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EXECUTIVE SUMMARY 
This report summarizes Water Year (WY) 2016 aquifer recharge operations at the Anspach, Barrett, 

Johnson, NW Umapine and Trumbull sites and supporting groundwater level and surface water and 

groundwater quality monitoring data.  The five aquifer recharge sites were operated under Limited 

License 1433 (LL-1433) issued by Oregon Water Resources Department.  This report was prepared 

per Condition 11 of LL-1433 requiring annual reporting of aquifer recharge site operations and 

data collected in fulfillment of the water level and water quality monitoring plan. 

Source water for all five aquifer recharge sites was diverted from the Walla Walla River at the Little 

Walla Walla Diversion in Milton-Freewater, OR.  The water was delivered through the Hudson Bay 

District Improvement Company’s irrigation system to each site’s turnout.  The WY 2016 recharge 

season started November 21st, 2015 and ended May 12th, 2016.  The WY 2016 recharge season had 

116 days of active recharge operations.  The recharge season was interrupted by low river flows 

during November, December, and May and by a short period of freezing temperatures.  Annual 

cleaning of the fish screens at the Little Walla Walla Diversion prevented recharge operations 

during the month of February and early March.  The total amount of water diverted under LL-1433 

for the WY 2016 recharge season was 6,229.54 acre-feet. 

Water level and water quality data were collected in accordance with the approved monitoring plan 

for LL-1433.  Down-gradient groundwater monitoring wells in the vicinity of the recharge sites 

responded to recharge activities, with groundwater elevations increasing and decreasing as 

recharge operations began and ended.  After recharge operations ended on May 12th 2016, water 

levels at some monitoring wells remained static or increased in response to increased seepage 

through the fully charged ditches/canals and percolation from irrigation. 

Groundwater and surface water quality data collected during aquifer recharge activities do not 

indicate that AR activities are degrading groundwater quality.  Source water quality being delivered 

to the aquifer recharge sites was of good quality. 

Groundwater levels saw significant declines during WY 2015 due to drought conditions, however 

declines were reversed during the WY 2016 recharge season and is likely due in part to aquifer 

recharge operations. The WY2015 and WY2016 recharge seasons provide insight into how both the 

groundwater system and the aquifer recharge program can be influenced by drought conditions 

and then recover the following year under more typically climate conditions.  WY2015 and WY2016 

also provide insight into how the alluvial aquifer can be managed to allow greater utilization during 

drought conditions if accompanied by a managed aquifer recharge program.   

 

Continued operation of the five current sites and the addition of thirteen new aquifer recharges 

sites under LL-1621 is expected in WY 2017.   
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INTRODUCTION 
This report describes groundwater level monitoring data, surface and groundwater quality 

sampling data and aquifer recharge (AR) operations during water year (WY) 2016 (October 1, 2015 

– September 30, 2016) performed by the Walla Walla Basin Watershed Council (WWBWC) in 

cooperation with the Hudson Bay District Improvement Company (HBDIC).   The Walla Walla Basin 

AR program has been in existence since 2004.  The first pilot project, the Johnson site, was started 

in Oregon in the spring of 2004.  The program expanded in 2006 with the addition of the Hall-

Wentland site just south of the Oregon-Washington state line.  The first AR site in the Walla Walla 

watershed within Washington (Locher Road) was put into operation in 2007. For a more in-depth 

background on the AR program and the Walla Walla basin’s hydrology and geology, please see the 

Walla Walla Basin Aquifer Recharge Strategic Plan (available at 

www.wwbwc.org/projects/recharge.html). 

In contrast to many other AR projects being implemented nationally and internationally, the Walla 

Walla Basin AR program is not currently being implemented to store water that can later be 

recovered for beneficial use.  Although some use of the stored water is likely occurring at existing 

water supply wells located hydraulically down-gradient of the current AR sites, the primary 

purpose of AR in the Walla Walla Basin is to restore the watershed by enhancing groundwater 

contributions to instream flow for public and regional benefits.  Increases in groundwater levels 

will not only enhance stream and river baseflow during periods of seasonally low flow, but will also 

result in multiple benefits including those for aquatic life and additional water for recreational, 

domestic, and irrigation uses.  

During WY 2016 the aquifer recharge program comprised five sites: Anspach, Barrett, Johnson, NW 

Umapine and Trumbull.  The recharge sites were operated under Limited License 1433 (LL-1433) 

(Appendix A) issued by Oregon Water Resources Department (OWRD) on March 11, 2013.  Source 

water for aquifer recharge was diverted from the Walla Walla River at the Little Walla Walla 

Diversion in Milton-Freewater, Oregon at a maximum rate of up to 45 cubic feet per second (cfs) 

between November 21st, 2015 and May 12th, 2016.  The WY 2016 recharge season had 116 days of 

active recharge operations.  The recharge season was interrupted by low river flows during 

November, December, and May and by a short period of freezing temperatures.  Annual cleaning of 

the fish screens at the Little Walla Walla Diversion prevented recharge operations during the 

month of February and early March.  The water diverted for recharge was delivered through the 

Hudson Bay District Improvement Company’s irrigation system to each AR site’s turnout.  The total 

amount of water diverted under LL-1433 from November 21st, 2015 through May 12th, 2016 was 

6,229.54 acre-feet. 

Per Condition 11 of LL-1433, the WWBWC is required to submit an annual report that provides a 

detailed description of AR operations and source and groundwater observations during the aquifer 

recharge period. The annual report’s main goals are to: 1) provide data to evaluate how AR 

operations are influencing groundwater quality and groundwater levels and 2) provide 

recommendations for modifications to the monitoring program and AR operations based on site 

http://www.wwbwc.org/projects/recharge.html


 

 
 

operations and interpretation of the data. To this end, diverted surface water volumes, AR volumes 

and application rates, groundwater elevations, source water quality and groundwater quality data 

were collected in accordance with the approved monitoring plan for LL-1433 (Appendix B).   

Presentation of the WY 2016 AR program operations and monitoring results are organized in this 

report as follows:  

 Introduction 

 Hydrologic Setting 

 Aquifer Recharge Sites Design and Construction 

 WY 2016 AR System Operation and Monitoring  

 Source water diversion 

 Anspach Recharge Site 

 Barrett Recharge Site 

 Johnson Recharge Site 

 NW Umapine Recharge Site 

 Trumbull Recharge Site 

 Water Quality Monitoring 

 Source Water Quality 

 Groundwater Quality 

 Recommendations for WY 2017 

Appendices are provided at the end of the report as well as a compact disc with water level data in 

the OWRD requested format.  

HYDROLOGIC SETTING 
The Walla Walla River (River) system is a bi-state watershed located in northeast Oregon and 

southeast Washington (Figure 1).  The River’s headwaters are located in the Blue Mountains, the 

crest of which defines the eastern extent of the watershed.  The mainstem Walla Walla River and its 

primary tributaries, Mill Creek and the Touchet River, are the three primary surface water channels 

of the system. They coalesce within the Walla Walla Valley from which the Walla Walla River then 

flows draining to the Columbia River (Figure 2).  This report focuses on the portion of the River 

system that comprises the Walla Walla River mainstem and the distributary network, especially 

where they flow onto and across the area referred to in the balance of this report as the Walla Walla 

Valley. 



 

 
 

 

Figure 1 - The Walla Walla Watershed in Northeast Oregon and Southeast Washington.  The stateline is indicated by the 
red line. 



 

 
 

 

Figure 2 - The Walla Walla River and its major tributaries and distributaries.  The stateline is indicated by the red line. 

Walla Walla Basin hydrology is largely defined by a distributary river system and an underlying 

alluvial aquifer system hosted by the sediments overlying basalt.  Surface waters entering the Walla 

Walla Valley effectively change regime from steep sided canyons in the headwaters portion of the 

watershed to a system of distributary and coalescing streams on the central valley floor.  With this, 

shallow groundwater systems see a regime change from localized, saturated valley deposits and 

confined basalt aquifers controlled by the geologic structure of the Columbia River basalt typical of 

the highland areas to the more widespread, thick alluvial aquifer system immediately underlying 

the valley floor.  Depth to basalt beneath the base of the canyon floors in the highland areas 

upstream of the cities of Walla Walla and Milton-Freewater is typically less than 60 feet, with 30 

feet more commonly observed.  Beneath the central valley floor the top of basalt often is hundreds 

of feet deep below overlying alluvial sediments. 

Groundwater in the Walla Walla Basin occurs in two principal aquifer systems: (1) the unconfined 

to confined suprabasalt sediment (alluvial) aquifer system and (2) the underlying confined basalt 

aquifer system (Newcomb, 1965).  The basalt aquifer system is regional in character, having limited 

hydraulic connection to the Walla Walla River, primarily in the canyons of the Blue Mountains.  The 



 

 
 

alluvial aquifer system is the focus of the aquifer recharge program because of its high degree of 

hydraulic connection with streams on the valley floor.   

The alluvial aquifer system, or alluvial aquifer, is found within a sequence of continental clastic 

sediments overlying the top of basalt (the Mio-Pliocene strata (upper coarse, fine and lower coarse 

units) and the Quaternary coarse unit).  Beneath the Walla Walla Valley floor these sediments, and 

the alluvial aquifer system, is up to 800 feet thick.  The majority of the productive portions of the 

alluvial aquifer system are hosted by the Mio-Pliocene coarse unit although, at least locally, it is 

hosted in the overlying Quaternary coarse unit.  The alluvial aquifer is generally characterized as 

unconfined, but it does, at least locally, display evidence of confined conditions. Preferential 

groundwater flow within the alluvial aquifer is inferred to largely reflect the distribution of coarse 

sedimentary strata.  General groundwater flow direction is from east to west based on contoured 

groundwater elevations in the alluvial aquifer (Figure 3).   

 

Figure 3 - Water table elevation contours for the alluvial aquifer system in October 2009. 

The surficial hydrology of the Walla Walla Basin generally is defined by streams confined to steep-

walled canyons in the foothills surrounding the valley, a distributary stream system as these 

streams exit the highlands and flow out onto the valley floor, and then, as the streams flow west, 

they coalesce into the main Walla Walla River channel.  The distributary system formed as streams 

leaving the highlands entered the valley, went from higher to lower gradient and, as a consequence, 

deposited coarse sediment loads and formed a series of low angle, coalescing alluvial fans.  Upon 

Approximate Alluvial 

Aquifer System Boundary 



 

 
 

the alluvial fans in and around the cities of Walla Walla and Milton-Freewater these natural 

distributary channels still exist in part or in whole to this day.  These channels are known today as 

the East Little Walla Walla River, West Little Walla Walla River, Mud Creek, Yellowhawk Creek, and 

Garrison Creek.  Prior to the development of water resources in the valley, these distributary 

channels, with other (un-named) channels, served as high water channels that conveyed large 

amounts of energy and water across the alluvial fan and away from the mainstem Walla Walla River 

and Mill Creek.  The channels run for several miles, accumulating spring flow, before returning back 

to the River further down the valley (Figure 4). 

 

 

Figure 4 - Map of the distributary stream networks of the Walla Walla River and Mill Creek.  Historically these stream 
networks conveyed winter and spring high flows across the valley’s alluvial fans allowing for reduced flood pressure on 

the mainstem rivers, provided off-channel habitat and provided recharge to the alluvial aquifer system. 

 

Generally, the ‘spreading out’ of water across the alluvial fans via distributary channels and 

adjacent floodplains, coupled with the high hydraulic conductivity of the underlying coarse 

sediment, functions as a primary groundwater recharge mechanism for the entire alluvial aquifer.  



 

 
 

This seasonally recharged aquifer system in-turn feeds the valley’s springs, spring creeks and larger 

streams.  This cycling of surface water to groundwater recharge, followed by later discharge in 

springs and as stream baseflow creates a delay in discharge of these waters from the valley.  

Depending on local conditions, this delay can range from days to months, and even years (Jiménez, 

2012).  Additionally, the distributary channels provided off-channel habitat for aquatic species.  

The management and development of surface water resources in the basin has led to installation of 

flow control devices (i.e. irrigation head gates) at the heads of the distributary channels.  Over time, 

management of the flow within the distributary network has resulted in a less natural distribution 

of floodwaters during periods of high flow.  Peak stream flows that would generally occur during 

the winter and spring no longer have free access to the distributary network and the adjacent 

floodplains that would provide recharge to the underlying alluvial aquifer.  The current 

management of peak flows, the channelization of the valley’s rivers and creeks and development of 

the alluvial aquifer as a groundwater resource has contributed substantially to declining 

groundwater levels in the alluvial aquifer.    

The decline in alluvial aquifer water levels, coupled with the high hydraulic connectivity between 

surface water and alluvial groundwater, has created losing reaches along the streams and/or rivers 

where high seepage loss occurs and instream flow is decreased as significant volumes of surface 

water drain to the underlying alluvial aquifer (Figure 5).   

In recent years, the listing of steelhead and bull trout as threatened under the Endangered Species 

Act and the reintroduction of spring chinook salmon within the Walla Walla watershed, has led to 

out-of-court agreements between irrigators and Federal fishery agencies to enhance instream 

flows.    As a result of these agreements, local irrigators are leaving a portion of their legal water 

rights instream as bypass water year round.  For example, per civil agreement, HBDIC and Walla 

Walla River Irrigation District irrigators leave 25-27 cfs instream (bypass) throughout the year.  

However, depending on the water-year and a number of other factors, it is not unusual to have a 

significant portion (40-50%) of the bypass water seep into the underlying alluvial aquifer before it 

reaches the WA/OR border (WWBWC, 2014) 

Creeks across the valley are sourced by springs discharging from the alluvial aquifer and have also 

seen declines in flow since the earliest hydrogeologic studies were conducted by Piper (acting on 

behalf of the US Supreme Court) in the 1930s, Newcomb in the 1960s and Barker and MacNish in 

the 1970s (Piper, 1933; Newcomb, 1965; Barker and MacMish, 1976).  Water level declines in the 

alluvial aquifer since the 1930s and 1940s (Figures 6 & 7) are consistent with the general decline in 

discharge from the related springs (Figure 8).  These trends lead one to conclude that over the past 

several decades there has been a general decrease in groundwater contributions to baseflow of the 

Walla Walla River and other surface bodies during critical low-flow periods. This loss of cooler 

groundwater baseflow to streams affects not only the amount of flow in the river but also leads to 

increased surface water temperature during the low-flow periods, affecting aquatic species and the 

stream ecosystem. 

 



 

 
 

 

Figure 5 - Results from the water budget analysis of the Walla Walla River in August 2009.  Color indicates a given reach 
as either gaining or losing.  Gains (positive values) indicate groundwater discharging to the river and losses (negative 

values) indicate surface water seeping into the ground (see WWBWC, 2014 for details). 

 

 



 

 
 

 

Figure 6 - Hydrograph for Monitoring Well GW_16 showing the long-term groundwater level decline in the alluvial aquifer 
system in the Walla Walla basin. 

 

Figure 7 - Hydrograph for Monitoring Well GW_19 showing the long-term groundwater level decline in the alluvial aquifer 
system in the Walla Walla basin. 



 

 
 

 

Figure 8 - Hydrograph for McEvoy Spring Creek located just north of the WA-OR state line.  Hydrograph shows the decline 
in spring flows over the last 80 years. 

AQUIFER RECHARGE SITE INFRASTRUCTURE DESIGN AND OPERATION 
The Anspach, Barrett, Johnson, NW Umapine and Trumbull AR sites were in operation during 

WY2016 as part of the Walla Walla Basin AR program (Figure 9).  Each site’s design, construction 

and operational capacity is provided in the following sections.  Design drawings for each site are 

included as Appendix C.  



 

 
 

 

Figure 9 - Active aquifer recharge sites in the Oregon portion of the Walla Walla Basin during WY2016. 

ANSPACH AQUIFER RECHARGE SITE 
The Anspach AR site (Anspach site) was constructed in October 2012 using a combination of 

Bonneville Power Administration (BPA) and Oregon Watershed Enhancement Board (OWEB) 

funding and expanded in the fall/winter of 2015.  The site consists of a single turnout structure 

installed in the HBDIC canal that delivers water to a new pipeline that serves both infiltration 

galleries.    Each infiltration gallery is independently controlled via valves and turnout pipes.  The 

pipe manifolds into ten 4-inch diameter perforated drain field pipes buried 6 to7 feet below ground 

surface (bgs) and extends approximately 200 feet from the source water manifold (Figure 10).  The 

perforated pipes sit on top of approximately 1 to 2 feet of clean gravel and are overlaid with 

approximately 0.5 to 1 foot of clean gravel (See Appendix C for designs).   

Water for this site is delivered down the HBDIC’s White Ditch and diverted into a private 

pipeline/ditch.  The site was designed to operate at a recharge rate of approximately 1 cfs.  In the 

fall/winter of 2015, the Anspach site was expanded to include a second infiltration gallery and a 

new turnout and supply pipeline (Figure 11).  The second infiltration gallery is similar in design to 

the original gallery.  The expanded site now operates at approximately 1,500 gallons per minute 

which is 5 to 10 times what the site previously operated at.  During the WY2016 recharge season, 

the site operated around 1,500 gallons per minute (~3.5 cfs). 



 

 
 

 

Figure 10 - The Anspach Aquifer Recharge site during construction in October 2012.  This recharge site utilizes ten 4-inch 
perforated pipes that run approximately 200 feet.  See Appendix C for designs. 



 

 
 

 

Figure 11 - New intake structure and pipeline for the Anspach AR site built in the fall/winter of 2015. 

BARRETT AQUIFER RECHARGE SITE 
The Barrett AR site (Barrett site) was constructed in the winter of 2014 using OWEB funding.  The 

site consists of seven 4-inch diameter perforated drain field pipes buried 4 to 5 feet bgs and 

extending approximately 600 feet from the source water manifold (Figure 12).  The perforated 

pipes sit on top of approximately 1 to 2 foot of clean gravel and are overlaid with approximately 0.5 

to 1 foot of clean gravel (See Appendix C for designs).  Water for this site is delivered down the 

HBDIC’s White Ditch and diverted into the Barrett pipeline.  The Barrett site’s turnout and valve are 

situated along the pipeline.  The site was designed to operate at a recharge rate of approximately 2-

3 cfs.  During the WY2016 recharge season, the site operated at 1-4 cfs.  The greater than expected 

recharge rate was likely due to head pressure in the pipeline, the sediments being more 

hydraulically conductive than anticipated and large depth to groundwater.  Variations in recharge 

rate were primarily due to variable pipeline flowrates in response to clogging of the debris screen 

at the head of the pipeline and down-pipe irrigation demand during the spring.  When the pipeline 

debris screen is clear of debris the site can run at over 3 cfs and when clogged with debris the site 

can run at 1-2 cfs. 



