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1. Introduction 
On behalf of Hillsboro School District (District), GSI Water Solutions, Inc. (GSI), prepared 
this permit application package to operate an aquifer storage and recovery (ASR) system at 
Liberty High School (Liberty) in Hillsboro, Oregon. In support of the ASR permit 
application, 7 years of ASR pilot testing are summarized and presented. Additional 
information, including laboratory reports and hydrogeologic data, are available in previous 
annual reports submitted to the Oregon Water Resources Department (OWRD).  

ASR pilot testing was conducted at the Liberty ASR Well (ASR Well) under ASR Limited 
License (LL) #017 starting in 2010 (OWRD, 2010; Figure 1). The purpose of the ASR testing 
was to evaluate the dynamic response of the Columbia River Basalt Group (CRBG) aquifer 
to ASR operations and to develop operational criteria for a full-scale ASR system and 
corresponding ASR permit. Please note that all tables and figures are presented at the end of 
this report.  

This report includes all of the requirements for an ASR permit application, as specified in 
Oregon Administrative Rules (OAR) 690-350-0030. The following items are included as 
attachments to this application: 

Appendix A: Permit Application Form 
Appendix B: Water Right Holder Agreement 
Appendix C: Limited License  
Appendix D: Evidence of Legal Land Use 
Appendix E: Application Map 
Appendix F: Permit Monitoring Plan 

The required Supplemental Information in support of this application is presented in the 
following sections. 

2. Pre-Application Meeting 
A pre-application meeting was conducted on September 19, 2017. Participants included 
representatives from OWRD, Oregon Health Authority Drinking Water Program (OHA-
DWP), Oregon Department of Environmental Quality (DEQ), the District, and GSI. The 
details of this ASR permit application were discussed during the meeting, and no major 
issues or concerns with the general framework for the District’s ASR permit application 
(e.g., injection rates, recovery rates, water quality monitoring, and proposed monitoring of 
the aquifer) were identified by participants in the meeting, with the understanding that 
agencies will need to review the ASR permit application before making final determinations 
on conditions of the permit.  

3. Background 
The District installed an irrigation well (WASH 58925) in 2002 with the intent to provide 
roughly 175 gallons per minute (gpm) for irrigating Liberty’s athletic fields. The well was 
completed in basalt as shown in Figure 2. The District applied for a native groundwater 
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right from OWRD, but because of concerns of declining groundwater levels in this area, a 
permit was not issued. The District operated the existing well under a temporary permit 
(Permit G-16052) for several years while trying to obtain an existing water right to transfer 
to WASH 58925. When unable to acquire a water right, the District was left with the 
following options: (1) use Tualatin Valley Water District (TVWD) water for irrigation, or (2) 
consider using the existing well to store TVWD water for summer-time use. The system 
development charges for using TVWD water for irrigation were substantial because it 
required a 3-inch diameter connection line.  

The District commissioned GSI to evaluate the option of using the existing well for ASR 
purposes; a smaller connection (1-inch diameter connection line) could be used to recharge 
the well during the winter with roughly 10 to 20 million gallons (MG) of water for summer-
time irrigation. An ASR feasibility study was completed by GSI in March 2010 (GSI, 2010a), 
and the District moved forward with submitting an ASR LL application to OWRD and 
retrofitted the wellhead for ASR purposes.  

Since 2010, the District has been operating an ASR system at Liberty, using water from the 
ASR Well to irrigate roughly 22 acres of athletic fields. ASR pilot testing was authorized 
under ASR LL #017 from 2010 to 2015, and was renewed from 2015 to 2020 (OWRD, 2015). 
ASR LL #017 authorizes a maximum injection rate of 100 gpm, a maximum recovery rate of 
320 gpm, and a maximum storage volume of 30 MG. The ASR LL application submitted to 
OWRD in April 2010 and the project’s Operations and Maintenance (O&M) Manual (GSI, 
2011) describe in detail the data collection associated with the ASR project, including 
groundwater level monitoring, water quality sampling, a tentative cycle operation schedule, 
and a proposed ASR annual reporting format. A description of the ASR system and data 
collection since the start of ASR at Liberty is summarized below. 

4. ASR LL Testing Results 2010 – 2017 
ASR testing was initiated in December 2010 and conducted annually. Cycle 7 testing 
concluded at the end of water year 2017. 

4.1 Hydrogeologic Framework  
A detailed description of the geologic and hydrogeologic framework that is host to the ASR 
Well is presented in the ASR LL application and Pilot Test Work Plan (GSI, 2010b) that were 
submitted to OWRD in April 2010. A general geologic map and cross section of the ASR 
Well are presented in Figures 3 and 4, respectively; these figures originally were developed 
as part of the ASR LL application. 

As shown in the ASR Well as built, fine-grained valley fill sediments consisting of silts and 
clays (Willamette Silt; Schlicker and Deacon, 1967) are present from the ground surface to 
296 feet below ground surface (bgs). Decomposed CRBG is present from 296 to 485 feet bgs 
and more competent basalt is present from 485 to total depth of 648 feet bgs. The basalt 
beneath Liberty consists of the Grand Ronde Formation of the CRBG, according to mapping 
by Tolan and Beeson (1986). The primary aquifer in the CRBG is typically the interflow 
zones and pillow complexes, although fracture flow does occur in the interior portion of 
individual basalt flows if secondary fracturing has occurred and the fractures have not been 
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healed by secondary mineralization. For the ASR Well, the first interflow zone was sealed 
from 500 to 510 feet bgs and a second interflow, roughly interpreted from the driller’s log, is 
present from 574 to 582 feet bgs (thickness of the interflow is roughly 8 feet).  This deeper 
interflow zone is the target aquifer for the Liberty ASR project. 

The yield of the ASR Well is approximately 250 gpm or more, but the well experiences 
significant drawdown of more than 350 feet during pumping. As such, the ASR Well has a 
low pumping specific capacity of about 0.6 gallon per day per foot of drawdown (gpd/ft). 
Specific capacity, defined as the rate of water flow per foot of water level change in the well 
(drawup during injection and drawdown during pumping), is a bulk aquifer parameter 
useful for describing aquifer and well productivity. Given the ASR Well’s exposure to one 
small and less transmissive basalt interflow, it is not highly productive. However, the ASR 
Well is capable of storing enough water to allow Liberty to irrigate its athletic fields and 
common areas. Based on a groundwater gradient in the area of roughly 0.0015 foot/foot 
(using water levels in wells near Liberty), the groundwater velocity is roughly 0.06 foot per 
day toward the deeper part of the basin – southwesterly. This estimated groundwater 
velocity is based on a transmissivity value of 2,500 gpd/ft (350 ft2/day) and an aquifer 
thickness of 8 feet.    

4.2 Flow Direction and Theoretical Area Affected by ASR Activities 
The general potentiometric surface of the CRBG groundwater in the Liberty area most likely 
favors a down-dip (i.e., westerly) groundwater flow direction, which would be subject to 
the geologic characteristics that could modify hydraulic behavior (e.g., faults) and 
influenced by irrigation wells pumping in the area in addition to ASR activities.  

The area affected by the ASR Well was estimated using the Theis equation to calculate the 
areal extent of mounding in the CRBG aquifer (Fetter, 1994): 
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Where s is mounding (feet), Q is injection rate (ft3/day), T is transmissivity 
(ft2/day), t is time (days), r is radial distance from the well with a mounding 
of s (feet), and S is storativity (dimensionless).  

The areal extent of mounding (i.e., area affected by the ASR Well) was defined as the 
portion of the CRBG that experiences more than 2.0 feet of water level rise during ASR 
testing. Assuming T = 2,600 gpd/ft (350 ft2/day), Q= 50 gpm (9,600 ft3/day), t= 240 days,     
s = 2.0 feet, and S = 0.001, GSI calculated that the areal extent of mounding (i.e., r, the area 
affected by the ASR Well) is approximately 1.5 miles. Therefore, the area affected by the 
ASR Well in the basalt aquifer should occur within a 1- to 2-mile radius of the ASR Well 
(Figure 5). A discussion of the actual mounding impact as a result of ASR testing is 
presented in the next section. 

Given that more than 290 feet of fine-grained sediments overlay the basalt at the Liberty 
ASR site and the drawup within the ASR Well, which is far greater (50% or more) than the 
groundwater level outside the borehole. With that, the groundwater rise in the well and 
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aquifer does not extend above the ground surface and the likely impact to surface water as a 
result of ASR activities at Liberty is highly improbable, especially given the overlying 
thickness of the fine-grained sediments.  

4.3 Impact of ASR Mounding and Observation Well Data 

4.3.1 Impact on Observation Well 
As part of the ASR LL #017 proposed Pilot Test Work Plan, OWRD agreed that the Country 
Haven Trailer Park Well (Country Haven Observation Well; WASH 5344/5343) would serve 
as the observation well for the Liberty ASR program. The Country Haven Observation Well 
is roughly 4,500 feet (less than a mile) west of the ASR Well (Figure 1). It was originally 
drilled to 85 feet bgs in April 1969 (WASH 5344) and then deepened to 700 feet bgs in July 
1969 (WASH 5343). As described in the drilling log, basalt was encountered at 510 feet bgs 
with some possible decomposed basalt (logged as brown sandstone) drilled prior to 510 feet 
bgs (OWRD, 1969). 

During Cycle 6 in the Country Haven Observation Well, water levels rose approximately 1.9 
feet during the injection period and fell approximately 4.1 feet below the pre-injection static 
water level during the recovery period (Figure 6). The Country Haven Observation Well 
water level started to rise before the start of injection and the trend flattened at the end of 
the injection period. The water level at the Country Haven Observation Well stayed 
somewhat level at the beginning of the recovery period, then had a sharper decline mid-way 
through the recovery period, and the water level started to rise at the end of the recovery 
period. The water level in the Country Haven Observation Well has never approach the 
ground surface.   

It is important to note that the basalt system that hosts the ASR Well is a confined aquifer 
with a storativity coefficient of roughly 0.001. Given that, the fluctuations in water levels at 
the Country Haven Observation Well likely are attributed to seasonal trends rather than the 
pressure response in the basalt aquifer caused by ASR testing at the Liberty ASR Well. 

There is significant evidence that there are pronounced external stresses, other than ASR 
testing, that affect the response at the Country Haven Observation Well. The data collected 
for the Liberty ASR program do not support a strong, if any, hydraulic connection between 
ASR activities at Liberty and the Country Haven Observation Well.  

4.3.2 Impact within a 2-mile Radius 
Figure 5 shows the ASR Well, Country Haven Observation Well, and several other wells 
completed in the basalts within about a 2-mile radius of the ASR Well.  The water level data 
for the latter basalt wells were provided by OWRD with the caveat that although the data 
are public information, the data are not available on OWRD’s website because they cannot 
be verified for quality assurance. Where a sufficient record are available, the hydrographs 
(Figure 5) do not appear to show a direct response to ASR testing, which began in December 
2010. The hydrograph for WASH 5213 shows an abrupt rise that occurred before the start of 
ASR activities at Liberty and little to no change since 2010. In contrast, the hydrograph for 
WASH 1383 shows a rise in the water level after ASR testing started. The hydrograph for 
WASH 66930 does not appear to correlate with ASR activities at Liberty with the possible 
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exception of WASH 1383. The hydrographs in Figure 5 suggest that ASR activities at Liberty 
are not causing a major impact to the groundwater level in the aquifer based on a theoretical 
radius of influence of roughly 1.5 miles due to ASR activities.  

Other stresses, such as rainfall and ASR carryover volume, could affect the hydraulic 
responses observed in the basalt wells shown in Figure 5. The cumulative departure from 
the average precipitation in the ASR testing area, using the Hillsboro Airport gauging 
station, shows that the cumulative departure from the average precipitation has been 
declining since roughly 2010 (Figure 7). As such, any rise in the groundwater level since 
2010 does not correlate with precipitation. Conversely, the basalt aquifer water levels in the 
ASR testing area appear stable, despite the downward trend in the cumulative departure 
from the average precipitation.  

Figure 8 presents a long-term hydrograph of the ASR Well along with the cumulative ASR 
carryover volume. From the start of ASR testing in December 2010 until the end of water 
year 2017, a total of 7.24 MG of carryover volume remains in the aquifer. Although it is 
difficult to discern a post-recovery static water level at the ASR Well given that the system is 
operated for irrigation purposes, an averaged December water level suggests that there has 
not be a marked increase or decrease in the groundwater table because of ASR activities. In 
other words, the residual carryover has not caused a discernable increase in the water level 
and water stored does not appear to have been lost because of temporary head changes 
related to ASR activities.  

4.3.3 Overall Impact of ASR Mounding 
The following observations are made based on data collected during 7 years of ASR testing 
at Liberty: 

• Detailed data for the Country Haven Observation Well indicate that the fluctuations 
in water levels likely are attributed to seasonal trends rather than the pressure 
response in the basalt aquifer caused by ASR testing at the Liberty ASR Well. 

• Water level data provided by OWRD for other basalt hosted wells within a 2-mile 
radius of the ASR Well do not clearly indicate a change in the water level because of 
ASR activities. 

• Because limited amounts of water are injected and recovered as part of the Liberty 
ASR program, the response observed in the basalt aquifer may be so minimal that it 
is not easily discernable from fluctuations related to other stresses, such as nearby 
wells pumping and natural recharge related to precipitation.   

4.4 Storage Volume 
Table 1 presents an ASR water account summary since the start of ASR activities at Liberty.  
The cumulative carryover volume as of 2017, taking into account reductions as outlined in 
the ASR LL #017, is 7.24 MG. The maximum amount of water stored in any given ASR cycle 
was 20.89 MG, before recovery in 2015. ASR LL #017 allows up to 30 MG of treated water to 
be stored in the basalt aquifer. As outlined in Section 4.3 and shown in Figure 5, the 
maximum storage volume that occurred in 2015 did not result in a sharp rise in water levels 
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of the nearby basalt wells; that reinforces the conclusion that the ASR stored water does not 
have a discernable impact on the groundwater system in the area.  

4.5 Water Quality Observations 
Water quality monitoring has been conducted during ASR testing for 7 years (Table 2). The 
sections below present key water quality observations. For the water quality discussion in 
this report, the following terms will be used: 

• Native groundwater is groundwater before to the start of ASR testing. This sample 
was collected before Cycle 1 in 2010. 

• Source water is treated drinking water supplied from TVWD, and is a blend of a 
Joint Water Commission (JWC) source water (water right certificates 67891, 81026, 
81027, and 85913) and a Portland Water Bureau (PWB) source water (Bull Run 
watershed; ORS 538.420 and the South Shore Wellfield groundwater permits G-
10479, G-10124, G-8755, G-10455 and Certificates 89117 and 89115). Source water 
samples for ASR testing have been collected at the Liberty pump house. 

