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EXECUTIVE SUMMARY 
This report summarizes Water Year (WY) 2017 aquifer recharge operations at the Anspach, Barrett, 
Chuckhole, Fruitvale, Johnson, Mud Creek, NW Umapine, Triangle Road, and Trumbull sites and 
supporting groundwater level and surface water and groundwater quality monitoring data. The 
nine aquifer recharge sites were operated under Limited License 1621(LL-1621) issued by the 
Oregon Water Resources Department. This report was prepared per Condition 11 of LL-1621 
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 the nine 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 existing 
irrigation system to each site’s turnout. The WY 2017 recharge season started December 16, 2016 
and ended May 15, 2017, with 110 days of active recharge operations. The recharge season began 
late due to low river flows and was interrupted during January by periods 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-1621 for the WY 2017 recharge season was 5,148 acre-feet (ac-ft). 

Water level and water quality data were collected in accordance with the approved monitoring plan 
for LL-1621. 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 15, 2017, 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 aquifer recharge activities are degrading groundwater quality. Source water quality 
being delivered to the aquifer recharge sites was generally of good quality. 

Groundwater elevations increased (became shallower) between years of operation by 0.1 to 11.8 
feet at the wells associated with recharge sites which have been operating for at least three years.  
 
Continued operation of the nine current sites and the addition of four new aquifer recharges sites 
under LL-1621 is expected in WY 2018.   
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INTRODUCTION 
This report describes groundwater level monitoring data, surface and groundwater quality 
sampling data and aquifer recharge operations during water year (WY) 2017 (October 1, 2016 – 
September 30, 2017) performed by the Walla Walla Basin Watershed Council (WWBWC) in 
cooperation with the Hudson Bay District Improvement Company (HBDIC). The Walla Walla basin 
aquifer recharge program began recharge operations in the spring of 2004 at a pilot project, the 
Johnson site, located in Oregon. The program expanded in 2006, adding the Hall-Wentland site just 
south of the Oregon-Washington state line. The first aquifer recharge site in the Washington portion 
of the Walla Walla watershed, Locher Road, began operations in 2007. For a more in-depth 
background on the aquifer recharge 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 aquifer recharge projects, the Walla Walla basin aquifer recharge 
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 downgradient of the aquifer recharge sites, the primary purpose of 
aquifer recharge 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 multiple uses. 

During WY 2017 the aquifer recharge program consisted of nine sites: Anspach, Barrett, Chuckhole, 
Fruitvale, Johnson, Mud Creek, NW Umapine, Triangle Road, and Trumbull. These recharge sites 
were operated under Limited License LL-1621 (Appendix A) issued by the Oregon Water Resources 
Department (OWRD) on October 18, 2016. 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 70 cubic feet per second (cfs) between November 16, 2016 and May 15, 2017. The WY 
2017 recharge season had 110 days of active recharge operations. The total amount of water 
diverted under LL-1621 from November 16, 2016 through May 15, 2017 was 5,148 ac-ft. 

Per Condition 11 of LL-1621, the WWBWC is required to submit an annual report that provides a 
detailed description of aquifer recharge 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 aquifer recharge operations are influencing groundwater quality and groundwater 
levels; and 2) provide recommendations for modifications to the monitoring program and aquifer 
recharge operations based on site operations and interpretation of the data. To this end, diverted 
surface water volumes, aquifer recharge volumes and application rates, groundwater elevations, 
and source water quality and groundwater quality data were collected in accordance with the 
approved monitoring plan for LL-1621 (Appendix B).   

Appendices are provided at the end of the report. Water level data in the OWRD requested format 
were provided in a separate transmittal to the OWRD.  
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HYDROLOGIC SETTING 
The Walla Walla River system is a bi-state watershed located in northeast Oregon and southeast 
Washington (Figure 1). The 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 to 
the Columbia River (Figure 2). This report focuses on the Oregon portion of the watershed, 
including the Walla Walla River mainstem and the distributary network, especially where they flow 
onto and across the Walla Walla Valley. 

 
Figure 1 - Walla Walla Watershed in northeast Oregon and southeast Washington. 

state line 
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Figure 2 - Walla Walla River and its major tributaries and distributaries. 

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 changes regimes 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 

state line 
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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 July 2016. 

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 the 
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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 unnamed 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. These stream networks also provided off-channel habitat for aquatic species and 
provided recharge to the alluvial aquifer system. 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. 

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. 
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Depending on local conditions, this delay can range from days to months, and even years (Jiménez, 
2012). 

The management and development of surface water resources in the basin led to the 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 adjacent floodplains 
that would provide recharge to the underlying alluvial aquifer. The current management of peak 
flows, 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 steep gradients between alluvial aquifer water levels and water in the river, coupled with the 
high hydraulic connectivity between surface water and alluvial groundwater, results in losing 
reaches along the streams and/or rivers where high seepage loss occurs (Figure 5). Instream flow is 
decreased as significant volumes of surface water drain to the underlying alluvial aquifer. Within 
the 23-mile segment of the Walla Walla River presented in Figure 5, some reaches experience 
greater than 30 percent flow loss to seepage. Gains (positive values) indicate groundwater 
discharging to the river and losses (negative values) indicate surface water seeping into the ground 
(see WWBWC, 2017a for details). 

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 have led to 
out-of-court agreements between irrigators and federal fishery agencies to enhance instream flows. 
As a result of these agreements, local irrigators leave a portion of their legal water rights instream 
year-round. For example, the HBDIC and Walla Walla River Irrigation District irrigators leave 25-27 
cfs instream 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 border between Washington State and Oregon 
State (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). Groundwater level declines 
in the alluvial aquifer since the 1930s and 1940s (Figures 6 and 7) are consistent with the general 
decline in discharge from springs sourced in the shallow aquifer (Figure 8). These trends indicate 
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 water bodies during critical low-flow 
periods. Data in recent years suggest groundwater levels in GW_16 and GW_19 (Figures 6 and 7) 
are nearing a new equilibrium. The 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. 
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Figure 5 - Average percent gains or losses in flow of a segment of the Walla Walla River as measured during seepage runs 

conducted 2004-2016.  

 
Figure 6 - Hydrograph for monitoring well GW_16 showing a long-term decline in the alluvial aquifer. 
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Figure 7 - Hydrograph for monitoring well GW_19 showing the groundwater level decline since 1950 in the alluvial 

aquifer in the Walla Walla basin. 
 

 
Figure 8 - Hydrograph for McEvoy Spring Creek showing the decline in flows between 1933-1941 and 2002-2007. 
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AQUIFER RECHARGE SITE INFRASTRUCTURE DESIGN AND OPERATION 
The Anspach, Barrett, Chuckhole, Fruitvale, Johnson, Mud Creek, NW Umapine, Triangle Road, and 
Trumbull aquifer recharge sites were in operation during WY2017 as part of the Walla Walla basin 
aquifer recharge 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 WY2017. 

ANSPACH SITE 
The Anspach site was constructed in October 2012 using a combination of Bonneville Power 
Administration 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). 
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Water for this site is delivered down the HBDIC’s White Ditch and diverted into a private 
pipeline/ditch. The original 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 is designed to operate at approximately 1,500 
gallons per minute (gpm) which is 5 to 10 times what the site previously operated at. During the 
WY2017 recharge season, the site operated around 1,300 gpm (~3.0 cfs). 

 
Figure 10 - The Anspach site during construction in 2012 (left) and new intake structure in 2015 (right). 

BARRETT SITE 
The 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 11). 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 (approximately 900 to 1300 
gpm). During the WY2017 recharge season, the site operated 
at an average of 1.8 cfs. The site’s intake structure is 
susceptible to clogging, which periodically results in lower 
intake rates than the designed rates. 

Figure 11 - Barrett site under construction. 

CHUCKHOLE SITE 
The Chuckhole site was constructed in the fall of 2015 (Figure 12) 
but could not begin operating until after LL-1621 was issued on 
October 18, 2016. The site has an infiltration basin (roughly 0.05 
acres in size) and sediment settling pond, located near the end of 
the Milton pipeline. The site was expected to recharge 
approximately 300-400 gpm or just under 1 cfs. During WY2017, 
its first recharge season, the site operated at an average of 0.1 cfs. 
The low calculated recharge rate may be a result of the flow 
meter’s accuracy at low flow rates and may underestimate actual 
recharge. The meter’s performance will be further evaluated. 

               

Figure 12 - Chuckhole site under 
construction.   
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FRUITVALE SITE 
The Fruitvale site was constructed in the fall of 2015 (Figure 13) but could not begin operating until 
after LL-1621 was issued on October 18, 2016. The site is an 
infiltration gallery with 12 x 4" perforated pipes 150' in length. The 
Fruitvale site is located within the Fruitvale Water Users Association 
system. The site was expected to recharge approximately 400 gpm 
or just under 1 cfs. During WY2017, its first recharge season, the site 
operated at an average of 0.2 cfs. The lower than expected recharge 
rate may have been a result of the low head (pressure from the 
gravity-fed system). 

   Figure 13 - Fruitvale site under 
construction.   

JOHNSON 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 14). 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 (approximately 7,200 to 7,600 gpm) of infiltration into approximately 3 
acres of infiltration basins (spreading basins) and three infiltration galleries (Figure 15). During the 
WY2017 season the site operated at an average recharge rate of 13.6 cfs (6,104 gpm). 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 
upgradient spreading basin in 2006 and four infiltration galleries in the winter of 2009. Water for 
the new upgradient 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 upgradient basin. During the Phase III construction of the downgradient 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 downgradient basin into two basins based 
upon the sediment types.  
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Figure 14 - Three phases of constructing infiltration basins at the Johnson site: phase I in 2004-2005, phase II in 2006-

2009 and phase III in 2010-2011.  

 
Figure 15 - Aerial photo of the Johnson site in 2013 showing 10 basins and location of infiltration galleries. 

 

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 (Figure 16). 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. 

Figure 16 - Photographs of infiltration galleries #2 (left), #3 (center), and #4 (right) being installed at the Johnson site. 

Infiltration 
Galleries 

Infiltration 
Galleries 

Infiltration 
galleries 

Spreading  
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MUD CREEK SITE 
The Mud Creek site was constructed in the fall of 2015 (Figure 17) but could not begin operating 
until after LL-1621 was issued on October 18, 2016. The site is an infiltration basin approximately 
0.6 acres in size within a grass pasture/wildlife area. Water for the project is delivered from the 
Fruitvale Ditch and then can overflow, if needed, back into the Fruitvale Ditch. The site is 
upgradient of the Mud Creek headwater springs and is expected to improve instream flows in Mud 
Creek and recover local groundwater levels. The site was expected to operate around 400-500 gpm 
or approximately 1 cfs. During WY2017, its first recharge season, the site operated at an estimated 
average of 0.1 cfs. The low recharge rate 
may be a function of the limitations of the 
method used to estimate recharge through 
the bottom of the basin. The outlet from 
the basin into the Fruitvale Ditch was 
reconfigured this year which should help 
improve estimating recharge rates. 

Figure 17 - Photograph of Mud Creek site during construction. 

NW UMAPINE SITE 
The NW Umapine site was constructed in the fall of 2013 (Figure 18). The site consists of a single 
infiltration basin approximately 0.46 acres in size (Figure 18). 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 
(approximately 900 to 1300 gpm). 
During the WY2017 recharge season the 
site averaged 1.6 cfs (718 gpm).  

Figure 18 - NW Umapine site during WY2014 recharge season. 

TRIANGLE ROAD SITE 
The Triangle Road site was constructed in the fall of 2016 (Figure 19). The site is an approximately 
0.2-acre infiltration basin. Water is delivered from the Fruitvale Ditch and then can overflow, if 
needed, back into the Fruitvale Ditch. The site is upgradient of the Mud Creek headwater springs 
and is expected to improve instream flows 
in Mud Creek and recover local 
groundwater levels. The site was expected 
to operate around 400-500 gpm or 
approximately 1 cfs. In WY 2017, the site 
operated at an average of 0.4 cfs. The 
lower than expected recharge rate may 
have been related to an operational issue. 
 

                                                                 Figure 19 - Triangle Road site under construction in fall 2016. 
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TRUMBULL SITE 
The Trumbull site was constructed in October 2012 using a combination of Bonneville Power 
Administration 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). The Trumbull site’s water source is at the structure 
that splits the HBDIC canal into the Hyline pipeline and the Richartz 
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 (approximately 900 to 1300 gpm). 
During WY2017, the site operated at an average of 0.8 cfs. As in 
WY2016, the reduced recharge rate may be due to downgradient 
control by springs and groundwater mounding as well as limited head 
pressure in the diversion structure at times during the recharge 
season. 

    Figure 20 - Trumbull site under 
construction in October 2012. 

WY 2017 AQUIFER RECHARGE PROGRAM MONITORING 
This section describes diversion system monitoring results, individual site aquifer recharge 
operations, 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-1621 allows for up to 70 cfs to be diverted from the Walla Walla River for the purpose of testing 
artificial recharge. Per the conditions of LL-1621, 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-1621 was met during recharge operations in WY 2017.   

