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 INTRODUCTION 

This report provides EA Engineering, Science, and Technology, Inc., PBC’s (EA), Northwest 
Groundwater Services, LLC (NWGS), and Murraysmith’s evaluation of the source water 
availability and treatment options for a potential aquifer recharge/aquifer storage and recovery 
AR/ASR system in Milton-Freewater, Oregon.  This project is a collaboration between the Walla 
Walla Basin Watershed Council (WWBWC) and the City of Milton-Freewater (City) who 
received funding from the Oregon Water Resource Department (OWRD) Feasibility Study (FS) 
grant program.  
 
A note on terminology: this project is designed to assess the feasibility of using the City’s 
infrastructure (water rights, property, conveyance, and wells) to enhance recharge (i.e. increase 
water storage) in the basalt aquifer system beneath and near the City.  Critical elements in 
achieving this are to legally acquire available surface water, treat it to acceptable standards, and 
inject it into the subsurface.  If that water is then left in the aquifer to benefit the City, other 
users, and the surface water resource (by creating a sustainable alternative to summer surface 
water withdrawals) if is referred to as AR, or Artificial Recharge.  If it is recovered by wells and 
put to beneficial use as drinking water the practice is known as ASR (Aquifer Storage and 
Recovery).  There are significant differences in water treatment requirements between and AR 
and ASR, and the City will elect which permitting and treatment pathway best suits its need as 
the project evolves.  For this first phase of the Feasibility Study, we will use a shorthand 
AR/ASR abbreviation.   
 
OWRD has recently classified the basalt aquifer system in the Oregon portion of the Walla 
Walla Subbasin as a Serious Water Management Problem Area based on declining water levels.  
Eventually, this may be the first step in reducing withdrawals from the basalt aquifer as a means 
to make continued use sustainable.  The WWBWC and the City understand that negative 
socioeconomic consequences could result from curtailed use and are exploring the potential to 
achieve aquifer sustainability through enhancing aquifer recharge rather than curtailing of junior 
water rights.  
 
In this first phase of the Milton-Freewater AR/ASR assessment, this report focuses on assessing 
select project elements; source water availability and source treatment options.  The City is 
interested in exploring the potential to usd its municipal water rights for the Walla Walla (WW) 
River to divert river water for AR/ASR and potentially delivering it to the City system via the 
existing distribution infrastructure.  The point of diversion may be an in-stream location, a 
shallow induced-infiltration well, or an engineered collection system pumping groundwater in 
direct hydraulic connection with the Walla Walla River.  The suitability of diversion, treatment, 
injection/recovery, and distribution and delivery systems for the preferred and other alternatives 
are ranked in this report and they will be reviewed with the WWBWC and the City to determine 
the path forward.  This report, in conjunction with in-stream flow analysis will be used by the 
WWBWC and the City to determine their preferred path forward.  The goal of this study is to 
provide the City and WWBWC with a clear understanding of the planning-level cost, benefits, 
and development pathway for AR/ASR implementation. 
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 BACKGROUND 

AR/ASR projects in the Columbia Basin typically target Columbia River Basalt Group (CRBG) 
aquifers for drinking water supply or irrigation.  These AR/ASR systems store treated surface 
water or shallow alluvial aquifer groundwater in the deeper CRBG aquifer system to restore 
water levels and/or for later recovery.  Key permitting elements to support OWRD’s decision to 
issue either an AR or ASR limited license and permit (Oregon Administrative Rules 690-350) 
include characterizing the aquifer, identifying users, evaluating potential impacts, determining 
water availability, describing land use and the water rights framework, and characterizing source 
and receiving (groundwater) water quality. 
 
For this phase of the FS, the City is focusing on basic program development plans that focus on 
City infrastructure, diversion options, water quality, water availability, and treatment 
requirements.  The project is organized into four assessment tasks: 
 

• Task 1 – Existing Well, Intake, Treatment, and Distribution Infrastructure. 
• Task 2 – Diversion Options.  
• Task 3 – Water Treatment Alternatives. 
• Task 4 – Water Availability.  

 
This report presents the combined results of the Task 1 and Task 2 assessments.  Task 3 will be 
completed after 2018 winter sampling to characterize water quality in the Walla Walla River. 
Task 4 is scheduled for completion later in 2018.   
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 TASK 1 – INFRASTRUCTURE ASSESSMENT 

The purpose of this task is to develop an AR/ASR implementation plan based on an assessment 
of the City’s infrastructure; municipal supply wells, piping and distribution, waste discharge 
options, diversion locations, and water treatment site availability.  The project team met to 
exchange information and inspect key elements of the City’s water distribution system on 15 
August 2017.  During this meeting the project team inspected on-the-ground well conditions and 
features at Wells #1, #5, #8, and #9. This section summarizes the findings from that visit and 
subsequent document review and uses these to rank the City’s wells for potential future AR/ASR 
use. 
 
3.1 CITY WATER SUPPLY WELLS 

The objective of this section is to discuss the characteristics of the City’s basalt wells. The City 
currently has water rights to eight municipal water wells being considered for recharge 
operations (Figure 1).  Water right details of each well can be found in the City’s Water 
Management and Conservation Plan Update Addendum (Anderson Perry & Associates 2011). 
Wells #1 and #2 are near a former fruit packing/processing plant near the Little Walla Walla 
River diversion.  Wells #3 and #6 are located in the downtown area of the City adjacent to the 
Little Walla Walla River.  Well #5 also is adjacent to the Little Walla Walla, next to a parking lot 
near an industrial warehouse facility.  The Key well is near Well #5, approximately 600 feet to 
the northeast.  Wells #8 and #9 are upstream of downtown.  Well #8 is located at Marie Dorion 
Park on the mainstem Walla Walla River near an old power generating facility.  Well #9 is 
located on top of the bluff slightly north of Well #8.  Additional location details are discussed in 
Section 3.3.1. 
   
The City draws water from seven basalt wells, Wells #1, #2, #3, #5, #6, #8, and #9. Well #8 is 
known to be the least efficient well and also the deepest (Anderson Perry & Associates 2010). 
Well #9 exhibits indications of biofouling and is only used on a limited basis. Table 1 provides a 
summary of well location details. Tables 2 and 3 respectively, tabulate well construction and 
hydrologic information for the City’s wells. Appendix A provides the available water right 
information for each well. Well #4 has been removed and will not be considered below.  
 
