x .NO MO 0 wD Ll NO NO ...NO Land 1. i G T, - 4
Ceot” | T 1 o ey T o 1 N n0 %0 *0 o 10 - S R S B
moL 'ND ND Ho ND 1T NO ND NO w ! wo i nD ND NO HO O | HD [ I S
mgl . ND NO N N1 TND HO WL o, 'i Lo ] ND . NO no ND NO . WD | MO
Dot o 8o T No T R R A T T o GO " no "o W Lm0
L HD Ho vo 1w _to NO 1 N | ND HO ND . WO L HO ND N1 ND 1 MO
mr | HO § NO NO ; NO O O L mD | N Hp N No _ND HO | NO ND ND l ol
= "N . ND i D NO NO NO NOD N [ no | ND NOD ND ! KNO ND NO | ND | HD NO N
2 met | TR0 “ro [ T O T O AT O Y- B S-S ) o [T S N0 o MO i mo | oo
2 [ ND ! ND NO ! ND _ O W P T T M ND KD "o ND ND 1 hND NO NO HD
m _wD | ND N [ hD O N wp 1w ] ND N MO ND | mND wo | w0 w
M L ND HD | ND RO ¥ NO i NO .ND ND NO PO nNO ND ND i HO H HD HD i
mgL = :g ?‘g H m : ,93 Jilmll o 1 'm0 ND wo | ND D Ho N P mD i wD ND
I . ! ! h ND (R "o no N i >
T g ND ND ~O ; MD w1 "n o | m ND WD "N 33
- i : | D 3 :
ot o] "o o e e o A e e
mgt ND H no ) WO w I o | nO o | no HD
. mon ND | ND ND NO ] wO MDD ‘o | wO NO HD MO NO
ety ND "o NO w1 Mo L T T NO O wO NO
oyl HD HO nO HD no ND w0 i w1 o nD ] >
4 | KD NO ND
adach g ND NO NO ND | ND ND T T R T ND ND o 1T N0
[iopeopymanzene mgl ND _NO HO w 1 o _ND mw | "o | ND ND [} NO
prlscpiopytobene | |- . moh 27} 1 [ NO () NO LT 7 R B ¥ O o | o NO
tewryt Tant butyt aher (MTBE) mol D i ND NO NO ND L ™ - > T ) n | wo WD
Hagthaion oyl ND i NO ND Iy ND [T ™ T " B 1 O N | o ND
0 Propytenzens mgt NO ND ND W ! wD [ T T T 1 T S V71 ND N0 | wD HO
- 8Ay Bensone myl HD | ND ~NO w | o ~NO m o N NO w0 N
i Butytion v mol Ho 1o w | w ! we w el w0 o ND N | ND N
it 2yl Ml Eac gL ND ] NO w | o ol o ! w1 [T T T 1 ¥
et Buryd Evl Ethee L ND NO ND w 1" no NO [ - I [ T . T S ND
T oxctarotnhuorosthane (Frean) ot _NO HO ND ND W |T W T T I ¥ [T - R [
sans 1.3 Dichoxopropane CmgA ND ) _ND o | ho " ND [ - S S M T e ND
123 Trchiorobantens mg WD nD ND m | no ND M i wm ] w ND w | T NO
124 Tomanylensens | Py o ND O w1 m ND ! o o PR A N0
136 TamatyRensens mon ND NO NO o |7 no NO L T " s | o NO ND
i 1
m-mum m..n;_..u -u;—e:; : Rl = A b g Pg T RN YT shaaabd o A2 BBy et o
= ' ” 4
a « u ™ mgt w0 1 1 H | ! 1 1 f !
[Muacrio o1 w ] i ! i i i i { i t |
btiarne T mon N i | i i i ! i £ y
[Benso(a)pyrene moL ND | i 1 i i
Carioturen T myL D | : : i ! i 1 = i .
ICrortane o HD i i | 1 ! ¥ | ;
Datajon L o ! iR | | i ! i - : | ' : :
[DUCP (Ditvomochiorapropans) ot "o i ] i | i i i i
D42 sthyhaxyljadymie myl Ho ! | 1 | 3 i : i 1
N2 sty Taxylyhtalsio g NO H I | i 1 t ¥ i | i i
Dnosst: mgrL ND ‘ | 1 i ] i | H { i |
[ mel ND | | i ] | | 1 ! |
O psat gl ND | | l i | i i i ! { : | i
EOB (Ethytene Dnmmuq gt NO 1 { ! i i ] | | i 1 : |
sy iy T I | i i i 1 ' ! i ' '
€ ndin oyt ND | | o1 i ! i g i i ! ] .
Giyy oayihate ol HD ] ! TS H 1 | i | 1 H E
roprachior g1 w1 i | : 1 | ! !
hptachion Eponide o ND ! 1 v i | 1 | i !
Husachiorotenzene mgiL ND i I k| ik 1 1 { | i 1
mo1 ND | E i ! | ! 1 i i H
ol ND i i ; 1 1 | 1 i
ot o I ! ! ! ! : I H ;
o NO 1 i i ! i ] 1 i ! 1
; e o - i i | } H ' o
2001 foiy w1 = T i =1 | I i t i !
ey B p— ; I e s e e (-]
. mL | i i + | i i t ' i — | s 2 |
800 Unreguiebed EILIED A T i o B 2 B S ol i il T L R L 8, e i NS SN .\t"';.'." :
‘ [ ] 5 | H | .
— i | i H . :
e e o
i1 i + -4 4 i H .
g ! &~ 1| _ : ,
i = B b | : H i i ;
= i . ' : i
d i ol 1 ! B
| ! | ! ) .
i 1" | : ok ! :
Sy i H i )
: i : i i i !
- fhobot Tocea ™ : 5 . H i | H i - H : |