Table 1. Minimum instream flow values that must be met before water can be diverted for aquifer recharge 
sites under LL-1621. 

Minimum Instream Flow Values for Limited License 1621 

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

64 cfs 95 cfs 150 cfs 

 

Managed recharge under the limited license did not begin until December 12, 2016 due to 
minimum flow requirements not being met prior to this date. Later in the season, recharge was 
interrupted from January 25 to March 6 due to the annual maintenance of fish screens at the Little 
Walla Walla River diversion, which effectively ceases delivery of water to all canals and ditches 
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from which the recharge sites receive their water. Ditches supplying the recharge sites serviced by 
the Walla Walla River Irrigation District and Fruitvale Water Users Association (Chuckhole, 
Fruitvale, Mud Creek, and Triangle Road) did not resume water delivery until late April due to ditch 
maintenance activities. Ditches and canals operated by the HBDIC resumed water delivery in early 
March to Anspach, Barrett, Johnson, NW Umapine, and Trumbull. Ice also caused intermittent short-
term shut-offs at some sites. Diversions for aquifer recharge were terminated for the season on May 
15, 2017 due to the end of the recharge season as defined in the Limited License. 

Not all of the water diverted from the Walla Walla River reaches the aquifer recharge sites due to 
seepage through unlined portions of the 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. Because the transducer for S-204, which measures the amount of water diverted at the 
Little Walla Walla Diversion, had operational issues during WY2017, the seepage loss rate from 
WY20161 was used for WY2017. Applying the 8.8 ac-ft per day seepage loss estimate from WY2016 
to the 110 days of operation in WY2017 results in 968 ac-ft of seepage loss in WY2017. 

Groundwater Monitoring System  

The groundwater monitoring network consisted of 27 wells in WY2017 (Figure 21). For each 
recharge site, the following section presents the amount of water recharged during WY2017, a map 
of groundwater monitoring wells associated with the site, and the results from monitoring 
groundwater levels. A chart of groundwater levels over the entire period of record is included for 
each well. In these charts, the scales on the x-axis and y-axis are consistent between different charts 
as much as possible to make comparisons between wells easier.  

For monitoring wells at aquifer recharge sites with at least three years of continuous data, a second 
set of charts displays the shallowest and deepest groundwater level values during each water year, 
with no attempt to keep the scales comparable, to better show the differences between years. For 
wells associated with recharge sites with at least three years of operation, Table 2, below, lists the 
difference in groundwater elevation between the first and last year in the time series for the yearly 
shallowest and yearly deepest groundwater levels – either the first year and most recent year of 
operations, or the first year and most recent year of monitoring if the well was not installed until 

                                                             

1 The seepage loss rate for WY2016 was based on the following: The total amount of water diverted at the Little Walla 
Walla Diversion stream gage from November 16, 2016 to May 15, 2017 was 6,229.54 ac-ft. A total of 5,208.74 ac-ft were 
applied at the five recharge sites over the same period. The resulting calculated ditch seepage from November 16, 2015 to 
May 15, 2016 was 1,020.8 ac-ft, or approximately 8.8 ac-ft per day based on a 116-day recharge period (WWBWC, 2017b). 
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Figure 21 – Groundwater monitoring wells and aquifer recharge sites. 
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after the first year of recharge. The annual shallowest and deepest groundwater levels (the peaks 
and troughs in the hydrographs) were assessed because different factors influence recharge and 
discharge, although the resulting seasonal variability is of course a function of the interaction 
between the two sets of factors.  Groundwater elevations become shallower when recharge is 
greater than discharge; in contrast, groundwater elevations become deeper when discharge is 
greater than recharge. Factors influencing recharge rates include managed aquifer recharge, 
passive seepage from surface waters (e.g., rivers, streams, ponds, unlined ditches and canals), 
precipitation, and irrigation. Factors influencing discharge rates (groundwater leaving the location 
being monitored) include pumping, movement to another aquifer, and groundwater returning to 
the surface as springs or as contributions to instream flows in rivers and streams. Of all these 
interacting factors, this report only evaluates recharge from managed aquifer recharge sites. If 
funding allows, in the future more detailed analyses of changes over time could include quantitative 
trend analyses of groundwater elevations, differences between years in precipitation rates, 
differences in years between measured seepage losses, and qualitative or semi-quantitative 
assessments of changes in passive infiltration (e.g., what length of canal was piped, in what year, 
and where) and other factors influencing recharge and discharge rates. 

Please note, in some of the hydrographs, the duration of the recharge season is provisional because 
some of the tentative on and off dates for a few of the older sites could not be confirmed. The dates 
may be adjusted once confirmation is received. 

 

Table 2. Differences between the first and last year of the yearly shallowest and deepest groundwater levels. 

 

Monitoring 
Well

Water Years 
Evaluated*

Difference (ft) between 
first and last year of 

shallowest groundwater 
level

Difference (ft) between 
first and last year of 

deepest groundwater 
level

Associated Aquifer   
Recharge Site

Water Years Site Has 
Operated

GW_135 Anspach
GW_141 2014 to 2017 11.8 9.1 Anspach
GW_62 2015 to 2017 3.7 -0.2 Barrett part of 2014 thru 2017
GW_118 2010 to 2017 7.5 3.8 Johnson
GW_40 Jan. 2007 to 2017* 9.2 -0.1 Johnson
GW_45 2005 to 2017 -0.1 4.0 Johnson
GW_46 2005 to 2017 8.5 2.6 Johnson
GW_47 2005 to 2017 -0.6 6.1 Johnson
GW_48 2005 to 2017 2.9 7.5 Johnson
GW_119 2014 to 2017 0.4 0.1 NW Umapine
GW_144 2014 to 2017 1.1 6.8 NW Umapine
GW_34 2014 to 2017 1.1 0.1 NW Umapine
GW_36 NW Umapine
GW_66 2014 to 2017 -0.2 1.5 NW Umapine
GW_117 2014 to 2017 1.7 6.3 Trumbull
GW_142 2014 to 2017 1.4 0.0 Trumbull
GW_143 2014 to 2017 0.7 -0.9 Trumbull

*Not a complete water year.
Note: Green shaded cells indicate increased water levels between first and last year, beige shaded cells indicate decreased water levels 
between first and last year.  

2014 thru 2017

part of 2013 thru 2017

manual measurements

manual measurements

part of 2013 thru 2017

part of 2004 thru 2017
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ANSPACH SITE 
The Anspach site was operated for 110 days during the WY2017 recharge season, receiving a total 
of 659.9 ac-ft for an average of 6 ac-ft per day of water (Figure 22). The site has two upgradient 
wells, GW_135 and GW_141, and cross-gradient well GW_23 (Figure 22). Groundwater levels at 
GW_141 and GW_135 are increasing (becoming shallower) in recent years (Figure 24). At GW_141, 
between 2014 (the first full year of operations) and 2017, the shallowest groundwater levels (the 
peaks of the hydrograph curves) increased by 11.8 ft and the deepest groundwater levels (the 
troughs of the hydrograph curves) increased by 9.1 ft (Table 2 and Figure 23). Even though 
GW_141 and GW_135 are upgradient of the recharge site, the timing of the seasonal patterns 
(Figure 24) suggests both wells are influenced by managed recharge operations, perhaps as a result 
of groundwater mounding under the Anspach site. GW_135 is monitored quarterly while GW_141 is 
monitored continuously. While the quarterly data from GW_135 appear generally consistent with 
the seasonal pattern of the continuously monitored GW_141, the two sets of data illustrate the 
greater power of continuous data in helping understand temporal changes. 

In GW_141, water levels began increasing in mid-September likely in response to passive recharge 
from the conveyance system, then continuing to rise as the managed recharge season began later in 
early winter. Water levels decreased in late May 2017 shortly after recharge operations were 
suspended for the season (Figure 24).  

 

Figure 22 - Anspach inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well locations 
(right). 
 

 
Figure 23 - Shallowest and deepest groundwater levels, by year, GW_141. 

Generalized groundwater flow direction 
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Figure 24 - Hydrographs for Anspach monitoring wells. 
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GW_135, Groundwater Depth and Temperature, 
Upgradient (SE) of Anspach, 2011-2017
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GW_141, Groundwater Depth and Temperature, 
Upgradient (NE) of Anspach, 2013-2017
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BARRETT SITE 
During the WY2017 recharge season the Barrett site operated for 110 days from mid-December 
2016 until May 15, 2017, receiving a total of 383.5 ac-ft of water for an average of 6 ac-ft per day 
(Figure 25). Responses to recharge operations at the Barrett site were observed at the upgradient 
groundwater monitoring well, GW_62 (Figure 26). Groundwater levels typically increased during 
recharge operations and decreased when recharge operations stopped. Between 2014, the first 
year of operations, and 2017 the shallowest groundwater levles at GW_62 increased (became 
shallower) by 3.7 ft and the deepest groundwater levels decreased (became deeper) by 0.2 ft (Table 
2 and Figure 27). Peak groundwater levels were roughly 5 feet shallower in the four years during 
operation of the Barrett site than the four years prior to operation of the Barrett site (Figure 26). 

 

 

 

 

Figure 25 - Barrett inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well location 
(right).   

Figure 26 - Hydrograph for monitoring well GW_62. 

Generalized groundwater flow direction 
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Figure 27 – Shallowest and deepest groundwater levels, by year, GW_62. 

 

CHUCKHOLE SITE 
During WY2017, the first recharge season for the Chuckhole site, the site operated for 48 days, 
primarily in April and May, receiving a total of 13 ac-ft of water (Figure 28). The site has three 
monitoring wells:  GW_169 upgradient, GW_62 downgradient, and GW_23 cross-gradient (Figure 
28). At GW_62, the timing of recharge at the Chuckhole site does not correspond to an increase in 
groundwater levels (Figure 29); however, GW_62 is influenced by the Barrett site. At GW_169, the 
timing of the improvement in groundwater levels at GW_169 cannot be determined due to a gap in 
the continuous data set. At GW_23, which may be influenced by the Anspach site, the long-term 
groundwater levels appear to have a downward trend until 2013, when groundwater levels 
increase, which coincides with the beginning of recharge operations at Anspach. 
 

 

 

 

Figure 28 - Chuckhole inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well locations 
(right).  
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Figure 29 - Hydrographs for monitoring wells GW_169, GW_62, and GW_23. 

 

FRUITVALE SITE 
During WY2017, the first recharge season for the Fruitvale site, the site operated for 56 days in 
early winter and in May, receiving a total of 49 ac-ft of water (Figure 30). However, a portion of the 
total water received by the site consists of natural springs which are not included in the Limited 
License and are not managed under the WWBWC’s program. Flow values that were recorded when 
water from the Little Walla Walla River was not being delivered to the recharge site were assumed 
to represent spring flow and were subtracted from the cumulative volume. Subtracting the 
estimated spring flow from the total results in an estimated total recharge of 17 ac-ft, for an average 
of 0.4 ac-ft per day.  

Groundwater monitoring well GW_33 is downgradient and GW_171 is cross-gradient of the site. 
Groundwater levels began increasing (becoming shallower) before recharge began in December 
2016, presumably due to irrigation conveyance losses, and continued to increase during the 
managed recharge season at downgradient GW_33. Groundwater levels decreased in both 
monitoring wells after mid-May 2017 (Figure 31). 
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GW_23, Groundwater Depth, 
Cross-gradient of Chuckhole, 1988-2017
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Downgradient of Chuckhole, 2005-2017
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Figure 30 - Fruitvale inflow rates and cumulative 
water delivered during WY 2017 (above) and 
monitoring well locations (right). 

  

 

 

 

 

 

 

 

 

 

 
 
 

Figure 31 - Hydrographs for monitoring wells GW_33 and GW_171. 

JOHNSON SITE  
The Johnson site operated for 101 days during the WY 2017 recharge season. The site began 
recharging in mid-December, continued through early February, and from mid-March until May 15, 
2017, receiving a total of 2,732 ac-ft of water for recharge at an average rate of 27 ac-ft per day 
(Figure 32). The ten spreading basins received 2,271 ac-ft and three active infiltration galleries 
received 461 ac-ft. 
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Six monitoring wells are on or near the site (Figure 33). Groundwater levels under the Johnson site 
(GW_45, GW_46, and GW_47) are roughly 15-20 ft closer to the ground surface than at the 
upgradient well (GW_40). The shallowest groundwater levels in downgradient GW_118 are similar 
to levels under the Johnson site during recharge season (Figures 34 and 35). Groundwater levels 
have become shallower over time in all six monitoring wells to varying degrees. Between the first 
year of monitoring and WY2017, the shallowest groundwater levels improved by 8.5, 2.9, 9.2 and 
7.5 ft at GW_46, GW_48, GW_40, and GW_188, respectively, and the deepest groundwater levels 
improved by 2.6, 4.0, 6.1, 7.5, and 3.8 ft at GW_46, GW_45, GW_47, GW_48, GW_118, respectively 
(Table 2 and Figure 36). Groundwater levels slightly decreased between the first year of monitoring 
and 2017 for the shallowest levels at GW_45 and GW_47 and the deepest levels at GW_40 (Table 2 
and Figure 36).  

