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EXECUTIVE SUMMARY

This report summarizes Water Year (WY) 2017 aquifer recharge operations at the Anspach, Barrett,
Chuckhole, Fruitvale, Johnson, Mud Creek, NW Umapine, Triangle Road, and Trumbull sites and
supporting groundwater level and surface water and groundwater quality monitoring data. The
nine aquifer recharge sites were operated under Limited License 1621(LL-1621) issued by the
Oregon Water Resources Department. This report was prepared per Condition 11 of LL-1621
requiring annual reporting of aquifer recharge site operations and data collected in fulfillment of
the water level and water quality monitoring plan.

Source water for the nine aquifer recharge sites was diverted from the Walla Walla River at the
Little Walla Walla Diversion in Milton-Freewater, OR. The water was delivered through the existing
irrigation system to each site’s turnout. The WY 2017 recharge season started December 16, 2016
and ended May 15, 2017, with 110 days of active recharge operations. The recharge season began
late due to low river flows and was interrupted during January by periods of freezing temperatures.
Annual cleaning of the fish screens at the Little Walla Walla Diversion prevented recharge
operations during the month of February and early March. The total amount of water diverted
under LL-1621 for the WY 2017 recharge season was 5,148 acre-feet (ac-ft).

Water level and water quality data were collected in accordance with the approved monitoring plan
for LL-1621. Groundwater monitoring wells in the vicinity of the recharge sites responded to
recharge activities, with groundwater elevations increasing and decreasing as recharge operations
began and ended. After recharge operations ended on May 15, 2017, water levels at some
monitoring wells remained static or increased in response to increased seepage through the fully
charged ditches/canals and percolation from irrigation.

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

Groundwater elevations increased (became shallower) between years of operation by 0.1 to 11.8
feet at the wells associated with recharge sites which have been operating for at least three years.

Continued operation of the nine current sites and the addition of four new aquifer recharges sites
under LL-1621 is expected in WY 2018.



TABLE OF CONTENTS

EXECULIVE SUIMNIMATY w.veurtrresneseessessessessessessessessesssssssssssssssssssssesssssessessssssssssssssessssnsss sassssssssss s s s sas essas nsssssnsssssmssassssasnsases i
B iU @S ettt se s e et s s e s s e s b £ R SRR SRS SRR £ 4R S £ RS E R SRR R SRR SRR AR SRR AR R SRS RE R R AR AR iii
TADIES woureeeeeeeeseresse et ss s es s s s R RS R RS R R R RS EE RS SRR RS R R R AR vi
0L 06 16 ot 1) USSP 1
HY ATOLOZIC SETHINE.....ceuueurieereueesseeeetseiseesetssebsesssessessets s s s s e s R R b e SRS s bbb R bbbt 2
Aquifer Recharge Site Infrastructure Design and OPeration .......cceeeesmeesesmeesmeessesseesssesssessssseesees 9
ADISPACK ST oottt ettt e ess b x££ 4R R SR £ R R R R R e 9

2 FE ) L TSP 10
CIUCKIOLE STE....oreeurereeescersises s st sess s ssssee s s s s s s b s s R R E bR R 10
FTUIEVALE STT . euieeieece et eess ettt eesse s st e e b s SR £ R ARt bR 11

0 83 603 s U PP 11
SPTEAAING BASINS ...ucuueeueenseeueereessessseesseesssesssesssessssssssesssessss s s ses s sees b R s R e R bR s bR e e R nnas 11
INfIIErAtION GAILETIES . coeuceurieureueesreeeet e ereees e ssess et e e s e b sesse s sees e e s s st RS s a bt st e ba b 12
MU CTEEK SITE covvrreeurressrersrerssermseesseessse st seesssesssessseess s e ssss b s ss s e s R SRR R s R e R R 13
T U 4 a = o) 0 T LT 13
TTIANGIE ROAA SILE ..ceuieeieereeeeeeere ettt esse s seesse s b ess b sss s s bR e bR 13
TTUMDUIL STEE oottt ees e sees e ees e s s s R R R R SRR R e 14
WY 2017 Aquifer Recharge Program MONItOTINEG......ccuueeeeereesmersseessessesssessssssssssssssssssssssse e ssssssssssssssasees 14
DIVEISION SYSTEIM cuuurruirierirseessrssessess s sssessssssssss s s s ssss s s s st s s s s s st sesss s sess s s s s 14
Groundwater MONITOTING SYSTEIT ....uvwuceeeeeeeerssesseessessesssessssesse st sesssss s sessss s sssessssssssssssssssessssssssssesanes 15
ANISPACK ST .ottt ettt ees e s ee s s bR E s a a R AEEHeEEa REAER AR R AR 18
BAITEEE SITE covreueeeee et es s s e sesss e e e ss e s R RS R R AR R R 20
CRUCKINOIE STEE..uueiieeerieneieseessetsee e seess ettt sssss s s e s s s s R e AR R bbbt bR s 21
FTUIEVALE STE . euieuieece et seeas et ettt e ess st e ea e e s R £ R4 ARt bR 22

0 83 603 s U PR 23
MU CIEEK SITE c.uveeeeeeueeeeeeesreteet e eess et sess e sees s s ess s s s xR R ER AR bR R b ne bbb b 28
INW UINGPINE SILE ..euererireesresersse e ssesssssessssssssssssssssssssssssssssssssessssssssessesssssessssssssssss s sssssesssssesssssssssssssssasssssnsansanesns 29
TTHANGIE ROAA ST w.coveerreeeescemeeectseeseeseessssesse e eese s s s es s s e s s e s ep s 32
TIUIMDUIL STEE oo ettt ettt et ses et s es e s R R R R R R et s b e aee s 34
Other Groundwater MONitOring WEILS ... seseseessesssessssessssessssssssssssssssssssssssssssssssssssssmsessees 35
Water QUAlITY MONIEOTINIE c.uuveieueuueesreereseessesseessessssssesssesssessesssesssessessesssessssseesse s ess s sees s e ase bt s et st are s esnbaanes 36

ii



Source Water QUality DUTING WY 2017 . seessessessseessessssssssessessssssssssssssssssssssssssssssessssssssssssssas 36

Groundwater QUAlity MONITOTIIE ...c.cruierierecererreuseseessesses s s essesssesss s essess st sessssssss s bsesssssessssnesns 40
DiISCUSSION Of RESULELS....couieusiemisirsiesseesssassres s sssessesss s ss s sesss s as s s s s b s 51
Proposed Aquifer Recharge Program in WY 2018 ... eeenmeeeenesesseessssssssssesssssssssssssssssessessssessssssees 51
S5 =) (=) Uol 2P PPN 53
Appendix A - Limited LICENSE LL-TO2 L. ssssssssss s ssssssssssssssssssssssssssssssssssssssssssssssens A-1
Appendix B - LL-1621 Source and Groundwater Monitoring Plan .........ceneneenneesneeenseesssesseesnnes B-1
Appendix C — ReCharge Site DeSIZINS. ... isersseessessessssss e esssss s s ssssss st s ssss s s ssssssss C-1
Appendix D — Water QUality RESUILS......uieisnsssssssss s s ssss s ssssssssssssssssssssssssssssssssssans D-1
Appendix E — Well Logs for MONItoring WEelLS ... sssssesssssssssssss s sssessssssssssssssssssanes E-1
FIGURES
Figure 1 - Walla Walla Watershed in northeast Oregon and southeast Washington. ........c.ccueeneenreeneens 2
Figure 2 - Walla Walla River and its major tributaries and distributaries. ... 3
Figure 3 - Water table elevation contours for the alluvial aquifer system in July 2016. ......ccccoverrerrrennee. 4
Figure 4 - Map of the distributary stream networks of the Walla Walla River and Mill Creek............... 5
Figure 5 - Average percent gains or losses in flow of a segment of the Walla Walla River as

measured during seepage runs conducted 2004-2016. ......ccorererreernrermeeseersesssersseseseeens 7
Figure 6 - Hydrograph for monitoring well GW_16 showing a long-term decline in the alluvial
AQUTOT ettt esees ettt es bbb ee s s eSS AR R AR AR 7
Figure 7 - Hydrograph for monitoring well GW_19 showing the groundwater level decline since
1950 in the alluvial aquifer in the Walla Walla basin. ... 8
Figure 8 - Hydrograph for McEvoy Spring Creek showing the decline in flows between 1933-1941
ANA 2002-2007.cceuueeruseerseeesssesssseesssesssssessssessssesssssesssssssssesssssessss st ssssess st sesssssessssssssssessssesssesssssees 8
Figure 9 - Active aquifer recharge sites in the Oregon portion of the Walla Walla basin during
LT € PN 9
Figure 10 - The Anspach site during construction in 2012 (left) and new intake structure in 2015
8= o L) D TSP 10
Figure 11 - Barrett Site UNder CONSEIUCTION. ... rrereeere e eesseessessee s sesssessss s s s es s s s ssssssses s 10
Figure 12 - Chuckhole site Under CONSIIUCTION. ... ieceereerrees et eesses s ssssss e ssesss s sesss s sess s sssans 10
Figure 13 - Fruitvale site Under CONSTIUCHION. ....cooccreereeeersressesseeesssesse s essseessessss s essssessssssss s 11
Figure 14 - Three phases of constructing infiltration basins at the Johnson site: phase I in 2004-
2005, phase [1in 2006-2009 and phase 11 in 2010-2011. ..cvvererenrnnesessesmersssssens 12
Figure 15 - Aerial photo of the Johnson site in 2013 showing 10 basins and location of infiltration
BAILETIES. eeeeureeeeeesreesees ettt et e es e s eae e es e s s s s RS R AR R Rt e R s R 12
Figure 16 - Photographs of infiltration galleries #2 (left), #3 (center), and #4 (right) being installed
P2 Yol o T £ Do TS0 ) o T3 1 OO 12
Figure 17 - Photograph of Mud Creek site during CONStrUCtiON. w.....ocereeeeneeseeeseesseeseeesseesssesssessessessessees 13

iii



Figure 18 - NW Umapine site during WY2014 recharge SEasom. .....meenmeesmeesseesnmsssssessesssssssesssessnes 13

Figure 19 - Triangle Road site under construction in fall 2016. ... 13
Figure 20 - Trumbull site under construction in October 20T 2........ooeenreneereeereesneeseeesese e sssssessseens 14
Figure 21 - Groundwater monitoring wells and aquifer recharge sites. ......ccoennenneeneeneesseensesseeseene. 16
Figure 22 - Anspach inflow rates and cumulative water delivered during WY 2017 (left) and
monitoring well locations (FINt). .. sess s sssesseesass 18
Figure 23 - Shallowest and deepest groundwater levels, by year, GW_141........cccmeneeenreenneenseeensersseennens 18
Figure 24 - Hydrographs for Anspach monitoring Wells. ... ssesesssessessse s ssssssses 19
Figure 25 - Barrett inflow rates and cumulative water delivered during WY 2017 (left) and
monitoring well location (TIZHt). . e 20
Figure 26 - Hydrograph for monitoring Well GW_62.........eeeneeeseeseesssessss s ssssssssssssssessens 20
Figure 27 - Shallowest and deepest groundwater levels, by year, GW_62. ........crneorreerenecrneennesseenseene. 21
Figure 28 - Chuckhole inflow rates and cumulative water delivered during WY 2017 (left) and
monitoring well 10cations (TIZHt). ... e seessesssssseaes 21
Figure 29 - Hydrographs for monitoring wells GW_169, GW_62, and GW_23.......ccoonmemmreneeneernneesneennns 22
Figure 30 - Fruitvale inflow rates and cumulative water delivered during WY 2017 (above) and
monitoring well 10cations (TIZHt). ... e seeasesssssesaes 23
Figure 31 - Hydrographs for monitoring wells GW_33 and GW_171......cccmnneereenseseesesseesssessesseeseenae 23
Figure 32 - Inflow rates and cumulative water delivered to the Johnson site during WY 2017........... 24
Figure 33 - Monitoring well locations for the JOhNSON Site. ... sseessesseesnes 25
Figure 34 - Hydrographs for GW_40 and GW_48. ... ssssssssssssesssssssessssesssssssessaes 25
Figure 35 - Hydrographs for monitoring wells GW_118, GW_45, GW_47, and GW_46. .....c..ceocevverrerruenn. 26
Figure 36 - Shallowest and deepest groundwater levels, by year, GW_40, GW_48, GW_118, GW_45,
GW_47, and GW_46....rrrrsissssss s ssssssssssss st sesssssssssssssssss s 27
Figure 37 - Mud Creek Site’s inflow rates and cumulative water delivered during WY 2017 (above)
and monitoring well locations (Fight). ... seeesse s 28
Figure 38 - Hydrographs for monitoring wells GW_170 and GW_117......onnrenneeeeensesseesesseaseesseens 28
Figure 39 - NW Umapine inflow rates and cumulative water delivered during WY 2017 (left) and
monitoring well locations (FIZIt). .. ssesssssssesssesass 29
Figure 40 - Hydrographs for monitoring wells GW_66, GW_119, and GW_36........ccocormrnmrereerseernneenseennes 30
Figure 41 - Hydrographs for monitoring wells GW_144 and GW_34.........coomrneenneenseennesseeessesssessseeenees 31
Figure 42 - Shallowest and deepest groundwater levels, by year, GW_66, GW_119, GW144, and
GW_B4 .ottt essssess s s bR R eSS 31
Figure 43 - Inflow rates and cumulative water delivered to the Triangle Road site during WY 2017.
................................................................................................................................................................... 32
Figure 44 - Monitoring well locations for the Triangle Road site during WY 2017......ccooneeneernneerneennnes 32
Figure 45 - Hydrographs for monitoring wells GW_117, GW_170, GW_171, and GW_143..........ccoc.... 33
Figure 46 - Trumbull inflow rates and cumulative water delivered during WY 2017 (left) and
monitoring well 1ocations (FIIt). ... ssesssssssessessass 34
Figure 47 - Hydrographs for monitoring wells GW_117 and GW_142 (left) and shallowest and
deepest groundwater levels, by year, GW_142 (DEloW). .ccoureereereermeenresennreeneesneeeseeseens 34
Figure 48 - Hydrographs for GW_151 and GW_116, downgradient of the aquifer recharge program.
................................................................................................................................................................... 35

iv



Figure 49 - Hydrographs for monitoring well GW_160 and GW_152 on the east side of the Walla

L 1 IS PPN 35
Figure 50 - Water quality sampling locations for the managed aquifer recharge program in WY2017.
................................................................................................................................................................... 37

Figure 51 - Ammonia concentrations in surface water and groundwater before and after managed
TECRNATEE. cooreurreeseereesess st et e s p bR SRR R R R SRR R bR 44
Figure 52 - Calcium concentrations in surface water and groundwater before and after managed
FECNATZE. oueeeieeeeureeseesseesseeeee e seess e s sse s sees s s £ s E s s R R SR R A R Rt s bbb aes 45
Figure 53 - Copper concentrations in surface water and groundwater before and after managed
FECRNATEE. cooreurreeseeresees st et e s p s bR SR RS SRR R R R bR R 45
Figure 54 - Iron concentrations in surface water and groundwater before and after managed
FECNATZE. coueeeeueeueeseesseesseteee e seess e s sae s sees e s £ s E s s RS RS R R R Rt s bbb aes 45
Figure 55 - Magnesium concentrations in surface water and groundwater before and after managed
FECNATZE. oueeeeeeeeueeueesseesseseee e seess e s sse s sees s s £ s E s s R RS A s b AR R bbb nb s 46
Figure 56 - Manganese concentrations in surface water and groundwater before and after managed
TECRNATEE. cooreurreeseereesess st et e s p bR SRR R R R SRR R bR 46
Figure 57 - Nitrate concentrations in surface water and groundwater before and after managed
FECNATZE. oueeeieeeeureeseesseesseeeee e seess e s sse s sees s s £ s E s s R R SR R A R Rt s bbb aes 46
Figure 58 - Ortho-phosphate concentrations in surface water and groundwater before and after
MANAZEA TECHATZE. w.coueeerrrersreesreeesseesse s s e s ssess e s sesessees e st e e s s Rt 47
Figure 59 - Potassium concentrations in surface water and groundwater before and after managed