Talde 7 - CSWF




il

Tabie 8
Joint Water Commission
Historical Water Cuality

Drinking Water Standards

FEa -r-.,x.!‘CL:-\,J;:vn Bl axng SSvead e S
Primary*13 Secondary” | ¥ Units a0 S 330 Hh o e e ﬁimm
N e ) T RBICA LWty LTS JPRSO13 2S
- —— = [ mgit - )62 } 625
cn'ome B 250 mo/l 10 8
Coor " e 15 —ND “ND
Conductivity” B | umhosiem | 77 )
Conosm_ry T - iy s
Fivonde s (Iree) . 4 2 __moll__ NO
- e mpn RT3
MBAS (Surfactants) Y NO
Nitrate ST 10
Ninte T 1
Total r m_lla_le_a_nq i 8
Orthophosphale L ND ND
Ogor _ 3
oH T 65-85 | 733 76 76
Tatal Phosphorus ND ND ND
Potassium mg/l 0.4 0.6 0.6
Sihca (5i02) _ mg/L 16 14 15 15|
Sogum moi. 1141 14 13 13 14
Sullate 250 mo/L [ 10 54 10 10
Total Alkalinity mo/L 41 } f . kR 38 41
(TDS) Total Dissoved Solids 500 mo/l 54 i T 64 | 96 72
|(TS) Total Sofias myL B0 © " 67 |92 120
(TSS) Total S Solids mg/L ND ¢ f ND ! NO ND
Total Volalile Solids mo/l 20 [ | ND 33 25
Tolal Haraness 250 mg/L-CaC02 271 a0 28 ) 26|
Total Kjeigahi Nitrogen mg/L ] |
{TOC) Total Organc Carbon mg/L i |
Turbegity NTU i |
1
Aluminum mg/L
Antmony
Arsanic
AsDastos
Banum
Berytlium
Cadmium
Chromium
Coopar
Cyanige
iron
Lead
Manganase
Mercury
Nickel
Seiermum
Sitver
Thallium
Zinc
] Mmdfm
Gross Alpha
Gross Bela
Racon (Rn-222)
odine-131
Sronbum-90
Trtium
ection By-Produc
Tolal Haloacsl-c Acids
Total Trihaoimathanes
VOGS ReGUIARITTETRINAE Iy
1,1 Dicholoroethylana i
1.1.1 Tnchioroathana 0.2 mg/L i | i ND |
1,1.2 Trichiorathana 0.005 my/l i [ i "__ND J [
1.2 Dichioroethane {E0CY 0.005 mo/l i | i NO )
1.2 Dxhiorpropane 0.005 mo/L | | T ND_ | |
1.2 4 Trichiorobenzene 0.07 mg/L . 1 | ND | |
Benzene 0.005 mo/l i ! i__ND ;
Carbon Telrachioride 0.005 mg/L | NO ]
Chiorobanzene 0.1 mo/l | i ND I
cis 1.2 Dichioroethylene 0.07 mg/L | ND i ]
Oxchioromethane 0.005 mg/L NO ¢ !
Ethylbanzens 07 mo/L ] T ND ] |
o-Dichiorobanzene 0.6 mg/L g ND i |
p-Dichiorobenzene 0.075 mo/L 1 ] i _ND |
Styrene 0.1 mg/L i [ 1 i ND i
Tetrachloroathylene 0.005 mo/L | | B NO {
Toluene 1 mg/L i ! | ND
trans 1.2 Dichlorosthylana 0.1 mo/L ' ! . ND
Tncnioroethylena 0.005 mo/L 1 1 H |__ND
Vinyl Chioride 0.002 mo/L T - i _ND ]
Xylenes 10 mo/L ' i ¢ ND ! |

Tabie 8- JWC



Tapie 8
Joint Water Commisaion
Historical Water Quality

Onnwing Water Standards.

Paramater

VOC's Unregulated .7
1,1 Drentoroathana

1.2 hioropropane

1.3 Dichioropropena

22 b'criw-oprobans

2 Butanone (MEK}

4 Methyl 2. Pentanone (MIBK) |

Bromotorm
8romomethana s

Chioroethane

Chiorotorm

Chioromethane

cis 1,2,3 Dichiorapropane

Dibromometnana
Ororomochioromethana

m-Dichlorobenzene

Gi-isopropyl ethar

o-Chiorotoluene

p-Chioroloiugna

@romochloromelhnne

n-Butyibenzena

Dichiorodifiuoromethane
Fluorotnchioromethane

Hexachiorcbutadiens

Isopropylbenzena

p-isopropyitoluens

Methyl Ten-butyi ether (MTBE)

Napthaien

a-Progylbenzane

sec-Bulylbanzana
tent-Butylbenzens

tart-amyl Methyl Ethar

ten-Butyi Etnyl Ether
Trichiorotrifiuoroethana (Fraon) |
trans 1.3 Dichioropropena

1.2.3 Trchiorobenzene

4 Tnmethyibenzene

1,3.5 Tnmetnyi>enzena

soci Regumed TETRYEST | e e e aere e —
240 007 mgiL
3457P 0.05 mo/L i
Alachior 0.002__ my/L i |
Auazine 0.003 mg/L : ]
Benzo(alpyrana 0.0002 mg/L : |
Carboturan 0.04 mo/L
Chiorgane 0.002 myL
Dalapon 0.2 mg/L i
QECP (Dibromochioropropane) 0.0002 mg/L '
O(2-athyihaxyl 04 mg/L [
Or(2-athythexyt)phthalate 0.006 mg/L i
Dinoseb 0.007 mo/L .
Dioxin 0.00000003 mo/L ]
Diauat 0.02 my/L i
EDB (Elhylene Dibromide) 0.00005 mg/L [ |
Endothall 01 1 mgL . |
Endrin 0.002 mg/L § |
Glyphosphata 0.7 m/L j ]
Heptachior 0.0004 mg/t. : |
Haptachlor Epoxige 0.0002 mg/L H
Hexachiorobanzene 0.001 mg/L .
Hexachlorocyctopeniadiena 0.05 mo/L |
Lingane 0.0002 mgiL
Methoxychior 0.04 mo/L |
Oxamyt 0.2 my/L i
PCBs 0.0005 mo/L !
Pentachiorophenol 0.001 moL :
Picioram 05 mg/L !
Simazine 0.004 mo/L |
Toxaphene 0.003 mg/L i
Vydate myL '
SOCS Uniregulated S el | R ETRE | AT | TR Biae i ety s
3 Hyaroxycarboturan mgit. i |
Algicart mg/L | ]
Aldicarp Sultona mg/l '
Aldicarp Sulloxida moyL !
Aldrin mg/L ;
Butachtor mo/L |
Carbaryi mo/L :
Dicamba my/L I \
Drweidnn my/L T |
Mathomyl mo/L T ]
|Metotachior !
Matrnbuzin myL i
Propachlor mg/L .