 

     

     
Figure 32 - Inflow rates and cumulative water delivered to the Johnson site during WY 2017. 
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Figure 33 - Monitoring well locations for the Johnson site. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 34 - Hydrographs for GW_40 and GW_48. 
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Figure 35 - Hydrographs for monitoring wells GW_118, GW_ 45, GW_47, and GW_46.  
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Figure 36 - Shallowest and deepest groundwater levels, by year, GW_40, GW_48, GW_118, GW_45, GW_47, and GW_46. 
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MUD CREEK SITE 
During WY2017, the first year of the Mud Creek site’s operation, the site operated for 56 days, 
primarily in April and May, receiving a total of 8 ac-ft of water (Figure 37). The site has two 
monitoring wells2, both upgradient (Figure 37). While seasonal changes were observed in 
groundwater elevations (Figure 38), additional monitoring during more and longer recharge 
seasons are needed to assess the influence of this site on groundwater elevations. 

 

 

Figure 37 - Mud Creek Site’s inflow rates and cumulative water delivered during WY 2017 (above) and monitoring well 
locations (right).  
 

 
 
 
 
 

 

 

 

 

 

 

 

Figure 38 - Hydrographs for monitoring wells GW_170 and GW_117. 

                                                             
2 The Mud Creek Site Map shows a north-south ditch adjacent to GW_170 but it is actually a pipeline which flows into an 
east-west ditch located 70 feet south of GW_170. 
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NW UMAPINE SITE 

The NW Umapine site ran for 64 days during the WY 2017 recharge season, receiving a total of 182 
ac-ft of recharge water at an average rate of 3.2 ac-ft per day (Figure 39). The site operated for a 
few days in late December 2016 and from April through May 15, 2017. Five monitoring wells are 
associated with the site (Figure 39). The ranges of depths to groundwater appear similar in the 
years before recharge began and the years after recharge began. Seasonal patterns in groundwater 
depths appear more variable at GW_66 (Figure 39) than at GW_119, GW_36, and GW_34 (Figures 40 
and 41). At upgradient wells GW_66 and GW_119, between WY2014 (the first year of managed 
recharge) and 2017, the depth to the seasonally deepest groundwater levels became shallower by 
1.5 and 0.1 ft, respectively, while the depth to the seasonally shallowest groundwater levels became 
shallower in GW_119 by 0.4 ft and deepened in GW_66 by 0.2 ft (Table 2 and Figure 42). Seasonal 
patterns are more difficult to see in the manual measurements at GW_36 (Figure 40). 

Within the two downgradient wells GW_34 and GW_144, between WY2014 and 2017, the depth to 
the seasonally shallowest groundwater levels became shallower by 1.1 ft at both wells and the 
depth to seasonally deepest groundwater levels became shallower by 0.1 ft at GW_34 and 6.8 ft at 
GW_144 (Table 2 and Figure 42). Early fall groundwater level increases observed at monitoring 
wells GW_34 and GW_144 may be due to recharge from the start of fall irrigation and/or reduction 
of groundwater pumping in the fall. Likewise, observed summer groundwater level decreases are 
likely due to increased groundwater pumping in the area. 

 

 

 

Figure 39 - NW Umapine inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well 
locations (right). 
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Figure 40 - Hydrographs for monitoring wells GW_66, GW_119, and GW_36.   
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Figure 41 - Hydrographs for monitoring wells GW_144 and GW_34. 

 

  
Figure 42 - Shallowest and deepest groundwater levels, by year, GW_66, GW_119, GW144, and GW_34. 
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TRIANGLE ROAD SITE 
During WY2017, the first year of operations for the Triangle Road site, the site operated for only 19 
days, primarily in the last part of the recharge season, receiving a total of 13.26 ac-ft of water at an 
average rate of 0.7 ac-ft per day (Figure 43).  The limited duration of recharge was due to 
operational issues which have since been resolved. 

Four monitoring wells are associated with the Triangle Road site (Figure 443). While seasonal 
changes were observed in groundwater elevations at GW_117, GW_170, GW_171, and GW_143 
(Figure 45), additional monitoring during more and longer recharge seasons are needed to assess 
the influence of this site on groundwater elevations. 

 

Figure 43 - Inflow rates and cumulative water 
delivered to the Triangle Road site during WY 
2017. 

 

 
 Figure 44 - Monitoring well locations for the Triangle Road site 
during WY 2017. 

                                                             
3 GW_171, one of the four monitoring wells associated with the Triangle Road site, is not shown in Figure 44 because it is 
1.6 miles northwest of the site; the location of GW_171 can be seen in Figure 21. 
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Figure 45 - Hydrographs for monitoring wells GW_117, GW_170, GW_171, and GW_143.   
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TRUMBULL SITE 
The Trumbull site operated for 108 days beginning in mid-December 2016, continuing 
intermittently through early February 2017, and from March through May 15, 2017. A total of 170 
ac-ft of water, for an average of 1.6 ac-ft per day, was delivered to the site in WY 2017 (Figure 46). 
At upgradient monitoring well GW_117, from WY2014 (the first complete year of operations) to 
2017, the yearly shallowest and deepest groundwater levels became shallower by 4.1 and 7.7 ft, 
respectively (Table 2 and Figure 47). At GW_142 during the same water years, the shallowest 
groundwater levels increased by 1.4 ft 
while the deepest levels were unchanged.  

Figure 46 - Trumbull inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well locations 
(right).   

 
 
 
 
 
Figure 47 - Hydrographs for 
monitoring wells GW_117 and 
GW_142 (left) and  shallowest 
and deepest groundwater levels, 
by year, GW_142 (below).  
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GW_117, Groundwater Depth and Temperature, 
Upgradient of Trumbull, 2009-2017

Non-recharge season water depth
Recharge season water depth
Non-recharge season groundwater temperature
Recharge season groundwater temperature
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GW_142, Groundwater Depth and Temperature, 
Downgradient of Trumbull, 2013-2017

Generalized groundwater flow direction 
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OTHER GROUNDWATER MONITORING WELLS 

Four monitoring wells are not directly associated with recharge sites which operated during 
WY2017:  two wells, GW_151 and GW_116 (Figure 48), which are far downgradient of existing 
recharge sites, and two wells, GW_160 and GW_152 (Figure 49), which are east of the Walla Walla 
River, where no recharge site has yet operated. Groundwater levels and temperatures are more 
stable in the two wells east of the river than in other wells in the aquifer recharge program 
network.  

 

 
Figure 48 - Hydrographs for GW_151 and GW_116, downgradient of the aquifer recharge program. 

 

 

Figure 49 - Hydrographs for monitoring well GW_160 and GW_152 on the east side of the Walla Walla River.  
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GW_151, Groundwater Depth and Temperature, 
Downgradient of Program, 2015-2017
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GW_116, Groundwater Depth and Temperature, 
Downgradient of Program, 2009-2017

Groundwater elevation

Groundwater temperature

-55
-50
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
5
10
15

-65
-60
-55
-50
-45
-40
-35
-30
-25
-20
-15
-10

-5
0

Ju
l-1

5
Se

p-
15

N
ov

-1
5

Ja
n-

16
M

ar
-1

6
M

ay
-1

6
Ju

l-1
6

Se
p-

16
N

ov
-1

6
Ja

n-
17

M
ar

-1
7

M
ay

-1
7

Ju
l-1

7
Se

p-
17

Gr
ou

nd
w

at
er

 te
m

pe
ra

tu
re

 (
C)

De
pt

h 
to

 g
ro

un
dw

at
er

 (f
t)

GW_160, Groundwater Depth and 
Temperature, Eastside, 2015-2017
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GW_152, Groundwater Depth and 
Temperature, Eastside, 2015-2017
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WATER QUALITY MONITORING 
Water samples were collected under the approved monitoring plan for LL-16214 (Appendix B). The 
list of analytes in LL-1621 differed from the list in the previous limited license, LL-1433, adding zinc 
and copper, analyzing ammonia instead of total Kjeldahl nitrogen, sulfur instead of sulfate, and 
orthophosphate instead of total phosphorus, and not analyzing total organic carbon, chloride, 
aluminum, or alkalinity. The field parameters and nitrate, calcium, sodium, potassium, magnesium, 
manganese, and iron remained the same.  

Water quality was sampled once before and once after the recharge season. Tables 4 through 12 
and Figures 49 through 62 summarize the results. Analytical laboratory reports are included in 
Appendix D. Table 3 lists detection limits for the analytical methods. Source water quality and 
groundwater quality at each site are discussed below.  

Table 3. Analyte list, analytical methods, and method reporting limits for WY 2017  

Analyte Analytical Method Method Detection Limit (mg/L) 

Ammonia-N (mg/L) Eco-Tracker (Unibest) 1.2 
Calcium (mg/L) Eco-Tracker (Unibest) 0.31 
Copper (mg/L) Eco-Tracker (Unibest) 0.01 
Iron (mg/L) Eco-Tracker (Unibest) 0.05 
Magnesium (mg/L) Eco-Tracker (Unibest) 0.27 
Manganese (mg/L) Eco-Tracker (Unibest) 0.01 
Nitrate-N(mg/L) Eco-Tracker (Unibest) 0.09 
Phosphorus (mg/L) Eco-Tracker (Unibest) 0.02 
Potassium (mg/L) Eco-Tracker (Unibest) 0.18 
Sodium (mg/L) Eco-Tracker (Unibest) 0.17 
Sulfur (mg/L) Eco-Tracker (Unibest) 0.02 
Zinc (mg/L) Eco-Tracker (Unibest) 0.01 
Synthetic Organic Constituents Analytical Method Quantitation Limit (ug/L) 
Azinphos-methyl 8141B 0.5 
Chlorpyrifos 8141B 0.1 
Diuron 8321B 0.06 
Malathion 8141B 0.1 

 
SOURCE WATER QUALITY DURING WY 2017 
Source water samples were collected at three locations on 12/12/2016 and four locations on 
05/30/2017 (see Figure 50 for map):  

 Source Water #1 – Zerba Weir  
 Source Water #2 – Duff Weir (S-418) 
 Source Water #4 – Fruitvale (S-318) 
 Source Water #5 -- Eastside 

Although the Eastside was sampled during the post-operations sampling, no aquifer recharge site 
on the Eastside operated in WY2017, so these data were reported for informational purposes only. 
Source water #3 was not sampled because there was no flow.  

                                                             
4 The approved monitoring plan inadvertently lists lead and mercury as analytes. These were never intended to be part of 
the sampling program and a revised monitoring plan will be submitted to correct the error. 
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In general, water quality appears to be good at the sampled locations. The source water has low 
concentrations of major cations (sodium, potassium, calcium and magnesium) and nitrate, 
orthophosphate, iron, manganese, sulfur, and zinc (Tables 2-4). Zinc concentrations were less than 
the state criteria of 0.043 mg/L for chronic exposure and 0.042 mg/L for acute exposure, assuming 
a hardness of 30 mg/L. Ammonia and copper concentrations appear high compared to state criteria 
and other surface water data; the elevated values may be the result of a new sampling/analytical 
technology, the Unibest Ecotracker, which was used for the first time in WY2017.  

The ammonia values for surface water samples as reported by the laboratory ranged from 1.27 to 
3.64 mg/L. A search of the Oregon Department of Environmental Quality’s (ODEQ) Ambient Water 
Quality Monitoring System database found only one sample location with ammonia data in surface 
water within the watershed, at Pine Creek (location ID 36786)5. Ammonia concentrations ranged 
from less than the detection limit of 0.01 to 0.125 mg/L from 2012 through 2017 (ODEQ, 2018). 
The maximum value reported by the Washington State Department of Ecology (WDOE) in surface 
waters sampled in the Assessment of Surface Water and Groundwater Interchange in the Walla Walla 
River Watershed was 0.147 mg/L (Marti, 2005). The ODEQ water quality criterion for total 
ammonia is dependent on temperature and pH. For surface waters with a pH greater than 8.3, 
within a temperature range of 0 to 14°C, the acute criterion is 3.1 mg/L.  

The reported copper values of 0.01 and 0.02 mg/L were also high compared to other data and 
calculated toxicity values. The ODEQ water quality criteria for copper are calculated on a site-
specific basis using the Biotic Ligand Model. The model outputs based on WWBWC data were 
0.00427 mg/L for the acute criterion and 0.00265 mg/L for the chronic criterion6. No copper data 
were found within the Oregon portion of the watershed when searching ODEQ’s database. When 
the Washington State Department of Ecology’s Environmental Information Management database 
was searched for copper data in surface water within the Washington portion of the Walla Walla 
basin, only one site had data -- the Walla Walla River at Touchet (location ID 32A070). Dissolved 
copper concentrations at that site ranged from 0.00041 to 0.00163 mg/L (WDOE, 2018).  