FECNATZE. oueeeieeeeureeseesseesseeeee e seess e s sse s sees s s £ s E s s R R SR R A R Rt s bbb aes 47
Figure 60 - Sodium concentrations in surface water and groundwater before and after managed
FECRNATEE. cooreurreeseeresees st et e s p s bR SR RS SRR R R R bR R 47
Figure 61 - Sulfur concentrations in surface water and groundwater before and after managed
TECRNATEE. cooreurreeseereesess st et e s p bR SRR R R R SRR R bR 48
Figure 62 - Zinc concentrations in surface water and groundwater before and after managed
FECNATZE. oueeeeueeeureeseesseessesese e seess e s sse s sees s e s £ s E s s RS A S b R A R R bt s bbb aes 48
Figure 63 - Constituent concentrations pre- and post-recharge at GW_152, GW_160, GW169,
GW_141, GW_46, and GW_117 iIn WYZ017 .. sssssssssssssssssssssssssans 49
Figure 64 - Constituent concentrations pre- and post-recharge at GW_142, GW_170, GW_119,
GW_144, GW_171, and GW_151in WYZ2017...orrrermrmrseersemsssssessssssssssssessssssssssesssssssanss 50



TABLES

Table 1. Minimum instream flow values that must be met before water can be diverted for aquifer

recharge Sites UNAET LL-TO2 . . iseisessesess s ssssssssssssssss s essssssss st s ssssssessnsens 14
Table 2. Differences between the first and last year of the yearly shallowest and deepest

BrOUNAWALET LEVELS. ...oeeeeeeeeeetett ettt st s e ss e s s s bbb 17
Table 3. Analyte list, analytical methods, and method reporting limits for WY 2017 ......ccconvnreerreeeneens 36
Table 4. SOUTCEe Water #1 AN H#2 ..o neerseesseeseesss s ssesssssssss ssssssss s st sesssss st sessssssssssssessssesssasssassssees 39
Table 5. SOUICE Water #4 and #5 ..ottt sessses s ss s st s b s sb st s bt 39
Table 6. GW_152 and GW_160 water qUAlItY data......ccoeereeerernmereeseessessee s ssessessesssesssssssssssssssssssssssssssessees 41
Table 7. GW_169 and GW_141 water qUAlIty data....cs s 41
Table 8. GW_46 and GW_117 water qUAlity data ... sssssssssssssssssssssssssssssses 41
Table 9. GW_142 and GW_170 water qUAlItY data.....cs s ssssssssssssssssssses 42
Table 10. GW_119 and GW_144 water qUAlItY data....c.ceeernenneeneseesersees e seessssessseesssssessssssesssssssessssssees 42
Table 11. GW_171 and GW_151 water qUAlItY data ....c.coeeeeeernerneeseseessesees e seessesessseessessessssssessssssessssssees 42
Table 12. Synthetic organic compounds sampled 5/17/2016 at GW_144 and GW_171.....corurrmrrrneen. 43

vi



INTRODUCTION

This report describes groundwater level monitoring data, surface and groundwater quality
sampling data and aquifer recharge operations during water year (WY) 2017 (October 1, 2016 -
September 30, 2017) performed by the Walla Walla Basin Watershed Council (WWBW(C) in
cooperation with the Hudson Bay District Improvement Company (HBDIC). The Walla Walla basin
aquifer recharge program began recharge operations in the spring of 2004 at a pilot project, the
Johnson site, located in Oregon. The program expanded in 2006, adding the Hall-Wentland site just
south of the Oregon-Washington state line. The first aquifer recharge site in the Washington portion
of the Walla Walla watershed, Locher Road, began operations in 2007. For a more in-depth
background on the aquifer recharge program and the Walla Walla basin’s hydrology and geology,
please see the Walla Walla Basin Aquifer Recharge Strategic Plan (available at
www.wwbwec.org/projects /recharge.html).

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

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

Per Condition 11 of LL-1621, the WWBWTC is required to submit an annual report that provides a
detailed description of aquifer recharge operations and source and groundwater observations
during the aquifer recharge period. The annual report’s main goals are to: 1) provide data to
evaluate how aquifer recharge operations are influencing groundwater quality and groundwater
levels; and 2) provide recommendations for modifications to the monitoring program and aquifer
recharge operations based on site operations and interpretation of the data. To this end, diverted
surface water volumes, aquifer recharge volumes and application rates, groundwater elevations,
and source water quality and groundwater quality data were collected in accordance with the
approved monitoring plan for LL-1621 (Appendix B).

Appendices are provided at the end of the report. Water level data in the OWRD requested format
were provided in a separate transmittal to the OWRD.



HYDROLOGIC SETTING

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

Walla Walla basin hydrology is largely defined by a distributary river system and an underlying
alluvial aquifer system hosted by the sediments overlying basalt. Surface waters entering the Walla
Walla Valley changes regimes from steep sided canyons in the headwaters portion of the watershed
to a system of distributary and coalescing streams on the central valley floor. With this, shallow
groundwater systems see a regime change from localized, saturated valley deposits and confined
basalt aquifers controlled by the geologic structure of the Columbia River basalt typical of the
highland areas to the more widespread, thick alluvial aquifer system immediately underlying the
valley floor. Depth to basalt beneath the base of the canyon floors in the highland areas upstream of
the cities of Walla Walla and Milton-Freewater is typically less than 60 feet, with 30 feet more
commonly observed. Beneath the central valley floor the top of basalt often is hundreds of feet deep
below overlying alluvial sediments.

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



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 in July 2016.

The surficial hydrology of the Walla Walla basin generally is defined by streams confined to steep-
walled canyons in the foothills surrounding the valley, a distributary stream system as these
streams exit the highlands and flow out onto the valley floor, and then, as the streams flow west,
they coalesce into the main Walla Walla River channel. The distributary system formed as streams
leaving the highlands entered the valley, went from higher to lower gradient and, as a consequence,
deposited coarse sediment loads and formed a series of low angle, coalescing alluvial fans. Upon the



alluvial fans in and around the cities of Walla Walla and Milton-Freewater these natural
distributary channels still exist in part or in whole to this day. These channels are known today as
the East Little Walla Walla River, West Little Walla Walla River, Mud Creek, Yellowhawk Creek, and
Garrison Creek. Prior to the development of water resources in the valley, these distributary
channels, with other unnamed channels, served as high water channels that conveyed large
amounts of energy and water across the alluvial fan and away from the mainstem Walla Walla River
and Mill Creek. These stream networks also provided off-channel habitat for aquatic species and
provided recharge to the alluvial aquifer system. The channels run for several miles, accumulating
spring flow, before returning back to the river further down the valley (Figure 4).
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Figure 4 - Map of the distributary stream networks of the Walla Walla River and Mill Creek.

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



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

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

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

In recent years, the listing of steelhead and bull trout as threatened under the Endangered Species
Act and the reintroduction of spring chinook salmon within the Walla Walla Watershed have led to
out-of-court agreements between irrigators and federal fishery agencies to enhance instream flows.
As a result of these agreements, local irrigators leave a portion of their legal water rights instream
year-round. For example, the HBDIC and Walla Walla River Irrigation District irrigators leave 25-27
cfs instream throughout the year. However, depending on the water-year and a number of other
factors, it is not unusual to have a significant portion (40-50%) of the bypass water seep into the
underlying alluvial aquifer before it reaches the border between Washington State and Oregon
State (WWBWC, 2014)

Creeks across the valley are sourced by springs discharging from the alluvial aquifer and have also
seen declines in flow since the earliest hydrogeologic studies were conducted by Piper (acting on
behalf of the US Supreme Court) in the 1930s, Newcomb in the 1960s, and Barker and MacNish in
the 1970s (Piper, 1933; Newcomb, 1965; Barker and MacMish, 1976). Groundwater level declines
in the alluvial aquifer since the 1930s and 1940s (Figures 6 and 7) are consistent with the general
decline in discharge from springs sourced in the shallow aquifer (Figure 8). These trends indicate
that over the past several decades there has been a general decrease in groundwater contributions
to baseflow of the Walla Walla River and other surface water bodies during critical low-flow
periods. Data in recent years suggest groundwater levels in GW_16 and GW_19 (Figures 6 and 7)
are nearing a new equilibrium. The loss of cooler groundwater baseflow to streams affects not only
the amount of flow in the river but also leads to increased surface water temperature during the
low-flow periods, affecting aquatic species and the stream ecosystem.
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Figure 5 - Average percent gains or losses in flow of a segment of the Walla Walla River as measured during seepage runs
conducted 2004-2016.
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Figure 6 - Hydrograph for monitoring well GW_16 showing a long-term decline in the alluvial aquifer.
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Figure 7 - Hydrograph for monitoring well GW_19 showing the groundwater level decline since 1950 in the alluvial
aquifer in the Walla Walla basin.
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Figure 8 - Hydrograph for McEvoy Spring Creek showing the decline in flows between 1933-1941 and 2002-2007.



AQUIFER RECHARGE SITE INFRASTRUCTURE DESIGN AND OPERATION

The Anspach, Barrett, Chuckhole, Fruitvale, Johnson, Mud Creek, NW Umapine, Triangle Road, and
Trumbull aquifer recharge sites were in operation during WY2017 as part of the Walla Walla basin
aquifer recharge program (Figure 9). Each site’s design, construction and operational capacity is
provided in the following sections. Design drawings for each site are included as Appendix C.
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Flgure 9 - Active aquifer recharge sites in the Oregon portion of the Walla Walla basin during WY2017.

ANSPACH SITE

The Anspach site was constructed in October 2012 using a combination of Bonneville Power
Administration and Oregon Watershed Enhancement Board (OWEB) funding and expanded in the
fall/winter of 2015. The site consists of a single turnout structure installed in the HBDIC canal that
delivers water to a new pipeline that serves both infiltration galleries. Each infiltration gallery is
independently controlled via valves and turnout pipes. The pipe manifolds into ten 4-inch diameter
perforated drain field pipes buried 6 to7 feet below ground surface (bgs) and extends
approximately 200 feet from the source water manifold (Figure 10). The perforated pipes sit on top
of approximately 1 to 2 feet of clean gravel and are overlaid with approximately 0.5 to 1 foot of
clean gravel (See Appendix C for designs).



Water for this site is delivered down the HBDIC’s White Ditch and diverted into a private
pipeline/ditch. The original site was designed to operate at a recharge rate of approximately 1 cfs.
In the fall/winter of 2015, the Anspach site was expanded to include a second infiltration gallery
and a new turnout and supply pipeline (Figure 11). The second infiltration gallery is similar in
design to the original gallery. The expanded site is designed to operate at approximately 1,500
gallons per minute (gpm) which is 5 to 10 times what the site previously operated at. During the
WY2017 recharge season, the site operated around 1,300 gpm (~3.0 cfs).

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

BARRETT SITE
The Barrett site was constructed in the winter of 2014 using OWEB funding. The site consists of
seven 4-inch diameter perforated drain field pipes buried 4 to 5 feet bgs and extending
approximately 600 feet from the source water manifold (Figure 11). The perforated pipes sit on top
of approximately 1 to 2 foot of clean gravel and are overlaid with approximately 0.5 to 1 foot of
clean gravel (See Appendix C for designs). Water for this site is delivered down the HBDIC’s White
Ditch and diverted into the Barrett pipeline. The Barrett site’s turnout and valve are situated along
the pipeline. The site was designed to operate at a recharge = RETT DT 2
rate of approximately 2-3 cfs (approximately 900 to 1300 iy
gpm). During the WY2017 recharge season, the site operated
at an average of 1.8 cfs. The site’s intake structure is
susceptible to clogging, which periodically results in lower
intake rates than the designed rates.

Figure 11 - Barrett site under construction.
CHUCKHOLE SITE
The Chuckhole site was constructed in the fall of 2015 (Figure 12)
but could not begin operating until after LL-1621 was issued on
October 18, 2016. The site has an infiltration basin (roughly 0.05
acres in size) and sediment settling pond, located near the end of
the Milton pipeline. The site was expected to recharge
approximately 300-400 gpm or just under 1 cfs. During WY2017,
its first recharge season, the site operated at an average of 0.1 cfs.
The low calculated recharge rate may be a result of the flow o
meter’s accuracy at low flow rates and may underestimate actual Figue 12 - Chuckhole site under
recharge. The meter’s performance will be further evaluated. construction.
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FRUITVALE SITE
The Fruitvale site was constructed in the fall of 2015 (Figure 13) but could not begin operating until
after LL-1621 was issued on October 18, 2016. The site is an
infiltration gallery with 12 x 4" perforated pipes 150" in length. The
Fruitvale site is located within the Fruitvale Water Users Association
system. The site was expected to recharge approximately 400 gpm
or just under 1 cfs. During WY2017, its first recharge season, the site
operated at an average of 0.2 cfs. The lower than expected recharge
rate may have been a result of the low head (pressure from the

gravity-fed system).

Figure 13 - Fruitvale site under
construction.

JOHNSON SITE

The Johnson site, formerly known as the Hudson Bay site and/or the Hulette Johnson site, has been
operating since 2004. The Johnson site has been developed in three phases since pilot testing
operations began in 2004 (Figure 14). The initial two phases are described extensively in the final
report for the sites first limited license (WWBWC, 2010). The site currently has the capacity for
approximately 16 to 17 cfs (approximately 7,200 to 7,600 gpm) of infiltration into approximately 3
acres of infiltration basins (spreading basins) and three infiltration galleries (Figure 15). During the
WY2017 season the site operated at an average recharge rate of 13.6 cfs (6,104 gpm). Johnson site
construction is summarized below. For additional details on the Johnson site please see WWBWC
(2010; 2013; 2014Db).

SPREADING BASINS

The Johnson site was originally constructed with three spreading basins (Figure 13). The three
original basins were constructed in the winter/spring of 2004. These basins were increased in size
during 2005 to almost triple their original area. Phase Il included the addition of a hydraulically
upgradient spreading basin in 2006 and four infiltration galleries in the winter of 2009. Water for
the new upgradient basin was fed through the original diversion with water being “pushed” into it
from the first basin. Phase III included the addition of four additional basins on the lower end of the
property, a new out-flow measurement weir, a new pipeline that feeds water to each individual
basin, a telemetry system to remotely monitor site operation and an alternate method to deliver
water to the upgradient basin. During the Phase III construction of the downgradient spreading
basins, the largest basin described in the preliminary design was modified because subsurface
material beneath the southern half of the planned basin consisted of finer-grained sand/silt while
the northern half consisted of coarser gravel/cobbles. On the basis of the encountered
heterogeneous conditions, it was decided to divide the downgradient basin into two basins based
upon the sediment types.
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Figure 14 - Three phases of constructing infiltration basins at the Johnson site: phase I1in 2004-2005, phase Il in 2006-
2009 and phase I11 in 2010-2011.

Infiltration
galleries

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

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 four
corrugated 4-inch perforated pipe, IG #2 was constructed of twenty 4-inch drain field pipe, IG #3
was four 4-inch drain field pipe inside Stormtech stormwater chambers, and IG #4 was a single 4-
inch drain field pipe inside Atlantis stormwater devices (Figure 16). During the first season of
testing IG #1 clogged up and has not been utilized since. I1G #2, IG #3 and IG #4 have all continued
to function and have been operated during each recharge season.

S8 froppoii )

iy

s

Figure 16 - Photographs of infiltration galleries #2 (left), #3 (center), and #4 (right) being installed at the Johnson site.
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MUD CREEK SITE
The Mud Creek site was constructed in the fall of 2015 (Figure 17) but could not begin operating
until after LL-1621 was issued on October 18, 2016. The site is an infiltration basin approximately
0.6 acres in size within a grass pasture/wildlife area. Water for the project is delivered from the
Fruitvale Ditch and then can overflow, if needed, back into the Fruitvale Ditch. The site is
upgradient of the Mud Creek headwater springs and is expected to improve instream flows in Mud
Creek and recover local groundwater levels. The site was expected to operate around 400-500 gpm
or approximately 1 cfs. During WY2017, its first recharge season, the site operated at an estimated
average of 0.1 cfs. The low recharge rate
may be a function of the limitations of the
method used to estimate recharge through
the bottom of the basin. The outlet from
the basin into the Fruitvale Ditch was
reconfigured this year which should help
improve estimating recharge rates.