i . ]
{77 - Treatment Techmique i : ¥ |

Tabte 8- JWC
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MEMORANDUM
TO: Jennifer Renninger, Montgomery Watson Inc. Friday April 13th 2001
FR: Steve Moncaster
RE: FINAL VERSION Our ref: 013-1419.003

City of Tigard ASR Study — Hydrogeologic
Evaluation Technical Memorandum

Purpose and Scope

This memorandum presents results and interpretation arising from the geophysical
logging and preliminary hydraulic testing of the City of (City) Tigard Well 1. The
reported activities have been undertaken as part of an ASR feasibility investigation. This
is being completed for the City by Montgomery Watson Inc. (MW) and Golder Associates
Inc (Golder).

The purpose of the geophysical logging was to determine the following;

e The condition of the well casing;

e The geology penetrated by the well;

e Any (apparent) vertical variation in the hydraulic properties of the aquifer;
» Any related variation in water quality.

The hydraulic testing was performed in order to determine values for aquifer parameters
_and to identify near-well aquifer boundary conditions that may influence ASR related
testing or operational activities.

Geophvsical Logging

Following removal of the pump, pump column and bowls from Well 1, the Well was
geophysically logged using the following suite of tools;

e CCTV;

e Caliper;

» Natural gamma;

e Formation resistivity;

e Temperature and conductivity;
e Flowlogging.

With the exception of the CCTV log, the results are presented in Figures 1 to 5. A record
of the CCTV log has been made using a VHS video. Golder currently retains this.

CCTV Logging

Golder Associates
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The results of the CCTV logging and a visual inspection of the recovered pump and
column, indicate the following in respect of the down-hole engineering at Well 1;

1. The pump column comprises 35 no. 10 ft lengths of nominal 8 inch diameter tubing
which reduces to 20 no. 10 ft lengths of nominal 4 inch diameter tubing immediately
above the pump bowls;

At the top of the well, the column joins to a 10 ft length of nominal 8 inch diameter

tubing, which is attached to the pump motor anchor plate. The base the column joins

to the pump bowls and intake. A coarse wire mesh screens the intake.

3. The condition of the pump column was noted to be poor, with corrosion and
encrustation evident;

4. The existing airline used to measure depth to water appeared to be damaged at the
base and was noted to be in a poor condition, with corrosion and encrustation
evident;

5. The 12 inch diameter permanent steel casing was perforated at approximately 50 ft
below ground level, with water entering the well via the perforation at a rate
estimated to be less than 1 gpm;

6. Water also appeared to be entering the well from the behind the base of the casing at
a depth of approximately 71 ft below ground level.

3]

The results therefore confirm that although serviceable, the down-hole engineering is in
a generally poor condition.

Formation Logging

The results of the natural gamma, SP and formation resistivity logs indicate the presence
of discontinuities in the underlying basalt (aquifer) at the following depths;

« 7i1fttoig0ft

e 170 ftto200 ft
-» 260ftto280ft

e 300ftto33oft

e 420ftto4s50 ft

e 490 fttosioft

» 560fttos90 ft

A comparison between the distribution of these features and features noted on both the
drillers logs and the caliper log is given in Table 1 below.

Table 1 indicates that the discontinuities are associated with a combination of water
bearing features, weathered basalt and well diameter enlargement(s). As such, the
discontinuities probably represent basalt interflow zones. These form at the contact
between successive basalt flows and may be composed of either weathered basalt, paleo-
soils, proto-sedimentary features and, where the younger basalt flowed into water,
overlying deposits of highly vesicular or scoriated material. Basalt interflow zones within
the Columbia River Basalt Group (CRBG) are typically associated with high permeability.

Examination of the natural gamma log shows that the bulk of the intervening strata is
composed of rock which is variously described as black, gray and hard. With the
exception of the inflows noted between 500 ft bgl and 525 ft bgl, the drillers logs show
that none of this strata yielded significant inflows of water. Given the distribution and

Golder Associates
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apparent low permeability of these zones, they are considered to represent basalt flow

interiors.
Depth of natural Well Notes from Drillers Log (ft bgl)
gamma, SP or Diameter!
formation resistivity
e (inches)
L 60 - 140 13 - 17 Grey and green lava rock (64-84)
Black, gray, red rock medium hard (84-168)
| 170 - 200 13-19 Black and red rock medium hard (168-192)
} 260 -280 | 14-23 | Gray porous rock with water (260-272) J
f 300 - 330 } 13 - 23 Red rock not so hard (309-315) }
Yellow and gray soft rock showing water (315-
[ 385}
[' 420 - 450 ] 13 - 23 Rock, red (410-426) ]
Clay, brown (426-449)
490 ~ 510 12 - 23 Rock, red (496-500)
Rock, black Cuttings washed away, water
bearing (500-525)
560 ~ 590 12 - 14 Rock, brownish red, soft (562-579) ]

Rock, red soft, coarse water bearing (579-597)

t Nominal diameter of Well 13 inches
ft bgl — feet below ground level

Table 1. Formation Log Data

The CCTV log shows that strata within both the interflow zones and flow interiors are
heavily fractured. The fractures are both vertically and horizontally orientated.

Fluid Logging

-

The temperature-conductivity log shows evidence of minor changes in water quality at

the following depths below ground level;

e 270 ft - 280 ft (temperature and conductivity)

e 330 ft (conductivity)

e 350 ft to 370 ft (temperature)

e 500 ft (temperature)

e 520 ft to 540 ft (temperature)

¢ 580 ft (temperature and conductivity)

Typically such changes are associated with the location of flow zones in the formation

penetrated by the well.

A comparison of the temperature-conductivity log with interpretation of the heat pulse
log shows that the location of these features corresponds to depths in the well where the
flows were accentuated. This confirms that flow in the basalt occurs within a series of
discrete zones. Comparison to Table 1 indicates that these are primarily associated with

the interflow zones.

