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EXECUTIVE SUMMARY

This report summarizes Water Year (WY) 2015 aquifer recharge operations at the Anspach, Barrett,
Johnson, NW Umapine and Trumbull sites and supporting groundwater level and surface water and
groundwater quality monitoring data. The five aquifer recharge sites were operated under Limited
License 1433 (LL-1433) issued by Oregon Water Resources Department. This report was prepared
per Condition 11 of LL-1433 requiring annual reporting of aquifer recharge site operations and
data collected in fulfillment of the water level and water quality monitoring plan.

Source water for all five aquifer recharge sites was diverted from the Walla Walla River at the Little
Walla Walla Diversion in Milton-Freewater, OR. The water was delivered through the Hudson Bay
District Improvement Company’s irrigation system to each site’s turnout. The WY 2015 recharge
season started November 21st, 2014 and ended April, 10th, 2015. The recharge season was
interrupted by low river flows during November, December, March, April and May and by a short
period of freezing temperatures. Annual cleaning of the fish screens at the Little Walla Walla
Diversion prevented recharge operations during the month of February. The total amount of water
diverted under LL-1433 for the WY 2015 recharge season was 2,786.05 acre-feet.

Water level and water quality data were collected in accordance to the approved monitoring plan
for LL-1433. Down-gradient groundwater monitoring wells in the vicinity of the recharge sites
responded to recharge activities, with groundwater elevations increasing and decreasing as
recharge operations began and ended. After recharge operations ended on April, 10th, 2015, water
levels at some monitoring wells remained static or increased in response to increased seepage
through the fully charged ditches/canals and percolation from irrigation.

Groundwater and surface water quality data collected during aquifer recharge activities do not
indicate that AR activities are degrading groundwater quality. Source water quality being delivered
to the aquifer recharge sites was of acceptable quality.

During the WY 2015 recharge season the Walla Walla Basin aquifer recharge program was
significantly limited in the amount of water available for recharge (40% of WY2014’s recharge
volume) because of low snowpack/drought conditions in the basin. Limited instream flows had a
further influence on the groundwater system through increased groundwater pumping due to
limited surface water availability for irrigation. Itis likely that groundwater conditions in WY 2015
would have been worse without the aquifer recharge program’s contribution to groundwater. The
volume of water recharged in ensuing years is expected to return to or exceed the previous year’s
levels assuming snowpack and river flows are close to normal.



TABLE OF CONTENTS

EXECULIVE SUITIIMATY ..ot s s sttt s st et st snses i
0L 0 76 L0 ot () VTP 1
HYATOI0ZIC SETEING ...rvuieereeereeenseeeeese ettt sess et sessss s ssse s ssa bbb s bbb R R AR 2
Aquifer Recharge Site Infrastructure Design and OPeration ........eeeneeneeseessesssssssessssssesssssssees 10
AnSpach AQUIfEr RECHATZE ST ...ttt s bbb s 11
Barrett AQUIfer RECHAIZE SIte......ouieereeirneenee et ss bbb s e 13
Johnson AQUifer RECHAIZE St seeeseeeesees s sees s ss s ssssss s s sssesssesssssasees 14
SPrEAAING BASINS ...euieueeseeereeeseeseeseesseessesssessseessesssessssssssssssees e ssseessesssessss s sse s e s ssess e s s s sasssens e saees 14

o LU o) o B U =) o LTS 15

NW Umapine Aquifer REChAIZE SIte ..o seessesssssss s ssssssssssssssessssssssesssessaes 18
Trumbull AQUIfer RECHATEE ST ...ttt ss bbb bbb s 20
WY 2015 Recharge SyStem MONITOTING. ...ccoeiureueeeeereessesseeseesessesssessesssesssessesssesssssssssssssesssssssssssssssssssssssssssssssssans 21
DT ] 100 4 ) A] 1<) oo P 21
ANSPACH RECNATEE SILE ..ottt s s bbb bbb 22
LT A = PP 22
Alluvial AQUIFET RESPOMNSE .uveureercrerrreesseesseeseeessessseesseesssesssess s s s s sssssssessssssssesssess s sssesssss s sssesssesssesens 23
BarTett RECHATZE SIE ...ttt se s s bbb 25
Alluvial AQUIFET RESPOMNSE .uceureercrerrensseesseeseeessessseesseessesssessseessesssss s sssssssessssesssesssess s sssesssss s sssesssesssseens 26
JONNSON RECNATZE SITE ..ottt se s s e R bbb 28
AlIUVial AQUIFET RESPOMNSE couveureercereireesreetseetseess s ssse s sssess s bbb s bbb bbb a s 32

NW UINAPINE SITE ccvurirreerrreeerereeseesrsrerses s sees s s s ssss s ess s sses s e s s s s 38
AllUVIal AQUITET RESPOMNSE ..oueureeeeeecereieesetet et ses e s s bbb s bbb s s bbb 38
TTUMDUIL STEE oottt s bR R s 41
Alluvial AQUIFET RESPOMNSE couveureerceeerreesseesseceeeessesssessees s sssesssess s ss s s sssess s sssssssseens 41
Water QUAlItY MONITOTINIE ...ouuureuueeureereenrereesseeeessessesseessesseessesssesssssssssesssesssssse s ss s s s ease e s s bbb basns s 44
Source Water Quality DUring WY 2014 .......ossssssssssssssssssssssssssssssssssssssssssssssssssssssanes 44
Table 2. Source Water #1 — Zerba Wl ... s sssssssssssssssssas 44
Table 3. Source Water #2 - Johnson Intake /DUff WeIT ... sseesseenns 45
Table 4. Source Water #3 — Huffman-Richartz SPLit ......csssssssssssssssssssssssnns 45
Groundwater QUAlity MONIEOTING ..cooiureereeureereeuseeeeeserssessesssessesssesssesssssses s ssssssesessse s s sssss s ssss s sasassssssas 49

Table 6. GW_141 (PMW-2 in the Monitoring Plan) ... esssesssssesssessesssssssessseeens 50



0= Lo (A O N 50

TADIE 8. GW_T 17 ettt seessssasse s ssssss s sssess st s ss s s e et 53
Table 9. GW_142 (PWM-3 in Monitoring Plan) ......c.oeeneseensesnesnsesssisssssessessssssssssssssssesssssssssssssssans 53
TADIE 10, GW_TT19 ettt et ssss s sss bbb s R 56
Table 11. GW_144 (PMW-5 in Monitoring Plan]........enesessisssssesssssssssssssssssssessssssssssssssans 56
Table 11. GW_144 (PMW-5 in Monitoring Plan) - Synthetic Organic Compounds (SOCs)........... 59
DiSCUSSION Of RESULES...eurieueeereeseesseeseessesssessseesseessessss s sssssss s ssse s ss bbb s ssEbe e E b aResbee b ne b ss s b s 61
Proposed AR Program i WY 2016 ... eesseeessessessessssssessssssseessessssssssssssessssssssssssesssesssessssssssssssessaes 62
REFEIEIICES ..vuvreuseuserneieisseessetes e s s b e s bbb R R R R R AR R bR bbb 63

Appendix A - Limited License LL-1433

Appendix B - LL-1433 Source and Groundwater Monitoring Plan (without Figures or Appendices)
Appendix C - Recharge Site Designs

Appendix D - Water Quality Results

Appendix E - Well Logs for Monitoring Wells



INTRODUCTION

This report describes groundwater level monitoring data, surface and groundwater quality
sampling data and aquifer recharge (AR) operations during water year (WY) 2015 (October 1, 2014
- September 30, 2015) performed by the Walla Walla Basin Watershed Council (WWBW(C() in
cooperation with the Hudson Bay District Improvement Company (HBDIC). The Walla Walla Basin
AR program has been in existence since 2004. The first pilot project, the Johnson site, was started
in Oregon in the spring of 2004. The program expanded in 2006 with the addition of the Hall-
Wentland site just south of the Oregon-Washington state line. The first AR site in the Walla Walla
watershed within Washington (Locher Road) was put into operation in 2007. For a more in-depth
background to the AR program and the Walla Walla basin’s hydrology and geology, please see the
Walla Walla Basin Aquifer Recharge Strategic Plan (available at

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

In contrast to many other AR projects being implemented nationally and internationally, the Walla
Walla Basin AR program is not currently being implemented to store water that can later be
recovered for beneficial use. Although some use of the stored water is likely occurring at existing
water supply wells located hydraulically down-gradient of the current AR sites, the primary
purpose of AR in the Walla Walla Basin is to restore the watershed by enhancing groundwater
contributions to instream flow for public and regional benefits. Increases in groundwater levels
will not only enhance stream and river baseflow during periods of seasonally low flow, but will also
result in multiple benefits including those for aquatic life and additional water for recreational,
domestic, and irrigation uses.

During WY 2015 the aquifer recharge program comprised five sites: Anspach, Barrett, Johnson, NW
Umapine and Trumbull. The recharge sites were operated under Limited License 1433 (LL-1433)
(Appendix A) issued by Oregon Water Resources Department (OWRD) on March 11, 2013. Source
water for aquifer recharge was diverted from the Walla Walla River at the Little Walla Walla
Diversion in Milton-Freewater, Oregon at a maximum rate of up to 45 cubic feet per second (cfs)
between November 21st, 2014 and April 10th, 2015. Diversion of water was interrupted over
multiple periods due to prolonged freezing weather conditions early in the season, limited instream
flows and for 37 days during February and early March to allow for annual cleaning of the Little
Walla Walla Diversion fish screens. The water diverted for recharge was delivered through the
Hudson Bay District Improvement Company’s irrigation system to each AR site’s turnout. The total
amount of water diverted under LL-1433 from November 1st 2014 through May 15th 2015 was
2,786.05 acre-feet.

Per Condition 11 of LL-1433, the WWBWC is required to submit an annual report that provides
detailed descriptions of AR operations and observations during aquifer recharge. The annual
report’s main goals are to: 1) provide data to evaluate how AR operations are influencing
groundwater quality and groundwater levels and 2) provide recommendations for modifications to
the monitoring program and AR operations based on site operations and interpretation of the data.
To this end, diverted surface water volumes, AR volumes and application rates, groundwater
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elevations, source water quality and groundwater quality data were collected in accordance with
the approved monitoring plan for LL-1433.

Presentation of the WY 2015 AR program operations and monitoring results are organized in this
report as follows:

Introduction
Hydrologic Setting
Aquifer Recharge Sites Design and Construction
WY 2015 AR System Operation and Monitoring
= Source water diversion
* Anspach Recharge Site
= Barrett Recharge Site
= Johnson Recharge Site
= NW Umapine Recharge Site
*  Trumbull Recharge Site

* & o o

¢ Water Quality Monitoring
= Source Water Quality
* Groundwater Quality
¢ Recommendations for WY 2016

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

HYDROLOGIC SETTING

The Walla Walla River (River) system is a bi-state watershed located in northeast Oregon and
southeast Washington (Figure 1). The River’s headwaters are located in the Blue Mountains, the
crest of which defines the eastern extent of the watershed. The mainstem Walla Walla River and its
primary tributaries, Mill Creek and the Touchet River, are the three primary surface water channels
of the system. They coalesce within the Walla Walla Valley from which the Walla Walla River then
flows draining to the Columbia River (Figure 2). This report focuses on the portion of the River
system that comprises the Walla Walla River mainstem and the distributary network, especially
where they flow onto and across the area referred to in the balance of this report as the Walla Walla
Valley.



Figure 1 - The Walla Walla Watershed in Northeast Oregon and Southeast Washington.



ELWWR - East Little Walla Walla River
WLWWR - West Little Walla Walla River
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Figure 2 - The 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 effectively change regime from steep sided canyons in the headwaters portion of the
watershed to a system of distributary and coalescing streams on the central valley floor. With this,
shallow groundwater systems see a regime change from localized, saturated valley deposits and
confined basalt aquifers controlled by the geologic structure of the Columbia River basalt typical of
the highland areas to the more widespread, thick alluvial aquifer system immediately underlying
the valley floor. Depth to basalt beneath the base of the canyon floors in the highland areas
upstream of the cities of Walla Walla and Milton-Freewater is typically less than 60 feet, with 30
feet more commonly observed. Beneath the central valley floor the top of basalt often is hundreds
of feet deep below overlying alluvial sediments.

Groundwater in the Walla Walla Basin occurs in two principal aquifer systems: (1) the unconfined
to confined suprabasalt sediment (alluvial) aquifer system and (2) the underlying confined basalt
aquifer system (Newcomb, 1965). The basalt aquifer system is regional in character, having limited
hydraulic connection to the Walla Walla River, primarily in the canyons of the Blue Mountains. The



alluvial aquifer system is the focus of the aquifer recharge program because of its high degree of
hydraulic connection with streams on the valley floor.

The alluvial aquifer system, or alluvial aquifer, is found within a sequence of continental clastic
sediments overlying the top of basalt (the Mio-Pliocene strata (upper coarse, fine and lower coarse
units) and the Quaternary coarse unit). Beneath the Walla Walla Valley floor these sediments, and
the alluvial aquifer system, is up to 800 feet thick. The majority of the productive portions of the
alluvial aquifer system are hosted by the Mio-Pliocene coarse unit although, at least locally, it is
hosted in the overlying Quaternary coarse unit. The alluvial aquifer is generally characterized as
unconfined, but it does, at least locally, display evidence of confined conditions. Preferential
groundwater flow within the alluvial aquifer is inferred to largely reflect the distribution of coarse
sedimentary strata. General groundwater flow direction is from east to west based on contoured
groundwater elevations in the alluvial aquifer (Figure 3).
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Figure 3 - Water table elevation contours for the alluvial aquifer system.

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 alluvial fans in and around the cities of Walla Walla and Milton-Freewater these natural
distributary channels still exist in part or in whole to this day. These channels are known today as
the East Little Walla Walla River, West Little Walla Walla River, Mud Creek, Yellowhawk Creek, and



Garrison Creek. Prior to the development of water resources in the valley, these distributary
channels, with other (un-named) channels, served as high water channels that conveyed high
amounts of energy and water across the alluvial fan and away from the mainstem Walla Walla River
and Mill Creek. The channels run for several miles, accumulating spring flow, before returning back
to the River further down the valley (Figure 4).
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Figure 4 - Map of the distributary stream networks of the Walla Walla River and Mill Creek. Historically these stream
networks conveyed winter and spring high flows across the valley’s alluvial fans allowing for reduced flood pressure on
the mainstem rivers, provided off-channel habitat and provided recharge to the alluvial aquifer system.

Generally, the ‘spreading out’ of water across the alluvial fans via distributary channels and
adjacent floodplains, coupled with the high hydraulic conductivity of the underlying coarse
sediment, functions as a primary groundwater recharge mechanism for the entire alluvial aquifer.
This seasonally recharged aquifer system in-turn feeds the valley’s springs, spring creeks and larger
streams. This cycling of surface water to groundwater recharge, followed by later discharge in
springs and as stream baseflow creates a delay in discharge of these waters from the valley.



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

The management and development of surface water resources in the basin has led to installation of
flow control devices (i.e. irrigation head gates) at the heads of the distributary channels. Over time,
management of the flow within the distributary network has resulted in a less natural distribution
of floodwaters during periods of high flow. Peak stream flows that would generally occur during
the winter and spring no longer have free access to the distributary network and the adjacent
floodplains that would provide recharge to the underlying alluvial aquifer. The current
management of peak flows, the channelization of the valley’s rivers and creeks and development of
the alluvial aquifer as a groundwater resource has contributed substantially to declining
groundwater levels in the alluvial aquifer.

The decline in alluvial aquifer water levels, coupled with the high hydraulic connectivity between
surface water and alluvial groundwater, has created losing reaches along the streams and/or rivers
where high seepage loss occurs and instream flow is decreased as significant volumes of surface
water drain to the underlying alluvial aquifer (Figure 5).

In recent years, the listing of steelhead and bull trout as threatened under the Endangered Species
Act and the reintroduction of spring chinook salmon within the Walla Walla watershed, has led to
out-of-court agreements between irrigators and Federal fishery agencies to enhance instream
flows. As aresult of these agreements, local irrigators are leaving a portion of their legal water
rights instream as bypass water year round. For example, per civil agreement, Hudson Bay District
Improvement Company and Walla Walla River Irrigation District irrigators leave 25-27 cfs instream
(bypass) throughout the year. However, depending on the water-year and a number of other
factors, it is not unusual to have a significant portion (40-50%) of the bypass water seep into the
underlying alluvial aquifer before it reaches the WA/OR border.

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. Water level declines in the alluvial aquifer since the 1930s and 1940s (Figures 6 & 7)
are consistent with the general decline in discharge from the related springs (Figure 8). These
trends lead one to conclude that over the past several decades there has been a general decrease in
groundwater contributions to baseflow of the Walla Walla River and other surface bodies during
critical low-flow periods. This loss of cooler groundwater baseflow to streams affects not only the
amount of flow in the river but also leads to increased surface water temperature during the low-
flow periods, affecting aquatic species and the stream ecosystem.
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Figure 5 - Results from the water budget analysis of the Walla Walla River in August 2009. Color indicates a given reach
as either gaining or losing. Gains (positive values) indicate groundwater discharging to the river and losses (negative
values) indicate surface water seeping into the ground (see WWBWC, 2014 for details).
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Figure 6 - Hydrograph for Monitoring Well GW_16 showing the long-term groundwater level decline in the alluvial aquifer
system in the Walla Walla basin.
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Figure 7 - Hydrograph for Monitoring Well GW_19 showing the long-term groundwater level decline in the alluvial aquifer
system in the Walla Walla basin.



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

AQUIFER RECHARGE SITE INFRASTRUCTURE DESIGN AND OPERATION

The Anspach, Barrett, Johnson, NW Umapine and Trumbull AR sites were in operation during
WY2015 as part of the WWBWC AR program (Figure 9). Each sites design, construction and
operational capacity is provided below and design drawings for each site are included as
Appendix C.
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Figure 9 - Active aquifer recharge sites in the Oregon portion of the Walla Walla Basin during WY2015.