Figure 17 -hotograph of Mud Creek site during construction.
NW UMAPINE SITE
The NW Umapine site was constructed in the fall of 2013 (Figure 18). The site consists of a single
infiltration basin approximately 0.46 acres in size (Figure 18). The site is supplied by an
approximately 1,000-ft long lateral
pipeline installed off of HBDIC’s
Richartz’s pipeline. The site was designed
to operate at a recharge rate of 2-3 cfs
(approximately 900 to 1300 gpm).
During the WY2017 recharge season the
site averaged 1.6 cfs (718 gpm).

Figure 18 - NW Umapine site during WY2014 recharge season.
TRIANGLE ROAD SITE
The Triangle Road site was constructed in the fall of 2016 (Figure 19). The site is an approximately
0.2-acre infiltration basin. Water is delivered from the Fruitvale Ditch and then can overflow, if
needed, back into the Fruitvale Ditch. The site is upgradient of the Mud Creek headwater springs
and is expected to improve instream flows
in Mud Creek and recover local
groundwater levels. The site was expected
to operate around 400-500 gpm or
approximately 1 cfs. In WY 2017, the site
operated at an average of 0.4 cfs. The
lower than expected recharge rate may

have been related to an operational issue.

Figure 19 - Triangle Road site under construction in fall 2016.
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TRUMBULL SITE
The Trumbull site was constructed in October 2012 using a combination of Bonneville Power
Administration and OWEB funding. The site consists of three 8-inch perforated pipes buried 6 feet
bgs and extending approximately 300 feet in length from the source water discharge and inline flow
meter (Figure 20). The perforated pipes sit on top of approximately 1-2 foot of clean gravel and are
overlaid with approximately 0.5-1 feet of clean gravel (See Appendix
C for designs). The Trumbull site’s water source is at the structure
that splits the HBDIC canal into the Hyline pipeline and the Richartz
ditch. The site has its own turnout and valve so it can operate
independent of the ditch or pipeline. The site was designed to operate
at a recharge rate of 2 to 3 cfs (approximately 900 to 1300 gpm).
During WY2017, the site operated at an average of 0.8 cfs. As in
WY2016, the reduced recharge rate may be due to downgradient
control by springs and groundwater mounding as well as limited head
pressure in the diversion structure at times during the recharge
season.

Figure 20 - Trumbull site under
construction in October 2012.

WY 2017 AQUIFER RECHARGE PROGRAM MONITORING

This section describes diversion system monitoring results, individual site aquifer recharge
operations, groundwater level monitoring, and source and groundwater quality monitoring results.
Laboratory water quality testing results are provided in Appendix D. Well logs for groundwater
monitoring wells are included in Appendix E.

Diversion System

LL-1621 allows for up to 70 cfs to be diverted from the Walla Walla River for the purpose of testing
artificial recharge. Per the conditions of LL-1621, a minimum instream flow amount is required to
remain in the Tum a Lum reach of the Walla Walla River depending on the time of year (Table 1).
WWBWC coordinated with HBDIC and the OWRD District 5 watermaster to ensure that this
condition of LL-1621 was met during recharge operations in WY 2017.

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

Minimum Instream Flow Values for Limited License 1621

64 cfs 95 cfs 150 cfs

Managed recharge under the limited license did not begin until December 12,2016 due to
minimum flow requirements not being met prior to this date. Later in the season, recharge was
interrupted from January 25 to March 6 due to the annual maintenance of fish screens at the Little
Walla Walla River diversion, which effectively ceases delivery of water to all canals and ditches

14



from which the recharge sites receive their water. Ditches supplying the recharge sites serviced by
the Walla Walla River Irrigation District and Fruitvale Water Users Association (Chuckhole,
Fruitvale, Mud Creek, and Triangle Road) did not resume water delivery until late April due to ditch
maintenance activities. Ditches and canals operated by the HBDIC resumed water delivery in early
March to Anspach, Barrett, Johnson, NW Umapine, and Trumbull. Ice also caused intermittent short-
term shut-offs at some sites. Diversions for aquifer recharge were terminated for the season on May
15, 2017 due to the end of the recharge season as defined in the Limited License.

Not all of the water diverted from the Walla Walla River reaches the aquifer recharge sites due to
seepage through unlined portions of the canal system and/or evaporative losses. Because recharge
operations occur during winter and spring months, evaporative losses are assumed to be negligible.
To estimate ditch seepage losses during diversion, total water volumes at the Little Walla Walla
Diversion stream gage (during periods when only recharge water was being diverted from the
Walla Walla River) were compared to measured water volumes delivered to the recharge sites.
Ditch seepage was estimated by subtracting the water delivered to the recharge sites from the
water diverted from the Walla Walla River, with the difference assumed to be the amount of ditch
seepage. Because the transducer for S-204, which measures the amount of water diverted at the
Little Walla Walla Diversion, had operational issues during WY2017, the seepage loss rate from
WY2016! was used for WY2017. Applying the 8.8 ac-ft per day seepage loss estimate from WY2016
to the 110 days of operation in WY2017 results in 968 ac-ft of seepage loss in WY2017.

Groundwater Monitoring System

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

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

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

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

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

Difference (ft) between | Difference (ft) between
first and last year of first and last year of

Monitoring Water Years shallowest groundwater deepest groundwater | Associated Aquifer | Water Years Site Has
Well Evaluated* level level Recharge Site Operated
GW_135 manual measurements Anspach part of 2013 thru 2017
GW_141 2014 to 2017 11.8 9.1 Anspach
GW_62 2015 to 2017 3.7 -0.2 Barrett part of 2014 thru 2017
GW_118 2010to 2017 7.5 3.8 Johnson
GW_40 Jan. 2007 to 2017* 9.2 -0.1 Johnson
GW_45 2005 to 2017 -0.1 4.0 Johnson part of 2004 thru 2017
GW_46 2005 to 2017 8.5 2.6 Johnson
GW_47 2005 to 2017 -0.6 6.1 Johnson
GW_48 2005 to 2017 2.9 7.5 Johnson
GW_119 2014 to 2017 0.4 0.1 NW Umapine
GW_144 2014 to 2017 1.1 6.8 NW Umapine
GW_34 2014 to 2017 1.1 0.1 NW Umapine 2014 thru 2017
GW_36 manual measurements NW Umapine
GW_66 2014 to 2017 -0.2 1.5 NW Umapine
GW_117 2014 to 2017 1.7 6.3 Trumbull
GW_142 2014 to 2017 1.4 0.0 Trumbull part of 2013 thru 2017
GW_143 2014 to 2017 0.7 -0.9 Trumbull

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

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

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

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

GW_141, Groundwater Depth,
Upgradient of the Anspach Site, 2013-2017
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Figure 23 - Shallowest and deepest groundwater levels, by year, GW_141.
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, Groundwater Depth and Temperature,

Upgradient (SE) of Anspach, 2011-2017
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Figure 24 - Hydrographs for Anspach monitoring wells.
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BARRETT SITE

During the WY2017 recharge season the Barrett site operated for 110 days from mid-December
2016 until May 15,2017, receiving a total of 383.5 ac-ft of water for an average of 6 ac-ft per day
(Figure 25). Responses to recharge operations at the Barrett site were observed at the upgradient
groundwater monitoring well, GW_62 (Figure 26). Groundwater levels typically increased during
recharge operations and decreased when recharge operations stopped. Between 2014, the first
year of operations, and 2017 the shallowest groundwater levles at GW_62 increased (became
shallower) by 3.7 ft and the deepest groundwater levels decreased (became deeper) by 0.2 ft (Table
2 and Figure 27). Peak groundwater levels were roughly 5 feet shallower in the four years during
operation of the Barrett site than the four years prior to operation of the Barrett site (Figure 26).
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WY 2017 Recharge Season
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Figure 25 - Barrett inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well location
(right).
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Figure 26 - Hydrograph for monitoring well GW_62.
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GW_62, Groundwater Depth,
Upgradient of the Barrett Site, 2014-2017
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Figure 27 - Shallowest and deepest groundwater levels, by year, GW_62.

CHUCKHOLE SITE

During WY2017, the first recharge season for the Chuckhole site, the site operated for 48 days,
primarily in April and May, receiving a total of 13 ac-ft of water (Figure 28). The site has three
monitoring wells: GW_169 upgradient, GW_62 downgradient, and GW_23 cross-gradient (Figure
28). At GW_62, the timing of recharge at the Chuckhole site does not correspond to an increase in
groundwater levels (Figure 29); however, GW_62 is influenced by the Barrett site. At GW_169, the
timing of the improvement in groundwater levels at GW_169 cannot be determined due to a gap in
the continuous data set. At GW_23, which may be influenced by the Anspach site, the long-term
groundwater levels appear to have a downward trend until 2013, when groundwater levels
increase, which coincides with the beginning of recharge operations at Anspach.
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WY 2017 Recharge Season
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Figure 28 - Chuckhole inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well locations
(right).
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Figure 29 - Hydrographs for monitoring wells GW_169, GW_62, and GW_23.

FRUITVALE SITE

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

Groundwater monitoring well GW_33 is downgradient and GW_171 is cross-gradient of the site.
Groundwater levels began increasing (becoming shallower) before recharge began in December
2016, presumably due to irrigation conveyance losses, and continued to increase during the
managed recharge season at downgradient GW_33. Groundwater levels decreased in both
monitoring wells after mid-May 2017 (Figure 31).
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Fruitvale Site Water Delivered
WY 2017 Recharge Season
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Figure 30 - Fruitvale inflow rates and cumulative e
water delivered during WY 2017 (above) and Fruitvale Site Map

monitoring well locations (right).
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Figure 31 - Hydrographs for monitoring wells GW_33 and GW_171.

JOHNSON SITE

The Johnson site operated for 101 days during the WY 2017 recharge season. The site began
recharging in mid-December, continued through early February, and from mid-March until May 15,
2017, receiving a total of 2,732 ac-ft of water for recharge at an average rate of 27 ac-ft per day

(Figure 32). The ten spreading basins received 2,271 ac-ft and three active infiltration galleries
received 461 ac-ft.
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Six monitoring wells are on or near the site (Figure 33). Groundwater levels under the Johnson site
(GW_45, GW_46, and GW_47) are roughly 15-20 ft closer to the ground surface than at the
upgradient well (GW_40). The shallowest groundwater levels in downgradient GW_118 are similar
to levels under the Johnson site during recharge season (Figures 34 and 35). Groundwater levels
have become shallower over time in all six monitoring wells to varying degrees. Between the first
year of monitoring and WY2017, the shallowest groundwater levels improved by 8.5, 2.9, 9.2 and
7.5 ftat GW_46, GW_48, GW_40, and GW_188, respectively, and the deepest groundwater levels
improved by 2.6, 4.0, 6.1, 7.5, and 3.8 ft at GW_46, GW_45, GW_47, GW_48, GW_118, respectively
(Table 2 and Figure 36). Groundwater levels slightly decreased between the first year of monitoring
and 2017 for the shallowest levels at GW_45 and GW_47 and the deepest levels at GW_40 (Table 2
and Figure 36).
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Figure 32 - Inflow rates and cumulative water delivered to the Johnson site during WY 2017.
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Figure 33 - Monitoring well locations for the Johnson site.
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Figure 34 - Hydrographs for GW_40 and GW_48.
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Figure 35 - Hydrographs for monitoring wells G
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Figure 36 - Shallowest and deepest groundwater levels, by year,
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MUD CREEK SITE

During WY2017, the first year of the Mud Creek site’s operation, the site operated for 56 days,
primarily in April and May, receiving a total of 8 ac-ft of water (Figure 37). The site has two
monitoring wells?, both upgradient (Figure 37). While seasonal changes were observed in
groundwater elevations (Figure 38), additional monitoring during more and longer recharge
seasons are needed to assess the influence of this site on groundwater elevations.
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Figure 37 - Mud Creek Site’s inflow rates and cumulative water delivered during WY 2017 (above) and monitoring well
locations (right).
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Figure 38 - Hydrographs for monitoring wells GW_170 and GW_117.

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

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

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

NW Umapine Site Water Delivered
WY 2017 Recharge Season
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TRIANGLE ROAD SITE

During WY2017, the first year of operations for the Triangle Road site, the site operated for only 19
days, primarily in the last part of the recharge season, receiving a total of 13.26 ac-ft of water at an
average rate of 0.7 ac-ft per day (Figure 43). The limited duration of recharge was due to
operational issues which have since been resolved.

Four monitoring wells are associated with the Triangle Road site (Figure 443). While seasonal
changes were observed in groundwater elevations at GW_117, GW_170, GW_171, and GW_143
(Figure 45), additional monitoring during more and longer recharge seasons are needed to assess
the influence of this site on groundwater elevations.
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WY 2017 Recharge Season
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Figure 44 - Monitoring well locations for the Triangle Road site
during WY 2017.

3 GW_171, one of the four monitoring wells associated with the Triangle Road site, is not shown in Figure 44 because it is
1.6 miles northwest of the site; the location of GW_171 can be seen in Figure 21.
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, Groundwater Depth and Temperature,

Upgradient of Triangle Road, 2009-2017
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TRUMBULL SITE

The Trumbull site operated for 108 days beginning in mid-December 2016, continuing
intermittently through early February 2017, and from March through May 15, 2017. A total of 170
ac-ft of water, for an average of 1.6 ac-ft per day, was delivered to the site in WY 2017 (Figure 46).
At upgradient monitoring well GW_117, from WY2014 (the first complete year of operations) to
2017, the yearly shallowest and deepest groundwater levels became shallower by 4.1 and 7.7 ft,
respectively (Table 2 and Figure 47). At GW_142 during the same water years, the shallowest
groundwater levels increased by 1.4 ft
while the deepest levels were unchanged.
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WY 2017 Recharge Season
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Figure 46 - Trumbull inflow rates and cumulative water delivered during WY 2017 (left) and monitoring well locations
(right).
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OTHER GROUNDWATER MONITORING WELLS

Four monitoring wells are not directly associated with recharge sites which operated during

WY2017: two wells, GW_151 and GW_116 (Figure 48), which are far downgradient of existing
recharge sites, and two wells, GW_160 and GW_152 (Figure 49), which are east of the Walla Walla
River, where no recharge site has yet operated. Groundwater levels and temperatures are more
stable in the two wells east of the river than in other wells in the aquifer recharge program

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

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

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

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

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

SOURCE WATER QUALITY DURING WY 2017
Source water samples were collected at three locations on 12/12/2016 and four locations on

05/30/2017 (see Figure 50 for map):

e Source Water #1 - Zerba Weir

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

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

4 The approved monitoring plan inadvertently lists lead and mercury as analytes. These were never intended to be part of
the sampling program and a revised monitoring plan will be submitted to correct the error.

36



"L T0ZAM ul werdoud adreyoal 1ajinbe pageuew oy 10j suonedo| Surjdwes Ayenb aajep) - 0G 21n31y

SULIOJIUO N A1[en)) J193eM\ 98.1ed9y 13JIinby

{ &)

3IN0Y 32uBA3AUOD J3JeM 3DIBYIDY e
UOISIaAId JO julod

a)Is abieyray sa)nby

a)s Bundwes 1ayep aseuns

a)s buidwes 1aje MpunoIo

v

e o b

37



In general, water quality appears to be good at the sampled locations. The source water has low
concentrations of major cations (sodium, potassium, calcium and magnesium) and nitrate,
orthophosphate, iron, manganese, sulfur, and zinc (Tables 2-4). Zinc concentrations were less than
the state criteria of 0.043 mg/L for chronic exposure and 0.042 mg/L for acute exposure, assuming
a hardness of 30 mg/L. Ammonia and copper concentrations appear high compared to state criteria
and other surface water data; the elevated values may be the result of a new sampling/analytical
technology, the Unibest Ecotracker, which was used for the first time in WY2017.

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

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

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

> A search for ammonia and copper data in surface waters in the AWQMS database returned results for ammonia at only
one site within the Walla Walla basin, at Pine Creek. No copper data were found. The search used the filtered locations
option and the following selections as noted within the parentheses: organization (ODEQ), monitoring location types
(canal drainage, canal irrigation, canal transport, channelized stream, constructed water transport structure, other-
surface water, river/stream [ephemeral, intermittent and perennial], riverine impoundment, and spring), eco-region level
3 (Columbia Plateau), date range (1-1-1980 to 12-31-2017), activity types (default values), result status (default values),
projects (checked all), media (water), media subdivision (none selected), sampling component (none selected), individual
parameter (ammonia, dissolved copper, and total recoverable copper). A separate search for ammonia and copper in the
Blue Mountains eco-region level 3 yielded no data within the Walla Walla basin.