The Key well is a former industrial/potable supply well adjacent to a former fruit packing facility 
near City Well #5.   The City acquired this property and well, which is currently unused. The 
Key well originally exhibited a very high specific capacity, which may allow ASR use without 
lowering the pumping water level significantly below the bottom of casing.  The original static 
water level was above the base of casing and if current water levels are similar, then this well 
would have several advantages including; 16” casing dimeter, high specific capacity, proximity 
to the industrial sewer system, and ability to retrofit without disrupting current City supply 
operations. Because this well is not connected to the City’s municipal supply, it has the ability to 
provide non-potable supply for things like industrial use, municipal irrigation, or potentially golf 
course irrigation which could reduce or eliminate a surface water diversion and increase summer 
surface water flows.   
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Table 1 Municipal Well Location Summary 

City 
Well ID 

Well Log 
ID:1  

Well Log 
ID:2 Latitude Longitude 1/4 1/4 1/4 Section Township Range 

Well #1 UMAT3961 
UMAT3960 
UMAT5999 45.93 -118.38  — SW 12 5 35 

Well #2 UMAT3962 — 45.93 -118.39 SE NW 12 5 35 
Well #3 UMAT3930 UMAT3924 45.94 -118.39 NE SE 2 5 35 
Well #5 UMAT3909  — 45.94 -118.39 SW NW 1 5 35 
Well #6 UMAT3923 UMAT 3929 45.94 -118.41 NE SW 2 5 35 

Well #8 UMAT4005 
UMAT4010 

G13488 45.91 -118.37 SW SW 18 5 36 
Well #9 UMAT3965 UMAT51825 45.92 -118.38 SW SE 12 5 35 
Key Well  UMAT3908 — 45.56 -118.23 SW NW 1 5 35 
Notes:                                         
ID:1 = Original well log. 
ID:2 = The second log provided due to well modifications; Wells #1, #3, and #8 were deepened and Well #9 had a liner 
installed. 
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Table 2 Well Construction Details  

City Well 
ID 

Date 
Drilled 

Ground 
Elevation 1 

Total 
Depth 

(ft) 

Casing 
Diameter 
(inches) 

Casing 
Depth 

(ft) 

Seal 
Depth 

(ft) 

Static 
Water 

Level (ft, 
bgs) 

Static 
Water 

Level Date 

Available 
Drawdow

n (ft) 2 

Top of 
Basalt 

(ft) 

Feet of 
Casing 
Below 
Top of 
Basalt 

(ft) 

Well #1 3/1/1938 1066.6 656 12 84 84 235 1998 -151 46 38 
Well #2 10/10/1945 1064.8 902 163 99 99? 225 7/25/2017 -126 70 29 
Well #3 12/28/1946 1010.6 575 16 100 43 173 7/11/2017 -73 40 60 
Well #5 1/1/1936 1001.6 502 12 212 N/A 195 7/18/2017 17 160 52 
Well #6 12/22/1950 983.6 952 12 232 232 257 8/15/2017 -25 55 177 
Well #8 4/14/1965 1168.6 1051 16 480 78 291 1997 189 31 449 
Well #9 6/22/1951 1156.4 870 12 462 290 323 7/18/2017 139 41 421 
Key Well 2/16/1945 1001.6 528 16 109 109 71 12/27/1954 38 92 17 
1Elevation data was obtained from the Oregon Department of Forestry, 10M Digital Elevation Model 
http://jollyroger.science.oregonstate.edu/dem/).  Metadata indicate NAVD88 is the vertical datum. 
2Available drawdown calculation is casing depth (ft below ground surface; ft bgs) minus Static Water Level (ft bgs).  
3Log does not have diameter noted.  However, notes 12-inch pump installed so 16-inch diameter is assumed. 
Notes: 
ft = Feet 
gpm = Gallon(s) per minute 
gpm/ft = Gallon(s) per minute per foot of drawdown 
ID = Identification 
N/A = Not available 
NAVD88 = North American Vertical Datum of 1988 
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Table 3 Hydrogeologic Properties 

City Well 
ID 

Total 
Depth 

(ft) 
Static Water 

Level (ft) 
SWL 
Date 

Flow Rate 
(gpm) 

Pump Test 
Drawdown 

(ft) 
Pump Test 

Date 

Specific 
Capacity 
(gpm/ft) 

Maximum 
Pumping 

Rate1 
(gpm) 

Well #1 656 235 1998 1484 182 N/A 8.2 0 
Well #2 902 225 7/25/2017 1135 88 N/A 12.90 0 
Well #3 575 173 7/11/2017 N/A N/A N/A N/A N/A 
Well #5 502 195 7/18/2017 750 47 1/1/1936 16.0 271 
Well #6 952 257 8/15/2017 1500 145 2/29/1972 10.3 0 
Well #8 1051 291 1997 1529 197 2/2/1970 7.8 1467 
Well #9 870 323 7/18/2017 1501 295 8/17/1951 5.1 707 
Key Well2 528 49 2/16/1945 1550 32 2/16/1945 48.4 1841 
Notes:  
1Maximum pumping rate calculation is specific capacity (gpm/ft) multiplied by available drawdown (ft). Zero 
values are where static water level is below the base of the casing.  
2The pump test conducted was a step-rate test so the last recorded flow rate and water level were used to 
calculate this  specific capacity.  Note – current static water levels and performance need to be confirmed.  
ft = Feet 
gpm = Gallon(s) per minute 
gpm/ft = Gallon(s) per minute per foot of drawdown, at time of test 
ID = Identification 
N/A = Not available  

 
3.2 WELL RANKING CRITERIA 

The City wells were evaluated against a series of screening critieria used to prioritize their 
potential for conversion to recharge operations. These screening criteria include: 
 

• Specific Capacity  

• Well Age 

• Casing Diameter 

• Available Drawdown 

• Waste Discharge Options 

• Top of Basalt 

These are discussed further below. 
  
Specific capacity (SC), expressed in gallons per minute pumped per foot of pumping drawdown 
(gpm/ft-DD), is a measurement of a well’s ability to transmit water in and from the portion of the 
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aquifer system the well intersects.  A higher SC well will allow a larger volume of water to be 
injected and recovered over the same period as a well with lower SC.  

 
 Result: Based on the available pumping rates (typically measured when the well is 

installed), the wells with the highest SC are the Key Well at 48.4 gpm/ft, Well #5 
with 16.0 gpm/ft, Well #2 at 12.9 gpm/ft, and Well #6 at 10.3 gpm/ft (Table 3). The 
maximum pumping rate based on existing data were calculated for each well to 
access long term pumping rates. Well #5 and the Key Well depending on the target 
pumping/injecting rates desired could be good options. The remaining wells either 
have water levels below the casing which make them less desirable or there is not 
enough information to make an evaluation. We recommend conducting an aquifer test 
(Section 6) at any preferred well to assess the current conditions (i.e. specific 
capacity, available drawdown, etc.) to assess long term reliability of the final well 
selected. 
 

Well Age—When converting an existing well to a recharge well, it is important to understand the 
age of the well and construction design. It is generally assumed that newer wells are more likely 
to have compliant well seals; therefore, newer wells are preferred. Regardless, a downhole video 
survey is recommended at each well prior to conversion to recharge use to assess the condition as 
a first step. Plumb/alignment testing may also be indicated to evaluate whehter lowering a pump 
intake or installing downhole flow control is recommended and feasible.  

 
 Result: Well #8 is the newest municipal well installed in 1966 followed by Well #9 in 

1951 and Well #6 in 1950 (Table 2). 
 

Casing Diameter—The diameter of the casing can play a role in how efficiently a well can 
transmit water into or out of an aquifer.  Generally, a larger casing diameter results in a more 
efficient well in which water more easily moves into and out of the well bore.  More importantly, 
conversion to a recharge well will likely require installation of a downhole control valve and 
monitoring conduit, which will increase the diameter of the pump column.  Therefore, larger 
casing diameter is preferred for ease of installation and maintaining maximum rates/volumes 
with properly sized pumping equipment.  The City’s wells vary in diameter from 8 to 16 inches 
(in.) (Table 2).   