ANSPACH AQUIFER RECHARGE SITE

The Anspach AR site (Anspach site) was constructed in October 2012 using a combination of
Bonneville Power Administration (BPA) and Oregon Watershed Enhancement Board (OWEB)
funding. The site consists of a turnout structure built by Custom Technology Co. Inc. based in
Yakima, WA. An 8-inch pipe emerges from a flange on the side of the turnout structure after the
water has passed through a 0.062-inch perforated punch screen. The screen is removable for
cleaning purposes. The pipe then manifolds into 10 4-inch diameter perforated drain field pipes
buried 6 to7 feet below ground surface (bgs) and extending approximately 200 feet from the source
water manifold (Figure 10). The perforated pipes sit on top of approximately 1 to 2 feet of cleaned
gravel and are overlaid with approximately 0.5 to 1 foot of cleaned gravel (See Appendix C for
designs). Water for this site is delivered down the HBDIC’s White Ditch and then turned into a
private pipeline/ditch. The Anspach site’s turnout and valve are situated along this private ditch
(Figure 11). The site was designed to operate at a recharge rate of approximately 1 cfs. During the
WY2015 recharge season, the site was operating at under 0.50 cfs. The lower than expected
recharge rate was due to limitations in the water delivery capacity of the private ditch to convey
more water and limited water available for diversion to recharge sites in general.



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

Figure 11 - The turnout structure for the Anspach Aquifer Recharge site.



BARRETT AQUIFER RECHARGE SITE

The Barrett AR site (Barrett site) was constructed in the winter of 2014 using OWEB funding. The
site consists of 7 4-inch perforated drain field pipes buried 4 to5 feet bgs and extending
approximately 600 feet from the source water manifold (Figure 12). The perforated pipes sit on
top of approximately 1 to 2 foot of cleaned gravel under them and are overlaid with approximately
0.5 to 1 foot of cleaned gravel (See Appendix C for designs). Water for this site is delivered down
the HBDIC’s White Ditch and then turned into the Barrett pipeline. The Barrett site’s turnout and
valve are situated along the pipeline (Figure 13). The site was designed to operate at a recharge
rate of approximately 2-3 cfs. During the WY2015 recharge season, the site was operating at 2-4
cfs. The greater than expected recharge rate was likely due to head pressure in the pipeline, the
sediments being more hydraulically conductive than anticipated and large depth to groundwater.
Variations in recharge rate were primarily due to variable pipeline flowrates in response to
clogging of the debris screen at the head of the pipeline. When the pipeline debris screen is clear of
debris the site can run at almost 4 cfs and when clogged with debris the site can run at 1-2 cfs.

Figure 12 - The Barrett Aquifer Recharge site during construction in January 2014. This recharge site utilizes 7 4-inch
perforated pipes that run approximately 600 feet. See Appendix C for designs.



Figure 13 - Turn out structure, valve, flow meter and pipe manifold for the Barrett Aquifer Recharge site. See Appendix C
for design details.

JOHNSON AQUIFER RECHARGE SITE

The Johnson site (Figure 9), 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 2 phases are described extensively in
the final report for the sites first limited license (WWBW(GC, 2010). The site currently has the
capacity for approximately 16 to 17 cfs of infiltration into approximately 3 acres of infiltration
basins (spreading basins) and 3 infiltration galleries (Figure 15). During the WY2015 season the
site had an average inflow rate of around 16 cfs. Johnson site construction is summarized below.
For additional details on the Johnson site please see WWBWC(, 2010, WWBWC(, 2013 and WWBWC,
2014b.

SPREADING BASINS

The Johnson site was originally constructed with three spreading basins (Figure 14). 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 Il included the addition of a hydraulically
up-gradient spreading basin in 2006 and four infiltration galleries in the winter of 2009. Water for
the new up-gradient basin was fed through the original diversion with water being “pushed” into it
from the first basin. Phase Il included the addition of four additional basins on the lower end of the
property, a new out-flow measurement weir, a new pipeline that feeds water to each individual
basin, a telemetry system to remotely monitor site operation and an alternate method to deliver



water to the up-gradient basin. During the Phase III construction of the down-gradient spreading
basins, the largest basin described in the preliminary design was modified because subsurface
material beneath the southern half of the planned basin consisted of finer-grained sand/silt while
the northern half consisted of coarser gravel/cobbles. On the basis of the encountered
heterogeneous conditions, it was decided to divide the down-gradient basin into two basins based
upon the sediment types (Figure 14 & 15).

Figure 14 - The Johnson site’s spreading basins showing the three phases of construction. Phase [ was conducted in 2004-
2005, Phase 11in 2006-2009 and Phase Ill in 2010-2011. See Appendix C for as built designs.

Figure 15 - Aerial photo of the Johnson site from 2013 showing the current configuration of the site with 10 spreading
basins and 3 active infiltration galleries (between the spreading basins and the pile of fill material).

INFILTRATION GALLERIES

During Phase I, 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 4
corrugated 4-inch perforated pipe, IG #2 was constructed of 20 4-inch drain field pipe, IG #3 was 4
4-inch drain field pipe inside Stormtech stormwater chambers and IG #4 was a single 4-inch drain
field pipe inside Atlantis stormwater devices (Figures 16-18). During the first season of testing IG



#1 clogged up and has not been utilized since. 1G #2, IG #3 and IG #4 have all continued to function
and have been operated during each recharge season.

7
)

T

Figure 16 - Photograph of infiltration gallery #2 (IG2) being installed at the Johnson Aquifer Recharge site. 1G2 is 4-inch
perforated drain field pipe installed over washed gravel and buried in ~1 foot of washed gravel with geo-textile fabric on
top of the gravel. See Appendix C for designs.



Figure 17 - Photograph of infiltration gallery #3 (IG3) at the Johnson Aquifer Recharge site. 1G3 is 4-inch perforated drain
field pipe installed within Stormtech stormwater chambers (yellow covers) over washed gravel and buried in ~2 foot of
washed gravel with geo-textile fabric on top of the gravel. See Appendix C for designs.



Figure 18 - Photograph of infiltration gallery #4 (1G4) at the Johnson AR site. 1G4 is a single 4-inch perforated drain field
pipe installed within Atlantis stormwater devices (black milk crates) over washed gravel and buried in ~2 foot of washed
gravel with geo-textile fabric on top of the gravel. See Appendix C for designs.

NW UMAPINE AQUIFER RECHARGE SITE

The NW Umapine AR site (NW Umapine site) was constructed in the fall of 2013 using OWEB
funding. The site consists of a single infiltration basin approximately 100 ft x 200 ft (Figures 19 and
20). The site is supplied by an approximately 1,000-ft long lateral pipeline installed off of HBDIC’s
Richartz’s pipeline. The site was designed to operate at a recharge rate of 2-3 cfs. During the
WY2015 recharge season the site averaged 1-2 cfs. The lower than designed recharge rate in
WY2015 was primarily due to limited water available for diversion to recharge sites in general.



Figure 19 - NW Umapine Aquifer Recharge site during excavation and shaping of the infiltration basin. See Appendix C for
design details.

Figure 20 - NW Umapine Aquifer Recharge site operating during the WY2014 recharge season.



TRUMBULL AQUIFER RECHARGE SITE

The Trumbull AR site (Trumbull site) was constructed in October 2012 using a combination of BPA
and OWEB funding. The site consists of three 8-inch perforated pipes buried 6 feet bgs and
extending approximately 300 feet in length from the source water discharge and inline flow meter
(Figure 21). The perforated pipes sit on top of approximately 1-2 foot of cleaned gravel and are
overlaid with approximately 0.5-1 feet of cleaned gravel (See Appendix C for designs). Recharge
water is delivered through the HBDIC system. The Trumbull site’s water source is at the structure
that splits the HBDIC canal into the Hyline pipeline and the Richardz ditch. The site has its own
turnout and valve so it can operate independent of the ditch or pipeline. The site was designed to
operate at a recharge rate of between 2 to3 cfs. The site was operated during the WY2015 recharge
season at an average rate of 1 cfs. The lower than expected recharge rate is hypothesized to be due
to down-gradient control by springs and groundwater mounding as well as limited head pressure in
the diversion structure due to limited water availability.

Figure 21 - The Trumbull Aquifer Recharge site under construction in October 2012. The site is approximately 300 feet
long with three 8-inch” pipes running the entire length. See Appendix C for designs.



WY 2015 RECHARGE SYSTEM MONITORING

This section describes diversion system monitoring results, individual site AR operations and
groundwater level monitoring conducted at each individual site. The individual operations at each
site are discussed in detail below. Well logs for groundwater monitoring wells are included in
Appendix E.

Diversion System

LL-1433 allows for up to 45 cfs to be diverted from the Walla Walla River for the purpose of testing
artificial recharge. Per the conditions of LL-1433, a minimum instream flow amount is required to
remain in the Tum a Lum reach of the Walla Walla River depending on the time of year (Table 1).
WWBWC coordinated with HBDIC and the OWRD District 5 watermaster to ensure that this
condition of LL-1433 was met during recharge operations in WY 2015.

Table 1. - Minimum instream flow values, measured below Milton-Freewater, OR that must be met before water can be
diverted for OR aquifer recharge sites under Limited License LL-1433.

Minimum Instream Flow Values for Limited License LL-1433

64 cfs 95 cfs 150 cfs

On the basis of observations during WY 2015 recharge operations, not all of the water diverted
from the Walla Walla River at the HBDIC diversion reaches the aquifer recharge sites due to
seepage through unlined portions of the HBDIC canal system and/or evaporative losses. Because
recharge operations occur during winter and spring months, evaporative losses are assumed to be
very small. To estimate ditch seepage losses during diversion, total water volumes at the Little
Walla Walla Diversion stream gage (during periods when only recharge water was being diverted
from the Walla Walla River) were compared to measured water volumes delivered to the recharge
sites. Ditch seepage was estimated by subtracting the water delivered to the recharge sites from
the water diverted from the Walla Walla River, with the difference assumed to be the amount of
ditch seepage.

The total amount of water diverted at the Little Walla Walla Diversion stream gage during the WY
2015 recharge season (November 21st, 2014 to April 10th, 2015) was 2,786.05 acre-feet. A total of
2090.25 acre-feet were applied at the five recharge sites over the same time period. The resulting
calculated ditch seepage from November 21st, 2014 to April 10th, 2015 is 695.8 acre-feet, or
approximately 8.8 acre-feet/day based on a 79 day recharge period in WY 2015.



ANSPACH RECHARGE SITE

OVERVIEW

The Anspach AR site was constructed during the fall of 2012. This site operates under LL-1433 that
was issued on March 11th, 2013. The Anspach site was operated for 47 days during the WY2015
recharge season. Operations were interrupted by cold weather and limited instream flows. During
the WY2015 season the site received a total of 23.28 acre-feet (0.50 acre-feet/day) of water (Figure
22).

Anspach Aquifer Recharge Site Water Delivered - WY 2015 Recharge Season
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Figure 22 - Hydrograph for the Anspach Aquifer Recharge site during WY 2015 showing inflow rates and cumulative
water delivered.



ALLUVIAL AQUIFER RESPONSE

The site has two up-gradient wells (GW_135 and GW_141; Figures 23-24). GW_135 is monitored
quarterly, however these data correspond well with the other up-gradient well, GW_141 which
showed direct groundwater response to recharge operations (Figures 25). Groundwater levels
increased in monitoring well GW_141 in response to recharge activities in late November and early
December. Water levels dropped in February when recharge and ditch delivery operations were
suspended for fish screen maintenance. Increased groundwater levels in March after recharge
operations were concluded for the season indicate that groundwater level changes in GW_141 are
also in response to ditch seepage up-gradient of the well and may also be influenced by percolation
of irrigation water. Quarterly static water levels were measured in the cross-gradient monitoring
well GW_23 (Figure 26). Insufficient monitoring data exists at well GW_23 to indicate if the well
responded to aquifer recharge operations.
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Figure 23 - Monitoring well locations for the Anspach Aquifer Recharge site. Red arrow indicates generalized
groundwater flow direction.



Monitoring Well GW_135 (UMAT n/a, Well ID n/a)
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Figure 24 - Hydrograph for monitoring well GW_135. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

Monitoring Well GW_141 (UMAT 57169, Well ID 97758)
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Figure 25 - Hydrograph for monitoring well GW_141. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.




Monitoring Well GW_23 (UMAT 3941, Well ID n/a)
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Figure 26 - Hydrograph for monitoring well GW_23. Green dotted lines indicate start of recharge operations and red

dotted lines indicate end of recharge operations.

BARRETT RECHARGE SITE

The Barrett AR site was constructed during the winter of 2014. This site operates under LL-1433
that was issued on March 11th, 2013. During the WY2015 recharge season the site operated for 79
days from late November until early April. The site was shut down for cold weather during late
November and early December. The site did not operate after April 10 due to low instreams flows.
The site received a total of 200.01 acre-feet of water at an average rate of 2.53 acre-feet per day

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

ALLUVIAL AQUIFER RESPONSE

Response to recharge operations at the Barrett site were observed at the up-gradient groundwater
monitoring well, GW_62 (Figure 28). Groundwater levels in the monitoring well increased during
recharge operations and decreased when recharge operations stopped (Figure 29). An
approximately one week delay was observed between the start of recharge operations and
increasing groundwater levels.
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Figure 28 - Monitoring well locations for the Barrett Aquifer Recharge site. Red arrow indicates generalized groundwater
flow direction.



Monitoring Well GW_62 (UMAT n/a, Well ID n/a)
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Figure 29 - Hydrograph for monitoring well GW_62. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

JOHNSON RECHARGE SITE

The Johnson site operates under LL-1433 that was issued on March 11th, 2013. The Johnson site
ran for 51 days during the WY 2015 recharge season. The site ran for 2 days in December, most of
January and sporadically in March and early April. Water delivers did not occur for most of
February. The site was turned off for the season on April 9t, 2015 due to low instream flows. The
Johnson site received a total of 1,560.25 acre-feet of water for recharge at an average rate of 30.6
acre-feet per day (Figures 30-33). The total calculated volume of water received includes the 10
spreading basins (1,379.94 acre-feet) and the 3 active infiltration galleries (180.31 acre-feet).



Johnson Aquifer Recharge Site Water Delivered - Basins - WY 2015 Recharge Season
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Figure 30 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to the site’s spreading
basins.
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Figure 31 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to infiltration gallery

#2.




Johnson Aquifer Recharge Site Water Delivered - IG#3 - WY 2015 Recharge Season
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Figure 32 - Hydrograph for the Johnson site showing inflow rates and cumulative water delivered to infiltration gallery
#3.
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Figure 33 - Hydrograph for the Johnson Aquifer Recharge site showing inflow rates and cumulative water delivered to
infiltration gallery #4.

ALLUVIAL AQUIFER RESPONSE

Groundwater monitoring wells (Figures 34-41) near the Johnson site were all observed to have a
distinct increase in water levels shortly after operations began at the site (green dotted lines). As
would be expected, monitoring wells closer to the spreading basins and infiltration galleries
(GW_45-48) responded more rapidly and with greater magnitude increases and decreases in water
levels than those located farther down-gradient (GW_35 and GW_118). Up-gradient monitoring
well GW_40 also showed a strong response to recharge operations with water levels increasing
rapidly during recharge events and decreasing after recharge stops.

Water levels in GW_45, GW_46 and GW_47 were observed to decrease approximately 30 feet
between February 1 to March 9, 2015, when recharge operations were interrupted, and again at the
end of recharge season. The rate of water level decrease was slow relative to the response of the
wells at the beginning of recharge, suggesting that groundwater mounding was occurring beneath
the site, which is consistent with the observed hydraulic response in the alluvial monitoring well
network. Seasonal groundwater fluctuation at the site is typically 40 feet (or more), with the lowest
groundwater levels typically occurring in September/October. The influence of the adjacent



irrigation ditch operation and irrigation activities are apparent in the small increases and decreases
in groundwater levels at the Johnson site monitoring wells between March and October 2014.

Water levels in GW_118 show a year to year positive (i.e. increasing) trend in alluvial aquifer water
levels from WY 2010 through WY 2014 (Figure 41) suggesting that water is being stored within the
alluvial aquifer, potentially due to aquifer recharge activities. This trend was not continued in WY
2015, likely due to decreased recharge in WY 2015 (relative to previous years) and drought
conditions which resulted in increased groundwater pumping to compensate for limited surface
water, especially within the Hudson Bay district. Continued recharge operations and monitoring
are needed to establish a strong correlation between AR and observed long-term aquifer storage

and to observe the long-term effects, if any, of the 2015 drought on groundwater conditions (Figure
41).
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Figure 34 - Monitoring well locations for the Johnson Aquifer Recharge site. Red arrow indicates generalized
groundwater flow direction.
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Figure 35 - Hydrograph for monitoring well GW_40. Green dotted lines indicate start of recharge operations and red

dotted lines indicate end of recharge operations.
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Figure 36 - Hydrograph for monitoring well GW_45. Green dotted lines indicate start of recharge operations and red
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Monitoring Well GW_46 (UMAT 55114, Well ID 63869)
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Figure 37 - Hydrograph for monitoring well GW_46. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

Monitoring Well GW_47 (UMAT 55116, Well ID 63870)
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Figure 38 - Hydrograph for monitoring well GW_47. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.




Monitoring Well GW_48 (UMAT 55117, Well ID 63872)

+ Manual Water Level Measurements

I 11
I 10
= =
e 1 o
- o
A o
| H
(] ]
0 2 o
M 3
® °
= i o
H
- % o
o) l o
o | A £
a / H
i | » . 8
o~ \
- \ ~
o I\ iy )
~ I “\‘ ' =
- ®
4 I o :
> TN s ! /
2 ! e Y 7 H
-
| £
H 1 -
o \ ]
® I \ / 3
] N N —
I W .
i | i || L1 | , :
11/1/2014 12/1/2014 1/1/2015 2/1/2015 3/1/2015 4/1/2015 5/1/2015 6/1/2015 7/1/2015 8/1/2015 9/1/2015 10/1/2015
Date

Figure 39 - Hydrograph for monitoring well GW_48. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

Monitoring Well GW_118 (UMAT 56445, Well ID 91064)
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Figure 40 - Hydrograph for monitoring well GW_118. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.