 

 
 

 

Figure 12 - Turn out structure, valve, flow meter and pipe manifold for the Barrett Aquifer Recharge site.  See Appendix C 
for design details. 

 

JOHNSON AQUIFER RECHARGE SITE 
The Johnson site, formerly known as the Hudson Bay site and/or the Hulette Johnson site, has been 

operating since 2004.  The Johnson site has been developed in three phases since pilot testing 

operations began in 2004 (Figure 13).  The initial two phases are described extensively in the final 

report for the sites first limited license (WWBWC, 2010).  The site currently has the capacity for 

approximately 16 to 17 cfs of infiltration into approximately 3 acres of infiltration basins 

(spreading basins) and three infiltration galleries (Figure 13).  During the WY2016 season the site 

had an average inflow rate of just over 17 cfs.  Johnson site construction is summarized below.  For 

additional details on the Johnson site please see WWBWC (2010; 2013; 2014b). 

SPREADING BASINS 

The Johnson site was originally constructed with three spreading basins (Figure 13).  The three 

original basins were constructed in the winter/spring of 2004.  These basins were increased in size 

during 2005 to almost triple their original area.  Phase II included the addition of a hydraulically 

up-gradient spreading basin in 2006 and four infiltration galleries in the winter of 2009.  Water for 

the new up-gradient basin was fed through the original diversion with water being “pushed” into it 

from the first basin.  Phase III included the addition of four additional basins on the lower end of the 

property, a new out-flow measurement weir, a new pipeline that feeds water to each individual 

basin, a telemetry system to remotely monitor site operation and an alternate method to deliver 

water to the up-gradient basin.  During the Phase III construction of the down-gradient spreading 



 

 
 

basins, the largest basin described in the preliminary design was modified because subsurface 

material beneath the southern half of the planned basin consisted of finer-grained sand/silt while 

the northern half consisted of coarser gravel/cobbles.  On the basis of the encountered 

heterogeneous conditions, it was decided to divide the down-gradient basin into two basins based 

upon the sediment types (Figure 13 and 14).  

 

Figure 13 - The Johnson site’s spreading basins showing the three phases of construction.  Phase I was conducted in 2004-
2005, Phase II in 2006-2009 and Phase III in 2010-2011.  See Appendix C for as built designs. 

 

Figure 14 - Aerial photo of the Johnson site from 2013 showing the current configuration of the site with 10 spreading 
basins and 3 active infiltration galleries (between the spreading basins and the pile of fill material). 

INFILTRATION GALLERIES 

During Phase II, four different infiltration gallery (IG) designs were installed at the Johnson site to 

evaluate each design’s performance, longevity, and cost-benefit. IG #1 was constructed of four 

corrugated 4-inch perforated pipe, IG #2 was constructed of twenty 4-inch drain field pipe, IG #3 

was four 4-inch drain field pipe inside Stormtech stormwater chambers and IG #4 was a single 4-

inch drain field pipe inside Atlantis stormwater devices (Figures 15-17).  During the first season of 

testing IG #1 clogged up and has not been utilized since.  IG #2, IG #3 and IG #4 have all continued 

to function and have been operated during each recharge season.     

Infiltration 

Galleries 

Infiltration 

Galleries 



 

 
 

 

Figure 15 - Photograph of infiltration gallery #2 (IG2) being installed at the Johnson Aquifer Recharge site.  IG2 is 4-inch 
perforated drain field pipe installed over washed gravel and buried in ~1 foot of washed gravel with geo-textile fabric on 

top of the gravel.  See Appendix C for designs. 

 

 



 

 
 

 

Figure 16 - Photograph of infiltration gallery #3 (IG3) at the Johnson Aquifer Recharge site.  IG3 is 4-inch perforated drain 
field pipe installed within Stormtech stormwater chambers (yellow covers) over washed gravel and buried in ~2 foot of 

washed gravel with geo-textile fabric on top of the gravel.  See Appendix C for designs. 

 

 

 



 

 
 

 

Figure 17 - Photograph of infiltration gallery #4 (IG4) at the Johnson AR site.  IG4 is a single 4-inch perforated drain field 
pipe installed within Atlantis stormwater devices (black milk crates) over washed gravel and buried in ~2 foot of washed 

gravel with geo-textile fabric on top of the gravel.  See Appendix C for designs. 

 

NW UMAPINE AQUIFER RECHARGE SITE 
The NW Umapine AR site (NW Umapine site) was constructed in the fall of 2013 using OWEB 

funding.  The site consists of a single infiltration basin approximately 0.46 acres in size (Figures 18 

and 19).  The site is supplied by an approximately 1,000-ft long lateral pipeline installed off of 

HBDIC’s Richartz’s pipeline.  The site was designed to operate at a recharge rate of 2-3 cfs.  During 

the WY2016 recharge season the site averaged 1-2 cfs.  Down-pipe irrigation demand reduced site 

water delivery during April and May. 



 

 
 

 

Figure 18 - NW Umapine Aquifer Recharge site during excavation and shaping of the infiltration basin.  See Appendix C for 
design details. 

 

 

Figure 19 - NW Umapine Aquifer Recharge site operating during the WY2014 recharge season. 

 



 

 
 

TRUMBULL AQUIFER RECHARGE SITE 
The Trumbull AR site (Trumbull site) was constructed in October 2012 using a combination of BPA 

and OWEB funding.  The site consists of three 8-inch perforated pipes buried 6 feet bgs and 

extending approximately 300 feet in length from the source water discharge and inline flow meter 

(Figure 20).  The perforated pipes sit on top of approximately 1-2 foot of clean gravel and are 

overlaid with approximately 0.5-1 feet of clean gravel (See Appendix C for designs).  Recharge 

water is delivered through the HBDIC system.  The Trumbull site’s water source is at the structure 

that splits the HBDIC canal into the Hyline pipeline and the Richardz ditch.  The site has its own 

turnout and valve so it can operate independent of the ditch or pipeline.  The site was designed to 

operate at a recharge rate of 2 to 3 cfs.  The site was operated during the WY2016 recharge season 

at an average rate of 1.5 cfs.  The Trumbull site recharge rate variation is hypothesized to be due to 

down-gradient control by springs and groundwater mounding as well as limited head pressure in 

the diversion structure at times during the recharge season. 

 

Figure 20 - The Trumbull Aquifer Recharge site under construction in October 2012.  The site is approximately 300 feet 
long with three 8-inch pipes running the entire length.  See Appendix C for design details. 



 

 
 

WY 2016 RECHARGE SYSTEM MONITORING 
This section describes diversion system monitoring results, individual site AR operations and 

groundwater level monitoring, and source and groundwater quality monitoring results.  Laboratory 

water quality testing results are provided in Appendix D.  Well logs for groundwater monitoring 

wells are included in Appendix E.  

Diversion System  
LL-1433 allows for up to 45 cfs to be diverted from the Walla Walla River for the purpose of testing 

artificial recharge. Per the conditions of LL-1433, a minimum instream flow amount is required to 

remain in the Tum a Lum reach of the Walla Walla River depending on the time of year (Table 1). 

WWBWC coordinated with HBDIC and the OWRD District 5 watermaster to ensure that this 

condition of LL-1433 was met during recharge operations in WY 2016.   

Table 1. – Minimum instream flow values, measured below Milton-Freewater, OR that must be met before water can be 

diverted for OR aquifer recharge sites under Limited License LL-1433. 

 

Minimum Instream Flow Values for Limited License LL-1433 

Nov 1st thru Nov 30th  Dec 1st thru Jan 31st  Feb 1st thru May 15th  

64 cfs 95 cfs 150 cfs 

On the basis of observations during WY 2016 recharge operations, not all of the water diverted 

from the Walla Walla River at the HBDIC diversion reaches the aquifer recharge sites due to 

seepage through unlined portions of the HBDIC canal system and/or evaporative losses.  Because 

recharge operations occur during winter and spring months, evaporative losses are assumed to be 

negligible.  To estimate ditch seepage losses during diversion, total water volumes at the Little 

Walla Walla Diversion stream gage (during periods when only recharge water was being diverted 

from the Walla Walla River) were compared to measured water volumes delivered to the recharge 

sites.  Ditch seepage was estimated by subtracting the water delivered to the recharge sites from 

the water diverted from the Walla Walla River, with the difference assumed to be the amount of 

ditch seepage.   

The total amount of water diverted at the Little Walla Walla Diversion stream gage during the WY 

2016 recharge season (November 21st, 2015 to May 12th, 2016) was 6,229.54 acre-feet.  A total of 

5,208.74 acre-feet were applied at the five recharge sites over the same time period.  The resulting 

calculated ditch seepage from November 21st, 2015 to May 12th, 2016 is 1,020.8 acre-feet, or 

approximately 8.8 acre-feet/day based on a 116 day recharge period in WY 2016.   

Diversions for AR were terminated for the season on May 12th, 2016 due to low instream flows. 

 



 

 
 

ANSPACH RECHARGE SITE 

OVERVIEW 

The Anspach AR site was constructed during the fall of 2012.  This site operated under LL-1433 that 

was issued on March 11th, 2013.  The Anspach site was operated for 77 days during the WY2016 

recharge season.  Operations were interrupted by cold weather and limited instream flows.  The 

site was turned off for the season on May 12th, 2016 because of low instream flows.  During the 

WY2016 season the site received a total of 532.38 acre-feet (6.91 acre-feet/day) of water (Figure 

21). 

 

 

Figure 21 - Hydrograph for the Anspach Aquifer Recharge site during WY 2016 showing inflow rates and cumulative 
water delivered. 

  



 

 
 

ALLUVIAL AQUIFER RESPONSE 

The site has two up-gradient wells (GW_135 and GW_141; Figures 22-24).  GW_135 is monitored 

quarterly, however these data correspond well with the other up-gradient well, GW_141, with a 

slight delay in groundwater level response at the beginning of operations (Figure 24).  

Groundwater levels increased in monitoring well GW_141 in response to recharge activities 

starting in late-February.  Water levels decreased in mid-May when recharge operations were 

suspended for the season.  Groundwater levels fall throughout the summer and early fall months 

with a rise in water levels when the HBDIC system was reactivated in mid-September.  Quarterly 

static water levels were also measured in the cross-gradient monitoring well GW_23 (Figure 25).  

The GW_23 quarterly measurements show a similar trend to those observed in GW_141, namely 

lower groundwater levels before recharge is started for the season and higher levels during 

recharge and after recharge operations were suspended.  The 2013-2016 hydrograph for GW_141 

is also included to show longer term groundwater conditions at the Anspach site (Figure 26). 

Groundwater levels at the Anspach site indicate that groundwater level conditions are improving 

(Figure 26).  Operating the expanded site for additional years will help determine if this represents 

a long-term trend. 

 



 

 
 

 

Figure 22 - Monitoring well locations for the Anspach Aquifer Recharge site.  Red arrow indicates generalized 
groundwater flow direction. 



 

 
 

 

Figure 23 - Hydrograph for monitoring well GW_135.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 24 - Hydrograph for monitoring well GW_141.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

 

Figure 25 - Hydrograph for monitoring well GW_23.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 26 - 2013-2016 hydrograph for GW_141. 



 

 
 

 

BARRETT RECHARGE SITE 
The Barrett AR site was constructed during the winter of 2014.  This site operates under LL-1433 

that was issued on March 11th, 2013.  During the WY2016 recharge season the site operated for 90 

days from mid-December until May 12th, 2016 because of low instream flows.  The site received a 

total of 285.52 acre-feet of water at an average rate of 3.17 acre-feet per day (Figure 27). 

 

Figure 27 - Hydrograph for the Barrett Aquifer Recharge site showing inflow rates and cumulative water delivered. 
 

ALLUVIAL AQUIFER RESPONSE 

Response to recharge operations at the Barrett site were observed at the up-gradient groundwater 

monitoring well, GW_62 (Figure 28-30).  Groundwater levels in the monitoring well increased 

during recharge operations and decreased when recharge operations stopped (Figure 29).  An 

approximately one-week delay was observed between the start of recharge operations and 

increasing groundwater levels.  Water levels measured at GW_62 are greater during the late spring 

and early summer months relative to water levels prior to operation of the Barrett site.  The 2005-

2016 hydrograph for GW_62 is included for longer term groundwater levels at the Barrett site 

(Figure 30). 



 

 
 

Groundwater levels at the Barrett site have shown direct responses to aquifer recharge operations 

(Figure 30).  Groundwater levels in GW_62 show improving groundwater levels over the last 2-3 

years, especially during late-spring and summer months. 

 

Figure 28 - Monitoring well locations for the Barrett Aquifer Recharge site.  Red arrow indicates generalized groundwater 
flow direction.  



 

 
 

 

Figure 29 - Hydrograph for monitoring well GW_62.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 30 - 2005-2016 hydrograph for GW_62. 



 

 
 

JOHNSON RECHARGE SITE  
The Johnson site operates under LL-1433 that was issued on March 11th, 2013.  The Johnson site 

ran for 116 days during the WY 2016 recharge season.  The site ran from late-November through 

the end of January and from March until mid-May.  The site was turned off for the season on May 

12th, 2016 due to low instream flows.  The Johnson site received a total of 3,958.85 acre-feet of 

water for recharge at an average rate of 34.1 acre-feet per day (Figures 31-34).  The total measured 

volume of water received by the ten spreading basins was 3,474.90 acre-feet and received by the 

three active infiltration galleries was 483.95 acre-feet. 

 

Figure 31 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to the site’s spreading 
basins. 



 

 
 

 

Figure 32 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to infiltration gallery 
#2. 



 

 
 

 

Figure 33 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to infiltration gallery 
#3. 



 

 
 

 

Figure 34 - Hydrograph for the Johnson Aquifer Recharge site showing inflow rates and cumulative water delivered to 
infiltration gallery #4. 

ALLUVIAL AQUIFER RESPONSE 

Groundwater monitoring wells (Figures 35-42) near the Johnson site were all observed to have a 

distinct increase in water levels shortly after operations began at the site.  As would be expected, 

monitoring wells closer to the spreading basins and infiltration galleries (e.g. GW_45-48) responded 

more rapidly and with greater magnitude increases and decreases in water levels than those 

located farther down-gradient (e.g. GW_118).  Up-gradient monitoring well GW_40 also showed a 

strong response to recharge operations with water levels increasing rapidly during recharge 

operations and decreasing after recharge operations were suspended.  The up-gradient well also 

shows a direct response to White Ditch flows during the fall. 

Water levels in GW_45, GW_46 and GW_47 were observed to decrease approximately 35-40 feet 

between approximately February 1 to March 9, 2016, when recharge operations were interrupted, 

and again at the end of recharge season.  However, water levels after the end of recharge season do 

not decline as far, likely due to continued White Ditch operations and active irrigation in the area. 

The rate of water level decrease was slow relative to the water level increase response at the 

beginning of recharge operations, suggesting that groundwater mounding was occurring beneath 

the site, which is consistent with the observed hydraulic response in the alluvial monitoring well 



 

 
 

network. WY 2016 seasonal groundwater fluctuation at the site were typically 30 to 40 feet, with 

the lowest groundwater levels occurring in early March and September/October.  The influence of 

the adjacent irrigation ditch operation and irrigation activities are apparent in the small increases 

and decreases in groundwater levels at the Johnson site monitoring wells during non-recharge 

months.   

Water levels in GW_118 show a year to year positive (i.e. increasing) trend in alluvial aquifer water 

levels from WY 2010 through WY 2014 (Figure 42) indicating increased long-term water storage 

within the alluvial aquifer, potentially due to aquifer recharge activities.  This trend was not 

continued in WY 2015, presumed to be due to decreased recharge in WY 2015 (relative to previous 

years) and drought conditions which resulted in increased groundwater pumping to compensate 

for limited surface water, especially within the Hudson Bay district.  Water levels in WY 2016 

returned to the trend seen before WY 2015, with a positive gain in groundwater levels.  Continued 

recharge operations and monitoring are needed to establish a strong correlation between AR and 

observed long-term aquifer storage and to observe the long-term effects, if any, of the 2015 drought 

on groundwater conditions.   

 

Figure 35 - Monitoring well locations for the Johnson Aquifer Recharge site.  Red arrow indicates generalized 
groundwater flow direction. 



 

 
 

 

Figure 36 - Hydrograph for monitoring well GW_40.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 37 - Hydrograph for monitoring well GW_45.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

 

Figure 38 - Hydrograph for monitoring well GW_46.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 39 - Hydrograph for monitoring well GW_47.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

 

Figure 40 - Hydrograph for monitoring well GW_48.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 41 - Hydrograph for monitoring well GW_118.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

 
Figure 42 – 2009–2016 hydrograph for GW_118.   

 

 

  



 

 
 

NW UMAPINE SITE 
The NW Umapine site was constructed in the fall of 2013 and operates under LL-1433 that was 

issued on March 11th, 2013.  The NW Umapine site ran for 90 days during the WY 2016 recharge 

season.  The site received recharge water in mid-January through early February and from March 

through mid-May.    Recharge operations were terminated May 12th, 2016 because of low instream 

flows.  The NW Umapine site received a total of 169.53 acre-feet of recharge water at an average 

rate of 1.88 acre-feet per day (Figures 43).   

 

 

Figure 43 – NW Umapine Aquifer Recharge site inflow rates and cumulative water delivered. 

ALLUVIAL AQUIFER RESPONSE 

The two groundwater monitoring wells located down-gradient from the NW Umapine site (GW_34 

and GW_144) show muted responses to recharge operations (Figures 44-46), with small 

groundwater elevation increase and decrease in response to recharge operations.  A larger impact 

from recharge operations is seen in the temperature signal, which decreases with the onset of 

recharge operations and increases when recharge operations are terminated.  The muted 

groundwater elevation response and prominent temperature response indicates that recharged 

water is rapidly moving away from the recharge site.  Early fall water level increases observed at 



 

 
 

monitoring wells GW-34 and GW_144 may be due to increased recharge from the start of fall 

irrigation and/or reduction of groundwater pumping in the fall.  Likewise, observed summer water 

level decreases are likely due to increased groundwater pumping in the area. 