 
 Result: Wells #2, #3, #8, and the Key well have 16-inch diameter casing, the largest 

available with the City’s wells. Wells #1, #5, #6, and #9 have 12-in. casing diameters 
so could likely support a system pumping targeting at least 1,000 gpm. 
 

Available Drawdown (ADD)—The ADD is the difference between the bottom of the casing and 
the SWL.  This criterion is used to identify wells that will allow buildup and DD to occur within 
the casing to protect the pumping equipment and limit the potential for cascading water or 
exchange with currently unsaturated permeability. Cascading water and aeration of the water 
column is a common cause of diminished well production as aeration sets up conditions 
promoting biological and sometimes chemical fouling of the well.  Conversely, during injection 
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when water level in a well rises, it is best to avoid a condition where water is exchanged with 
unsaturated fractures. Introducing aerated water to into a previously unsaturated subsurface 
environment has the potential to promote unwanted biological and chemical reactions, and the 
potential for lost water.  The greater the depth of the bottom of casing is below the SWL the 
better chances of avoiding these unwanted conditions. Although it may be possible to conduct 
ASR operations with all water levels below the base of casing, it would require additional 
evaluation to assess the potential for lost water or degraded quality, and the City could see air 
entrained in delivered water.  

 
 Result: Wells #8, #9, #5, and the Key well appear to meet this criterion for SWL 

above the base of casing, though Well #5 only has 17 ft of ADD. It is assumed that 
the intake is set at or below the base of the casing in this location.  If the current SC 
remains near 15 gpm/ft at Well #5, this 17 ft of DD would limit the pumping rate to 
approximately 250 gpm without dropping the PWL below the base of casing.  Well 
#8 has 189 ft of ADD, Well #9 has 139 ft, and the Key well has 38 ft (Table 2).  The 
remaining wells have a SWL that is below the casing, which is not preferred for 
AR/ASR use. Pumping tests are recommended to confirm current well performance 
and static/pumping water levels on the top three candidate wells.  

 
Waste Discharge Options—To test and maintain water quality during ASR operations there are 
periods of time (i.e. pilot testing and backflushing) when water needs to be discharged to waste 
at a high rate. For maintaining well performance, discharge should be at rates higher than the 
injection rate to remove particulate. Even very low turbidity water can have enough particulate to 
cause minor clogging and temporary turbidity load when the pump is turned on.  Particulates and 
oxides that accumulate in the aquifer near the well can be removed by periodic back flushing or a 
planned pump-to-waste period (typically 10 to 30 minutes) and/or on recovery startup.  Even if a 
well is only used for injection, provision for periodic backflushing is needed to maintain 
performance.  
 

 Result: Well #1 has no room for a detention/infiltration basin, but there is an 
industrial sewer that leads to a detention pond near an agricultural processing plant 
that could be used. Wells #3, #,6 and #9 also have access to the industrial sewer and 
Well #9 has a detention pond available about 200 yards south. Well #5 is located in a 
parking lot next to an industrial facility adjacent to the Little Walla Walla River.  
Well #5 may be able to discharge to the Little Walla Walla River with an NPDES 
permit, or surface infiltration on the vacant land north of the adjacent buildings could 
be a viable alternative.  If discharge to the Little Walla Walla River is pursued, it may 
be necessary to install temporary settling/clarification tanks prior to direct discharge 
for testing phases. For this study, we have assumed that the Key well has the same 
waste discharge options as Well #5 as they are located approximately 600 ft apart. 
There is no disposal option currently at Well #8 in Marie Dorion Park.  Direct 
discharge may not be a good option due to the presence of listed species in the Walla 
Walla River, and the City prefers to leave the park footprint unaltered. It is however 
possible to pump waste discharge to the top of the adjacent bluff (roughly 100 feet of 
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lift) where a detention facility could be constructed on City-owned land. Locations 
are prioritized with respect to discharge options as follows: 

o Wells # 1, #3, #6, and #9 based on industrial sewer access. 
o Well #5 and the Key Well 
o Well #6 
o Well #2 

 
It is also important to consider the following: 
 
Top of Basalt—A potential candidate AR/ASR well needs to have penetrated sufficiently deep 
into the basalt aquifer system to limit the potential for water to escape into the overlying alluvial 
aquifer during recharge.  Based on our examination of other wells in the Walla Walla Basin, a 
well that is reported to have penetrated at least 75 ft into basalt has typically intersected at least 
one water bearing interval and will have limited connection to the overlying alluvial aquifer 
system. 

 
Result:  All wells have penetrated into at least 75 ft of basalt.   

 
3.2.1 Known Well Issues  

In addition to the criteria summarized above, the project team talked to City staff, and reviewed 
available records, to glean additional insights into known well issues that might affect AR/ASR 
operations. These issues include the following: 
 

• The City’s wells provide good water quality, but the City has experienced entrained air 
problems in several of its wells.  Over the years, Wells #2, #3, #5, and #6 have had air 
problems that have been resolved using different techniques (Anderson Perry & 
Associates, 2010).  Well #1 is the oldest City well and has had air entrainment issues in 
the past but issues have been resolved by discharging water into the reservoir and letting 
air off-gas.   It is possible that this condition would be mitigated by AR/ASR if static and 
pumping water levels shifted up.  While this has been successfully applied to some basalt 
wells in the region, it is not always successful.   
 

• The Key was identified after the site visit, and conditions other than documented on the 
original well log are unknown.  

 
• Well #6 is crooked and has had problems with equipment down the hole during repairs in 

recent years (Anderson Perry & Associates 2010). Problems such as this commonly 
inhibit, if not totally prevent, successful installation of necessary injection/recovery 
infrastructure. 

 
• Well #9 is reported to be biofouled and it has not been used for municipal drinking water 

supply for several years.  Prior to using this well for AR/ASR operations a well condition 
assessment and rehabilitation should be completed. If successful, rehabilitation has the 
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benefit of bringing a stranded water supply asset back online for the City. Well #8 is not 
generally used due to the relatively low pumping rate, lift, and efficiency, compared to 
the other City wells.  This does not make it a poor candidate for ASR, though it would 
not provide the same storage volume as other locations and site development costs are 
likely to be high relative to others.  

No other well issues were identified at this phase of the feasibility study. 

3.2.2 Well Accessibility  

Accessibility also is an important consideration when looking at the use of an existing well for 
AR/ASR operations. Because conversion of an existing well to AR/ASR operation usually 
requires in-well and well head modification, the site needs to be accessible enough to allow the 
modification work and accommodate new surface infrastructure. Based on that: 

• Well #1 is next to the fire station in a residential area with a very small well house but
with good access on three sides (Appendix B).

• Well #8 at the north end of Marie Dorion Park has no roof hatch but the City indicated
the roof was designed to be removed for maintenance.

• Well #9 sits on top of the bluff overlooking the Walla Walla River.  Well #9 is a pitless
well located outside the well house but the infrastructure inside the well house is complex
due to a system intertie. However, but it appears there is adequate room for recharge loop
retrofit.