• Groundwater is the water in the aquifer affected by ASR testing. This water is the 
result of mixing between native groundwater and source water.  

o Originally, all groundwater (i.e., pre-injection, storage water, and recovered 
water) samples were collected in the Liberty pump house, downstream of a 
pressure tank and backflow valves. After a suspicious storage water sample 
in 2015, a sample port was installed on the ASR wellhead for all subsequent 
groundwater samples. 

• Pre-injection groundwater is groundwater sampled immediately before the start of 
injection. The first pre-injection groundwater sample was collected in Cycle 2, after 
ASR testing had started. 

• Storage water is a groundwater sample collected immediately before the start of the 
recovery period. For the purposes of discussion, it is essentially an initial recovered 
water sample. 

• Recovered water is groundwater pumped from the ASR Well, which feeds directly 
into the irrigation system.  

4.5.1 Source Water Quality and Protection of the Aquifer 
All source water is treated drinking water that comes from the JWC and/or PWB, through 
the TVWD distribution system. The ratio of JWC water to PWB water in the source water 
changes throughout the injection period, and from year to year. Historical water quality 
results from the JWC treatment facility and the Bull Run treatment facility are presented in 
Table 3. Both water sources (JWC and PWB) are represented in the source water results 
collected at the Liberty pump house. 

The following source water samples are collected as outlined in the Pilot Test Work Plan: 
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• Initial (zero percent) full-suite sample (volatile organic compounds [VOCs], 
synthetic organic compounds [SOCs], radiological parameters [rads], disinfection 
by-products [DPBs], metals, and geochemical parameters) collected at the start of the 
injection period. 

• 50 percent source water partial-suite sample (DBPs, metals, and geochemical 
parameters) collected approximately halfway through the injection period. 

No VOCs or SOCs have been detected in the source water. Concentrations of other 
regulated contaminants have been below laboratory detection limits or below ASR action 
levels. An exception is one sample in 2011 with a concentration of combined radium 
226/228 (2.9 picoCuries per liter [pCi/L]) that was above the ASR action limit of 2.5 pCi/L, 
but below the maximum contaminant level (MCL) of 5 pCi/L. Concentrations of combined 
radium 226/228 have been below laboratory detection limits in source water since 2014. 

4.5.2 Groundwater Quality and Irrigation Water 
As stated previously, groundwater samples consist of pre-injection groundwater, storage 
water (or initial recovered water), and recovered water samples. All groundwater is directly 
fed into Liberty’s irrigation system, or pumped to waste. Signs are posted throughout the 
Liberty campus stating that irrigation water is not potable. The groundwater quality needs 
to meet irrigation standards for the athletic fields and other vegetated areas on the campus. 

The following groundwater samples are collected as outlined in the Pilot Test Work Plan: 

• Pre-injection groundwater partial-suite sample (DBPs, metals, and geochemical 
parameters) collected just before the start of the injection period. 

• Storage water full-suite sample (VOCs, SOCs, rads, DBPs, metals, and geochemical 
parameters) collected at the end of the storage period and just before the start of the 
recovery period. 

• 50 percent recovered water partial-suite sample (DBPs, metals, and geochemical 
parameters) collected approximately halfway through the recovery period. 

No VOCs have been detected in the groundwater samples. Concentrations of other 
regulated contaminants have been below laboratory detection limits or below ASR action 
levels, with the following exceptions: 

• Total coliforms have been detected over the course of ASR testing. In all samples, 
fecal coliform has not been detected. Total coliforms are not a concern for irrigation 
purposes. 

• Sodium has consistently exceeded the maximum contaminant level goal (MCLG), or 
advisory level, of 20 milligrams per liter (mg/L) in all pre-injection groundwater and 
recovered water samples. All pre-injection groundwater and recovered water 
samples have a lower sodium value than the native groundwater sample (73 mg/L). 
The MCLG for sodium is a recommendation for taste and human health, assuming 
the water is used as drinking water, and does not constitute degradation of the 
groundwater resource.  
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• Aluminum exceeded the secondary MCL (SMCL) of 0.05 mg/L in various pre-
injection groundwater and storage water samples. All recovered water samples were 
below laboratory standards or detected below the SMCL. Specifically, SMCLs are 
non-enforceable guidelines for cosmetic and aesthetic purposes, and are not 
considered a risk to human health.  

• Total iron exceeded the SMCL of 0.3 mg/L in multiple storage water samples. All 
recovered water samples were below laboratory standards or detected below the 
SMCL. 

• Total manganese exceeded the SMCL of 0.05 mg/L in a couple of storage water 
samples. All recovered water samples were below laboratory standards or detected 
below the SMCL. 

• Selenium was detected once during ASR testing, in Cycle 1’s recovered water 
sampled in 2010. This dectection exceeded the DEQ’s maximum measureable levels 
of contaminants in groundwater (OAR 340-040-0090) of 0.01 mg/L. Selenium has not 
been detected above laboratory detection limits since then. 

• Color exceeded the SMCL of 15 apparent color units (ACU) in various storage water 
samples. 

• Di(2-theylhexyl)phthalate (DEHP) exceeded the MCL of 0.006 mg/L in a storage 
water sample in 2012. In 2015, DEHP was detected below the MCL in a storage water 
sample, but above the ASR action level of 0.003 mg/L. DEHP is an endocrine 
disrupting chemical and has a low acute toxicity (EPA, 2000). Therefore, it does not 
pose a threat to individuals playing on the athletic fields or the athletic fields 
themselves. 

Five of the eight parameters (i.e., sodium, aluminum, iron, manganese, and color) listed 
above have an MCLG or SMCL regulatory standard. These are considered guidelines for 
aesthetic purposes in drinking water, which are not applicable for irrigation. Total coliforms 
and DEHP exceedances are not a concern for irrigation purposes. High levels of selenium 
can impact the health of the athletic fields, but not at the level detected and it has not been 
detected above laboratory standards since the initial recovery sample. All of these 
constituents have not been detected at levels high enough to pose any impact to the athletic 
fields. 

4.5.3 Geochemical Compatibility of Source Water and Groundwater 
Comparison of major ionic compositions of source water and recovered water has yielded 
consistent results: 

• There is little variation in source water ionic composition. 

• Major ion concentrations are lower in source water than in recovered water. 

• Recovered water composition indicates a simple mixture of source water and native 
groundwater. 
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• There is no indication of adverse chemical reactions occurring in the aquifer as a 
result of ASR. 

For more detailed geochemical analysis, refer to annual reports submitted to OWRD, DEQ, 
and OHA at the conclusion of every ASR testing cycle. 

4.6 ASR Operations  
Typically, injection starts between late October and December, and continues until dry 
weather initiates the need for irrigation, which is between April and June. Injection is 
continuous with the exception of system backflushing episodes, shutoffs caused by the high 
groundwater level alarm, or other issues that can take several days to several weeks to 
identify. The storage period is generally short, between zero and 9 days. Recovery typically 
continues through October.  

As described in the O&M Manual, the ASR Well was monitored using a telemetry system 
which recorded the injection flow rate, recovery flow rate, and groundwater level via a 
pressure transducer every 30 minutes. Periodic manual measurements using an electronic 
tape also were collected. Additionally, water quality samples were collected at the ASR Well 
during the injection, storage, and recovery periods. 

As discussed above, Table 1 summarizes annual injection, recovery, and carryover volumes 
since ASR testing began in 2010 through 2017. Below are some observations: 

• Maximum injected volume in a single year: 11.64 MG (Cycle 4, water year 2014) 

• Maximum storage volume (including carryover): 20.89 MG (Cycle 5, water year 2015) 

• Maximum recovery in a single year: 8.99 MG (Cycle 6, water year 2016) 

As previously presented, the Country Haven Observation Well was monitored for 
groundwater levels. A pressure transducer was installed to record measurements every 30 
minutes, and periodic manual water level measurements were collected. The Country 
Haven Observation Well is located approximately 4,500 feet west of the ASR Well (Figure 1). 
The data collected during cycle testing (presented in section 4.3.1) for the Liberty ASR 
program do not support a strong, if any, hydraulic connection between ASR activities at 
Liberty and the Country Haven Observation Well.   

5. Proposed System Design 
The Liberty ASR system uses treated drinking water from TVWD for source water 
consisting of a mixture of JWC and Portland sources. The District’s meter pulls the treated 
drinking water from TVWD’s line on Jacobson Road to the pump house approximated 110 
feet away. Within the pump house, the source water travels through a flow meter and then 
is injected into the ASR Well approximately 10 feet north of the pump house. The total 
depth of the ASR Well is 648 feet bgs, which taps into the CRBG. The well has a cement seal 
from ground surface to 510 feet bgs and is an open borehole from 510 to 648 feet bgs. A 
submersible pump is located approximately 490 feet bgs. When the ASR Well was 
retrofitted for ASR operation in 2009, a 1.5-inch diameter injection pipe was installed to 150 
feet bgs as the injection tube versus using the pump column and injecting through the 
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submersible pump, set at 490 feet bgs. This injection design allows any entrained air during 
initial startup injection to be contained in the upper cased borehole with little to no chance 
of reaching the target basalt aquifer. During recovery, the pumped water is delivered 
directly to the non-potable irrigation system. 

The ASR telemetry system records the injection flow rate, recovery flow rate, and 
groundwater level via a pressure transducer every 30 minutes. Periodic manual 
measurements have been and will continue to be collected at the ASR Well during operation 
of the system. 

6. Proposed ASR Long-Term Operation 
The following are proposed conditions for the ASR permit regarding ASR at Liberty. Some 
of the proposed conditions differ from ASR LL #017, the Pilot Test Work Plan, and O&M 
Manual. When OWRD, DEQ, OHA, and the District have reached an agreement regarding 
the ASR permit conditions listed below, the District will update and modify the attached 
work plan that is part of this ASR permit application. Until the ASR permit and its 
associated work plan are approved, the District will operate the ASR system as outlined in 
ASR LL #017, the Pilot Test Work Plan, and O&M Manual. 

6.1 Injection Rate 
The maximum injection rate recorded during ASR testing was 54.8 gpm during Cycle 1 
(water year 2011), with an average rate of 40.9 gpm throughout cycle testing. As discussed 
in Sections 4.2 and 4.3, the injection mound is greater within the well casing than what is 
occurring outside of the borehole, water has never reached the ground surface, and ASR 
activities at Liberty are not causing a significant impact to the groundwater level in the 
basalt aquifer, based on a theoretical radius of influence (roughly 1.5 miles). Therefore, the 
injection rate should be limited only by the well efficiency.  

The proposed maximum injection rate for the ASR permit is 65 gpm, which is less than 
maximum diversion rate authorized by ASR LL #017, and is 18 percent greater than the 
maximum rate tested. 

6.2 Storage Volume and Duration 
As shown in Table 1, the maximum ASR storage volume achieved during ASR testing was 
20.89 MG before recovery in 2015. ASR testing has shown no indications of detrimental 
effects to the aquifer system or lost water during cycle testing. The proposed maximum 
storage volume is 25 MG, which is 20 percent greater than the maximum volume tested.  

The proposed storage duration is ongoing, including carryover storage from ASR testing, 
which was 7.24 MG at the end of Cycle 7 in 2017 plus 95 percent of any water injected in 
2018.  
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6.3 Recovery Rate and Percentage 
The maximum recovery rate observed during ASR testing was 355 gpm. The highest 
recovery rates occurred during the initiation of the recovery period to fill the irrigation 
system water lines, which are drained for winterization. After the irrigation system is 
pressurized, the recovery rate averaged around 150 gpm. While it is unlikely that the 
recovery rate will be sustained at a higher rate, the District requests that the permit allow 
some flexibility to respond to the abbreviated high rates during startup every year. 
Therefore, the proposed maximum recovery rate is 425 gpm, which is 20 percent greater 
than the maximum rate tested.  

ASR LL #017 stipulates a recovery percentage of 95 percent. Based on the nominal change in 
water level in the ASR Well during the entirety of ASR testing (Figure 9) and the stability in 
water levels in the basalt aquifer in the ASR testing area (Figure 5), it is likely that the 
limited amounts of water injected and recovered during Liberty ASR activities are so 
minimal that they are indiscernible from other stresses in the aquifer. Based on the ASR 
monitoring data collected since 2010, the proposed recovery percentage (loss factor) for the 
ASR permit is 100 percent. 

6.4 Water Level Monitoring 
Water level monitoring will be conducted using an update monitoring plan under the ASR 
permit, and to be finalized after OWRD, DEQ and OHA have approved the proposed ASR 
operations outlined in this ASR permit application. Water levels will continue to be 
monitored at the ASR Well, similar that outlined in the O&M Manual. Specifically, the 
pressure transducer and data logger currently installed in the ASR Well will continue at a 
sampling frequency of 30 minutes. The data logger will operate on a year‐round basis. 
Manual measurements in the ASR Well will be recorded by the District periodically to 
verify transducer measurements. 

As part of this ASR application, the District requests to no longer monitor the Country 
Haven Observation Well or other basalt wells as part of the ASR program moving 
forward, based on a lack of direct response to ASR activities at the Country Haven well 
since 2010. This request is presented with the understanding that the District is open to 
discuss monitoring options with OWRD in the future if the need arises.  

6.5 Water Quality Monitoring and QA/QC Plan 
Water quality will be conducted using an updated monitoring plan under the ASR permit, 
and to be finalized after OWRD, DEQ and OHA have approved the proposed ASR 
operations outlined in this report.  

The District requests that source water quality be monitored on a 3-year cycle. One source 
water sample will be collected at the Liberty pump house every third year at approximately 
50 percent of the injection target volume. The sample will be a full-suite sample, including 
geochemical parameters, metals, DBPs, rads, SOCs, VOCs, field parameters, and 
miscellaneous chemistry parameters (Table 4). During the other 2 years, source water 
quality will be monitored using the reported results from the JWC and PWB treatment 
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facilities for partial-suite parameters, including DBPs, geochemical parameters, metals, and 
miscellaneous chemistry parameters (Table 5). Table 6 outlines the source water analysis 
schedule. 

Groundwater quality has been established during ASR testing. Therefore, the District 
requests to cease monitoring pre-injection groundwater, storage water, and recovered 
water, especially since this is an ASR system used for irrigation purposes. At the District’s 
discretion, geochemical parameters may be analyzed in recovered water to continue 
monitoring compatibility between source water and groundwater, and results will be 
reported if analyzed. 

A quality assurance and quality control (QA/QC) plan is included in the Permit Monitoring 
Plan (Appendix F). 

6.6 Reporting 
The District will submit an annual report to OWRD, similar to previous reports submitted 
under ASR LL #017. The report will include the following items: 

• Manual water level measurements, transducer data, and flow rates in an electronic 
format. 

• Laboratory analytical results for water quality samples. 