 

Figure 44 - Monitoring well locations for the NW Umapine Aquifer Recharge site.  Red arrow indicates generalized 
groundwater flow direction.  



 

 
 

 

Figure 45 - Hydrograph for monitoring well GW_34.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 46 - Hydrograph for monitoring well GW_144.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

TRUMBULL SITE 
The Trumbull site was constructed during the fall of 2012 and operates under LL-1433 that was 

issued on March 11th, 2013.  The site operated for 91 days from mid-December through January and 

mid-March through late-April.  Overall, 262.46 acre-feet of water (2.88 acre-feet/day) was 

delivered to the site in WY 2016 (Figure 47). 

 

 

Figure 47 - Trumbull Aquifer Recharge site inflow rates and cumulative water delivered. 

ALLUVIAL AQUIFER RESPONSE 

Monitoring well GW_117, located up-gradient from the Trumbull site, exhibited a muted response 

to aquifer recharge operations (Figures 48 and 49).  Groundwater levels decreased at monitoring 

well GW_117 from the start of recharge in mid-December through January.  Groundwater levels 

dropped more dramatically in February after recharge operations were terminated and the entire 

ditch system was turned off for fish screen maintenance.  Groundwater levels increased after the 

ditch and recharge operations resumed in mid-March.  Outside of the period of recharge operations, 

groundwater levels coincide with water conveyance in nearby irrigation ditches.  For example, 

groundwater levels at GW_117 remain greater than February and early March groundwater levels 

due to seepage loss from the nearby water filled ditch.  Furthermore, a greater increase in 



 

 
 

groundwater levels in April and May coincide with the start of irrigation season.  These trends 

indicate groundwater level response at GW_117 is due mostly to ditch seepage and irrigation water 

percolating to the aquifer.   

Increased and decreased water levels in the down-gradient monitoring well (GW_142) are 

interpreted to be a direct response to aquifer recharge operations at the Trumbull site (Figures 48-

52).  Water levels in monitoring well GW_142 increased in the mid-December when recharge at the 

site started and declined in February and late spring and summer after recharge operations were 

terminated for the year.  The water level in monitoring well GW_142 dropped below the screened 

portion of the well during parts of March, August, and September.  

Groundwater levels near the Trumbull AR site indicate the groundwater system is responding to 

aquifer recharge operations since the project started in late-spring 2013.  GW_117 (Figure 51), an 

up-gradient well, shows a change in groundwater levels, especially during the lowest groundwater 

levels each year (typically in the winter), starting in 2014 (first full year of operations).  GW_142 

(Figure 52), a down-gradient well, also shows direct response to aquifer recharge operations.  This 

monitoring well goes dry for periods of the year, so absolute groundwater low levels cannot be 

determined, however the length of time the well is dry decreased during 2016 compared to recent 

years, especially during summer months.  

 

 



 

 
 

 

Figure 48 - Monitoring well locations for the Trumbull Aquifer Recharge site.  Red arrow indicates generalized 
groundwater flow direction. 



 

 
 

 

Figure 49 - Hydrograph for monitoring well GW_117.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 

 

Figure 50 - Hydrograph for monitoring well GW_142.  Green dashed lines indicate start of recharge operations and red 
dashed lines indicate end of recharge operations. 



 

 
 

 

Figure 51 - 2009-2016 hydrograph for GW_117. 

 

Figure 52 - 2013-2016 hydrograph for GW_142. 



 

 
 

WATER QUALITY MONITORING 
Water samples and field parameter measurements were collected in accordance with the approved 

monitoring plan for LL-1433 (Appendix B).  Two water quality sampling events occurred during the 

WY 2016 recharge season.  A summary of the results can be found in Tables 2-11 and graphically in 

Figures 51-59 below.  Analytical laboratory reports are included in Appendix D.  Source water 

quality and groundwater quality at each site are discussed below.  

SOURCE WATER QUALITY DURING WY 2016 

Source water samples were collected at three locations on 12/15/2015 and again on 05/17/2016:  

 Source Water #1 – Zerba Weir  

 Source Water #2 – Duff Weir  

 Source Water #3 – Huffman/Richartz Split 

In general, water quality appears to be good at all three source water locations with nutrient 

contents being below the reporting limit (Total Kjeldhal Nitrogen [TKN]) or extremely low 

concentrations present (i.e. orthophosphate) and only a single sample with elevated nitrate levels 

(Source Water #3 on 12/15/2015), though below drinking water maximum contaminant levels.  

The source water has low concentrations of major cations (sodium, potassium, calcium and 

magnesium), major anions (sulfate and chloride), and low alkalinity (Tables 2-4 and Figures 53-55).   

TABLE 2. SOURCE WATER #1 – ZERBA WEIR 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 2.28 1.34 
Nitrate-N(mg/L) 0.00 0.00 
Total Kjeldahl Nitrogen (mg/L) ND ND 
Sulfate (mg/L) 1.2 0.9 
Chloride (mg/L) 0.0 0.0 
Alkalinity (mg/L) 33.2 26.6 
Calcium (mg/L) 5.6 3.7 
Orthophosphate (mg/L) 0.030 0.025 
Sodium (mg/L) 3.4 2.9 
Potassium (mg/L) 1.9 2.6 
Magnesium (mg/L) 2.5 2.0 
Aluminum (mg/L) 0.222 0.159 
Iron (mg/L) 0.207 0.030 
Manganese (mg/L) ND ND 

 ND = no detection 

  



 

 
 

TABLE 3. SOURCE WATER #2 – JOHNSON INTAKE/DUFF WEIR 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 2.28 1.35 
Nitrate-N(mg/L) 0.00 0.20 
Total Kjeldahl Nitrogen (mg/L) ND ND 
Sulfate (mg/L) 1.2 0.8 
Chloride (mg/L) 0.0 0.0 
Alkalinity (mg/L) 33.4 25.9 
Calcium (mg/L) 5.4 3.7 
Orthophosphate (mg/L) 0.003 0.026 
Sodium (mg/L) 3.4 2.9 
Potassium (mg/L) 1.8 2.5 
Magnesium (mg/L) 2.6 1.9 
Aluminum (mg/L) 0.195 0.177 
Iron (mg/L) 0.183 0.031 
Manganese (mg/L) ND ND 

ND = no detection 

TABLE 4. SOURCE WATER #3 – HUFFMAN-RICHARTZ SPLIT 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 2.21 1.48 
Nitrate-N(mg/L) 6.20 0.40 
Total Kjeldahl Nitrogen (mg/L) ND ND 
Sulfate (mg/L) 2.3 2.0 
Chloride (mg/L) 0.0 0.0 
Alkalinity (mg/L) 40.0 35.4 
Calcium (mg/L) 8.1 5.9 
Orthophosphate (mg/L) 0.042 0.040 
Sodium (mg/L) 4.2 3.6 
Potassium (mg/L) 2.2 2.7 
Magnesium (mg/L) 3.5 3.0 
Aluminum (mg/L) 0.207 0.216 
Iron (mg/L) 0.187 0.023 
Manganese (mg/L) ND ND 

ND = no detection 
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GROUNDWATER QUALITY MONITORING 
Groundwater quality samples and field parameter data were collected at six locations (GW_46, 

GW_117, GW_119, GW_141, GW_142, and GW_144) near the five AR sites. The general rationale for 

each sampling location are listed below. 

 GW_141 (previously PNW2): provides up-gradient monitoring for the entire project and 
specifically for the Anspach and proposed Barrett sites. 

 GW46: provides down-gradient monitoring for the Johnson site.  
 GW117: provides water quality information for the central region of the AR program, and 

up-gradient monitoring for the Trumbull site.   
 GW_142 (previously PNW3): provides down-gradient coverage for the Trumbull site. 
 GW119: provides up-gradient coverage for both the NW Umapine site and provides a 

programmatic monitoring location further down-gradient than the aforementioned wells 
do. 

 GW_144 (previously PMW5): provides down-gradient monitoring for the NW Umapine site 
and provides the furthest down-gradient monitoring point in the entire program.  

The six wells were sampled on December 15th, 2015 and May 17th, 2016 and analyzed for the water 
quality parameters listed in Table 5 (Tables 6-12 and Figures 56-61).  The groundwater sample 
collected at well GW_144 on May 17th, 2016 was also analyzed for the approved targeted list of 
herbicides and pesticides (see Appendix B).  Analytical laboratory reports are included in Appendix 
D.  

 

Table 5. Analyte list, analytical methods, and method reporting limits for WY 2016 Water 

Quality Monitoring Program.  

Analyte Analytical method Method reporting limit (mg/L) 
Dissolved oxygen (mg/L) - - 

Total organic carbon SM 5310B 0.5 
Nitrate-N (mg/L) EPA 300.0 0.1 

TKN (mg/L) SM 4500 N B 0.1 
Sulfate (mg/L) EPA 300.0 0.1 

Chloride (mg/L) EPA 300.0 0.1 
Alkalinity (mg/L) SM232OB 5 
Calcium (mg/L) EPA 200.7 0.1 

Ortho-phosphate (mg/L) EPA 300.0 0.1 
Sodium (mg/L) SPA 200.7 0.1 

Potassium (mg/L) EPA 200.7 0.1 
Magnesium (mg/L) EPA 200.7 0.1 
Aluminum (mg/L) EPA 200.7 0.01 

Iron (dissolved) (mg/L) EPA 200.7 0.01 
Manganese (dissolved) (mg/L) EPA 200.7 0.05 

 

 



 

 
 

TABLE 6.  GW_141 (PMW-2 IN THE MONITORING PLAN) 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 0.97 0.47 
Nitrate-N(mg/L) 13.30 0.10 
Total Kjeldahl Nitrogen (mg/L) 0.95 0.65 
Sulfate (mg/L) 15.9 3.6 
Chloride (mg/L) 4.8 3.2 
Alkalinity (mg/L) 106.5 37.9 
Calcium (mg/L) 25.2 5.6 
Orthophosphate (mg/L) 00.46 0.027 
Sodium (mg/L) 10.9 6.4 
Potassium (mg/L) 5.3 3.7 
Magnesium (mg/L) 11.2 3.1 
Aluminum (mg/L) ND ND 
Iron (mg/L) 0.395 0.116 
Manganese (mg/L) 0.005 0.002 

ND = no detection 

TABLE 7.  GW_46 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 2.28 0.84 
Nitrate-N(mg/L) 0.90 0.40 
Total Kjeldahl Nitrogen (mg/L) ND ND 
Sulfate (mg/L) 1.2 0.8 
Chloride (mg/L) 0.0 0.0 
Alkalinity (mg/L) 35.7 26.4 
Calcium (mg/L) 6.6 3.5 
Orthophosphate (mg/L) 0.041 0.054 
Sodium (mg/L) 3.3 3.2 
Potassium (mg/L) 18 3.1 
Magnesium (mg/L) 2.9 2.0 
Aluminum (mg/L) 0.102 0.087 
Iron (mg/L) 0.095 0.043 
Manganese (mg/L) ND ND 

ND = no detection 
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TABLE 8.  GW_117 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 0.39 0.59 
Nitrate-N(mg/L) 5.30 15.00 
Total Kjeldahl Nitrogen (mg/L) < 0.3 < 0.3 
Sulfate (mg/L) 8.1 13.8 
Chloride (mg/L) 1.0 2.0 
Alkalinity (mg/L) 80.0 78.6 
Calcium (mg/L) 17.0 18.7 
Orthophosphate (mg/L) 0.059 0.082 
Sodium (mg/L) 6.7 7.7 
Potassium (mg/L) 4.2 5.3 
Magnesium (mg/L) 7.6 9.0 
Aluminum (mg/L) ND ND 
Iron (mg/L) ND 0.012 
Manganese (mg/L) ND ND 

ND = no detection 

 

TABLE 9. GW_142 (PWM-3 IN MONITORING PLAN) 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 0.93 0.73 
Nitrate-N(mg/L) 9.30 0.00 
Total Kjeldahl Nitrogen (mg/L) 0.29 0.19 
Sulfate (mg/L) 5.7 4.8 
Chloride (mg/L) 2.7 1.8 
Alkalinity (mg/L) 62.9 45.9 
Calcium (mg/L) 15.4 8.9 
Orthophosphate (mg/L) 0.049 0.022 
Sodium (mg/L) 5.0 4.9 
Potassium (mg/L) 3.4 3.6 
Magnesium (mg/L) 6.6 4.0 
Aluminum (mg/L) 0.005 0.003 
Iron (mg/L) 0.125 0.038 
Manganese (mg/L) ND ND 

ND = no detection 
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TABLE 10.  GW_119 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 0.93 1.72 
Nitrate-N(mg/L) 37.20 45.20 
Total Kjeldahl Nitrogen (mg/L) 1.33 1.21 
Sulfate (mg/L) 19.8 26.4 
Chloride (mg/L) 4.0 6.5 
Alkalinity (mg/L) 160.3 106.8 
Calcium (mg/L) 37.0 15.3 
Orthophosphate (mg/L) 0.090 0.022 
Sodium (mg/L) 20.4 26.8 
Potassium (mg/L) 8.3 9.5 
Magnesium (mg/L) 16.6 17.0 
Aluminum (mg/L) ND ND 
Iron (mg/L) ND 0.012 
Manganese (mg/L) ND ND 

ND = no detection 

 

TABLE 11. GW_144 (PMW-5 IN MONITORING PLAN) 

Sample Parameter 12/15/2015 05/17/2016 
Total Organic Carbon (mg/L) 0.78 2.60 
Nitrate-N(mg/L) 45.60 80.60 
Total Kjeldahl Nitrogen (mg/L) 3.68 3.21 
Sulfate (mg/L) 13.8 19.5 
Chloride (mg/L) 8.5 7.4 
Alkalinity (mg/L) 122.0 75.3 
Calcium (mg/L) 32.3 28.1 
Orthophosphate (mg/L) 0.082 0.009 
Sodium (mg/L) 17.2 20.1 
Potassium (mg/L) 6.5 7.2 
Magnesium (mg/L) 14.2 13.4 
Aluminum (mg/L) ND ND 
Iron (mg/L) 0.006 0.007 
Manganese (mg/L) 0.082 ND 

ND = no detection 
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TABLE 12. GW_144 (PMW-5 IN MONITORING PLAN) – SYNTHETIC ORGANIC COMPOUNDS (SOCS) 

Sample Parameter 05/17/2016 
Endrin (µg/L) ND 
Lindane (BHC – gamma) (µg/L) ND 
Methoxychlor (µg/L) ND 
Alachlor (µg/L) ND 
Atrazine (µg/L) ND 
Benzo(A)pyrene (µg/L) ND 
Di(Ethylhexyl)-Adipate (µg/L) ND 
Di(Ethylhexyl)-Phthalate (µg/L) ND 
Heptachlor (µg/L) ND 
Heptachlor Epoxide (µg/L) ND 
Hexachlorobenzene (µg/L) ND 
Hexachlorocyclo-pentadiene (µg/L) ND 
Simazine (µg/L) ND 
Pentachlorophenol (µg/L) ND 
PCBs (Total Aroclors) (µg/L) ND 
Aroclor 1221 (µg/L) ND 
Aroclor 1232 (µg/L) ND 
Aroclor 1242 (µg/L) ND 
Aroclor 1248 (µg/L) ND 
Aroclor 1254 (µg/L) ND 
Aroclor 1260 (µg/L) ND 
Aroclor 1016 (µg/L) ND 
Toxaphene (µg/L) ND 
Chlordane, Technical (µg/L) ND 
DCPA (Acid Metabolites) (µg/L) ND 
Dicamba (µg/L) ND 
2,4 DB (µg/L) ND 
2, 4, 5 T (µg/L) ND 
Bentazon (µg/L) ND 
Dichlorprop (µg/L) ND 
Acifluorfen (µg/L) ND 
3, 5 Dichlorobenzoic Acid (µg/L) ND 
2, 4 – D (µg/L) ND 
2, 4, 5 – TP (Silvex) (µg/L) ND 
Pentachlorophenol (µg/L) ND 
Dalapon (µg/L) ND 
Dinoseb (µg/L) ND 
Picloram (µg/L) ND 
Bromacil (µg/L) ND 
Fluorene (µg/L) ND 
Aldrin (µg/L) ND 
Butachlor (µg/L) ND 
Dieldrin (µg/L) ND 
Metolachlor (µg/L) ND 
Metribuzin (µg/L) ND 
Propachlor (µg/L) ND 
Aldicarb Sulfoxide (µg/L) ND 
Aldicarb Sulfone (µg/L) ND 
Methomyl (µg/L) ND 
3-Hydroxycarbofuran (µg/L) ND 
Aldicarb (µg/L) ND 
Carbaryl (µg/L) ND 
Oxamyl (µg/L) ND 
Carbofuran (µg/L) ND 

ND = no detection 



 

 
 

Intra-well variations from the pre-recharge sampling event in November to the post-recharge 

sampling event in May are mostly relatively subtle.  Wells closely associated with recharge sites, 

such as GW_46, GW_141 and GW_142, generally have lower concentrations of analytes in the post-

recharge sample than the pre-recharge sample.  Other, more distant or up-gradient wells showed a 

slight increase in most parameters from the pre-recharge sample to the post-recharge sample, such 

as GW_117 and GW_119.  In general, wells that were clearly influenced by recharge operations 

(specifically GW_46) were observed to have very similar concentrations of indicator parameters 

that were more closely associated with source water, especially at the post-recharge sampling 

event (Tables 2 & 7 and Figures 62-66). 

On an inter-well basis some substantial differences in groundwater quality were apparent.  The 

program’s more up-gradient wells (GW_46, 117, 141 and 142), were observed to have lower Nitrate 

values than down-gradient wells (GW_119 and GW_144) during WY 2016.  Wells located farther 

down-gradient (GW_119 and GW_144) were observed to have higher concentrations of Nitrate (as 

Nitrogen) and Alkalinity, relative to water quality monitoring wells located up-gradient and mid-

gradient within the aquifer recharge program. This trend likely reflects the influence of agricultural 

and livestock activities resulting in percolation of nutrients below the root zone (Figures 60 and 

61). 