After reviewing the data from Unibest, the laboratory was contacted about the elevated values. The 
laboratory representatives explained that the Unibest method, in which an absorbent packet of 
resin is placed in the water to be sampled for a period of time and the contaminants absorbed into 

                                                             
5 A search for ammonia and copper data in surface waters in the AWQMS database returned results for ammonia at only 
one site within the Walla Walla basin, at Pine Creek. No copper data were found. The search used the filtered locations 
option and the following selections as noted within the parentheses: organization (ODEQ),  monitoring location types 
(canal drainage, canal irrigation, canal transport, channelized stream, constructed water transport structure, other-
surface water, river/stream [ephemeral, intermittent and perennial], riverine impoundment, and spring), eco-region level 
3 (Columbia Plateau), date range (1-1-1980 to 12-31-2017), activity types (default values), result status (default values), 
projects (checked all), media (water), media subdivision (none selected), sampling component (none selected), individual 
parameter (ammonia, dissolved copper, and total recoverable copper). A separate search for ammonia and copper in the 
Blue Mountains eco-region level 3 yielded no data within the Walla Walla basin. 
 
6 The model requires inputs which were not analyzed in WY2017, so the following data from 4/23/2013 at S-417 were 
used to calculate the toxicity criteria:  temperature 5.462 C, pH 7.23, dissolved organic carbon 1.7 mg C/L (based on total 
organic carbon of 2.05 and standard conversion factor of 0.83), calcium 5.1 mg/L, magnesium 2.1 mg/L, sodium 2.9 mg/L, 
potassium 1.7 mg/L, sulfate 0.9 mg/L, chloride 0.82 mg/L (assumed value based on ODEQ guidance), alkalinity 30 mg/L 
CaCO3, and sulfur 0.00001 mg/L. 
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the packet are then analyzed, was not intended to represent instantaneous concentrations but is 
intended to represent cumulative concentrations. Therefore, the values reported in WY2017 are 
not comparable to previous years which obtained grab samples, nor are the values comparable to 
grab samples obtained by other organizations. The lab representatives further explained the 
Unibest technology is not intended to be used for regulatory purposes but rather as a screening tool 
to identify sites appropriate for characterization. The WWBWC intends to update the monitoring 
plan in the near future to address this issue, if funding allows. In the immediate future, the four 
constituents with water quality criteria -- ammonia, copper, nitrate, and zinc -- will be analyzed in 
the next sampling round using traditional laboratory methods.  

Table 4. Source Water #1 and #2 

Sample Parameter Source Water #1 
Zerba Weir 

Source Water #2 
Johnson Intake/Duff Weir 

12/12/2016 05/30/2017 12/12/2016 05/30/2017 
Ammonia-N (mg/L) 2.28 3.64 1.27 3.34 
Calcium (mg/L) 4.64 3.57 4.27 4.40 
Copper (mg/L) 0.02 0.01 0.02 0.01 
Iron (mg/L) 0.07 ND 0.07 ND 
Magnesium (mg/L) 1.74 1.37 1.64 1.65 
Manganese (mg/L) ND 0.01 ND 0.01 
Nitrate-N(mg/L) ND ND ND ND 
Phosphorus (mg/L) 0.04 0.03 0.05 0.04 
Potassium (mg/L) 2.35 1.49 1.58 2.14 
Sodium (mg/L) 2.27 1.73 2.05 2.08 
Sulfur (mg/L) 3.81 8.44 3.26 8.58 
Zinc (mg/L) 0.01 0.01 0.01 0.01 

 ND = no detection 

Table 5. Source Water #4 and #5 

Sample Parameter Source Water #4 
S318 

Source Water #5 
Eastside 

12/12/2016 05/30/2017 12/12/2016 05/30/2017 
Ammonia-N (mg/L) 1.59 2.53 

Not sampled 

2.92 
Calcium (mg/L) 3.83 3.40 4.24 
Copper (mg/L) 0.02 0.01 0.01 
Iron (mg/L) 0.08 ND ND 
Magnesium (mg/L) 1.48 1.31 1.64 
Manganese (mg/L) ND ND 0.01 
Nitrate-N(mg/L) ND ND ND 
Phosphorus (mg/L) 0.05 0.03 0.04 
Potassium (mg/L) 1.51 1.83 2.24 
Sodium (mg/L) 1.75 1.63 1.92 
Sulfur (mg/L) 3.50 7.09 8.04 
Zinc (mg/L) 0.01 0.01 0.01 
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GROUNDWATER QUALITY MONITORING 
Groundwater quality samples and field parameter data were collected at 12 locations (GW_46, 
GW_117, GW_119, GW_141, GW_142, GW_144, GW_151, GW_152, GW_160, GW_169, GW_170, and 
GW_171) near the nine aquifer recharge sites. The general rationale for each sampling location are 
listed below. 

 GW_152 provides upgradient monitoring of the aquifer recharge program.  
 GW_160 will provide downgradient monitoring of the Lefore Road site when it becomes 

operational; in WY2017 it functioned as an upgradient site of the aquifer recharge program. 
 GW_169 provides upgradient monitoring of the Chuckhole site. 
 GW_141: provides upgradient monitoring for the entire project and specifically for the 

Anspach, Barrett, Chuckhole, and Johnson sites. 
 GW46 provides mid-gradient monitoring for the Johnson site and central region of the 

aquifer recharge program and downgradient monitoring for the Barrett, Anspach, and 
Chuckhole sites.  

 GW117 provides water quality information for the central region of the aquifer recharge 
program, and upgradient monitoring for the Trumbull, Mud Creek, and Triangle Road sites.   

 GW_142 provides mid-gradient of the aquifer recharge program and downgradient 
coverage for the Trumbull site. 

 GW_170 provides upgradient monitoring of the Mud Creek and Fruitvale sites, 
downgradient monitoring of the Triangle Road site, and mid-gradient monitoring of the 
aquifer recharge program. 

 GW119 provides upgradient monitoring for the NW Umapine site and downgradient 
monitoring of the Johnson site. 

 GW_144 provides downgradient monitoring for the NW Umapine site.  
 GW_171 provides downgradient monitoring of the aquifer recharge program and 

specifically for the Fruitvale site. 
 GW_151 provides downgradient monitoring of the aquifer recharge program. 

The 12 wells were sampled on December 12, 2016 and May 30, 2017 and analyzed for the analytes 
listed in Table 3 (see Tables 6 through 12 and Figures 51 through 64 for results). Nitrate exceeded 
the groundwater quality criteria of 10 mg/L at four sites (GW_119, GW_144, GW_171, and GW_151) 
with concentrations from 13.5 to 40.3 mg/L. The source of these nitrates is unknown; however, 
given the low nitrate concentrations in the source water (less than the detection limit of 0.09 
mg/L), the source water is highly unlikely contributing to the elevated nitrate concentrations in the 
groundwater. Based on the description of the Unibest representative that the Ecotracker 
sampling/analytical method is not intended to represent instantaneous concentrations, nor to be 
used to evaluate compliance with water quality criteria, in the future nitrate analyses will be 
conducted using traditional laboratory methods. 

The groundwater samples collected at wells GW_144 and GW_171 on May 30, 2017 were also 
analyzed using traditional laboratory methods for the approved targeted list of herbicides and 
pesticides: azinphos-methyl, chlorpyrifos, diuron, and malathion (see Appendix B). There were no 
detections of the four targeted constituents in either sample. Analytical laboratory reports are 
included in Appendix D.  
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Table 6. GW_152 and GW_160 water quality data 

Sample Parameter GW_152 GW_160 
12/12/2016 05/30/2017 12/12/2016 5/30/2017 

Ammonia-N (mg/L) 2.41 3.51 1.63 3.9 
Calcium (mg/L) 16.89 15.92 8.02 10.98 
Copper (mg/L) 0.02 0.01 0.02 0.01 
Iron (mg/L) 0.31 ND 0.36 ND 
Magnesium (mg/L) 6.46 6.15 2.91 4.1 
Manganese (mg/L) 0.01 ND 0.01 0.01 
Nitrate-N(mg/L) 0.56 1.95 1.15 4.99 
Phosphorus (mg/L) 0.24 0.04 0.18 0.05 
Potassium (mg/L) 3.40 6.15 2.86 3.88 
Sodium (mg/L) 6.92 5.76 2.53 3.17 
Sulfur (mg/L) 5.16 10.33 4.15 9.36 
Zinc (mg/L) 0.01 0.01 0.01 0.01 

ND = no detection 
 

Table 7. GW_169 and GW_141 water quality data 

Sample Parameter GW_169 GW_141 
12/12/2016 05/30/2017 12/12/2016 05/30/2017 

Ammonia-N (mg/L) 1.54 2.81 3.63 3.35 
Calcium (mg/L) 11.71 14.37 10.05 ND 
Copper (mg/L) 0.02 0.02 0.02 0.01 
Iron (mg/L) 0.22 ND 0.14 ND 
Magnesium (mg/L) 4.41 ND 3.08 4.07 
Manganese (mg/L) 0.02 5.28 0.02 ND 
Nitrate-N(mg/L) 0.90 3.40 ND 3.59 
Phosphorus (mg/L) 0.13 0.05 0.12 0.07 
Potassium (mg/L) 3.42 3.90 6.90 4.52 
Sodium (mg/L) 4.74 5.28 4.13 4.95 
Sulfur (mg/L) 4.21 7.82 6.24 10.46 
Zinc (mg/L) 0.01 0.02 0.02 0.02 

ND = no detection 

Table 8. GW_46 and GW_117 water quality data 

Sample Parameter GW_46 GW_117 
12/12/2016 05/30/2017 12/12/2016 05/30/2017 

Ammonia-N (mg/L) 1.42 3.09 1.72 2.93 
Calcium (mg/L) 4.98 4.86 13.06 16.40 
Copper (mg/L) 0.01 ND 0.01 0.01 
Iron (mg/L) 0.07 ND 0.20 ND 
Magnesium (mg/L) 2.03 1.97 5.12 6.36 
Manganese (mg/L) ND ND 0.02 ND 
Nitrate-N(mg/L) ND ND 1.81 7.36 
Phosphorus (mg/L) 0.06 0.06 0.14 0.06 
Potassium (mg/L) 2.25 3.26 4.28 5.45 
Sodium (mg/L) 2.50 2.38 4.79 4.89 
Sulfur (mg/L) 3.83 7.42 6.70 11.76 
Zinc (mg/L) 0.01 0.01 0.01 0.01 

ND = no detection 
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Table 9. GW_142 and GW_170 water quality data 

Sample Parameter GW_142 GW_170 
12/12/2016 05/30/2017 12/12/2016 05/30/2017 

Ammonia-N (mg/L) 1.71 3.71 1.22 3.41 
Calcium (mg/L) 8.76 7.60 14.11 19.99 
Copper (mg/L) 0.01 0.01 0.01 0.01 
Iron (mg/L) 0.19 0.09 0.18 ND 
Magnesium (mg/L) 3.07 2.26 5.13 7.66 
Manganese (mg/L) 0.01 0.07 0.01 0.01 
Nitrate-N(mg/L) 0.35 0.41 1.27 ND 
Phosphorus (mg/L) 0.40 0.15 0.21 0.06 
Potassium (mg/L) 3.67 3.10 3.93 5.07 
Sodium (mg/L) 2.96 2.31 5.55 8.53 
Sulfur (mg/L) 4.45 0.05 5.43 15.49 
Zinc (mg/L) 0.01 0.02 0.01 0.01 

ND = no detection 

Table 10. GW_119 and GW_144 water quality data 

Sample Parameter GW_119 GW_144 
12/12/2016 05/30/2017 12/12/2016 05/30/2017 

Ammonia-N (mg/L) 1.75 3.51 1.28 3.66 
Calcium (mg/L) 34.21 48.13 30.01 46.74 
Copper (mg/L) 0.01 0.01 0.02 0.02 
Iron (mg/L) 0.38 ND 0.28 ND 
Magnesium (mg/L) 13.86 20.05 11.13 18.37 
Manganese (mg/L) 0.03 0.01 0.02 0.01 
Nitrate-N(mg/L) 1.75 24.31 12.93 40.29 
Phosphorus (mg/L) 0.19 0.13 0.30 0.09 
Potassium (mg/L) 9.82 12.06 8.59 10.69 
Sodium (mg/L) 18.65 23.89 15.67 21.39 
Sulfur (mg/L) 12.44 19.23 5.36 19.67 
Zinc (mg/L) 0.01 0.01 0.01 0.01 

ND = no detection 

Table 11. GW_171 and GW_151 water quality data 

Sample Parameter GW_171 GW_151 
12/12/2016 05/30/2017 12/12/2016 05/30/2017 

Ammonia-N (mg/L) 1.26 2.94 2.22 2.60 
Calcium (mg/L) 35.94 37.11 28.51 29.62 
Copper (mg/L) 0.01 0.01 0.02 0.01 
Iron (mg/L) 0.33 ND 0.46 ND 
Magnesium (mg/L) 13.52 15.12 10.13 11.12 
Manganese (mg/L) 0.03 0.01 0.02 0.01 
Nitrate-N(mg/L) 8.38 13.52 17.14 21.15 
Phosphorus (mg/L) 0.29 0.08 0.24 0.06 
Potassium (mg/L) 8.50 7.96 5.81 7.13 
Sodium (mg/L) 10.32 9.15 6.17 7.33 
Sulfur (mg/L) 8.88 12.51 11.68 13.56 
Zinc (mg/L) 0.01 0.01 0.01 0.01 

ND = no detection 
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Table 12. Synthetic organic compounds sampled 5/17/2016 at GW_144 and GW_171 

Sample Parameter GW_144 GW_171 
Azinphos-methyl ND ND 
Chlorpyrifos ND ND 
Diuron ND ND 
Malathion ND ND 

ND = no detection 

The primary objective of sampling source water and groundwater is to assess if adverse impacts 
are occurring in groundwater due to the introduced recharge water. When comparing source 
(surface) water and groundwater concentrations by constituent, the following patterns were 
observed:   

(1) For the following constituents, concentrations in the source water were less than 
concentrations in groundwater in most of the wells: calcium, iron, magnesium, 
manganese (pre-operations), nitrate, ortho-phosphate, potassium, sodium, and sulfur 
(post-operations) (Figures 52 and 54 through 61). Decreased concentrations in the 
source water would be expected to dilute the constituents present in groundwater 
when introduced as recharge, improving water quality.   