• Data collected for the ASR project will be compiled and submitted to the OWRD 
annually. 

6.7 Contingency Plan for Recovered Water 
The intended use of the recovered water is irrigation. In the unforeseen and extremely 
unlikely case that the recovered water cannot be used for irrigation, the water will be (1) 
discharged to a storm drain, as long as it meets Clean Water Services’ water quality 
standards, or (2) stored and treated onsite to meet Clean Water Services’ water quality 
standards for discharge to the storm drain. 
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Table 1.  ASR Water Account Summary
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Water Year Cycle
Injection 
Period
(days)

Maximum 
Injection Rate

(gpm)

Injected 
Volume (MG)

Stored 
Volume1

(MG)

Recovery 
Period
(days)

Maxiumum 
Recovery Rate 

(gpm)

Recovered 
Volume
(MG)

Carryover 
Volume2

(MG)
2011 1 183 55 11.5 10.9 126 289 4.74 5.87
2012 2 217 54 7.61 13.1 127 317 6.55 6.22
2013 3 143 54 8.75 14.53 148 355 5.23 8.83
2014 4 224 37 11.64 19.89 144 330 7.36 11.90
2015 5 169 44 9.46 20.89 190 319 8.26 12.00
2016 6 135 72 5.64 16.75 173 292 8.99 7.38
2017 7 158 72 7.52 14.15 141 320 6.53 7.24

Notes
gpm = gallons per minute
MG = million gallons
1  Represents the previous year's carryover and 95% of the injected volume, per ASR Limited License #017.
2  Represents 95% of the storage volume minus the recovered volume, per ASR Limited License #017.
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Table 2.  ASR Water Quality Summary: 2010 ‐ 2017
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Limited 
License Action 

Level

Native 
Groundwater

(2010)

Pre‐Injection 
Groundwater
(range of 

concentrations)

Source Water
(range of 

concentrations)

Storage Water
(range of 

concentrations)

Recovered 
Water

(range of 
concentrations)

Bacteriological Fecal Coliforms/E.Coli <1/100 ml CFU/100 ml MML <1/100 ml Absent Absent Absent Absent Absent
Total Coliform <1/100 ml CFU/100 ml MML <1/100 ml 186 Absent ‐ Present Absent Absent ‐ Present Absent

Disinfection  Chloroform (Trichloromethane) None mg/L None None ND ‐‐ 0.0285 ‐ 0.0441 0.0198 ‐ 0.0396 ‐‐
By‐Products    Bromodichloromethane None mg/L None None ND ‐‐ 0.0013 ‐ 0.0062 ND ‐ 0.0045 ‐‐

Dibromochloromethane None mg/L None None ND ‐‐ ND ND ‐‐
Bromoform (Tribromomethane) None mg/L None None ND ‐‐ ND ND ‐‐
Total Trihalomethanes 0.08 mg/L MCL 0.08 ND ‐‐ 0.0312 ‐ 0.0457 0.0198 ‐ 0.0441 ‐‐
Monochloroacetic Acid None mg/L None None ‐‐ ‐‐ ND ND ‐‐
Dichloroacetic Acid None mg/L None None ‐‐ ‐‐ 0.0012 ‐ 0.0246 ND ‐ 0.0069 ‐‐
Trichloroacetic Acid None mg/L None None ‐‐ ‐‐ 0.0123 ‐ 0.0262 ND ‐ 0.0079 ‐‐
Monobromoacetic Acid None mg/L None None ‐‐ ‐‐ ND ND ‐‐
Dibromoacetic Acid None mg/L None None ‐‐ ‐‐ ND ND ‐‐
Total Haloacetic Acids 0.06 mg/L MCL 0.06 ‐‐ ‐‐ 0.0182 ‐ 0.0507 ND ‐ 0.0137 ‐‐
Chlorite 1 mg/L MCL 1 ‐‐ ‐‐ ND ND ‐‐
Bromate 0.01 mg/L MCL 0.01 ‐‐ ‐‐ ND ND ‐‐

Geochemical Bicarbonate None mg/L None None 154 80 ‐ 98 12 ‐ 38 18 ‐ 40 63 ‐ 91
Calcium None mg/L None None 50 19.4 ‐ 23.4 2.2 ‐ 9.4 4.3 ‐ 8.7 16 ‐ 21.1
Carbonate None mg/L None None ND ND ND ND ND
Chloride 250 mg/L SMCL 250 90 23 ‐ 69 ND ‐ 8.0 3.8 ‐ 9.7 34 ‐ 65
Hardness (as CaCO3) None mg/L None None 172.0 88 ‐ 100 8.8 ‐ 36 16 ‐ 35.2 68 ‐ 96
Magnesium None mg/L None None 16.1 8.69 ‐ 11.0 0.53 ‐ 2.47 0.88 ‐ 2.76 7.09 ‐ 11.4
Nitrate as N 10 mg/L MCL, MML 5 ND ND ‐ 0.9 ND ‐ 0.86 0.01 ‐ 0.8 ND
Nitrite as N 1 mg/L MCL 0.5 ND ND ‐ 0.110 ND ‐ 0.164 ND ‐ 0.27 ND ‐ 0.0861
Total Nitrate‐Nitrite None mg/L None None ND ND ‐ 0.110 ND ‐ 0.86 0.01 ‐ 1.02 ND ‐ 0.0861
Potassium None mg/L None None 7.40 3 ‐ 4.4 ND ‐ 0.96 ND ‐ 1.1 3.2 ‐ 4.6
Silica None mg/L None None 32 17 ‐ 23 7.0 ‐ 16 12 ‐ 32 22 ‐ 26
Sodium 20 mg/L MCLG 20 73 30.8 ‐ 36.7 3.9 ‐ 11.6 5.7 ‐ 11.3 28.4 ‐ 39.6
Sulfate 250 mg/L SMCL 250 ND 4.31 ‐ 7.8 ND ‐ 14.4 4.79 ‐ 15 3.42 ‐ 4.5
Total Alkalinity None mg/L None None 154 80 ‐ 98 12 ‐ 38 18 ‐ 40 63 ‐ 91
Total Dissolved Solids 500 mg/L SMCL 500 396.0 202 ‐ 250 36 ‐ 86 40 ‐ 80 178 ‐ 228
Total Organic Carbon None mg/L None None 2.55 1.43 ‐ 1.81 ND ‐ 2.56 0.83 ‐ 1.46 0.97 ‐ 1.49
Total Suspended Solids None mg/L None None 2 ND ND ‐ 6 ND ‐ 18 ND

Metals Aluminum 0.05 mg/L SMCL 0.05 0.100 ND ‐ 0.051 ND ‐ 0.038 ND ‐ 0.52 ND ‐ 0.023
Antimony 0.006 mg/L MCL 0.003 ND ND ND ND ND
Arsenic 0.01 mg/L MCL 0.005 ND ND ND ND ND
Barium 1 mg/L MML 0.5 0.060 ND ‐ 0.21 ND ‐ 0.0187 ND ‐ 0.012 0.011 ‐ 0.022
Beryllium 0.004 mg/L MCL 0.002 ND ND ND ND ND
Cadmium 0.005 mg/L MCL 0.0025 ND ND ND ND ND
Chromium 0.05 mg/L MML 0.025 ND ND ND ND ND
Copper 1 mg/L SMCL 1 ND ND ND ‐ 0.038 ND ‐ 0.0096 ND
Iron (Total) 0.3 mg/L SMCL 0.3 ND ND ‐ 0.183 0.02 ‐ 0.086 0.022 ‐ 4.08 ND ‐ 0.034
Iron (Dissolved) None mg/L None None ND ND ND ‐ 0.021 ND ‐ 0.12 ND ‐ 0.020
Lead 0.05 mg/L MML 0.025 ND ND ‐ 0.008 ND ‐ 0.004 ND ‐ 0.007 ND ‐ 0.004
Manganese (Total) 0.05 mg/L SMCL 0.05 ND 0.038 ‐ 0.044 ND ‐ 0.024 ND ‐ 0.662 ND ‐ 0.038
Manganese (Dissolved) None mg/L None None ND 0.036 ‐ 0.041 ND ‐ 0.011 ND ‐ 0.032 0.030 ‐ 0.042
Mercury 0.002 mg/L MCL, MML 0.001 ND ND ND ND ND
Nickel None mg/L None None ND ND ‐ 0.00297 ND ‐ 0.00069 ND ND
Selenium 0.01 mg/L MML 0.005 ND ND ND ND ND ‐ 3.9
Silver 0.05 mg/L MML 0.025 ND ND ND ND ND
Thallium 0.002 mg/L MCL 0.001 ND ND ND ND ND
Zinc 5 mg/L SMCL 5 ND 0.035 ‐ 0.122 ND ‐ 0.041 0.021 ‐ 0.33 ND ‐ 0.059

Miscellaneous Odor 3 TON SMCL 3 1 ‐‐ ND ‐ 3 ND ‐ 2 ‐‐
Color 15 ACU SMCL 15 ND ‐‐ ND ‐ 9 ND ‐ 120 ‐‐
Methylene Blue Active Substance 0.5 mg/L SMCL 0.5 ND ‐‐ ND ND ‐‐
Corrosivity (Langelier Saturation Index) Non‐Corrosive mg/L SMCL Non‐Corrosive ‐0.36 ‐‐ ‐3.31 ‐ ‐0.69 ‐3.72 ‐ ‐1.2 ‐‐
Cyanide (as free cyanide) 0.2 mg/l MCL 0.1 ND ‐‐ ND ND ‐‐
Fluoride 2 mg/L SMCL 2 ND ‐‐ 0.62 ‐ 0.84 0.42 ‐ 0.67 ‐‐

Radionuclides Combined Radium 226/228 5 pCi/L MCL, MML 2.5 <1.815 ‐‐ ND ‐ 2.9 ND ‐ 2 ‐‐
Uranium 0.03 mg/L MCL 0.015 ND ‐‐ ND ND ‐‐
Radon None pCi/L None None ‐‐ ‐‐ ND ‐ ‐8 126 ‐ 390 ‐‐
Gross Alpha 15 pCi/L MCL, MML 7.5 ND ‐‐ ND ‐ 2.6 ND ‐ 3.5 ‐‐
Gross Beta  50 pCi/L MML 25 4.80 ‐‐ ND ND ‐ 6.37 ‐‐

Regulated  2,4,5‐TP (Silvex) 0.01 mg/L MML 0.005 ND ‐‐ ND ND ‐‐
Synthetic  2,4‐D 0.07 mg/L MCL 0.035 ND ‐‐ ND ND ‐‐
Organic  Alachlor (Lasso) 0.002 mg/L MCL 0.001 ND ‐‐ ND ND ‐‐
Compounds  Atrazine 0.003 mg/L MCL 0.0015 ND ‐‐ ND ND ‐‐
(SOCs) Benzo(a)Pyrene 0.0002 mg/L MCL 0.0001 ND ‐‐ ND ND ‐‐

BHC‐gamma (Lindane) 0.0002 mg/L MCL 0.0001 ND ‐‐ ND ND ‐‐
Carbofuran 0.04 mg/L MCL 0.02 ND ‐‐ ND ND ‐‐
Chlordane 0.002 mg/L MCL 0.001 ND ‐‐ ND ND ‐‐
Dalapon 0.2 mg/L MCL 0.1 ND ‐‐ ND ND ‐‐
Di(2‐ethylhexyl)adipate (adipates) 0.4 mg/L MCL 0.2 ND ‐‐ ND ND ‐‐
Di(2‐ethylhexyl)phthalate (phthalates) 0.006 mg/L MCL 0.003 ND ‐‐ ND ND ‐ 0.0463 ‐‐
Dibromochloropropane (DBCP) 0.0002 mg/L MCL 0.0001 ND ‐‐ ND ND ‐‐
Dinoseb 0.007 mg/L MCL 0.0035 ND ‐‐ ND ND ‐‐
Diquat 0.02 mg/L MCL 0.01 ND ‐‐ ND ND ‐‐
Ethylene Dibromide (EDB) 0.00005 mg/L MCL 0.000025 ND ‐‐ ND ND ‐‐
Endothall 0.1 mg/L MCL 0.05 ND ‐‐ ND ND ‐‐
Endrin 0.0002 mg/L MML 0.0001 ND ‐‐ ND ND ‐‐
Glyphosate 0.7 mg/L MCL 0.35 ND ‐‐ ND ND ‐‐
Heptachlor 0.0004 mg/L MCL 0.0002 ND ‐‐ ND ND ‐‐
Heptachlor Epoxide 0.0002 mg/L MCL 0.0001 ND ‐‐ ND ND ‐‐
Hexachlorobenzene (HCB) 0.001 mg/L MCL 0.0005 ND ‐‐ ND ND ‐‐
Hexachlorocyclopentadiene 0.05 mg/L MCL 0.025 ND ‐‐ ND ND ‐‐
Methoxychlor 0.04 mg/L MCL 0.02 ND ‐‐ ND ND ‐‐
Polychlorinated Biphenyls (PCBs) 0.0005 mg/L MCL 0.00025 ND ‐‐ ND ND ‐‐
Pentachlorophenol 0.001 mg/L MCL 0.0005 ND ‐‐ ND ND ‐ 0.0001 ‐‐
Picloram 0.5 mg/L MCL 0.25 ND ‐‐ ND ND ‐‐
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Table 2.  ASR Water Quality Summary: 2010 ‐ 2017
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Limited 
License Action 

Level

Native 
Groundwater

(2010)

Pre‐Injection 
Groundwater
(range of 

concentrations)

Source Water
(range of 

concentrations)

Storage Water
(range of 

concentrations)

Recovered 
Water

(range of 
concentrations)

Simazine 0.004 mg/L MCL 0.002 ND ‐‐ ND ND ‐‐
Toxaphene 0.003 mg/L MCL 0.0015 ND ‐‐ ND ND ‐‐
Vydate (Oxamyl) 0.2 mg/L MCL 0.1 ND ‐‐ ND ND ‐‐

Regulated   1,1,1‐Trichloroethane 0.2 mg/L MCL, MML 0.1 ND ‐‐ ND ND ‐‐
Volatile  1,1,2‐Trichloroethane 0.005 mg/L MCL 0.0025 ND ‐‐ ND ND ‐‐
Organic  1,1‐Dichloroethylene 0.007 mg/L MCL, MML 0.0035 ND ‐‐ ND ND ‐‐
Compounds  1,2,4‐Trichlorobenzene 0.07 mg/L MCL 0.035 ND ‐‐ ND ND ‐‐
(VOCs) 1,2‐Dichlorobenzene (o) 0.6 mg/L MCL 0.3 ND ‐‐ ND ND ‐‐