Monitoring Well GW 118
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Figure 41 - Hydrograph for GW_118, a monitoring well down-gradient of the Johnson AR site.




NW UMAPINE SITE

The NW Umapine site was constructed in the fall of 2013 and operates under LL-1433 that was
issued on March 11t, 2013. The NW Umapine site ran for 42 days during the WY 2015 recharge
season. The site started receiving recharge water in mid-December and operated until the end of
January. The site operated again from mid-March until early April. Recharge operations were
terminated April 9th, 2015 because of low instream flows. The NW Umapine site received a total of
190.21 acre-feet of recharge water at an average rate of 4.5 acre-feet per day (Figures 42).

NW Umapine Aquifer Recharge Site Water Delivered - WY 2015 Recharge Season
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Figure 42 - NW Umapine Aquifer Recharge site inflow rates and cumulative water delivered.

ALLUVIAL AQUIFER RESPONSE

The two groundwater monitoring wells located down-gradient from the NW Umapine site (GW_34
and GW_144) responded to recharge operations (Figures 43-45). The groundwater elevation
response at GW_34 was muted, with small groundwater elevation increase and decrease in
response to recharge operations. The groundwater elevation at GW_144, which is closer to the
recharge site than GW_34, had a greater response to recharge operations during the early portion
of the recharge season. GW_144 groundwater elevation response during the latter half of the
recharge season was muted. Monitoring wells GW-34 and GW_144 appear to be influenced by



other factors. Early fall water level increases could be due to the start of fall irrigation or reduction

of groundwater pumping and summer water level decreases are likely due to increased

groundwater pumping i

n the area.

NW Umapine Aquifer Recharge Project and Monitoring Sites

G r——

1,500 2,000

0 250 500 1,000
ENN N B aaa— et

""m
\\\
‘\‘\
&
\\‘\\
Ll GW_34
'\\‘ \
\\
\\‘\
e
\‘\
\\\
N
o
\‘
\\
[
Fils
g -
w" B v
) 5 S L LS
/
.
/ /
GW_144 g P
4
/
Legend . -
NW Umapine AR Site’
Monitoring Sites Iy
Monitoring Locations
| . Water Level (Purpase Bullt Well) [[* 5% % 9 ¢ o o o ¢+ o o o o o . s
A m=stes
‘Walla Walla Basin Streams
Surface Type
1 Irgation Canals.

Figure 43 - Monitoring well locations for the NW Umapine Aquifer Recharge site. Red arrow indicates generalized

groundwater flow direction.



Monitoring Well GW_34 (UMAT 4135, Well ID n/a)

+ Manual Water Level Measurements
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Figure 44 - Hydrograph for monitoring well GW_34. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

Monitoring Well GW_144 (UMAT 57172, Well ID 97761)

+ Manual Water Level Measurements
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Figure 45 - Hydrograph for monitoring well GW_144. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.




TRUMBULL SITE

The Trumbull site was constructed during the fall of 2012 and operates under LL-1433 that was
issued on March 11t, 2013. The site operated sporadically for about 72 days from the end of
November until the end of January and again for a few days in March before shutting down for the
season near the end of March. Overall, 116.5 acre-feet of water (1.62 acre-feet/day) was delivered
to the site in WY 2015 (Figure 47).

Trumbull Aquifer Recharge Site Water Delivered - WY 2015 Recharge Season
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Figure 46 - Trumbull Aquifer Recharge site inflow rates and cumulative water delivered.

ALLUVIAL AQUIFER RESPONSE

Monitoring well GW_117 located up-gradient from the Trumbull site did not exhibit a distinct
response to aquifer recharge operations (Figures 47 and 48). Groundwater levels increased in
monitoring well GW_117 approximately 45 days after the initial start of recharge operations and
again with the restart of recharge in March. Both of these periods also coincide with the onset of
water conveyance in the nearby irrigation ditch. Elevated groundwater levels at GW_117 continue
into the summer and fall when the nearby ditch is filled with water. Furthermore, a greater
increase in groundwater levels in March and April coincide with the start of irrigation season.



These trends indicate groundwater level response in GW_117 is due to ditch seepage and irrigation
water percolating to the aquifer.

Increased and decreased water levels in the down-gradient monitoring well (GW_142) are
interpreted to be a direct response to aquifer recharge operations at the Trumbull site (Figures 49).
Water levels in monitoring well GW_142 increased in the winter and spring during recharge
activities and declined in late spring and summer after recharge operations were terminated for the
year. The water level in monitoring well GW_142 dropped below the screened portion of the well
during parts of March, June, July, August, September and December.
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Figure 47 - Monitoring well locations for the Trumbull Aquifer Recharge site. Red arrow indicates generalized
groundwater flow direction.



Monitoring Well

+ Manual Water Level Measurements

GW_117 (UMAT 56444, Well ID 91062)
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Figure 48 - Hydrograph for monitoring well GW_117. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.

Monitoring Well GW_142 (UMAT 57171, Well ID 97760)
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Figure 49 - Hydrograph for monitoring well GW_142. Green dotted lines indicate start of recharge operations and red
dotted lines indicate end of recharge operations.




WATER QUALITY MONITORING

Water samples and field parameter measurements were collected in accordance with the approved
monitoring plan for LL-1433. Two water quality sampling events occurred during the WY 2015
recharge season. A summary of the results can be found in Tables 2-11 and graphically in Figures
50-58 below. Analytical laboratory reports are included in Appendix D. Source water quality and
groundwater quality at each site are discussed below.

SOURCE WATER QUALITY DURING WY 2014
Source water samples were collected at three locations on 11/11/2014 and again on 06/16/2015:

e Source Water #1 — Zerba Weir
e Source Water #2 - Duff Weir
e Source Water #3 - Huffman/Richartz Split

In general, water quality appears to be good at all three source water locations with nutrient
contents being below the reporting limit (Total Kjeldhal Nitrogen [TKN]) or extremely low
concentrations present (i.e. orthophosphate). Huffman/Richartz Split source water sample on 11-
11-2014 had a high nitrate concentration of 5.9 mg/L (Table 4), but below the drinking water
standard of 10 mg/L. A post-recharge water quality sample was not collected at the
Huffman/Richartz Split because the ditch was dry. The source water has low concentrations of
major cations (sodium, potassium, calcium and magnesium), major anions (sulfate and chloride),
and low alkalinity (Tables 2-4).

TABLE 2. SOURCE WATER #1 - ZERBA WEIR

Total Organic Carbon (mg/L) 0.98 0.93
Nitrate-N(mg/L) 0.40 0.00
Total Kjeldahl Nitrogen (mg/L) ND ND
Sulfate (mg/L) 0.5 0.5
Chloride (mg/L) 0.0 0.0
Alkalinity (mg/L) 34.4 30.3
Calcium (mg/L) 5.2 4.1
Orthophosphate (mg/L) 0.040 0.020
Sodium (mg/L) 3.7 3.0
Potassium (mg/L) 2.3 2.0
Magnesium (mg/L) 2.6 2.6
Aluminum (mg/L) 0.004 ND
Iron (mg/L) 0.033 ND
Manganese (mg/L) ND ND

ND = no detection



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

Total Organic Carbon (mg/L) 1.09 0.96
Nitrate-N(mg/L) 0.40 0.00
Total Kjeldahl Nitrogen (mg/L) ND ND
Sulfate (mg/L) 0.5 0.9
Chloride (mg/L) 0.0 0.0
Alkalinity (mg/L) 34.8 30.7
Calcium (mg/L) 5.4 4.4
Orthophosphate (mg/L) 0.035 0.006
Sodium (mg/L) 3.7 3.0
Potassium (mg/L) 2.2 2.0
Magnesium (mg/L) 2.6 2.6
Aluminum (mg/L) 0.005 0.008
Iron (mg/L) 0.020 ND
Manganese (mg/L) ND ND

ND = no detection

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

Total Organic Carbon (mg/L) 1.06 N/A (Dry)
Nitrate-N(mg/L) 5.90 N/A (Dry)
Total Kjeldahl Nitrogen (mg/L) ND N/A (Dry)
Sulfate (mg/L) 0.5 N/A (Dry)
Chloride (mg/L) 0.0 N/A (Dry)
Alkalinity (mg/L) 30.0 N/A (Dry)
Calcium (mg/L) 5.4 N/A (Dry)
Orthophosphate (mg/L) 0.033 N/A (Dry)
Sodium (mg/L) 3.6 N/A (Dry)
Potassium (mg/L) 2.1 N/A (Dry)
Magnesium (mg/L) 2.6 N/A (Dry)
Aluminum (mg/L) 0.008 N/A (Dry)
Iron (mg/L) 0.066 N/A (Dry)
Manganese (mg/L) ND N/A (Dry)

ND = no detection
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GROUNDWATER QUALITY MONITORING

Groundwater quality samples and field parameter data were collected at six locations (GW_46,
GW_117,GW_119, GW_141, GW_142, and GW_144) near the five AR sites. The general rationale for
each are listed below.

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

o GWA46: provides down-gradient monitoring for the Hulette Johnson site.

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

o GW_142 (previously PNW3): provides down-gradient coverage for the Trumbull site.

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

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

The six wells were sampled on November 11th, 2014 and June 16th, 2015 and analyzed for the water
quality parameters listed in Table 5. The groundwater sample collected at well GW_144 on June
16t, 2015 was also analyzed for the approved targeted list of herbicides and pesticides (see
Appendix B). Analytical laboratory reports are included as Appendix D.

Table 5. Analyte list, analytical methods, and method reporting limits for WY 2015 Water
Quality Monitoring Program.

Dissolved oxygen (mg/L) - -
| Total organic carbon | SM 5310B | 0.5 |
Nitrate-N (mg/L) EPA 300.0 0.1
| TKN (mg/L) | SM 4500 N B | 0.1 |
Sulfate (mg/L) EPA 300.0 0.1
| Chloride (mg/L) | EPA 300.0 | 0.1 |
Alkalinity (mg/L) SM2320B 5
| Calcium (mg/L) | EPA 200.7 | 0.1 |
Ortho-phosphate (mg/L) EPA 300.0 0.1
| Sodium (mg/L) | SPA 200.7 | 0.1 |
Potassium (mg/L) EPA 200.7 0.1
| Magnesium (mg/L) | EPA 200.7 | 0.1 |
Aluminum (mg/L) EPA 200.7 0.01
| Iron (dissolved) (mg/L) | EPA 200.7 | 0.01 |

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




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

Total Organic Carbon (mg/L) 2.15 1.11
Nitrate-N(mg/L) 22.60 12.50
Total Kjeldahl Nitrogen (mg/L) 1.03 0.97
Sulfate (mg/L) 17.1 16.5
Chloride (mg/L) 9.0 5.0

Alkalinity (mg/L) 111.7 92.1
Calcium (mg/L) 26.7 20.6
Orthophosphate (mg/L) 0.325 0.015
Sodium (mg/L) 12.9 10.3
Potassium (mg/L) 8.1 5.2

Magnesium (mg/L) 14.2 10.9
Aluminum (mg/L) 0.317 0.318
Iron (mg/L) 18.910 0.260
Manganese (mg/L) 0.276 0.002

ND = no detection

TABLE 7. GW_46

Total Organic Carbon (mg/L) 0.52 0.45
Nitrate-N(mg/L) 9.10 0.30
Total Kjeldahl Nitrogen (mg/L) ND ND
Sulfate (mg/L) 3.3 1.2
Chloride (mg/L) 0.0 0.0
Alkalinity (mg/L) 60.9 34.0
Calcium (mg/L) 12.2 4.8
Orthophosphate (mg/L) 0.039 0.031
Sodium (mg/L) 5.1 3.2
Potassium (mg/L) 3.9 2.5
Magnesium (mg/L) 6.2 3.3
Aluminum (mg/L) 0.017 ND
Iron (mg/L) 0.032 0.004
Manganese (mg/L) ND ND

ND = no detection
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TABLE 8. GW_117

Total Organic Carbon (mg/L) 0.42 0.44
Nitrate-N(mg/L) 10.50 4.40
Total Kjeldahl Nitrogen (mg/L) <0.3 <0.3
Sulfate (mg/L) 7.0 7.5
Chloride (mg/L) 0.6 1.0
Alkalinity (mg/L) 62.9 64.1
Calcium (mg/L) 12.8 11.9
Orthophosphate (mg/L) 0.056 0.039
Sodium (mg/L) 6.5 5.5
Potassium (mg/L) 4.3 3.8
Magnesium (mg/L) 6.5 7.0
Aluminum (mg/L) 0.026 0.006
Iron (mg/L) 0.028 0.006
Manganese (mg/L) ND ND

ND = no detection

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

Total Organic Carbon (mg/L) 2.82 0.78
Nitrate-N(mg/L) 7.90 11.60
Total Kjeldahl Nitrogen (mg/L) 0.41 0.37
Sulfate (mg/L) 3.0 9.6
Chloride (mg/L) 0.0 3.0
Alkalinity (mg/L) 65.7 88.1
Calcium (mg/L) 10.5 19.3
Orthophosphate (mg/L) 0.048 0.036
Sodium (mg/L) 5.0 6.6
Potassium (mg/L) 3.6 4.1
Magnesium (mg/L) 8.4 10.1
Aluminum (mg/L) 0.033 0.014
Iron (mg/L) 0.060 0.009
Manganese (mg/L) ND ND

ND = no detection
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TABLE 10. GW_119

Total Organic Carbon (mg/L) 0.93 1.13
Nitrate-N(mg/L) 27.00 35.30
Total Kjeldahl Nitrogen (mg/L) 1.47 1.39
Sulfate (mg/L) 11.3 20.4
Chloride (mg/L) 2.4 3.8
Alkalinity (mg/L) 146.5 148.1
Calcium (mg/L) 28.7 32.8
Orthophosphate (mg/L) 0.089 0.090
Sodium (mg/L) 19.2 18.3
Potassium (mg/L) 8.3 8.0
Magnesium (mg/L) 15.0 17.9
Aluminum (mg/L) ND ND
Iron (mg/L) 0.018 ND
Manganese (mg/L) ND ND

ND = no detection

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

Total Organic Carbon (mg/L) 0.45 1.52
Nitrate-N(mg/L) 23.40 47.80
Total Kjeldahl Nitrogen (mg/L) 3.47 3.60
Sulfate (mg/L) 12.6 10.8
Chloride (mg/L) 2.6 10.0
Alkalinity (mg/L) 100.5 114.1
Calcium (mg/L) 23.8 31.7
Orthophosphate (mg/L) 0.018 0.021
Sodium (mg/L) 13.7 17.2
Potassium (mg/L) 5.2 5.3

Magnesium (mg/L) 9.8 13.6
Aluminum (mg/L) 0.008 0.006
Iron (mg/L) 0.008 0.10
Manganese (mg/L) ND ND

ND = no detection
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TABLE 11. GW_144 (PMW-5 IN MONITORING PLAN) - SYNTHETIC ORGANIC COMPOUNDS (SOCS)

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

ND = no detection



Intra-well variations from the pre-recharge sampling event in November to the post-recharge
sampling event in May are relatively subtle. Up-gradient wells, such as GW_141 and GW_117,
generally have lower concentrations of analytes in the post-recharge sample than the pre-recharge
sample. Down-gradient wells showed a slight increase in most parameters from the pre-recharge
sample to the post-recharge sample. In general, wells that were clearly influenced by recharge
operations (specifically GW_46) were observed to have very similar concentrations of indicator
parameters that were more closely associated with source water, especially at the post-recharge
sampling event (Tables 2 & 7).

On an inter-well basis some substantial differences in groundwater quality were apparent. The
program'’s most up-gradient well, GW_141, was observed to have higher Nitrate (as Nitrogen) and
Alkalinity values than mid-gradient wells GW_46, GW_117 and GW_142 during WY 2015. Wells
located farther down-gradient (GW_119 and GW_144) were observed to have higher
concentrations of Nitrate (as Nitrogen) and Alkalinity, relative to water quality monitoring wells
located up-gradient and mid-gradient within the aquifer recharge program. This trend likely
reflects the influence of agricultural and livestock activities resulting in percolation of nutrients
below the root zone.

Based on the interpretation of hydraulic response and observed leakage in the unlined canal
systems in the Walla Walla basin, it would appear that groundwater quality at some of the “up-
gradient” locations is influenced by surface water contributions from sources other than the
recharge facilities. However, comparing up-gradient and down-gradient monitoring locations at
the Trumbull (GW_117 and GW_142) and Johnson (GW_141 and GW_46) sites shows decreases in
Nitrate (as Nitrogen), Alkalinity and major anion and cation concentrations at the down-gradient
locations relative to the up-gradient locations and that recharge activities are improving, or at least
not degrading, groundwater quality.

WY 2015 sampling detected high levels of Nitrate (as Nitrogen) in many of the wells that was
significantly different from previous years sampling. The source of these nitrates is unknown,
however the data suggests that recharge operations are not the source for increased nitrate values
as indicated by:

1. The source water has very low nitrate (with the exception of the S-3 sample from 11-11-
2014).

2. Elevated nitrate concentrations were observed prior to the start of WY 2015 recharge
operations and were not observed in the WY 2014 post-recharge groundwater quality
sampling.