Based on the interpretation of hydraulic response and observed leakage in the unlined canal 

systems in the Walla Walla basin, it would appear that groundwater quality at some of the “up-

gradient” locations are influenced by surface water contributions from sources other than the 

recharge facilities.  However, comparing up-gradient and down-gradient monitoring locations at 

the Trumbull (GW_117 and GW_142) and Johnson (GW_141 and GW_46) sites shows decreases in 

Nitrate (as Nitrogen), Alkalinity and major anion and cation concentrations at the down-gradient 

locations relative to the up-gradient locations and that recharge activities are improving, or at least 

not degrading, groundwater quality (Figures 62 and 63).    

WY 2016 sampling detected high levels of Nitrate (as Nitrogen) in three of the wells, which is 

similar to values seen during WY 2015 sampling.  The source of these nitrates is unknown, however 

the data suggests that recharge operations are not the source for increased nitrate values, but may 

be helping the problem at some locations, as indicated by: 

1. The source water has very low nitrate (with the exception of the S-3 sample from 12-15-

2015 – and this value is very low compared with groundwater levels).   

2. Wells with high nitrate values (GW_117, 119 and 144) show similar trends with other 

water quality factors, such as alkalinity, sulfate, and sodium.  These wells do not show a 

response in water quality data to recharge operations (like is seen at GW_46, 141 and 142).  

3. Wells closely associated with recharge operations (GW_46, 141 and 142) all showed 

decreases in nitrate values over the course of the recharge season (Figure 63).  Specifically, 

GW_141 showed high nitrate levels before the WY 2015 season.  These were reduced over 

the season from 22.60 mg/L to 12.5 mg/L.  During the WY 2016 season the values again 

were reduced from 13.3 mg/L to 0.1 mg/L.  Similar trends in decreasing nitrate values are 

also measured at GW_46 and GW_142. 



 

 
 

 

Figure 62 - Water quality results for the Walla Walla Basin Aquifer Recharge Program during WY 2016.  The map shows 
alkalinity values (mg/L) at the various monitoring locations required by the approved monitoring plan.  Green bars 

indicate pre-recharge values and yellow bars indicate post-recharge values.   Alkalinity values are typically lower in the 
up-gradient portion of the program while alkalinity values are higher in the down-gradient portion of the program. 



 

 
 

 

Figure 63 - Water quality results for the Walla Walla Basin Aquifer Recharge Program during WY 2016.  The map shows 
nitrate values (mg/L) at the various monitoring locations required by the approved monitoring plan.  Gray bars indicate 
pre-recharge values and Black bars indicate post-recharge values.   Nitrate values are typically lower in the up-gradient 
portion of the program while alkalinity values are higher in the down-gradient portion of the program.  Nitrate values at 
wells closely associated with recharge sites (GW_46, 141 and 142) showed a reduction in nitrate values while wells not 

closely associated or up-gradient of recharge sites (GW_117 and 119) showed increases in nitrate values. 



 

 
 

 

Figure 64 - Water quality results for the Walla Walla Basin Aquifer Recharge Program during WY 2016.  The map shows 
sulfate values (mg/L) at the various monitoring locations required by the approved monitoring plan.  Teal bars indicate 

pre-recharge values and light teal bars indicate post-recharge values.   Sulfate values are typically lower in the up-
gradient portion of the program while sulfate values are higher in the down-gradient portion of the program.  Sulfate 

values at wells closely associated with recharge sites (GW_46, 141 and 142) showed a reduction in sulfate values while 
wells not closely associated or up-gradient of recharge sites (GW_117 and 119) showed increases in sulfate values. 



 

 
 

 

Figure 65 - Water quality results for the Walla Walla Basin Aquifer Recharge Program during WY 2016.  The map shows 
Total Kjeldahl Nitrogen values (mg/L) at the various monitoring locations required by the approved monitoring plan.  

Gray bars indicate pre-recharge values and white bars indicate post-recharge values.   Total Kjeldahl Nitrogen values at all 
monitoring locations showed a decrease in values during the recharge season. 



 

 
 

 

Figure 66 - Water quality results for the Walla Walla Basin Aquifer Recharge Program during WY 2016.  The map shows 
Total Organic Carbon (TOC) values (mg/L) at the various monitoring locations required by the approved monitoring plan.  
Gray bars indicate pre-recharge values and gray bars indicate post-recharge values.   Total Organic Carbon (TOC) values 
at wells closely associated with recharge sites (GW_46, 141 and 142) showed a reduction in Total Organic Carbon (TOC) 
values while wells not closely associated or up-gradient of recharge sites (GW_117 and 119) showed increases in Total 

Organic Carbon (TOC) values. 

 

 

 

 

 

 



 

 
 

DISCUSSION OF RESULTS 
 

During the WY 2016 recharge season 6,229.54 acre-feet (2,029,901,838 gallons) of water was 

diverted from the Walla Walla River and delivered to recharge basins and infiltration galleries 

recharging the alluvial aquifer northwest of Milton-Freewater, OR.  Water levels in most down-

gradient alluvial aquifer monitoring wells showed rapid response to recharge, resulting in increases 

in water levels in the alluvial aquifer near the sites.   Wells down-gradient of the Johnson site show 

a year to year positive (i.e. increasing) trend in alluvial aquifer water levels suggesting that water is 

being stored within the alluvial aquifer, potentially due to aquifer recharge activities (Figure 42).  

Another site that is also showing positive groundwater gains is the Anspach site, just northwest of 

Milton-Freewater (Figure 26).  With the exception of the drought year 2015, the site shows positive 

groundwater gains over the last 3 years. Other aquifer recharge sites show similar alluvial aquifer 

results (Trumbull and Barrett), additional years of operation and monitoring are required to 

evaluate trends at these other sites (Figures 30, 51 and 52).  Groundwater level yearly lows and 

yearly highs have been on a positive trend, however limited recharge volumes and increased 

groundwater pumping during WY 2015 due to drought conditions decreased alluvial aquifer water 

level during the summer/fall of 2015 compared to previous years.  Results from WY 2016 are in 

line with trends seen before WY 2015 and the positive trends are expected to continue assuming 

continued aquifer recharge operations and normal water years.  

 

The Walla Walla Basin’s AR program continues to simulate floodplain function and processes that 

have been lost due to irrigation development and channelization of the river and stream channels 

for flood control and other uses. With continued AR activities and increases in the total annual 

volume of water recharged, increases in alluvial aquifer water levels are anticipated, which should 

lead to further spring flow and/or base flow to the Walla Walla river system similar to those 

observed in previous pilot testing operations at the Johnson site (WWBWC, 2010, WWBWC, 

2014b).   

 

The WY2015 and WY 2016 recharge seasons provide insight into how both the groundwater 

system and the aquifer recharge program can be influenced by drought conditions and then recover 

the following year under more typically climate conditions.  WY2015 and WY2016 also provide 

insight into how the alluvial aquifer can be managed to allow greater utilization during drought 

conditions if accompanied by a managed aquifer recharge program.  Recharge water delivery in WY 

2016 was the second highest amount since the start of the recharge program.  Above average 

recharge water delivery volumes were achieved even with low instream flows in the Walla Walla 

River limiting recharge operations early in the season (November) and later in the season (mid-

May).  This demonstrates the increasing capacity of the Walla Walla Basin recharge program.  

WY2016’s recharge volume (6,229.54 acre-feet) was a 223% increase over WY2015’s recharge 

volume (2,786.05 acre-feet).  

 

As in previous recharge seasons, groundwater and surface water quality data collected during 

aquifer recharge activities do not indicate that AR activities are degrading groundwater quality per 

Condition 5 of LL-1433.  In some cases, groundwater quality parameters improved over the 



 

 
 

recharge season, while at other locations water quality remained unchanged or declined over the 

period of observation.  Source water quality being delivered to the aquifer recharge sites continues 

to be of acceptable quality and would not be anticipated to degrade groundwater quality.   

 

PROPOSED AR PROGRAM IN WY 2017 
 

Continued operation of the five current sites and the addition of new aquifer recharges sites under 

LL-1621 is expected in WY 2017.  Operating sites with shorter operational history, like Barrett and 

NW Umapine, for a longer and more sustained duration will help to identify their influence on the 

alluvial aquifer via program monitoring wells.  Additionally, expansion of the AR program will occur 

during WY 2017 with the issuance of limited license LL-1621.  LL-1621 allows delivery of recharge 

water to a total of 17 sites.  Thirteen of the 17 sites are constructed and will operate during the WY 

2017 season if water is available for all sites.  The remaining four sites in the limited license are in 

the planning phase and will likely become operational in the next 1-2 years.   

 

In addition to new sites, WY2017 will continue the operation of near real-time water quality 

stations to monitoring conditions of the recharge source water.  The goal of these stations is to 

eventually operate the aquifer recharge sites using near real-time data for the inflowing source 

water and to manage the sites via telemetry.  An OWEB grant has been secured to expand the 

telemetry network to include most of the active aquifer recharge sites during WY2017.  The new 

water quality stations will operate during the WY 2017 recharge season and data will be evaluated 

against grab sample water quality test results to determine the efficacy of the real-time stations and 

if they can be used in place of grab sample testing.  A draft report and proposed monitoring plan 

will be developed after the WY 2017 season. 

 

In WY 2017 monitoring will continue to be performed per the monitoring plan approved under LL-

1621.  A report summarizing groundwater level monitoring, water quality monitoring and AR 

operations performed during the WY 2017 recharge season will be submitted to OWRD by 

February 15, 2018.  
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APPENDIX A – LIMITED LICENSE LL-1433 

 

  



Oregon Water Resources Department 

Final Order 
Limited License Application LL-1433 
Hudson Bay District Improvement 
Company 

Appeal Riglrts 

This is a final 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. 

Requested Water Use 

On August 3 1,20 12, the Water Resources Department received completed Limited License 
request 1433 from Hudson Bay District Improvement Company for the use of up to 45 cubic feet 
per second from the Walla Walla River, located in the SW XI, NE %I, Section 12, Township 5 
North, Range 35 East, W.M., for the purpose of artificial groundwater recharge testing, for the 
period of November I, 20 12 through December 3 I, 20 17. 

Authorities 

The Department may approve a limited license pursuant to its authority under ORS 537.143, 
537.144 and OAR 690-340-0030. 

ORS 537.143(2) authorizes the Director to revoke the right to use water under a limited license if 
it causes injury to any other water right or a minimum perennial streamflow. 

A limited license will not be issued for more than five consecutive years for the same use, as 
directed by ORS 537.143(8). 

Findings of Fact 

1. The forms, fees and map have been submittcd, as required by OAR 690-340-0030(1). 

2. The Depa~tment provided public notice of the application, on September 1 1, 20 12 as required 
by OAR 690-340-0030(2). 

3. This limited license request is limited to an area within a single drainage basin as required by 
OAR 690-340-0030(3). 

4. The Department has determined that there is water available for the requested use. 
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5. The Department has determined that the proposed source has not been withdrawn from 
further appropriation. 

6. Because this use is from surface water and has the potential to impact fish, the Department 
linds that fish screening is required to protect the public interest. 

7. Because the use requested is longer than 120 days and because the use is in an area that has 
sensitive, threatened or endangered fish species, the use is subject to the Department's rulcs 
under OAR 690-33. These rules aid the Department in determining whether a proposed use 
will impair or be detrimental to the public interest with regard to sensitive, threatened, or 
endangered fish species. 

8. The Department has determined that the use is not subject to its rules undcr OAR 690-350. 
However, artificial groundwater recharge testing must be done in a manner that provides a 
test with results and supplemental information for the user's artificial groundwater recharge 
permit application. Consistent with this intent, the Department has added conditions 
pertaining to testing, monitoring, reporting and coordination with Oregon Department of 
Environmental Quality (ODEQ), Oregon Department of Fish and Wildlife (ODFW) and this 
Department. 

9. The Department has received comments related to the possible issuance of the limited license 
from ODEQ requesting changes to the proposed monitoring plan. These changes pertained to 
sampling and reporting. The water quality monitoring plan was revised and approved by 
ODEQ on November 28,2012. The Department has received comments from ODFW in 
support of this license and recommending conditions related to instream water rights and 
bypass flows. The Department's Groundwater Section determined the testing and water 
quantity monitoring plan submitted as an addendum to the application on January 3,201 3 is 
sufficient for artificial groundwater recharge testing. The authorization of Limited License 
1433 is conditioned to satisfactorily address issues raised in those comments. 

10. Pursuant to OAR 690-340-0030(4)(5), conditions have been added with regard to notice and 
water-use measurement. 

The proposed water use will not impair or be detrimental to the public interest pursuant to OAR 
690-340-0030(2), as limited in the order below. 

Order 

Therefore, pursuant to ORS 537.143, ORS 537.144, and OAR 690-340-0030, application for 
Limited License 1433 is approved as conditioned below. 

1. The period and rate of use for Limited License 1433 shall be from March 7,201 3, through 
December 3 1, 201 7 for the use of up to 45 cubic feet per second from the Walla Walla River, 
for the purpose of artificial groundwater recharge testing. The season of use is limited to 
November 1 through May 15. This limited License 1433 replaces and supersedes LL-1189 
which is of no further force or effect. 
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2. The licensee shall give notice to the Watermaster in the district where use is to occur not less 
than 15 days or more than 60 days in advance of using the water under this license. The 
notice shall include the location of the diversion, and the volume of water to be diverted and 
the intended use and place of use. 

3. When water is diverted under this license, the use is limited to times when the following 
minimum streamflows are met in the Tum A Lum reach of the Walla Walla River, between 
the Little Walla Walla River diversion and Nursery Bridge Dam and flowing past Nursery 
Bridge Dam: November - 64 cfs, December and January - 95 cfs. February to May 15 - 150 
cfs. Nursery Bridge Dam is located just downstream of Nursery Bridge and is downstream of 
the Little Walla Wall diversion. The District 5 Watermaster, based on gage and/or flow 
measurements, shall make the determination that the above described streamflows are 
flowing past Nursery Bridge Dam. Diversion under this license shall cease when said 
streamflows are unmet. 

4. The Licensee shall follow the operation, water quality and water level monitoring plans 
described in the document entitled "Hydrogeologic Setting and Source Water and 
Groundwater Monitoring and Reporting Plan for the Hudson Bay District Improvement 
Company Multi-Site Alluvial Aquifer Limited License Application LL-1433, Umatilla 
County, Oregon" and dated January 3,2013. This plan may be modified after review and 
approval of changes by the Department. 

5. The licensee shall comply with all ODEQ water-quality requirements. If monitoring data or 
other information result in identification of potential water-quality concerns, ODEQ may seek 
modif?cations to the monitoring and test plan and/or require a pennit of its own to address the 
water-quality concerns prior to resumption of artifjcial groundwater recharge testing. 

6. Before water use nlay begin under this license, the licensee shall install a totalizing flow 
meter at each point of diversion and at the entry point to each recharge test site. The 
totalizing flow meters must be maintained in good working order. In addition the licensee 
shall maintain a record of all water use, including the total number of hours of diversion, the 
total volume diverted, and the categories of beneficial use to which the water is applied. 
During the period of the limited license, the record of use shall be available for review by the 
Department upon request, and shall be submitted to the Department annually and to 
Watennaster upon request. This record shall include the amount of water diverted from the 
Walla Walla River, and the amount delivered to each recharge area. 

7. The Director may revoke the right to use water for any reason described in ORS 537.143(2), 
and OAR 690-340-0030(6). Such revocation may be prompted by field regulatory activities 
or by any other reason. 

8. Use of water under a limited license shall not have priority over any water right exercised 
according to a permit or certificate, and shall be subordinate to all other authorized uses that 
rely upon the same source. 

9. The licensee shall install, maintain and operate fish screening and by-pass devices as required 
by the Oregon Department of Fish and Wildlife to prevent fish from entering the proposed 
diversion. See copy of enclosed fish screening criteria for information. 
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10. In supporting this license, ODFW retains the prerogative to pursue a future instream water 
right for the Walla Walla River. 

11. The licensee is required to provide a written annual report by February 15th of each year. 
This report will detail recharge testing. Reporting shall include, but is not limited to, the 
results of testing efforts that relate to water quality, water quantity, and operations. Water 
level data shall be submitted in a Department-specified digital format. The licensee shall 
consult with ODEQ and OWRD to identify additional specific reporting elements. The first 
report is due in February 2014. The annual report shall be sealed and signed by a 
professional(s) registered or allowed, under Oregon law, to practice geology. 

NOTE: This water-use authorization is temporary. Applicants are advised that issuance of this 
final order does not guarantee that any permit for the authorized use will be issued in the future; 
any investments should be made with that in mind. 

Issued March 1 1 20 13 

E. Timothy Wallin, Water Rights Program Manager, for 
Phillip C. Ward, Director 

Enclosures - limited license 

cc: Tony Justus, District 5 Watermaster 
Bill Duke, ODFW 
Phil Richerson, ODEQ 
File 

If you need further assistance, please contact the Water Rights Section at the address, phone number, 
or fax nulnber below. When contacting the Department, be sure to reference your limited license 
nulnber for better service. 

Remember, the use of water under the terms of this limited license is not a secure source of water. 
Water use can be revoked at any tirne. Such revocation may be prompted by field regulatory 
activities or many other reasons. 

Water Rights Section 
Oregon Water Resources Department 
735 Summer Street NE, Suite A 
Salem OR 97301-1271 
Phone: (503) 986-08 17 Fax: (503) 986-0901 
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FISH SCREENING CRITERIA FOR WATER DIVERSIONS 

This summary describes ODFW fish screening criteria for all fish species. 

Screen material openings for ditch (gravity) and pump screens must provide a minimum of 27% open 
area: 

Perforated plate: Openings shall not exceed 3/32 or 0.0938 inches (2.38 mm). 
McshIWoven wire screen: Square openings shall not exceed 3/32 or 0.0938 inches (2.38 mm) in the 
narrow direction, e.g., 3/32 inch x 3/32 inch open mesh. 
Profile bar screentWedge wire: Openings shall not exceed 0.0689 inches (1.75 mm) in the narrow 
direction. 

Screen area must be large enough to prevent fish impact. Wetted screen area depends on the water flow 
rate and the approach vclocity. 