1,2‐Dichloroethane (EDC) 0.005 mg/L MCL, MML 0.0025 ND ‐‐ ND ND ‐‐
1,2‐Dichloropropane 0.005 mg/L MCL 0.0025 ND ‐‐ ND ND ‐‐
1,4‐Dichlorobenzene (p) 0.075 mg/L MCL, MML 0.0375 ND ‐‐ ND ND ‐‐
Benzene 0.005 mg/L MCL, MML 0.0025 ND ‐‐ ND ND ‐‐
Carbon Tetrachloride 0.005 mg/L MCL, MML 0.0025 ND ‐‐ ND ND ‐‐
Chlorobenzene 0.1 mg/L MCL 0.05 ND ‐‐ ND ND ‐‐
cis‐1,2‐Dichloroethylene  0.07 mg/L MCL 0.035 ND ‐‐ ND ND ‐‐
Ethylbenzene 0.7 mg/L MCL 0.35 ND ‐‐ ND ND ‐‐
Dichloromethane (methylene chloride) 0.005 mg/L MCL 0.0025 ND ‐‐ ND ND ‐‐
Styrene 0.1 mg/L MCL 0.05 ND ‐‐ ND ND ‐‐
Tetrachloroethylene 0.005 mg/L MCL 0.0025 ND ‐‐ ND ND ‐‐
Toluene 1 mg/L MCL 0.5 ND ‐‐ ND ND ‐‐
trans‐1,2‐Dichloroethylene 0.1 mg/L MCL 0.05 ND ‐‐ ND ND ‐‐
Trichloroethylene 0.005 mg/L MCL, MML 0.0025 ND ‐‐ ND ND ‐‐
Vinyl Chloride 0.002 mg/L MCL, MML 0.001 ND ‐‐ ND ND ‐‐
Total Xylenes 10 mg/L MCL 5 ND ‐‐ ND ND ‐‐

Notes:
‐‐ = not analyzed TON = threshold odor number
ACU = apparent color units Red = concentration exceeds the limited license action level
CFU/ml = colony forming units per milliliter Samples are unfiltered unless noted (i.e., dissolved)
mg/L = milligrams per liter
MCL = federal maximum contmainant level for drinking water
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water below which there is no 

known or expected risk to health. MCLGs allow for a margin of safety and are non‐enforceable public health goals.
MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
ND = not detected
pCi/L = picoCuries per liter
SMCL = federal secondary maximum contaminant levels for drinking water
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Table 3.  Water Quality Comparison: Joint Water Commission, Portland Water Bureau, and Liberty ASR Testing
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Limited License 
Action Level

Joint Water 
Commission1

2014‐2017
(range of 

concentrations)

Portland Water 
Bureau2

2012‐2017
(range of 

concentrations)

Liberty ASR
Source Water
2010‐2017
(range of 

concentrations)
Bacteriological Fecal Coliforms/E.Coli <1/100 ml CFU/100 ml MML <1/100 ml ‐‐ ‐‐ Absent

Total Coliform <1/100 ml CFU/100 ml MML <1/100 ml ‐‐ ‐‐ Absent
Disinfection  Chloroform (Trichloromethane) None mg/L None None 0.0072 ‐ 0.0098 0.00067 ‐ 0.024 0.0285 ‐ 0.0441
By‐Products    Bromodichloromethane None mg/L None None 0.0012 ‐ 0.0025 ND ‐ 0.00096 0.0013 ‐ 0.0062

Dibromochloromethane None mg/L None None ND ‐‐ ND
Bromoform (Tribromomethane) None mg/L None None ND ‐‐ ND
Total Trihalomethanes 0.08 mg/L MCL 0.08 0.0084 ‐ 0.0123 ‐‐ 0.0312 ‐ 0.0457
Monochloroacetic Acid None mg/L None None ‐‐ ‐‐ ND
Dichloroacetic Acid None mg/L None None ‐‐ ‐‐ 0.0012 ‐ 0.0246
Trichloroacetic Acid None mg/L None None ‐‐ ‐‐ 0.0123 ‐ 0.0262
Monobromoacetic Acid None mg/L None None ‐‐ ‐‐ ND
Dibromoacetic Acid None mg/L None None ‐‐ ‐‐ ND
Total Haloacetic Acids 0.06 mg/L MCL 0.06 ‐‐ ‐‐ 0.0182 ‐ 0.0507
Chlorite 1 mg/L MCL 1 ‐‐ ‐‐ ND
Bromate 0.01 mg/L MCL 0.01 ‐‐ ‐‐ ND

Geochemical Bicarbonate None mg/L None None 23 ‐ 35.3 6.9 ‐ 12 12 ‐ 38
Calcium None mg/L None None 5.67 ‐ 8.3 1.3 ‐ 2 2.2 ‐ 9.4
Carbonate None mg/L None None ND ND ND
Chloride 250 mg/L SMCL 250 4.0 ‐ 5.28 2.3 ‐ 3.7 ND ‐ 8.0
Hardness (as CaCO3) None mg/L None None 21.7 ‐ 32 5.4 ‐ 8.4 8.8 ‐ 36
Magnesium None mg/L None None 1.83 ‐ 2.8 0.52 ‐ 0.79 0.53 ‐ 2.47
Nitrate as N 10 mg/L MCL, MML 5 0.12 ‐ 0.74 ND ‐ 0.74 ND ‐ 0.86
Nitrite as N 1 mg/L MCL 0.5 ND ‐ 0.001 ND ND ‐ 0.164
Total Nitrate‐Nitrite None mg/L None None 0.12 ‐ 0.74 ‐‐ ND ‐ 0.86
Potassium None mg/L None None ND ‐ 0.78 J ND ‐ 0.24 ND ‐ 0.96
Silica None mg/L None None 14.8 ‐ 18.1 3.6 ‐ 4.8 7.0 ‐ 16
Sodium 20 mg/L MCLG 20 7.9 ‐ 11.1 2.8 ‐ 4.1 3.9 ‐ 11.6
Sulfate 250 mg/L SMCL 250 9.6 ‐ 14.6 0.35 ‐ 0.46 ND ‐ 14.4
Total Alkalinity None mg/L None None 23 ‐ 35.3 6.6 ‐ 16 12 ‐ 38
Total Dissolved Solids 500 mg/L SMCL 500 63 ‐ 84 22 ‐ 40 36 ‐ 86
Total Organic Carbon None mg/L None None 0.48 ‐ 0.65 0.76 ‐ 1.9 ND ‐ 2.56
Total Suspended Solids None mg/L None None ND ND ‐ 0.8 ND ‐ 6

Metals Aluminum 0.05 mg/L SMCL 0.05 ND ‐ 0.010 0.0091 ‐ 0.059 ND ‐ 0.038
Antimony 0.006 mg/L MCL 0.003 ND ND ND
Arsenic 0.01 mg/L MCL 0.005 ND ND ND
Barium 1 mg/L MML 0.5 0.003 ‐ 0.005 0.0007 ‐ 0.0013 ND ‐ 0.0187
Beryllium 0.004 mg/L MCL 0.002 ND ND ND
Cadmium 0.005 mg/L MCL 0.0025 ND ND ND
Chromium 0.05 mg/L MML 0.025 ND ‐ 0.001 ND ‐ 0.0008 ND
Copper 1 mg/L SMCL 1 ND ND ‐ 0.00113 ND ‐ 0.038
Iron (Total) 0.3 mg/L SMCL 0.3 ND 0.0186 ‐ 0.1 0.02 ‐ 0.086
Iron (Dissolved) None mg/L None None ‐‐ ‐‐ ND ‐ 0.021
Lead 0.05 mg/L MML 0.025 ND ND ‐ 0.000063 ND ‐ 0.004
Manganese (Total) 0.05 mg/L SMCL 0.05 ND ‐ 0.004 0.00167 ‐ 0.049 ND ‐ 0.024
Manganese (Dissolved) None mg/L None None ‐‐ ‐‐ ND ‐ 0.011
Mercury 0.002 mg/L MCL, MML 0.001 ND ND ND
Nickel None mg/L None None ND ND ND ‐ 0.00069
Selenium 0.01 mg/L MML 0.005 ND ND ND
Silver 0.05 mg/L MML 0.025 ND ND ND
Thallium 0.002 mg/L MCL 0.001 ND ND ND
Zinc 5 mg/L SMCL 5 ND ND ‐ 0.00124 ND ‐ 0.041

Miscellaneous Odor 3 TON SMCL 3 0 ‐ 10.4 ‐‐ ND ‐ 3
Color 15 ACU SMCL 15 ND 5 ‐ 12 ND ‐ 9
Methylene Blue Active Substance 0.5 mg/L SMCL 0.5 ND ‐‐ ND
Corrosivity (Langelier Saturation Index) Non‐Corrosive mg/L SMCL Non‐Corrosive ‐2.82 ‐ ‐1.97 ‐‐ ‐3.31 ‐ ‐0.69
Cyanide (as free cyanide) 0.2 mg/l MCL 0.1 ND ND ND
Fluoride 2 mg/L SMCL 2 ND 0.025 ‐ 0.089 0.62 ‐ 0.84

Radionuclides Combined Radium 226/228 5 pCi/L MCL, MML 2.5 ‐‐ ‐‐ ND ‐ 2.9
Uranium 0.03 mg/L MCL 0.015 ‐‐ ‐‐ ND
Radon None pCi/L None None ‐‐ ‐‐ ND ‐ ‐8
Gross Alpha 15 pCi/L MCL, MML 7.5 ‐‐ ‐‐ ND ‐ 2.6
Gross Beta  50 pCi/L MML 25 ‐‐ ‐‐ ND

Regulated  2,4,5‐TP (Silvex) 0.01 mg/L MML 0.005 ND ‐‐ ND
Synthetic  2,4‐D 0.07 mg/L MCL 0.035 ND ‐‐ ND
Organic  Alachlor (Lasso) 0.002 mg/L MCL 0.001 ND ‐‐ ND
Compounds  Atrazine 0.003 mg/L MCL 0.0015 ND ‐‐ ND
(SOCs) Benzo(a)Pyrene 0.0002 mg/L MCL 0.0001 ND ‐‐ ND

BHC‐gamma (Lindane) 0.0002 mg/L MCL 0.0001 ND ‐‐ ND
Carbofuran 0.04 mg/L MCL 0.02 ND ‐‐ ND
Chlordane 0.002 mg/L MCL 0.001 ND ‐‐ ND
Dalapon 0.2 mg/L MCL 0.1 ND ‐‐ ND
Di(2‐ethylhexyl)adipate (adipates) 0.4 mg/L MCL 0.2 ND ‐‐ ND
Di(2‐ethylhexyl)phthalate (phthalates) 0.006 mg/L MCL 0.003 ND ‐‐ ND
Dibromochloropropane (DBCP) 0.0002 mg/L MCL 0.0001 ND ‐‐ ND
Dinoseb 0.007 mg/L MCL 0.0035 ND ‐‐ ND
Diquat 0.02 mg/L MCL 0.01 ND ‐‐ ND
Ethylene Dibromide (EDB) 0.00005 mg/L MCL 0.000025 ND ‐‐ ND
Endothall 0.1 mg/L MCL 0.05 ND ‐‐ ND
Endrin 0.0002 mg/L MML 0.0001 ND ‐‐ ND
Glyphosate 0.7 mg/L MCL 0.35 ND ‐‐ ND
Heptachlor 0.0004 mg/L MCL 0.0002 ND ‐‐ ND
Heptachlor Epoxide 0.0002 mg/L MCL 0.0001 ND ‐‐ ND
Hexachlorobenzene (HCB) 0.001 mg/L MCL 0.0005 ND ‐‐ ND
Hexachlorocyclopentadiene 0.05 mg/L MCL 0.025 ND ‐‐ ND
Methoxychlor 0.04 mg/L MCL 0.02 ND ‐‐ ND
Polychlorinated Biphenyls (PCBs) 0.0005 mg/L MCL 0.00025 ND ‐‐ ND
Pentachlorophenol 0.001 mg/L MCL 0.0005 ND ‐‐ ND
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Table 3.  Water Quality Comparison: Joint Water Commission, Portland Water Bureau, and Liberty ASR Testing
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Limited License 
Action Level

Joint Water 
Commission1

2014‐2017
(range of 

concentrations)

Portland Water 
Bureau2

2012‐2017
(range of 

concentrations)

Liberty ASR
Source Water
2010‐2017
(range of 

concentrations)
Picloram 0.5 mg/L MCL 0.25 ND ‐‐ ND
Simazine 0.004 mg/L MCL 0.002 ND ‐‐ ND
Toxaphene 0.003 mg/L MCL 0.0015 ND ‐‐ ND
Vydate (Oxamyl) 0.2 mg/L MCL 0.1 ND ‐‐ ND

Regulated   1,1,1‐Trichloroethane 0.2 mg/L MCL, MML 0.1 ND ND ND
Volatile  1,1,2‐Trichloroethane 0.005 mg/L MCL 0.0025 ND ND ND
Organic  1,1‐Dichloroethylene 0.007 mg/L MCL, MML 0.0035 ND ND ND
Compounds  1,2,4‐Trichlorobenzene 0.07 mg/L MCL 0.035 ND ND ND
(VOCs) 1,2‐Dichlorobenzene (o) 0.6 mg/L MCL 0.3 ND ND ND

1,2‐Dichloroethane (EDC) 0.005 mg/L MCL, MML 0.0025 ND ND ND
1,2‐Dichloropropane 0.005 mg/L MCL 0.0025 ND ND ND
1,4‐Dichlorobenzene (p) 0.075 mg/L MCL, MML 0.0375 ND ND ND
Benzene 0.005 mg/L MCL, MML 0.0025 ND ND ND
Carbon Tetrachloride 0.005 mg/L MCL, MML 0.0025 ND ND ND
Chlorobenzene 0.1 mg/L MCL 0.05 ND ND ND
cis‐1,2‐Dichloroethylene  0.07 mg/L MCL 0.035 ND ND ND
Ethylbenzene 0.7 mg/L MCL 0.35 ND ND ND
Dichloromethane (methylene chloride) 0.005 mg/L MCL 0.0025 ND ND ND
Styrene 0.1 mg/L MCL 0.05 ND ND ND
Tetrachloroethylene 0.005 mg/L MCL 0.0025 ND ND ND
Toluene 1 mg/L MCL 0.5 ND ND ND
trans‐1,2‐Dichloroethylene 0.1 mg/L MCL 0.05 ND ND ND
Trichloroethylene 0.005 mg/L MCL, MML 0.0025 ND ND ND
Vinyl Chloride 0.002 mg/L MCL, MML 0.001 ND ND ND
Total Xylenes 10 mg/L MCL 5 ND ND ND

Notes: ND = not detected
‐‐ = not analyzed pCi/L = picoCuries per liter
ACU = apparent color units SMCL = federal secondary maximum contaminant levels for drinking water
CFU/ml = colony forming units per milliliter TON = threshold odor number
JWC = Joint Water Commission Red = concentration exceeds the limited license action level
mg/L = milligrams per liter Samples are unfiltered unless noted (i.e., dissolved)
MCL = federal maximum contmainant level for drinking water 1  Joint Water Commission sample collected for compliance purposes after treatment 
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water   at FW Hose, Site ID #1. Downloaded from JWC website.

below which there is no known or expected risk to health. MCLGs allow for a margin  2  Portland Water Bureau data consist of Bull Run treated water sampled at Lusted Hill 
of safety and are non‐enforceable public health goals. Treatment Facility from the Triannaul Water Quality Analyses.

MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
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Table 4.  Year 3 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Sample Location

Field  Temperature None Celsius None Liberty High School
Parameters Conductivity None µS/cm None Liberty High School

pH 6 ‐ 8.5 Units SMCL Liberty High School
Dissolved Oxygen None mg/L None Liberty High School
Oxidation‐Reduction Potential None mV None Liberty High School
Turbidity None NTU None Liberty High School

Disinfection  Chloroform (Trichloromethane) None mg/L None Liberty High School
By‐Products    Bromodichloromethane None mg/L None Liberty High School

Dibromochloromethane None mg/L None Liberty High School
Bromoform (Tribromomethane) None mg/L None Liberty High School
Total Trihalomethanes 0.08 mg/L MCL Liberty High School
Monochloroacetic Acid None mg/L None Liberty High School
Dichloroacetic Acid None mg/L None Liberty High School
Trichloroacetic Acid None mg/L None Liberty High School
Monobromoacetic Acid None mg/L None Liberty High School
Dibromoacetic Acid None mg/L None Liberty High School
Total Haloacetic Acids 0.06 mg/L MCL Liberty High School
Chlorite 1 mg/L MCL Liberty High School
Bromate 0.01 mg/L MCL Liberty High School

Geochemical Bicarbonate None mg/L None Liberty High School
Calcium None mg/L None Liberty High School
Carbonate None mg/L None Liberty High School
Chloride 250 mg/L SMCL Liberty High School
Hardness (as CaCO3) None mg/L None Liberty High School
Magnesium None mg/L None Liberty High School
Nitrate as N 10 mg/L MCL, MML Liberty High School
Nitrite as N 1 mg/L MCL Liberty High School
Total Nitrate‐Nitrite None mg/L None Liberty High School
Potassium None mg/L None Liberty High School
Silica None mg/L None Liberty High School
Sodium 20 mg/L MCLG Liberty High School
Sulfate 250 mg/L SMCL Liberty High School
Total Alkalinity None mg/L None Liberty High School
Total Dissolved Solids 500 mg/L SMCL Liberty High School
Total Organic Carbon None mg/L None Liberty High School
Total Suspended Solids None mg/L None Liberty High School

Metals Aluminum 0.05 mg/L SMCL Liberty High School
Antimony 0.006 mg/L MCL Liberty High School
Arsenic 0.01 mg/L MCL Liberty High School
Barium 1 mg/L MML Liberty High School
Beryllium 0.004 mg/L MCL Liberty High School
Cadmium 0.005 mg/L MCL Liberty High School
Chromium 0.05 mg/L MML Liberty High School
Copper 1 mg/L SMCL Liberty High School
Iron (Total) 0.3 mg/L SMCL Liberty High School
Iron (Dissolved) None mg/L None Liberty High School
Lead 0.05 mg/L MML Liberty High School
Manganese (Total) 0.05 mg/L SMCL Liberty High School
Manganese (Dissolved) None mg/L None Liberty High School
Mercury 0.002 mg/L MCL, MML Liberty High School
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Table 4.  Year 3 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Sample Location

Metals Nickel None mg/L None Liberty High School
Selenium 0.01 mg/L MML Liberty High School
Silver 0.05 mg/L MML Liberty High School
Thallium 0.002 mg/L MCL Liberty High School
Zinc 5 mg/L SMCL Liberty High School

Miscellaneous Odor 3 TON SMCL Liberty High School
Color 15 ACU SMCL Liberty High School
Methylene Blue Active Substance 0.5 mg/L SMCL Liberty High School
Corrosivity (Langelier Saturation Index) Non‐Corrosive mg/L SMCL Liberty High School
Cyanide (as free cyanide) 0.2 mg/l MCL Liberty High School
Fluoride 2 mg/L SMCL Liberty High School

Radionuclides Combined Radium 226/228 5 pCi/L MCL, MML Liberty High School
Uranium 0.03 mg/L MCL Liberty High School
Radon None pCi/L None Liberty High School
Gross Alpha 15 pCi/L MCL, MML Liberty High School
Gross Beta  50 pCi/L MML Liberty High School

Regulated  2,4,5‐TP (Silvex) 0.01 mg/L MML Liberty High School
Synthetic  2,4‐D 0.07 mg/L MCL Liberty High School
Organic  Alachlor (Lasso) 0.002 mg/L MCL Liberty High School
Compounds  Atrazine 0.003 mg/L MCL Liberty High School
(SOCs) Benzo(a)Pyrene 0.0002 mg/L MCL Liberty High School

BHC‐gamma (Lindane) 0.0002 mg/L MCL Liberty High School
Carbofuran 0.04 mg/L MCL Liberty High School
Chlordane 0.002 mg/L MCL Liberty High School
Dalapon 0.2 mg/L MCL Liberty High School
Di(2‐ethylhexyl)adipate (adipates) 0.4 mg/L MCL Liberty High School
Di(2‐ethylhexyl)phthalate (phthalates) 0.006 mg/L MCL Liberty High School
Dibromochloropropane (DBCP) 0.0002 mg/L MCL Liberty High School
Dinoseb 0.007 mg/L MCL Liberty High School
Diquat 0.02 mg/L MCL Liberty High School
Ethylene Dibromide (EDB) 0.00005 mg/L MCL Liberty High School
Endothall 0.1 mg/L MCL Liberty High School
Endrin 0.0002 mg/L MML Liberty High School
Glyphosate 0.7 mg/L MCL Liberty High School
Heptachlor 0.0004 mg/L MCL Liberty High School
Heptachlor Epoxide 0.0002 mg/L MCL Liberty High School
Hexachlorobenzene (HCB) 0.001 mg/L MCL Liberty High School
Hexachlorocyclopentadiene 0.05 mg/L MCL Liberty High School
Methoxychlor 0.04 mg/L MCL Liberty High School
Polychlorinated Biphenyls (PCBs) 0.0005 mg/L MCL Liberty High School
Pentachlorophenol 0.001 mg/L MCL Liberty High School
Picloram 0.5 mg/L MCL Liberty High School
Simazine 0.004 mg/L MCL Liberty High School
Toxaphene 0.003 mg/L MCL Liberty High School
Vydate (Oxamyl) 0.2 mg/L MCL Liberty High School

Regulated   1,1,1‐Trichloroethane 0.2 mg/L MCL, MML Liberty High School
Volatile  1,1,2‐Trichloroethane 0.005 mg/L MCL Liberty High School
Organic  1,1‐Dichloroethylene 0.007 mg/L MCL, MML Liberty High School
Compounds  1,2,4‐Trichlorobenzene 0.07 mg/L MCL Liberty High School
(VOCs) 1,2‐Dichlorobenzene (o) 0.6 mg/L MCL Liberty High School
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Table 4.  Year 3 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Sample Location

Regulated   1,2‐Dichloroethane (EDC) 0.005 mg/L MCL, MML Liberty High School
Volatile  1,2‐Dichloropropane 0.005 mg/L MCL Liberty High School
Organic  1,4‐Dichlorobenzene (p) 0.075 mg/L MCL, MML Liberty High School
Compounds  Benzene 0.005 mg/L MCL, MML Liberty High School
(VOCs) Carbon Tetrachloride 0.005 mg/L MCL, MML Liberty High School

Chlorobenzene 0.1 mg/L MCL Liberty High School
cis‐1,2‐Dichloroethylene  0.07 mg/L MCL Liberty High School
Ethylbenzene 0.7 mg/L MCL Liberty High School
Dichloromethane (methylene chloride) 0.005 mg/L MCL Liberty High School
Styrene 0.1 mg/L MCL Liberty High School
Tetrachloroethylene 0.005 mg/L MCL Liberty High School
Toluene 1 mg/L MCL Liberty High School
trans‐1,2‐Dichloroethylene 0.1 mg/L MCL Liberty High School
Trichloroethylene 0.005 mg/L MCL, MML Liberty High School
Vinyl Chloride 0.002 mg/L MCL, MML Liberty High School
Total Xylenes 10 mg/L MCL Liberty High School

Notes:
µS/cm = micro Siemens per centimeter
ACU = apparent color units
CFU/ml = colony forming units per milliliter
MCL = federal maximum contmainant level for drinking water
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water below which there is no known or expected 

risk to health. MCLGs allow for a margin of safety and are non‐enforceable public health goals.
mg/L = milligrams per liter
MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
mV = millivolts
NTU = nephelometric turbidity units
pCi/L = picoCuries per liter
SMCL = federal secondary maximum contaminant levels for drinking water
TON = threshold odor number
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Table 5.  Year 1 and Year 2 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 
Criteria

Sample Location

Disinfection  Chloroform (Trichloromethane) None mg/L None JWC and PWB
By‐Products    Bromodichloromethane None mg/L None JWC and PWB

Dibromochloromethane None mg/L None JWC
Bromoform (Tribromomethane) None mg/L None JWC
Total Trihalomethanes 0.08 mg/L MCL JWC

Geochemical Bicarbonate None mg/L None JWC and PWB
Calcium None mg/L None JWC and PWB
Carbonate None mg/L None JWC and PWB
Chloride 250 mg/L SMCL JWC and PWB
Hardness (as CaCO3) None mg/L None JWC and PWB
Magnesium None mg/L None JWC and PWB
Nitrate as N 10 mg/L MCL, MML JWC and PWB
Nitrite as N 1 mg/L MCL JWC and PWB
Total Nitrate‐Nitrite None mg/L None JWC
Potassium None mg/L None JWC and PWB
Silica None mg/L None JWC and PWB
Sodium 20 mg/L MCLG JWC and PWB
Sulfate 250 mg/L SMCL JWC and PWB
Total Alkalinity None mg/L None JWC and PWB
Total Dissolved Solids 500 mg/L SMCL JWC and PWB
Total Organic Carbon None mg/L None JWC and PWB
Total Suspended Solids None mg/L None JWC and PWB

Metals Aluminum 0.05 mg/L SMCL JWC and PWB
Antimony 0.006 mg/L MCL JWC and PWB
Arsenic 0.01 mg/L MCL JWC and PWB
Barium 1 mg/L MML JWC and PWB
Beryllium 0.004 mg/L MCL JWC and PWB
Cadmium 0.005 mg/L MCL JWC and PWB
Chromium 0.05 mg/L MML JWC and PWB
Copper 1 mg/L SMCL JWC and PWB
Iron (Total) 0.3 mg/L SMCL JWC and PWB
Lead 0.05 mg/L MML JWC and PWB
Manganese (Total) 0.05 mg/L SMCL JWC and PWB
Mercury 0.002 mg/L MCL, MML JWC and PWB
Nickel None mg/L None JWC and PWB
Selenium 0.01 mg/L MML JWC and PWB
Silver 0.05 mg/L MML JWC and PWB
Thallium 0.002 mg/L MCL JWC and PWB
Zinc 5 mg/L SMCL JWC and PWB

Miscellaneous Odor 3 TON SMCL JWC
Color 15 ACU SMCL JWC and PWB
Methylene Blue Active Substance 0.5 mg/L SMCL JWC
Corrosivity (Langelier Saturation Index) Non‐Corrosive mg/L SMCL JWC
Cyanide (as free cyanide) 0.2 mg/l MCL JWC and PWB
Fluoride 2 mg/L SMCL JWC and PWB
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Table 5.  Year 1 and Year 2 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Notes:
µS/cm = micro Siemens per centimeter
ACU = apparent color units
CFU/ml = colony forming units per milliliter
JWC = Joint Water Commission; collected after treatment at FW Hose, Site ID #1.
MCL = federal maximum contmainant level for drinking water
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water below which there is no known or expected 

risk to health. MCLGs allow for a margin of safety and are non‐enforceable public health goals.
mg/L = milligrams per liter
MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
mV = millivolts
PWB = Portland Water Bureau; collected after treatment at Bull Run's Lusted Hill treatment facility.
SMCL = federal secondary maximum contaminant levels for drinking water
TON = threshold odor number
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Table 6.  Source Water Analysis Schedule
Liberty High School Aquifer Storage and Recovery Permit Application and Supplemental Information

Water Year Cycle Sample Location Analyses

2019 9 JWC, PWB Partial Suite
2020 10 JWC, PWB Partial Suite
2021 11 Liberty High School Full Suite
2022 12 JWC, PWB Partial Suite
2023 13 JWC, PWB Partial Suite
2024 14 Liberty High School Full Suite

Notes
JWC = Joint Water Commission
PWB = Portland Water Bureau
Partial Suite = disinfection by‐products, metals, geochemical parameters, miscellaneaous parameters
Full Suite = disinfection by‐products, metals, geochemical parameters, miscellaneous parameters, 

synthetic organic compounds, volatile organic compounds, radiological parameters
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As-Built and Lithology
FIGURE 2

Liberty High School
Aquifer Storage and Recovery

Permit Application and
Supplemental Information
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FIGURE 5
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Note:
Some of the transducer measurements were adjusted
to match the manual measurements because of
erroneous shifts in the data.

Water level measurements are collected by a
transducer at a 30-minute interval.

amsl = above mean sea level
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STATE OF OREGON 

COUNTY OF WASHINGTON 

CERTIFICATE OF WATER RIGHT 

THIS CERTIFICATE ISSUED TO 

CITY OF HILLSBORO 
205 SE 2ND AVENUE 
HILLSBORO, OREGON 97 123 

confirms the right to use the waters of THE TUALATIN RIVER, a tributary 
of THE WILLAMETTE RIVER, for MUNICIPAL USE. 

This right was perfected under PERMIT 10408. The date of priority is 
AUGUST 15, 1930. This right is limited to 9.0 CUBIC FEET PER SECOND or 
its equivalent in case of rotation, measured at the point of diversion 
from the source. The quantity of water diverted at the new point of 
diversion shall not exceed the quantity of water available at the old 
point of diversion, and shall not exceed 9.0 cubic feet per second. 

The points of diversion are located as follows: 

HAINES FALLS INTAKE - SE 1/4 SE 1/4, SECTION 20, T 1 St R 5 W, 
W .M. ; 1100 FEET NORTH AND 200 FEET WEST FROM THE SOUTHEAST CORNER OF 
SECTION 20. SPRING HILL INTAKE - SW 1/4 SW 1/4, SECTION 8, T 1 St R 3 
W, W.M.; 500 FEET NORTH AND 410 FEET EAST FROM THE SOUTHWEST CORNER OF 
SECTION 8. 