DISCUSSION OF RESULTS

During the WY 2015 recharge season 2,786.05 acre-feet (907,837,179 gallons) of water was
diverted from the Walla Walla River and delivered to recharge basins and infiltration galleries
recharging the alluvial aquifer northwest of Milton-Freewater, OR. Water levels in down-gradient
alluvial aquifer monitoring wells showed rapid response to recharge, resulting in increases in water
levels in the alluvial aquifer near the sites. Wells down-gradient of the Johnson site show a year to
year positive (i.e. increasing) trend in alluvial aquifer water levels suggesting that water is being
stored within the alluvial aquifer, potentially due to aquifer recharge activities; however, continued
monitoring and recharge operations will likely be needed to establish a strong correlation (Figure
42). Other aquifer recharge sites are anticipated to have similar impacts on the alluvial aquifer
system, however additional years of operation and monitoring are required to evaluate trends at
other sites. Groundwater level yearly lows and yearly highs have been on a positive trend, however
limited recharge volumes and increased groundwater pumping in WY 2015 due to drought
conditions decreased alluvial aquifer water level during the summer/fall of 2015 compared to
previous years. Future monitoring will determine if this has a long term impact on water levels.

The WWBW(C'’s AR program continues to simulate floodplain function and processes that have been
lost due to irrigation development and channelization of the river and stream channels for flood
control and other uses. With continued AR activities and increases in the total annual volume of
water recharged, increases in alluvial aquifer water levels are anticipated, which should lead to
further spring flow and/or base flow to the Walla Walla river system similar to those observed in
previous pilot testing operations at the Johnson site (WWBWC, 2010, WWBWC, 2014b).

The WY2015 recharge season provides insight into how both the groundwater system and the
aquifer recharge program can be influenced by drought conditions. Low instream flows in the
Walla Walla River severely limited recharge operations, especially early in the season (November)
and the second half of the season (March onwards). WY2015’s recharge volume (2,786.05 acre-
feet) was less than 40% of WY2014’s recharge volume (7,156.7 acre-feet). Limited instream flows
had a further influence on the groundwater system through increased groundwater pumping due to
limited surface water availability for irrigation, especially in the Hudson Bay district. Yet, it is likely
that groundwater conditions in WY 2015 would have been worse without the aquifer recharge
program’s contribution to groundwater, both during WY2015 and previous year’s operations.

As in previous recharge seasons, groundwater and surface water quality data collected during
aquifer recharge activities do not indicate that AR activities are degrading groundwater quality per
Condition 5 of LL-1433. In some cases, groundwater quality parameters improved over the
recharge season, while at other locations water quality remained unchanged over the period of
observation. Source water quality being delivered to the aquifer recharge sites continues to be of
acceptable quality and would not be anticipated to degrade groundwater quality.



PROPOSED AR PROGRAM IN WY 2016

Continued operation of the five existing sites in WY 2016 is expected. Operating the newer sites,
Barrett and NW Umapine, for a longer duration should help to identify their influence on the
alluvial aquifer via program monitoring wells. Additionally, expansion of the AR program is
anticipated, pending issuance of a new limited license (submitted in December 2015). The new
limited license will include an additional six sites that are ready for operations and six more sites
that will be added in coming years.

In addition to new sites, WY2016 will continue the operation of near real-time water quality
stations to monitoring conditions of the recharge source water. The goal of these stations is to
eventually operate the aquifer recharge sites using near real-time data for the inflowing source
water and to manage the sites via telemetry. The new water quality stations will operate during the
WY 2016 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 2016 monitoring will continue to be performed per the plan approved under LL-1433. A
report summarizing groundwater level monitoring, water quality monitoring and AR operations
performed during the WY 2016 recharge season will be submitted to OWRD by February 15, 2017.
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APPENDIX A - LIMITED LICENSE LL-1433



Oregon Water Resources Department

Final Order

Limited License Application LL-1433
Hudson Bay District Improvement
Company

Appeal Rights

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

Requested Water Use

On August 31, 2012, the Water Resources Department received completed Limited License
request 1433 from Hudson Bay District Improvement Company for the use of up to 45 cubic feet
per second from the Walla Walla River, located in the SW V4, NE Y, Section 12, Township 5
North, Range 35 East, W.M., for the purpose of artificial groundwater recharge testing, for the
period of November 1, 2012 through December 31, 2017.

Authorities

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

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

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

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

2. The Department provided public notice of the application, on September 11, 2012 as required
by OAR 690-340-0030(2).

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

4. The Department has determined that there is water available for the requested use.



5. The Department has determined that the proposed source has not been withdrawn from
further appropriation.

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

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

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

9. The Department has received comments related to the possible issuance of the limited license
from ODEQ requesting changes to the proposed monitoring plan. These changes pertained to
sampling and reporting. The water quality monitoring plan was revised and approved by
ODEQ on November 28, 2012. The Department has received comments from ODFW in
support of this license and recommending conditions related to instream water rights and
bypass flows. The Department’s Groundwater Section determined the testing and water
quantity monitoring plan submitted as an addendum to the application on January 3, 2013 is
sufficient for artificial groundwater recharge testing. The authorization of Limited License
1433 is conditioned to satisfactorily address issues raised in those comments.

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

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

Order

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

1. The period and rate of use for Limited License 1433 shall be from March 7, 2013, through
December 31, 2017 for the use of up to 45 cubic feet per second from the Walla Walla River,
for the purpose of artificial groundwater recharge testing. The season of use is limited to
November 1 through May 15. This limited License 1433 replaces and supersedes LL-1189
which is of no further force or effect.
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2. The licensee shall give notice to the Watermaster in the district where use is to occur not less
than 15 days or more than 60 days in advance of using the water under this license. The
notice shall include the location of the diversion, and the volume of water to be diverted and
the intended use and place of use.

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

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

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

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

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

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

9. The licensee shall install, maintain and operate fish screening and by-pass devices as required
by the Oregon Department of Fish and Wildlife to prevent fish from entering the proposed
diversion. See copy of enclosed fish screening criteria for information.

-
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10. In supporting this license, ODFW retains the prerogative to pursue a future instream water
right for the Walla Walla River.

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

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

Issued March 112013

/ﬂm/ A

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

Enclosures - limited license

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

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

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

Water Rights Section

Oregon Water Resources Department

725 Summer Street NE, Suite A

Salem OR 97301-1271

Phone: (503) 986-0817 Fax: (503) 986-0901
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FISH SCREENING CRITERIA FOR WATER DIVERSIONS

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

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

Perforated plate: Openings shall not exceed 3/32 or 0.0938 inches (2.38 mm).

Mesh/Woven wire screen: Square openings shall not exceed 3/32 or 0.0938 inches (2.38 mm) in the
narrow direction, e.g., 3/32 inch x 3/32 inch open mesh.

Profile bar screen/Wedge wire: Openings shall not exceed 0.0689 inches (1.75 mm) in the narrow
direction.

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

Approach velocity: The water velocity perpendicular to and approximately three inches in front of
the screen face.

Sweeping velocity: The water velocity parallel to the screen face.

Bypass system: Any pipe, flume, open channel or other means of conveyance that transports fish
back to the body of water from which the fish were diverted.

Active pump screen: Self cleaning screen that has a proven cleaning system.

Passive pump screen: Screen that has no cleaning system other than periodic manual cleaning.

Screen approach velocity for ditch and active pump screens shall not exceed 0.4 fps (feet per second)
or 0.12 mps (meters per second). The wetted screen area in square feet is calculated by dividing the
maximum water flow rate in cubic feet per second (1 cfs = 449 gpm) by 0.4 fps.

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

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

For further information please contact:

Bernie Kepshire

Oregon Department of Fish and Wildlife
7118 NE Vandenberg Avenue

Corvallis, OR 97330-9446
(541)757-4186 x255
bernard.m.kepshire(@state.or.us
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APPENDIX B - LL-1433 SOURCE AND GROUNDWATER MONITORING PLAN
(WITHOUT FIGURES OR APPENDICES)

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



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

Hydrogeologic Setting and
Source Water and Groundwater
Monitoring and Reporting Plan for the
Hudson Bay District Improvement Company
Multi-Site Alluvial Aquifer Limited License Application LL1433,
Umatilla County, Oregon

Prepared for:

Walla Walla Basin Watershed Council and Hudson Bay District Improvement Company
Prepared by:

GSI Water Solutions, Inc.

Draft Plan - January, 3rd 2013



Hydrogeologic Setting and
Source Water and Groundwater
Monitoring and Reporting Plan for the
Hudson Bay District Improvement Company
Multi-Site Alluvial Aquifer Limited License Application LL1433,
Umatilla County, Oregon

Walla Walla Basin Watershed Council
810 S. Main St., Milton-Freewater, OR 97862

And
GSI Water Solutions, Inc.

8019 W. Quinault Ave., Suite 201
Kennewick, WA 99336

x:’c(,-'.‘ru 0s(3112013
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INTRODUCTION

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

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

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

The balance of this document includes the following:

1. Asummary of AR sites to be covered under LL1433 and project goals.
2. Adescription of alluvial aquifer hydrogeology in the project area and immediate vicinity of each
site.
3. The scope of the proposed monitoring effort, including:
a. Proposed number, locations, and physical characteristics of monitoring points.
b. Constituents to be monitored for.
c. Sample collection frequency.
4. Quality assurance and quality control (QA/QC) elements.
5. Reporting.



AQUIFER RECHARGE SITES AND PROJECT GOALS

Project Goals

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

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

Hulette Johnson

The Hulette Johnson site is an operational recharge site consisting of a combination of infiltration basins
and infiltration galleries. The recharge capacity of the site ranges between 15 to 18 cubic feet per
second (cfs). The site is located between County Road 650 and Hogden Road in SE %, SW %, Sec. 33,
T6N, R35E, northwest of Milton-Freewater, OR (Figures 1, 2 and 3). There are 7 wells on or very near the
site, including: 3 up-gradient wells (W40, GW39 and GW41), one mid-site well (GW45), and 5 down-
gradient wells (GW35, GW46, GW47, GWA48, and GW118). Wells GW45, GW46, GW47, and GWA48 are
purpose-built monitoring wells which were drilled and constructed as a part of the original operation of
the site several years ago. These wells have been used at various times for water quality monitoring and
as part of the basin-wide WWBWC water level monitoring network. The other wells noted here also
have been used in the basin-wide water level monitoring network. The Hulette Johnson site will be
operated during the 2012/2013 recharge season under the existing limited license LL1189 until issuance
of LL1433.

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

Anspach

The Anspach site is currently under construction and will be brought into use in late 2012, pending
issuance of the new limited license. The Anspach site is planned to consist of an approximately 5 cfs
infiltration gallery located east of Winesap Road in NW %, NW %, Sec. 30, T6N, R35E, just outside of
Milton-Freewater, OR (Figures 1, 2, and 4). There is an existing well (W135) located at the up-gradient,
southeastern corner of the proposed site. A second existing well (GW23) is located generally down
gradient of, and west southwest of, the proposed site. These are water wells that have been adapted
for use in the basin-wide water level monitoring network. A purpose-built monitoring well, designated
PMW?2, is currently proposed for the east side of the proposed site.

Recharge source water will be delivered by diverting from the HBDIC canal just west of where it crosses
Old Milton Highway/Lamb Street. Water will flow through a pipeline either along the north or south



edge of the property to the south of the canal and then turn south to deliver water to the project
property. HBDIC will be in charge of diverting recharge water to the site from the canal.

Trumbull

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

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

NW Umapine

The NW Umapine site is planned to consist of a 5 cfs infiltration basin located north of the Umapine-
Stateline Road and west of State Road 332 in SW %, SE %, T6N, R34E just northwest of Umapine, OR
(Figures 1, 2 and 6). The NW Umapine facility is anticipated to be brought on line in late 2012/early
2013, pending issuance of the limited license. The infiltration basin will be built in a previously
excavated pit that exists on the site. Only a portion of the pit will be used as an infiltration basin. There
are no monitoring wells or observation wells present on the site. Existing wells in the general area of
the site include GW34, GW36, GW63, and GW119, all of which are part of the basin-wide water level
monitoring network. GW119 is a purpose built monitoring well which the others are water wells which
have been adapted for use in the water level monitoring network. Two new purpose built wells are
proposed for the area of this site, PMW1 located to the south-southeast and PMWS5 located just to the
west.

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

Barrett

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

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



Dugger

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

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

oDOT

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

WALLA WALLA BASIN HYDROGEOLOGIC SETTING

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

Hydrostratigraphy

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

Quaternary Units
Quaternary Fine Unit

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

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

Quaternary Coarse Unit

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

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

Mio-Pliocene Strata

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

Mio-Pliocene Upper Coarse Unit

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



Pliocene upper coarse unit generally is continuous beneath the entire Basin, being absent only in a few,
relatively small areas.

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

Mio-Pliocene Fine Unit

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

Mio-Pliocene Basal Coarse Unit

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

Top of Basalt

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

Alluvial Aquifer Hydrogeology

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

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

Aquifer Properties

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

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

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

Groundwater Level and Flow Direction

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

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

e Water level within the alluvial aquifer varies seasonally. Barker and MacNish (1976, p. 25)
determined that the month of January was the time of year when this aquifer is under the
smallest amount of pumping stress and that water table most reflect unmodified conditions. In
some portions of the Basin, seasonal changes in the water table elevation can be as great as 50
feet (Newcomb, 1965; Pacific Groundwater Group, 1995).


http://www.wwbwc.org/

e Groundwater level declines have been ongoing for a number of years, although recent AR
efforts have reversed these trends at least locally near existing sites, in particular the Hulette
Johnson site (WWBWC, 2010 — attached as Appendix E).

Aquifer Recharge and Discharge

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

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

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

Alluvial Aquifer Water Quality

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

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

e Other parameters, such as TDS, chloride, and electrical conductivity also commonly show
evidence of down gradient reductions attributed to AR activities. These trends are interpreted
as evidence of dilution of these parameters in groundwater by AR water.



e The synthetic organic compound (SOC) data indicate that AR operations have essentially no
influence on SOC's present in groundwater.

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

RECHARGE SITE HYDROGEOLOGY

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

Hulette Johnson

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

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

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

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

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

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

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

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

Recharge Season
Spring 2004 2004-2005  2005-2006  2006-2007  2007-2008  2008-2009  2009-2010  2010-2011  2011-2012

~410 Acre ~1870 Acre  ~2810Acre  ~3230 Acre  ~2740 Acre  ~2840 Acre ~3750 Acre  ~ 3700 Acre  ~3970 Acre
Feet Feet Feet Feet Feet Feet Feet Feet* Feet

* Data collected for the first two months of the 2010-2011 recharge season was erroneous and /or missing. Water volumes for the first two months have been
estimated based upon the 2009-2010 & 2011-2012 seasons




Anspach

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

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

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

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

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

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

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

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

Trumbull

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

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

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

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

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

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

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

The alluvial aquifer water table generally lies in the Quaternary coarse unit, resulting in the entire Mio-

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

NW Umapine

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

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

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

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

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

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

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

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

Barrett

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

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

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

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

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

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

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

Beneath the Barrett site, the alluvial aquifer water table appears to generally lie at, or near, the bottom

of the Quaternary coarse unit, at a depth of approximately 30 to 35 feet bgs. The groundwater flow
direction at the site is generally to the northwest.
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Dugger

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

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

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

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

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

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

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

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

oDOT

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

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

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

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

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

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

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

Beneath the ODOT site the alluvial aquifer water table appears to generally occur within the upper part

of the Mio-Pliocene upper coarse unit, at a depth of approximately 30 to 40 feet bgs. The direction of
groundwater flow at the site is generally towards the northwest.

PROPOSED MONITORING PLAN

This section presents the monitoring plan for the proposed multi-site AR limited license. This plan
includes the following elements: source water and groundwater quality sampling and analysis, water
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level monitoring, and recharge water flow rate measurements. The proposed plan focuses on the
objective of assessing the impacts to alluvial aquifer groundwater of the entire multi-site AR program.
The following sections explain how this monitoring approach would be implemented, locations and
constituents proposed for monitoring, and other supporting information relative to the monitoring
program.

Water Quality Monitoring

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

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

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

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

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

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

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

Analyte Analytical method Method reporting limit (mg/L)

pH - -

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

Total organic carbon SM 5310B 0.5
Nitrate-N (mg/L) EPA 300.0 0.1
TKN (mg/L) SM 4500 N B 0.1
Sulfate (mg/L) EPA 300.0 0.1
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Analyte Analytical method Method reporting limit (mg/L)

Chloride (mg/L) EPA 300.0 0.1
Alkalinity (mg/L) SM23208B 5
Calcium (mg/L) EPA 200.7 0.1
Ortho-phosphate (mg/L) EPA 300.0 0.1
Sodium (mg/L) SPA 200.7 0.1
Potassium (mg/L) EPA 200.7 0.1
Magnesium (mg/L) EPA 200.7 0.1
Aluminum (mg/L) EPA 200.7 0.01
Iron (dissolved) (mg/L) EPA 200.7 0.01
Manganese (dissolved) (mg/L) EPA 200.7 0.05

SOC Sample Collection and Analysis

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

e Rubigan (Fenarimol)

e Ridomil (Metalxyl)

e Systhane/Rally (Myclobutanil)
e Devrinol (Napropamide)

e DDD-DDE-DDT

e Elgetol (DNOC sodium salt)

e Alar/B-Nine (Daminozide)

e Lindane (Lindane)

Source Water Quality Monitoring Locations

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

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

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

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

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

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

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

e  GWA46: provides down gradient monitoring for the Hulette Johnson site.

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

e PNWS3: provides down gradient coverage for the Trumbull site.

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

e PMWS5: provides down gradient monitoring for the NW Umapine site and it provides the
furthest down gradient monitoring point in the entire program.

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

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

Flow and Water Level Monitoring
Surface Flow Monitoring

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

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

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

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

SAMPLING AND ANALYSIS PROCEDURES

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

Water Level Measurements

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

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

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

e Temperature measuring instrument.

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

e Water level meter (0.01 ft resolution).

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

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

e Laboratory supplied sample containers with appropriate preservatives.

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

e Chain of custody forms.

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

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

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

e 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.

e Rinse twice with distilled or deionized water.