Approach velocity: The water velocity perpendicular to and approximately three inches in front of 
the screen face. 
Sweeping velocity: The water velocity parallel to the screen face. 
Bypass system: Any pipe, flume, open channel or other means of conveyance that transports fish 
back to the body of water from which the fish were diverted. 
Active pump screen: Self cleaning screen that has a proven cleaning system. 
Passive pump screen: Screen that has no cleaning system other than periodic manual cleaning. 

Screen approach velocity for ditch and active pump screens shall not exceed 0.4 fps (feet per second) 
or 0.12 lnps (meters per second). The wetted screen area in sq~lare feet is calc~~lated by dividing the 
maximurn water flow rate in cubic feet per second (1 cfs = 449 gpm) by 0.4 fps. 

Screen sweeping velocity for ditch screens shall exceed the approach velocity. Screens greater than 4 
feet in lcngth must be angled at 45 degrees or less relative to flow. An adequate bypass system must be 
provided for ditch screens to safely and rapidly collect and transport fish back to the stream. 

Screen approach velocity for passive pump screens shall not exceed 0.2 fps or 0.06 nips. The wctted 
screen area in square feet is calculated by dividing the maxirnum water flow rate by 0.2 fps. Pump rate 
should be less than 1 cfs. 

For ftrrthcr infor~7alio~ plecrse conlucl: 

Bernie Kepshire 
Oregon Department of Fish and Wildlife 
7 1 18 NE Vandenberg Avenue 
Corvallis, OR 97330-9446 
(541)757-4186 ~2 .55  
bernard.m.kepshire@state.or.us 
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APPENDIX B – LL-1433 SOURCE AND GROUNDWATER MONITORING PLAN 

(WITHOUT FIGURES OR APPENDICES) 
 

Click here to download complete Monitoring Plan with figures and appendices. 

 

  

http://wwbwc.org/images/Projects/AR/Reports/LL1433_WQMonitoringPlan_12-31-12_sp.pdf
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INTRODUCTION 

This document was prepared to fulfill certain requirements in Oregon Administrative Rules (OAR) 690-
350-0110 through 0130 in support of the application for artificial recharge (AR) Limited License LL1433.  
The Hudson Bay District Improvement Company (HBDIC) is the owner of the project, which will be jointly 
managed with the Walla Walla Basin Watershed Council (WWBWC).   The application for Limited License 
LL1433 was submitted to the Oregon Water Resources Department (OWRD) in September 2012.  The 
HBDIC project includes up to seven recharge facilities located at different sites.  Because of the unique 
nature of this project with distributed recharge facilities, as well as the availability of a body of 
information from other related or nearby recharge projects, OWRD staff requested that the applicant 
provide a summary compilation of the hydrogeologic information relevant to the overall project area 
and specific recharge sites, as well as a monitoring plan for the AR project.  This document has been 
prepared in response to OWRD’s request.   

The objectives of the document are three-fold: (1) summarize the hydrogeologic setting of the recharge 
sites listed in the application for LL1433,(2) present a proposed source water and groundwater 
monitoring plan and (3) present a proposed water level monitoring plan (groundwater and surface 
water).  All of these document elements were prepared in support of the Limited License application.  
The project described in this document and to be permitted under LL1433 is a multi-site aquifer 
recharge (AR) project.  The recharge sites included in this project are referred to as Anspach, Trumbull, 
Hulette Johnson, NW Umapine, Dugger, Barrett, and ODOT (Figure 1).  At this time only one of these 
sites, Hulette Johnson, is active.  Pilot testing at the other sites will be initiated as the HBDIC and 
WWBWC are able to complete infrastructure improvements necessary to operate the sites.   Current 
information regarding each of the seven sites, including recharge facilities, local hydrogeologic 
conditions and proposed monitoring, are summarized in this report. 

Water quality data collected from three active sites (Hewlett-Johnson, Stiller Pond and Locher Road) and 
one inactive site (Hall-Wentland) in the greater Walla Walla Basin have shown that AR activities 
conducted to-date in the Walla Walla Basin have not lead to degradation of the alluvial groundwater 
system (GSI, 2009a, 2009b; WWBWC, 2010).  Given this, the dispersed nature of the individual AR sites, 
and the common source water for this proposed program, the monitoring approach described herein  
focused on evaluating the effects of each recharge season on water quality using a dispersed, but 
integrated, monitoring network.   

The balance of this document includes the following: 

1. A summary of AR sites to be covered under LL1433 and project goals. 
2. A description of alluvial aquifer hydrogeology in the project area and immediate vicinity of each 

site.   
3. The scope of the proposed monitoring effort, including: 

a. Proposed number, locations, and physical characteristics of monitoring points. 
b. Constituents to be monitored for. 
c. Sample collection frequency. 

4. Quality assurance and quality control (QA/QC) elements. 
5. Reporting. 
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AQUIFER RECHARGE SITES AND PROJECT GOALS 

Project Goals 

The overarching goal of the proposed aquifer recharge projects is to restore and maintain the shallow 
alluvial aquifer for the benefit of people, the environment and wildlife.  Specific goals of the projects 
include: (1) stopping and reversing the declines seen in the shallow alluvial aquifer system throughout 
the Walla Walla Valley, (2) reducing the hydraulic gradient away from streams and creeks in the valley to 
reduce surface water seepage, especially during dry summer months, and (3) restoring flows to springs 
that have either dried up or have reduced flow. . 

Recharge planned to be conducted under Limited License LL1433 will occur at seven separate sites 
shown in Figure 1. Of the seven sites listed under LL1433, one is currently active.  The active site, Hulette 
Johnson (also commonly referred to in the past as the Hudson Bay site) has been actively monitored for 
several years while operating under limited license LL1189, which is still in effect.  This section 
summarizes the basic physical layout and planned sequencing of construction and operation of each of 
the seven sites.   

Hulette Johnson 

The Hulette Johnson site is an operational recharge site consisting of a combination of infiltration basins 
and infiltration galleries.  The recharge capacity of the site ranges between 15 to 18 cubic feet per 
second (cfs).  The site is located between County Road 650 and Hogden Road in SE ¼, SW ¼, Sec. 33, 
T6N, R35E, northwest of Milton-Freewater, OR (Figures 1, 2 and 3). There are 7 wells on or very near the 
site, including: 3 up-gradient wells (GW40, GW39 and GW41), one mid-site well (GW45), and 5 down-
gradient wells (GW35, GW46, GW47, GW48, and GW118). Wells GW45, GW46, GW47, and GW48 are 
purpose-built monitoring wells which were drilled and constructed as a part of the original operation of 
the site several years ago.  These wells have been used at various times for water quality monitoring and 
as part of the basin-wide WWBWC water level monitoring network.  The other wells noted here also 
have been used in the basin-wide water level monitoring network.  The Hulette Johnson site will be 
operated during the 2012/2013 recharge season under the existing limited license LL1189 until issuance 
of LL1433.     

Recharge source water is delivered to the site from the White Ditch.  Water delivery and infiltration 
basin operation is managed by HBDIC.  The infiltration galleries are managed by the WWBWC. 

Anspach 

The Anspach site is currently under construction and will be brought into use in late 2012, pending 
issuance of the new limited license.  The Anspach site is planned to consist of an approximately 5 cfs 
infiltration gallery located east of Winesap Road in NW ¼, NW ¼, Sec. 30, T6N, R35E, just outside of 
Milton-Freewater, OR (Figures 1, 2, and 4).  There is an existing well (GW135) located at the up-gradient, 
southeastern corner of the proposed site. A second existing well (GW23) is located generally down 
gradient of, and west southwest of, the proposed site.  These are water wells that have been adapted 
for use in the basin-wide water level monitoring network.  A purpose-built monitoring well, designated 
PMW2, is currently proposed for the east side of the proposed site.   

Recharge source water will be delivered by diverting from the HBDIC canal just west of where it crosses 
Old Milton Highway/Lamb Street.  Water will flow through a pipeline either along the north or south 
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edge of the property to the south of the canal and then turn south to deliver water to the project 
property.   HBDIC will be in charge of diverting recharge water to the site from the canal.   

Trumbull 

The Trumbull site will consist of a 3 to 5 cfs infiltration gallery, which will be located between the 
Umapine Highway and Trumbull Road in NW ¼, SW ¼, Sec. 27, T6N, R34E northwest of Milton-
Freewater, OR (Figures 1, 2, and 5).   The Trumbull site will be brought into use in late 2012, pending 
issuance of the limited license.  There are no existing monitoring wells located at the site.  However, an 
existing purpose-built monitoring well (GW117) used in the basin-wide water level monitoring program 
is located approximately 0.3 to 0.4 miles east and up-gradient of the site.  Two proposed purpose built 
wells, PMW3 and PMW4, currently are planned for locations generally 0.3 to 0.4 miles to the west and 
northwest of the Trumbull site (Figure 5).  These locations are generally down gradient of the proposed 
site, and tentatively planned for installation in the autumn of 2012.     

Recharge source water would be delivered to the site from the North Lateral into an infiltration gallery.  
HBDIC will be responsible for diverting water to the site.   

NW Umapine 

The NW Umapine site is planned to consist of a 5 cfs infiltration basin located north of the Umapine-
Stateline Road and west of State Road 332 in SW ¼, SE ¼, T6N, R34E just northwest of Umapine, OR 
(Figures 1, 2 and 6).  The NW Umapine facility is anticipated to be brought on line in late 2012/early 
2013, pending issuance of the limited license.  The infiltration basin will be built in a previously 
excavated pit that exists on the site.  Only a portion of the pit will be used as an infiltration basin.  There 
are no monitoring wells or observation wells present on the site.  Existing wells in the general area of 
the site include GW34, GW36, GW63, and GW119, all of which are part of the basin-wide water level 
monitoring network.  GW119 is a purpose built monitoring well which the others are water wells which 
have been adapted for use in the water level monitoring network.  Two new purpose built wells are 
proposed for the area of this site, PMW1 located to the south-southeast and PMW5 located just to the 
west.   

Recharge source water would be diverted from the Richartz pipeline to the basin.  HBDIC will manage 
water to the site by a turn out from the Richartz pipeline. 
 

Barrett 

The proposed Barrett recharge facility will be located at a site between County Road 517 and Chuckhole 
Lane in SW ¼, SE ¼, Sec. 34, T6N, R35E, between the Anspach and Hewlett-Johnson sites (Figures 1, 2, 
and 7).  The recharge facility is currently planned to consist of an infiltration gallery capable of 3 cfs of 
recharge, and is planned to be brought online in late 2012/early 2013.  Only one well is in the immediate 
vicinity of this site, well GW62, which is located up gradient of the facility.  This well is a water well 
adapted for use in the basin-wide water level monitoring program. 

Recharge source water will be delivered from the Barrett pipeline into the currently proposed 
infiltration gallery.  HBDIC will be responsible for operating the diversion into the site.   
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Dugger 

This proposed recharge facility will be located at a site between Phillips Road and Ringer Road in NW ¼, 
SE ¼, Sec. 30, T6N, R35E (Figures 1, 2, and 8). The site is planned to be brought into operation in late 
2013/early 2014, and the final design of the site has not yet been determined.  There are two existing 
monitoring wells near the site, both part of the basin-wide water level monitoring network. Well GW36 
(a water well) is located just north of the proposed site, and likely transverse to the groundwater flow 
direction in the area.  This well, and a more distal, existing, purpose-built monitoring well, GW119, also 
located transverse to the anticipated groundwater flow direction, would at a minimum have utility in 
tracking water level changes in the area of the proposed site.  On new purpose built monitoring well is 
proposed for the site.  It (PMW1) would be located just west of the proposed recharge facility. 

Water will be diverted off the White Ditch to feed the project.  HBDIC will manage water to the site by a 
turn out from the ditch. 

ODOT 

The ODOT site is located SW ¼, NW ¼, Sec. 34, T6N, R35E (Figures 1, 2, and 9).  The site is planned to be 
brought into operation in late 2013/early 2014.  The facility is tentatively planned to consist of an 
infiltration basin.  Water will be delivered to the site from the White Ditch, upstream of the Hulette 
Johnson site. Once the design for the site is finalized and planned monitoring points have been 
established, this monitoring plan will be amended to incorporate the updated information for the site. 

WALLA WALLA BASIN HYDROGEOLOGIC SETTING 

The goal of this section is to present a summary of alluvial aquifer hydrogeologic conditions regionally 
and within area of the HBDIC multi-site AR project.  This summary is intended to provide the physical 
framework, or context, for the planned monitoring.  It is not intended to provide detailed information 
about the groundwater system of the Walla Walla Valley.  In addition, it does not include a discussion or 
summary of the deeper basalt aquifer systems underlying the area.  For more details of area 
hydrogeology, the reader is referred to Newcomb (1965), Barker and McNish (1976), GSI (2007, 2009a, 
2009b) and WWBWC (2010) and other citations as presented herein. 

Hydrostratigraphy 

Five alluvial sediment hydrostratigraphic units are mapped in the project area, including: (1) Quaternary 
fine unit, (2) Quaternary coarse unit, (3) Mio-Pliocene upper coarse unit, (4) Mio-Pliocene fine unit, and 
(5) Mio-Pliocene lower coarse unit.  Figure 10 illustrates the stratigraphic relationships between the 5 
mapped units and top of basalt. The following sections describe the basic physical characteristics of each 
suprabasalt sediment unit and top of basalt.  

Quaternary Units 

Quaternary Fine Unit 

Newcomb (1965) and several subsequent investigators (Fecht and others, 1987; Busacca and 
MacDonald, 1994; Waitt and others, 1994) described a variety of Quaternary aged fine (clay/silt/fine 
sand dominated) units in the area of the Walla Walla Basin. Above elevations of approximately 1150 to 
1200 feet above mean sea level (msl), these strata consist predominantly of loess. Isolated hills found on 
the valley floor and much of the upland area north of the Walla Walla River consist predominantly of 
Missoula flood deposited silt and sand referred to as the Touchet Beds. Reworked flood deposits and 
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loess form local accumulations of fine strata across the valley floor near major streams. These strata are 
grouped into a single unit referred to as the Quaternary fine unit. The thickness of this unit varies 
greatly, depending on local topography, depth of stream incision, and original depositional patterns.  

Variation in unit thickness and its absence locally, especially along modern stream courses, likely reflects 
both depositional factors and post-deposition erosion. For example, the wide distribution of the 
Quaternary fine unit around the northern edge of the Basin primarily reflects widespread deposition 
followed by localized deep erosion along relatively, ephemeral stream courses. Conversely, the fact that 
the unit is thin to absent along major stream courses (notably the Touchet River, Walla Walla River, and 
Mill Creek) likely reflects, at least in large part, the erosive effects of these major streams incising into 
and removing Pleistocene Cataclysmic Flood deposits and eolian deposited fines. 

Quaternary Coarse Unit 

Uncemented and nonindurated sandy to gravelly strata is found in the shallow subsurface beneath 
much of the Basin. These gravely deposits are basaltic, moderately to well bedded, have a silty to sandy 
matrix, and contain thin, local silt interbeds. These uncemented and nonindurated basaltic gravels 
generally are equivalent to Newcomb’s (1965) younger alluvial sand and gravel and are referred to 
currently as the Quaternary coarse unit. This sequence of uncemented gravel is interpreted to record 
stream deposition in the Walla Walla Basin by streams draining off the adjacent Blue Mountains. These 
streams are inferred to include the ancestral courses of the modern stream drainage.   Based on 
stratigraphic relationships the Quaternary coarse unit predates, is contemporaneous with, and post-
dates Missoula flood deposits. Given this, the Quaternary coarse unit probably ranges in age from a few 
years old to as old as 1 million years or more.  

Both depositional and erosional mechanisms can explain Quaternary coarse unit distribution. Its planar-
tabular distribution in the Milton-Freewater area and the area beneath and east of Walla Walla probably 
reflects deposition in shallow, braided channel complexes on an active (or recently active) braid plain. To 
the west, elongate patterns may reflect gravel deposition down the topographically low axis of the Basin 
as it has existed in the recent geologic past (last 1 to 2 million years). The elongate areas where the unit 
is absent potentially reflect areas of non-deposition because of the absence of channels and/or post-
depositional erosion. The highs and lows apparent in the top of this unit along the base of the Horse 
Heaven Hills are interpreted to be related to the deformation and uplift of these hills. During that uplift, 
the surface of the unit has been deformed, in some areas uplifted, in other areas, down-dropped. 

Mio-Pliocene Strata 

The primary basin-filling alluvial strata in the Basin include a sequence of indurated sand, gravel, 
siltstone, and claystone generally equivalent to Newcomb’s (1965) old gravel and clay. Based on 
lithologic and stratigraphic relationships these indurated suprabasalt sediments are inferred to have a 
Miocene to late Pliocene age (10+ to ~3 million years old).  These strata are subdivided into three 
mappable units – Mio-Pliocene upper coarse unit, Mio-Pliocene fine unit, and Mio-Pliocene basalt 
coarse unit.    

Mio-Pliocene Upper Coarse Unit  

The Mio-Pliocene upper coarse unit consists of a sequence of variably cemented sandy gravel, with a 
muddy to sandy, silicic to calcic matrix. This unit underlies much of the Walla Walla Basin. Field 
reconnaissance reveals thin, localized, discontinuous caliche at the top of these strata at some locations.  
Based on physical characteristics displayed by analogous strata in rare outcrops, field reconnaissance, 
and a small number of borehole log descriptions these strata are predominantly basaltic in composition 
and typically have a slightly too well developed red, red brown, and yellow brown color.  The Mio-
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Pliocene upper coarse unit generally is continuous beneath the entire Basin, being absent only in a few, 
relatively small areas.  

Isopach data for this unit shows that it varies greatly in thickness, ranging from just a few feet thick to 
over 500 feet thick. The thickest accumulations of the unit tend to be along the southern edge of the 
Basin adjacent to the base of the Horse Heaven Hills where it generally ranges from 200 to more than 
500 feet thick, and along the eastern edge of the Basin.  The unit is interpreted to have been deposited 
predominantly in a braided stream system by the ancestral Walla Walla River, Mill Creek, and larger 
tributaries. These streams delivered large volumes of coarse detritus onto the basin floor as it subsided 
and the bounding uplands were uplifted. Generally, these streams merged into a single, main Walla 
Walla River ancestral stream that generally flowed to the west, much like the modern stream. In 
addition, faulting may also have played a role in unit distribution.  