(2) For the following constituents, concentrations in the source water were comparable to 
concentrations in groundwater at most of the wells:  ammonia, copper, manganese 
(post-operations, except for GW_142), sulfur (pre-operations, except downgradient 
wells), and zinc (Figures 51, 53,56, 61, and 62). 

(3) None of the constituents had concentrations in source water consistently greater than 
concentrations in groundwater. 

When comparing groundwater conditions pre- and post-recharge (Figures 63 and 64), the 
following differences were observed: 

(1) The following monitoring wells had generally very similar concentrations pre- and post-
recharge:  GW_169 (upgradient of Chuckhole), GW_171 (far downgradient of Fruitvale), 
GW_151 (far downgradient of any active site), and GW_152 (on the Eastside, not near an 
active site).   

(2) In the following monitoring wells, concentrations of at least four of the 12 constituents were 
noticeably greater post-recharge than pre-recharge: GW_117 (upgradient of Trumbull), 
GW_119 (upgradient of NW Umapine), GW_144 (downgradient of NW Umapine), GW_170 
(upgradient of Mud Creek and downgradient of Triangle Road), and GW_160 (on the 
Eastside, not near any recharge site). The constituents with the largest post-recharge 
increases were typically calcium, magnesium, nitrate, and sulfur. However, concentrations 
of these constituents are lower in the source water than in groundwater, strongly 
suggesting the source water is not the reason for the increased concentrations post-
recharge in groundwater. 
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(3) At the remaining wells, concentrations varied, with some constituents having higher pre-
recharge concentrations and others having similar pre-and post-recharge concentrations or 
higher post-recharge concentrations: GW_141 (upgradient of Anspach), GW_46 
(downgradient of Johnson), and GW_142 (downgradient of Trumbull).  

When comparing upgradient and downgradient conditions, the following were observed: 

(1) Comparing upgradient and downgradient wells over the entire well network, some 
substantial differences in groundwater quality were apparent. The more upgradient wells 
had lower calcium, magnesium, nitrate, potassium, sodium, and sulfur concentrations than 
downgradient wells during WY 2017 (Figures 52, 55, 57, 59, 60, and 61). This spatial 
pattern may reflect the influence of agricultural and livestock activities resulting in 
percolation of nutrients below the root zone. The pattern is highly unlikely due to the 
presence of the recharged water because, as described above, concentrations of these 
constituents in the source water are lower than in groundwater, even at the upgradient 
wells. 

(2) Comparing upgradient and downgradient monitoring locations at the Trumbull (GW_117 
and GW_142) and Johnson (GW_141 and GW_46) sites shows decreases in nitrate and major 
anion and cation concentrations at the downgradient locations relative to the upgradient 
locations and that recharge activities are improving, or at least not degrading, groundwater 
quality (Figures 63 and 64).  
 

Figure 51 - Ammonia concentrations in surface water and groundwater before and after managed recharge. 
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Figure 52 - Calcium concentrations in surface water and groundwater before and after managed recharge. 

 
Figure 53 - Copper concentrations in surface water and groundwater before and after managed recharge. 

 
Figure 54 - Iron concentrations in surface water and groundwater before and after managed recharge. 
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Figure 55 - Magnesium concentrations in surface water and groundwater before and after managed recharge. 

  
Figure 56 - Manganese concentrations in surface water and groundwater before and after managed recharge. 

  
Figure 57 - Nitrate concentrations in surface water and groundwater before and after managed recharge. 
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Figure 58 - Ortho-phosphate concentrations in surface water and groundwater before and after managed recharge. 

  
Figure 59 - Potassium concentrations in surface water and groundwater before and after managed recharge. 

  
Figure 60 - Sodium concentrations in surface water and groundwater before and after managed recharge. 
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Figure 61 - Sulfur concentrations in surface water and groundwater before and after managed recharge. 

  
Figure 62 - Zinc concentrations in surface water and groundwater before and after managed recharge. 
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Figure 63 - Constituent concentrations pre- and post-recharge at GW_152, GW_160, GW169, GW_141, GW_46, and 

GW_117 in WY2017. 
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Figure 64 - Constituent concentrations pre- and post-recharge at GW_142, GW_170, GW_119, GW_144, GW_171, and 

GW_151 in WY2017. 
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DISCUSSION OF RESULTS 
 
During the WY 2017 recharge season 5,148 ac-ft (1,677,375,965 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. Wells near the Johnson site show a year to 
year positive (i.e. increasing) trend in alluvial aquifer water levels (except for the drought year of 
2014-15) suggesting that water is being stored within the alluvial aquifer, potentially due to aquifer 
recharge activities. Differences between years at monitoring wells near the other sites with at least 
three years of data -- Anspach, Barrett (GW_62), Trumbull (GW_143, GW_117), and NW Umapine 
(GW_144) -- also indicate increasing groundwater levels, although additional years of operation and 
monitoring are required to evaluate trends. Results from WY 2017 are largely consistent with 
changes over time seen previously, and the positive trends are expected to continue, assuming 
continued aquifer recharge operations and normal water years.  
 
The Walla Walla basin’s aquifer recharge program continues to simulate the distributary and 
floodplain functions 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 
aquifer recharge 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).   
 
As in previous recharge seasons, groundwater and surface water quality data collected during 
aquifer recharge activities do not indicate that aquifer recharge activities are degrading 
groundwater quality per Condition 5 of LL-1621. In many cases, groundwater quality parameters 
improved over the recharge season, in other cases water quality remained unchanged, and for a few 
isolated sites and constituents declined. Source water quality being delivered to the aquifer 
recharge sites continues to be of generally acceptable quality and would not be anticipated to 
degrade groundwater quality. Elevated ammonia and copper concentrations may be due to the 
sampling/analytical method and will be analyzed in the next sampling round using a standard 
analytical method. 

PROPOSED AQUIFER RECHARGE PROGRAM IN WY 2018 
 
Continued operation of the nine current sites and the addition of new aquifer recharges sites under 
LL-1621 is expected in WY 2018. Operating existing sites which have only one or two years of 
recharge for longer periods will help to identify their influence on the alluvial aquifer via program 
monitoring wells. An additional four sites are in the planning phase and will likely be constructed in 
the next year.   
 
In addition to new sites, WY2018 will continue the operation of near real-time water quality 
stations to monitor conditions of the recharge source water. The goal of these stations is to 
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eventually operate the aquifer recharge sites using near real-time data for the inflowing source 
water and to manage the sites via telemetry. The new water quality stations will operate during the 
WY 2018 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.  
 
In WY 2018 monitoring will continue to be performed per the monitoring plan approved under LL-
1621. A report summarizing groundwater level monitoring, water quality monitoring and aquifer 
recharge operations performed during the WY 2018 recharge season will be submitted to OWRD by 
February 15, 2019. If funding allows, additional quantification of longer-term changes in 
groundwater conditions over time will be included in next year’s annual report. 
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APPENDIX B – LL-1621 SOURCE AND GROUNDWATER MONITORING PLAN  
 

The following is a replica of the monitoring plan without figures or appendices.  Click here to 
download complete Monitoring Plan with figures and appendices. 
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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 LL1621.  The aquifer recharge projects included in this plan will be managed by the Walla 
Walla Basin Watershed Council (WWBWC) and Hudson Bay District Improvement Company 
(HBDIC).   The application for Limited License LL1621 was submitted to the Oregon Water 
Resources Department (OWRD) in December 2015.  The program includes seventeen aquifer 
recharge projects located at different sites.  Because of the unique nature of this program with 
distributed recharge sites, 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 program area and specific recharge sites 
(See Appendix C), as well as a monitoring plan for the AR project.   

The objectives of the document are three-fold: (1) present a proposed source water and 
groundwater monitoring plan, (2) present a proposed water level monitoring plan (groundwater 
and surface water) and (3) present a proposed reporting regime for the program.  All of these 
document elements were prepared in support of the Limited License application.   

The recharge sites included in this project are referred to as Anspach, Barrett, Chuckhole, County 
Road, East Trolley Lane, Fruitvale, Gallagher, Johnson, LeFore Road, Locust Road, Mud Creek, NW 
Umapine, Sunquist, Triangle Road, Triangle Station, Trumbull and West Ringer Road (Figure 1).  At 
this time five of these sites (Johnson, Anspach, Trumbull, NW Umapine and Barrett) are active 
under Limited License LL1433, which will be superseded by Limited License LL1621.  Upon receipt 
of Limited License LL1621 operations at the other sites will be initiated as the WWBWC is able to 
complete infrastructure improvements necessary to operate the sites.   Current information 
regarding each of the seventeen sites, including recharge sites and proposed monitoring, are 
summarized in this document (hydrogeology information is included in Appendix C). 

Water quality data collected at seven active sites (Johnson, Anspach, Trumbull, Barrett, NW 
Umapine, Stiller Pond and Locher Road) and one inactive site (Hall-Wentland) in the greater Walla 
Walla Basin have shown that AR activities conducted in the Walla Walla Basin have not lead to 
degradation of the alluvial groundwater system (GSI, 2009a, 2009b, WWBWC 2010).    Moreover, 
water quality monitoring in support of Limited License LL1433 indicates groundwater quality 
improvements in response to AR activities (WWBWC, 2014a).  Given these observations, the 
dispersed nature of the individual AR sites, and the common source water for the proposed AR 
program, the monitoring approach described herein  focuses 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. Program goals and a summary of AR sites to be covered under LL1621. 
2. 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. 
d. Quality assurance and quality control (QA/QC) elements. 

3. Reporting methods. 
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PROGRAM GOALS 
The overarching goal of the proposed aquifer recharge program 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 water level declines observed 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 spring creeks. 

AQUIFER RECHARGE SITES 
Recharge to be conducted under Limited License LL1621 will occur at the seventeen sites shown in 
Table 1 and Figure 1.  The Anspach, Barrett, Johnson, NW Umapine and Trumbull sites are currently 
operated and monitored under Limited License LL1433.  Recharge volumes estimates and 
estimated conveyance losses between the point of diversion and the recharge site are provided in 
Table 2.  This section summarizes the basic physical layout and operation of each of the seventeen 
sites (Figure 1). 