The use shall conform to such reasonable rotation system as may be 
ordered by the proper state officer. 

A description of the place of use to which this right is appurtenant is 
as follows: 

s 1/2 
NW 1/4 

SECTION 32 
TOWNSHIP 1 NORTH, RANGE 2 WEST, W.M. 

s 1/2 
SECTION 33 

s 1/2 
SECTION 34 

s 1/2 
SECTION 35 

TOWNSHIP 1 NORTH, RANGE 3 WEST, W.M. 

ALL 
SECTION 7 

NE 1/4 
SECTION 16 

ALL 
SECTION 17 

ALL 
SECTION 18 

N 1/2 
SECTION 19 

TOWNSHIP 1 SOUTH, RANGE 1 WEST, W.M. 

SEE NEXT PAGE 

T-3130.JSR 



PAGE TWO 

SE 1/4 
SECTION 1 

E 1/2 
SECTION 4 

ALL 
SECTION 5 

N 1/2 
SE 1/4 

SECTION 6 

ALL 
SECTION 9 

N 1/2 
SECTION 10 

N 1/2 
SECTION 11 

ALL 
SECTION 12 

ALL 
SECTION 13 

w 1/2 
SECTION 24 

TOWNSHIP 1 SOUTH, RANGE 2 WEST, W.M. 

N 1/2 
SECTION 1 

N 1/2 
SECTION 2 

N 1/2 
SECTION 3 

N 1/2 
SECTION 4 

N 1/2 
SECTION 5 

s 1/2 
SECTION 6 

NW 1/4 
SECTION 7 

TOWNSHIP 1 SOUTH, RANGE 3 WEST, W.M. 

E 1/2 
SECTION 12 

N 1/2 
SW 1/4 

SECTION 13 

SE 1/4 
SECTION 14 

TOWNSHIP 1 SOUTH, RANGE 4 WEST, W.M. 

SEE NEXT PAGE 
T-3130. JSR 

- 
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PAGE THREE 

NE 1/4 
SW 1/4 

SECTION 23 

w 1/2 
SECTION 26 

E 1/2 
SECTION 27 

N 1/2 
SECTION 31 

NW 1/4 
SE 1/4 

SECTION 32 

NE 1/4 
SW 1/4 

SECTION 33 

N 1/2 
SECTION 34 

ALL 
SECTION 35 

TOWNSHIP 1 SOUTH, RANGE 4 WEST, W.M. 

s 1/2 
SECTION 25 

N 1/2 
SECTION 36 

TOWNSHIP 1 SOUTH, RANGE 5 WEST, W.M. 

This certificate is issued to confirm an ADDITIONAL POINT OF DIVERSION 
approved by an order of the Water Resources Director entered MARCH 7, 
1977, and supersedes Certificate 23540, State Record of Water Right 
Certificates. 

The issuance of this superseding certificate does not confirm the status 
of the water right in regard to the provisions of ORS 540.610 pertaining 
to forfeiture or abandonment. 

The right to the use of the water for the above purpose is restricted to 
beneficial use on the lands or place of use described. The use 
confirmed herein may be made only at times when sufficient water is 
available to satisfy all prior rights, including rights for maintaining 
instream flows. 

WITNESS the signature of the Water Resources Director, affixed 
OCTOBER 12, 1992. 

/S/ MARTHA 8. PAGEL 

Martha 0. Page1 

Recorded in State Record of Water Right Certificates numbered 67891. 

T-3130. JSR 











STATE OF OREGON 

COUNTIES OF WASHINGTON AND YAMHILL 

CERTIFICATE OF WATER RIGHT 

THIS CERTIFICATE ISSUED TO 

CITY OF HlLLSBORO 
150 MAlN STREET, THlRD FLOOR 
HlLLSBORO OR 97123 

. confirms the right to use the waters of TUALATIN RIVER, a tributary of the Willamette River, for MUNICIPAL USE. - - 

This right was perfected under Permit 46423. The date of priority is FEBRUARY 6, 1974. The amount of water to which 
this right is entitled is limited to an amount actually used beneficially, and shall not exceed 43.0 CUBIC FEET PER 
SECOND or its equivalent in case of rotation, measured at the point of diversion. 

The point of diversion is located as follqws: . 

I 

The right to the use of the water for the above purpose is restricted to beneficial use on the lands or place of use descnied. 

A description of the place of use to which this right is appurtenant is as follows: 

< 

Application S-5 1643. Page 1 of 7 Certificate 85913 
-- 

Twp 
1 S 

NOTICE OF W H T  TO PETITION FOR RECONSIDERATION OR JUDICIAL REVIEW 
This is an order in other than a contested case. This order is subject to judicial review under ORS 183.484. Any petition for 
judicial review must be filed within the 60-day time period specified by ORS 183.484(2). Pursuant to ORS 536.075 and 
OAR 137-004-0080, you may either petition for judicial review or petition the Director for reconsideration of this order. A 
petition for reconsideration may be granted or denied by the Director, and if no action is taken within 60 days following the 
date the petition was filed, the petition shall be deemed denied. In addition, under ORS 537.260 any person with an 
application, permit or water right certificate subsequent in priority may jointly or severally contest the issuance of the 
certijicate at any time before it has issued, and after the time has expired for the completion of the appropriation under the 
permit, or within three months after issuance of the certificate. 
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3 W 

Mer 
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Sec 

8 
Q-Q 

SW S W 

Measured Distances 

500 FEET NORTH & 4 10 FEET EAST FROM SW 
CORNER, SECTION 8 
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BEFORE THE WATER RESOURCES DEPARTMENT 
OF THE STATE OF OREGON 

In the Matter of Aquifer Storage and Recovery ) 
(ASR) Limited License Application #017, ) 
Washington County 

AUTHORITY 

ORDER APPROVING 
RENEWED ASR TESTING 

Oregon Revised Statute (ORS) 537.534 and Oregon Administrative Rule (OAR) 690-350-0020 
establish the process by which an application for ASR testing under an ASR limited license may be 
submitted and approved. Oregon Administrative Rule (OAR) 690-350-0010 describes general 
provisions for ASR under Oregon law. 

BACKGROUND 

Hillsboro School District began ASR testing under ASR LL #017 in 2010. Condition 1 of ASR 
Limited License #017 provides for renewal pursuant to OAR 690-350-0020(5)(c), and describes the 
following terms for renewal: The license may be renewed if the licensee demonstrates to the 
Director's satisfaction that further testing is necessary and that the licensee complied with the terms 
of the license. On August 17, 2015 the Department received application for renewal of ASR Limited 
License #017. The Department determined the renewal request was complete on August 19, 2015. 

FINDINGS OF FACT 

1. On August 17, 2015, Hillsboro School District submitted a request for renewal of ASR Limited 
License #017. The Department determined it was complete on August 19, 2015. 

2. The Department provided public notice of the application in the Department's weekly public 
notice on August 25, 2015. A 30-day comment period followed. 

3. The Department received no adverse comments related to the possible renewal of ASR Limited 
License #017. 

4. The Department sought comments and recommendations from Oregon Department of 
Environmental Quality (DEQ) and Oregon Health Authority Drinking Water Program (OHA) 
related to the possible renewal. Comments were received from DEQ and OHA supporting the 
renewal of ASR LL #017. 

5. The Department evaluated the renewal request and comments and determined the proposed 
renewal is consistent with Condition 1 of the ASR Limited License and OAR 690-350-
0020(5)(c). The licensee has demonstrated to the Director's satisfaction that further testing is 
necessary and that the licensee complied with the terms of the license. The renewal request 
presented reasons for the renewal, and also provided specific details that addressed compliance 
with the ASR limited license. 

NOTICE OF RIGHT TO PETITION FOR RECONSIDERATION OR JUDICIAL REVIEW 

This is an order in other than a contested case. This order is subject to judicial review under ORS 183.484. 
Any petition for judicial review must be filed within the 60-day time period specified by ORS 183 .484(2). 
Pursuant to ORS 536.075 and OAR 137-004-0080, you may petition for judicial review or petition the Director 
for reconsideration of this order. A petition for reconsideration may be granted or denied by the Director, and if 
no action is taken within 60 days following the date the petition was filed, the petition shall be deemed denied. 

Page 1 of7 



CONCLUSIONS OF LAW 

The request to renew ASR Limited License #017 for five years is consistent with the requirements of 
OAR 690-350-0020(5)(c) and Condition 1 of ASR Limited License #017. 

ORDER 

Now, THEREFORE, it is ORDERED, ASR Limited License #017 shall be valid through the fifth 
anniversary of its renewal, pursuant to ORS 537.534 and OAR 690-350-0020(5)(c), and Condition 1 
of the original ASR limited license. 

Except as modified by other provisions of this license, the licensee is authorized to pursue the project 
schedule, monitoring, and other features noted in the original and subsequent ASR pilot test plans. 
That plan may be amended and approved pursuant to condition (4)(A)(iii). The project schedule in 
the ASR test plan may be reasonably adjusted by the licensee to reflect the license issuance date or 
other delays. Features of that ASR testing plan are provided in the application documents entitled: 

Hillsboro School District: 1J 
Liberty High School 

Aquifer Storage and Recovery 
Limited License Application and 

Pilot Test Work Plan 
April 2010 

Prepared By GSI Water Solutions, Inc. 

RE: Response to OWRD Second Completeness Review for 
Hillsboro School District ASR Limited License Application 

July 13, 2010 (sic) 
Prepared by GSI Water Solutions, Inc. 

ASR testing must provide data and analysis that address the following: the appropriate target storage 
volume; loss of stored ASR water and natural water by virtue of ASR activities; water-quality 
changes due to ASR activities; well construction sufficiency for ASR purposes; water-level response 
in the ASR wells, aquifer, springs and nearby wells; accounting of ASR inputs, withdrawals, and 
storage; water-quality testing needs; and well hydraulics at the ASR wells. 

The licensee may divert up to 100 gallons per minute (gpm) from the Tualatin River, a tributary of the 
Willamette River, using municipal use authorization of Certificates 67891 , 85913, 81026, and 81027 
or from Sain Creek, a tributary of Scoggins Creek or Scoggins Creek, a tributary of the Tualatin 
River, using authorization of Certificates 81026 and 81027. 

The points of diversion are located at: Tl S, R3W, Section 8 SW Yi SW Yi; Tl S, R4W, Section 20 NE 
Yi NE Yi; TIS, R5W, Section 14 SW Yi SW Yi; and TIS, R5W, Section 20 SE Yi SE Yi. 

The licensee may store up to 30 million gallons in a basalt aquifer using one injection well. The 
maximum injection rate is 100 gpm. The licensee may recover up to 320 gpm through the same well. 
The maximum storage duration is the five-year duration of this limited license. 

The licensee may use the recovered municipal use water to irrigate 21.26 acres of athletics fields at 
Liberty High School in the Hillsboro School District. The amount of water used for irrigation is 
limited to 2.5 acre-feet for each acre irrigated during the irrigation season of each year. 
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The place of use is located as follows: 

SWI /4 SWI/4 1.0 ACRE 
SEI /4 SWI/4 4.2 ACRES 

SECTION 14 
NEI/4 NWI/4 12.98 ACRES 
NWI/4 NWI /4 1.47 ACRES 
SEI/4 NW1 /4 1.61 ACRES 

SECTION23 
TOWNSHIP I NORTH, RANGE 2 WEST, W.M. 

The ASR well is located as follows: 

Well Name Well Log Well Location in TIN. R2W W.M. 
ASR Well WASH 58925 670 feet North & 1450 feet east from SW comer, Section 14 

Other Conditions: 

1) License Renewal. The license may be renewed ifthe licensee demonstrates to the Director's 
satisfaction that further testing is necessary and that the licensee complied with the terms of the 
license. 

2) Notice Prior to Injection and Recovery. The licensee shall give notice, in writing, to the 
watermaster not less than 15 days in advance of either initiating any injection under the license or 
recovering stored water. The injection notice shall include the license number, the location of the 
injection source water diversion, the quantity of water to be diverted from that source, the time of 
injection, and the place of injection. The recovery notice shall include the license number, the 
location of the recovery well(s), the time of recovery, and the quantity of water to be recovered. 

3) Record of Use. The licensee shall maintain a record of injection and recovery, including the total 
number of hours of injection and recovery and the total metered quantity injected and recovered. 
The record of use may be reviewed by Department staff upon request. 

4) Modification/Revocation. The Department shall notify the licensee in writing and allow the 
licensee to respond when considering the following actions: 

(A) The Director may modify the ASR limited license for any of the following reasons: 

(i) to reflect changes in Oregon Health Authority Drinking Water Program (OHA) and 
Oregon Department of Environmental Quality (DEQ) water quality or treatment standards; 

(ii) to address needed technological changes as requested by DEQ or OHA to minimize 
constituents regulated under OAR 333-61-030 (ORS 448.131 and .273) or OAR 340-40 
(ORS 468B. l 65); 

(iii) upon written request from the applicant for minor adjustments to the authorization in 
the limited license. 
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(B) The Director may revoke, suspend or modify the ASR limited license for any of the following 
reasons: 

(i) to prevent or mitigate injury to other water rights, instream water rights, minimum 
perennial streamflows or aquifer water quality; 

(ii) to address any other unintended, injurious effects of the ASR activity; or 

(iii) failure to maintain compliance with all conditions of this license. 

(C) The Department may offer an additional public comment opportunity consistent with the 
notice and comment provisions of OAR 690-350-020 prior to modifying the license. 

5) Priority/Protection. This license does not receive a priority date and is not protected under ORS 
540.045. 

6) Compliance with Other Laws. The injection of acceptable water into the aquifer as well as its 
storage and recovery under this license shall comply with all applicable local, state or federal 
laws. This shall include but not be limited to compliance with the Oregon Department of 
Environmental Quality's (DEQ's) Underground Injection Control registration program as 
authorized under the Safe Drinking Water Act (40 CFR 144.26). Also, all pilot test discharges to 
waterways must be covered by a DEQ National Pollution Discharge Elimination System 
(NPDES) Permit. 