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

Water Quality Sampling Procedures
Low Flow Sampling Protocol

The purpose of using low flow rates during low-flow purging is to avoid mobilization of formation solids
and reduce purge volumes required to achieve collection of a sample representative of aquifer water
quality. This technique is premised on minimizing drawdown of the aquifer and stabilization of field
parameters prior to and during sample collection. Pump flow rates should be less than or equal to the
yield of the well, so that a stabilized pumping water level is achieved as quickly as practical, in order to
then expedite the stabilization of the indicator parameters.

Minimal-drawdown procedures should consist of evacuating the total volume of groundwater present in
the sampling system to clear the well pump, tubing, and flow cell, if used, of any stagnant water left
from prior sampling events. In general, a minimum of one (1) volume of the sampling system (i.e. pump,
associated tubing, flow cell, etc.), must be purged. The maximum flow rate is determined by pumping at
a rate, which allows for stabilization of the water level surface within the well. Field measurements
should be initiated at the start of purging and continued at evenly spaced intervals until stabilization.
Measurements of the indicator parameters must be taken at a frequency based on the time it takes to
purge one (1) volume of the pump, associated tubing, and flow cell. For example, if the volume of the
pump, associated tubing, and flow cell is 500 mL and the well is being purged at 250 mL/minute, the
pump, associated tubing, and flow cell will be purged in two (2) minutes. Therefore, measurements
must be taken at least two (2) minutes apart.

Purging will be continued until the final three consecutive measurements for each parameter agree to
within 10% of each other prior to sample collection. Measurements should be taken at appropriate
intervals during the purging process to determine stabilization. Once stabilization has been achieved,
sampling can be conducted at the same rate.

Bailers may be used to collect samples from select wells if a suitable pump is not available or other
circumstances require (e.g. if there is inadequate volume to use a pump). Bailers should be made of
suitable inert materials (such as stainless steel, PVC, or Teflon), when monitoring for organic
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compounds. PVC bailers with non-glued joints may also be used. When bailers are used, the bailer cord
shall be fastened securely to the bailer and shall be constructed of nylon, stainless steel, or
polypropylene, and be specifically manufactured for use in the collection of environmental samples. This
cord must be new, clean, and in good condition. Care should be taken not to excessively disturb the
column of water in the well casing. Gently lower the bailer into the well with each cycle. The sampler’s
knowledge of the depth to water will help in this regard. Attempt to lower the bailer into the water only
to the extent necessary to fill or nearly fill the chamber. Avoid submerging the top of the bailer.
Calibration records should be recorded on the sample collection forms and/or field notebook.

Sample Collection

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

Sample Preservation and Holding Time

Samples should be stored immediately after collection in an ice chest containing sufficient ice to cool
the samples to 4 degrees Celsius (°C). Use “blue ice” if possible. If water ice must be used, seal each
bottle in a plastic bag. Make sure the ice is sealed in plastic bags too. Samples should remain cooled at
4°C and delivered to the laboratory within 24 hours of collection. Sample receipt at the laboratory must
be sooner if analysis includes parameters with a shorter holding time. Care should be taken to prevent
excessive agitation of samples or breakage/leakage of containers. Samples should be analyzed within
the specified holding time for each constituent. One additional sample should be collected from one of
the wells for quality control purposes. The well identification should be omitted from laboratory
paperwork so the sample can be evaluated as a “blind duplicate.”

Resampling

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

Chain of Custody and Sample Handling

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

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

Quality Assurance and Quality Control (QA/QC)

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

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

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

e Completeness of chain-of-custody

e Holding times for all constituents

e Field blind duplicate results

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

e Surrogate percent recovery

e Completeness of laboratory quality control (duplicates, standards, QC samples)
e Comparisons between duplicates

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

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

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

REPORTING

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

about 27 with gravel, with drain holes up.
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n — NATIVE MATERIAL
18" % FILTER FABRIC
LS Uaws
{ V2SI FEHEER I EEN-E  JEE M= oao— 4 DRAIN FIELD PIPE
o |8585850025%0000080008080808088 . grave
1 905"
NOTES

NEED 2000’ OF 4 PVC DRAIN FIELD PIPE. CONNECT THE 4° TO THE 5*
PIPE USING A MAR-MAC POLYSEAL PIPE COUPLER OR EQUIVALENT.

THE INSPECTION PORTS TO BE INSTALLED NEAR THE MIDDLE OF ONE OF
THE ROWS AND NEAR THE END. USE 2’ OF VERTICAL 4“ PIPE WRAPPED
WITH FILTER FABRIC FOR AN INSPECTION PORT. INSTALL A 4° CAP ON THE
END OF THE PIPE AND INSPECTION PORT.

THE FILTER FABRIC TO BE ADS 4000 NONWOVEN OR EQUIVALENT.
75 SQ. YD. NEEDED.

GRAVEL TO BE ANGULAR CRUSHED ROCK WITH THE MAJORITY BEING $-2°,
ABOUT 60 CU. YD. NEEDED.

ABOUT

DATE
12/07

B. HEWES

DESIGNED
CHECKED
APPROVED

B H ENGINEERING

4” PERF. & DRAIN FIELD PIPE DETAILS
UMATILLA COUNTY, OREGON

WWBWC/HBDIC UPPER RECHARGE PROJECT

CAD FILE
whiteperf

SHEET 4
oF 7




DESCRIBED IN THE MANUFACTURERS LITERATURE. TANKS ARE 16“ WIDE,
27" LONG AND 173 HIGH, NEED 336 TANKS FOR H-10 LOADING., USE 4¢

ATLANTIS RAIN TANK DETAIL STORMTECH CHAMBER
PLAN VIEW PLAN VIEW
FLI &L FVE PIPE 21+ PVC PIPE INVERT 885’ 21" PVC PIPE INVERT 88.5°
REDUCED TO 12 /
AND CAPPED | S’ BUTTERFLY VALVE ,
21"'PVC FLANGE __ M 5* BUTTERFLY VALVE
WITH GASKET ,
| | |.—5" Pvc PIPE AND COVER
4 —_5" PVC PIPE
| 4’
T FLOW METER
o I FLOW METER
i e 4 CLASS 160
1 ATLANTIS GALLERY : e Bhar B
Ve I | — 1 1
A
108’ = oy = STORMTECH CHAMBER
o 93 ———
1 \
VINSPECTION PORT '
_ iy - INSPECTION
- o —PORT
ELEVATION VIEW
NATIVE MATERIAL 1
N
18] FILTER FABRIC = 13’ |
ATLANTIS TANK . NATIVE MATERIAL
FLEVATION VIEW
o —— i /——FILTER FABRIC
: 7
f oo o RO e o
T 0-0
NOTES L Q/Q‘K 9/;\\'( T
ASSEMBLE AND INSTALL RAIN TANKS AND INSPECTION PORT AS 6" oo 0 —F—o 6o 0 To—o-0O]~—— STORMTECH CHAMBER

PVC PIPE FOR THE PORT, EXTEND 1’ ABOVE GROUND AND PROTECT WITH oF

A FENCE POST AND END CAP.

FILTER FABRIC TO BE ADS 4000 OR EQUIVALENT, NEED 160 SQ. YD.
FOLD AND TAPE THE CORNERS AS SHOWN IN THE LITERATURE.
GRAVEL TO BE ANGULAR CRUSHED ROCK WITH THE MAJORITY OF

PARTICLES BETWEEN 3-2“, NEED ABOUT 25 CU. YD.

NOTES
ASSEMBLE AND INSTALL CHAMBERS AND INSPECTION PORT AS SHOWN IN
THE MANUFACTURERS LITERATURE. TANKS ARE 34“ WIDE, 7'-2" LONG
AND 16“ HIGH, NEED 50 CHAMBERS. IN LIEU OF THE SUBSURFACE PORT
"SHOWN IN THE LITERATURE EXTEND THE PORT 1° ABOVE GROUND AND
PROTECT WITH A FENCE POST AND END CAP.
FILTER FABRIC TO BE ADS 4000 OR EQUIVALENT, NEED 190 SQ. YD.
GRAVEL TO BE ANGULAR CRUSHED ROCK WITH THE MAJORITY OF

PARTICLES BETWEEN #-2°, NEED ABOUT 115 CU. YD.

EXPIRES 6/30/2009

B. Hewes1/4/2008 1116 AMwhiteatlantis.dwg

DATE
2/07

B. HEWES

DESIGNED
CHECKED

WWBWC/HBDIC UPPER RECHARGE PROJECT
ATLANTIS & STORMTECH CHAMBERS DETAILS
UMATILLA COUNTY, OREGON

CAD FIL!
whiteotlar

SHEET &
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STRUCTURE PERSPECTIVE VIEW

21" PVC
PIPE =

6'-6"

SCREENS NOT
SHOWN

\’5\38'
N
P 2 " <\ o2 A
\ | g’ x _31 1/5-':{
L% —

NOTES

INSTALL THE STRUCTURE ABOUT 133" UPSTREAM

DATE
12/07

B. HEWES

DESIGNED
CHECKED

APPROVED

SCREEN FRAME DETAIL
= HECIEC 2rX1 1/2°X1/4"
s e e ANGLE
]
X CLIP THIS ANGLE §
= | TO PROVIDE A .
&l FLAT SURFACE AT E
o | |/ THE JUNCTION §
EII !
4:-0* &
o 5
>3 1°X17X1/ 4"
1 ANG‘-E\ HANDLE
3/8% BOLTS @11’
- 4'-0"

SCREEN FRAME DETAIL
ELEVATION VIEW

3/8"X1 1/2" BOLT,
LOCK WASHER & NUT

FROM THE END OF THE SPOIL PILE WITH THE

3/16"X1" PLATE
/

4 0

VT

VLA (L L

SCALE 1IN FEET

SECTION A

APRON AT LEAST AT AN ELEVATION OF 93.4" AS
STAKED IN THE FIELD. SET THE ELEVATION OF
THE APRON EVEN WITH THE CHANNEL BOTTOM,
SUPPLY PIPE TO BE 260'-21” CLASS 100 PVC.
INSTALL CONCRETE ACCORDING TO NATURAL
RESOURCES CONSERVATION SERVICE
SPECIFICATION 42, REINFORCED CONCRETE FOR
MINOR STRUCTURES,

USE 4000 PSI STRENGTH CONCRETE, NEED 3.4 CU,
YD.

CONCRETE TO BE VIBRATED, ALL EXPOSED EDGES
TO BE EDGED WITH AN EDGING TOOL.

ANGLE

ELEVATION VIEW
— 4 ———

SCREEN
EXPANDED METAL

1/4"X2*X1" 1/2*

FRAME HANDLE DETAIL

172" ROD, WELD
TO 3/16"X1" PLATE

i |
8#
5/8°%4 1/2"

- 93,4’ SEE
2 %5 " / BH-1 5 NOTE e
= '<Jf< l" - —

e I

*_-___J- _____ e 5 1/2*

> O 1

———12'-3 1/2 — 47— —

NOTE
NOTCH IS ON ALL 4 SIDES OF THE BOX.

BOLTS ARE TO HOLD DOWN THE SCREEN, USE A 17X4”X}“BAR

WITH A 3/4* DIAMETER HOLE 1 FROM ONE END.

3/4"

EXPIRES 6/30/2009

WWBWC/HBDIC UPPER RECHARGE PROJECT
CHECK & SCREEN STRUCTURE
UMATILLA COUNTY, OREGON

R H FNGINFFRTNG

EXPANDED METAL TO BE CARBON STEEL, FLATTENED, 13 GAGE,
SHORT OPENING WIDTH.

CAD FILE

whitescreen

SCREEN TO BE TYPE 304 STAINLESS STEEL, 20 GAGE MINIMUM
WITH 3/32* HOLES SPACED S/32* STAGGERED.

SHEET 6
oF 7



HEADWALL LOOKING DOWNSTREAM
ELEVATION VIEW

e () ————————p|

DOWNSTREAM SIDE
END ELEVATION VIEW

— B =

WALL AND APRON

SIDE ELEVATION VIEW
l— G —

C REINFORCING STEEL SCHEDULE
G c ALL NUMBER 4 BARS, 8° NOMINAL SPACING
P
' BAR NO. SHAPE A B C
- B ,. A~ 20 STRAIGHT 6-1 g —
| L—ﬂ-—l | B 12 AL_B - I Sy L
C 10 A| B 5/-7¢  3'-9¢ -
h — D 2 STRAIGHT 5-8° —- ==
f ! - — \\ E 3 STRAIGHT 19-8* - -—-
/G = H =~ °F F_2 STRAIGHT 3'-7° -—-— —
F G 12 AL_B 3—77  5—1* —-
= H 12 AL_B p'-0* 2'-0* -—-
I 14 STRAIGHT 12'-0" -—-— o
SCREEN BOX - R e
END ELEVATION VIEW K 38 A B 1/-9* DI—fF =
| I | L 19 A[ B_|C 2-6" 4'-3" 2'-6
[—— 1080 FEET NEEDED WITHOUT ANY WASTE
K Tl

EXPIRES 6/30/2009

B. Hewes 8/21/2008 1111 AM whiterebar.dwg

DATE
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DESIGNED_ B. HEWES

CHECKED

APPROVED

WWBWC/HBDIC UPPER RECHARGE PROJECT
REINFORCING STEEL DETAILS

UMATILLA COUNTY, OREGON

B _H _ENGINEERING

CAD FILE
whiterebar
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UMAPINE

SITE PLAN VIEW

EMERGENCY POND
OUTLET WITH FLOW
MEASURING WEIR

NEW PONDS

LOCATION MAP Z

UMAPINE HIGHWAY

N

POND INLET

A

FDWARDS
ROAD

PRUNEDALE
ROAD
—_

X SUNNYSIDE ROAD

SITE\
COUNTY
N
WD

33|34
3[4

HIGHWAY 11

1 0 1

Y77
22000 LLLIEL S

SCALE IN MILES
MILTLIN-

TOWNSRHIP 6N FREEWATER \
RANGE 35E

DATE
9/09

DESIGNED_B. HEWES

{CHECKED
APPROVERB

CONCRETE PIPE

N ‘INLET STRUCTURE PRELIMINARY SUBJECT

EXISTING
PONDS
100 0 100
Y7777
77771 777777773
SCALE IN FEET

TO REVISION

EXPIRES 6/30/2011

wWWBWC/HBDIC LOWER RECHARGE PROJECT

B H ENGINEERING

UMATILLA COUNTY, OREGON

LOCATION MAP & SITE MAP

CAD FILE
whitelowext
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DATE
10/09]

WELD :
PIPE INLET STRUCTURE / REINFORCING STEEL DETAILS
PERSPECTIVE VIEW </ BACK ELEVATION VIEW SIDE ELEVATION VIEW
SLIDE GATE AND TRASH RACK NOT SHOWN : L psrXRrYaR" = BAR A - g
<+ STEEL BAR — [or ZH = BAR A L
~ﬁ*\§\ /’/' ] Oy M
\\\\\\\\ ol b a3 ;
o z % 2
o} b A % %
\\\\K\\////,’ ) of )
0.25°X2X2"X 42" g (9 I o
STEEL ANGLE 5 |9
- e

SADDLE
.t F - » —— —
. WATER stralght 3'-11
SURFACE NOTES
: Tl INSTALL THE PIPE INLET STRUCTURE ACCORDING TO

I CONSTRUCTION SPECIFICATION 42, REINFORCED CONCRETE FOR
MINOR STRUCTURES, USE 4000 PSI STRENGTH CONCRETE,

xNATURAL APPROXIMATELY 3.0 CU, YD. NEEDED,
_}_ REINFORCING STEEL TO BE #4 BARS, NEED 400 FEET ASSUMING

|_
)
L
)
0O
\_/ x
| — - =z
| L d
PRELIMINARY SUBJECT ” T Ly O
S, 7O REVISION 4 | - - v DO
N D" 1 BB | o ! BARB i %B%%
l-—— BAR E ——————I 52 -5
CROSS SECTION VIEW REINFORCING STEEL SCHEDULE Q"J,E L
SLIDE GATE AND TRASH RACK NOT SHOWN ALL NUMBER 4 BARS, 12° NOMINAL SPACING . 2|5
PIPE LINE W =02
|——> STATION 0+00 BAR NO. _SHAPE A__B _C = L O]
A 18 stralght 6-2° -- —- .| é <|T
B 6 ALB IC 1'-7" 6-6" 3'-1'
TV ¢ g Az a7 e v ~5
' D 2 stralght 6&-6* -- -- —J
2* STEEL 9 Ounl=s
PIPE \_ / B87.2’ E 6 ALB IC 1-7 6-6" 1'-7 =a
U S f F 2 stralght 4-6* -- -—- =
24°X12 G 2 _A B 6-6 3-1'-- Ao <
H 2 X 5
™~
O
>
aa)
3
3

i \

GROUND NO WASTE.