6 The model requires inputs which were not analyzed in WY2017, so the following data from 4/23/2013 at S-417 were
used to calculate the toxicity criteria: temperature 5.462 C, pH 7.23, dissolved organic carbon 1.7 mg C/L (based on total
organic carbon of 2.05 and standard conversion factor of 0.83), calcium 5.1 mg/L, magnesium 2.1 mg/L, sodium 2.9 mg/L,
potassium 1.7 mg/L, sulfate 0.9 mg/L, chloride 0.82 mg/L (assumed value based on ODEQ guidance), alkalinity 30 mg/L
CaCO03, and sulfur 0.00001 mg/L.
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the packet are then analyzed, was not intended to represent instantaneous concentrations but is
intended to represent cumulative concentrations. Therefore, the values reported in WY2017 are
not comparable to previous years which obtained grab samples, nor are the values comparable to
grab samples obtained by other organizations. The lab representatives further explained the
Unibest technology is not intended to be used for regulatory purposes but rather as a screening tool
to identify sites appropriate for characterization. The WWBWC intends to update the monitoring
plan in the near future to address this issue, if funding allows. In the immediate future, the four
constituents with water quality criteria -- ammonia, copper, nitrate, and zinc -- will be analyzed in
the next sampling round using traditional laboratory methods.

Table 4. Source Water #1 and #2

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

Table 5. Source Water #4 and #5

ND = no detection

Ammonia-N (mg/L) 1.59 2.53 2.92
Calcium (mg/L) 3.83 3.40 4.24
Copper (mg/L) 0.02 0.01 0.01
Iron (mg/L) 0.08 ND ND
Magnesium (mg/L) 1.48 1.31 1.64
Manganese (mg/L) ND ND 0.01
Nitrate-N(mg/L) ND ND Not sampled ND
Phosphorus (mg/L) 0.05 0.03 0.04
Potassium (mg/L) 1.51 1.83 2.24
Sodium (mg/L) 1.75 1.63 1.92
Sulfur (mg/L) 3.50 7.09 8.04
Zinc (mg/L) 0.01 0.01 0.01




GROUNDWATER QUALITY MONITORING

Groundwater quality samples and field parameter data were collected at 12 locations (GW_46,
GW_117,GW_119, GW_141, GW_142, GW_144, GW_151, GW_152, GW_160, GW_169, GW_170, and
GW_171) near the nine aquifer recharge sites. The general rationale for each sampling location are
listed below.

e GW_152 provides upgradient monitoring of the aquifer recharge program.

e GW_160 will provide downgradient monitoring of the Lefore Road site when it becomes
operational; in WY2017 it functioned as an upgradient site of the aquifer recharge program.

e GW_169 provides upgradient monitoring of the Chuckhole site.

e GW_141: provides upgradient monitoring for the entire project and specifically for the
Anspach, Barrett, Chuckhole, and Johnson sites.

e GWA46 provides mid-gradient monitoring for the Johnson site and central region of the
aquifer recharge program and downgradient monitoring for the Barrett, Anspach, and
Chuckhole sites.

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

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

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

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

o GW_144 provides downgradient monitoring for the NW Umapine site.

e GW_171 provides downgradient monitoring of the aquifer recharge program and
specifically for the Fruitvale site.

e GW_151 provides downgradient monitoring of the aquifer recharge program.

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

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

Ammonia-N (mg/L) 2.41 3.51 1.63 3.9
Calcium (mg/L) 16.89 15.92 8.02 10.98
Copper (mg/L) 0.02 0.01 0.02 0.01
Iron (mg/L) 0.31 ND 0.36 ND
Magnesium (mg/L) 6.46 6.15 291 4.1
Manganese (mg/L) 0.01 ND 0.01 0.01
Nitrate-N(mg/L) 0.56 1.95 1.15 4.99
Phosphorus (mg/L) 0.24 0.04 0.18 0.05
Potassium (mg/L) 3.40 6.15 2.86 3.88
Sodium (mg/L) 6.92 5.76 2.53 3.17
Sulfur (mg/L) 5.16 10.33 4.15 9.36
Zinc (mg/L) 0.01 0.01 0.01 0.01
ND = no detection
Table 7. GW_169 and GW_141 water quality data
Ammonia-N (mg/L) 1.54 2.81 3.63 3.35
Calcium (mg/L) 11.71 14.37 10.05 ND
Copper (mg/L) 0.02 0.02 0.02 0.01
Iron (mg/L) 0.22 ND 0.14 ND
Magnesium (mg/L) 441 ND 3.08 4.07
Manganese (mg/L) 0.02 5.28 0.02 ND
Nitrate-N(mg/L) 0.90 3.40 ND 3.59
Phosphorus (mg/L) 0.13 0.05 0.12 0.07
Potassium (mg/L) 3.42 3.90 6.90 4.52
Sodium (mg/L) 4.74 5.28 4.13 4.95
Sulfur (mg/L) 4.21 7.82 6.24 10.46
Zinc (mg/L) 0.01 0.02 0.02 0.02

Table 8. GW_46 and GW_117 water quality data

ND = no detection

Ammonia-N (mg/L) 1.42 3.09 1.72 2.93
Calcium (mg/L) 4.98 4.86 13.06 16.40
Copper (mg/L) 0.01 ND 0.01 0.01
Iron (mg/L) 0.07 ND 0.20 ND

Magnesium (mg/L) 2.03 1.97 5.12 6.36
Manganese (mg/L) ND ND 0.02 ND

Nitrate-N(mg/L) ND ND 1.81 7.36
Phosphorus (mg/L) 0.06 0.06 0.14 0.06
Potassium (mg/L) 2.25 3.26 4.28 5.45
Sodium (mg/L) 2.50 2.38 4.79 4.89
Sulfur (mg/L) 3.83 7.42 6.70 11.76
Zinc (mg/L) 0.01 0.01 0.01 0.01

ND = no detection




Table 9. GW_142 and GW_170 water quality data

Ammonia-N (mg/L) 1.71 3.71 1.22 3.41
Calcium (mg/L) 8.76 7.60 14.11 19.99
Copper (mg/L) 0.01 0.01 0.01 0.01
Iron (mg/L) 0.19 0.09 0.18 ND
Magnesium (mg/L) 3.07 2.26 5.13 7.66
Manganese (mg/L) 0.01 0.07 0.01 0.01
Nitrate-N(mg/L) 0.35 0.41 1.27 ND
Phosphorus (mg/L) 0.40 0.15 0.21 0.06
Potassium (mg/L) 3.67 3.10 3.93 5.07
Sodium (mg/L) 2.96 2.31 5.55 8.53
Sulfur (mg/L) 4.45 0.05 5.43 15.49
Zinc (mg/L) 0.01 0.02 0.01 0.01
ND = no detection
Table 10. GW_119 and GW_144 water quality data
Ammonia-N (mg/L) 1.75 3.51 1.28 3.66
Calcium (mg/L) 34.21 48.13 30.01 46.74
Copper (mg/L) 0.01 0.01 0.02 0.02
Iron (mg/L) 0.38 ND 0.28 ND
Magnesium (mg/L) 13.86 20.05 11.13 18.37
Manganese (mg/L) 0.03 0.01 0.02 0.01
Nitrate-N(mg/L) 1.75 24.31 12.93 40.29
Phosphorus (mg/L) 0.19 0.13 0.30 0.09
Potassium (mg/L) 9.82 12.06 8.59 10.69
Sodium (mg/L) 18.65 23.89 15.67 21.39
Sulfur (mg/L) 12.44 19.23 5.36 19.67
Zinc (mg/L) 0.01 0.01 0.01 0.01

Table 11. GW_171 and GW_151 water quality data

ND = no detection

Ammonia-N (mg/L) 1.26 2.94 2.22 2.60
Calcium (mg/L) 35.94 37.11 28.51 29.62
Copper (mg/L) 0.01 0.01 0.02 0.01
Iron (mg/L) 0.33 ND 0.46 ND

Magnesium (mg/L) 13.52 15.12 10.13 11.12
Manganese (mg/L) 0.03 0.01 0.02 0.01
Nitrate-N(mg/L) 8.38 13.52 17.14 21.15
Phosphorus (mg/L) 0.29 0.08 0.24 0.06
Potassium (mg/L) 8.50 7.96 5.81 7.13
Sodium (mg/L) 10.32 9.15 6.17 7.33
Sulfur (mg/L) 8.88 12.51 11.68 13.56
Zinc (mg/L) 0.01 0.01 0.01 0.01

ND = no detection




Table 12. Synthetic organic compounds sampled 5/17/2016 at GW_144 and GW_171

Azinphos-methyl ND ND
Chlorpyrifos ND ND
Diuron ND ND
Malathion ND ND

ND = no detection

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

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

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

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

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

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

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

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

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

(2) Comparing upgradient and downgradient monitoring locations at the Trumbull (GW_117
and GW_142) and Johnson (GW_141 and GW_46) sites shows decreases in nitrate and major
anion and cation concentrations at the downgradient locations relative to the upgradient
locations and that recharge activities are improving, or at least not degrading, groundwater
quality (Figures 63 and 64).
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Figure 63 - Constituent concentrations pre- and post-recharge at GW_152, GW_160, GW169, GW_141, GW_46, and

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

GW_151in WY2017.
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DISCUSSION OF RESULTS

During the WY 2017 recharge season 5,148 ac-ft (1,677,375,965 gallons) of water was diverted
from the Walla Walla River and delivered to recharge basins and infiltration galleries recharging
the alluvial aquifer northwest of Milton-Freewater, OR. Wells near the Johnson site show a year to
year positive (i.e. increasing) trend in alluvial aquifer water levels (except for the drought year of
2014-15) suggesting that water is being stored within the alluvial aquifer, potentially due to aquifer
recharge activities. Differences between years at monitoring wells near the other sites with at least
three years of data -- Anspach, Barrett (GW_62), Trumbull (GW_143, GW_117), and NW Umapine
(GW_144) -- also indicate increasing groundwater levels, although additional years of operation and
monitoring are required to evaluate trends. Results from WY 2017 are largely consistent with
changes over time seen previously, and the positive trends are expected to continue, assuming
continued aquifer recharge operations and normal water years.

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

As in previous recharge seasons, groundwater and surface water quality data collected during
aquifer recharge activities do not indicate that aquifer recharge activities are degrading
groundwater quality per Condition 5 of LL-1621. In many cases, groundwater quality parameters
improved over the recharge season, in other cases water quality remained unchanged, and for a few
isolated sites and constituents declined. Source water quality being delivered to the aquifer
recharge sites continues to be of generally acceptable quality and would not be anticipated to
degrade groundwater quality. Elevated ammonia and copper concentrations may be due to the
sampling/analytical method and will be analyzed in the next sampling round using a standard
analytical method.

PROPOSED AQUIFER RECHARGE PROGRAM IN WY 2018

Continued operation of the nine current sites and the addition of new aquifer recharges sites under
LL-1621 is expected in WY 2018. Operating existing sites which have only one or two years of
recharge for longer periods will help to identify their influence on the alluvial aquifer via program
monitoring wells. An additional four sites are in the planning phase and will likely be constructed in
the next year.

In addition to new sites, WY2018 will continue the operation of near real-time water quality
stations to monitor conditions of the recharge source water. The goal of these stations is to
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eventually operate the aquifer recharge sites using near real-time data for the inflowing source
water and to manage the sites via telemetry. The new water quality stations will operate during the
WY 2018 recharge season and data will be evaluated against grab sample water quality test results
to determine the efficacy of the real-time stations and if they can be used in place of grab sample
testing.

In WY 2018 monitoring will continue to be performed per the monitoring plan approved under LL-
1621. A report summarizing groundwater level monitoring, water quality monitoring and aquifer
recharge operations performed during the WY 2018 recharge season will be submitted to OWRD by
February 15, 2019. If funding allows, additional quantification of longer-term changes in
groundwater conditions over time will be included in next year’s annual report.
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Oregon Water Resources Department

Final Order

Limited License Application LL-1621
Walla Walla Basin Watershed Council and
Hudson Bay District Improvement
Company

Appeal Rights

This is a final order in other than a contested case. Tais arder is subject to judicial review under
ORS 183.484. Any petition for judicial review must be [Tled within the 60-day lime pericd
spaeitied by ORS [R3.484(2). Pursusnt to ORS 536.075 and QAR 137-004-D080 you may either
petition for judiciul review ar pelitien the Directar fur reconsideration of this order. A petition lor
recansiderncion may he granted or denied by the Director, and if no acrion is teken within 60 days
following the date the petition was filed, the petition shall be deemed denied.

Requested Water Use

On June 13, 2016, the Water Resources Departmen! received completed Timiled license request
1621 [rom Walla Walla Basin Waltcrshed Council and Hudson Bay Dislrict Improvement
Company for the use of up to 70 cubic feet per second from the Walla Walla River. The poimnis of
diversion arc located in the NE 2 NW 4%, Sectior: 1. Township 3 North, Range 35 East W.M.
and in the SW ¥, NL Y, Section 12, Township 5 North, Range 35 East, W.M., for the purpose of
artificial groundsater recharpe westing, lor the peciod of March 1, 2015 fhrough Decermnber 31,
2020,

Authorities
The Department may approve a limited license pursuant to its aucharity under (RS 537.143,
S537.144 and OAR 690-340-0030.

ORS 337.143(2) anthorizes the Direeror to revake the right 1 use water under a limited license if
it causcs injury to any other watcr right or & minimum perennial streamflow,

A limited license will not be issued tor more than five consecutive years for the same usc, as
dirceted ay ORS 537.143(85

Findings of Fact
1. The farms, “ees and map have been suhmitled, as required by QAR 690-330-0030(1).

2. The Depariment pravided puhlic mlice ol the zpplication. on December 22, 201 3 as required
by OAR 680-340-0030(2).

4

3, This limited license request is limited tr an area within a single drainage basio as required by
OAR 690-340-0430(3),
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10.

"The Departinent has detesmined (hat there is waler availuhle Tor the reguesied use,

The Department has determined that the proposed source has not been withdrawn fron:
further appropriazion.

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

Because the usce requested is longer than 120 days and becausc the use is in an arez that bas
sensitive, threatened or endangerec fish species. the use is subject to the Department’s rules
under QAR 650-33, These rales aid the Department in determining whether a proposed use
will impair oz be detrimentul w (he public interest with regard o sensitive, threatened, or
cndangered fish specics.

The Department aas determired that the use is not subject to s 1ules under OAR 690-35(),
[Newever, artificial groundwater recharge testing must be done in a manner that provides a
tesl wilh resulls and supplemental infarmatinn for the uset’s artificial groundwater recharge
permit application. Consistent with this intent, the Department bas added conditions
prrtaiming to testing, manitoring, reperting and coordination with Oregon Department of
Environmental Quality (ODEQ). Orcgon Department of Fish and Wildlife (ODFW) and this
Department.

The Department has received cammenls reluled o the possible issuance ol the limiled license
Irom ODEQ recuesling changes o e proposed monitonng plan. The wawer quality
maontoring plan was revised sud approved by ONEQ on February 23, 2016, The Department
has received comments om ODFW i support of this issuance and recommending
conditions related to instream water rights and bypass flows. The Department’s Groundwater
Scetion determined the wcsting and water quantity monitoring plan submitted as an addendum
w the applicatioe oo June 13, 2006 s sullicient lor artilicial grourdwater recharge esting.
*he authorization of Limited License 1621 is condidoned o satisfactorily address issucs
raised in those commen:s.

Pursaant to QAR 690-330-0030¢4 (5], conditions bave been added with regard 1o natice and
waler-use measurerment.

Conclusions of Law

The proposed water use will nat impair or be detnmental to the public interest pursuant to OAR
G90-340-0030(2), as limited i the order below,

Order

Therefore, pursnant to ORS 537,143, ORS 537,144, and OAR 690-340-0030, application for
Limited License 1621 is approved as conditioned below.