7) Water Quality Conditions and Limits. 
(A) The licensee shall minimize, to the extent technically feasible, practical and cost-effective, 

the concentration of constituents in the injection source water that are not naturally present in 
the aquifer; 

(B) Except as otherwise provided in (C) of this condition, if the injection source water contains 
constituents regulated under OAR 333-61-030 (ORS 448.131 and 448.273) or OAR 340-40 
(ORS 468B.165) that are detected at greater than 50 percent of the established levels (MCLs 
or MMLs in the cited rules), the licensee shall employ technically feasible, practical and cost
effective methods to minimize concentrations of such constituents in the injection source 
water; 

(C) Constituents that have a secondary contaminant level or constituents that are associated with 
disinfection of the injection source water may be injected into the aquifer up to the standards 
established under OAR 333-61-030 (ORS 448.131and448.273); 

(D) The Department may, based upon valid scientific data, further limit certain constituents in the 
injection source water if the Department finds that those constituents will interfere with or 
pose a threat to the maintenance of the water resources of the state for present or future 
beneficial uses; 

(E) If during the course of ASR testing, a constituent which is regulated under OAR 333-61-030 
(ORS 448.131 and .273) or OAR 340-40 (ORS 468B.165) is detected above the 50% level 
prescribed in condition (7)(B) or the 100% level prescribed in condition (7)(C), the licensee 
shall immediately stop injection activities upon receipt of lab data and notify the Department 
within five days. 
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8) Water Quality Sampling. 
(A) Injection Water. The licensee shall sample and analyze injection water as described in the 

current approved monitoring and test plans. 

(B) Wells. The licensee shall sample receiving aquifer water at the ASR well as described for 
wells in the current approved monitoring and test plans. 

(C) Withdrawal of Stored Water. The licensee shall analyze water withdrawn from storage as 
described in the current approved monitoring and test plans. 

9) Recovery. The availability of stored water for recovery is based on the following factors: 
(A) Available stored water is determined on a well-by-well basis. The licensee may recover up to 

95% of the quantity injected under this license during the water year that the water was 
injected. After that water year, the availability of stored water shall be further diminished 
each water year such that the licensee may only recover up to 95% of any water year-to-water 
year storage carryover. (For example, water year 2015 lasts from October 1, 2014 through 
September 30, 2015.) Data collected by the licensee may be useful in consideration of 
modifications to this recovery provision under the limited license. 

(B) Any water withdrawn from an ASR well identified in this limited license shall first be debited 
against the quantity available in the aquifer by virtue of ASR storage. When the ASR storage 
is depleted at an ASR well, any water withdrawn from an ASR well shall be considered a 
draft of natural ground water, requiring separate or additional authorization. This license 
does not authorize withdrawal of more water than was injected. 

(C) The availability of stored water is a running account that is subject to determination at any 
time. 

10) Reporting. 
(A) Annual ASR Report. Except as otherwise noted, the licensee shall provide the Department a 

written report of the results of ASR testing for each water year by February 15th of the 
following water year. The report shall detail the several kinds of data collected during the 
water year (including the water-quality results in a DEQ-specified format), analyze those data 
to show the ASR project impacts on the aquifer, indicate the testing/development progress 
made under the terms of the license, and account for the injection of stored water, 
withdrawals of stored and natural water, and the new-year carryover storage at the ASR well. 
Annual reports shall be sealed and signed by a professional(s) registered or allowed, under 
Oregon law, to practice geology. 

(B) As pertinent, data shall be submitted as described in Special Reporting Condition 11. 

11) Special Reporting Condition. The licensees shall provide the following information to the 
Department: 

(A) Submission of any and all hydrogeologic data collected and reports developed for the 
project, including but not limited to cuttings analysis, video Jogs, geophysical logs, 
aquifer tests and step tests. 

(B) Submission of digital water level data for all ASR wells and any other wells measured in 
conjunction with the project (in a Department specified format), including annual report 
data. 
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(C) Submission of annual reports with locations and elevations for all project wells (actual 
locations of built wells and proposed locations for proposed wells) and locations and 
elevations for all non-project wells that have been used for collecting water levels or 
other data pertinent to the project (in a Department specified format). 

(D) Notification in the annual report of any changes in well construction to the ASR limited 
license file. 

(E) Associating all project well data with the Department Well Identification Number (Well 
ID Number), the Department Well Log ID, if available, and the project Well Name. 

12) Protection for Existing Users. In the event of conflicts with existing appropriators, the licensees 
shall conduct all testing so as to mitigate the injurious effects. In addition, the licensees shall 
cooperate with the efforts of the Department to protect existing water rights and the water quality 
of existing users that rely upon the receiving aquifer and the injection source water. 

13) Use of Recovered Water. The licensee shall use any recovered water for the purposes described 
in ORS 538.420. 

14) Additional Conditions on an Informal Basis. The Department may suggest additional 
conditions to the licensees. Provided that those conditions are agreed to and undertaken by the 
licensees, the Department may forego formal changes to this license. This informal process does 
not extend to condition reductions. These additional conditions may be part of any license 
renewal or permit. 

15) Publicity. The licensee shall maintain a public information program about the ASR project, 
which may include press releases, neighborhood meetings, brochures, or other features . This 
program shall include information on potential project impacts and how to report possible 
impacts to the licensee. The licensee shall share such reports with the watermaster within five 
days ofreceipt. 

16) Other Measures. The licensees shall take additional measures, as appropriate, to address ASR
related issues such as landslide activation, seepage, streamflow increases, interference with 
nearby wells, aquifer storage limitations, and water quality protection. Further, the licensee shall 
notify the Department upon resolution of such issues. The licensee shall resolve these issues 
prior to submittal of an ASR permit application. 

17) Carryover Storage. At the end of testing under this license, the licensees shall provide an 
accounting to the Department of the residual stored water based on the methods of determination 
given in this license. The Department shall consider this residual for carryover to a permanent 
ASR permit based on information which discloses the aquifer' s ability to retain stored water. 

18) Well Tag Condition for Licensee Wells. Prior to testing, the licensees shall ensure that their 
wells have been assigned a Department Well Identification Number (Well ID Number). A tag 
showing the Well ID Number shall be permanently attached to the wells. If a well does not have 
a Well ID Number, the licensee shall apply for one from the Department and attach it to the well. 
The Well ID Number shall be used as a reference in any correspondence regarding the well, 
including any reports of water use, water level, or pump test data. 

19) Water Level Monitoring. The licensees shall monitor water levels in wells in the manner 
described in the current approved monitoring and test plans. 
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Dated at Salem, Oregon on November 9, 2015. 

/~J~ 
E. Timothy Wallin 
Water Rights Program Manager 
for Thomas M. Byler, Director 

If you have questions about the Department or any of its programs please contact our Customer 
Service Group at 503-986-0801. Address all other correspondence to: Groundwater Section, Oregon 
Water Resources Department, 725 Summer St NE, Suite A, Salem OR 97301-1266, Fax: 503-986-
0902. 
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Appendix D 
EVIDENCE OF LEGAL LAND USE 

 
 

 
 









Appendix E 
APPLICATION MAP 

 
 

 
 



Liberty High School ASR Well (WASH 58925)
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Application Map
APPENDIX E

Liberty High School Aquifer Storage
and Recovery Permit Application

and Supplemental Information

LEGEND
ASR Well

Point of Diversion (POD)

Portland Water Bureau Production Well
BLA Aquifer

CRSA Aquifer

SGA Aquifer

TGA Aquifer

TSA Aquifer

All Other Features
Focus Area

Major Road

Waterbody

Watercourses

MAP NOTES:
Projection: Oregon State Plane North  
Date: January 14, 2011
Data Sources:  OWRD, METRO

POINTS OF DIVERSIONS (PODs)
POD 1 (Certificate 81026) Located 750 feet North, 590 feet East 
from the SW corner of Section 14, Township 1 South, Range 5 West (W.M.)
Latitude: 45.4792393742, Longitude: -123.275999539
POD 1 (Certificate 67891) Located 1,080 feet North, 210 feet West 
from the SE corner of Section 20, Township 1 South, Range 5 West (W.M.)
Latitude: 45.4661442477, Longitude: -123.320222573
POD 1 (Certificate 81027) Located 750 feet North, 590 feet East 
from the SW corner of Section 14, Township 1 South, Range 5 West (W.M.)
Latitude: 45.4792393742, Longitude: -123.275999539
POD 2 (Certificate 81026) Located 650 feet South, 650 feet West 
from the NE corner of Section 20, Township 1 South, Range 4 West (W.M.)
Latitude: 45.4753551108, Longitude: -123.199166307
POD 2 (Certificate 81027) Located 650 feet South, 650 feet West 
from the NE corner of Section 20, Township 1 South, Range 4 West (W.M.)
Latitude: 45.4753551108, Longitude: -123.199166307
POD 2 (Certificate 67891) Located 500 feet North, 415 feet East 
from the SW corner of Section 8, Township 1 South, Range 3 West (W.M.)
Latitude: 45.4924844114, Longitude: -123.09276219
POD 1 (Certificate 85913) Located 515 feet North, 475 feet East 
from the SW corner of Section 8, Township 1 South, Range 3 West (W.M.)
Latitude: 45.4925557747, Longitude: -123.092534702
POD 3 (Certificate 81026) Located 695 feet North, 685 feet East 
from the SW corner of Section 8, Township 1 South, Range 3 West (W.M.)
Latitude: 45.4930223607, Longitude: -123.091717438
POD 3 (Certificate 81027) Located 695 feet North, 685 feet East 
from the SW corner of Section 8, Township 1 South, Range 3 West (W.M.)
Latitude: 45.4930223607, Longitude: -123.091717438
City of Portland POD Bull Run (ORS 538.420) Located 660 feet 
North, 670 feet West from the SE corner of Section 26, Township 1 South, 
Range 5 East (W.M.)
Latitude: 45.4486716721, Longitude: -122.150243168

Portland Water Bureau Columbia South Shore Well Field
The PWB appropriates groundwater from its Columbia South Shore 
Well Field under Permits G-10479, G-10124, G-10455, and 
Certificates 89117 and 89115.

City of Portland 
Bull Run POD (ORS 538.420)
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Technical  Memorandum 

To: Dave Peterson, Hillsboro School District 

From:    Larry Eaton, GSI Water Solutions, Inc. 
Renee Fowler, GSI Water Solutions, Inc. 

 
Date: June 2018  

Re:   Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan -- DRAFT 

 
This technical memorandum (TM) outlines the monitoring plan associated with Hillsboro 
School District’s (District) aquifer storage and recovery (ASR) system at Liberty High School 
(Figure 1), with the associated ASR permit application submitted in June 2018. 

1. Background 
The District installed an irrigation well (WASH 58925) in 2002 with the intent to provide 
roughly 175 gallons per minute (gpm) for irrigating Liberty High School’s athletic fields. The 
well was completed in basalt. The District applied for a native groundwater right from OWRD, 
but because of concerns of declining groundwater levels in this area, a permit was not issued. 
The District operated the existing well under a temporary permit (Permit G-16052) for several 
years while trying to obtain an existing water right to transfer to WASH 58925. When unable to 
acquire a water right, the District was left with the following options: (1) use Tualatin Valley 
Water District (TVWD) water for irrigation, or (2) consider using the existing well to store 
TVWD water (a blend of Joint Water Commission [JWC] and Portland Water Bureau [PWB] 
source water) for summer-time use. The system development charges for using TVWD water 
for irrigation were substantial because it required a 3-inch diameter connection line.  

The District commissioned GSI to evaluate the option of using the existing well for ASR 
purposes; a smaller connection (1-inch diameter connection line) could be used to recharge the 
well during the winter with roughly 10 to 20 million gallons (MG) of water for summer-time 
irrigation. An ASR feasibility study was completed by GSI in March 2010 (GSI, 2010), and the 
District moved forward with submitting an ASR LL application to OWRD and retrofitted the 
wellhead for ASR purposes.  

Since 2010, the District has been operating an ASR system at Liberty High School, using water 
from the ASR Well to irrigate roughly 22 acres of athletic fields. ASR pilot testing was 
authorized under ASR LL #017 from 2010 to 2015 (OWRD, 2010), and was renewed from 2015 
to 2020 (OWRD, 2015).  



  

 

In June 2018, the District applied for an ASR permit. This TM is the monitoring program 
associated with the ASR permit application. 

2. Operation Schedule 
Typically, injection starts between late October and December, and continues until dry weather 
initiates the need for irrigation, which is between April and June. Injection is continuous with 
the exception of system backflushing episodes, shutoffs caused by the high groundwater level 
alarm, or other issues that can take several days to several weeks to identify. The storage period 
is generally short, between zero and 10 days. Recovery typically continues through October.  

3. Groundwater Level Monitoring 
As described in the projects Operations and Maintenance (O&M) Manual (GSI, 2011) and the 
ASR permit application (GSI, 2018), the ASR Well is monitored using a telemetry system which 
recorded the injection flow rate, recovery flow rate, and groundwater level via a pressure 
transducer every 30 minutes. Periodic manual measurements using an electronic tape will be 
collected to verify transducer measurements, including before the start of the injection period 
and before the start of the recovery period.  

As outlined in the project ASR permit application, the District requested that it no longer be 
required to moniter the Country Haven Observation Well (WASH 5344) based on a lack of 
response to ASR activities at this monitoring point. 

4. Water Quality Monitoring 
As outlined in the project ASR permit application, source water will be monitored on a 3-year 
cycle under the Liberty High School ASR permit. Source water is treated drinking water that 
comes from the JWC and/or PWB, through the TVWD distribution system. The ratio of JWC 
water to PWB water in the source water changes throughout the injection period, and from year 
to year. 

The first two years (Year 1 and Year 2), source water quality will be monitored using the 
reported results from the JWC and PWB treatment facilities for partial-suite parameters, 
including disinfection by-products (DBPs), geochemical parameters, metals, and miscellaneous 
chemistry parameters (Table 1). 

In Year 3, one source water sample will be collected at the Liberty High School pump house at 
approximately 50 percent of the injection target volume. The sample will be a full-suite sample, 
including geochemical parameters, metals, DBPs, bacteriological, radiological parameters, 
synthetic organic compounds, volatile organic compounds, field parameters, and miscellaneous 
chemistry parameters (Table 2). 

As outlined in the ASR permit application, groundwater quality has been established during 
ASR pilot testing and no longer needs to be sampled as it is used for irrigation purposes. At the 
District’s discretion, geochemical parameters may be analyzed in recovered water to continue 
monitoring compatibility between source water and groundwater, and results will be reported 
if analyzed. 



  

 

5. Quality Assurance and Quality Control Plan 
The purpose of the quality assurance and quality control (QA/QC) plan is to ensure data 
collected are valid representations of the water level and water quality. QA/QC procedures that 
will be used include field record keeping, water quality sampling QA/QC, and the analytical 
laboratory quality assurance program. Each element of the project QA/QC is described below. 