Golder Associates
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Further examination of the heat pulse log shows that downward flows predominate
between 250 ft bgl and 400 ft bgl while a mixture of upward and downward flows occur
between 400 ft bgl and the base of the well. This distribution suggests that the lower
tlow zones within the basalt are recharged by downward flow from the overlying upper
flow zones.

Well Testing

Well Performance Test

To determine the baseline hydraulic performance of the Well, a stepped rate pumping
test was performed. The test was conducted on 4/3/01 and involved pumping the well at
a series of successively greater rates while monitoring the associated water level
response. The test data was interpreted using the methodology described in Kruseman
and de Ridder (1991).

The pump used for the testing was the existing turbine line shaft production pump. The
flow from this was controlled by making adjustments to a control valve located on the
distribution pipe-work at the wellhead (CLA-valve). The range of flows permitted by
adjustment of the valve varied from 280 gpm to 360 gpm. The water levels were
measured using a newly installed water level measurement airline and the existing
pressure gauge. This was considered to be accurate to within +/- 1 psi. The water
produced during the testing was discharged to Fanno Creek, via an on-site retention
basin and associated below ground pipe-work.

The results of the test are presented in Figure 6, the interpretation in Figure 7. Figure 6
shows that the well was pumped at rates of 282 gpm, 309 gpm and 359 gpm. The figure
also shows that the duration of each step was 60 minutes and that the resulting
drawdowns stabilized at 58 ft bgl, 69 ft bgl and 75 ft bgl respectively. Interpretation of
the results gives the following;

s = (0.17)Q + (0.0001)Q?
From:

s = BQ + CQ?

Where:

s = drawdown for production rate Q (ft)
Q = production rate (gpm)

B = Linear well loss coefficient

C = Non linear well loss coefficient

It should be noted that the reported performance is specific to the time-scale over which
the measurements were taken and that long term performance may be different, both as
a consequence of the extra drawdown which results from pumping over extended periods
and the influence of any local boundary conditions. Despite this, it appears that the
current yield is limited by the pumping capacity installed in the well and that greater
yields are likely to be available from the basalt beneath the site.

Golder Associates
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Aquifer Performance Test

Following the stepped rate test, the water level in the well was allowed to recover
overnight. An extended (6 day) constant rate test was then performed. This began
Saturday 31 March and was completed Friday 6t April.

The test equipment and arrangements used for the constant rate test were the same as
those described above for the stepped rate test. In addition, the water level response in
two adjacent observation wells were also monitored (Tigard High School and City of
Tigard Well 2). The pumping rate used for the test averaged 310 gpm.

The water level responses in the production and Tigard High School observation well are
given in Figures 8 and 9. The City Well No. 2 did not respond to the testing and as such
no data is presented.

From Figure 7 it can be seen that there are three components to the drawdown response
curve for the production well. These include the following;

1. 1min. to 1000 mins. — well bore storage and delayed yield response (denoted by
initial steep rate of drawdown and subsequent near stabilization*)

2. 1000 mins. to 3500 mins. - confined aquifer response (denoted by constant rate of
drawdown)

3. 3500 mins. to end of test - constant head boundary response (denoted by
stabilization)

* stabilization —~ horizontal trend line

The well bore storage effects are evident as the initial rapid rate of water level decline.
This type of behavior reflects the removal of water from the well under circumstances in
which there is little or no yield from the adjacent aquifer. Well bore storage effects are

~-not a significant influence on the operation of the well and, as such, are not considered
further.

Delayed yield is typically produced under conditions in which the pumped water derives
from a combination of horizontal flow to the well and vertical flow through overlying
leaky confining units. At the site, this response could be accounted for by the locally
unconfined nature of the basalt and the resulting interaction between flow from the deep
interflow zones and vertical drainage from either overlying sub-aquifer units or the water
table. Sub-vertical flow could occur either via the well or through networks of sub-
vertical fractures in the adjacent basalt. It is noted that the presence of such fractures
was identified on the CCTV log.

The following period of confined aquifer response reflects conditions in which the effects
of vertical drainage diminish and the hydraulic properties of the deep interflow zones
predominate. Interpretation of the data from this portion of the curve, using the
modified Cooper-Jacob approximation, indicates that the transmissivity of the confined
basalt is approximately 6500 gpd/ft.

The constant head boundary that is evident in the late time test data is representative of
conditions in which water is being supplied to the aquifer at the same rate as it is being

Golder Associates
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withdrawn. In the vicinity of the test site, this condition may retlect some combination
of the following

» zones of high transmissivity, associated with the taulting evident to the south and
west of the site, that may connect the basalt in the vicinity of the well to a much
larger region of the surrounding basalt aquifer;

o the production of water from sands and other permeable sediments that occupy the
fault-bounded paleochannel that lies beneath the present day course of the Tualatin
River;

o Interception of water table conditions beneath Bull Mountain, to the west of the site;

» Asecond period of delayed yield, reflecting additional drainage of the upper basalt
flow zones during the latter stages of the test.

Further testing is required to determine the relative significance of these potential
sources of recharge.

Although no estimate of the aquifer storage properties is possible from the production
well test data, the delayed yield response indicates that storage in the near vicinity of the
well is likely to be a function of the effective porosity of the basalt. As such, the specific
yield of the basalt in this region may be as much as 0.05.

In theory, the storage characteristics of the deep confined basalt can be estimated from
the Tigard High School data. However, the limited draw down response seen at this well
indicates that the aquifer in this area is likely to have been influenced by the same
constant head boundary condition that produced the late time stabilization in the
production well data. As such, there is some uncertainty with respect to the validity of
the 1.1E-05 storativity value estimated from the High School test data.

Summaryv

~The geophysical logging and well testing that have been performed at the site confirm the
following in respect of the underlying basalt aquifer;

1. The aquifer comprises a series of sub-units that, in the near vicinity of the well,
appear to be linked as a consequence of networks of sub-vertical fractures;

2. In the vicinity of the well the basalt is unconfined, with a depth to water (unsaturated
zone) of 250 ft and a specific yield that is likely to be equivalent to the effective
porosity (of the order of 0.05);

3. Inareas distant from the well, the basalt is confined with a transmissivity of the
order of 6500 gpd/ft and a storativity which is likely to be of the order of 1.1E-05 or

greater,

4. The region of the basalt penetrated by the well is bounded by high permeability
features;

5. To the south, these may reflect the effects of faulting or permeable paleo-channel
deposits;

6. To the west, these may reflect water table conditions beneath Bull Mountain or the
effects of faulting.

It is also noted that the current yield appears to be limited by the pumping capacity

installed in the well. As such, it is considered likely that greater yields can be sustained
from the basalt beneath the site.