Mio-Pliocene Fine Unit  

The Mio-Pliocene upper coarse unit generally is underlain by fine deposits variously described as silt, 
clay, sandy clay, and sandy mud having blue, green, gray, brown, and yellow colors. These strata are 
designated the Mio-Pliocene fine unit. This unit is thickest in the northeastern, north, central, and 
western Basin where it can range between 300 and 500 feet thick. These areas generally are located 
north and west of areas of thickest accumulation of the overlying Mio-Pliocene upper coarse unit. 
Depositional, erosional, and structural factors similar to those that are interpreted to affect the 
overlying unit also are interpreted to have had a role in controlling Mio-Pliocene fine unit distribution.  

Mio-Pliocene Basal Coarse Unit 

The basal coarse unit consists of arkosic-micaceous sand and silt in the basal portion of the Mio-Pliocene 
section directly overlying basalt. These strata form an interval several tens of feet to over 100 feet thick. 
This unit, with its distinctive arkosic mineralogy, is very different petrographically from other strata 
comprising the Mio-Pliocene sequence in the Basin. Because of this distinctive mineralogy, this unit is 
inferred to have been deposited by the ancestral Salmon-Clearwater River, which entered the Basin 
from the north.  

Top of Basalt 

The alluvial sequence overlies the Columbia River Basalt Group (CRBG) beneath the entire basin area.  
The top of the CRBG, while irregular, forms the base of the alluvial sequence, and it generally appears to 
dip downwards off the highlands surrounding the Basin, in to the center of the Basin.  Given this, the top 
of basalt in the Basin ranges from the ground surface around the basin margins, to a depth of over 800 
feet near the center of the basin.  

Alluvial Aquifer Hydrogeology 

Groundwater in the Walla Walla Basin region occurs in two principal aquifer systems: (1) the unconfined 
to confined suprabasalt sediment (“alluvial”) aquifer system which is primarily hosted by Mio-Pliocene 
conglomerate and Quaternary Coarse Unit, and (2) the underlying confined CRBG aquifer system 
(Newcomb, 1965). 

The majority of the alluvial aquifer is hosted by Mio-Pliocene strata, although the uppermost part of the 
aquifer is found, at least locally, in the overlying Quaternary coarse unit.  The alluvial aquifer is generally 
characterized as unconfined, but it does, at least locally, display evidence of confined conditions. 
Variation between confined and unconfined conditions within the aquifer system is probably controlled 
by sediment lithology (e.g., facies – coarse versus fine) and induration (e.g., cementation, compaction).  
Groundwater movement into, and through, the suprabasalt aquifer also is inferred to be controlled by 
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sediment lithology and induration.  Generally, the deeper portions of the alluvial aquifer unit are more 
likely to exhibit confined conditions relative to the shallower portions of the aquifer.    

Aquifer Properties 

Given the physical properties of the Quaternary course unit (non-indurated sand and gravel) versus 
those of the Mio-Pliocene upper coarse unit (e.g., finer matrix and the presence of naturally occurring 
cement), the Mio-Pliocene upper coarse unit probably has generally lower permeability and porosity 
than the Quaternary coarse unit.  Consequently, suprabasalt aquifer groundwater flow velocities are 
inferred to be less where the water table lies within the Mio-Pliocene strata and/or the gradients are 
higher than where it lies within the younger, more permeable Quaternary strata.  In addition, where the 
Quaternary coarse unit is saturated, this uncemented, high permeability gravel and sand may form 
preferred pathways for groundwater movement and areas of increased infiltration capacity in the 
shallow parts of the suprabasalt aquifer system.   

Very little hydraulic property information is available for the alluvial aquifer system. Newcomb (1965) 
reports average effective porosity of 5 percent in his old gravel (i.e., the Mio-Pliocene upper coarse 
unit).  Given the physical characteristics of the overlying Quaternary coarse unit, we suspect its average 
effective porosity is higher.  

Basin-wide estimates of the hydraulic properties of alluvial aquifer system were made by Barker and 
Mac Nish (1976) as part of their effort to produce a digital model of this aquifer system.  This modeling 
work used estimated hydraulic conductivity of 1.5x10-4 feet/second to 7.6x10-3 feet/second and 
transmissivity of 10,000 feet2/day to 60,000 feet2/day for the entire alluvial aquifer system. As with 
Newcomb’s (1965) effective porosity estimate, we suspect hydraulic conductivity and transmissivity 
would be higher in saturated Quaternary coarse unit strata than in the saturated Mio-Pliocene upper 
coarse unit. 

Groundwater Level and Flow Direction 

Recent efforts by the WWBWC have begun to build a picture of alluvial aquifer water level conditions in 
the eastern and southern Walla Walla Basin.  This data is compiled and available online at WWBWC 
website at http://www.wwbwc.org.  Figure 11 is a water table map for the basin built from these data.  
Based on these data, and earlier investigations the following basic observations relative to alluvial 
aquifer water level and flow direction can be made: 

 Groundwater flow in the alluvial aquifer system generally is from east to west. Locally this flow 
may converge towards the Walla Walla River and other streams where the alluvial aquifer water 
table is higher than the stream.  Where this occurs, streams are, in part, fed by groundwater 
discharge.  However, along many reaches of the Walla Walla River and other streams in the 
Basin, the alluvial water table may at least locally be below the bed of the stream during some 
or all of the year.  When and where this occurs, such stream reaches probably lose water to the 
alluvial aquifer, thus acting as a recharge source for groundwater. 

 Water level within the alluvial aquifer varies seasonally.  Barker and MacNish (1976, p. 25) 
determined that the month of January was the time of year when this aquifer is under the 
smallest amount of pumping stress and that water table most reflect unmodified conditions.  In 
some portions of the Basin, seasonal changes in the water table elevation can be as great as 50 
feet (Newcomb, 1965; Pacific Groundwater Group, 1995).   
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 Groundwater level declines have been ongoing for a number of years, although recent AR 
efforts have reversed these trends at least locally near existing sites, in particular the Hulette 
Johnson site (WWBWC, 2010 – attached as Appendix E).   

Aquifer Recharge and Discharge 

Recharge to the alluvial aquifer is derived from infiltration of surface waters (e.g., where streams enter 
the basin), leakage from irrigation ditches, applied irrigation water, direct precipitation, and to a lesser 
extent leakage from the CRBG aquifer system (Newcomb, 1965; Barker and MacNish, 1976; Pacific 
Groundwater Group, 1995). The majority of this recharge probably occurs in the spring when streams 
flowing into the Basin reach peak discharges.  Precipitation on parts of the Basin floor where the 
Quaternary coarse unit and older the Miocene-Pliocene upper coarse unit lie at, or near, the surface 
may also provide some natural recharge.  Evaluation of these various sources of recharge to the alluvial 
aquifer suggests that direct precipitation and applied irrigation water are the dominant sources of 
recharge (Bauer and Vaccaro, 1990; Pacific Groundwater Group, 1995; WWBWC, 2010). With flood 
control and channelization of the Walla Walla River and smaller streams, natural recharge via infiltration 
from surface waters has probably decreased with continued development. 

Artificial recharge of the alluvial aquifer from agricultural practices and water conveyance systems has 
become an important component of the Basin’s hydrologic system since the 1920’s and 1930’s.  This 
recharge is thought to have historically contributed water to at least some shallow water wells and 
springs (Newcomb, 1965; WWBWC, 2010).  Artificial recharge probably occurs through irrigation ditch 
leakage and infiltration past the root zone in irrigated fields.  With the advent of ditch/channel lining 
and reduction in the practice of flood irrigation, this type of recharge has probably decreased. Reduced 
natural and artificial recharge and pumping account for decreased alluvial aquifer water table levels.  
Decline in water table levels in-turn probably account for reduced spring flows and base level discharge 
to the Walla Walla River.   

Discharge from the alluvial aquifer occurs in a number of ways, including direct discharge to streams, 
springs and seeps, pumped water wells, evapotranspiration, and localized leakage to the CRBG aquifer 
system (Newcomb, 1965; Barker and Mac Nish, 1976; Pacific Groundwater Group, 1995).   

Alluvial Aquifer Water Quality 

Historical water quality data available include a groundwater quality report prepared by Richerson and 
Cole (2000) and source water and groundwater quality reporting done for several AR sites, including the 
Hulette Johnson site.  Based on Richerson and Cole (2000), the Hulette Johnson site data (WWBWC, 
2010), and groundwater quality data collected from other AR sites in the Walla Walla Basin (GSI, 2009a, 
2009b) some basic observations with respect to alluvial aquifer water quality can be made, including the 
following:  

 With respect to nutrient type constituents, including nitrate-N, TKN, phosphate, and ortho-
phosphate water quality in the area generally has not been significantly degraded. In addition, 
the groundwater down gradient of AR sites generally show declines in constituent 
concentrations, which are interpreted to reflect dilution of ambient groundwater concentrations 
by lower concentration AR water.   

 Other parameters, such as TDS, chloride, and electrical conductivity also commonly show 
evidence of down gradient reductions attributed to AR activities.  These trends are interpreted 
as evidence of dilution of these parameters in groundwater by AR water. 
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 The synthetic organic compound (SOC) data indicate that AR operations have essentially no 
influence on SOC’s present in groundwater.   

 In addition to these observations, the Hall-Wentland data are instructive as they show the 
importance of natural leakage from surface waters (which typically are the same waters these 
AR sites use for source water) in influencing local groundwater chemistry.  

RECHARGE SITE HYDROGEOLOGY 

Building on the preceding summary of basin wide hydrogeologic conditions, the following sections 
provide basic highlights of specific hydrogeologic conditions at each HBDIC project AR site. Geologic 
cross-sections for each site are built from the WWBWC’s basin wide geologic and hydrogeologic model.   

Hulette Johnson 

Figure 12 provides a geologic cross-section of the Hulette Johnson site.  Geologic units present in the 
vicinity of the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be essentially absent from this site, although 
thin surface occurrences are present offsite to the west and east.  In addition, excavation work 
during infiltration gallery construction revealed a thin, local surface silty-sand that could be 
assigned to this unit.  Nevertheless, where present in the immediate area, the unit is generally 
less than 10 feet thick. 

 Quaternary coarse unit: This unit forms the uppermost geologic unit across the site area (except 
for the localized fines noted in the preceding bullet).  Beneath the site the unit generally is 
interpreted to be 20 to 30 feet thick.     

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 120 to 200 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 250 to 350 feet thick, increasing to the west-northwest.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally deepens to the west-northwest, 
ranging from approximately 425 feet bgs to 600 feet bgs. 

The hydrogeology of the Hewlett-Johnson site is better understood than the other sites because of its 
active status, and has been previously reported on in WWBWC (2010). The alluvial aquifer water table 
generally varies between the basal part of the Quaternary coarse unit and the upper part of the Mio-
Pliocene upper coarse unit, rising and falling seasonally and in response to AR and canal operations.  
Depth to water varies seasonally from 10 to 50 feet bgs according to on-site monitoring wells. 
Groundwater flow at the site generally is towards the northwest.  The table below shows water volumes 
delivered to the Hulette Johnson site for each recharge season (Nov-May). 
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Anspach 

Figure 13 provides a geologic cross-section of the Anspach site.  Geologic units present at the Anspach 
site are as follows: 

 Quaternary fines unit:  This unit is interpreted to not be present at the site, but it is mapped in 
the area just to the west where it is less than 1 foot to approximately 20-30 feet thick. 

 Quaternary coarse unit: At the site this unit is interpreted to extend from the ground surface 
downwards approximately 60 to 70 feet.   

 Mio-Pliocene upper coarse unit: This unit is approximately 70 feet thick in the immediate vicinity 
of the site.  To the east it is interpreted to directly overlie basalt.  To the west it overlies the Mio-
Pliocene fine unit.  

 Mio-Pliocene fine unit: This unit is mapped as pinching out directly beneath the site.  Just to the 
west and northwest of the site it is interpreted to thicken, as the top of basalt gets deeper. 

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  The site is interpreted to overlie an area where the top of basalt gets deeper just 
a short distance to the west.  At and beneath the eastern part of the site top of basalt may be as 
little as 100 feet below ground surface (bgs).  To the west it is interpreted to be over 250 feet 
bgs. 

The alluvial aquifer water table generally lies at or near the top of the Mio-Pliocene upper coarse unit.  
Depth to water varies from about 15-35 feet depending on season (irrigation/non-irrigation).  
Groundwater flow direction in the alluvial aquifer at this site is interpreted to generally be to the west-
northwest. 

Trumbull 

Figure 14 provides a geologic cross-section of the Trumbull site.  Note, the specific location of the 
infiltration gallery currently envisioned for this site has yet to be determined.  Geologic units present in 
the vicinity of the Trumbull site are as follows: 

 Quaternary fines unit:  This unit is only present in the area west of County Road 332.  In that 
area it is less than 1 foot to approximately 15 feet thick. 

 Quaternary coarse unit: This unit forms the uppermost geologic unit across the proposed site 
area where it is interpreted to range from 30 to 50 feet thick, thinning and pinching out to the 
west.     

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 220 to 250 feet thick, thickening to the west.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 300 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally deepens to the west-northwest, 
ranging from approximately 550 feet bgs to 650 feet bgs. 

The alluvial aquifer water table generally lies in the Quaternary coarse unit, resulting in the entire Mio-
Pliocene upper coarse unit being saturated.   In the immediate vicinity of the site depth to groundwater 
generally is 20 feet or less.  However, a series of seasonal springs north of the site suggest groundwater 
in this area can be much shallower, at least seasonally.  To the west, the depth to water is 45 feet bgs or 
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greater just to the east of this site in well GW117.  The groundwater flow direction is interpreted to be 
to the west-northwest. 

NW Umapine 

Figure 15 provides a geologic cross-section of the NW Umapine.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be present in the site area where it may be as 
much as 20 feet thick.  However, at the site itself it is absent because it was removed during the 
excavation of the pit that will be used as the AR facility.   

 Quaternary coarse unit: This unit is mapped to be present in the site area, but it is interpreted to 
be very thin, possibly less than 10 feet thick.  As with the Quaternary fine unit, it is interpreted 
to be absent (as it was removed during digging) in the excavated pit which is planned as the AR 
facility.   

 Mio-Pliocene upper coarse unit: This unit underlies the entire site area and is interpreted to 
range from approximately 200 to 250 feet thick.  The existing pit identified as the candidate 
location for the infiltration basin is excavated into the top of the Mio-Pliocene upper coarse unit. 

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 200 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt generally lies at a depth of 500 feet bgs.   

The depth to the alluvial aquifer water table is approximately 25 to 30 feet bgs (based on well GW34), 
which places the water table in the uppermost part of the Mio-Pliocene upper coarse unit.  

Barrett 

Figure 16 provides a geologic cross-section of the Barrett site.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be absent beneath the site.   

 Quaternary coarse unit: This unit is interpreted to underlie the entire site area, ranging from 
approximately 30 to 50 feet thick.   

 Mio-Pliocene upper coarse unit: This unit also underlies the entire site area and is interpreted to 
range from approximately 110 to 130 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
approximately 100 to 120 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt appears to dip to the west-northwest and it lies 
at depths of 240 to 260 feet.   

Beneath the Barrett site, the alluvial aquifer water table appears to generally lie at, or near, the bottom 
of the Quaternary coarse unit, at a depth of approximately 30 to 35 feet bgs.  The groundwater flow 
direction at the site is generally to the northwest. 
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Dugger 

Figure 17 provides a geologic cross-section of the Dugger site.  Geologic units present in the vicinity of 
the site are as follows: 

 Quaternary fines unit:  This unit is interpreted to be present across most of the site area where 
it is interpreted to range from approximately 10 to 20 feet thick.  Just to the south of the site the 
unit appears to pinch out.   

 Quaternary coarse unit: This unit is interpreted to underlie the entire site area, ranging from 
approximately 20 to 30 feet thick.   

 Mio-Pliocene upper coarse unit: This unit also underlies the entire site area and is interpreted to 
range from approximately 110 to 130 feet thick.   

 Mio-Pliocene fine unit: This unit also underlies the entire site area where it is interpreted to be 
300, or more, feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt appears to dip to the south, towards the Horse 
Heaven Hills.  The top of basalt is interpreted to be approximately 475 to 525 feet bgs.   

Beneath the Dugger site, the alluvial aquifer water table appears to generally lie at, or near, the bottom 
of the Quaternary coarse unit, at a depth of approximately 20 feet bgs.  Although regional water level 
(Figure 11) shows groundwater flow to the west-northwest, Figure 17 suggests local water level may 
differ from this, at least at some times during the year.  This will be evaluated further during site 
preparation work.  If this flow direction proves to be correct, it is interpreted to be a local phenomenon. 

ODOT 

Figure 18 provides a geologic cross-section of the ODOT site.  Geologic units present in the vicinity of the 
site are as follows: 

 Quaternary fines unit:  The Quaternary fine unit is interpreted to be absent  this site. 

 Quaternary coarse unit: This unit is interpreted to be approximately 20 to 30 feet thick at the 
site.   

 Mio-Pliocene upper coarse unit: This unit is interpreted to be as much as 200 feet thick at the 
site.     

 Mio-Pliocene fine unit: This unit underlies the entire site area and is interpreted to be 
approximately 200 feet thick.   

 Mio-Pliocene basal coarse unit:  This unit is not present beneath the site 

 Top of Basalt:  Beneath the site the top of basalt is interpreted to the northwest, ranging from 
depths of approximately 400 to 475 feet.   

Beneath the ODOT site the alluvial aquifer water table appears to generally occur within the upper part 
of the Mio-Pliocene upper coarse unit, at a depth of approximately 30 to 40 feet bgs.  The direction of 
groundwater flow at the site is generally towards the northwest. 

PROPOSED MONITORING PLAN 

This section presents the monitoring plan for the proposed multi-site AR limited license.  This plan 
includes the following elements: source water and groundwater quality sampling and analysis, water 

Appendix B Page 16



 

13 
 

level monitoring, and recharge water flow rate measurements.  The proposed plan focuses on the 
objective of assessing the impacts to alluvial aquifer groundwater of the entire multi-site AR program.  
The following sections explain how this monitoring approach would be implemented, locations and 
constituents proposed for monitoring, and other supporting information relative to the monitoring 
program. 