1.

The period and rate of use Tor Timited License 1621 shall be from October 17, 2016 thraugh
Degember 31, 2020 for the use of 70 cubie leey per second frons the Walla Walla River, for
the purpose of arificial groundwater recharge testing. The scason of usc 13 limited to
November 1 through May 13
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. The licensee shall give notice 1o the Watermaster in the district where use is 10 occur not less
than 15 days or more than 60 days in advance of using the water under this limited license.
The notice shall include the location of the diversion, and the volume of water to be divered
and the imended use and place of use.

. When water is diverted under this limited license, the use is limited 1o 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, Fehruary 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 Walermaster, based on gage
and/or flow measurements, shall make the determination that the above described
streamflows are flowing past Nursery Beidge Dam. Diversion under this limited license shall
cease when said streamflows are unmet,

. The Licensee shall follow the operation, water quality and water level moaitoring plans
described in the document entitled “Surface water and Groundwater Monitoring and
Reporting Plan for Limited License Application LL1621™ and dated May 31, 2016. This plan
may be modified after review and approval of changes by the Department,

. The licensee shall comply with all ODEQ water quality requirements. Iff moniloring data or
other information result in identification of potential water quality concerns, ODEQ may seek
maodifications to the monitoring and test plan and/or require a permit of its own 10 address the
waler quality concerns prior to resumption of antificial groundwater recharge testing.

. Before water use may begin under thas license, the licensee shall install a wotalizing flow
meter at each point of diversion and a1 the entry point 1o each recharge est site. The wotalizing
flow meters must be installed and 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
tolal volume diverted, and the categonies of beneficial use to which the water is applied.
During the period of the limited license, the record of use shall be avaalable 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, wnl the amuunt delivered w el isvlsgs wiea.

. 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.

. Use of water under a limited license shall not have priority over any water right exercised
according to a permit or certificate, and shall be subordinate 1o all other authorized uses that
rely wpon 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 Wikdlife o prevent fish from entering the proposed
diversion. See copy of enclosed fish screening cevteria for information

Page 3
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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. A permanent water right for the requested location may fall
under the requirements of Division 33 rules, which limit water usage during the period from
April 15-September 30.

11, The licensee is required to peovide o written annual report by February | 5th of cach year.
This report will detail recharge testing and any subsequent recovery under a secondary
limited license from the preceding water year. Reporting shall include, but is not limited to,
the results of testing efforts that relate 10 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.

12. Failure to meet the conditions of the license to the satisfaction of the Department will kead to
 cancellation of the limited license, in which case it would no longer be in force.

13. The licensee shall conduct recharge testing as proposed in the application and later amended
by the licensee, and as otherwise conditioned herein,

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

Issued October /& | 2016

Tty Mg -
E. Timothy Wallin, Water Rights Program Manager, for
Thomas M. Byler, Director
Water Resources Depariment

Enclosures - limited license

co: Greg Silbemagel, 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 sumber below. When comtacting the Department, be sure to reference your limited license
number for beter service,

Remember, the wse of waser under the terms of this limited license is not a secure source of waler,
Water use can be revoked at any time. Such revocation may be prompled by field regulstory
activities ar many other reasons.

Water Rights Section

Oregon Water Resources Depanment

725 Summer Street NE, Suite A

Salem OR 97301.1271

Phome: (503) 986-0817 Fax:  (503) 9R6-0501
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FISH SCREENING CRITERIA FOR WATER DIVERSIONS

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

Screen material opemings for ditch (gravity) and pump screems wust prov ide £ minlmum of 27% open
area:

Purforated plate: Openings shall ot exceed 322 or 00938 inches (238 mm ).

Mesh/Waven wire sereen’ Squeare openings shall nof exceed 3/32 ar 01,0938 iaches (2,38 man) in the
narrow direction, e.g. 332 weh x 332 mch opent mesh.

Frofile bar screen/Wedge wire: Opaniogs shall not exceed 0.0639 daches (175 mmn) In the narrow
direction,

Screen arca mes! be luge enough to prevent fish impact. Wested screen area depends an the waser llow
muie and the approach velosity.

Approach velocity: The water velocity perpendicular to amd approximately three inches i front of
the soreen face.

Sweeping velocity: The waler velocity parallel (o the soreen face.

Bypass system: Any pipe, flume, open chaansl or other means of conveyancs that transports fish
back o the body of water from which the fish were diverted

Active pump screen: Self cleaning screen that has 2 proven cleaning system.

Pussive pump screen: Screen that hes no cleaning system other than periodic manual cleaning,

Screen spproach velocity for ditch snd active pomp screens shall not exceed 0.4 fps (feet per second)
or 012 mps (oneters per second). The wetted screen ares in square fest is calculsted by dividmg the
mudimum water flow rate in cubic feet per second (1 ofs = 449 g ) by 0.4 fps,

Sereen sweeping veloeity for diteh screens shall excead the approach velocity, Seneens grester tan 4
feet b lengrh must be aagled ar 45 degrees or less relative 10 flow. An adequale bypuss system must be
provided for disch screens 1o safedy and rapidly collect and trassport fish back 10 the stream.

Sereen spproach velocity for passive pemp sereens shall ot excesd 0.2 fps or 0.06 mips. The wetied
screen ares in squase feet i calcubarsd by dividing the maxsmums water flow rate by 0.2 fps. Puenp rate
should be less than 1 cfs.

Fow further imformalion please confact.

Bernie Kepshire

Ovegon Doparument of Fish and Wildlife
THENE Vasdeaberg Avenve
Corvallis, OR 97330-9446
(S41)757-41 86 x255

Bernard m kepshire@siste.or. ws

Poage §
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APPENDIX B - LL-1621 SOURCE AND GROUNDWATER MONITORING PLAN

The following is a replica of the monitoring plan without figures or appendices. Click here to
download complete Monitoring Plan with figures and appendices.
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Surface water and Groundwater
Monitoring and Reporting Plan

For Limited License Application LL1621

MAY 2016

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

&

GeoSystems Analysis, Inc.
1412 13t St, Suite 200, Hood River, OR 97031
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INTRODUCTION

This document was prepared to fulfill certain requirements in Oregon Administrative Rules (OAR)
690-350-0110 through 0130 in support of the application for artificial recharge (AR) Limited
License LL1621. The aquifer recharge projects included in this plan will be managed by the Walla
Walla Basin Watershed Council (WWBW(C) and Hudson Bay District Improvement Company
(HBDIC). The application for Limited License LL1621 was submitted to the Oregon Water
Resources Department (OWRD) in December 2015. The program includes seventeen aquifer
recharge projects located at different sites. Because of the unique nature of this program with
distributed recharge sites, as well as the availability of a body of information from other related or
nearby recharge projects, OWRD staff requested that the applicant provide a summary compilation
of the hydrogeologic information relevant to the overall program area and specific recharge sites
(See Appendix C), as well as a monitoring plan for the AR project.

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

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

Water quality data collected at seven active sites (Johnson, Anspach, Trumbull, Barrett, NW
Umapine, Stiller Pond and Locher Road) and one inactive site (Hall-Wentland) in the greater Walla
Walla Basin have shown that AR activities conducted in the Walla Walla Basin have not lead to
degradation of the alluvial groundwater system (GSI, 2009a, 2009b, WWBWC 2010). Moreover,
water quality monitoring in support of Limited License LL1433 indicates groundwater quality
improvements in response to AR activities (WWBWC, 2014a). Given these observations, the
dispersed nature of the individual AR sites, and the common source water for the proposed AR
program, the monitoring approach described herein focuses on evaluating the effects of each
recharge season on water quality using a dispersed, but integrated, monitoring network.

The balance of this document includes the following:

1. Program goals and a summary of AR sites to be covered under LL1621.

2. The scope of the proposed monitoring effort, including:
a. Proposed number, locations, and physical characteristics of monitoring points.
b. Constituents to be monitored for.
c. Sample collection frequency.
d. Quality assurance and quality control (QA/QC) elements.

3. Reporting methods.

B-5



PROGRAM GOALS

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

AQUIFER RECHARGE SITES

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

Table 1. Aquifer recharge sites included in Limited License LL1621.

Site Name

GPS Coordinates

Section, Township & Range

Anspach 45945540,-118.411043 NW %, NW 14, Sec. 30, T6N, R35E Gallery
Barrett 45.948009,-118.421811 SW 14, SE Y, Sec. 34, T6N, R35E Gallery
Chuckhole 45.941074,-118.419149 SW %4, NE %4, Sec. 3, T5N, R35E Basin
County Road 45951563,-118.428188 NE Y, SW %, Sec. 34, T6N, R35E Gallery
East Trolley Lane | 45.993006,-118.423812 SW 14, SE Y, Sec. 15, T6N, R35E Gallery
Fruitvale 45.987780, -118.444852 NE %, NW 14, Sec. 21, T6N, R35E Gallery
Gallagher 45.967480,-118.485502 | SE ¥4 & SW % of Sec. 30, T6N, R35E G(gies?;&
Gallery
Johnson 45.956690, -118.439271 SE %4, SW 44, Sec. 33, T6N, R35E & Basin
LeFore Road 45951187,-118.377397 NE %, SW 4, Sec. 36, T6N, R35E Gallery
Locust Road 45957360,-118.392845 SE %, NE Y, Sec. 35, T6N, R35E Gallery
Mud Creek 45.973630, -118.430493 NW 4, NW 4, Sec. 27, T6N, R35E Basin
NW Umapine 45979884, -118.503350 SW %, SE Y%, Sec. 24, T6N, R34E Basin
Sunquist 45.982522,-118.445141 NE %, SW 4, Sec. 21, T6N, R35E Gallery
Triangle Road 45973104,-118.425618 NE 14, NW 4, Sec. 27 T6N, R35E Gallery
Triangle Station 45.975587,-118.436832 NE %, NE %, Sec. 28, T6N, R35E Basin
Trumbull 45.962171,-118.428849 NW %4, SW %4, Sec. 27, T6N, R34E Gallery
West Ringer Road | 45.971661,-118.499919 SW %, NE Y, Sec. 25, T6N, R34E Gallery
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Table 2. Aquifer Recharge sites with recharge rates, recharge volumes (low/high) and conveyance
loss estimates (low/high) for LL1621

. Recharge Recharge Volume Conveyance Loss
Site Name . .
Rate (Low/High) (Low/High)
Anspach 3-5 cfs 445/1130 AF /year 145/295 AF /year
Barrett 4 cfs 555/1130 AF /year 145/295 AF /year
Chuckhole 1-3 ¢fs 90/530 AF/year 90/180 AF/year
County Road 2-4 cfs 310/1260 AF/year 145/295 AF/year
East Trolley Lane 1-2 cfs 100/375 AF/year 100/375 AF /year
Fruitvale 2-4cfs 200/750 AF/year 145/185 AF/year
Gallagher 2-6 cfs 315/1,900 AF/year 220/600 AF/year
Johnson 18 cfs 1,350/4,650 AF /year 700/1425 AF/year
LeFore Road Icfs 60/190 AF /year 0/0 AF/year
Locust Road 1.5cfs 140/300 AE/year 90/185 AF/year
Mud Creek 1-2 cfs 100/375 AF/year 75/200 AF/year
NW Umapine 3 cfs 450/950 AF /year 150/375 AF/year
Sunquist 1-3¢cfs 95/565 AF/year 100/185 AF/year
Triangle Road 1-2 cfs 100/375 AE/year 70/140 AF/year
Triangle Station Icfs 100/190 AF/year 70/140 AF/year
Trumbull 2 cfs 300/630 AF /year 100/225 AF /year
West Ringer Road 1-2 cfs 100/630 AF/year 150/450 AF/year
Estimated Totals (Low/High) 4,720/15,930 AF /year 2,495/5,550 AF /year

NOTE: Italicized recharge rates are estimates because the site has not operated yet.

ANSPACH

The Anspach site is an operational infiltration gallery constructed in 2012 and expanded in 2015.
The infiltration gallery is located immediately northwest of Milton-Freewater, OR and east of
Winsap Road in NW %4, NW 44, Sec. 30, T6N, R35E (Figures 1, 2, and 3). Recharge capacity at the
Anspach site has ranged from 0.5 to 1 cubic feet per second (cfs). After the expansion, the site is
expected to increase to approximately 4 cfs. This site was built in a field that has been fallow for at
least 14 years. Prior to this, the land was utilized as an apple orchard.

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

Recharge source water is diverted from the Hudson Bay District Improvement Company (HBDIC)
White Ditch canal west of its intersection with the Old Milton Highway/Lamb Street. Ata weir
structure, water is diverted south through a pipeline to the project. HBDIC and the WWBWC
manage the diversion of recharge water from the canal to the recharge site. The Anspach site will
continue to be operated under the existing Limited License LL1433 until issuance of Limited
License LL1621.
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BARRETT

The Barrett site is an operational infiltration gallery constructed in January 2014. The site is
located approximately 1.5 miles northwest of Milton-Freewater, OR between County Road and
Chuckhole Lane in SW %, SE 4, Sec. 34, T6N, R35E (Figures 1, 4, and 5). Recharge capacity at the
Barrett site is 3-4 cfs. This site was built in a field that has been fallow since the early 1990s.

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

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

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

CHUCKHOLE

The Chuckhole site is located approximately one mile northwest of Milton-Freewater, OR near the
south end of Chuckhole Lane in SW %, NE %4, Sec. 3, T5N, R35E (Figures 1, 6 and 7). The site
consists of two basins: a sediment trap basin and an infiltration basin. The site is expected to have a
total recharge capacity of 1 to 3 cfs. The Chuckhole site was constructed in the fall of 2015 and will
be brought into use pending issuance of a new limited license. This site was constructed in a vacant
corner of a vineyard. The land has not been utilized for at least 20 years. The adjacent field has
been cultivated as a vineyard for approximately 10 years and before that it was apple orchard (at
least to the early 1990s).

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

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

COUNTY RoAD

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

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

Recharge source water will be delivered down the HBDIC system and diverted into the proposed
infiltration gallery. HBDIC will be responsible for operating the diversion into the site.
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EAST TROLLEY LANE

The East Trolley Lane site is an infiltration gallery constructed in late 2013 and will be brought into
use pending issuance of a new limited license. The site is located east of Trolley Lane and
approximately 0.5 miles south of the Oregon/Washington border in SW %4, SE %, Sec. 15, T6N, R35E
(Figures 1, 9 and 10). Recharge capacity at the site is expected to range from approximately 1-2 cfs.
The infiltration gallery was built between an apple orchard and the county road. This field has been
used as an apple orchard since at least the early 1990s.

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

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

FRUITVALE

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

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

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

GALLAGHER

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

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

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

JOHNSON

The Johnson site is an operational recharge site consisting of a combination of infiltration basins
and infiltration galleries. The site is located approximately 2.5 miles northwest of Milton-
Freewater, OR between County Road and Prunedale Road in SE %4, SW 4, Sec. 33, T6N, R35E
(Figures 1, 13 and 14). Originally constructed in 2004, the site has undergone two expansion
phases to provide a recharge capacity ranging between 15 to 18 cfs. The site was constructed on
fallow ground (since at least the mid-1990s) but historically was used to grow cherry tree starts.

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

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

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

LEFORE ROAD

The LeFore Road recharge site is located immediately northeast of Milton-Freewater, OR and north
of LeFore Road in NE %, SW %4, Sec. 36, T6N, R35E (Figures 1, 15 and 16). The site is an infiltration
gallery with an expected recharge capacity of 1-2 cfs. The LeFore Road site was constructed in
October 2014 and will brought into use in 2015 pending issuance of a new limited license. The site
was built between an apple and cherry orchard. The land has been utilized as apple/cherry
orchards since at least the early 1990s.

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

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

LocusT ROAD
The proposed Locust Road recharge site will be located approximately 1.0 mile north of Milton-
Freewater, OR in SE %, NE 4, of Sec. 35, T6N, R35E (Figures 1 and 17). The site is planned to be an
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infiltration gallery with an expected recharge capacity of 1-2 cfs. The Locust Road site will likely be
constructed in early 2016. The site consists of land that has been used as a cherry orchard since at
least the early 1990s.