Golder Associates
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Figure 2. City of Tigard Well No. 1

Fluid Logs

(Wwo/sN) AJAYINPUOD pIN4 J0 (W-WYO) AjlAlisisey pint4

Temperture (C)

(0,) @injpiadway

300 350 400 450 500 550 600
Depth (feet)

250

200

well 1 fluid logs.xls



4

il

N

2

bl

4

N |

)

)

Figure 3 City of Tigard Well No. 1
Natural Gamma Log (Moving Average of 20 Readings)
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SP and Formation Resistivity Logs
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Heat Pulse Interpretation Log

Figure 5. City of Tigard Well No. 1
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Data
Montgomery Watson
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MEMORANDUM

TO: Joe Glicker And Jennifer Renninger - Montgomery April 13, 2001
Watson

FR: Cheryl Ross, Steve Moncaster And David Banton -
Golder Associates

RE: FINAL MEMORANDUM 013-1419.004

TIGARD ASR GEOCHEMICAL EVALUATION

INTRODUCTION

The Tigard Aquifer Storage and Recovery (ASR) program proposes to store treated
surface water in the ground during periods of low demand. Currently, the proposed
recharge well is the City Well No. 1 (COT-1). The three potential suppliers of recharge
water are: Lake Oswego (LO), the City of Portland (COP) and the Joint Water
Commission (JWC).

This memorandum presents the results of geochemical modeling conducted to evaluate
geochemical reactions that may occur during recharge of surface water to the COT-1
Well. Mixing of recharge water and groundwater may result in mineral precipitation
reactions. Minerals that typically precipitate during mixing of well oxygenated surface
water with less oxidized groundwater include carbonates and iron, aluminum and
manganese oxides and hydroxides. Mineral precipitation is generally regarded as a
problem during ASR projects due to the potential for clogging of the well screen and
formation. Because the COT-1 Well is an open hole well completed in fractured basalt,
the potential for clogging due to mineral precipitation is expected to be low. Mineral
precipitation reactions are however still of interest due to their effects on water quality.
Changes in water quality may also result from mineral dissolution following interaction
of the injected water and the basalt.

Historical recharge and groundwater quality was previously presented by Montgomery
Watson (2001). This document provides a brief characterization of both recharge water
and groundwater and presents the results of geochemical modeling.

GROUNDWATER WATER QUALITY

The COT-1 Well is a 610-foot basalt well cased to a depth of 71 feet. Historical water
quality data are presented in Table 1. The most recent sampling of COT-1 was conducted
by Montgomery Watson on February 7, 2001 during a pumping test.

The February 7, 2001 sampling indicates that COT-1 water is near neutral in pH and has
a total dissolved solids concentration (TDS) of 180 mg/L. The redox potential (Eh) of
COT-1 groundwater was 183 mV, indicating mildly oxidizing conditions. Mildly
oxidizing conditions are supported by the absence of iron and manganese (both Fe and
Mn were below detectable limits) and the presence of dissolved oxygen (7 mg/L).
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Although nitrate analysis was not conducted on the February 7, 2001 sample, historical
nitrate concentrations are typically on the order of 1 mg/L. The presence of nitrate is
consistent with oxidizing conditions.

Over the period of record, iron concentrations in COT-1 have declined. Iron
concentrations for the three sampling events between 1949 and 1983 ranged from 0.03
mg/L (4/5/66) to 0.22 mg/L (6/1/83). During the two sampling events in 2000 and
2001, iron was below detectable limits. On the last sampling event, the detection limit
for iron was 0.1 mg/L. A possible decline in iron concentrations may be the result of a
decline in water levels. Between 1947 and 2001, the static water level in the COT-1 Well
declined 65 feet (from 188 feet to 253 feet). It is possible that the source of iron in
groundwater samples collected prior to 1983 was the shallow sediments, which are now
part of the unsaturated zone. Because recharge to the COT-1 well may result in a rise in
groundwater levels in the area immediately surrounding the well, a potential shallow
source of iron is relevant. Geophysical logging of the COT-1 Well by a Golder
Hydrogeologist in 2001 identified regions of high groundwater flow in both the shallow
(280 feet) and deep (>500 feet) sections of the well.

INJECTION WATER QUALITY

Three water suppliers are being considered as source water for the Tigard ASR Project:
Lake Oswego (LO), the City of Portland (COP) and the Joint Water Commission (JWC).
Lake Oswego and the Joint Water Commission have river water sources, the Clackamas
River (LO) and the Trask and Tualatin Rivers (JWC), respectively. Both LO and the COP
filter their river water prior to distribution. The City of Portland’s primary source of
water is the Bull Run Watershed.

Historical water quality data (1996 to 2001) for the three potential recharge waters are
presented in Table 2. Complete inorganic analyses are available for both the JWC and
€OP waters. Complete major ion chemistry is not available for Lake Oswego. Both
calcium and magnesium are missing from historical analysis. Lake Oswego water was
therefore not included in geochemical mixing modeling.

All three source waters exhibit near neutral pH. Major ion concentrations in JWC water
are generally higher than those in COP. This difference is illustrated by comparison of
the most recent total dissolved solids concentrations (TDS) for JWC and COP, 54 mg/L
(8/8/00) and 20 mg/L (3/27/00), respectively. Stiff Diagrams for the two source waters
(Figure 1) also clearly illustrate this difference. A Stiff Diagram for COT-1 groundwater is
included for comparison. The relative concentrations of major ions in COP, COT-1 and
JWC are illustrated in Figure 2. This diagram shows that groundwater is more calcium
and bicarbonate rich than the surface water. Relative cation concentrations for the two
surface waters are similar. It is notable that for both the Piper and Stiff diagram, a
sulfate concentration of 10 mg/L for COP was assumed. The reason for this assumption
is explained in the geochemical modeling section of this document.