Water Quality Monitoring 

Water quality monitoring for this multi-site AR project will integrate source water quality data from 
several locations in the canal delivery system with groundwater quality data collected from multiple 
locations to assess the impacts on area groundwater of the entire AR program.  Under this 
programmatic approach individual AR facilities will be monitored to a greater or lesser extent in support 
of the entire program.  This proposed programmatic approach was developed from evaluation of data 
from recharge projects in the region using similar source waters (Appendix A).  Water quality sampling 
will be done for field parameters, cations, anions, metals, and synthetic organic compounds (SOC).  
Specifics regarding these are described in the following sections. 

Water Sample Collection and Analysis for Field Parameters, Cation/Anions, and Metals 

Recharge source water and alluvial groundwater will be sampled twice during each recharge cycle for 
analysis of a select list of indicator constituents considered to be most representative of the potential 
for AR degradation of alluvial aquifer groundwater quality, based on recharge water sources, adjacent 
land uses, and a review of AR data collected to-date at several sites in the Walla Walla Basin.  The list of 
proposed analytes for is assembled using data from previous and on-going AR operations in the region 
using similar source water.  Basic elements of the water quality sampling and analysis include the 
following: 

 Samples will be collected at monitoring points listed in the following sections twice each 
recharge cycle: (1) within one week of the start of recharge operations, and (2) within one week 
after termination of each recharge season, commonly in May.   

 Each sample will be analyzed for the following constituents: pH, temperature, electrical 
conductivity, dissolved oxygen, nitrate-N, TKN, sulfate, chloride, calcium, alkalinity, ortho-
phosphate, sodium, total organic carbon, potassium, aluminum, magnesium, iron (dissolved), 
and manganese (dissolved).  Table 1 lists these analytes and recommended analytical methods 
and method reporting limits. 

 Turbidity, total dissolved solids, and total suspended solids data also will be collected to support 
operational goals, but not reported as a part of this monitoring plan. 

Table 1. Proposed analyte list, analytical methods, and method reporting limits. 

Analyte Analytical method Method reporting limit (mg/L) 

pH - - 
Temperature (oC) - - 

Electrical conductivity (mS/cm) - - 
Dissolved oxygen (mg/L) - - 

Total organic carbon SM 5310B 0.5 
Nitrate-N (mg/L) EPA 300.0 0.1 

TKN (mg/L) SM 4500 N B 0.1 
Sulfate (mg/L) EPA 300.0 0.1 
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Analyte Analytical method Method reporting limit (mg/L) 

Chloride (mg/L) EPA 300.0 0.1 
Alkalinity (mg/L) SM232OB 5 
Calcium (mg/L) EPA 200.7 0.1 

Ortho-phosphate (mg/L) EPA 300.0 0.1 
Sodium (mg/L) SPA 200.7 0.1 

Potassium (mg/L) EPA 200.7 0.1 
Magnesium (mg/L) EPA 200.7 0.1 
Aluminum (mg/L) EPA 200.7 0.01 

Iron (dissolved) (mg/L) EPA 200.7 0.01 
Manganese (dissolved) (mg/L) EPA 200.7 0.05 

 

SOC Sample Collection and Analysis 

A single SOC alluvial groundwater sample will be collected each season.  This sample will be collected 
within one week after termination of each recharge season, commonly in May.  The same analyte list 
currently sampled for at the Hulette Johnson site is proposed for this monitoring plan.  These are as 
follows: 

 Rubigan (Fenarimol) 

 Ridomil (Metalxyl) 

 Systhane/Rally (Myclobutanil) 

 Devrinol (Napropamide) 

 DDD-DDE-DDT 

 Elgetol (DNOC sodium salt) 

 Alar/B-Nine (Daminozide) 

 Lindane (Lindane) 
 

Source Water Quality Monitoring Locations 

Source water quality sampling will be conducted at several locations in the canal and pipeline recharge 
water conveyance system.   Source water monitoring sites will be in the distribution system at select 
locations up-stream of AR facilities.  Specific source water monitoring locations, both existing and 
potential future locations, are shown on Figure 19 and are as follows: 

 Source water monitoring location S-1 will be established in the White Ditch canal up-stream of 
the proposed diversion to the Anspach site.  Samples from this location represent source water 
diverted to the Anspach site and the Barrett site.  Also, this location is up-stream of all recharge 
sites and this is considered representative of overall source water conditions. 

 Source water monitoring location S-2 will be established on the White Ditch canal immediately 
upstream of the proposed diversion for the ODOT and Trumball site.  This site is representative 
of source water quality diverted to the Hulette-Johnson site, ODOT site, and the Trumball site. 

 Source water monitoring point S-3 will be established at the up-stream end of the Richartz 
Pipeline to represent source water delivered to the NW Umapine site.  
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Groundwater Quality Monitoring Locations 

Groundwater quality monitoring will be conducted at monitoring points located to evaluate overall AR 
program impacts on up-gradient and down-gradient water quality for the multi-site AR project and also 
provide site-specific water quality data for specific AR locations to be operated under the proposed 
limited license.  

Planned 2012/2013 recharge season groundwater monitoring locations (all in wells built to the 
monitoring well standard) and the general rationale for each are listed below and shown on Figure 2. 

 PNW2: provides up gradient monitoring for the entire project and specifically for the Anspach 
and Barrett sites. 

 GW46: provides down gradient monitoring for the Hulette Johnson site.  

 GW117: provides water quality information for the central region of the AR program, and up 
gradient monitoring for the Trumball site.   

 PNW3: provides down gradient coverage for the Trumbull site. 

 GW119: provides up gradient coverage for both the NW Umapine site and it would provide a 
programmatic monitoring location further down gradient than the aforementioned wells do. 

 PMW5: provides down gradient monitoring for the NW Umapine site and it provides the 
furthest down gradient monitoring point in the entire program.  

o This well will be the sampling location for the proposed SOC sampling event at the 
conclusion of each recharge season. 

Data from these 6 wells, when combined with the source water data collected at the three locations 
named in the preceding section will be used to interpret water quality impacts of the entire proposed 
AR program.  As this program develops it is anticipated that these monitoring locations will be 
periodically re-evaluated and potentially modified.  One modification would be the addition of proposed 
well PMW-1 to the area immediately down gradient of the Dugger site.  This monitoring system could 
expand or contract as the number of individual AR sites covered by it changes, such as when new sites 
are added or old sites are decommissioned.   

Flow and Water Level Monitoring 

Surface Flow Monitoring 

Flow monitoring will be done in the canals or pipes feeding each individual AR site.  The objective of flow 
monitoring is to document the volumes of water delivered to each AR site during its operations.  A flow 
monitoring point has already been established for the Hulette Johnson site, and it will continue to be 
used for this project.  For the other sites these monitoring points will be established as each facility 
becomes operational. 

Each aquifer recharge site will have either a rated intake structure (Hulette Johnson) or have a flow 
meter installed at the diversion from the irrigation canal (Anspach, Barrett, NW Umapine, ODOT, 
Trumbull).  Water volume delivered to each site will be collected and stored by the WWBWC and 
reported to OWRD in a written annual report which will include digital data.  See Figure 20 for surface 
water monitoring locations.  See Appendix B for details on surface measurement protocols and data 
management. 
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Groundwater Level Monitoring 

The WWBWC currently maintains a water level monitoring program in the area of this project.  Figure 2 
shows the locations of wells in the WWBWC program in the project area and Figure 20 shows the 
WWBWC Oregon monitoring network.  With the addition of 5 new wells shown on Figure 2, this project 
proposes to use the WWBWC water level monitoring program to track water level changes related to 
the proposed AR efforts.  See Appendix C for groundwater level data and details on groundwater level 
monitoring protocols and data management. 

Groundwater level monitoring locations provide useful information on aquifer recharge influences to 
the shallow aquifer.  Wells were located to try to capture up-gradient to down-gradient influences from 
individual recharge projects.  However, based upon limited funding and the spatial nature of the aquifer, 
it is not possible to have wells at every desired location.  Wells in the water level network provide year 
round data for analysis of groundwater changes during recharge activities and also for longer term 
analysis of groundwater recovery (i.e. increased groundwater storage).  Many of the wells used for 
monitoring have secondary hydraulic influences other than aquifer recharge.  Wells located near the 
White Ditch show responses to ditch activity.  A few wells may show draw down caused by pumping 
from other wells.   See Appendix D for details on well locations (GPS coordinates) and UMAT numbers.  
Groundwater level data will be included in digital format with the written annual report. 

SAMPLING AND ANALYSIS PROCEDURES 

The equipment needs and sampling procedures proposed for this investigation are provided in the 
following sections. 

Water Level Measurements 

A static water level measurement will be obtained from each well prior to initiating water quality 
sampling.   An electronic water level meter will be used to measure the depth to groundwater in each 
well to the nearest 0.01 foot.  Static water levels must be measured prior to introducing any purging or 
sampling equipment in the well. Each measurement will be taken against the reference point located on 
top of the well casing. The static water levels in all wells should be measured on the same day for each 
site. Coordination with periodic sampling of other wells in the vicinity should be attempted. 

Water Sampling Equipment 

Sampling will be conducted using the following specific equipment, as follows:   

 Submersible pump (Grundfos or similar) or dedicated bailers/sampling line. 

 Temperature measuring instrument. 

 pH and specific conductivity meter(s) with calibration reagent. 

 Water level meter (0.01 ft resolution). 

 Shipping cooler(s) with ice packs or ice. 

 Five gallon pail marked at the 5 gallon level, stopwatch. 

 Laboratory supplied sample containers with appropriate preservatives. 

 Tap water, deionized water, phosphate-free soap, cleaning brushes, log sheets or field 
notebook. 

 Chain of custody forms. 

Additional information relative to periodic and contingent sampling is described below. 
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Decontamination  

All non-disposable field equipment that may potentially come in contact with any soil or water sample 
shall be decontaminated in order to minimize the potential for cross-contamination between sampling 
locations.  Thorough decontamination of all sampling equipment shall be conducted prior to each 
sampling event.  In addition, the sampling technician shall decontaminate all equipment in the field as 
required to prevent cross-contamination of samples collected in the field.  The procedures described in 
this section are specifically for field decontamination of sampling equipment. 

At a minimum, field-sampling equipment should be decontaminated following these procedures: 

 Wash the equipment in a solution of non-phosphate detergent (Liquinox or equivalent) and 
distilled or deionized water.  All surfaces that may come in direct contact with the samples shall 
be washed.  Use a clean Nalgene and/or plastic tub to contain the wash solution and a scrub 
brush to mechanically remove loose particles.  Wear clean latex, plastic, or equivalent gloves 
during all washing and rinsing operations. 

 Rinse twice with distilled or deionized water. 

 Dry the equipment before use, to the extent practicable. 

Water Quality Sampling Procedures 

Low Flow Sampling Protocol 

The purpose of using low flow rates during low-flow purging is to avoid mobilization of formation solids 
and reduce purge volumes required to achieve collection of a sample representative of aquifer water 
quality. This technique is premised on minimizing drawdown of the aquifer and stabilization of field 
parameters prior to and during sample collection. Pump flow rates should be less than or equal to the 
yield of the well, so that a stabilized pumping water level is achieved as quickly as practical, in order to 
then expedite the stabilization of the indicator parameters. 
 
Minimal-drawdown procedures should consist of evacuating the total volume of groundwater present in 
the sampling system to clear the well pump, tubing, and flow cell, if used, of any stagnant water left 
from prior sampling events. In general, a minimum of one (1) volume of the sampling system (i.e. pump, 
associated tubing, flow cell, etc.), must be purged. The maximum flow rate is determined by pumping at 
a rate, which allows for stabilization of the water level surface within the well. Field measurements 
should be initiated at the start of purging and continued at evenly spaced intervals until stabilization. 
Measurements of the indicator parameters must be taken at a frequency based on the time it takes to 
purge one (1) volume of the pump, associated tubing, and flow cell. For example, if the volume of the 
pump, associated tubing, and flow cell is 500 mL and the well is being purged at 250 mL/minute, the 
pump, associated tubing, and flow cell will be purged in two (2) minutes. Therefore, measurements 
must be taken at least two (2) minutes apart. 
 
Purging will be continued until the final three consecutive measurements for each parameter agree to 
within 10% of each other prior to sample collection. Measurements should be taken at appropriate 
intervals during the purging process to determine stabilization. Once stabilization has been achieved, 
sampling can be conducted at the same rate. 
 
Bailers may be used to collect samples from select wells if a suitable pump is not available or other 
circumstances require (e.g. if there is inadequate volume to use a pump). Bailers should be made of 
suitable inert materials (such as stainless steel, PVC, or Teflon), when monitoring for organic 
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compounds.  PVC bailers with non-glued joints may also be used.  When bailers are used, the bailer cord 
shall be fastened securely to the bailer and shall be constructed of nylon, stainless steel, or 
polypropylene, and be specifically manufactured for use in the collection of environmental samples. This 
cord must be new, clean, and in good condition. Care should be taken not to excessively disturb the 
column of water in the well casing. Gently lower the bailer into the well with each cycle. The sampler’s 
knowledge of the depth to water will help in this regard. Attempt to lower the bailer into the water only 
to the extent necessary to fill or nearly fill the chamber. Avoid submerging the top of the bailer. 
Calibration records should be recorded on the sample collection forms and/or field notebook. 

Sample Collection 

Samples are collected once water quality parameters have stabilized sufficiently to vary less than 10% 
between three consecutive readings.   Groundwater samples should be collected in the shortest possible 
time subsequent to purging the well. Discharge from a bailer will be controlled to minimize agitation 
and aeration.  Sample containers should be sealed with tape, labeled, and immediately placed in a 
cooler with ice.  Sample containers should be filled completely to eliminate head space.  Sample 
containers are provided by the analytical laboratory and should be requested at least one week in 
advance of the sampling.  The containers should meet specifications for size, type, and preservatives for 
parameters analyzed and all shipping coolers should have chain-of-custody seals placed on them prior to 
shipping.  Well identification will be omitted from all sample identifications numbers and laboratory 
paperwork so that all samples can be analyzed in the laboratory without reference to well identification. 

Sample Preservation and Holding Time 

Samples should be stored immediately after collection in an ice chest containing sufficient ice to cool 

the samples to 4 degrees Celsius (C).  Use “blue ice” if possible.  If water ice must be used, seal each 
bottle in a plastic bag.  Make sure the ice is sealed in plastic bags too.  Samples should remain cooled at 

4C and delivered to the laboratory within 24 hours of collection.  Sample receipt at the laboratory must 
be sooner if analysis includes parameters with a shorter holding time.  Care should be taken to prevent 
excessive agitation of samples or breakage/leakage of containers.  Samples should be analyzed within 
the specified holding time for each constituent.  One additional sample should be collected from one of 
the wells for quality control purposes.  The well identification should be omitted from laboratory 
paperwork so the sample can be evaluated as a “blind duplicate.” 

Resampling   

If monitoring results indicates a significant increase in the concentration of a monitored parameter for a 
well, the well will be resampled within one week of the receipt of analytical results that show the 
significant change.  An increase or decrease is significant when the change can be considered statistically 
significant.  Determination of a significant change in groundwater concentration is customarily done 
either by assessing concentrations in relation to established concentration limits or by using a statistical 
analysis.  

Chain of Custody and Sample Handling 

A chain-of-custody form will be completed and signed by the sampler on the day of sample collection.  
The chain-of-custody form must be signed by laboratory personnel upon receipt and any other 
individuals that maintain custody of the samples in the interim.  An example chain-of-custody form is 
attached. 

Coolers should be sealed and shipped or driven to the lab as soon as possible.  The method of shipping 
(bus, next day air, etc.) is usually determined by the parameter having the shortest holding time.  In any 
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case, shipping times of more than 24 hours should not be used as the cooler(s) may warm and 
compromise sample quality. 

Quality Assurance and Quality Control (QA/QC) 

Field Records:  All field notes, analytical results, and other pertinent data associated with the site should 
be maintained in a secure location and be archived for at least a five year period.  Maintaining records 
will also facilitate tracking of environmental trends at the site. 

Data Validation:  Data validation for both field and lab QA/QC can be performed using a checklist.  All 
pertinent information with respect to QA/QC will be checked.  The following items are included: 

 Completeness of field data sheets and observation (observations are used to check for 
potentially erroneous data) 

 Completeness of chain-of-custody 

 Holding times for all constituents 

 Field blind duplicate results 

 Laboratory method blanks, matrix spike, and matrix spike duplicates 

 Surrogate percent recovery 

 Completeness of laboratory quality control (duplicates, standards, QC samples) 

 Comparisons between duplicates 

Specific QA/QC guidance with respect to field blanks, field duplicates, and background data are 
summarized in the following bullets. 

 Field blanks: Once per sampling event a blank sample with known concentrations of the 
monitored constituents will be included in the samples sent to the analytical laboratory.  The 
field blank will be purchased from a scientific supply vender such as Hach.   

 Field duplicates:  Once per sampling event one additional sample will be collected from one of 
the wells for quality control purposes.   

REPORTING 

Primary reporting for this monitoring plan will focus on annual reports completed following the end of 
each recharge season, per OWRD requirements for the limited license and AR projects.  The basic goals 
of the annual reports will be to: (1) analyze the data to evaluate how trends related to AR operations are 
influencing groundwater quality and (2) based on the results of that analysis provide recommendations 
(if any) for adjustments to the monitoring program and AR operations. In addition to annual reporting 
the monitoring data collected as described herein will be provided to OWRD and ODEQ on a periodic 
basis to facilitate data transfer and project communications.     