/

&
. OREGON
24" ADS  FLEXIBLE 3 , & & CAD FILE
Ni2 PIPE  CONNECTOR DLt \Cg prhitelowstrud
, RDJ. Y
24’ PVC SHEET 2

PIPE EXPIRES 6/30/2011 UF 4




30

80

NOTES

80'-24’ ADS N12 CORRUGATED POLYETHYLENE PIPE

nx N on N

PIPE ‘NEEDS
N S5/-24* CLASS 80 PVC PIPE
80’-18* *
60'-15" 7
0+00 PIPE INLET 200'-12* *
0+05 FLEXIBLE COUPLER 140-10° *
0""10-84'-45. ELBDV 220:_6: r
0+15-247-45° ELBUV 20'-15* PIPE TO POND 2
0+70-24°X24X15* TEE
0+80-24"X18" REDUCER 20’-12* PIPE TO POND 3
1+50-18"X18"X12* TEE 20'-15* PIPE TO POND 6
1+60-18"X15" REDUCER
2+05-15"X15X15* TEE
2+20-15X12" REDUCER ,
20'-10’ PIPE TO POND 7 TO REVISION

PRELIMINARY SUBJECT

4415-12°X12°X10" TEE
4+20-12X10* REDUCER 20’-10 PIPE TO POND 8

5+55-10°X10°X10* TEE
100 0 100 5+60-10"X6’ REDUCER

I/ L
L2 A P TIITITI

SCALE IN FEET

7+65-45° ELBOW
7+85 END OF PIPE
AT POND ©

EXPIRES 6/30/2011

1/14/2005 D04 AM

R Hewes

DATE

DESIGNED B HEWES  _10/09

PLOTTED

APPROVED

WWBWC/HBDIC RECHARGE PROJECT

POND SUPPLY PIPE PLAN & PROFILE
UMATILLA COUNTY, OREGON

+()
31.¢ EINATURAL GROUNT
t0+00 £
Epnaect T INES TR
7;;;:&“' EE et AN =
4+ 5 2 t..;;... > aEat
St /6.5 HiEs 0 005 CAD FILE
+20 45 =75 i 735 hitelowplpe
O FHee = 5 s SHEET 3
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POND EMERGENCY OUTLET
PLAN VIEW

18* CORRUGATED
t / CULVERT

3-9¢ FLOW
l ‘

| ]
1* DIA

BIPE DETAIL _

CONCRETE PAD
30°X30°X5 1727 1/2F

1/4"X2" X" X2'~3"
STEEL ANGLE
WELD
1/47X2*X2'~3*
\ﬁt\\\\ STEEL BAR

2 NEEDED

STILLING WELL WITH
STAFF GAGE

SIDE ELEVATION VIEW
STILLING WELL NOT SHOWN

Ot —tre] I63

REINFORCING STEEL DETAILS
SIDE ELEVATION VIEW

|-<———BARG-—-—-—-—-—

1 ]
BAR A BAR B
| )
N BaR C

| {: BAR F -

PIPE INLET END
ELEVATION VIEW

H
1 -—] 1
< WHITE DITCH X
NORMAL , . 725 \ . .
pooL 745 /} : 1 X
POND  2'-0° ' |
BOTTOM — | \ g BAR Bl e .
—L WEIR PLAT
1* PIPE SEE DETAIL \ l
4 0 4 i
o PRELIMINARY SUBJECT
SCALE IN FEET TO REVISION
& — ¥ ' ~7
d
it E :!
NOTES

INSTALL CONCRETE IN ACCORDANCE WITH CONSTRUCTION SPECIFICATION
42, ‘REINFORCED CONCRETE FOR MINOR STRUCTURES’, USE 4000 PSI
- STRENGTH CONCRETE, NEED ABOUT 2.2 CU. YD.

REINFORCING STEEL ALL #4 BARS, NEED 260 FEET WITH NO WASTE,
CULVERT PIPE MAY BE STEEL OR HIGH DENSITY POLYETHYLENE,

"SET THE WEIR PLATE IN A RABBET CUT INTO A 1 1/2'X1 3/4° BOARD AND
SET INTO THE SOCKETS. THE WEIR PLATE TO BE STEEL 1/87X37X48‘.
SET THE STILLING WELL AT LEAST 2* INTO THE CONCRETE BASE. USE A
MINIMUM PIPE DIAMETER DOF 18”7 EITHER PVC OR STEEL,

SET THE STAFF GAGE ZERO POINT IN THE STILLING WELL LEVEL WITH
THE CREST OF THE WEIR PLATE. INSTALL THE 1* PIPE TO THE STILLING
WELL WITH 1* BETWEEN THE FLOOR AND PIPE.

REINFORCING STEEL SCHEDULE
'ALL #4 BARS, 12° NOMINAL SPACING

‘BAR NO. SHAPE A B Cc
A e stralght /-8 -- -
B 3 ALB IC 1-3" 4-3" 1'-3"
C e ALZB 1'-3* 1"-1* -—-
D o A 1'-6" 4'-0" —-
E 5 A3 1'-3" 4'-8* -—-
F
G
M
I

9 AL_B_IC 2/-4* 4'-3" 2'-4*
10 straight vorles -— -~

4 ALl 1:_3; 4:_11 ——
1 s’cr‘algh'l: 1'-10" -—- --

EXPIRES 6/30/2011

1071572009 1109 AN whitelowwedr deg

Bernard Hewes, n/a

WWBWC/HBDIC LOWER RECHARGE PROJECT

DATE
10/09]

DESIGNED__B. HEWES

{CHECKED
APPROVED

B H ENGINEERING

UMATILLA COUNTY, OREGON

EMERGENCY SPILLWAY WEIR

CAD FILE
whitelowwelr
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LOCATION MAP

DATE
S/12 |

W L !
| 5 § 2000 6 2000 X g
SITE PLAN VIEW x|& . pZeZ s |
SITE : - SCALE IN FEET & ;‘
\ | ; TOWNSHIP 6N A 8
\ i RANGE 34E z d
: & A g
UMAPINE g 8.5 2
|  p4lg & HIGHWAY 332 MILTON FREEWATER
) 2580 5.7 MILES
PHILLIPS RIIAD JOHNSON

EMBANKMENT
.-'""'##

JRINGE‘ /_}EDAD

1L il LIl

: ﬂl\ ;
\\w i

L J} - OUTLET STRUCTURE
W /e

NN~/ 4

G

T SECTION AA

—— NATURAL GROUND

B H FNGINFFRING

e

1001

UMATILLA COUNTY, OREGON

WWBWC/HBDIC UMAPINE RECHARGE PROJECT
PRUJECT SITE PLAN AND LOCATION MAP

ELEV. 669 =
h \
Sl - —~— CUNSTRUCTED POND
e S
~—___15* PVC SUPPLY PIPE
T—
_\-‘-""‘-nq_‘_\_\__\_‘_-_‘_‘_‘_\_\_l_‘-‘-‘___h
.
—
100 0 100 | T
| ] ! . "—-_\___‘_\_‘_H_\_\_
| e CAD FILE
SCALE IN FEET ' umarcgptn
! SHEET 1

EXPIRES 6/30/2013 aF 4
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... o PLAN

15° PVC PIPE >
WITH CONCRETE 5
COLLAR AROUND L.
THE QUTSIDE

VIEW

LID HIOLD DOWN DETAIL

LIT HOLD
DOWN LOOP -

36* CMP

\LID HINGE

Dy _
Hﬂ-fgm__m HINGE DETAIL
LID LIFT Tt
ASSEMBLY — 3 6]
CONCRETE .
o g ELEVATION VIEW Ve 7
WHEEL & - 3/4'%33° ROD  1°X6* PIPE
LIFT NUT ,f ; 4 NEEDED
L
\ . .
\"'\-\...__._:-""Fr HQ{P@J
dy L4 SUPPHORT DETAIL
H“'\-\.
Sﬁrxq_r_st - T I—-—E?.S L""] :"4'K3’K3'X4B‘L"
i ¥ / @MR - 1 1/4°X3°X3°X54.5%7
| ' QUND } 1 WELD ON TOP DF
?l > ==|= THE VERTICAL,
- >, iﬁz DIIS. LI} coLiag  ANGLE CLIP TO FIT
v WELD T
ANGLE ANGLE
Ve CONCRETE y
LID LIFT DETAIL §
¥a BASE DETAIL :
Qc 1/4°X3*X3'X48"
A ANGLE WELD TO
EE: PLATE
Aoy
rons - 5* ANCHOR BOLT
1/2°X3" BOLT —F 1r4°%p*x2r
W/ NUT & RIN / 5/8° HOLE R
2 NEEDED ~—patE

Lzp PLATE

174X X6"

- ‘\ ’FF‘EE,IE!'L- - 3

LOOP DETAIL

' /UE' Riihﬂ
g

rl
WELD TO THE
INSIDE OF THE
CMP WITH THE |
INSIDE OF THE |
L.OOP" 1* ABOVE
THE TOP OF THE CwP

NOTES
AT THE ESTIMATED DESIGN FLOW THE LID
OPENING SHOULD BE ABOUT 6*.
USE 4000 PSI STRENGTH CONCRETE, NEED 0.5
CU. ¥D. REINFORCE THE UPPER SLAB WITH A
#4 BAR LOCATED 3* FROM THE DUTER EDGE,
NEED 4-4'-6" BARS,
LID FOR THE OUTLET TO BE FABRICATED DUT
OF 3/16" STEEL AND BE 40 IN DIAMETER.
USE 1* PIPE PIECES THROUGH THE tO0OPS DN
THE CMP TO TIGHTLY HOLD THE LID DOWN.

EXPIRES &/30/2013

Eavvmry Hiews, FHEG/DI/DNE 1253 AMusircgoutalen

DATE
9/12

pesIGNED B, HEWES

|CHECKED

APPRIOVED

WWBWC/HBDIC UMAPINE RECHARGE PROJECT
MISCELLANEOUS DETAILS
UMATILLA COUNTY, OREGDON

B UH ENGTMNEFEDRDTNG

CaD FILE

umarcgout
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H
L

 EMBANKMENT CROSS SECTION

10—t bEves—677
F_FH_

2]
40°-12* CMP ‘ﬂ\
P
EXISTING POND BOTTOM
\ ELEV, 668
- 200
A

&78

676
675
673

671

674
_..572 — . = ,
670 ———_ s ]
6:? CMP ——an B | ST
! LIMITS OF e
EXCAVATION
—
—
o

-

‘-‘—-1

-

VN_\/_)
677

ELEY, 671

A

0 50

I
|

’////////A

SCaALE IN FEET

SECTIDN AA

—— NATURAL GROUND

100
ELEV, 665

EXCAVATE

CONSTRUCTED BASIN

NOTES
ESTIMATED EXCAVATION VOLUME ABOUT 900
CuU. YD,
CONSOLIDATE THE EMBANKMENT FILL USING A
VIBRATING ROLLER COMPACTOR. USE AT
LEAST Tw0 PASSES OVER 1’ THICK, LDOSE
LAYERS,

EXPIRES 6/30/2013

mhlﬂmmm

IATE

g/12

DEStGED_ B HEWES

[CHECKED
APPRIVED .

BASIN DETAILS
UMATILLA COUNTY, OREGON
B H ENGINFFRING

WWBWC/HBDIC UMAPINE RECHARGE PRUOJECT

CaD FILE
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HIGHLINE
PIPELINE

i
j

N

RICHARTZ

DITCH N\
|
‘r

SUNNYSIDE ROAD

[

%lCHARTZ DITCH

WHITE___ DITCH

PRELIMINARY SUBJECT

-TO REVISION |

RICHARTZ DIVERSION
BEGIN HIGHLINE PIPELINE
~ AND TRUMBO RECHARGE

HIGHWAY 37

2000 0 2000

VLI
Y.L LA

SCALE

77777777
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APPENDIX D - WATER QUALITY RESULTS



o W22 Regr Water Analysis Report
714 So. College Avenue Phone. 509-526-2287
College Place, WA 99324 Fax. B09-526-5272
: o Email : info@wallawatr.com
Vey Testing Ses ©
Customer Name Walla Walla Basin Water Shed Council Invoice 7 2915
Address: 811 S Main P.O.Box 68 Date Collected. 11/11/2014
Cily: Milton Freewater Sampled By, Steve Patten
State: OR Zip: 97863 Report Dafe: 12/10/14
Analyte UNITS S-1 5-2 S-3 GW-46 GW-117 | GW-119 | GW-141 | GW-142 | GW-144
Lab Number 209-06739 | 209-06740 | 209-06741 | 209-06742 | 209-06743 | 209-06744 | 209-06745 | 209-06746 | 209-06747
Total Organic Carbon | mg/L 0.98 1.09 1.06 0.52 0.42 0.93 2.15 2.82 0.45
Nitrate-N mg/L 0.40 0.40 5.90 9.10 10.50 27.00 22.60 7.90 23.40
Total Kjeldahl Nitrogen | mg/L ND ND ND ND <0.3 1.47 1.03 0.41 3.47
Sulfate mg/L 0.5 0.5 0.5 3:3 7.0 11.3 I7.1 3.0 12.6
Chloride mg/L 0.0 0.0 0.0 0.0 0.6 2.4 9.0 0.0 2.6
Alkalinity mg/L 34.4 34.8 30.0 60.9 62.9 146.5 11057 65.7 100.5
Calcium mg/L 5.2 54 5.4 12.2 12.8 28.7 26.7 10.5 23.8
Ortho-Phosphate mg/L 0.040 0.035 0.033 0.039 0.056 0.089 0.325 0.048 0.018
Sodium mg/L 37 3.7 3.6 8:1 6.5 192 12.9 5.0 13.7
Potassium mg/L 2.3 2.2 2.1 3.9 4.3 8.3 8.1 3.6 5.2
Magnesium mg/L 2.6 2.6 2.6 6.2 6.5 15.0 142 8.4 9.8
Aluminum mg/L 0.004 0.005 0.008 0.017 0.026 ND 0.317 0.033 0.008
Iron mg/L 0.033 0.020 0.066 0.032 0.028 0.018 18.910 0.060 0.008
Manganese mg/L ND ND ND ND 0.276 ND ND

Curtis W. Skifstad, Lab Director: /h
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Water Analysis Report

714 So. College Avenue
College Place, WA 99324

Fax.

Email : info@wallawatr.com

Phone. 509-526-9287
509-526-5272

Custorner Namnie: Walla Walla Basin Water Shed Council Invoice # 3609
Address. 811 S Main P.O.Box 68 Date Collected, 6/16/2015
City: Milton Freewater Sampled By Steve Patten
State. OR Zip: 97862 Report Date: 8/18/15
Analyte UNITS S-1 S-2 S-3 GW-46 GW-117 | GW-119 | GW-141 | GW-142 | GW-144
Lab Number 209-08322 | 209-08323 | 209-08324 | 209-08325 | 209-08326 | 209-08327 | 209-08328 | 209-08329 | 209-08330
Total Organic Carbon | mg/L 0.93 0.96 N/A 0.45 0.44 1.13 1.11 0.78 1.52
Nitrate-N mg/L 0.00 0.00 N/A 0.30 4.40 3530 12.50 11,60 47.80
Total Kjeldahl Nitrogen | mg/L ND ND N/A ND <0.3 1.39 0.97 0.37 3.60
' Sulfate mg/L 0.5 0.9 N/A 1.2 7.5 204 16.5 9.6 10.8
Chloride mg/L 0.0 0.0 N/A 0.0 1.0 3.8 5.0 3.0 10.0
Alkalinity mg/L 30.3 30.7 N/A 34.0 64.1 148.1 92.1 88.1 114.1
Calcium mg/L 4.1 44 N/A 4.8 11.9 32.8 20.6 19.3 31.7
Ortho-Phosphate mg/L 0.020 0.006 N/A 0.031 0.039 0.090 0.015 0.036 0.021
Sodium mg/L 3.0 3.0 N/A 3.2 5.5 18.3 10.3 6.6 17.2
Potassium mg/L 2.0 2.0 N/A 2.5 3.8 8.0 52 4.1 5.3
Magnesium mg/L 2.6 2.6 N/A 3.3 7.0 17.9 10.9 10.1 13.6
Aluminum mg/L ND 0.008 N/A ND 0.006 ND 0318 0.014 0.006
Iron mg/L ND ND N/A 0.004 0.006 ND 0.260 0.009 0.010
Manganese mg/L ND ND N/A ND ND ND 0.002 ND ND

Curtis W. Skifstad, Lab Director. /“p@,@?({)uf Q}ﬁ@m)
i L i
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Burlington, WA  Coporte Laboratory(a) 1620 5 Walnut St

Burlmgton, WA 88233

800.755.9295 « 360 757.1400

Bellingham, WA  Merobiology ) 805 Qrchard Dr Ste 4 Befingham, WA 88225 260715.1212
i Portland, OR Microbialogy/Chemistry fc) 3153 SW Pioneer Gt StV Wisomsla, ORGT070 503682 7802
AN ALYT' C AL Corvallis, OR Microbiology (0} 540 SW Third Steel Corvalfs, OR 97333 547753 4248
WSDOE Lab C567
DATA RE PORT Page 1 of 1
Client Name: Walla Walla Regional Water Testing Services Reference Number: 15-12222
714 S College Avenue Project: Recharge TOC and SOC
College Place, WA 99324
Lab Number: 27676 Report Date: 6/30/15
Field ID: GW-144 Date Analyzed: 6/24/15
Sample Description: GW144 Analyst: CO
Matrix: Water Analytical Method: 508.1
Sample Date: 6/16/15 Batch: 508_150624
Extraction Date: 6/24/15 Approved By: co,pdm,ijk
Extraction Method: 3535
Authorized by: ™ .
Wzﬁ___
Patrick Miller, MS
QA Officer
CAS Compound RESULT Flag UNITS PQL MRL MDL D.F. Lab COMMENT
PCBs/Toxaphene
- 1335363 PCBS (Total Aroclors) ND ugiL 0.2 05 . 1.00 a
1104-28: AROCLOR 1221 ND ug/L 20 0.2 1.00 a
11141164 AROCLOR 1232 ND ugl. 05 0.2 1.00 a
5346921+ AROCLOR 1242 ND ugiL 0.3 0.3 1.00 a
1267223« AROCLOR 1248 ND ug/L 0.1 0.08 1.00 a
1109769~ AROCLOR 1254 ND uglL 0.1 0.12 1.00 a
1100682+ AROCLOR 1260 ND ugl. 0.2 0.1 1.00 a
12674-11= AROCLOR 1016 ND ug/l 0.08 0.06 1.00 a
8001352 TOXAPHENE ND uglL 1 1 0.5 1.00 a
EPA Regulated
57-74-9 CHLORDANE, TECHNICAL ND ug/L 0.2 0.2 0.05 1.00 a
 Notes:

Flags are data qualifiers. If there are data qualifiers on your report definitions can be found on an accompanying shest.
ND - indicates the compound was not detectad above the PQL or MDL.

PQL = Practical Quantitation Limit is the lowest level that can be achieved within specified fimits of precision and accuracy during routine laboratory operating conditions.

D.F. - Dilution Factor.

If you have any questions concerning this report contact us at the above phone number.