 

Site Name GPS Coordinates Section, Township & Range 
Site 

Type 

Anspach 45.945540, -118.411043 NW ¼, NW ¼, Sec. 30, T6N, R35E Gallery 
Barrett 45.948009, -118.421811 SW ¼, SE ¼, Sec. 34, T6N, R35E Gallery 

Chuckhole 45.941074, -118.419149 SW ¼, NE ¼, Sec. 3, T5N, R35E Basin 
County Road 45.951563, -118.428188 NE ¼, SW ¼, Sec. 34, T6N, R35E Gallery 

East Trolley Lane 45.993006, -118.423812 SW ¼, SE ¼, Sec. 15, T6N, R35E Gallery 
Fruitvale 45.987780, -118.444852 NE ¼, NW ¼, Sec. 21, T6N, R35E Gallery 

Gallagher 45.967480, -118.485502 SE ¼ & SW ¼ of Sec. 30, T6N, R35E 
Gallery & 

Basin 

Johnson 45.956690, -118.439271 SE ¼, SW ¼, Sec. 33, T6N, R35E 
Gallery 
& Basin 

LeFore Road 45.951187, -118.377397 NE ¼, SW ¼, Sec. 36, T6N, R35E Gallery 
Locust Road 45.957360, -118.392845 SE ¼, NE ¼, Sec. 35, T6N, R35E Gallery 
Mud Creek 45.973630, -118.430493 NW ¼, NW ¼, Sec. 27, T6N, R35E Basin 

NW Umapine 45.979884, -118.503350 SW ¼, SE ¼, Sec. 24, T6N, R34E Basin 
Sunquist 45.982522, -118.445141 NE ¼, SW ¼, Sec. 21, T6N, R35E Gallery 

Triangle Road 45.973104, -118.425618 NE ¼, NW ¼, Sec. 27 T6N, R35E Gallery 
Triangle Station 45.975587, -118.436832 NE ¼, NE ¼, Sec. 28, T6N, R35E Basin 

Trumbull 45.962171, -118.428849 NW ¼, SW ¼, Sec. 27, T6N, R34E Gallery 
West Ringer Road 45.971661, -118.499919 SW ¼, NE ¼, Sec. 25, T6N, R34E Gallery 

 

 

 

Table 1.  Aquifer recharge sites included in Limited License LL1621. 
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Table 2. Aquifer Recharge sites with recharge rates, recharge volumes (low/high) and conveyance 
loss estimates (low/high) for LL1621 

Site Name 
Recharge 

Rate 
Recharge Volume 

(Low/High) 
Conveyance Loss 

(Low/High) 

Anspach 3-5 cfs 445/1130 AF/year 145/295 AF/year 
Barrett 4 cfs 555/1130 AF/year 145/295 AF/year 

Chuckhole 1-3 cfs 90/530 AF/year 90/180 AF/year 
County Road 2-4 cfs 310/1260 AF/year 145/295 AF/year 

East Trolley Lane 1-2 cfs 100/375 AF/year 100/375 AF/year 
Fruitvale 2-4 cfs 200/750 AF/year 145/185 AF/year 
Gallagher 2-6 cfs 315/1,900 AF/year 220/600 AF/year 
Johnson 18 cfs 1,350/4,650 AF/year 700/1425 AF/year 

LeFore Road 1 cfs 60/190 AF/year 0/0 AF/year 
Locust Road 1.5 cfs 140/300 AF/year 90/185 AF/year 
Mud Creek 1-2 cfs 100/375 AF/year  75/200 AF/year 

NW Umapine 3 cfs 450/950 AF/year 150/375 AF/year 
Sunquist 1-3 cfs 95/565 AF/year 100/185 AF/year 

Triangle Road 1-2 cfs 100/375 AF/year 70/140 AF/year 
Triangle Station 1 cfs 100/190 AF/year 70/140 AF/year 

Trumbull 2 cfs 300/630 AF/year 100/225 AF/year 
West Ringer Road 1-2 cfs 100/630 AF/year 150/450 AF/year 

Estimated Totals (Low/High) 4,720/15,930 AF/year 2,495/5,550 AF/year 
NOTE: Italicized recharge rates are estimates because the site has not operated yet. 

 

ANSPACH 
The Anspach site is an operational infiltration gallery constructed in 2012 and expanded in 2015.  
The infiltration gallery is located immediately northwest of Milton-Freewater, OR and east of 
Winsap Road in NW ¼, NW ¼, Sec. 30, T6N, R35E (Figures 1, 2, and 3).  Recharge capacity at the 
Anspach site has ranged from 0.5 to 1 cubic feet per second (cfs).  After the expansion, the site is 
expected to increase to approximately 4 cfs.  This site was built in a field that has been fallow for at 
least 14 years.  Prior to this, the land was utilized as an apple orchard. 

There are two onsite wells (GW135 and GW141).  GW135 is an abandoned irrigation well located at 
the up-gradient, southeastern corner of the site and GW141 is a purpose built monitoring well at 
the up-gradient, northeastern corner of the site.  Another well (GW23) is located generally down 
gradient of, and west southwest of, the site.  GW135 and GW23 are water wells that have been 
adapted for use in the WWBWC water level monitoring network.   

Recharge source water is diverted from the Hudson Bay District Improvement Company (HBDIC) 
White Ditch canal west of its intersection with the Old Milton Highway/Lamb Street.  At a weir 
structure, water is diverted south through a pipeline to the project.   HBDIC and the WWBWC 
manage the diversion of recharge water from the canal to the recharge site.  The Anspach site will 
continue to be operated under the existing Limited License LL1433 until issuance of Limited 
License LL1621. 
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BARRETT 
The Barrett site is an operational infiltration gallery constructed in January 2014.  The site is 
located approximately 1.5 miles northwest of Milton-Freewater, OR between County Road  and 
Chuckhole Lane in SW ¼, SE ¼, Sec. 34, T6N, R35E (Figures 1, 4, and 5).  Recharge capacity at the 
Barrett site is 3-4 cfs.  This site was built in a field that has been fallow since the early 1990s. 

One well is in the immediate vicinity of this site, well GW_62, which is located up gradient of the 
facility.  Another existing well, GW_150, is located down-gradient of the site.  These wells are water 
wells adapted for use in the WWBWC water level monitoring network. 

Recharge source water is delivered from the Barrett pipeline to the infiltration gallery.  HBDIC 
manages the diversion of water to the site.   

The Barrett site will continue to be operated under the existing Limited License LL1433 until 
issuance of Limited License LL11621. 

CHUCKHOLE 
The Chuckhole site is located approximately one mile northwest of Milton-Freewater, OR near the 
south end of Chuckhole Lane in SW ¼, NE ¼, Sec. 3, T5N, R35E (Figures 1, 6 and 7).  The site 
consists of two basins: a sediment trap basin and an infiltration basin.  The site is expected to have a 
total recharge capacity of 1 to 3 cfs.  The Chuckhole site was constructed in the fall of 2015 and will 
be brought into use pending issuance of a new limited license.  This site was constructed in a vacant 
corner of a vineyard.  The land has not been utilized for at least 20 years.  The adjacent field has 
been cultivated as a vineyard for approximately 10 years and before that it was apple orchard (at 
least to the early 1990s). 

Existing wells in the area include GW_23 and GW_62.  A planned well, GW_169, will be a purpose 
built monitoring well to be installed up-gradient of the site. 

Recharge source water will be delivered from the Milton Pipeline into the project.  WWBWC will be 
responsible for operating the diversion into the site. 

COUNTY ROAD 
The County Road site is proposed to be located approximately 2.25 miles northwest of Milton-
Freewater, OR, just north of County Road and east of Prunedale Road in NE ¼, SW ¼, Sec. 34, T6N, 
R35E (Figures 1 and 8).  The site is planned to be an infiltration gallery with a recharge capacity of 
2-4 cfs.  The County Road project is scheduled to be constructed in 2016 or 2017.  The site will be 
built on land that has been used as an apple orchard since the mid-1990s.   

There is a single existing well in the immediate area, GW_150.  This well is utilized for water level 
monitoring.  There are purpose built monitoring wells up and down-gradient from the site 
(GW_141 and GW_45-48) as well as additional water level monitoring wells (GW_40, GW_62 and 
GW_135). 

Recharge source water will be delivered down the HBDIC system and diverted into the proposed 
infiltration gallery.  HBDIC will be responsible for operating the diversion into the site. 
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EAST TROLLEY LANE 
The East Trolley Lane site is an infiltration gallery constructed in late 2013 and will be brought into 
use pending issuance of a new limited license.  The site is located east of Trolley Lane and 
approximately 0.5 miles south of the Oregon/Washington border in SW ¼, SE ¼, Sec. 15, T6N, R35E 
(Figures 1, 9 and 10).  Recharge capacity at the site is expected to range from approximately 1-2 cfs.  
The infiltration gallery was built between an apple orchard and the county road.  This field has been 
used as an apple orchard since at least the early 1990s. 

A purpose built monitoring well, GW_151, is located immediately north (down-gradient) of the 
infiltration gallery, approximately down-gradient of the site.  Additional down gradient wells exist 
on the Washington side of the border. 

Recharge water will be delivered down the Ford branch to the West Little Walla Walla River and 
then diverted down the Trolley Lane pipeline to the project.  WWBWC staff will manage the Trolley 
Lane diversion. 

FRUITVALE 
The proposed Fruitvale recharge site will be located approximately 3.5 miles northwest of Milton-
Freewater, OR near the intersection of Sunquist Road and Fruitvale Road in NE ¼, NW ¼, Sec. 21, 
T6N, R35E (Figures 1 and 11).  The site is planned to be an infiltration gallery, with the potential for 
a sediment settling pond, with a recharge capacity of 2 to 4 cfs.  The Fruitvale site will be 
constructed in the fall of 2015 and will begin operations pending issuance of a new limited license.  
The site will be constructed in an existing wheat/alfalfa field.  The land has historically (since the 
early 1990s) been in a wheat/alfalfa rotation, however there have been times when a portion of the 
land was planted in corn.  In 2015, the land was planted with peas for the winter with buckwheat to 
follow in the late spring/summer. 

There is one existing well in the area, GW_33, a water well adapted for use in the WWBWC water 
level monitoring network.  An additional planned purpose built monitoring well will be installed 
near the site, GW_171. 

Recharge source water will be delivered from the Fruitvale ditch into the proposed infiltration 
gallery.  WWBWC will be responsible for operating the diversion into the site. 

GALLAGHER 
The proposed Gallagher recharge site will be located approximately 0.75 miles southeast of 
Umapine, OR in SE ¼ and SW ¼ of Sec. 30, T6N, R35E (Figures 1 and 12).  The site is planned to be a 
combination of infiltration galleries and infiltration basins with an expected recharge capacity of 3-
6 cfs.  The Gallagher site will likely be constructed in phases starting with a single infiltration basin 
currently scheduled for construction in 2016, and then incorporating additional basins and the 
infiltration galleries in future years.  The site consists of land that has been fallow and used as a 
horse pasture and farm equipment storage since the 1990s. 

There are two existing wells in the area, GW_36 and GW_119.  GW_36 is an irrigation well used to 
monitor water levels and GW_119 is a purpose built monitoring well used for water quality and 
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water level monitoring.  Down-gradient of the site is an additional well, GW_66.  This well is used 
for water level monitoring in the WWBWC water level monitoring network. 

This site will be connected to the White pipeline (currently the White ditch) and fed from the 
HBDIC system.  Prior to the installation of the White pipeline, water will be delivered down HBDIC’s 
system, routed into Dugger Creek and diverted into the Gallagher ditch.  WWBWC and HBDIC will 
co-manage the diversion for this site. 

JOHNSON 
The Johnson site is an operational recharge site consisting of a combination of infiltration basins 
and infiltration galleries.  The site is located approximately 2.5 miles northwest of Milton-
Freewater, OR between County Road and Prunedale Road in SE ¼, SW ¼, Sec. 33, T6N, R35E 
(Figures 1, 13 and 14). Originally constructed in 2004, the site has undergone two expansion 
phases to provide a recharge capacity ranging between 15 to 18 cfs.  The site was constructed on 
fallow ground (since at least the mid-1990s) but historically was used to grow cherry tree starts. 

There are 6 wells on or very near the site, including: 1 up-gradient well (GW_40), one mid-site well 
(GW_45), and 4 down-gradient wells (GW_46, GW_47, GW_48, and GW_118).  Wells GW_45, GW_46, 
GW_47, and GW_48 are purpose-built monitoring wells drilled and constructed as part of the 
original operation of the site and have been used at various times for water quality monitoring.  
GW_118 is also a purpose built monitoring well.  All wells are included in the basin-wide WWBWC 
water level monitoring network.   

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

The Johnson site will continue to be operated under the existing Limited License LL1433 until 
issuance of Limited License LL1621.     

LEFORE ROAD 
The LeFore Road recharge site is located immediately northeast of Milton-Freewater, OR and north 
of LeFore Road in NE ¼, SW ¼, Sec. 36, T6N, R35E (Figures 1, 15 and 16).  The site is an infiltration 
gallery with an expected recharge capacity of 1-2 cfs.  The LeFore Road site was constructed in 
October 2014 and will brought into use in 2015 pending issuance of a new limited license.  The site 
was built between an apple and cherry orchard.  The land has been utilized as apple/cherry 
orchards since at least the early 1990s. 

There are two purpose built monitoring wells in the immediate area.  GW_152 is immediately up-
gradient of the site and GW_160 is down-gradient of the site.  Additional monitoring wells in the 
general area were installed in the mid-2015. 

Recharge source water will be delivered from a private pipeline into the infiltration gallery.  
WWBWC will be responsible for operating the diversion into the site. 

LOCUST ROAD 
The proposed Locust Road recharge site will be located approximately 1.0 mile north of Milton-
Freewater, OR in SE ¼, NE ¼, of Sec. 35, T6N, R35E (Figures 1 and 17).  The site is planned to be an 
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infiltration gallery with an expected recharge capacity of 1-2 cfs.  The Locust Road site will likely be 
constructed in early 2016.  The site consists of land that has been used as a cherry orchard since at 
least the early 1990s. 

There are two existing wells in the area, GW_14 and GW_116.  GW_14 is an existing water well used 
to monitor water levels and GW_116 is a purpose built monitoring well built in 2009.  These wells 
are used for water level monitoring in the WWBWC water level monitoring network. 