Dissolved oxygen data is not available for the three recharge waters. However, because
these waters are in contact with atmospheric oxygen they should contain oxygen. Both
manganese and iron are presently below detectable limits in JWC. The most recent
sampling of COP water indicated manganese below detectable limits and iron at a
concentration of 0.066 mg/L. Nitrate is typically present in both waters. Average
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nitrate concentrations for COP and JWC waters are 0.02 mg/L and 0.5 mg/L,
respectively.

GEOCHEMICAL MODELING

During recharge, treated drinking water injected into the basalt aquifer will displace
native groundwater in the area surrounding the COT-1 well. Advection and dispersion
will result in some mixing of recharge water and groundwater as the recharge water
flows through the aquifer. To evaluate the geochemical effects of this interaction
between surface water and groundwater, mixing modeling was conducted using
PHREEQC Version 2.3.1 (Parkhurst and Appelo, 1999) and the Minteqa2 database. The
potential for both secondary mineral precipitation and mineral dissolution were
evaluated.

PHREEQC is an equilibrium mass transfer code developed by the United States
Geological Survey (USGS). It is widely accepted by the regulatory and scientific
community. PHREEQC was used to calculate the aqueous speciation and stability of
minerals with respect to dissolved constituents following mixing. The potential for
mineral precipitation was assessed using the saturation index (SI) calculated according
to Equation 1.

IAP

SI =log (1)

sp

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

Model simulations were conducted in which recharge water was mixed with native
groundwater (COT-1) in 10% increments. Simulations were conducted using both COP
and JWC recharge water. Mixing simulation conditions ranged from a groundwater
dominated system (90% groundwater : 10% recharge water) to a recharge water
dominated system (10% groundwater : 0% recharge water). The simulation of a range
of mixing ratios was intended to bracket conditions that may occur throughout the
aquifer. The greatest mixing of recharge water and groundwater is expected to occur
during the early stages of injection when recharge water displaces groundwater. As
injected water occupies a greater aquifer volume around the well, interaction of recharge
and groundwater will likely be limited to the periphery of the recharge water under quasi
steady state conditions.

Speciation Modeling

Golder Associates



8 7l

\'l

il < o

= |

g

April 13, 2001 ' 4 013-1419.004

The first step in geochemical modeling was to speciate and charge balance each water
chemistry. For each water type (COT-1, COP and JWC) the most recent complete
chemical analysis was used in model simulations. A summary of the chemistry data used
in model simulations is provided in Table 3. As shown in Table 3, only constituents with
detectable concentrations were included.

Charge balance errors for the three water chemistries were 46% (COP), 13% (JWC) and
7% (COT-1). A charge balance error less than 5% is generally accepted as indicative of a
good analysis (Hounslow, 1995). The charge balance error for COP is particularly poor.
Although organic constituents may account for some of this error (total organic carbon =
1.1 mg/L), they likely cannot account for such a large discrepancy. Consideration was
given to using the results from the August 2, 1999 sampling date in model simulations;
however, incomplete major ion data for this date (Na and K) prevented its use. Both the
COP and JWC waters were anion deficient. Sulfate was therefore added to these waters
to achieve electroneutrality. For the COP water, 10 mg/L of sulfate was added. Sulfate
was below detectable limits in COP water at a detection limit of 0.5 mg/L. Addition of
10-mg/L sulfate therefore represents a significant input; however, sulfate addition did
not effect the model results with respect to predictions regarding mineral precipitation
and dissolution. Potassium was added to JWC to achieve electroneutrality.

Injection Water (COP and JWC)

For recharge water (COP and JWC), an initial Eh of 900 mV was assumed. This Eh is
representative of near neutral pH waters in contact with the atmosphere (Appelo and
Postma, 1994). COP and JWC were equilibrated with atmospheric oxygen at a partial
pressure of 0.2 atmospheres resulting in dissolved oxygen concentrations of
approximately 6 mg/L.

Saturation indices for select minerals are presented in Table 4. For carbon dioxide, the
partial pressure of the gas is provided. The COP water is at equilibrium with respect to
gibbsite (amorphous) and supersaturated with respect to ferrihydrite. Both waters are
near equilibrium with carbon dioxide at atmospheric pressure (10-35atm), as would be
expected. :

Groundwater ( COT-l)

The redox condition of the groundwater was initially assumed to be equal to the
measured value (183 mV). Based on the oxygen concentration in the groundwater, an Eh
of 850 mV was calculated by PHREEQC. This Eh is considered high for a groundwater
system (Appelo and Postma, 1994). Because inclusion of dissolved oxygen resulted in Eh
adjustments by PHREEQC to values above what typical groundwaters exhibit, dissolved
oxygen was omitted from the initial groundwater chemistry. It is possible that field
measured dissolved oxygen values may overestimate groundwater dissolved oxygen
concentrations due to atmospheric contact during sampling. It is likely that the
groundwater does contain dissolved oxygen, although perhaps at lower concentrations.
Omission of oxygen from the groundwater chemistry did not result in any significant
changes to the final mixture chemistry with respect to potential mineral precipitation
and dissolution reactions.
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Saturation indices for COT-1 are provided in Table 4. Groundwater is at equilibrium
with respect to amorphous silica (SI = -0.12). Silica [SiO2] accounts for greater than
50% of the total oxide composition of the basalt. Although quartz has extremely sluggish
reaction kinetics, amorphous silica is less stable and may control groundwater silicon
concentrations (Appelo and Postma, 1994). Amorphous silica was therefore included as
an equilibrium phase during mixing modeling scenarios. As such, amorphous silica was
present and allowed to dissolve to maintain equilibrium (SI=0).

Both iron (<0.1 mg/L) and manganese (<2 ug/L) were below detectable limits in COT-1
on February 7, 2001. The iron detection limit is considered high with respect to
evaluation of mineral precipitation reactions. Because oxidation of iron and manganese
resulting in mineral precipitation is common during recharge of oxygenated surface
water into less oxygenated groundwater, a simulation was conducted in which both iron
and manganese were present at a concentration equal to the detection limit. At an Eh of
183 mV, ferrihydrite [Fe(OH);] and manganite [MnOOH] were both undersaturated with
SIs of —0.7 and —9.5, respectively.