REFERENCES CITED 

Barker and McNish, 1976, Digital Model of the Gravel Aquifer, Walla Walla River Basin, Washington and 
Oregon: Washington Department of Ecology Water Supply Bulletin 45, 47 p. 
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Water Analysis Report 
714 So. College Avenue 
College Place, WA 99324 

Phone: 509-526-9287 
Fax: 509-526-5272 

Email: info@wallawalr.com 

Customer Name: Walla Walla Basin Water Shed Council 
--~~~~~~~~~=-~ 

Invoice # 4255 
-----'.:::..::.....----

Address: 811 S Main P.O.Box 68 
------~~~~==~-----

Date Collected: 12115/2015 -----":::.===------
City: Milton Freewater 
----~~~~~---

Sampled By: __ -'S:..:te:..:v..::.e..:.P.::att"'e"'n'-----__ 

State: ___ -=O.:..:R'--__ Zip: 97862 Report Date: ____ lI_2_01_16 __ __ 

Ana lyte UNIT8 8-1 8-2 8-3 GW-46 GW-117 GW-119 GW-141 GW-142 GW-144 

Lab Number 209-09593 209-09594 209-09595 209-09596 209-09597 209-09598 209-09599 209-09600 209-0960 I 

Total Organic Carbon mgIL 2.28 2.28 2 .21 2 .28 0.39 0.93 0.97 0.93 0.78 

Nitrate-N mglL 0.00 0.00 6.20 0.90 5.30 37.20 13.30 9.30 45.60 

Total Kjeldahl Nitrogen mglL ND ND ND ND < 0.3 1.33 0.95 0.29 3.68 

Sulfate mglL 1.2 1.2 2.3 1.2 8.1 19.8 15 .9 5.7 13.8 

Chloride mglL 0.0 0.0 0.0 0.0 1.0 4.0 4.8 2.7 8.5 

Alkalinity mglL 33.2 33.4 40.0 35.7 80.0 160.3 106.9 62.9 122.0 

Calcium mgIL 5.6 5.4 8.1 6.6 17.0 37.0 25.2 15.4 32.3 

Ortho-Phosphate mgIL 0.030 0.003 0.042 0.041 0.059 0.090 0.046 0.049 0.082 

Sodium mglL 3.4 3.4 4.2 3.3 6.7 20.4 10.9 5.0 17.2 

Potassium mglL 1.9 1.8 2.2 1.8 4.2 8.3 5.3 3.4 6.5 

Magnesium mglL 2.5 2.6 3.5 2.9 7.6 16.6 11.2 6.6 14.2 

Aluminum mglL 0.222 0.195 0.207 0.102 ND ND ND 0.005 ND 

Iron mglL 0.207 0.183 0.187 0.095 0.017 ND 0.395 0.125 0.006 

Manganese mglL ND ND ND ND ND ND 0.005 ND 0.082 

Dissolved Oxygen mgIL 11.65 1l.58 12.26 10.48 7.97 9.91 7.53 8.38 8.31 

Curtis W. Skifstad, Lab Director'! {1Jm1i.1.l jArI In _(LJ\ If) 

l/'-' U v 
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Water Analysis Report 
714 So, College Avenue 
College Place, W A 99324 

Phone: 509-526-9287 
Fax: 509-526-5272 

-.....c -~ ___ ,,-0, 
~I; ~-c-i\.c; "'r Testing ."e 

Email : info@wallawatr.com 

Customer Name: Walla Walla Basin Water Shed Council invoice # 4755 

Address: 811 S Main P,O,Box 68 Date Collected: 5/17/2016 

City: Milton Freewater Sampled By: Steve Patten 

State: OR Zip: 97862 Report Date: 7/12116 

Analyte UNITS S-l S-2 S-3 GW-46 GW-117 GW-1J9 GW-141 

Lab Number 209-10470 209-10471 209-10472 209-10473 209- 10474 209-10475 209-10476 

Total Organic Carbon mglL 1.34 1.35 1.48 0,84 0,59 1.72 0.47 

Nitrate-N mglL 0,00 0,20 0.40 0.40 15,00 45,20 0,10 

Total Kjeldahl Nitrogen mglL ND ND ND ND < 0.3 1.21 0,65 

Sulfate mglL 0,9 0,8 2,0 0,8 13,8 26.4 3,6 

Chloride mglL 0,0 0,0 0,0 0,0 2,0 6,5 3,2 

Alkalinity mgiL 26 ,6 25,9 35.4 26.4 78,6 106,8 37,9 

Calcium mglL 3,7 3,7 5,9 3,5 18,7 15,3 5.6 

Ortho-Phosphate mglL 0.Q25 0.026 0.040 . 0.054 0.082 0.022 0,027 

Sodium mglL 2,9 2.9 3.6 3.2 7.7 26.8 6.4 

Potassium mglL 2,6 2.5 2.7 3. 1 5.3 9.5 3.7 
Magnesium mglL 2,0 1.9 3.0 2,0 9.0 17.0 3.1 

AluminlU11 mgiL 0.159 0.177 0.216 0.087 ND ND ND 

Iron mg/L 0.030 0.031 0.023 0,043 0.012 0,012 0.116 

Manganese mglL ND ND ND ND ND ND 0.002 

Dissolved Oxygen mg/L 10,1 9 10.42 10.41 9.47 8.64 9.49 9.36 

Curtis W. Skifstad, Lab Director: @f~ uJ· ~cS~D 

GW-142 GW-144 

209-10477 209-10478 

0,73 2,60 

0,00 80,60 

0,19 3,21 

4,8 19,5 

1.8 7.4 

45,9 75.3 

8,9 28.1 

0,022 0.009 

4.9 20,1 

3.6 7.2 

4.0 13.4 

0.003 ND 

0.G38 0,007 
! 

ND ND 

8.96 8,17 
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E')(·E Burlington, WA ~l~rl) ltUJSW4lnt.l;SI 

Bellingham, WA 

Portland, OR 

ANALYTICAL Corvallis, OR 

DATA REPORT 
Client Name: Walla Walla Regional Water Testing Services 

714 S College Avenue 
College Place, WA 99324 

Lab Number: 25962 
Field ID: GW_144 

Sample Description: OR STITES 
Matrix: Water 

Sample Date: 5/17/16 
Extraction Date: 5/23/16 

Extraction Method: 3535 

CAS Compound 

PCBsfToxaphene 
1336-36-3 PCBS (Total Aroclors) 
11104-28-: AROCLOR 1221 

1114 1·16-. AROCLOR 1232 

53469-21-' AROCLOR 1242 
12672-29-1 AROCLOR 1248 

11097-69- AROCLOR 1254 
11~2-; AROCLOR 1260 
12674.11 .: AROCLOR 1016 
8001 -35-2 TOXAPHENE 

EPA Regulated 
57-74-9 CHLORDANE, TECHNICAL 

Notes: 

RESULT Flag 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 

UNITS 

""L 
""L 
""'-
""'-
""'-
""'-
""'-
""'-
""'-

""L 

Flags are data qualiliel'$. lf there are dalll qualifiers on your report de finitions can be found on an aceompanying sheet. 
NO - in~tes the compound was nOI del ected above Ihe pal or MOL. 

Lab 
QL 

0.2 

eOO.HS.'29S · 3aD757 I~OO 

:!60.t1S 1212 

VVS DOE Lab C567 

Page 1 of 1 

Reference Number: 16-11435 
Project: Recharge TOC 

Report Date: 6/7116 
Date Analyzed: 5/23/16 

Analyst: CO 
Analytical Method: 508.1 

Batch: 508_ 160523 
Approved By: cO,pdm,rjk 

Authorized by: ~" " \ 0 
~,~ 

Lawrence J Henderson, PhD 
Director of Laboratories , Vice President 

Permit 
QL MDL D.F. Lab COMMENT 

0.2 0.5 1.00 a 

20 0.2 1.00 a 

0.5 0.2 1.00 a 

0.3 0.3 1.00 a 

0.1 0.08 1.00 a 

0.1 0.05 1.00 a 

0 .2 0.14 1.00 a 

0.08 0.08 1.00 a 

0.4 1.00 a 

0.2 0.07 1.00 a 

Lab QL . Laboralooy Qu.ntit. tion Umit;$ the Iowe$t tevel thai can be ach ieved within specified limits of precision and accuraC)' during routine laboratory operating conditions 

Permit Ql a Quanlitalion Umt required by permit (~sled in Append~ A) or other rellulatory requirement. 

D.F. - Dilullon Factor. 

If you have any questions concerning this report contact us at the above phone number. 
Form: c60S.rpt Appendix D Page 3



E'.·E Burlington, W A Cotpomle~(-J l~SW""SI Bor.n.;c:nw .... 9&2:l3 eOU55.u,S·3&l.ml-!OO 

Bellingham, WA ~(b) 1I05Qr(1W>1 Dr $:1&4 • ~l1.""IA9!22S 361H1~12\~ 

ANALYTICAL Corvallis. OR MicroW:'!IY (d) 

DATA REPORT 
Client Name: Walla Walla Regional Water Testing Services 

714 S College Avenue 
College Place, WA 99324 

Lab Number 25962 
Field tD: GW_144 

Sample Description: OR STITES 
Matrix: Water 

Sampte Date: 5/17/16 
Extraction Dale: 5/25/16 

Extraction Method: 3511 

CAS Compound 

Other 
E-14028 DCPA (ACID METABOLITES) 
1918-00-9 DICAMBA 
94-82-6 2.4 DB 
50594 ..... ACIFLUORFEN 
51-><><; 3,5 - DICHLOROBENZOIC ACID 

EPA Regulated 
94·75-7 2,4 - D 

93·72·1 2,4 ,5 - TP (SILVEX) 
87-86-5 PENTACHLOROPHENOL 
75·99-0 DALAPON 
88-85-7 DINOSEB 
1916-02·1 PICLORAM 

Notes: 

RESULT Flag 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
ND 
NO 
NO 
NO 

UNITS 

""'-
uglL 

uglL 

ugIl 

ugll 

""Il 
uglL 

""'-
""'-
""'-
""'-

Flags are data qualifiers. If \here are data quaU~en on your report definitions eatl be found on an aeeomp<lrrying sheet 
NO • indicates the cornpoulld W35 not <Seleeled above 1M pal or MOL. 

Lab 
OL 

0.13 

0 .13 
0.5 

0 .13 

0. 13 

0,13 
0,13 

0.04 

0.5 
0.13 

0.13 

WSOOE lab C567 

Page 1 of 1 

Reference Number 16-11435 

Project: Recharge TOC 

Report Date: 6f7116 
Date Analyzed: 5/27/16 

Analyst: KAH 
AnalyUcal Method: 515.4 

Batch: 515.4_160525 
Approved By: co,pdm,rjk 

Authorized by: '/\ '\ \ 0 
~.~ 

Lawrence J Henderson, PhD 
Director of Laboratories, Vice President 

Permit 
OL MOL O.F. Lab COMMENT 

0.1 0.08 '00 a 

0.2 0.07 1.00 a 

1.0 0.13 1.00 a 

2.0 0.15 ' .00 a 

0.5 0,08 '.00 a 

0.1 0,05 ' .00 a 

0.2 0,11 U lO a 

0.04 0,05 ' .00 a 

0.26 1.00 a 

0.2 0.07 ' 00 a 

0.1 0.08 ' .00 a 

Lab Ol - Laboratory Quanlitation limit is the lowest level Ihal can be acllieved within specified limits of precision and accuracy during routine laboratory operating eondillons. 

Permit OL • Quantilaijon lim! requ ired by permit (tis ted in Appendix A) or other regulatory requirement 

O.F . • Dituijon Factor. 

If you have any questions concerning this report contact us at the above phone number. 
Form: e608.rpi Appendix D Page 4



E' •• E Burlington, WA Cctpotl/lelM#l/IOIy(tI 1~~S"""' .. Sl 1!-,,'iJrI.\·I~;psn;; aog,J55.9295-3607SHIOO 

Bellingham, WA ~IDI 1ltJ5t')r{II¥<1D<S!o!~ . ~\VA!,!!"5 3G(P1S1212 

Portland, OR ~jcJ 9150SW~CtSll!W ~.OFi.9J':;lO 5!r.!.66:?1&i2 

ANALYTICAL Corvallis, OR ~(dJ 

DATA REPORT 
Client Name: Walla Walla Regional Water Testing Services 

714 S College Avenue 
College Place, WA 99324 

Lab Number: 25962 
Field 10: GW_144 

Sample Description: OR STITES 
Matrix: Water 

Sample Date: 5/17/16 
Extraction Date: 5/23/16 

Extraction Method: 3535 

CAS Compound 

State Unregulated - Other 
314·40·9 BROMACIL 

86-73-7 FLUORENE 

EPA Unregulated 
30<>00-2 ALDRIN 

23164-66-: BUTACHLOR 

60-57· ' DIELDRIN 

51216-45--: METOLACHLOR 

21067-64·' METRIBUZIN 

1918-16-7 PROPACHLOR 

EPA Regulated 
72-20-8 ENDRIN 

58-89-9 LINDANE (BHC - GAMMA) 

72-43-5 METHOXYCHLOR 

15972-60..: ALACHLOR 

191 2-24-9 ATRAZINE 

50-32-8 BENZO(A)PYRENE 

103-23-1 DI(ETHYLHEXYL)-ADIPATE 

117-81-7 DI(ETHYLHEXYL)-PHTHALATE 

76-44-8 HEPTACHLOR 

1024-57·3 HEPTACHLOR EPOXIDE 

118-74-1 HEXACHLOROBENZENE 

77-47-4 HEXACHLOROCYCLO-PENTADIENE 

122·34·9 SIMAZINE 

Notes: 

RESULT Flag 

NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

UNITS 

"9IL 
"9IL 

..... 

..... 

..... 

..... 

..... 

..... 
"9IL 

"9IL 

"giL 
"9IL 

"9IL 
"9IL 
"9IL 

..... 

..... 

..... 

..... 

..... 

..... 

Flags are data qualifiers. II there are dalA qualifiers on your report definitions can be found on an accompanying sheet. 
NO - indicates Ihe compound wa5 nol detl!<:led above Ihe pal or MOL 

Lab 
Q L 

0.1 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.01 

0.01 
0.1 

0.1 
0.1 

0.01 
0.1 

0.1 

0.01 

0.01 
0. 1 
0.1 

0.05 

WSDOE lab C567 

Page 1 of 1 

Reference Number: 16-11435 

Project: Recharge TOe 

Report Date: 617116 
Date Analyzed : 5/23/16 

Analyst: CO 
Analytical Method: 525.2 

Permit 
QL 

0.2 
0.2 

0.1 
0.4 

0 .1 
1.0 
0.2 

0.1 

0.01 

0.02 

0.1 
0.2 
0.1 

0.02 
0.6 

0.6 

0.04 

0.02 
0.1 
0.1 

0.07 

Batch: 525_160523 
Approved By: co ,pdm , ~k 

Authorized by: ~ 

Lawrence J Henderson, PhD 
Director of Laboratories, Vice President 

MDL D.F. Lab COMMENT 

0.07 1.00 a 
0.04 1.00 a 

0.04 1.00 a 

0.05 1.00 a 

0.05 1.00 a 
0.04 1.00 a 
0.05 1.00 a 
0.03 1.00 a 

0.02 1.00 a 

0.04 1.00 a 

0.07 1.00 a 
0.05 1.00 a 

0.04 1,00 a 
0.03 1.00 a 

0.05 1,00 a 

0.37 1.00 a 

0.04 1.00 a 
0.Q3 1.00 a 
0.02 1.00 a 

0.05 1.00 a 
0.03 1.00 a 

lib al '" laboralory auantita lion Urnit is the iowesl level that can be adlieved within specified limits of precision and accuracy during routine laboratory operating conditions. 

Pennil Ql - QuantitatiM umt requlred by permit (~ste d in Appendlx A) or other regulatory requirement. 

D.F. - Dilution Factor. 

If you have any questions concerning this report contact us at the above phone number. 
Form: c608.rpt Appendix D Page 5



E' •• e Bellingham, WA ~rb} 

Portland, OR 

ANALYTICAL Corvallis, OR 1.blbioIogy/di 

DATA REPORT 
Client Name: Walla Walla Regional Water Testing Services 

714 S College Avenue 
College Place, WA 99324 

Lab Number: 25962 
Field 10: GW_144 

Sample Description: OR STITES 
Matrix: Water 

Sample Date: 5/17/16 
Extraction Dale: 5/17/16 

Extraction Method: FIL TERO.2 

CAS Compound 

EPA Unregulated 
1646-67-3 ALDICARB SULFOXIDE 

1 ........ ALDICARB SULFONE 

16752-77~ METHOMYL 

16655-82 ~ 3-HYDROXYCARBOFURAN 

116-06-3 ALDICARB 

63-25-2 CARBARYL 

EPA Regulated 
23135-22-' OXAMYL 

1563-66-2 CARBOFURAN 

Noles: 

RESULT Flag 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 

UNITS 

"9il 

"9il 

"9IL 

""" cgll 

"9il 

"9il 
"9IL 

Flags art data qualifiers. If \hell! are dala qualifiers on your I1!pot1 de6nitlons call be found on a"accompanying sh~t 
NO· indicates !he corTlpOUlld was not detected a~ Ihe POL or MOL 

Lab 
QL 

0.5 

0.8 
1.0 

1.0 

0.5 

1.0 

1.0 
0.9 

UO.T!U1:9S · 360,751 1.:0<) 

WSDOE Lab C567 

Page 1 of 1 

Reference Number: 16-11435 
Project: Recharge TOC 

Report Date: 6/7/16 

Date Analyzed: 5/17/16 
Analyst: RJK 

Analytical Method: 531 .2 
Batch: 531_160517 

Approved By: cO,pdm,rjk 

Authorized by: ,A \ \ () 

~,~-
Lawrence J Henderson, PhD 

Director of Laboratories. Vice President 

Permit 
QL MDL D.F. Lab COMMENT 

0.5 0.68 1.00 a 

0.8 0.51 1.00 a 

4.0 0.7 1.00 a 

2.0 0.8 1.00 a 

0 .5 0.94 1.00 a 

2.0 0.76 1.00 a 

2.0 0 .5 1.00 a 

0.9 0.55 1.00 a 

lab aL" LabofalOl)' Quanlltalion lint! is the lowest level thai can be achieved within specifie(llimilS of precision and accuracy during routine labofatory operaling conditions 

Perml aL· a uantita lion Urn! required by parrril (hIed in Appendex A) or other regula lory requirement 

O.F. - Dilulion Faclor 

If you have any questions concerning this report contact us at the above phone number. 
Fenn: diOS.rpt 
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APPENDIX E – WELL LOGS FOR MONITORING WELLS 

 

 



GW_23 
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GW_31 

  

Appendix E Page 2



GW_34 
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GW_35 
No well log  
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GW_36 
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GW_39 
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GW_40 
No well log  
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GW_41 
No well log  
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GW_45 
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GW_46 
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GW_47 
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GW_48 
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GW_62 
No well log  
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GW_63 
No well log  
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GW_117 
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GW_118 
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GW_119 
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GW_135 
No well log  
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GW_141 
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GW_142 

  

Appendix E Page 20



GW_143 
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GW_144 
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