• Well #6 was not visited but it is far from the Little Walla Walla River (making source
conveyance an expensive component of development) and not in the target pressure zone.
If it is determined that Well #6 or another well is an appropriate alternative, it is
recommended to obtain site photographs and potentially conduct another site visit.

3.2.3 Well Ranking Matrix 

Each well was ranked most suitable for AR/ASR operations (ranked number [No.] 1) to worst 
(ranked No. 4 to No. 8 depending on duplicate values) for each category; SC, well age, casing 
diameter, ADD, waste discharge options, and known well issues.  The lower the individual and 
total number, the more suitable the location is for an AR/ASR system. Table 4 lists the results of 
the well-by-well ranking.  
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Table 4 Well Ranking Matrix  

 
City 

Well ID 
Specific 
Capacity 

Well 
Age 

1 
Casing 

Diameter 2 
Available 

Drawdown 3 

Waste 
Discharge 
Options 4 

Known Well 
Issues 5 Total 

Well 
Rank 

Well #8 6 1 1 1 3 1 13 1 

Key Well 1 3 1 2 3 4 14 2 

Well #5 2 4 2 2 6 3 1 14 2 
Well #2 3 3 1 4 6 3 1 15 3 
Well #9 7 2 2 1 1 2 15 3 
Well #1 5 4 2 4 6 1 1 15 3 
Well #6 4 2 2 3 6 1 3 17 4 
Well #3 8 3 1 4 6 1 1 18 5 
Notes: 
Ranking is based on 1 is most suitable for AR/ASR, 7 is least suitable. If there was not data available (N/A) then 
the parameter automatically received the highest number in that category. In the case of a tie, some wells had the 
same ranking. 
1Age is grouped by decade starting with 1960 as the most recently drilled with the highest ranking of 1 (1960s) 
to 5 (1920s). 
2Casing ranking is grouped by diameter; the largest diameter has the highest rank of 1 (16 inches), 2 (12 inches) 
and 3 (8 inches). 
3Available drawdown (ADD) is ranked by; 1 = +100ft ADD, 2 = 0 to 100ft ADD, 3 = 0 to -50ft ADD, and 4 = 
>-50ft ADD. 
4Waste Discharge Options are ranked; 1 = Assumed relatively easy to connect to industrial sewer, 2 = Assess to 
nearby detention or infiltration pond, 3 = Significant infrastructure required, and 4 = Unknown. 
5Known Well Issues are ranked; 1 = No known issues preventing AR/ASR development, 2 = Condition that 
requires further assessment, and 3 = Known prohibitive condition. 
6The static water level is below the bottom of casing. 
 

 
Based on the well-by-well review; Wells #8,  #5 and the Key well are initially interpreted to 
potentially be the most suitable for demonstration recharge testing based on available 
information.  It appears that with likely good access, proximity to source, disposal options, 
specific capacity, and diameter, these wells could be converted for testing for the lowest potential 
cost. However, cumulative project implementation costs were not developed for each well, and if 
that were included as a ranking criteria, Well #8 would likely drop much lower on this list.  The 
park does not appear to be a good candidate for river bank filtration (RBF), and therefore design, 
permitting, and construction costs of a new intake and fish screen, infrastructure to move water 
up and down the adjacent bluf would combine with the relatively low recharge and pumping 
rates to produce a low $/gallon stored ratio. At Well #5 the relatively low test well development 
cost would offset the potential risk of entrainment issues associated with limited available 
drawdown. However, these same potential issues exist with Well #5’s current use as a supply 
well. Whether Well #5 or the Key well are also the best choice for long-term (permanent) 
AR/ASR operations depends on the City’s final approach to source treatment (centralized vs. 
onsite) and access to adjacent property for construcation/installation of a permanent filtration 



EA Project No.:   1556301 
Version:  Final  

Page 18 
EA Engineering, Science, and Technology, Inc., PBC May 2018 

Milton-Freewater, Oregon Aquifer Storage and Recovery 
Feasibility Study Phase 1 

facility.  An advantage of investigating the Key well is that it could be developed without 
interruption of service from Well #5.  

Wells #2, #9, and #1 were ranked third. Wells #2 and #9 have distinct advantages, though access 
and discharge options at Well #2 are less understood.  Well #9 has the advanage of reviving a 
stranded asset if the well is successfully reconditioned as part of an ASR testing program, and 
water stored at that location could be delivered to both the the City’s pressure zones. These 
conclusions will be require further well investigation to confirm conditions, and will be paired 
with development costs at the end of Section 4, which will focus on the top three ranked wells. 
Addtional comments and thoughts bout these, and the other City wells, are listed in Table 5. 

Table 5 Well Ranking Summary 

Well
Rank Comments/Issues 

City 
Well ID 

Well #8 1 

Good access and adjacent to source.  Cost not yet factored into ranking.  Intake from 
river level and then pumping waste to top of bluff likely to result in significantly higher 
development costs at this location.  Water treatment plant could be located in parking 

lot for ASR testing, though would need to be constructed on city property on bluff 
above park for permanent facility.  

Well #5 2 
Good access and adjacent to source. Discharge: presence of onsite industrial sewer 

needs to be confirmed.  ASR with PWL below base of casing would be necessary - risk 
of cascading water.  Easement/access for permanent treatment system not evaluated.  

Key well 2 
Good access and adjacent to source. Discharge: presence of onsite industrial sewer 

needs to be confirmed.  ASR with PWL below base of casing would be necessary - risk 
of cascading water.  Easement/access for permanent treatment system not evaluated.  

Well #2 3 

Current well performance, casing depth, static and pumping water levels are unknown 
however the pump was pulled in 2017 and well videoed. This well may be a viable 
option though 1) additional information is needed and 2) the well is not close to an 

existing WW River reach or canal so conveyance of treated water would be a relatively 
high cost.  

Well #9 3 
AR/ASR at well #9 has several advantages: pressure zones are connected at this 

location, proximity to a reservoir, and a detention facility. Would require new intake, 
lift station, and raw water pipeline for onsite treatment.  

Well #1 3 Old well, condition and seal assessment needed.  SWL below casing.  Would require 
new intake and raw water pipeline for onsite treatment. 

Well #6 4 Limited discharge options and reported to be crooked borehole. 
Well #3 5 Low specific capacity, limited discharge options, SWL below casing. 



EA Project No.:   1556301 
Version:  Final  

 Page 19 
EA Engineering, Science, and Technology, Inc., PBC May 2018 
 

Milton-Freewater, Oregon  Aquifer Storage and Recovery  
 Feasibility Study Phase 1  

 ENGINEERING PROJECT DEVELOPMENT PLAN 

4.1 AR/ASR INFRASTRUCTURE NEEDS 

4.1.1 General Requirements 

To develop a successful and operational AR/ASR system, both for initial pilot 
testing/demonstration and permanent long-term operation, there a number of water system 
infrastructure requirements that must be addressed, including: 
 

• Water Source for Recharge—A source of available water during the low water demand 
and high streamflow season, generally November to April, to inject for storage in the 
AR/ASR wells.  In most cases, this water is from a nearby surface water body (river or 
stream).  If an existing surface water intake does not exist, then this infrastructure must 
be constructed to allow for legal diversion of the water from the surface water body. 
 