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

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

MUuUD CREEK

The Mud Creek site is located approximately 2.5 miles northwest of Milton-Freewater, OR between
State Route 332 and Triangle Road in NW %4, NW 4, Sec. 27, T6N, R35E (Figures 1, 18 and 19). The
site consists of one infiltration basin with a total expected recharge capacity of 1 to 2 cfs. The Mud
Creek site was constructed in the fall of 2015 and will be brought into use pending issuance of a
new limited license. The site was constructed in a pasture. The land has been in pasture grass
since at least the early 1990s.

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

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

NW UMAPINE

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

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

Recharge source water is diverted from the Richartz pipeline to the basin. HBDIC manages the
diversion of water to the site by a turn out from the Richartz pipeline.

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

The Sunquist site will be located approximately 4.5 miles northwest of Milton-Freewater, OR in NE
Y4, SW %, Sec. 21, T6N, R35E (Figures 1 and 22). The site is planned to be an infiltration gallery
with a recharge capacity of 1-2 cfs. The Sunquist site is scheduled to be constructed in 2016. The
site will be built on land that has been fallow since the early 1990s. A portion of the land, down-
gradient of the proposed recharge site, was planted as a vineyard in 2012.

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

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

TRIANGLE ROAD

The Triangle Road site will be located approximately 3.5 miles northwest of Milton-Freewater, OR
in NE ¥4, NW %4, Sec. 27 T6N, R35E (Figures 1 and 23). The site is planned to be an infiltration
gallery with a recharge capacity of 1-2 cfs. The site is scheduled for construction in 2016 or 2017.
The site will be built on land that has been an orchard lane/fruit box storage area. Historically the
land has been utilized as an orchard since the early 1990s with a few years of fallow ground.

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

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

TRIANGLE STATION

The Triangle Station site will be located approximately 3.75 miles northwest of Milton-Freewater,
OR in NE %, NE %, Sec. 28, T6N, R35E (Figures 1 and 24). The site is planned to be an infiltration
basin with a recharge capacity of 0.5 to 1 cfs. The Triangle Station site is planned to be constructed

in 2016 or 2017. The site will be built on land that has been used as pasture and grass hay since the
early 1990s.

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

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

TRUMBULL

The Trumbull site is an infiltration gallery constructed in late 2012 and operational since 2013.
The site is located approximately 2.5 miles northwest of Milton-Freewater, OR between the
Umapine Highway and Trumbull Road in NW %, SW %4, Sec. 27, T6N, R34E (Figures 1, 25 and 26).
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Recharge capacity at the Trumbull site ranges from 1.5 to 2.5 cfs. The site was built in a fallow field
that has since been converted to a vineyard. Historically this land was utilized as cherry/apple
orchards. The current vineyard is approximately 50 yards away from the infiltration gallery.

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

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

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

WEST RINGER ROAD

The West Ringer Road site is a modified infiltration gallery that utilizes storm water chambers
instead of perforated pipes. The site is located west of Ringer Road, just south of the community of
Umapine in SW %4, NE %4, Sec. 25, T6N, R34E (Figures 1, 27 and 28). The infiltration gallery was
constructed in late 2013 and will be brought into use pending issuance of a new limited license.
The site is expected to have a capacity of 1 to 2 cfs. This project was built along the edge of and
under a portion of a field that has had a wheat/alfalfa rotation since the 1990s.

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

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

MONITORING PLAN

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

WATER QUALITY MONITORING

Water quality monitoring for this multi-site AR program will integrate source water quality data
from several locations in the canal delivery system with groundwater quality data collected from
multiple locations to assess the impacts on the entire AR program area. Under this programmatic
approach individual AR facilities will be monitored to a greater or lesser extent in support of the
entire program. This proposed programmatic approach was developed from evaluation of data
from recharge projects in the region using similar source waters (GSI, 2012). Water quality
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sampling will be done for field parameters, basic water quality parameters (cations, anions, metals,
etc.) and synthetic organic compounds (SOC).

Recharge source water and groundwater will be sampled twice during each recharge season for
analysis of a select list of indicator constituents considered to be most representative of the
potential for AR degradation of alluvial aquifer groundwater quality, based on recharge water
sources, adjacent land uses and a review of AR data collected to date at several sites in the Walla
Walla Basin. The list of proposed analytes was assembled using data from previous and on-going
AR operations in the region that use similar source water (see below for complete list of analytes).

WATER QUALITY SAMPLING SCHEDULE

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

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

WATER QUALITY SAMPLING LOCATIONS

GROUNDWATER LOCATIONS

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

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

Refer to Table 2 and Figure 30 for groundwater quality site locations and their proximity to AR
sites.
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Table 2. Groundwater quality sampling locations in Limited License LL1621.

Monitoring Well ID GPS Proximitv to sites
1)) Tag # Coordinates y
Up-gradient: Program, Anspach, Barrett,
UMAT 45.945663, Johnson, Chuckhole
GW_141 97758 57169 | -118.408360 Mid-gradient: None
Down-gradient: None
Up-gradient: Gallagher
GW 46 63869 UMAT 45957821, Mid-gradient: Program, Johnson
- 55114 | -118.441180 | Down-gradient: Barrett, Anspach, Chuckhole,
County Road
Up-gradient: Trumbull, Mud Creek, Triangle
UMAT 45.962511, Road, Triangle Road
GW_117 91062 56444 | -118.421880 Mid-gradient: Program
Down-gradient: None
Up-gradient: Triangle Station and Sunquist
GW_142 97760 UMAT AT Mid-gradient: Program
47171 | -118.433400 .
Down-gradient: Trumbull
Up-gradient: Mud Creek, Fruitvale, Triangle
45973074, Station, Sunquist
GW_170 N/7A N/A -118.428844 Mid-gradient: Program
Down-gradient: Triangle Road, Locust Road
GW_119 91065 UMAT 45.972883, Up-gl‘a(}\:leil(;f: E::l/igrrilt?%lerllltla;‘/\}]liit neer
- 56447 | -118.485125 gracient: xarag
Down-gradient: Johnson
Up-gradient: None
UMAT 45.980159, Mid-gradient: None
GW_144 97761 57172 | -118.506767 | Down-gradient: NW Umapine, West Ringer Rd,
Gallagher
Up-gradient: None
45.991032, Mid-gradient: None
GW_171 e e -118444754 | Down-gradient: Program, Fruitvale, Sunquist,
Triangle Station
Up-gradient: None
GW_151 111667 g%}gg ﬁ:jg?% Mid-gradient: None
' Down-gradient: Program, East Trolley
Up-gradient: Program, LeFore Rd
UMAT 45.951427, . o
GW_152 111668 57434 | -118.376960 Mld-gradle_ant. None
Down-gradient: None
Up-gradient: Locust Road
GW_160 111671 N/A ﬁ:g;}gggz Mid-gradient: None
' Down-gradient: Program, LeFore Rd
Up-gradient: Program, Barrett, Chuckhole
GW_169 N/A N/A I, Mid-gradient: None
-118.418978 .
Down-gradient: None

NOTE: Italicized entries indicate proposed new groundwater monitoring locations.
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SURFACE WATER LOCATIONS

Source water quality sampling will be conducted at several locations within the canal and pipeline
recharge water conveyance system. Source water monitoring sites will be in the distribution
system at select locations up-stream of AR facilities.

*

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

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

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

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

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

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

sites.

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

Monitoring ID GPS Coordinates Source Water Monitoring Sites

Anspach, Barrett, County Road,

WQ-1 Zerba 45.947580,-118.408015 Chuckhole, Locust Road

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

WQ-3 Huffman-

. 45.976577,-118.475888 NW Umapine, West Ringer Rd
Richartz
Mud Creek, Fruitvale, Triangle
WQ-4 Fruitvale 45971173, -118.414991 Road, Triangle Station, Sunquist,
East Trolley Lane
WQ-5 Eastside 45,945233,-118.383753 LeFore Rd

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

FIELD COLLECTED PARAMETERS

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

Water Surface Water & Groundwater | YSI 30 / Orion 5-Star Pre & I?OSt

Temperature Operations

Specific . Pre & Post
Surface Water & Groundwater | YSI 30 / Orion 5-Star .

Conductance Operations

pH Surface Water & Groundwater Orion 5-Star Pre & I?OSt

Operations

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

Operations

LAB PARAMETERS

Table 5. Grab sample/lab analyzed water quality parameters in Limited License LL1621.

Potassium Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Sulfur Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Phosphorus Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
NO3-N Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
NH4-N Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Calcium Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Magnesium Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Sodium Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Manganese Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Iron Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Zinc Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Copper Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Lead Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
Mercury Surface Water & Groundwater | Ag Manager (Unibest) | Pre & Post Operations
. Post Operations @
Chlorphyrifos Groundwater EPA Method 8141 GW 144 & GW _F3
. Post Operations @
Diuron Groundwater EPA Method 532 GW 144 & GW F3
. Post Operations @
Malathion Groundwater EPA Method 8141 GW 144 & GW _F3
. Post Operations @
Azinphosmethly Groundwater EPA Method 8141 GW 144 & GW_F3
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SAMPLING PROCEDURES & EQUIPMENT (EXTRACTED FROM WWBW(C’s SOP)

WATER QUALITY SAMPLING (GROUNDWATER)

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

Note: this procedure is modified from:

Marti, 2011. Standard Operating Procedure for Purging and Sampling Monitoring Wells. Washington State Department of
Ecology - Environmental Assessment Program. EAPO78.

Equipment
— Sampling field data sheets (see below) or field notebook
— Chain of Custody form
— Water level measuring equipment (e-tape)
— Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved
Oxygen)
— Submersible pump
— Pump controller
— Tubing and connectors
— Sample bottles/containers
— Cooler
— Ice
— Deionized water
— Diluted Bleach solution
— Non-phosphate soap
— Nitrile or latex gloves
— First aid kit
— Well keys
— Camera
— Paper towels or clean rags
— Plastic sheet for keeping equipment clean
— Buckets (5-gallon or similar for purge volumes)
— 1 liter container (for purge volumes)
— Socket set
— Screwdriver(s)

Purging and Sampling
1. Check well for any changes or potential hazards.
2. Make sure equipment has been cleaned and decontaminated (see below for details). Spread
plastic or other material if needed to keep equipment clean.
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10.

11.

12.

13.
14.
15.

16.

17.

18.

Wear clean disposable gloves (latex or Nitrile) while performing purging and sampling. If
gloves become contaminated or dirty replace with new gloves.

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

If well is equipped with a pressure transducer, note how it is installed and its position to
replace it after sampling. Remove the pressure transducer from the well. Note the time the
pressure transducer was removed from the well on the data sheet or in the field notebook.
Measure the static water level in the well (see Groundwater Level and Temperature
protocol below for details).

Measure the depth of the well or refer to the well log to determine the depth of the well.
Calculate the length of the water column. Calculate the volume of water in the well using
the following values: 2” well = 0.1631 gallons per linear foot, 4” = 0.6524 gallons per linear
foot (Equation used for water volume calculation - Volume (gal/ft) = mtr2 (7.48 gal/ft3)
where r is the radius of the well and 7.48 is the conversion factor).

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

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

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

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

Record pumping rate on the data sheet or field notebook.

Discharge evacuated water as far as possible from the wellhead and work area.

During purging and sampling water flow should be smooth and consistent without bubbles
in the tubing.

Once pumping rate has been determined and flow has stabilized, start collecting field
parameters (water temperature, specific conductance, pH and dissolved oxygen) at regular
intervals. The measurement interval will depend upon the pumping rate (typically 2-5
minutes between measurements).

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

Continue purging well until field parameters stabilize. Parameters should be considered to
be stabilized when 3 consecutive measurements fall within the following ranges (see Table
6):
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19.

20.

21.

22.

23.

24.

Table 6. Field collected water quality parameters in Limited License LL1621.

Temperature + 0.1 ° Celsius

Specific Conductance <1000 ps/cm + 10 ps/cm
Specific Conductance >1000 us/cm +20 ps/cm
Dissolved Oxygen < 1 mg/L +0.05 mg/L
Dissolved Oxygen > 1 mg/L * 0.2 mg/L

pH + 0.1 pH units

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

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

Collect any duplicate or quality control samples (see below for details).

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

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

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

Clean and disinfect sampling equipment for next sampling event.

Decontamination

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

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

*

*

*

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

Rinse twice with distilled or deionized water.

Dry the equipment before use, to the extent practicable.
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WATER QUALITY SAMPLING (SURFACE WATER)
Surface water sampling is conducted utilizing the following procedures.

Note: this procedure is a modified from:

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

Equipment

Sampling field data sheets (see below) or field notebook
Chain of Custody form

Water quality meters and probes (Temperature, Specific Conductance, pH & Dissolved
Oxygen)

Sample bottles/containers

Cooler

Ice

Deionized water

Diluted Bleach solution

Non-phosphate soap (Liquinox or similar)

Nitrile gloves

First aid kit

Camera

Paper towels or clean rags

Plastic sheet for keeping equipment clean

— Screwdriver(s)
Sampling

1. Check for any changes or potential hazards.

2. Make sure equipment has been cleaned and decontaminated (see below for details). Spread
plastic or other material if needed to keep equipment clean.

3. Wear clean disposable gloves (Nitrile) while performing purging and sampling. If gloves
become contaminated or dirty replace with new gloves.

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

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

6. Fill out labels on each sample bottle with all necessary information.

7. Samples will be collected using the “Grab Sample” method described in EAP 003.

8. Take sample bottles and sampling equipment to the sample site and put on nitrile gloves.

9. Carefully collect samples by filling each container with water from the site. Note marked fill
lines or preservatives to prevent over or under filling of the sample bottle.

10. Collect any duplicate or quality control samples (see below for details).

11. Place samples in an ice-cooled cooler for delivery to the lab or shipping company. Make

sure samples do not freeze during transport.
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12. Complete chain of custody form. Record sample date and time on the data sheet or in the
field notebook. Also record any comments or observations regarding the sampling process.
13. Clean and disinfect sampling equipment for next sampling event.
Decontamination
All non-disposable field equipment that may potentially come in contact with any soil or water
sample shall be decontaminated in order to minimize the potential for cross-contamination
between sampling locations. Thorough decontamination of all sampling equipment shall be
conducted prior to each sampling event. In addition, the sampling technician shall decontaminate
all equipment in the field as required to prevent cross-contamination of samples collected in the
field. The procedures described in this section are specifically for field decontamination of
sampling equipment.

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

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

¢ Rinse twice with distilled or deionized water.

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

WATER QUALITY SAMPLING DATASHEET

WATER LEVEL MONITORING

GROUNDWATER LOCATIONS

The WWBWC currently maintains a water level monitoring program in the area of this aquifer
recharge program. Groundwater level monitoring locations provide useful information on aquifer
recharge influences to the shallow aquifer. Wells were located to capture up-gradient to down-
gradient influences from individual recharge projects (Figure 31). However, based upon limited
funding and the spatial nature of the aquifer, it is not possible to have wells at every desired
location. Wells in the water level network provide year round data for analysis of groundwater
changes during recharge activities and also for longer term analysis of groundwater recovery (i.e.
changes to groundwater storage). Many of the wells used for monitoring have secondary hydraulic
influences other than aquifer recharge. For example, wells located near the White Ditch show
responses to ditch activity. A few wells may show draw down caused by pumping from other wells.
See Appendix A for details on well locations (GPS coordinates) Well ID Tag #'s and UMAT numbers
(when available). Groundwater level data will be included in digital format with the written annual
report. Additional groundwater level data can be found on the WWBW(C'’s website.
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SURFACE WATER LOCATIONS

Flow monitoring will be done in the canals or pipelines feeding each individual AR site. The
objective of flow monitoring is to document the volumes of water delivered to each AR site during
its operations. Each aquifer recharge site will have either a rated intake structure (such as the
Johnson site) or have a flow meter installed at the diversion from the irrigation canal (such as the
Anspach site). Water volume delivered to each site will be collected and stored by the WWBWC and
reported to OWRD in a written annual report which will include applicable digital data. WWBWC
will also conduct flow monitoring in the canals to estimate seepage losses during aquifer recharge
operations. A total diversion from the Walla Walla River (in acre-feet) will be included in the
annual report.