Recharge source water will be delivered from the East Branch Crockett ditch into the proposed 
infiltration gallery.  WWBWC will be responsible for operating the diversion into the site. 

MUD CREEK 
The Mud Creek site is located approximately 2.5 miles northwest of Milton-Freewater, OR between 
State Route 332 and Triangle Road in NW ¼, NW ¼, Sec. 27, T6N, R35E (Figures 1, 18 and 19).  The 
site consists of one infiltration basin with a total expected recharge capacity of 1 to 2 cfs.  The Mud 
Creek site was constructed in the fall of 2015 and will be brought into use pending issuance of a 
new limited license.  The site was constructed in a pasture.  The land has been in pasture grass 
since at least the early 1990s. 

Existing wells in the area include an up-gradient well, GW_117.  An additional planned purpose 
built monitoring well will be installed near the site (GW_170). 

Recharge source water will be delivered from the Fruitvale ditch into the infiltration basins.  
WWBWC will be responsible for operating the diversion into the site. 

NW UMAPINE 
The NW Umapine site is an operational infiltration basin constructed in 2013.  The site is located 
approximately 0.5 miles northwest of Umapine, OR and the intersection of Umapine-Stateline Road 
with State Road 332 in SW ¼, SE ¼, Sec. 24, T6N, R34E just (Figures 1, 20 and 21).  Recharge 
capacity at the NW Umapine site ranges from 2 to 3 cfs.  This site was constructed in a pasture field.  
The land has been used as pasture for at least the last 5 years.  Prior to that it was farmed with a 
wheat/alfalfa rotation. 

There is a single purpose built monitoring well (GW_144) on the site.  Wells in the general area of 
the site include GW_34, GW_36, GW_66 and GW_119, all of which are part of the WWBWC water 
level monitoring network.  GW_119 is a purpose built monitoring well and the other wells are water 
wells that have been adapted for use in the water level monitoring network.   

Recharge source water is diverted from the Richartz pipeline to the basin.  HBDIC manages the 
diversion of water to the site by a turn out from the Richartz pipeline. 
 
The NW Umapine site will continue to be operated under the existing Limited License LL1433 until 
issuance of Limited License LL1621. 
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SUNQUIST 
The Sunquist site will be located approximately 4.5 miles northwest of Milton-Freewater, OR in NE 
¼, SW ¼, Sec. 21, T6N, R35E (Figures 1 and 22).  The site is planned to be an infiltration gallery 
with a recharge capacity of 1-2 cfs.  The Sunquist site is scheduled to be constructed in 2016.  The 
site will be built on land that has been fallow since the early 1990s.  A portion of the land, down-
gradient of the proposed recharge site, was planted as a vineyard in 2012. 

A planned purpose built monitoring well (GW_170) will be constructed up-gradient of this site.  
Two wells exist down gradient, GW_33 (water level well) and GW_171 (purpose built water quality 
and water level well). 

Recharge source water will be delivered from the Fruitvale ditch into the proposed infiltration 
gallery.  WWBWC will be responsible for operating the diversion into the site. 

TRIANGLE ROAD 
The Triangle Road site will be located approximately 3.5 miles northwest of Milton-Freewater, OR 
in NE ¼, NW ¼, Sec. 27 T6N, R35E (Figures 1 and 23).  The site is planned to be an infiltration 
gallery with a recharge capacity of 1-2 cfs.  The site is scheduled for construction in 2016 or 2017.  
The site will be built on land that has been an orchard lane/fruit box storage area.  Historically the 
land has been utilized as an orchard since the early 1990s with a few years of fallow ground. 

Two purpose built monitoring wells (GW_170 and GW_171) will be installed down-gradient of this 
site.  A purpose built monitoring well is up-gradient of the site (GW_117 and another purpose built 
well is cross-gradient to the site (GW_143). 

Recharge source water will be delivered from the Fruitvale ditch into the proposed infiltration 
gallery.  WWBWC will be responsible for operating the diversion into the site. 

TRIANGLE STATION 
The Triangle Station site will be located approximately 3.75 miles northwest of Milton-Freewater, 
OR in NE ¼, NE ¼, Sec. 28, T6N, R35E (Figures 1 and 24).  The site is planned to be an infiltration 
basin with a recharge capacity of 0.5 to 1 cfs.  The Triangle Station site is planned to be constructed 
in 2016 or 2017.  The site will be built on land that has been used as pasture and grass hay since the 
early 1990s. 

Two purpose built monitoring wells (GW_142 and GW_143) exist near the site and a planned 
purpose built monitoring well (GW_170) will be installed up-gradient of the site and another built 
down-gradient of the site (GW_171). 

Recharge source water will be delivered from the Fruitvale ditch into the proposed infiltration 
basin.  WWBWC will be responsible for operating the diversion into the site. 

 TRUMBULL 
The Trumbull site is an infiltration gallery constructed in late 2012 and operational since 2013.  
The site is located approximately 2.5 miles northwest of Milton-Freewater, OR between the 
Umapine Highway and Trumbull Road in NW ¼, SW ¼, Sec. 27, T6N, R34E (Figures 1, 25 and 26).   
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Recharge capacity at the Trumbull site ranges from 1.5 to 2.5 cfs.  The site was built in a fallow field 
that has since been converted to a vineyard.  Historically this land was utilized as cherry/apple 
orchards.  The current vineyard is approximately 50 yards away from the infiltration gallery. 

There are no monitoring wells located at the site, however, an existing purpose-built monitoring 
well (GW117) that is included in the WWBWC water level monitoring network is located 
approximately 0.3 miles east and up-gradient of the site.  Two purpose built wells, GW142 and 
GW143, are located approximately 0.3 to 0.75 miles to the west and northwest of the Trumbull site, 
respectively.  These locations are generally down gradient of the site. 

Recharge source water is delivered to the site from the HBDIC Canal.  HBDIC manages the diversion 
of water to the site.   

The Trumbull site will continue to be operated under the existing Limited License LL1433 until 
issuance of Limited License LL1621. 

WEST RINGER ROAD 
The West Ringer Road site is a modified infiltration gallery that utilizes storm water chambers 
instead of perforated pipes.  The site is located west of Ringer Road, just south of the community of 
Umapine in SW ¼, NE ¼, Sec. 25, T6N, R34E (Figures 1, 27 and 28).  The infiltration gallery was 
constructed in late 2013 and will be brought into use pending issuance of a new limited license.  
The site is expected to have a capacity of 1 to 2 cfs.  This project was built along the edge of and 
under a portion of a field that has had a wheat/alfalfa rotation since the 1990s. 

Wells in the general area of the site include GW_36, GW_66, GW_119 and GW_144.  GW_119 and 
GW_144 are purpose built monitoring wells that are part of the WWBWC water level monitoring 
network.  The remaining wells are water wells adapted for use in the water level monitoring 
network.   

Water will be delivered to this project in one of two routes.  The primary route will be down the 
HBDIC’s Richartz canal and then into Dugger ditch via the pipeline overflow.  The secondary route 
will be down the White ditch, into Dugger Creek and then into Dugger ditch.  WWBWC will be 
responsible for operating the diversion at this site. 

MONITORING PLAN 
This section describes water quality and water level monitoring to be performed in support of the 
AR program.  All monitoring will follow the WWBWC Watershed Monitoring Program Standard 
Operation Procedures provided in Appendix B. 

WATER QUALITY MONITORING 
Water quality monitoring for this multi-site AR program 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 the entire AR program area.  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 (GSI, 2012).  Water quality 
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sampling will be done for field parameters, basic water quality parameters (cations, anions, metals, 
etc.) and synthetic organic compounds (SOC).   

Recharge source water and groundwater will be sampled twice during each recharge season 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 was assembled using data from previous and on-going 
AR operations in the region that use similar source water (see below for complete list of analytes).   

WATER QUALITY SAMPLING SCHEDULE 
Samples will be collected at monitoring points listed in the following sections twice each recharge 
season.  The first sampling event will occur within one (1) week of the start of recharge operations 
(Typically in early November).  The second sampling event will occur within one (1) week after 
termination of each recharge season (typically in mid-May). 

A single SOC sample will be taken at two down-gradient monitoring wells (GW_144 and GW_171) at 
the end of season sampling event (typically in mid-May). 

WATER QUALITY SAMPLING LOCATIONS 

GROUNDWATER 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 program 
and also provide site-specific water quality data for specific AR locations to be operated under the 
proposed limited license.  

Data from these wells, when combined with the source water data collected at the five locations 
named in the following section, will be used to interpret water quality impacts of the entire AR 
program.  As the AR program continues to develop it is anticipated that these monitoring locations 
will be periodically re-evaluated and potentially modified.  The number of monitoring locations 
could increase or decrease as the number of AR sites changes, such as when new sites are added or 
old sites are decommissioned.   

Refer to Table 2 and Figure 30 for groundwater quality site locations and their proximity to AR 
sites. 
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Monitoring 
ID 

Well ID 
Tag # 

Well 
Log # 

GPS 
Coordinates 

Proximity to sites 

GW_141 97758 
UMAT 
57169 

45.945663,  
-118.408360 

Up-gradient: Program, Anspach, Barrett, 
Johnson, Chuckhole 
Mid-gradient: None 

Down-gradient: None 

GW_46 63869 
UMAT 
55114 

45.957821,  
-118.441180 

Up-gradient: Gallagher 
Mid-gradient: Program, Johnson 

Down-gradient: Barrett, Anspach, Chuckhole, 
County Road 

GW_117 91062 UMAT 
56444 

45.962511,  
-118.421880 

Up-gradient: Trumbull, Mud Creek, Triangle 
Road, Triangle Road 

Mid-gradient: Program 
Down-gradient: None 

GW_142 97760 
UMAT 
47171 

45.965550,  
-118.433400 

Up-gradient: Triangle Station and Sunquist 
Mid-gradient: Program 

Down-gradient: Trumbull 

GW_170 N/A N/A 
45.973074,  

-118.428844 

Up-gradient: Mud Creek, Fruitvale, Triangle 
Station, Sunquist 

Mid-gradient: Program 
Down-gradient: Triangle Road, Locust Road 

GW_119 91065 
UMAT 
56447 

45.972883,  
-118.485125 

Up-gradient: NW Umapine, West Ringer  
Mid-gradient: Gallagher 
Down-gradient: Johnson 

GW_144 97761 UMAT 
57172 

45.980159,  
-118.506767 

Up-gradient: None 
Mid-gradient: None 

Down-gradient: NW Umapine, West Ringer Rd, 
Gallagher 

GW_171 N/A N/A 45.991032,  
-118.444754 

Up-gradient: None 
Mid-gradient: None 

Down-gradient: Program, Fruitvale, Sunquist, 
Triangle Station 

GW_151 111667 
UMAT 
57435 

45.994728,     
-118.423728 

Up-gradient: None 
Mid-gradient: None 

Down-gradient: Program, East Trolley 

GW_152 111668 UMAT 
57434 

45.951427,  
-118.376960 

Up-gradient: Program, LeFore Rd 
Mid-gradient: None 

Down-gradient: None 

GW_160 111671 N/A 
45.954846,     

-118.378992 

Up-gradient: Locust Road 
Mid-gradient: None 

Down-gradient: Program, LeFore Rd 

GW_169 N/A N/A 45.940828,      
-118.418978 

Up-gradient: Program, Barrett, Chuckhole 
Mid-gradient: None 

Down-gradient: None 
NOTE: Italicized entries indicate proposed new groundwater monitoring locations. 

Table 2.  Groundwater quality sampling locations in Limited License LL1621. 
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SURFACE WATER LOCATIONS 
Source water quality sampling will be conducted at several locations within 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.   

 Source water monitoring location WQ-1 is in the White Ditch canal up-stream of the 
diversion to the Anspach site.  Samples from this location represent source water diverted 
to the Anspach, Barrett, Chuckhole, County Road and Locust Road sites.  This location is also 
representative of the source water delivered to the Chuckhole site from the Milton pipeline.  
Additionally, this location is up-stream of all recharge sites and is considered representative 
of incoming source water conditions. 

 Source water monitoring location WQ-2 is at the Duff Weir (White Ditch & Hudson Bay 
Canal split) upstream of the diversion for the Johnson, Gallagher and Trumbull sites. 

 Source water monitoring point WQ-3 is at the Huffman-Richartz Weir (start of Huffman & 
Richartz pipelines) upstream of the NW Umapine and West Ringer Road sites.  

 Source water monitoring point WQ-4 is at the Fruitvale Weir upstream of the Mud Creek, 
Fruitvale, Triangle Road, Triangle Station, Sunquist and East Trolley Lane sites. 

 Source water monitoring point WQ-5 is at the Eastside diversion upstream of the LeFore Rd 
site. 

 
Refer to Table 3 and Figure 30 for source water quality site locations and their proximity to AR 
sites. 