• Water Treatment—The water injected into the AR/ASR well must be treated to state and 
federal drinking water standards.  For a surface water source, treatment will consist of a 
form of filtration and disinfection. When the project is ASR and drinking water is 
involved, the Oregon Health Authority will require that municipal treatment techniques 
are applied prior to injection.  If the project is intended for aquifer recharge only, then 
there is more flexibility on treatment methods, though the criteria and objectives remain 
the same.   
 

• Wellhead Modifications—For demonstration testing, and often for full-scale AR/ASR 
implementation, the most cost-effective system uses existing groundwater wells for 
recharge and recovery.  Modifications to the wellhead facilities are often required to 
facilitate and control recharge of water down the well, to support the monitoring and 
reporting requirements of the permit, and improvements to allow for frequent back-
flushing of the well and discharge of water through a pump-to-waste system. If 
significant automation, variable flow mechanisms, or automated valving is installed, 
these upgrades can sometimes require electrical system improvements and/or wellhouse 
modifications.  
 

• Recharge Water Conveyance—Except in rare cases, the location of the surface water 
intake is not adjacent to the AR/ASR wellhead.  In this case, either raw water conveyance 
from the intake to the treatment facility at the wellhead and/or finished water 
transmission piping from the treatment facility to the wellhead will be required. 

 
4.1.2 Criteria for Concept Development 

To define the configuration and magnitude of improvements to address the four components 
previously described, basic criteria and parameters for demonstration testing, and 
implementation of a multi-well AR/ASR system are defined in Table 5.  Further discussion of 
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these criteria and required improvements for demonstration testing and demonstration and full-
scale multi-well AR/ASR operation are discussed in greater detail in sections 4.2.1 and 4.2.2.  
 
For this phase of the feasibility study, we have identified two phases of ASR development: 
demonstration testing and full-scale.   Demonstration testing (sometimes called pilot testing) is 
conducted under a limited license and in many ways, represents the final phase of a feasibility 
study – proof of concept that water quality will not be impaired, and the recharge/recovery 
operations will not impair groundwater or surface water resources, other users, or senior water 
rights.  Demonstration testing may occur with temporary controls and equipment to limit design 
and construction expenditure prior to final proof of concept.  However, all other aspects of the 
system (source water, treatment approach, well location, rates, volumes, duration) may be 
identical to a permanent (referred to as “full scale” below) system.  Conversely, the project 
development approaches may differ significantly: a demonstration test location would benefit 
significantly from proximity to source because treatment is likely to be at the wellhead and this 
would limit conveyance cost. For a permanent or full-scale system that relies on centralized 
treatment (a new WTP using the existing piping network to convey water to the AR/ASR wells) 
then proximity to the source is not a cost factor in assessing feasibility.  
 

Table 6 Aquifer Storage and Recovery Concept Design Criteria 
Parameter Demonstration Testing Full-Scale AR/ASR 

Number of wells 1 1 or more wells 
Recharge water supply rate1 < 2 mgd Up to 5.5 mgd 
Treatment Targets Federal and State SDWA standards Federal and State SDWA standards 

Wellhead improvements 

Flow metering – recharge and 
recovery 

Flow metering – recharge and 
recovery 

PTW – Discharge pumping rate for 
15 minutes 

PTW – Discharge pumping rate for 
15 minutes 

Recharge rate flow control 
(throttling capability) 

Recharge rate flow control 
(automated valving and controls) 

1 Recharge water supply rate based on 75% of the current discharge rate of the largest well for demonstration 
testing and 75% of the City’s future peak daily demand for full-scale AR/ASR operation. 
Notes: 
mgd = Million gallon(s) per day 
PTW = Pump to waste 
SDWA = Safe Drinking Water Act  

 
4.1.3 Water Source for Recharge Supply 

The Walla Walla River served as the historical source of drinking water for the City. However, 
all of the infrastructure associated with this supply source has been abandoned and/or removed. 
Because the City of Milton-Freewater’s drinking water supply is from seven active groundwater 
wells located throughout the City recharge water supply from the Walla Walla River will require 
the construction of new water intake facilities. The City also holds municipal water rights for 
surface water supply from the Walla Walla River.   
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Potential Surface Water Intake Locations 
 
Based on discussion with City and WWBWC staff, three locations for siting of surface water 
intake facilities are considered for this phase of the feasibility study: 
 

1. Marie Dorion Park (site of the historical river intake and surface water treatment 
facility)—A dam at this location provided grade control associated with the historical 
drinking water intake and hydroelectric power generation facilities at this location.  The 
dam has since been removed limiting the opportunity for a traditional streambank or in-
river diversion at this location.  Based on the presence of a sand and gravel streambank 
below the flood protection wall at the Park, there appears to be good potential for RBF or 
streambed filtration at this location. However, historic land use at this location creates 
uncertainty with respect to subsurface conditions and further exploration is not 
recommended at this time. This potential intake location is located near Well #8 but is 
more than one mile from other City water system infrastructure. Because of land use 
restrictions at Marie Dorion Park, the water would need to be conveyed from the river to 
the top of the adjacent bluff for treatment (where permanent facilities could be 
constructed) then back downhill to recharge at well #8, or perhaps along the top of the 
bluff to Well #9.   
 

2. At the Bonneville Power Administration funded Little Walla Walla River diversion 
immediately downstream of Cemetery Bridge— The 220 cfs intake is a modern 
diversion constructed with automated traveling fish screens and flow regulating and 
monitoring equipment.  This diversion is located within a half mile of the City’s Wells #1 
and #2, and water can be either piped from this location to a City main or diverted to 
locations closer to supply wells through the Little Walla Walla River.  Any new 
mainstem intake would focus on this location to manage very high design, permitting, 
and construction costs of a new intake.  
  

3. City owned properties adjacent to the Little Walla Walla River—Flow from the Walla 
Walla River is diverted into the Little Walla Walla River at the location described in 
Option 2.  The Little Walla Walla River flows north through the City to near NE 8th 
Street where a control structure splits flow into three separate channels: East Little Walla 
Walla River, West Little Walla Walla River, and Hudson Bay Canal.  This section of the 
Little Walla Walla River through the City is generally classified today as irrigation water 
conveyance channels.  As such, it is anticipated that permitting a new intake should be 
streamlined relative to the Walla Walla River where the presence of fish species will 
influence approach. Further, the Little Walla Walla River runs adjacent to the Well #5 
and the Key well site and is close to Wells #1, #2, and #3.    
 