Form: c608.mpt




Burlington, WA  Componts Latorstory(a) 1520 8 Welnut St

Buringten, WA 88233

500,755,9295 - 350.757.1400

Bellingham, WA  wicoticlogu(o)

835 Qrchard Dr 812 4

Belingham, WA 88225

3801151212

Portland, OR

Microbiology¥Chervisry (¢) 9150 S Picoes: Ol W Wisomia OR 87070

§03682 7602

Corvallis, OR  icobiolgy (9)

540 SW Third Strest

Corvalis OR 97333

541.753.4046

Flags are data qualifiers. If there are data qualifiers on your report definitions can be found on an accompanying sheet.

ND -

the ‘was not d

P d above the PQL or MDL

PQL = Practical Quantitation Limit is the lowest level that can be achieved within specified imits of precision and accuracy during routine laboratory operating conditions.
D.F, - Dilution Factor.

If you have any questions concerning this report contact us at the above phone number.

Form: c60B.rpt

ANALYTICAL
WSDOE Lab C567
DATA RE PORT Page 1 of 1
Client Name: Walla Walla Regional Water Testing Services Reference Number: 15-12222
714 S College Avenue Project: Recharge TOC and SOC
College Place, WA 99324
Lab Number: 27676 Report Date: 6/30/15
Field ID: GW-144 Date Analyzed: 6/24/15
Sample Description: GW144 Analyst: PMS
Matrix: Water Analytical Method: 515.4
Sample Date: 6/16/15 Batch: 515.4_150623
Extraction Date: 6/23/15 Approved By: co,pdm,ijk
Extraction Method: 3511
Authorized by: e
/%77&&&
Patrick Miller, MS
QA Officer
CAS Compound RESULT Flag UNITS PQL MRL MDL D.F. Lab COMMENT
Other
14028 DCPA (ACID METABOLITES) ND ugh. 013 01 0.08 - 1.00 a
ate000 DICAMBA ND uglL 013 0.2 0.07 1.00 a
94-82-6 24DB ND ug/L 0.5 1.0 0.13 1.00 a
93765 2457 ND uglL 013 04 0.04 1.00 a
2505783« BENTAZON ND ugiL 0.5 0.5 0.13 1.00 a
120365 DICHLORPROP ND ugiL 013 05 0.16 1.00 a
50504664 ACIFLUORFEN ND ugiL 013 20 0.15 1.00 a
51-36-5 3.5 - DICHLOROBENZOIC ACID ND ug/L. 0.13 0.5 0.08 1.00 a
EPA Regulated
94-757 24-D ND ugfl 013 0.1 0.05 1.00 a
83721 2,4.5-TP (SILVEX) ND ugiL 013 02 0.11 1.00 a
87-86-5 PENTACHLOROPHENOL ND ugiL 013 0.04 0.05 1.00 a
75980  DALAPON ND ugll 0.5 1 0.26 1.00 a
88-85-7 DINOSEB ND ugiL 0.13 0.2 0.07 1.00 a
-1918.021 PICLORAM ND ugiL 0.13 041 0.08 1.00 a
- Notes:




Burlington, WA  Copouts Laboatoryfa) 1620 § Wi St Bufrgin WASEZI  B00.TS5.8295+ 350757 1400

Bellingham, WA  Meobioioq (5} 805 Orchord Or Ste 4 Belingham, WA 88225 3607151212
X Portland, OR Microbialogy/Chemishry (c) 8150 S Picneer Gt SteV) Wisordle, ORS7070 5015627802
ANALYTICAL Corvallis, OR  crobiskgy () 540 SW Third Swest Conafis OROTI 5417534048
WSDOE Lab C567
DATA REPORT Page 1 of 1
Client Name: Walla Walla Regional Water Testing Services Reference Number: 15-12222
714 S College Avenue Project: Recharge TOC and SOC
College Place, WA 99324
Lab Number: 27676 Report Date: 6/30/15
Field ID: GW-144 Date Analyzed: 6/24/15
Sample Description: GW144 Analyst: CO
Matrix: Water Analytical Method: 525.2
Sample Date: 6/16/15 Batch: 525150624
Extraction Date: 6/24/15 Approved By: co,pdm,rjk
Extraction Method: 3535
Authorized by: o
/Qf?”/td/_‘
Patrick Miller, MS
QA Officer
CAS Compound RESULT Flag UNITS PQL MRL MDL D.F. Lab COMMENT

State Unregulated - Other

— 314400 BROMACIL ND uglL 0.1 0.2 0.07
s737  FLUORENE ND uglL 0.1 0.2 0.04
EPA Unregulated
300002 ALDRIN ND uglL 0.1 0.2 0.04
2318466« BUTACHLOR ND uglt 0.1 0.4 0.05
60-57-1 DIELDRIN ND uglL 0.1 0.2 0.05
51218452 METOLACHLOR ND ug/L 0.1 1.0 0.04
21087-64: METRIBUZIN ND uglL 0.1 0.2 0.05
1918167 PROPACHLOR ND ugiL 0.1 0.2 0.03
EPA Regulated

72208 ENDRIN ND uglL 0.1 0.01 0.02
58-89-9  LINDANE (BHC - GAMMA) ND ugiL 0.1 0.02 0.04
72435  METHOXYCHLOR ND ugiL 0.1 0.1 0.07
1597260« ALACHLOR ND ugiL 0.1 0.2 0.05
-1912-24-9 ATRAZINE ND uglL 0.1 0.1 0.04
50328  BENZO(APYRENE ND ugil. 0.1 0.02 0.03
103231 DHETHYLHEXYL)-ADIPATE ND uglL 0.1 0.6 0.05
17817 DKETHYLHEXYL)-PHTHALATE ND ugil. 0.6 06 0.37
76-44-8 HEPTACHLOR ND ugiL 0.1 0.04 0.04
1024573 HEPTACHLOR EPOXIDE ND ugiL 0.1 0.02 0.03
118-74-1  HEXACHLOROBENZENE ND uglL 0.1 0.1 0.02
77-4744  HEXACHLOROCYCLO-PENTADIENE ND ugiL 0.1 0.1 0.05
122369 SIMAZINE ND uglL 0.1 0.07 0.03
87-86-5 PENTACHLOROPHENOL ND uglL 04 0.04 0.34

1.00
1.00

[

1.00
1.00
1.00
1.00
1.00
1.00

[ I U U ]

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

LT+ N T N I TN I T ]

screening only / compliance
by 515.4

. Notes:

Flags are data quafifiers. If there are dala qualifiers on your report definitions can be found on an accompanying sheet.

ND- the

was nol d above the PQL or MDL.

PQL = Practical Quantitation Limit is the lowest level thal can be achieved within specified limits of precision and accuracy during routine laboratory operafing conditions.

D.F. - Dilution Factor.

If you have any questions concerning this report contact us at the above phone number.

Form: c608.rpt



Burlington, WA  Coporste Laborafory(a) 1520 § Vsl St

Buringion, WA 02031

800.755.9295 » 360 757,140

Bellingham, WA  #cutiology (6)

805 Orchard Dn Sie 4

Belinghem, WA S8225

BOTIBAN2

Portland, OR Microbiology/Chemistry (c) 9150 SW Fianeer 01 Ste W Wisonuils, CRITOT0 503682 7802
AN ALYTI c AL. Corvaliis, OR Microbialogy (d) 540 SW Third Streat Cowalis, CRS7333 6417534845
WSDOE Lab C567
DATA REPORT Page 1 of 1
Client Name: VValla Walla Regional Water Testing Services Reference Number: 15-12222
714 S College Avenue Project: Recharge TOC and SOC
College Place, WA 99324
Lab Number: 27676 Report Date: 6/30/15
Field ID: GW-144 Date Analyzed: 6/22/15
Sample Description: GW144 Analyst: RJK
Matrix: Water Analytical Method: 531.2
Sample Date: 6/16/15 Batch: 531_150622
Extraction Date: 6/22/15 Approved By: co,pdm,ijk
Extraction Method: FILTERO.2
Authorized by: | -
7 &Zév»%
Patrick Miller, MS
QA Officer
CAS Compound RESULT Flag UNITS PQL MRL MDL DF. Lab COMMENT
EPA Unregulated
1846873 ALDICARB SULFOXIDE ND ugiL 1.0 1.0 04 1.00 a
15884 ALDICARB SULFONE ND uglL 1.0 1.6 0.5 1.00 a
475277« METHOMYL ND uglL 1.0 1.0 0.4 1.00 a
1665582+ 3-HYDROXYCARBOFURAN ND uafll 1.0 20 0.6 1.00 a
116063 ALDICARB ND uglL 1.0 1.0 0.6 1.00 a
63252 CARBARYL ND ugiL 1.0 20 0.3 1.00 a
EPA Regulated
23135224 OXAMYL ND ugh. 1.0 2 0.6 1.00 a
1563662 CARBOFURAN ND ugiL 1.0 09 04 1.00 a
Aotes:

* js are data qualifiers. If there are data qualifiers on your report definitions can be found on an accompanying sheet.

de the d was nol

cled above the PQL or MDL.

PQL = Practical Quantitafion Limil is the lowest level that can be achieved within specified limits of precision and accuracy during routine laboratory operating conditions.

D.F. - Dilution Factor.

If you have any questions concerning this report contact us at the above phone number.

Form: c608.1pt




APPENDIX E - WELL LOGS FOR MONITORING WELLS
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STATE WELL KO, _1:3
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TYPE OF WELL: mﬂm Comsiructed 1895, |
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-
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AGQUIFERS:
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WELL TESTS:
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. STATEOF OREGON DAl a3 lle cBE=%5
_MONITORING WELL REPORT -
(as required by ORS 537.765 & OAR 690-240-095) Well m%___‘
Instructions for completing this report are on the last page of this form. Start Card #
- (1) OWNER/P o AW-3 | © LOCATION OF WELL By legal descnpuon
¢ Name n County Latitude. gi
Address ) 5 %53 S unq T Township @or S) Range _35_—&01 W) Secuon_-_3_3_
W __S8E ot A E 14 ofabove section.
(2) TYPE OF WORK S address of well }oczn'on
ﬂ New construction [ Alteration (Repair/Recondition) Tax lot number of well location cotoly
([ Conversion [J Deepening OA ATTACH MAP WITH LOCATION IDENTIFIED. Map shall include
approximate scale and north arrow.
(3) DRILLING METHOD (7) ST WATER LEVEL:
A#TRotary Air ORotaryMud  [JCable Ft. below land surface. pae_3/10/0Y
[ Hollow Stem Auger O Other Artesian Pressure __ 1b/sg. in. Datere e —— ——
(@) BORE HOLE CONSTRUCTION: 8 " (8) WATER BEARING ZONES:
Yes No : Z
Special Standards #] [0 Depth of Completed Well fL Depth at which water was first found /9
6 From To Est. Flow Rate SWL
Water-tight cover
— Surface flush vault
= Locking cap
N # & (9 WELLLOG:
i Ve Ground Elevation
ol One Material F T SWL
e ke R 2
i 54-\4( 5:# A)/;I'JD(.[ o Z
in 2¥ [ 22
<; (‘L;. GIA.JL‘ 22 42
5 Welded Threaded Giued tioel wl/s49A Yo [£2
/ / o O LA 21 | 48
ft.
Lhy
Grout weight

Bemoniteprugateast3ntick | REGEIVED CEIVED
il 3 40 P |—4PR1-2-9004 039804

Py !
LG‘ 4 —-Lé—Tb-L’ WATER-RESOURCESDEPT WA RESQURECES DEP”
To SALEM. ORECON QREGON
O in.
Filter pack:
Material é,: Date suned__2/3 [0Y Completcd__3 (10 [6Y)
Sz /20 4) Monitor Well C Certfication: _
1 certify that the work 1 p d on the i ion, or abandon-
(5) WELL TESTS: ment of this wcll isin complnnoe with Oregon water supply well construction
O Pump [ Bailer OAir [J Flowing Artesian ion reported above are true to the best of my

knowledg:

e and belj f
Permeability Yield GPM @ /{ / MWC Number £38
C ivity Signed Date
ft.

of water TIEC Depth artesian flow found

(bonded) Monitor Well Coastructor Certification:

Was water analysis done? [JYes [dNo L accept ibility for the i & ibaad ok
By whom? p d on thi; dusipg the construction dates mpond above. All work
d fl.to fr. perfp in compliance with Oregon water supply well

Depth of strata to be analy From,
J 5 con! Pfis report is true to the best of my knowledge and belicf.

- - MWC Numbc/ ag
Name of supervising GeolognsdEnglmer_&md_LIML’___ Sigrked

ORIGINAL COPY — WATER RESOURCES DEPARTMENT  FIRST COR SECOND COPY - CU MER
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o UMAT ORS |

55114
STATE OF OREGON UMAT 55114
—ONITORING WELL REPORT w3
- {as requiz=d by ORS 537.765 & OAR 690-240-095) €
Instructions for completing this report are on the last page of this form. Start Card # _j_é.iz 27
= o) owgw.n TR  WELLNO. . A16/-1 F WELL By legal description:
9 Name/ uﬁi‘f?& 5’Bhn,$0m i __33__Longimde
Address 2‘5}?3 (SH. L{) f a % i @urS) Range___@or w) Sectionjg__.
Cit b ! Staer zip §7%€2 S 1/4 of above section.
Street address of well location 0 2,
(2) TYPE OF WORK X / Y W egt 5
_Z New construction [ Alteration (Repair/Recondition) Tax lot number of well location M&M"——
[ Conversion O Deepeni [ Aband ATTACH MAP WITH LOCATION IDENTIFIED. Map shall include veedoks
approximate scale and north arfow.
(3) DRILLING METHOD (7) STA WATER LEVEL:
[2Rotary Air [] Rotary Mud [] Cable Ft. below land surface. Date 3 l S (o 4
(] Hollow Stem Auger [J Other Artesian Prdssure________lb/sq. in. Date
(4) BORE HOLE CONSTRUCTION: . (8 WATER BEARING ZONES:
7y Yes No S—o'
Special Standards B0 Depth of Completed Well ft. Depth at which water was first found 7
Land sarface From To Est. Flow Rate SWL
Water-tight cover
Surface flush vault
— Locking cap
in. (9 WELLLOG:
Hp Pve Ground Elevation
Material Fi T SWL
D Z’ D e rom o
; &Lul_?ﬁl&&h'x [2) 24
in. { s | pe] 4 50
~ é,m;n W [siHy, susd | 50 7’ ]
Welded Threaded Glued
EE
Well scal:
ahwile ChYs
Amount ig3
Grout weight
7 Borehole diameter
in.
Bentonite phug at least 3 ft. thick = =Y r=v— :
Screen : RECEIVED |
Bliee metecint s h YO Pve {
e~ interval(): APR 12 MAY ¢ 3 baga
5 e From_[7.To 2
T0 From To, WATER|RESQUR{ PT
L2 Slotsize JOR O in. SALEM OREGON SALEM, OREGON
Filter pack: A I
Muterial Tyl pacsared__3/9 /DY Completcd_3. /9[04
sie_£p/20 _in bonded) Monitor Well C: Cenification: _
1 centify that the work I perf d on the i Jteration, or abandon-
5) WELL TESTS: ment of this well is in compliance with Oregon water supply well construction
J Pump [ Bailer O Air [ Flowing Artesian kno:vl;:l . ials used and i ion reported above are truc to the best of my
Permeability Yicld GPM j‘ ) MWC Number 0
C ivity PH Signed 2 4 .,6{ /{ /l Date
P of water 57 &C Depth artesian flow found f. (bonded) Monitor Well Constructor Certification:
Was water analysis done? [1Yes Mo 1 sibility for the g e work
By whom? performed on this hug the construction dates reported above. All work
Depth of strala to be analy d. From fl.to f1,  peplogmed b8 ¢As in compliance with Oregon water supply well
Remarks: 'mponisuuctomebwofmykmwbdgemlbe!i g
— MWC Numl
Name of supervising GeologistEngineer L Date

ORIGINAL COPY — WATER RESOURCES DEPARTMENT  FIRST GQBY - CONSTRUCTOR ~ SECOND COPY —CUS
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UMAT 55116 B sz
STATE OF OREGON UMAT 55116
NITORING WELL REPORT
(nsorequired by ORS 537.765 & OAR 690-240-05’) Well ID# L 6 3 870
Instructions for completing this report are on the last page of this form. Start Card # /6322%

a OWN'MFE# Sy HW-2 | (6 LOCATION OF WELL By legal description:
ﬁ J D }’l n = County /) Latitude Longitude _______
Address 2 ﬂg m . S Townshi Dors) Range __Zb_@r w) Socuon_-ﬁ_ =
Cili Z Z{-‘,) [g‘_z‘ﬁg ae (. Zip ZE 6 sof A 1/4 of above section.
Street address of well location »,
(2) TYPE OF WORK 00 ‘ 7 o7 ‘
A New construction [ Alteration (Repair/Recondition) Tax lot number of well location _ge€tirn 33 A7 /4,0 Frost,
[ Conversion (0 Deepening OAb ATTACH MAP WITH LOCATION IDENTIFIED. Map shall include
approximate scale and north arrow.
(3) DRILLING METHOD (7) STATIC WATER LEVEL:
B Rotary Air CJRotaryMud (] Cable L0 Fbelowland surface. pae_3 /9[04
[J Hollow Stem Auger O Other Artesian Pressure ____Ib/sq.in. Date
(4) BORE HOLE CONSTRUCTION: _ (8) WATER BEARING ZONES:
Yes No é } S’O'
Special Standards (2 [J  Depth of Completed Well _ﬁ_n. Depth at which water was first found
From To Est. Flow Rate SWL
(9) WELL LOG:
Ground Elevation
Material From To SWL
Grasel A/;.M s4m A 12 2
5 3l 'l-q Gro c a 2 "1"‘
Gravd /i ds H4 §0
RE(‘._F'VED Sy ¢
=CEIVED
APR <288 WAY {3 2004
——WATER-RESOURSESBEPF
A WATER S
SALEM-ORESO SALER, HEG(>NDEP1

" I
e sared 2/4 /09 compesa 373707

(unbonded) Monitor Well Constructor Certification: A

lwmfylhallhemrkl rf d on the i ion, or abandon-
®) WELL TESTS: menl of this well is in comphancc with Oncxon waler supply well construction :
O Pump [ Bailer D Air [ Flowing Artesian sy vsed and i reported above are true to the best of my
NO
Permeability Yield GPM / /{ / MWC Number_404 39
Conductivity .5_7 PH Signed _, / Date
P of water 6/(3 Depth artesian flow found ft.  (bonded) Monitor Well Constructor Certification:
Was water analysis done? [JYes [FNo 1 2 T
By whom? performed on this well dyring-thg construction dates reported above. All work
Depth of strata to be analyzed. From, fi.to f1,  performed during thij gompliance with Oregon water supply well
o, : consipatTiomrsiandarg nummmcbestnfmyknowledgeandbdlef
!;\ MWC Number

== Name of supervising Geolognsi/EngmeefMJIé’_—— Signed Date

ORIGINAL COPY — WATER RESOURCES DEPARTMENT  FIRST COPMNSTRUCTOR SECOND COPY -CUS
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UMAT 55117
STATE OF OREGON UMAT 55117
NITORING WELL REPORT
(a3 required by ORS 537.765 & OAR 690-240-095) Well ID# = é 3 ? 72
Instructions for completing this report are on the last page of this form. Start Card # _As_ﬂ
;M ownmn?x% psgRTe -4 | ® L(Z ZT OF WELL By legal description:
St County L Latitude
. / ‘Township @r S Range_ii@or W) Secuon3.3_

—ﬂw ,...\W%L“Sf =

zp978€2

1/4 of 1/4 of above section.