 

Monitoring ID GPS Coordinates Source Water Monitoring Sites 

WQ-1 Zerba 45.947580, -118.408015 Anspach, Barrett, County Road, 
Chuckhole, Locust Road 

WQ-2 Duff 45.951665, -118.428920 Johnson, Trumbull, Gallagher 

WQ-3 Huffman-
Richartz 45.976577, -118.475888 NW Umapine, West Ringer Rd 

WQ-4 Fruitvale 45.971173, -118.414991 
Mud Creek, Fruitvale, Triangle 

Road, Triangle Station, Sunquist, 
East Trolley Lane 

WQ-5 Eastside 45.945233, -118.383753 LeFore Rd 

 NOTE: Italicized entries indicate proposed new surface water monitoring locations. 

 

Table 3.  Source water quality sampling locations in Limited License LL1621. 
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WATER QUALITY PARAMETERS 

FIELD COLLECTED PARAMETERS 
 

 

Analyte Sample Matrix 
Analytical 

Method 
Sampling 

Occurrence 
Water 

Temperature 
Surface Water & Groundwater YSI 30 / Orion 5-Star 

Pre & Post 
Operations 

Specific 
Conductance 

Surface Water & Groundwater YSI 30 / Orion 5-Star 
Pre & Post 
Operations 

pH Surface Water & Groundwater Orion 5-Star 
Pre & Post 
Operations 

Dissolved Oxygen Surface Water & Groundwater Orion 5-Star 
Pre & Post 
Operations 

 

LAB PARAMETERS 
 

 

Analyte Sample Matrix Analytical 
Method 

Sampling 
Occurrence 

Potassium Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
Sulfur Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Phosphorus Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
NO3-N Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
NH4-N Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Calcium Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
Magnesium Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Sodium Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
Manganese Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Iron Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
Zinc Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Copper Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 
Lead Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Mercury Surface Water & Groundwater Ag Manager (Unibest) Pre & Post Operations 

Chlorphyrifos Groundwater EPA Method 8141 
Post Operations @ 
GW_144 & GW_F3 

Diuron Groundwater EPA Method 532 
Post Operations @ 
GW_144 & GW_F3 

Malathion Groundwater EPA Method 8141 
Post Operations @ 
GW_144 & GW_F3 

Azinphosmethly Groundwater EPA Method 8141 Post Operations @ 
GW_144 & GW_F3 

Table 4.  Field collected water quality parameters in Limited License LL1621. 

Table 5.  Grab sample/lab analyzed water quality parameters in Limited License LL1621. 
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SAMPLING PROCEDURES & EQUIPMENT (EXTRACTED FROM WWBWC’S SOP) 

WATER QUALITY SAMPLING (GROUNDWATER) 
Groundwater sampling is conducted utilizing the following procedures.  The general overview of 
groundwater sampling includes gathering equipment, measuring the initial water level, installing a 
submersible pump in the well, purging the well at a low flow rate, collecting and labeling all 
required samples and delivering them to the lab or shipping company.  Details on parameters 
sampled for each site can be found in its monitoring and reporting plan. 

Note: this procedure is modified from: 

Marti, 2011.  Standard Operating Procedure for Purging and Sampling Monitoring Wells.  Washington State Department of 
Ecology – Environmental Assessment Program.  EAP078. 

Equipment 
 Sampling field data sheets (see below) or field notebook 
 Chain of Custody form 
 Water level measuring equipment (e-tape) 
 Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved 

Oxygen) 
 Submersible pump 
 Pump controller 
 Tubing and connectors 
 Sample bottles/containers 
 Cooler 
 Ice 
 Deionized water 
 Diluted Bleach solution 
 Non-phosphate soap 
 Nitrile or latex gloves 
 First aid kit 
 Well keys 
 Camera 
 Paper towels or clean rags 
 Plastic sheet for keeping equipment clean 
 Buckets (5-gallon or similar for purge volumes) 
 1 liter container (for purge volumes) 
 Socket set 
 Screwdriver(s) 

 

Purging and Sampling 
1. Check well for any changes or potential hazards. 
2. Make sure equipment has been cleaned and decontaminated (see below for details).  Spread 

plastic or other material if needed to keep equipment clean. 
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3. Wear clean disposable gloves (latex or Nitrile) while performing purging and sampling.  If 
gloves become contaminated or dirty replace with new gloves. 

4. Make sure field water quality meters are calibrated according to the manufacturer’s 
instructions. 

5. If well is equipped with a pressure transducer, note how it is installed and its position to 
replace it after sampling.  Remove the pressure transducer from the well.  Note the time the 
pressure transducer was removed from the well on the data sheet or in the field notebook. 

6. Measure the static water level in the well (see Groundwater Level and Temperature 
protocol below for details). 

7. Measure the depth of the well or refer to the well log to determine the depth of the well. 
8. Calculate the length of the water column.  Calculate the volume of water in the well using 

the following values: 2” well = 0.1631 gallons per linear foot, 4” = 0.6524 gallons per linear 
foot (Equation used for water volume calculation – Volume (gal/ft) = πr2 (7.48 gal/ft3) 
where r is the radius of the well and 7.48 is the conversion factor). 

9. Install the submersible pump into the well.  Be sure to slowly lower the pump into the well 
and through the water to avoid stirring up particulates.  Place the pump in the middle of the 
screen section of the well (refer to well log to determine the open interval for pump 
placement). 

10. Once the pump is installed correctly re-measure the static water level to monitor during 
purging. 

11. Start purging.  Set the pump controller to the desired pumping rate (~1 liter/minute).  See 
notes from previous sampling for pumping rate. 

12. Ideally, wells should be purged and sampled at flow rates at or less than the natural flow 
conditions of the aquifer in the screen interval to avoid drawing down the water level in the 
well.  Use water level measurements to help adjust pumping rates to prevent well 
drawdown.  Purging should not cause significant drawdown (considered to be 5% of the 
total height of the water column).  If drawdown is significant, reduce pumping rate until 
water levels stabilize at an appropriate level. 

13. Record pumping rate on the data sheet or field notebook. 
14. Discharge evacuated water as far as possible from the wellhead and work area. 
15. During purging and sampling water flow should be smooth and consistent without bubbles 

in the tubing. 
16. Once pumping rate has been determined and flow has stabilized, start collecting field 

parameters (water temperature, specific conductance, pH and dissolved oxygen) at regular 
intervals.  The measurement interval will depend upon the pumping rate (typically 2-5 
minutes between measurements). 

17. Record field parameters, water level measurement, and estimated amount of water purged.  
Note any changes in purged water’s appearance (clear, turbid, odor, etc.). 

18. Continue purging well until field parameters stabilize.  Parameters should be considered to 
be stabilized when 3 consecutive measurements fall within the following ranges (see Table 
6): 
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Field Parameter Stabilized Range 
Temperature ± 0.1 ° Celsius 

Specific Conductance <1000 μs/cm ± 10 µs/cm 
Specific Conductance >1000 μs/cm ± 20 µs/cm 

Dissolved Oxygen < 1 mg/L ± 0.05 mg/L 
Dissolved Oxygen > 1 mg/L ± 0.2 mg/L 

pH ± 0.1 pH units 
 

19. Collect samples once field parameters have stabilized.  Do not stop or change pumping rate 
during the final phase of purging and sampling.  

20. Collect most sensitive analytes first (i.e. organics) followed by less sensitive analytes (i.e. 
nutrients).  This order can be modified if using sulfuric or nitric acid preservatives to 
prevent contamination of sulfate and/or nitrogen samples. 
Collect any duplicate or quality control samples (see below for details). 

21. Place samples in an ice-cooled cooler for delivery to the lab or shipping company.  Make 
sure samples do not freeze during transport. 

22. Complete chain of custody form.  Record sample date and time, final water level and 
estimated total purge volume on the data sheet or in the field notebook.  Also record any 
comments or observations regarding the purging and sampling process. 

23. Replace pressure transducer if the well was equipped with one.  Note re-install time on the 
data sheet or in the field notebook. 

24. Clean and disinfect sampling equipment for next sampling event. 
 

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. 

Table 6.  Field collected water quality parameters in Limited License LL1621. 
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WATER QUALITY SAMPLING (SURFACE WATER) 
Surface water sampling is conducted utilizing the following procedures.   

Note: this procedure is a modified from: 

Anderson, 2011.  Standard Operating Procedure for Sampling of Pesticides in Surface Waters.  Washington State Department 
of Ecology – Environmental Assessment Program.  EAP003. 

Equipment 
 Sampling field data sheets (see below) or field notebook 
 Chain of Custody form 
 Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved 

Oxygen) 
 Sample bottles/containers 
 Cooler 
 Ice 
 Deionized water 
 Diluted Bleach solution 
 Non-phosphate soap (Liquinox or similar) 
 Nitrile gloves 
 First aid kit 
 Camera 
 Paper towels or clean rags 
 Plastic sheet for keeping equipment clean 
 Screwdriver(s) 

 

Sampling 
1. Check for any changes or potential hazards. 
2. Make sure equipment has been cleaned and decontaminated (see below for details).  Spread 

plastic or other material if needed to keep equipment clean. 
3. Wear clean disposable gloves (Nitrile) while performing purging and sampling.  If gloves 

become contaminated or dirty replace with new gloves. 
4. Make sure field water quality meters are calibrated according to the manufacturer’s 

instructions. 
5. Collect required field water quality parameters and record on data sheet.  Also note weather 

conditions 
6. Fill out labels on each sample bottle with all necessary information. 
7. Samples will be collected using the “Grab Sample” method described in EAP 003. 
8. Take sample bottles and sampling equipment to the sample site and put on nitrile gloves. 
9. Carefully collect samples by filling each container with water from the site.  Note marked fill 

lines or preservatives to prevent over or under filling of the sample bottle.   
10. Collect any duplicate or quality control samples (see below for details). 
11. Place samples in an ice-cooled cooler for delivery to the lab or shipping company.  Make 

sure samples do not freeze during transport. 



 

B-22 
 

12. Complete chain of custody form.  Record sample date and time on the data sheet or in the 
field notebook.  Also record any comments or observations regarding the sampling process. 

13. Clean and disinfect sampling equipment for next sampling event. 
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 DATASHEET 

 

WATER LEVEL MONITORING 
 

GROUNDWATER LOCATIONS 
The WWBWC currently maintains a water level monitoring program in the area of this aquifer 
recharge program.  Groundwater level monitoring locations provide useful information on aquifer 
recharge influences to the shallow aquifer.  Wells were located to capture up-gradient to down-
gradient influences from individual recharge projects (Figure 31).  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. 
changes to groundwater storage).  Many of the wells used for monitoring have secondary hydraulic 
influences other than aquifer recharge.  For example, 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 A for details on well locations (GPS coordinates) Well ID Tag #’s and UMAT numbers 
(when available).  Groundwater level data will be included in digital format with the written annual 
report.  Additional groundwater level data can be found on the WWBWC’s website. 
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SURFACE WATER LOCATIONS 
Flow monitoring will be done in the canals or pipelines 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.  Each aquifer recharge site will have either a rated intake structure (such as the 
Johnson site) or have a flow meter installed at the diversion from the irrigation canal (such as the 
Anspach site).  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 applicable digital data.  WWBWC 
will also conduct flow monitoring in the canals to estimate seepage losses during aquifer recharge 
operations.  A total diversion from the Walla Walla River (in acre-feet) will be included in the 
annual report. 

QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC) 

FIELD RECORDS 
All field notes, analytical results and other pertinent data associated with the program 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 for the program. 

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 will be included in the 
checklist: 

 Completeness of field data sheets and observation 
 Completeness of chain-of-custody 
 Holding times for all constituents 
 Completeness of laboratory quality controls 

SPECIFIC QA/QC GUIDANCE 
A field duplicate will be conducted once per season.  Field duplicates are two samples collected at 
the same time and location and analyzed in the same batch.   

A field blank will be conducted once per season.  Field blanks will be transfer blanks created using 
deionized water with sample bottles filled at the monitoring site. 

 
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.  The basic goals of the 
annual reports will be to: (1) report water quantity diverted and quantity delivered to each 
recharge site, (2) analyze the data to evaluate how trends related to AR operations are influencing 
groundwater quality and quantity and (3) based on the results of that analysis provide 
recommendations (if any) for adjustments to the monitoring program and AR operations. In 
addition to written annual report, monitoring data collected under this monitoring plan will be 
provided to OWRD and ODEQ with the annual report.     
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APPENDIX C – RECHARGE SITE DESIGNS 
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APPENDIX D – WATER QUALITY RESULTS 

 



 

D-2 
 

 



 

D-3 
 

 



 

D-4 
 

 



 

D-5 
 

 



 

D-6 
 

 



 

D-7 
 

 



 

D-8 
 

 



 

D-9 
 

 



 

D-10 
 

 



 

E-1 
 

APPENDIX E – WELL LOGS FOR MONITORING WELLS 
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GW_47 
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GW_66 Tentatively identified well log 
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GW_144 
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GW_151 
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GW_152 
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GW_160, Page 1 of 3 
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GW_160, Page 2 of 3 
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GW_160, Page 3 of 3 
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No well logs for:  GW_35, GW_40, GW_41, GW_62, GW_63, GW_135, GW_150, GW_169, GW_170, and 
GW_171. 