A summary of the pros/cons of each of these options is tabulated in Table 6. 
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Table 6 Comparison of Intake Location Options 

Intake 
Location 

Proximity  
to Existing Well  

for 
Demonstration 

Testing 

Proximity to Existing 
Wells for Full 

AR/ASR 
Ease of Intake 

Permitting 
Ease of 

Water Right 
Ease of Intake 

Design/ Operation 
1 High1 Low Low High Low 
2 Medium Medium2 High3 Medium High 
3 High High High Low4 High 

1 – An intake at this location feeding a WTP above Well #8 could conceivable serve both wells #8 and #9.  
2 – This improves to “high” if the concept is centralized treatment near the intake, and treated water is 
distributed to wells through the existing conveyance piping.  
3 – High because a permitted structure and fish screen already exists at this location.  Access to the site and an 
easement for construction a pump station has not been evaluated.  
4- Diversion of winter flows from the mainstem to the Little Walla Walla for the purpose of recharge has not 
been evaluated and requires additional examination.  

 
As Table 6 illustrates, Option 2 and Option 3 best meet the criteria identified for comparison.  
Option 3 is well suited to a phased implementation of demonstration testing followed by a staged 
development of additional AR/ASR at other City wells using either similar near-well onsite 
treatment or a centralized treatment facility.  For this study, Option 3 is the preferred option, 
particularly for demonstration testing, and will serve as the basis for developing a concept design 
and preliminary cost estimates for the intake, treatment, wellhead, and conveyance components. 
However, the ability of the irrigation district to operate the diversion in winter (and the 
acceptability of that action to other watershed stakeholders) needs further evaluation.    
 
4.1.4 Surface Water Treatment for Recharge 

There are four primary approaches available to the City for treating the Walla Walla River 
surface water for AR/ASR recharge.  The City’s 2009 Water System Master Plan (Anderson 
Perry, 2010) includes a detailed discussion of the four treatment technology approaches, 
including: 
 

• Slow sand filtration. 
• Conventional rapid sand filtration. 
• Packaged treatment units. 
• Membrane filtration. 
• RBF/MAR (managed aquifer recharge) 

 
The findings of that analysis relative to water for AR/ASR recharge are summarized below. 

 
Slow sand filtration is a low cost and low technology option for the City but would require a 
large land area to implement.  Typical slow sand filter loading rates are in the range of 100 
gallons per day per square foot.  For demonstration testing at up to 2 million gallons per day 
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(mgd), this would require 20,000 square ft of filter surface area.  For permanent recharge 
operations, high turbidity levels in the treated water can be a concern as high turbidity levels can 
result in well clogging.  Slow sand filtration is unlikely to be able to produce acceptable turbidity 
levels (less than 1 nephelometric turbidity unit [NTU]) through the recharge season when river 
turbidity levels are typically quite high (more than 100 NTUs).  For these reasons, slow sand 
filtration is not further considered as a viable treatment technology for injection into wells for 
this project.  
 
Custom designed and built conventional rapid sand filtration water plants have the 
advantage of being highly customizable with custom-designed unit treatment processes to 
address a broad range of water quality issues to produce high quality finished potable water.  The 
disadvantages of this treatment method include high capital and operation and maintenance 
(O&M) costs, complex operation requiring highly qualified and certified experience operations 
staff, and development of systems for handling and disposal of treatment process residuals. 
  
Packaged water treatment systems are available from multiple manufacturers.  Like custom 
conventional rapid sand filtration, these package treatment systems typically include some form 
of sedimentation, coagulation, flocculation and filtration.  The primary advantage of these 
systems over a custom conventional rapid sand filtration is that many packaged systems are 
designed to provide similar water quality in a smaller footprint with less operation complexity.  
This approach may be the most applicable for efficient setup of a demonstration test program at 
the first well location.  Similar modular packaged treatment facilities could then be acquired and 
sited for each future AR/ASR well in a multi-well system.  Selection of an appropriate packaged 
treatment system would require additional investigation to confirm the appropriate unit processes 
and filtration media to meet the water quality goals. 
 
Membrane filtration systems have a relatively small footprint, less operational complexity and 
competitive capital and O&M costs relative to the other treatment technologies presented.  
Similar to a packaged treatment system, membrane filtration systems are somewhat modular 
allowing for multiple installations at strategic sites in close proximity to an intake or well.  In 
order to achieve acceptable water quality for effective membrane operation, it is likely that a  
pre-treatment system will be required.  An automatic filter/screen system installed upstream of 
the membrane filters would likely be adequate to reduce the turbidity and concentration of 
suspended solids in the raw water to acceptable levels to avoid membrane fouling. 
Both membrane filtration and a packaged treatment system present the greatest opportunity for 
implementation to support demonstration testing and flexibility in adaptation to a full-scale 
multi-well AR/ASR system.  For the purpose of this study, membrane filtration is the preferred 
option and will serve as the basis for developing a concept design and preliminary cost estimates 
for the intake, treatment, wellhead, and conveyance components.  Further investigation and 
treatment system pilot testing will be required before full-scale implementation for production of 
water for AR/ASR recharge. 
 
RBF/MAR both have the potential to either treat raw surface water sufficiently to be used for 
direct recharge to the basalt aquifer, or to pre-treat the water (through reduction in turbidity) 
sufficiently to lower primary treatment costs.  One of the key advantages to both methods is that 
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they eliminate the need to comply with OHA treatment technique requirements that are in effect 
when water is removed from a surface water supply and piped directly to a well.   If a land 
application or induced infiltration step is inserted between the raw surface water source and the 
pipeline to the well, then achieving measurable water quality criteria drives the treatment process 
rather than managing long term risk to human health from possible contaminants. The physical 
conditions needed to support RBF at Marie Dorion Park appear to exist, though further 
exploration is not recommended due to historic land use nearby.   
 
MAR using the well-known shallow alluvial aquifer system has potential to be a key component 
in the City’s ASR treatment approach. One concept is to land apply raw surface water for 
infiltration, then recover the infiltrate with an alluvial well or wells after it has been 
filtered/polished in the subsurface. Because the shallow alluvial aquifer has the potential to have 
been impacted by surface contamination, a pumping well has the potential to produce impacted 
groundwater if not carefully sited and operated. One concept for consideration would be to 
surround the alluvial recovery well with infiltration basins or trenches, and then pump the well at 
rates designed to manage gradients to prevent capture of potentially impacted groundwater. If 
sufficient land and subsurface conditions are available, an MAR/Recovery treatment system has 
the potential to supply winter water to more than one deep ASR well.  This option would require 
significant surface area of suitable land near the ASR well to limit conveyance costs.  In 
addition, site characterization is necessary prior to design to assess subsurface conditions. 
Consequently, this option will not be carried forward unless the City identifies a parcel suitable 
for acquisition and exploration.   
 
4.1.5 Wellhead Improvements 

To begin AR/ASR operations at an existing municipal groundwater supply well, there are a 
number of important improvements that must be made to manage recharge and to meet the 
monitoring/reporting requirements of an AR/ASR Limited License.  A brief description of these 
items is presented below: 
 

• Bi-directional flow metering—Each AR/ASR wellhead must include flow monitoring to 
accurately measure the rate and volume of water for both recharge and recovery.  
Recharge and recovery are typically transmitted through a common main at the wellhead, 
so a bi-directional flow meter is needed to measure these flows.  A bi-directional flow 
meter is typically installed for this purpose.  Existing flow meters at the wellhead or 
located adjacent in a vault would be replaced to achieve this requirement. 
 