QUALITY ASSURANCE AND QUALITY CONTROL (QA/QC)

FIELD RECORDS

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

DATA VALIDATION

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

Completeness of field data sheets and observation
Completeness of chain-of-custody

Holding times for all constituents

Completeness of laboratory quality controls

* & o o

SPECIFIC QA/QC GUIDANCE

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

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

REPORTING

Primary reporting for this monitoring plan will focus on annual reports completed following the
end of each recharge season, per OWRD requirements for the limited license. The basic goals of the
annual reports will be to: (1) report water quantity diverted and quantity delivered to each
recharge site, (2) analyze the data to evaluate how trends related to AR operations are influencing
groundwater quality and quantity and (3) based on the results of that analysis provide
recommendations (if any) for adjustments to the monitoring program and AR operations. In
addition to written annual report, monitoring data collected under this monitoring plan will be
provided to OWRD and ODEQ with the annual report.

B-23



REFERENCES

Barker and McNish, 1976. Digital Model of the Gravel Aquifer, Walla Walla River Basin, Washington
and Oregon: Washington Department of Ecology Water Supply Bulletin 45, 47 p.

Busacca, A.J. and MacDonald, E.V., 1994. Regional sedimentation of Late Quaternary loess on the
Columbia Plateau - sediment source areas and loess distribution pattern. From Lasmanis,
R. and Cheney, E.S,, eds., Regional geology of Washington State. Washington Department of
Natural Resources, Division of Geology and Earth Resources Bulletin 80, p. 181-190.

Bauer, H.H., and Vaccaro, ].]., 1990. Estimates of ground-water recharge to the Columbia Plateau
regional aquifer system, Washington, Oregon, and Idaho, for predevelopent and current
land-use conditions: U.S. Geological Survey Water-Resources Investigations Report 88-
4108, 37 p.

Fecht, KR, Reidel, S.P., and Tallman, A.M., 1987. Paleodrainage of the Columbia River system on the
Columbia Plateau of Washington State - a summary, in, Shuster, ].E., ed., Selected papers on
the geology of Washington State: Washington Department of Natural Resources, Division of
Geology and Earth Resources Bulletin 77, p. 219-248.

GeoSystems Analysis, 2016. Groundwater Monitoring Well Installation. Prepared by GeoSystems
Analysis, Inc., Tucson, AZ. March 23, 2016. 23p.

GSI, 2007. Geologic Setting of the Miocene (?) to Recent Suprabasalt Sediments of the Walla Walla

Basin, Southeastern Washington and Northeastern Oregon: Report written for Walla Walla
Basin Watershed Council and Washington Department of Ecology.

GSI, 2009a. Annual Report for the 2009 recharge season, Hall-Wentland shallow aquifer recharge
site, Umatilla County, Oregon and Walla Walla County, Washington: Report prepared for

Walla Walla Basin Watershed Council and Oregon Department of Water Resources.

GSI, 2009b. Results of the 2009 shallow aquifer recharge season at the Locher Road Site, Walla
Walla County, Washington: Report prepared for Walla Walla Basin Watershed Council and

Washington Department of Ecology.

GSI, 2012. Review of Previously Collected Source Water and Groundwater Quality Data from
Alluvial Aquifer Recharge Projects in the Walla Walla Basin, Washington and Oregon.

Newcomb, R.C., 1965. Geology and ground-water resources of the Walla Walla River Basin,
Washington and Oregon: Washington Department of Conservation, Division of Water
Resources Water-Supply Bulletin 21, 151 p, 3 plates.

Pacific Groundwater Group, 1995. Walla Walla Watershed Initial Assessment: report written for the
Washington Department of Ecology.

Richerson, P. and Cole, D., 2000. April 1999 Milton-Freewater groundwater quality study: Oregon
Department of Environmental Quality, State-Wide Groundwater Monitoring Program, 17 p.

Waitt, R.B,, Jr,, O’ Connor, J.E., and Benito, G., 1994. Scores of gigantic, successively smaller Lake
Missoula floods through Channeled Scabland and Columbia valley, in, Swanson, D.A., and

B-24



Haugerud, R.A,, eds., Geologic field trips in the Pacific Northwest: Seattle, Washington,
University of Washington Department of Geological Sciences, v. 1, p. 1k.1 - 1k.88.

WWBWC, 2010. Aquifer recharge as a water management tool: Hudson Bay recharge testing site
report (2004-2009): Report prepared for Hudson Bay District Improvement Company and
Oregon Department of Water Resources.

WWBWC, 2013. Walla Walla Basin Aquifer Recharge Strategic Plan, January 2013.

WWBWC, 2014a. Water Year 2013 Oregon Walla Walla Basin Aquifer Recharge Report, February
2014,

WWBWC, 2014b. Shallow Aquifer Monitoring in the Walla Walla Basin 2012-2013, March 2014.

B-25



APPENDIX C - RECHARGE SITE DESIGNS
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INFLOW & DUTFLOW DITCH DETAILS
NOT TO SCALE

— P e
NOTE
THE INFLOW BETOH 3EPTH VARIES FROM
POLE THE SPUIL MATERIAL
LAND DWhNER.

mmmﬂmmmr ToP VinTe
LECATIEN OF THE DITOHES AS STAD IN
THE FIELD THE INLDV DITCH CURVE
HAS A L2° RADIUS.

BRIDGE
' oy CHEDXK & FLUME
- w0y TRCTLRES
il
- *
%
» - m i 60° CuLVERT
mrTos ) /
s =
NOTES 2 €
PIYT DEPTH IS 3' OR AS STAKED IN THE FIELD  TE
" PIT BOTTOM 1S TO BE 3E.0V THE SECOND SANDY LDAM a
LAYER SHOWN ON THE TEST PIT PROFILES.
ACCESS EXCAVATION VOLUME APROKIMATELY 1230 CUBIC YARDS
ey PER PIT. STOCK PAE THE DXCAVATED MATERIAL AT
THE LANE DWNERS

DIRECTION
FIPES BETWEEN PITT 81 &
PL "

COMPACT BACKF

5 FROM THE INLET ENG.  USC A VIIRATING
SCIMPACTOR WITH 2 PASSES OVER 4% THICK, LOOSE
LAYERS. SOIL MOISTURE TO SE SUCtH THAT THE
MATERTAL TOES NOT FORM LAYERS NMDR FLOWS FROM
WNIER THE ACTION OF TvE COMPACTIOR

42 10 K 6
TR

W

DEMONFD BLMEWES 400

HUDSON BAY AQUIFER RECHARGE
PROJECT

C-8



STILLING WELL DETAIL

-

.

1* SC3. 40 PVC PIPE INSIBE
AL 14" STD WL GALV.

SECTION A

B

CHECK STRUCTURE & FLUME STRUCTURE

PERSPECTIVE VIEW

' ]
INSTALL THE COMCRETE IN ACTIBEDANLE WEIH LUNS | HUL | ILUN
SPECIFICATION 42, ATTADHED

ALL WALLS AND FLOORS TO BE &* THICK

USE 4000 PS1 STRENGTH CONCRETE L6 CLBIC YARDS MEEIED

FOR
THE CHESX STRUCTURE AND 4.9 CURIC YARSS NEEDED FOR THE FLUME

SEPARATE THE TV STRLCTURES USING A 6% L/E"X ¥ STRIP OF
ASPHAL T EXPANSIDN

JOINT FILLER.
THE STALLING WILL PIFE MAY BE CORRUGATED METAL OR CLASS B0,
MINIMUM, PVC PIFE
™E FL BOARD NOTCH IN THE BOTTOM DF THE FLUME 1S 1O WMOLD
THE BOTTOM OF A SPLITTER WALL. LUSE £ PIECES OF 3/4° MARDNE

LYWL HOLD THE TDP AT THE DOWNSTREAM END WITH A CADFILE
VITH 2-2°M4°KD* CLEATS. AT THE UPSTREAM END USE 2-2"xI2m Whiteck
VITH 2-B°X4"XE4* DLEATS, Sar 3

FLASH BOARD NOTCH DETAIL i

PROJECT

HUDSON BAY AQUIFER RECHARGE

C-9



CHECK STRUCTURE ELEVATION VIEW

nae A

¥ |

Jﬁrvlc

MR E
N

APRON PLAN VIEW

h
s

\

HUDSON BAY AQUIFER RECHARGE
PROJECT

CADFLLE
whiteckst

™A B 1
REINFORCING STEEL SCHEDULE
(BAR NO._SHAPE A 3 C
3
A 10 STRAIGHT 4—7° - =
. argn NOTES
g+ “Skimg be o - ALL BARS TO BE NUMBER 4
N e —— BARS 10 BE PLACED IN THE CENTER OF THE
E 3 STRAIGWT 13-8° - - WALLS AND FLUR.
F S STRAIGHT 78 - - NEED 620 LINEAL FEET OF REINDRCING BARS
AT WITHOUT ANY WASTE
[ T FT
H 20 AR 1-6 8- -
1 4 STRAIGHT 7-&' - =
J 8  STRAIGHT 14°-6* - - FLUME END WALL
wac FLUME SIE ELEVATION VIEV s SRR S—"
\ N —p
AR M LU
¥ yi
— ” T 1
J R n’ b 2" | I—

PDEET 4

OF 4

C-10




UMAPINE

SITE PLAN VIEW

S FOOT BRIDGE
TEST PIT §2 =

N

SCALE N FEET

g
)
-4
-
/7,
/7

EXPIRES 6/30/2003

C-11

LOCATION MAP |

UMAPIRE HIGHWAY i
2
2 :
- %
5 I
a H

HICHWAY 11

EeEWiTen |
SCALE N MILES

TOWNSHIP EN
RANGE 35E

TEST PIT #
5] 0-12" SANDY LOAM
DoUG| 12°=36" GRAVELY SANDY LOAM, APPROX. 50%
9000| OF THE VOLUME 1S GRAVEL SIZE PARTICLES
m WTH AN ESTMATED Om SIZE OF ABOUT 0.75",
pia et

35"-48" SANDY LOAM
45°-7 GRAVELY SANDY LOAM APPROX. 20%
OF THE VOLUME IS GRAVEL SIZE PARTICLES.

TEST PIT #2
0=13" GRAVELY SANDY LOAM

‘:;..,'-.

00| 13°-39" COBBLY SANDY LOAM, THE D OF
ooo THE GRAVEL IS APPROXIMATELY 1"

< +7] 39"-52° GRAVELY SANDY LOAM

Coocas 92"=? SAND GRAVEL MIX Dw ESTIMATED TO
BE ABOUT 0.25"

‘ 1 CROSSING
": __“'"-\~

DATE
DESIGNED B HEWES 403
PLOTTED

APPROVED e o

i

WWBWC /HBDIC UPPER RECHARGE PROJEC
SITE PLAN & LOCATION MAP
UMATILLA COUNTY, OREGON

CADFILE
whitersloc |

7



SITE PLAN VIEW

—60* CULVERT

PONDS

INLET STRUCTURE
AND PIPE SEE
DETAIL SHEET 3

150 ¢ 150 NEW POND 4

SCALE IN FEET

NOTES
DISTANCE BETWEEN THE TOPS OF THE PONDS 20° FOR ACCESS
ROAD, DISTANCE BETWEEN THE TOP OF THE POND AND THE
MONITORING WELL 20°
MAXIMUM POND BOTTOM ELEVATION 850 FEET, NORMAL WATER
SURFACE ELEVATION 851, SIDE SLOPES 21,
EXCAVATION VDLUME 2800 CU. YD
PVC PIPE TO BE BEDDED IN SOIL CONTAINING ROCK NO LARGER
THAN 1 DIAMETER, BEDDING 4° UNDER THE PIPE AND 6° DN THE
SIDES AND TOP. COMPACT THE BEDDING WITH ONE PASS OF A
VIBRATING PLATE COMPACTOR OVER &‘ LOOSE LIFTS.
CONSIDER FLOW METERS: AQUA MASTER MODEL 900R FRON
JENNINGS INC.
McCRONETER MODEL EO300 PROPELLER STYLE METER.
CHECK FOR COMPATIBILITY WITH YOUR EXISTING RECORDING AND
CONTROL EQUIPMENT.
SPACE THE DIFFERENT KIND OF GALLERIES 30°
TBM IS AT THE TOP OF THE RIGHT SIDE WALL, DOWNSTREAM END
OF THE FLUME. ELEVATION 88.7 FEET.

B M 2000 (A Mt Wl ey

CULVERT
ITORING WELL 3

BUTTERFLY VALVE
HANHOLE

A
B
: CHECK STRUCTURE

AND PIPE INLET

\IELL

STORMTECH
GALLERY
ATLANTIS
GALLERY
4* PERF. PIPE
WITH CLEAN GRAVEL
BACKFILL GALLERY
4* PERF. PIPE
WITH NATIVE MATERIAL
BACKFILL GALLERY

EXPIRES 6/30/2009

C-12

WWBWC/HBDIC UPPER RECHARGE PROJECT
SITE PLAN
UMATILLA COUNTY, OREGON

CADFILE
whitex tpln2




el |
SUPPLY PIPE TO POND 4 PLAN VIEW GALLERY SUPPLY PIPE ;g\ |
I—-— as’ ! VALVE DETAILS | }
FLOW METER | ELEVATION VIEW
STRUCTURE e T % 2' pve LID ’
] O 5 ] :
H T ' L VENT i| £
e gt MIN / o o E ‘J
CUT THE HOLE IN_THE INLET RE TO CLOSE ,far e i §
UT THE HOLE IN THE INLET STRUCTU LY
FIT AROUND THE SUPPLY PIPE, FILL THE SPACE _l_ fav 2 _E
BETWEEN THE STRUCTURE AND FIPES WITH CAULKING y; “
ON BOTH SIDES A5
THE BOTTOM LIF OF THE 45* ELBOW CAN BE ND LESS Tee  J—
THAN 0.2' BELOW THE TOP OF THE 21" PIPE. QAL\B/% * =
LID FOR THE CMP MANHOLE TO BE GALVANIZED }° (&)
THICK STEEL. LJ
SLIDE GATE TO BE A WATERMAN C-B-4 DR MANHOLE LID HOLD DOWN )
szglgtlL]sENTfATIENSTALL A CATWALK FOR ACCESS TO PERSPECTIVE VIEW 8
. /LIJJ" o =
/-6 X489 CMP .
SIDE ELEVATION VIEW T'YPICAL ﬁm%i‘é“»‘um ub 48* CNP u(ﬁg
20 = Y
1'-6* 0P OF / J_ ~—— WELD x < a4
g TERH kﬂ o % E [
) LID SEE 33 4 SLIDE GATE ..
l__i__l ’ | - DETALL \\ T NGT SHOWN 9 g . B =] >
-2 55 / & w=|
o [ 4
- LEVEL il et 3 POND EOTTOM ==
P = 836" MAXINUM LW
| o8
POND 1 7 & Z
BOTTOM rg I \ 45 ELBOW D
3-6S30" o PVCERE T el fe Y USE 1/2* DIAMETER ROD TO MAKE LOODPS. == |m
PVC PIPE DIAMETER OF THE LDOP 2* o 8 =
=g
INLET STRUCTURE TRASH e %
RACK DETAIL Y
PERSPECTIVE VIEW -
/m
WELD EXPANDED METAL >
TO THE FRAME
FRAME IS 3 X 3° STEEL, INSIDE =
DIAMETER 32°, COVER 10 BE
FLATTENED EXPANDED METAL
AL s
7e* X1 378 °, whitenisc
—— CLEAN AND PAINT WITH 2 CDATS SHEET 3
221:1'.6" B I e s EXPIRES 6/30/2009  paferz OF 7

C-13




PLAN VIEW

.
21"PVC PIPE S* BUTTERFLY VALVE

4 | 5° PVC
5° pve PIPE
PIPE \ -— rLov METER
¥ 4' PERF

T
y

NOTE: ON THIS SIDE THE PERF,
PIPE CHANGED TO SMOOTH

DRAIN FIELD PIPE WITH A TEE
FOR EACH PIPE ROW, 20 ROWS,

é

ok

FLOW L INVERT

¢

TYPICAL 4 PERFORATED PIPE GALLERY

4" DIA.
BENII

INSPECTIBN

INVERT AT FIRST GALLERY $50.4°
AT SECONC GALLERY 89.8°

EXPIRES 6/30/0dgrendixC

C-14

4* PERFORATED PIPE WITH
NATIVE MATERIAL BACKFILL
ELEVATION VIEW

NATIVE MATERIAL
— BACKFILL
|~ FILTER FABEIB

[— 4° PERF. PIPE
GRAVEL

NATIVE MATERIAL
BACKFILL

NOTES
NEED 2000° DF ADS 4‘ SINGLE WALL, PERFORATED, CORRUGATED
POLYETHYLENE PIPE OR EQUIVALENT. CONNECT THE 4° TO THE 5 PIPE
USING A MAR-MAC POLYSEAL PIPE COUPLER OR EQUIVALENT.
USE ONLY ENJUGH GRAVEL BEDDING TO PROVIDE A SMOOTH SURFACE TO
LAY THE PIPE ON OR REMOVE ALL ROCK GREATER THAN 2 IN DIAMETER
FROM CONTACTING THE PIPE.
THE INSPECTION PORT TO BE INSTALLED WHERE THE TwD PIPE ROLLS
CONNECT AND NEAR THE END AS SHOWN., CONNECT THE ROLLS WITH A 4°
TEE, USE 2' OF VERTICAL 4* PERF, PIPE WRAPPED WITH FILTER FABRIC
FOR AN INSPECTION PmT INSTALL A 4° CAP ON THE END OF THE PIPE
AND INSPECTION PORT.
THE FILTER FABRIC TO BE ADS 4000 NONWOVEN OR EQUIVALENT. ABDUT
75 SQ YD NEEDED.