Mixing Modeling

As outlined earlier, to simulate the range of geochemical conditions expected to occur
throughout the aquifer, recharge water was mixed with groundwater in 10% increments.
Due to the similarities in pH and redox conditions of the groundwater and recharge
(both COP and JWC) waters, mixing of these waters did not result in significant mineral
precipitation. The minerals listed in Table 4 that were initially undersaturated,
remained undersaturated following mixing. Ferrihydrite, which was initially
supersaturated in the COP water, remained supersaturated following mixing.
Ferrihydrite precipitation may therefore occur in the aquifer if it does not occur prior to
injection.

Mixing of COP and JWC with COT-1 water containing iron and manganese at the their
respective detection limits was conducted to evaluate the potential for ferrihydrite and
manganite precipitation. These simulations predicted supersaturation with respect to
both minerals. Due to the low manganese concentrations (<0.0002 mg/L), if
manganese precipitation should occur, it not be significant. To better evaluate the
potential for iron mineral precipitation, groundwater sampling at a lower detection limit
is required. Because mineral precipitation is not anticipated to be a problem in the
fractured aquifer, this sampling is not warranted at this time.

For all mixing simulations, oxidizing conditions persisted. Because the groundwater
does not contain significant concentrations of any reduced species (e.g. Fe?*, HS-, and
Mn2+), oxygen introduced into the aquifer in recharge water is not consumed by redox
reactions. Without detailed mineralogic information for the aquifer, consumption of
oxygen by mineral oxidation cannot be fully addressed. Iron carbonate (siderite) and
iron sulfides (pyrite, marcasite) are typically the most susceptible minerals to oxidation
by recharge water (Pyne, 1995). On the basis of groundwater quality for COT-1, it can be
speculated that if these minerals were present in significant concentrations in the basalt
and their oxidation rate was not limited by kinetic impediments, these minerals would
consume the oxygen present in the groundwater.
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Equilibrium with respect to amorphous silica resulted in silica dissolution during
mixing. Figure 3 plots predicted silica concentrations for mixing of COP and COT-1
water. Both the concentration following pure mixing (open circles) and equilibration
with amorphous silica (closed circles) are shown. Dissolution of silica results in a final
silicon concentration of between 34 mg/L and 40 mg/L over the range of mixing ratios.
This silicon concentration is representative of an upper limit due to the fact that the
kinetics of silica dissolution may prevent complete attainment of equilibrium during the
period of storage in the aquifer. Silicon is not a regulated drinking water parameter and
therefore the observed range in predicted concentrations is not a concern. Mixing of
JWC and COT-1 water yielded similar results.

SUMMARY

Due to the similarities in pH and redox conditions of the groundwater and recharge
waters (both COP and JWC), mixing of these waters is not predicted to result in
significant mineral precipitation. Throughout injection, oxidizing conditions are
expected to persist in the aquifer. Dissolution of amorphous silica [SiO2] may result in
an increase in silicon concentrations. Maximum silicon concentrations are not expected
to exceed 40 mg/L.
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TABLE }

"

welt No. 1 (COT-1) Historical Water Quality Data

+
Parameter McL | unit | 2/7/01 |6/29/00[2/18/00] 978799 [6/28/99] 778798 [2/12/96]7/14/94]7/14/93]8/26/92] 6/1/83 |6/12/79] 4/5/66 |4/30/49
[Allalinity wg/l 104 - 120 - - - - - - . - - . .
Antinmony 0.006 mg/l - - - ND - ND ND ND - - - - -
Arsenic 005 mg/L - - - ND - - ND ND ND <0.002 0.036 ND - -
Barium 2 mg/L - - ND - - ND ND ND <0.025 001 ND -
Beryllium 0.004 g/l - - - ND - - ND ND ND - - - - -
Bicarbonate mg/l. 127 . - - - - - - - - - - 122 162
Cadmiunm 0.005 mg/L - - - ND - ND ND ND <0.005 ND ND - -
Caleium g/l 25 - 26.9 - - - - - - - - - -
Carbonate as CO3 my/L 0.261 - - - - - - - . . . 0 .
Cliloride mg/L 3.67 - - - - - - - - - - - G.6 36
Chromium 0.1 mg/L - - - ND - - ND ND ND <0.005 ND ND - -
Conrductivity S/em 145 - 200 - - - - . - . . . R
Copper 1.3 mg/L - e 0.005 a - ND ND ND - - - - -
Cyanide 0.2 g/l - - - ND - ND ND ND - - - - -
Dissolved Oxygen mg/L 6.98 - - . . - . . . . B .
Eh my 183 - - - . - . - - . . . B
Fluoride 4 mg/L - - - ND - - ND ND 0.17 w16 0.24 ND
Free CO2 my/L 8.03 - - - - - - - - -
Hardness 250 /L 108 - 110 - - - - - 118 50 |
Hydroxide as Ol g/l 0.005 - - - - - - - - - . -
Iron 03 m/L ND - NI - - - - - - - 022 - [{X15] (R
fead 0.015 g/l - - ND - NI 0002 ND <0002 0.005 ND -
Magnesium mg/l. 18} = - - - - - - - -
Manganese nyg/L ND - - - - - - | - - - - - -
Mercury 0.002 /L - - - ND - - ND ND ND <00002 | ND ND -
Nickel 01 g/l - - ND - - ND ND ND - - -
Nitrate 10 - mg/L. - 13 - 1.5 ND 05 1 16 1 12 1.01 ND
Nitrite 1 mg/l. - - - ND - - ND ND ND - - - -
it (field) 6.78 - - - - - - - - -
pl 15 - G 85 - - - - - - 7.2 6.8
Potassiun mg/l 3 - - - - - - - - - -
Selenium 0.05 /L - - ND - - ND ND ND 0.003 ND ND -
Silica /L 66 - - - - - - - - - -
Silver 0.05 my/L - - - - - - - - - - ND ND
Sodiutn g/l 8.5 - - 9.13 - - 87 8.6 8.7 103 - - - -
Sulfate 250 mg/l. 3.24 - - ND - - ND ND 13.5 - 3
‘Temperature "C 17 - - - - - - - - - - -
Thallium 0.002 mg/l. - - - ND - - ND ND NI - - -
lotal Dissolved Solids g/l 180 - - - - - - 206