• Dedicated pump-to-waste piping—Most of the City’s existing wells are configured with 
deep well pump control valves that pump-to-waste at pump startup, primarily to 
managing hydraulic transients (surge events).  In addition to this pump and distribution 
system protection, the ability to periodically operate the pump during the recharge and 
storage to cycles for backflushing of the aquifer is a critical function for AR/ASR.  To 
achieve this, dedicated automated valving to allow for pump-to-waste operations is 
needed.  This is generally achieved through the addition of a second globe style control 
valve and branch line that discharges to atmosphere separate from the pump control valve 
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which closes shortly after pump startup.  Installation of a dedicated pump-to-waste tee 
and control valve can be accommodated at each of the wells.  Reconfiguration of the 
wellhead discharge header will be required for most wells for this purpose and for 
installation of recharge flow control valving. 
 

• Pump-to-waste discharge—The volume of water generated during a backflushing event 
is far greater than the water discharged during a normal pump startup.  Onsite detention 
facilities, or discharge to a storm or sewer conveyance system with adequate capacity is 
needed.  Based on the capacity of the City’s wells, a rate of up to 2 mgd for a duration of 
15 minutes is a good planning target.  Several of the City’s wells are in close proximity to 
an existing industrial sewer collection system that runs through the City.  It is assumed 
that conveyance of pump-to-waste water to this system can be accomplished at most of 
the City wells and that onsite detention will not be required except at wells #8 and #9. 
 

• Recharge Flow Control—Valving to achieve a constant recharge rate into the well is 
required.  This is typically achieved through the installation of a hydraulically operated 
globe style flow control valve located on the recharge loop that bypasses the pump 
control valve.  As with the pump-to-waste system, this improvement will require 
reconfiguration of the wellhead discharge piping but with the possible exception of well 
#1, there appears to be adequate space within the well houses visited to accommodate 
this. 
 

Based on our site visit to several of the City wells, it appears that major modification of the well 
discharge piping will be required to accomplish all of the improvements described above, but 
these modifications have been completed successfully at other projects with wells of a similar 
age and there are no apparent fatal flaws to accomplishing these improvements within the 
confines of the site and well house at each of the City’s wells. 
 
4.1.6 Recharge Water Conveyance 

Based on the AR/ASR demonstration and full-scale expansion concepts described in this section 
(near-well diversion and wellhead treatment) limited conveyance of raw or finished water is 
anticipated.  For flows up to 2 mgd, a 12-in. diameter main between the intake and treatment 
facilities, and between the treatment facilities and wellhead is recommended.  Based on the 
specific flow rates anticipated, this pipe size recommendation should be refined during final 
design as there may be opportunity to reduce the diameter to an 8-in. diameter main. 
 
4.2 DEVELOPMENT PROCESS 

A discussion of the major steps required to develop the infrastructure needed to implement an 
AR/ASR program at the demonstration testing phase and for full-scale development is presented 
below.  A demonstration project is assumed at Well #5, and full-scale development is assumed to 
expand the system to five wells.  This section also presents a duration for each component of 
implementation and planning level project cost estimates for demonstration testing. 
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4.2.1 Pilot Testing 

Based on the analysis presented above, from the perspective of infrastructure needs to support 
AR/ASR demonstration testing, Well #5 is the most viable.  The proximity to the Little Walla 
Walla River and adequate space onsite for siting treatment facilities are major factors.  A 
timeline for completing the improvements required to start demonstration testing at Well #5 
include:  

 
• Recharge Water Intake Siting and Permitting (5 months). At Well #5 and the Key well, 

siting and permitting of a new surface water intake is expected to be very straightforward 
assuming that each of the regulatory agencies involved in the review and approval of a 
surface water intake concur that this stretch of the Little Walla Walla River is in fact 
irrigation conveyance channel.  If this is not the case, a duration of 12 months or longer 
should be expected, with significant restrictions placed on the configuration and 
operation of the intake.  A simple intake design is anticipated for this site, consisting of a 
skid-mount pump and removable above ground suction pipe to the canal.  A coarse fish 
screen would be on the pump suction pipe in the Little Walla Walla River.  The piping 
and screen could be removed during periods when recharge is halted. 
   

• Water Treatment Technology Selection (4 months). Selection of the appropriate water 
treatment technology should be confirmed through a scaled demonstration testing 
program.  Pilot testing should be conducted with the selected treatment technology for at 
least 2 months during the period with the greatest degradation of raw water quality.  This 
will typically be in the spring season when Walla Walla River flows are high due to 
spring rain events.  This task could be completed concurrently with the recharge water 
intake permitting.  A membrane treatment configuration would consist of a package 
membrane treatment system, skid mounted, and installed in a treatment building.  In 
addition, pre-treatment would consist of automatic filter screens to reduce turbidity and 
remove coarse sediment to protect the filters. 
    

• Improvement Design (4 months). Once the previous two tasks are complete, design of 
the intake, treatment system, and wellhead improvements can commence. 
   

• Construction (9–12 months). Construction of the designed improvements is anticipated 
to take approximately 9 to 12 months depending on lead-times for treatment equipment, 
seasonal regulatory restrictions on in-water work, and seasonal City constraints to taking 
the well out-of-service. 
  

• Total Duration to prepare for Demonstration Testing (18–25 months).  
While it may be possible to implement a less-robust pilot system in a shorter duration, the 
proposed implementation program presented herein provides the City with the best 
opportunity for seamless operation and minimal operational hurdles.  In addition, if 
demonstration testing proves that AR/ASR can effectively be implemented on a full-
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scale, this demonstration operation will serve as the foundation of the full-scale AR/ASR 
system without the need for further improvements. 
 

Permitting tasks are not included in this timeline.  Early phases of AR/ASR permitting generally 
occur prior to beginning design and construction, while the remainder occur as the demonstration 
project evolves and additional information is developed.   The initial phases of permitting to 
acquire regulatory concurrence on the project framework would add roughly 6-months to the 
total duration of the and would generally add 6 months to the project duration, and the first phase 
of demonstration testing another 6 to 12 months.  

   
4.3 MULTI-WELL AQUIFER STORAGE AND RECOVERY SYSTEM 

The timeline presented above reflects the typical timeline for engineering design and 
construction implementation of AR/ASR at additional wells in the City system.  It should be 
anticipated that a phased implementation of AR/ASR expansion could be achieved through the 
development of one additional well every 2 years.  This assumes separate intakes on the Little 
Walla Walla River and development of satellite treatment facilities.  There may be opportunity to 
develop a single intake and treatment facility to serve two nearby wells, such as Well #1 and 
Well #2, reducing overall development cost and duration. 
 
4.4 DEMONSTRATION TESTING PROGRAM DEVELOPMENT – PLANNING 

LEVEL PROJECT COST ESTIMATE  

An estimated project cost has been developed based on the project design parameters.  Cost 
estimates represent opinions of cost only, acknowledging that final costs of the project will vary 
depending on actual labor and material costs; market conditions for construction; regulatory 
factors; final project scope; project schedule; and other factors.  The Association for the 
Advancement of Cost Engineering International classifies cost estimates depending on project 
definition, end usage and other factors.  The cost estimates presented here are considered Class 5 
with an end use being concept screening and an expected accuracy range of -40 percent to +80 
percent.  As the project is better defined, the accuracy level of the estimates can be narrowed.   
 