(2) TYPE OF WORK

tion

Street address of yell‘.ljca

Tax lot number of well location

D’ New construction [ Alteration (Repair/Recondition)
[ Conversion [ Deep [J Aband ATTACH MAP WITH LOCATION IDENTIFIED. Map shall include
approximate scale and north arrow.
(3) DRILLING METHOD (7) STAJAC WATER LEVEL:
P Rotary Air ClRotaryMud  []Cable Ft. below land surface. pae 3004
[ Hollow Stem Auger [ Other Artesian Pressure Ib/sq. in. Date ___ ==
(4) BORE HOLE CONSTRUCTION: (8) WATER BEARING ZONES:
Yes No
Special Standards (3~ 0] Depth of Completed Well _4’__& Depth at which water was first found 1
Land safaco From To Est. Flow Rate SWL
o ‘Water-tight cover
Surface flush vault
Locking cap
diameter 9 in. (9) WELL LOG:
(4 Ground Elevation
Material Fi Te SWL
o g O terial rom o
P o 3
in. Al 3 %
¥ 1l e0el 1 | 3%
Welded Threaded Glued Siely Guoel 35 947
ml ) <) /-I; Grioel 472 A
faoite Clv.y!s
445
Grout weight
— Borehole, diameter
é in. P T
. Beatonite phug at least 3 ft. thick RECEIVED RECHIVED
l Filter 5
e e 49 APR—T2-700A YAM 432004
s,
~
i“:’l’oﬂ' m—/‘—;:—“— WATER RESOURCES DEPY WAT EALEM. OREGO PEPTI
From CON
4l v Slotsize ;@20 _in. -
Filter pack: |
Material 2;3% Datestared_3/ /0 fOY Compleed_3 /10/0Y
Sz i ) Monitor Well C Centification: _
I centify that the work I perf d on the | or aband
5) WELL TESTS: ment of this wcll isin comphancc with Omgorn water supply well construction
] Pump [ Bailer OAir I Flowing Artesian S g e reported above are true to the best of my
Permeability Yield GPM 7 : MWC Number /2438
Conductivity PH Signed /‘J pue _4/3/64
! Temperature of "{""——SL@C Depth artesian flow found Tt (bonded) Monitor Well Constructor Certfication:
Was water analysis done? [Yes [BNo Taccept ibility for the wak:
i By whom? on thisfElT dilting the construction datcs reponed above. All work
‘ Depth of strala to be analyzed. From f.to ft.  perfopn ing in compliance with Oregon water supply well
| 5 3 ©ons S report is true to the best of my knowledge and belief.
l MWC Numbe/ﬂﬂ
=5 Name of supervising Geologist/Engineer Signg Date
ORIGINAL COPY — WATER RESOURCES DEPARTMENT  FIRST i' SECOND COPY - CUS R
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UMAT 56444
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MONTTORINVG WELL REMOKY

106 regtred Ay OIS S0 TRA KON 00 D00y

UMAT 56445

I LAND OWRER

Fod gu

‘l,‘_’]‘"‘ or mxzm
Al 4 pore - J

{
<

[1!»«-»-. [ ] Coamenim

wm&- Jo "}A—\u-‘-( Woie e

e Wy | o

(4 CONSTRUCTION
Fept o gl et _ 0"
MONLMENTVALL T

t—' B
3 l TOR) A

lha--__‘_'_'h.

CANING
w2

l-v“l‘"

%
\

I
il

L

LR

—

o

Wannd et e |

N g St |
A et

2s w23
w 20'

i3] 2.5 w 30

IH

b 2810 DO Mt Spud  veritrn 0120

waintam e F10€Y
NAKICARD S | g0 PYET |

e Wi 0 =T T by 1w ATION OF WELL. )
N Moo

bhnas/ A £ AW e 35 E e
. 5‘.0 m-to.é..} " fmis JECE
R In

e . " LU
v "8 " R T

KRGS ™ il e sk
| o, DUED sou) *5.3 |
(MSTATIC WATER LEVEL

Ea—

[yroves
WATER BEARIN | JEmEN

Pl 4 W

Iahamabred) Madbiar ol seuue bar el tem
| somly e he atoh | perierend om B i pen, ARaeten SNtate, =

m‘ﬁ‘..*‘lv-q-p

‘_').’E_.'ﬁo_ () Viwwng A S b ! ey brwnsbudlyx o bkt - iy S
( — Axre
(_ y ‘m nn 1 m:‘.;/m_ (o8 ;“1_109 -
I Sped = e

g‘y Vbt Ve W

-—--u-hv-ﬂwjn Travs
[ v s im)

mf'ﬁf' =— Tj

- .

| T ryeee beia, G o
-\-hud-m-‘buun—nanmn—- LS
wrrh periverned Serng s b 10 o oemgtiaee Wik Cheps seskang wdl
soroona bt deskeds Tha g

Rl .l.“. POVRROES M

IS BETURET AT A NORRET IR W00 TR WA TR AU TS DTV VT ST 0 OAYS OF OIS TION O s

s Vet 0 14



GW_119

NTATE OF ORFLON
MONITORING WELL ®irouT

A rngutend by CFES AT NS & oA R 0N e e,

UMAT 56447

(DRARRY ~-~ e

wanvcanuy | 201084 |

(VEAND OWNER s wat 0 AT 13 [0 CATION OF WELL (legsl deseription)
et Sl . - s

e 2325 &!h- - S T |een— T
e T ITRER

mmocmxg- [’_]lwu-c [ Cwwmsam | 190

Albmatiw | (o

PR A - T i
et b sl wd| 7 Moo wiem

E'.;-v-l.b*[}“--wl . M&Q&&QJ_

VAT WATER LEVED
16 CONSTRUCTION raseess: Wil l' (E
Dyeh o Comhat el 40 1 Sywenieid [ oy Ao m‘w
| —— MONUMINT VAT ok e WAIRREAIND e Lendh by e (i ot ‘
[T | TR AT | e S
ol Py T oo
F e e »30 . =ar] s X *: = E—
JdJ 0 ﬁ——— —t - H-
W ) CASING 2.' nﬂ~
N ™ o %
NI b —
1R b — %l
R | e o g
\ ‘:\‘ D Te -
o ==
D oo —
‘ \‘\\1 SEAL y "
NN Friee g A—
yomen £ —]

Q. 3 fine _/0_." gah_&'

. e -92'7 St v d zmg P z‘ﬁm_
o Temtemadadt Masiter Well Cwevester (srlingio

--.j - Yo M Sosnd N /20 a-—sn::o-.-.u — o -‘

WSS o MR [ v e |

Oree Ol QA () Firmses drvves -u-mm:m__ wiﬁo./aj___

Sl R - RES

., e

Cav——— ﬁ;mﬂhn

| e iy e e Bhymwy @vee e @ eIV

- -ﬂpﬁ..ndmh—u—hﬂ“ sow A
mmmmm--*nm’.-—qqn

Fﬁ

-—ﬁ

CMNENAL -
THEN SRTORT AUT Il SUBMTTTED T0 NI WATYR mmmm WIDAYS OF COMILITION OF WORK

P Veroan 01



GW_135
No well log



GW_141

UMAT 57169 AL AT 57169
STATE OF OREGON :
MONITORING WELL REPORT Wi e tﬂi_____
(04 spered by RS ST7 00 & DAK ¥49.330.004) Yot Cod 02 94
P HaRE for cumgibetiag (o FpeTt ars b (¢ s IO - —
o 2. OWNER/PROJECT: NW 16) LOCATION OF WELL By lagal description
_ hllnu—- .-N v {_._, :--

) IYrE okunx

L3 Avwastim | hngo s Rmmrnsitvw)
1 epmens [m QEET

ZM wwdindan
[JCasnnes

..._wuu-

m BORE HOLK oonmurnom
! B bk B u Dopt ot asayioniont S5

P Faeviee y Manvg Ao
Petvain by 2 - W oM
Crmdat wiy -
Trermmrsan of S ﬂ ¥ m.-—-l-hu .
W e e et &
LR ——Se—
Thog#h o shomns w b maalyd C»ﬂ L . n
Nemin . sl & i .

Ty ) —

—— 3 2 _h_-__ﬂ_;b' . e
o L.l O ]
5%".&4 = =
uf_-lf:‘o._ ,..ﬁ.alj
= T
s S—
rowRD
(= TR (e K
e e}
P —— D 1
 RECERIVED — 1 — ——
JﬂﬂI!_zu.n-._____. 1
- SRLEM; Oft
N ——
Ga et Monan

Wl Comewve sx Conrlcwsse

Fimtity dast B wus | porbomend on e 4 - L

O Emacn vl I\ Ormginy well ol Maserials et

s ATt shens ww e 20 e bect b e bt
.méoﬂle

Shgnes B — b

Pes ey Ut

e TR Ce s g owd gmer AL ek
(o rphmaie o) Dvegmn ol bewes am reederk
Mot ey el beti’

—_—



GW_142

UMAT 5711

stine 97760
sencaie 10194943

STATE OF OREGON T 57171
MONITORING WELL REPORT
(s ro el Ay DY ST TN & onuam
_Baimwetinns for ¢ AV s the ol (0 Peran.
(1) UW‘UIWPIOJI('I"
LR

{2} TYPE OF WORK:

L3 Abeasen rpwrHornnd
) eamnig Dn-a-—

t&- B T
b T

6) LOCATION m' WELL Iy legal deseriplion

Wb Lanmme Crmay ‘3_ i
"‘-\‘o& ' ,flL_x:::vwf ‘“‘—2?_

i e

tubt-lﬁ

AYTACH MAPF WITH LOCATHON LENTIFIRI. Map shall inchode
AL T L e R S

1 DRILLING METHOD:
ey Ae

D hwnry et b T

(7) STATIC WATER LEVEL:
= _2_‘__ P P p——

vee S4N7/3

Lty

) eham hieme Asger Dosa

Prmmar Smn

(4) BORY. HOLE CONSTRUCTION:
p—— N - 4 [ B———— | T )

Bacho) (hamiy
"
[ Nedess, _l.l—ll.~ ‘
L]

(R) WATER BEARING ZONES:
Dty ot whvck weter wan e (oand _3.6___

() WELL LOG: Umanltbovebom _
Mwmnl [ b | T | SWL_]
U 2 ‘.' . g, 5‘2 ]
. TR o P 7oy B W 7 S 7 S U
= =
AECEwER OO
AR =UEIVEV B ?L';';J
o —]

el G Ceepe 20200 T

(b mdn ) Mawhar Well Unmmrarns Comlnsves
1oty o T o | ot o it e - ‘ o

»udounm.‘“w‘d“m u-m‘.-
LR T Y Y]

oo Ll AL

- WW‘

) WELL I'K!i‘h

Taoe by L Fhming Abuw
twrveedley L s
Combastody "
Tooqamnos of Womi 5V Faged arvme bror huwet —
Wi b bmtpmn dun” T O
By wtew ML e ——
Dnpth ol v sndirmd Ty LE N PR |
Fmeais e —— —
[ ——————— A P




GW_143

UMAT 57170

STATE OF OREGON
MONTORING WELL REFOXT
ot ot rnd ey (0 SET NS & W W0 DL aee
Bphe e Hann (g emmmputiing R repeary aee o O0n Lot pags o

(1) OWNEIPROJECT: WL N, 5
A ] £ epeyie e e
< ——— WL
() IYFY O WORK:
p, (— O = TL SR
[Joesmsee O tvopmens [

— - — —

() DRILLING METHOD:

alm A
1 habon Sacn Mg

[Owemymat DJow

Qowe

UMAT 570

whinet_ 97254
AL U B le‘ q"!

16) LOCATION OF WELL By loga! descriptian
Wel Lacatba Cinniy ““Mg A = N P
PSR i S——— |- i

N

1?;_ i NE ndive

e ‘%
,.—.....“255.\... = apQAim—

ATTACH MAP WITIE LOEXTION IOV IFIES. Mop st bartade

|

4D novien i

LTI

(& BORY. HOLE CONSTRUCTION:
‘-l.-tlta B Pt v nevnivt A5 »

— Y g |
o NI IAED e l! 2 = - = = 1 S
Suafucs (hody wadl - et
Lacking mp - e——— e B
Oy =
S oy (%) WELLLOG:  Geestchomw o
ant Temebd Ghodt Ve 000 ] B | W | sw
O @ 0 :J.?_S.I 2 I 5 !
Vioer : - — —'#"f'-‘ o.’_L_
T - ST D T - A =
P ey .jm.luc_\_]_ [ _b. %!
WAARY Thmmdod (el
o 0o Qg .
P —-1
= . =
[y — RO I—-*
—j:m n o e e f
" A = ~rg Y T
v onie Mg of bes 3 11tk L‘ T —
-l HECEVED EY OWAD * pos
woniel Yo fw s oal ke
ol p
oo JO w28 [TNRTEIONT —]
M—._ ‘t-- -
Mot s O 1 =
P Pk - m' .; —
vy P Y. /. 74/ SN/ /] 9 { b R
e () Mashin Well Cossrnon Curtfe shae
Lomnily oot O weach | probomrmmd o4 (e - i o
s ] or remplanis Wl Dvngas wt - vt
Mq:‘-. .‘me.ﬂoﬁhlﬂz_uw v30
e - ‘ T ﬂm}‘&,.
Tangrore o W _ﬂ_‘ L T e . |
W e ma v e’ e Weaduw’ Mprow l.uhc..
Wy wed® ——— ' s mu;;-b.:.:dd-\- ALl wh
Uhops ol s tn b wmdpond Prwwe e L] - o8 camplins with Ospon wetl oomatns ton waedi ot
faai " 32 nh ool be !
e R T R Y- .




GW_144

UMAT 57172

STATE OF ORECON
MONITORING WELL REPFONTY
S popanet iy DTS S0 S & AR 64 Jm ey,
&‘m RS O e

UMAT STITA

—-rne Q"Z‘t
Seleit 1019465

JEstreatiess
1) OWNERTROIRCT A s
L walla mm-nin ot

e v o 00 W ORS_ |

db-nﬂwvn D,‘ (LT )
[ Cwrremaw [ 1wnwany [ [T

() TYPE OF WORK

(1) DRILLING METHOD:

(& mety an [ T o
3 b s Adg (] 00e

6) LOCATION OF WHLL By lngs! descriptinn

‘v'.'.'... M-Z','"""‘-‘-. K L A= .
__ R L )
o aben

fuuun- Il

ATTACH Mar Wil MIATIN ummmn Mom hmlu
mw nnl- ul mt mu

7 UTA n(’ WATI. t.‘vn!
CRY ek ki wata e W23

Lt — T Lee

(4 BORE HOLE CONSTRUCTION:
;—HB’ Bt slmompbaniolt Sl »

(5) WATER BEARING ZONKS:
Deph @ whah wotn we ow bosst Y s

b~ POl © T T rem e B 15
Q.'» aTaa ke - S - —
15" e e
g
bte -
wams 5o 2o ¥ WELLLOG:
ﬁ;l?w Mg | T [ awL |
8 W . g -9 19 ==
Lhser o Bsaual = 34! 29
= ’ » el
’.._‘_n [T - | ————————— —
ly{ Wbkt Thoowder) Chaed
A o O a =
= Weh St — s
rna e Y OWRD —
Crem @agy 2N e -—-me._--—-——— . - -
o aale . —
S = —
i TR ] | e e
e
Voban mads o |
- ———
e JUN .
5 1 :35 = | L
ﬁ ~I;15 .‘l o
Lo P
| Vo 22120 » wnvww GHAILT  Congiust A5
DR (onbannd] Nrwsnr Wil Comtraciar Corficsnas
(5) WYLL T2 Tnrely hat e wee | pafacnmd oo e [ epr———
nn»nwmo—mmm Mywiah and
ey LT Al Mawag Aty mmwm-mwuumlm&dm
Iwisebite TREERY il MJL
Conbansiy ,__-ﬂ b Hgee ‘ e —
| TR 1 A -
Wae wer AN A s Tou
» wETIEEL o dhen | e
Py whawy S— r—— e L T T}
Lmgth f 4000 0 e it Pume LR - i hpee = 0 rrwrts v e snaleh




	AppendixC_Designs.pdf
	CostEst_2012_9-9.pdf
	AnspachCostEst
	screen001
	dunning001
	Solvent%20Weld