ND = noa-detect

" indicates constituent not measured.
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LABLE 2 013-1419 004
Page 2ul 2
injection Walter Historical Waoter Quality Data

4
Lake Oswego (continued) Joint Water Commission (JWC)
Parameter Unlts 1/11/001 2/2/98 | 4/22/97 | 8/14/98 | 5/14/96 | 1/6/06 | 12/1/63} 8/8/00 | 2/22/00 | 12/21/99 [ 1/13/99 [ 7/15/988 | 7/24/97 | 1/15/97
Aluminum mg/L - - - - - - - 0.08 ND ND - 34.013 0007 0 007
Antimony mp/l. ND ND ND ND ND ND - ND ND ND ND ND ND NI
Arsenic mg/L. ND ND ND ND ND ND - ND ND ND ND ND ND ND
Barium mp/l, 0.006 ND ND ND ND ND - ND 0.02 ND 0004 0.604 00037 0005
Beryllium mpfl. ND ND ND ND ND ND - ND ND ND ND ND ND ND
Cadmium mg/l. ND ND ND ND ND ND - NO ND ND ND ND NbD NI
Calcium mg/L - - - . - - - 6.2 8 66 6.26 - 81 1.7 G8
Chloride mg/l. - - 8 - - - - 10 8 8 - 4.7 16 17
Chromium mp/l, ND ND ND ND ND ND . ND ND D ND ND N ND
Conductivity __pmhosfem - - - - - - - 77 100 88 - 120 120 110
Copper mg/l. ND ND ND - - - - N 001} D - 0.0011 ND 0001
Cyanide ) ND ND ND ND ND ND - ND ND ND ND ND ND ND
Fluoride (free) g/l ND ND ND ND ND ND - ND ND ND ND ND ND ND
ron mp/l. - - ND - - - - ND ND ND - ND ND ND
ead mg/l. ND ND ND ND ND 0002 - ND ND NI - Nb ND ND
[Magnesium mg/l. - - - - - - - 2 25 213 - 29 27 23
{anganese mg/L = - ND - 5 P - ND ND ND - 0.000G ND ND
[Meccury _mpfl, ND ND ND ND ND ND - ND ND N ND NbD ND ND
Nickel g/l ND ND ND ND ND NI} - ND ND ND ND ND ND ND
Nitrate mgN/L ND 06 ND ND ND ND 06 ND 08 07 042 0.21 022 04
Nitrite mgN/L ND ND ND ND ND 0.42 . NIY ND NI ND ND ND ND
Orthophosphate ¢ = z > 5 : = ND ND ND . Ni) : NU |
sl - - 644 - - . - 76 1.2 18 - 2.0 76 746
Polassium ngh. - - - - - . - 04 a5 06 - 06 0o -
Selenium mg/l. ND ND ND ND ND ND - ND ND ND ND ND ND ND
|§L|ica (Si02) g/l - - - - - - . 16 20 19 = [T 15 15
Silver me/l. 3 = s 5 s ] = ND ND ND 1 NO N NO
Sotki umy mgfl. 38 36 19 175 K] 22 - 1141 135 139 14 13 13 H
Sulfate mg/L ND ND 11 ND ND ND - 8 12 10 10 94 10 1]
Thallium mg/l. ND ND ND ND ND ND - ND ND ND ND ND NI} ND
lotal Alkalinity mp/l 5 i 2 . 5 z = 4 12 3 > 39 38 41
‘Total Hardness mg/.-CaCO2 - - 16 - - . - 217 10 28 - 32 30 25
'Total Kjeldahl Nitrogen - - - - - - - ND ND ND - N - ND
Total nitrute and nitrite mgN/aA, - - - ND ND 0.42 - . - - - - - -
Total Phospharus - - - - - - - ND ND ND - ND ND ND
‘Total Volatile Solids - - - - - - - 20 27 57 - ND BR] 25
('FDS) Total Dissolved Solids mg/l. - - - - - - - 54 83 91 - 61 96 12
(TOC) Total Organic Carbon mg/l. - - - - - - - ND 15 0.7 - 0.6 0.5 u9
(TS) Total Sclids mp/l, - - 13 - - - - 80 82 98 - 67 92 120
(TSS) Tota} Suspended Selids - - . - - - - ND ND ND - ND Niy ND
Turbidity NTU - - - - - . - 0.04 004 001 - @1 001 -
Zinc g, - - ND - - . - ND ND ND - ND ND | oo

NI = non-detect
- indlicales constituent not measured.
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Model Simulation Input Dafa

TABLE 3

[ Parameter | Units | COT-1 | COP JWC |
Alkalinity mg/L 104 7.9 41
Aluminum mg/L - 0.67 0.08

Barium mg/L - 0.002 -
Calcium mg/L 25 2.9 6.2
Chloride mg/L 3.67 1.5 10
Copper mg/L - 0.19 -
Eh mV 183 885 885
Iron mg/L - 0.066 -]
Lead mg/L - 0.009 - |
Magnesium mg/L 11 0.8 2
Manganese mg/L - - -
Nickel mg/L - 0.002 -
Nitrate mg/L N - 0.02 -
pH S.u. 6.78 7.5 7.6
Phosphorus mg/L - 0.007 -
Potassium _mg/L 3 0.2 0.4
Silicon mg/L 30.9 1.82 7.5
Sodium mg/L 8.5 2.6 11.41
Sulfate mg/L 3.24 - 8
ﬁemperature °’C 11.7 4 4

013-1419.004
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TABLE 4

Saturation Indices

Mineral Saturation Index
COP | JWC COT-1
Gibbsite - amorphous Al(OH), -0.50 -1.43 NA
Calcite CaCO, -2.99 -1.57 -1.31
Gypsum CaS0,-2H,0 -3.36 -3.19 -3.09
Dolomite CaMg(CO;), -6.57 -3.67 -2.86
Silica - amorphous Si0, -1.26 -0.65 -0.12
Ferrihydrite Fe(OH), 2.17 NA NA
|Carbon dioxide CO2(g) 107 10 10

! Partial pressure shown.

013-1419.004
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