Table 7 presents a planning level project cost estimate for development of the infrastructure to 
support an AR/ASR demonstration testing program at the City’s Well #5, assuming a 2 MGD 
recharge rate, which may be suitable to supply two ASR wells. Table 8 presents a planning level 
project cost estimate for the same system at a 1 MGD recharge rate.  It is assumed that the Key 
well and Well #5 have similar development costs, though a physical inspection of the Key well is 
needed to confirm condition and infrastructure needs. 
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Table 7 Planning Level Project Cost Estimate  
Well #5/Key Well AR/ASR Demonstration Testing Improvements at 2MGD Recharge 

Capacity 
 

Item Estimated Cost 
Recharge Water Intake $ 150,000  
Water Treatment $3,900,000 
Wellhead Improvements $180,000 

Subtotal - Construction $4,230,000 
Engineering (20%) $850,000 
Non-ASR Permitting and 
Administration (5%) 

$200,000 

Contingency (20%) $850,000 
ASR Permitting and Aquifer Testing $275,000 

Total $6,405,000 
 
 
 

Table 8 Planning Level Project Cost Estimate  
Well #5/Key Well AR/ASR Demonstration Testing Improvements at 1 MGD Recharge 

Capacity 
 

Item Estimated Cost 
Recharge Water Intake $ 150,000  
Water Treatment $2,100,000 
Wellhead Improvements $150,000 

Subtotal - Construction $2,400,000 
Engineering (20%) $480,000 
Non-ASR Permitting and 
Administration (5%) 

$120,000 

Contingency (20%) $480,000 
ASR Permitting and Aquifer Testing $275,000 

Total $3,755,000 
 
 
An alternative to both treatment and disposal for both the Key and #5 well locations would be to 
utilize vacant land north of the adjacent warehouse. The concept would be to pump water from 
the little Walla Walla River (either directly or through river-adjacent induced infiltration), and 
polish that water through infiltration into the shallow alluvial aquifer.  That water could then be 
captured by a new alluvial well or wells and then delivered directly to the Key well or Well #5, 
perhaps without additional treatment.  The same infiltration basin could be used to manage waste 
discharge and recycle the produced water once turbidity is removed and could be sized to supply 
multiple ASR wells. If this treatment/discharge management option is pursued, the following 
elements would need to be further defined: 
 

1. Land availability and acquisition costs.  
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2. An environmental assessment of this site and characterization of soil and shallow 
groundwater conditions.  

3. A monitoring system 

4. Design and construction costs for the intake or infiltration system, infiltration basin, 
alluvial recovery system, and conveyance to/from the Key and Well #5 locations.   

 
To be consistent with planning-level cost estimating for other treatment alternatives, this concept 
is preliminarily developed in Table 9.  
 
 

Table 9 Planning Level Project Cost Estimate  
Well #5/Key Well AR/ASR Demonstration Testing Improvements 

MAR System (1 mgd capacity) 
 

Item Estimated Cost 
Recharge Water Intake $ 150,000  
Basin Construction $100,000 
Alluvial Capture Well (well, wellhouse, pumping, mechanical and 
electrical systems) 

$750,000 

Conveyance Piping $150,000 
Disinfection $50,000 
Wellhead Improvements $150,000 

Subtotal - Construction $1,350,000 
Land Acquisition $1,000,000 
Site Characterization (soil sampling, 3 monitoring wells, GW 
sampling, write-up) 

$75,000 

Non-ASR Permitting and Administration (5%) $70,000 
Engineering (20%) $270,000 
Contingency (20%) $270,000 
ASR Permitting and Aquifer Testing $275,000 

Total $3,310,000 
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 CONCLUSION 

Based on the physical ranking and known existing conditions, Well #5 and the Key well are the 
most viable AR/ASR wells but there are trade-offs associated with each. Well #5 has limited 
ADD (17 ft) and the Key well has a limited ADD (38 ft) but are adjacent to the Little Walla 
Walla River and are downstream of the diversion point. Therefore, one of these two wells are 
likely to be the best location for demonstration testing.   
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 RECOMMEDATIONS  

Recommendations at this phase of the project involve developing a scope of work (for the next 
phase of the feasibility study) to address the primary uncertainties surrounding demonstration 
project development at Well #5/Key well. These include: 
 

1. Well Condition Assessment, including: 

a. Specific Capacity Test (last measured 1936) 

b. Aquifer test to assess reservoir size, response, and recharge area of influence 

c. Video survey to observe casing condition, well depth, evidence of seal, storage 
intervals (if evident), assess risk of cascading water, assess stability of pump 
intake location, and biological activity.   

2. Confirm presence, distance, and hydraulic carrying capacity of industrial sewer for waste 
discharge connection.  Confirm feasibility of discharge to sanitary sewer for 
demonstration testing, and develop a detailed cost estimate for well improvements and 
connections.   

3. Confirm feasibility of adding a point of diversion to the City’s surface water right 
adjacent to Well #5, and diverting a portion of the mainstem flow into the Little Walla 
Walla River.  

4. Consult with agencies to evaluate the viability of a direct intake adjacent to Well #5 in 
the Little Walla Walla River.  

5. Confirm that the City wishes to develop an ASR project vs. an AR project.  If ASR, 
consult with OWRD and OHA to ensure that the preferred treatment method for 
demonstration testing will satisfy OHA’s treatment technique requirements, then develop 
a detailed design and construction cost estimate for source appropriation and conveyance.  

6. Finalize design elements (power regeneration, recharge flow control, automation, power, 
logic controller(s), etc. to finalize construction cost estimates.  

7. Develop an ASR permitting flow-path, timeline, and cost estimate specific to the Well #5 
project.  
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 NEXT STEPS 

For this phase of the feasibility study, the next steps are limited to the completion of Tasks 3 and 
4.  These are summarized as: 
 
TASK 3 – Investigate Water Treatment Alternatives: Work under this task will involve 
developing a final water treatment alternative recommendation for meeting the requirements of 
ORS-690-350 based on characterization of source water chemistry. 
- Collect samples of raw Walla Walla River source water and basalt groundwater.  

- Analyze for geochemical compatibility through comparison to other projects, and to support 
an engineering assessment of water treatment requirements.  

- Three Surface water samples will be collected in winter months to characterize the water 
likely available for treatment and storage. One groundwater sample will be collected at Well 
#5.  

- EA will coordinate the timing with WWBWC staff to collect three surface water samples at 
hydrograph positions most likely to be associated with water availability. A staff geologist 
will coordinate with the laboratory, place a bottle order, provide monitoring equipment, 
prepare containers, and travel to Milton-Freewater to collect samples with staff support.  

TASK 4 – Conduct Analysis of Instream Flows and Alternatives:  Work with WWBWC staff to 
prepare an analysis of by-pass, optimum peak, flushing and other ecological flows of the Walla 
Walla River and the effect of diversion for groundwater storage on those flows.  
 
Final conclusions and recommendations for next steps will be included with the Task 3 and 4 
Report to be completed mid-2018. 
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