Field Record Keeping 
The field staff will document the following information in a field notebook: 

• Date and time 
• Purpose of visit 
• Injection totalizer and flow rate readings 
• Recovery totalizer and flow rate readings 
• Manual groundwater measurement 
• When collecting a water quality sample: 

o Purging time and volume of water purged, if collecting a groundwater sample 
o Field parameter values (pH, temperature, specific conductivity, dissolved 

oxygen, oxidation-reduction potential, and turbdity) collected during sampling 
o Appearance of sample 

Water Quality Sampling QA/QC 
Field meters require calibration to ensure accurate and precise measurement of field 
parameters. The field meters will be calibrated before each sampling event and subsequently 
operated in a manner consistent with the manufacture’s recommendations. 

No duplicate water quality samples will be collected. If laboratory test results indicate that an 
analyte has an unexpectedly high concentration approaching 50 percent of the maximum 
contaminant level1, injection will be stopped and the location will be resampled as soon as 
possible. 

A sample label will be secured to each water sample container. The following information will 
be included on the sample labels: 

• Project information 
• Sample ID 
• Date and time of sample collection 
• Type of preservative (if any) 
• Other pertinent information requested by the analytical laboratory that will be analyzing 

the water samples 

Each sample ID will be named according to the following format: LHS-CX-SW, where: 

• “LHS” indicates the sample was collected for the Liberty High School 
• “CX” indicates the cycle (C1 for Cycle 1, C2 for Cycle 2, etc.) 
• “SW” represents source water (SW), the type of water sampled. 

A chain-of-custody form will be used to track possession of each sample and document the 
requested analyses.  

                                                      
1 100 percent for DBPs. 



  

 

Laboratory Quality Assurance Program 
Samples collected during the pilot testing program will be analyzed by an analytical laboratory 
certified by the Oregon Environmental Laboratory Accreditation Program (ORELAP).  

The analytical laboratory will use trip blanks, method blanks, spikes, laboratory duplicates, 
surrogates, and control samples in each analytical batch containing the District samples being 
analyzed, or at a frequency of at least one in every 20 samples, depending on the analysis being 
performed. The results from these procedures will accompany the sample test results. A copy of 
the analytical laboratory’s quality assurance manual is available upon request. 

6. References 
GSI. 2010. Injection Test Results for Liberty High School Irrigation Well – Hillsboro School 
District Aquifer Storage and Recovery Evaluation. GSI Water Solutions, Inc. March 2010. 

GSI. 2011. Operation and Maintenance (O&M) Manual, Liberty High School, Hillsboro School 
District Aquifer Storage and Recovery (ASR) Irrigation Well. GSI Water Solutions, Inc. March 
2011.  

GSI. 2018. Liberty High School Aquifer Storage and Recovery Permit Application and 
Supplemental Information. GSI Water Solutions, Inc. March 2011.  

OWRD. 2010. Aquifer Storage and Recovery (ASR) LL #017. Oregon Water Resources 
Department. October 25, 2010. 
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Table 1.  Year 1 and Year 2 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 

Criteria
Sample Location

Disinfection Chloroform (Trichloromethane) None mg/L None JWC and PWB
By-Products   Bromodichloromethane None mg/L None JWC and PWB

Dibromochloromethane None mg/L None JWC
Bromoform (Tribromomethane) None mg/L None JWC
Total Trihalomethanes 0.08 mg/L MCL JWC

Geochemical Bicarbonate None mg/L None JWC and PWB
Calcium None mg/L None JWC and PWB
Carbonate None mg/L None JWC and PWB
Chloride 250 mg/L SMCL JWC and PWB
Hardness (as CaCO3) None mg/L None JWC and PWB
Magnesium None mg/L None JWC and PWB
Nitrate as N 10 mg/L MCL, MML JWC and PWB
Nitrite as N 1 mg/L MCL JWC and PWB
Total Nitrate-Nitrite None mg/L None JWC
Potassium None mg/L None JWC and PWB
Silica None mg/L None JWC and PWB
Sodium 20 mg/L MCLG JWC and PWB
Sulfate 250 mg/L SMCL JWC and PWB
Total Alkalinity None mg/L None JWC and PWB
Total Dissolved Solids 500 mg/L SMCL JWC and PWB
Total Organic Carbon None mg/L None JWC and PWB
Total Suspended Solids None mg/L None JWC and PWB

Metals Aluminum 0.05 mg/L SMCL JWC and PWB
Antimony 0.006 mg/L MCL JWC and PWB
Arsenic 0.01 mg/L MCL JWC and PWB
Barium 1 mg/L MML JWC and PWB
Beryllium 0.004 mg/L MCL JWC and PWB
Cadmium 0.005 mg/L MCL JWC and PWB
Chromium 0.05 mg/L MML JWC and PWB
Copper 1 mg/L SMCL JWC and PWB
Iron (Total) 0.3 mg/L SMCL JWC and PWB
Lead 0.05 mg/L MML JWC and PWB
Manganese (Total) 0.05 mg/L SMCL JWC and PWB
Mercury 0.002 mg/L MCL, MML JWC and PWB
Nickel None mg/L None JWC and PWB
Selenium 0.01 mg/L MML JWC and PWB
Silver 0.05 mg/L MML JWC and PWB
Thallium 0.002 mg/L MCL JWC and PWB
Zinc 5 mg/L SMCL JWC and PWB

Miscellaneous Odor 3 TON SMCL JWC
Color 15 ACU SMCL JWC and PWB
Methylene Blue Active Substance 0.5 mg/L SMCL JWC
Corrosivity (Langelier Saturation Index) Non-Corrosive mg/L SMCL JWC
Cyanide (as free cyanide) 0.2 mg/l MCL JWC and PWB
Fluoride 2 mg/L SMCL JWC and PWB
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Table 1.  Year 1 and Year 2 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan

Notes:
µS/cm = micro Siemens per centimeter
ACU = apparent color units
CFU/ml = colony forming units per milliliter
JWC = Joint Water Commission; collected after treatment at FW Hose, Site ID #1.
MCL = federal maximum contmainant level for drinking water
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water below which there is no known or expected 

risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals.
mg/L = milligrams per liter
MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
mV = millivolts
PWB = Portland Water Bureau; collected after treatment at Bull Run's Lusted Hill treatment facility.
SMCL = federal secondary maximum contaminant levels for drinking water
TON = threshold odor number
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Table 2.  Year 3 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 

Criteria
Sample Location

Field Temperature None Celsius None Liberty High School
Parameters Conductivity None µS/cm None Liberty High School

pH 6 - 8.5 Units SMCL Liberty High School
Dissolved Oxygen None mg/L None Liberty High School
Oxidation-Reduction Potential None mV None Liberty High School
Turbidity None NTU None Liberty High School

Bacteriological Fecal Coliforms/E.Coli <1/100 ml CFU/100 ml MML Liberty High School
Total Coliform <1/100 ml CFU/100 ml MML Liberty High School

Disinfection Chloroform (Trichloromethane) None mg/L None Liberty High School
By-Products   Bromodichloromethane None mg/L None Liberty High School

Dibromochloromethane None mg/L None Liberty High School
Bromoform (Tribromomethane) None mg/L None Liberty High School
Total Trihalomethanes 0.08 mg/L MCL Liberty High School
Monochloroacetic Acid None mg/L None Liberty High School
Dichloroacetic Acid None mg/L None Liberty High School
Trichloroacetic Acid None mg/L None Liberty High School
Monobromoacetic Acid None mg/L None Liberty High School
Dibromoacetic Acid None mg/L None Liberty High School
Total Haloacetic Acids 0.06 mg/L MCL Liberty High School
Chlorite 1 mg/L MCL Liberty High School
Bromate 0.01 mg/L MCL Liberty High School

Geochemical Bicarbonate None mg/L None Liberty High School
Calcium None mg/L None Liberty High School
Carbonate None mg/L None Liberty High School
Chloride 250 mg/L SMCL Liberty High School
Hardness (as CaCO3) None mg/L None Liberty High School
Magnesium None mg/L None Liberty High School
Nitrate as N 10 mg/L MCL, MML Liberty High School
Nitrite as N 1 mg/L MCL Liberty High School
Total Nitrate-Nitrite None mg/L None Liberty High School
Potassium None mg/L None Liberty High School
Silica None mg/L None Liberty High School
Sodium 20 mg/L MCLG Liberty High School
Sulfate 250 mg/L SMCL Liberty High School
Total Alkalinity None mg/L None Liberty High School
Total Dissolved Solids 500 mg/L SMCL Liberty High School
Total Organic Carbon None mg/L None Liberty High School
Total Suspended Solids None mg/L None Liberty High School

Metals Aluminum 0.05 mg/L SMCL Liberty High School
Antimony 0.006 mg/L MCL Liberty High School
Arsenic 0.01 mg/L MCL Liberty High School
Barium 1 mg/L MML Liberty High School
Beryllium 0.004 mg/L MCL Liberty High School
Cadmium 0.005 mg/L MCL Liberty High School
Chromium 0.05 mg/L MML Liberty High School
Copper 1 mg/L SMCL Liberty High School
Iron (Total) 0.3 mg/L SMCL Liberty High School
Iron (Dissolved) None mg/L None Liberty High School
Lead 0.05 mg/L MML Liberty High School
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Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 

Criteria
Sample Location

Manganese (Total) 0.05 mg/L SMCL Liberty High School
Manganese (Dissolved) None mg/L None Liberty High School
Mercury 0.002 mg/L MCL, MML Liberty High School
Nickel None mg/L None Liberty High School
Selenium 0.01 mg/L MML Liberty High School
Silver 0.05 mg/L MML Liberty High School
Thallium 0.002 mg/L MCL Liberty High School
Zinc 5 mg/L SMCL Liberty High School

Miscellaneous Odor 3 TON SMCL Liberty High School
Color 15 ACU SMCL Liberty High School
Methylene Blue Active Substance 0.5 mg/L SMCL Liberty High School
Corrosivity (Langelier Saturation Index) Non-Corrosive mg/L SMCL Liberty High School
Cyanide (as free cyanide) 0.2 mg/l MCL Liberty High School
Fluoride 2 mg/L SMCL Liberty High School

Radionuclides Combined Radium 226/228 5 pCi/L MCL, MML Liberty High School
Uranium 0.03 mg/L MCL Liberty High School
Radon None pCi/L None Liberty High School
Gross Alpha 15 pCi/L MCL, MML Liberty High School
Gross Beta 50 pCi/L MML Liberty High School

Regulated 2,4,5-TP (Silvex) 0.01 mg/L MML Liberty High School
Synthetic 2,4-D 0.07 mg/L MCL Liberty High School
Organic Alachlor (Lasso) 0.002 mg/L MCL Liberty High School
Compounds Atrazine 0.003 mg/L MCL Liberty High School
(SOCs) Benzo(a)Pyrene 0.0002 mg/L MCL Liberty High School

BHC-gamma (Lindane) 0.0002 mg/L MCL Liberty High School
Carbofuran 0.04 mg/L MCL Liberty High School
Chlordane 0.002 mg/L MCL Liberty High School
Dalapon 0.2 mg/L MCL Liberty High School
Di(2-ethylhexyl)adipate (adipates) 0.4 mg/L MCL Liberty High School
Di(2-ethylhexyl)phthalate (phthalates) 0.006 mg/L MCL Liberty High School
Dibromochloropropane (DBCP) 0.0002 mg/L MCL Liberty High School
Dinoseb 0.007 mg/L MCL Liberty High School
Diquat 0.02 mg/L MCL Liberty High School
Ethylene Dibromide (EDB) 0.00005 mg/L MCL Liberty High School
Endothall 0.1 mg/L MCL Liberty High School
Endrin 0.0002 mg/L MML Liberty High School
Glyphosate 0.7 mg/L MCL Liberty High School
Heptachlor 0.0004 mg/L MCL Liberty High School
Heptachlor Epoxide 0.0002 mg/L MCL Liberty High School
Hexachlorobenzene (HCB) 0.001 mg/L MCL Liberty High School
Hexachlorocyclopentadiene 0.05 mg/L MCL Liberty High School
Methoxychlor 0.04 mg/L MCL Liberty High School
Polychlorinated Biphenyls (PCBs) 0.0005 mg/L MCL Liberty High School
Pentachlorophenol 0.001 mg/L MCL Liberty High School
Picloram 0.5 mg/L MCL Liberty High School
Simazine 0.004 mg/L MCL Liberty High School
Toxaphene 0.003 mg/L MCL Liberty High School
Vydate (Oxamyl) 0.2 mg/L MCL Liberty High School

Regulated  1,1,1-Trichloroethane 0.2 mg/L MCL, MML Liberty High School
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Table 2.  Year 3 Source Water Analyte List
Liberty High School Aquifer Storage and Recovery Permit Monitoring Plan

Class Analyte
Lowest 

Regulatory 
Standard

Units
Regulatory 

Criteria
Sample Location

Volatile 1,1,2-Trichloroethane 0.005 mg/L MCL Liberty High School
Organic 1,1-Dichloroethylene 0.007 mg/L MCL, MML Liberty High School
Compounds 1,2,4-Trichlorobenzene 0.07 mg/L MCL Liberty High School
(VOCs) 1,2-Dichlorobenzene (o) 0.6 mg/L MCL Liberty High School

1,2-Dichloroethane (EDC) 0.005 mg/L MCL, MML Liberty High School
1,2-Dichloropropane 0.005 mg/L MCL Liberty High School
1,4-Dichlorobenzene (p) 0.075 mg/L MCL, MML Liberty High School
Benzene 0.005 mg/L MCL, MML Liberty High School
Carbon Tetrachloride 0.005 mg/L MCL, MML Liberty High School
Chlorobenzene 0.1 mg/L MCL Liberty High School
cis-1,2-Dichloroethylene 0.07 mg/L MCL Liberty High School
Ethylbenzene 0.7 mg/L MCL Liberty High School
Dichloromethane (methylene chloride) 0.005 mg/L MCL Liberty High School
Styrene 0.1 mg/L MCL Liberty High School
Tetrachloroethylene 0.005 mg/L MCL Liberty High School
Toluene 1 mg/L MCL Liberty High School
trans-1,2-Dichloroethylene 0.1 mg/L MCL Liberty High School
Trichloroethylene 0.005 mg/L MCL, MML Liberty High School
Vinyl Chloride 0.002 mg/L MCL, MML Liberty High School
Total Xylenes 10 mg/L MCL Liberty High School

Notes:
µS/cm = micro Siemens per centimeter
ACU = apparent color units
CFU/ml = colony forming units per milliliter
MCL = federal maximum contmainant level for drinking water
MCLG = maximum contaminant level goal, the level of a contaminant in drinking water below which there is no known or expected 

risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals.
mg/L = milligrams per liter
MML = Oregon Department of Environmental Quality's maximum measurable levels for groundwater
mV = millivolts
NTU = nephelometric turbidity units
pCi/L = picoCuries per liter
SMCL = federal secondary maximum contaminant levels for drinking water
TON = threshold odor number
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FIGURE 1
Site Overview
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Aquifer Storage and Recovery

Permit Monitoring Plan
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