4° DRAIN FIELD PIPE WITH
GRAVEL BEDDING
ELEVATION VIEW

NATIVE MATERIAL
=
18

|_~FILTER FABRIC

‘?,‘? !H!! EEIIEII!I EE\_IIHI! IEEiiE i

[— 4* DRAIN FIELD PIPE
O

GRAVEL

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 DONE OF
THE ROWS AND NEAR THE END. USE 2’ OF VERTICAL 4 PIPE VRAPPED
WITH FILTER FABRIC FOR AN INSPECTION PORT. INSTALL A 4’ CAP DN THE
END OF THE PIPE AND INSPECTION PORT.
THE FILTER FABRIC TOD BE ADS 4000 NONWOVEN OR EQUIVALENT. ABDUT
75 SQ. YD. NEEDED.
GRAVEL TO BE ANGULAR CRUSHED ROCK WITH THE MAJORITY BEING j-2°,
ABOUT 60 CuU. YD NEEDED.

DATE
12/07

Ln:xna:n B. HEWES
CRED.

UMATILLA COUNTY, OREGON
B H ENGINEERING

WWBWC/HBDIC UPPER RECHARGE PROJECT
4 PERF. & DRAIN FIELD PIPE DETAILS

CAD FILE
whiteperf

SHEET 4
oF 7




ATLANTIS RAIN TANK DETAIL
PLAN VIEW
FLow 2 Pve PIPE

REDUCED TD 12°
AND CAPPED

21 PVC PIPE INVERT 883

H S5 BUTTERFLY VALVE

|5 PVC PIPE

] FLOW METER

ATLANTIS GALLERY

e

=]

\

10°
I

INSI"EEZTI[NI PORT
|

ELEVATION VIEW
NATIVE MATERIAL

- FILTER FABRIC
— ATLANTIS TANK
6'T el ol Tkl s Bl o Tk < —GRAVEL

-

NOTES
ASSEMBLE AND INSTALL RAIN TANKS AND INSPECTION PORT AS
DESCRIBED IN THE MANUFACTURERS LITERATURE. TANKS ARE 16* WIDE,
27 LONG AND 173 HIGH, NEED 336 TANKS FOR H-10 LOADING. USE 4*
PVC PIPE FOR THE PORT, EXTEND 1° ABOVE GROUND AND PROTECT WITH
A FENCE POST AND END CAP.
FILTER FABRIC TD BE ADS 4000 OR EQUIVALENT, NEED 160 SQ. YD,
FOLD AND TAPE THE CORNERS AS SHOWN IN THE LITERATURE.
GRAVEL TO BE ANGULAR CRUSHED RDCK WITH THE MAJORITY OF
PARTICLES BETWEEN §-2°, NEED ABOUT 25 CU, YD.

EXPIRES, 64302009

C-15

STORMTECH CHAMBER

PLAN VIEW
21" PVC PIPE INVERT B85S’
21°PVC FLANGE 1 s
WITH GASKET H S° BUTTERFLY VALVE
AND COVER

—--5" PVC PIPE

B FLDOW METER

g 4’ CLASS 16D
=" PVC PIPE

— /e e

| STORMTECH CHAMBER

INSPECTION
— PORT

| v
[ 13

k]

NATIVE MATERIAL
FILTER FABRIC

ELEVATIDN VIEW

6’

STORMTECH CHAMBER
GRAVEL

NOTES
ASSEMELE AND INSTALL CHAMBERS AND INSPECTION PORT AS SHOWN IN
THE MANUFACTURERS LITERATURE. TANKS ARE 34° WIDE, 7'-2' LONG
AND 16° HIGH, NEED S0 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 EGUIVALENT, NEED 190 SQ. YD.
GRAVEL TO BE ANGULAR CRUSHED ROCK WITH THE MAJORITY OF
PARTICLES BETWEEN §*-2°, NEED ABOUT 115 CU. YD.

DATE
12707

HEWES

B ST TS A Ty

ESIGNED
HECKED.

|

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

CAD FIL
whiteatlar

SHEET ¢
oF 7

Page 14




STRUCTURE PERSPECTIVE VIEW SCREEN FRAME DETAIL E% {
S MSLhen 2°X1 1/2°X1/4° T |
R ANGLE '
t g ‘ ‘
. cLP THIS AaNGLE g 2 | |
8 roar soerace a1 B @ |
2w | n THE JUNCTION ! al
-
—:\‘J.:_ 2 -0 B i B
1 va'_[ & r f |28
o | 1xxsae
| ANG-E N | HanDLE
T - 3/8° BOLTS en’ |
66" o '
SCREEN FRAME DETAIL
ELEVATION VIEW
3/8°x1 1/2° BOLT,

SCALE IN FEET

1172 SECTIDON A

T S/8'%4 1/2°
LT

A1

/ LDCK WASHER & NUT
INSTALL THE STRUCTURE ABOUT 135" UPSTREAM

FROM THE END OF THE SPOIL PILE WITH THE e SIS PLATE
ATARED I THE FIELD ® SET TUE ELEVATION OF T - SCREEN

AKED IN 3 ELEVA
THE APRON EVEN WITH THE CHANNEL BOTTOM, 5 EXPANDED METAL
SUPPLY PIPE TO BE 260'-21* CLASS 100 PVC.
INSTALL CONCRETE ACCORDING TO NATURAL L
RESOURCES CONSERVATIDN SERVICE Sp——re
SPECIFICATION 42, REINFORCED CONCRETE FOR NBLE

MINOR STRUCTURES.
USE 4000 PS] STRENGTH CONCRETE, NEED 5.4 CU. FRAME HANDLE DETAIL

YD
CONCRETE TO BE VIBRATED, ALL EXPOSED EDGES T vV
TO BE EDGED WITH AN EDGING TOOL. ELEVATION IEW

1/2* ROD, WELD

Je—
1 @)

—————— 1273 | /R b —

NOTE
NOTCH 1S DN ALL 4 SIDES OF THE BOX
BOLTS ARE TO HMOLD DOWN THE SCREEN, USE A 1°X4“X}'BAR
WITH A 3/4° DIAMETER WOLE 1 FROM ONE END

j— 4 ——ef
TO 3/16°X1* PLATE
2
934" SEE
NOTE (mm]
¥

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

C-16

NOTES
EXPANDED METAL TD BE CARBON STEEL, FLATTENED, 13 GAGE. CAD FILE
3/4* SHORT OPENING WIDTH. whitescreen
SCREEN TD BE TYPE 304 STAINLESS STEEL, 20 GAGE MINIMUM SHEET 6
WITH 3/32* HOLES SPACED S/32° STAGGERED. oF 7

- = Pagd1s




HEADWALL LOOKING DOWNSTREAM

| ELEVATION VIEW

-

—o—

DOWNSTREAM SIDE WALL AND APRON

END ELEVATION VIEW

—

SIDE ELEVATIDN VIEW

[

A\l-

SCREEN BOX

fe H el F

END ELEVATION VIEW

— o ——|

N

_\_I

K

—— J —=1

Appendix C

REINFORCING STEEL SCHEDULE
ALL NUMBER 4 BARS, 8' NOMINAL SPACING

2
£ 3 STRAIGHT 19'-8* - ==
£f_2 ST ¥ — a=
G 12 AL B 37 Y1 --
H 12 AL B 2-00 ¢2-0° —
1 154 STRAIGHT _12°- == —
J e = -
K 38 B -9 g e
L 19 :1 jc 2-6* 4'-3* 2'-6'

1080 FEET NEEDED WITHOUT ANY WASTE

EXPIRES 6/30/2009 .

DATE
_12/07

B Seven SR B AN o sy

Imm. B HEWES

CHECKED.

WWBWC/HBDIC UPPER RECHARGE PROJECT
REINFORCING STEEL DETAILS
UMATILLA COUNTY, OREGON

CAD FILE
whitereoor

SHEET 7
oF 7

agk 16

C-17




UMAFINE

LOCATI

UMAPINE HIGHWAY

SITE PLAN VIEW

EMERGENCY POND
DUTLET WITH FLOV
MEASURING WEIR

EXISTING
PONDS

100 0 100
Tz ez

SCALE IN FEEY

PRUNEDALE
ROAD

ON MaP

-

SUNNYSIDE ROAD

SITC\

I

5

1 0
I

ROAD
4

L -

SCALE IN MILES

TOWNSHIP 6N
RANGE 3SE

MILTON-
FREEVATER

HIGHVAY 11

—

PRELIMINARY SUBJECT

TO REVISION

VL

‘%mEﬁmﬁ
S

EXPIRES 6/30/2011

WWBWC/HBDIC LOWER RECHARGE PROJECT

DATE
_9/09]
—

s

LOCATION MAP & SITE MAP
UMATILLA COUNTY, OREGON

CAD FILE

SHEET 1
OF 4

C-18




PIPE INLET STRUCTURE

PERSPECTIVE VIEW
SLIDE GATE AND TRASH RACK NOT SHOWN

=

25 X2 K42’
STEEL BAR

0.23°x2"x2"X42"
STEEL ANGLE

PRELIMINARY SUBJECT
TO REVISION

CROSS SECTION VIEW
SLIDE GATE AND TRASH RACK NOT SHOWN
PIPE LINE
STATION 0+00

ATTACH TO THE
TOP OF THE WALL

2 STEEL ,
PIPE N\ B2
2412
SADDLE
2855 VATER
SURFACE
il
1 T NATURAL
/ IA 'S GQDUND
24° ADS  FLEXIBLE ;,
N2 PIPE  CONNECTOR
24 PVC
PIPE

REINFORCING STEEL DETAILS
BACK ELEVATION VIEW

SIDE ELEVATION VIEW

| BAR A = i L - {
3 T —
:
N
L %
’ /I BAR B l ,z,, G l BAR B

REINFORCING STEEL SCHEDULE
ALL NUMBER 4 BARS, 12 NOMINAL SPACING

A B T
6-2 -
V-7" 66" -1
7 ALA K 47 &6 47
2 ’ . - -

A
B
¢
E & AR Kk 1-71* &-& 11" |
-
G
K

18 stroight
3

2 stralght 4'-6
2 A B e-&
2 straight -11°

-1 -

NOTES
INSTALL THE PIPE INLET STRUCTURE ACCORDING TD
CONSTRUCTION SPECIFICATION 42, REINFORCED CONCRETE FOR
MINOR STRUCTURES, USE 4000 PSI STRENGTH CONCRETE,
APPROXIMATELY 30 CuU, YD, NEEDED.

F |-—-nm:—|

INE,
"ﬁun
OREGON
%‘)" 11 ‘ﬁ

EXPIRES 6/30/2011

aTe
10709

wesien B, HEVES

B H ENGINEERING

WWBWC/HBDIC LOWER RECHARGE PROJECT
PIPE INLET STRUCTURE
UMATILLA COUNTY, OREGON

CAD FILE
phitelows trud

SHEET 2
oF 4

C-19



REINFORCING STEEL DETAILS ‘g‘g
POND EMERGENCY DOUTLET SIDE ELEVATION VIEW
PLAN VIEW jo—— B4R 6 —|
18° CORRUGATED ——
_r / CULVERT T ' -
9rop* — Bj_ A r B !
e G ' ;
. L — —
LIPE;[VQ \—K\—KIML,_ WELD =~ g l [
CONCRETE PAD L/ 4NRINR =97 MR C
30°X30°XS 1/8° V2 ‘Son g wELL VITH STEEL DBAR E —
STAFF GAGE 8
BAR F [
W
2 NEEDED E
ik ey PIPE INLET ENI fea
. s 3 w J o
L e e P~ ELEVATION VIEW wys
K €
e \ <>
NORMAL -, <, ’ WHITE DITCH \ - I<
Poo 4% p \ I O3 -
POND _ 2'~0° ey BA Y
SRS e l “dZ
1* PIPE SEE DETAIL _L !
Kl 0 a C g © 8
'I Efffi 4! PRELIMINARY SUBJECT o (>.-.) a
SCALE IN FEET TO REVISION _ L‘z.'j
= T &)
u ey
La E | E [2'4 z
I | /m L)
INSTALL CONCRETE IN ACCORDANGE. VITH CONSTRUCTION SPECIFICATION REINFOR SCHE DULE E 5 %
CING STEEL L
2, "REINFORCED CONCRETE FOR MINOR STRUCTURES®. USE 4030 PSI
STRENGTM CONCRETE, NEED ABDUT 22 CU. YD. ! ALL #4 BARS, 12° NOMINAL SPACING g
REINFORCING STEEL ALL #4 BARS, NEED 260 FEET WITH NO WASTE. PR WO SE a8 ©
CULVERT PIPE MAY BE STEEL OR HIGH DENSITY POLYETHYLENE. A — & stralght 7'_5. = m
SET THE WEIR PLATE IN A RABBET CUT INTO A 1 1/2°X1 3/4° BOARD AND P o3ART -3 4 e =
SET INTD THE SOCKETS, THE WEIR PLATE 70 BE STEEL 1/8°X3°X48°, c E e e - INESS >
SET THE STILLING WELL AT LEAST 2* INTO THE CONCRETE BASE. USE A gt 40 == 6476
SET THE STAFF CAGE Z6RD PEINT TN THE STILLING WELL LEVEL W -
THE CREST OF THE VEIR PLATE INSTALL THE 1 PIPE TO THE STILLING & 10 A:?Hngm ir?n‘--a‘ = ‘f?m:sm#
WELL WITH 1* BETWEEN THE FLOOR AND P Hooa ALE e g - Yo re 4
1 1 straight {*-10° — —
EXPIRES 6/30/2011

C-20



=

SITE PLAN VIEW

SECTION AA
l

—w—— NATURAL GROUND

&
L
3
&

UMAPINE

RANGE 35

LOCATIDN MAP

3
&
:

2000 0 2000
1 1 ]

P07 a7 77 22 2 225

SCALE IN FEET

TOWNSHIP 6N
RANGE 34E

HIGHWAY 332 MILTON F'EE\MIER

3.7 MILES

ROAD JOHNSDN

18* PVC SUPPLY PIPE

T —
—

100
1

SCALE IN iEET

Appendx C

C-21

"

CONSTRUCTED POND

EXPIRES 6/30/2013

2ATE
S5/12 )

pesmnen B HEWES
Checxep——— |

WWBWC/HBDIC UMAPINE RECHARGE PROJECT
PROJECT SITE PLAN AND LOCATION MAP
UMATILLA COUNTY, OREGON

B H ENGINFFRING

CAD FILE
unarcgpln

21 SHEET 1
ar &




DATE

DESIGNED B sfw¥S 10409

PLOTTED

APPROVED

NOTES
PIPE NEEDS:
N $'-24* CLASS 80 PVC PIPE
80'-24* ADS NI2 CORRUGATED POLYETHYLENE PIPE
u:_lal . .
“r_'sc . . ]
0400 PIPE INLET 2000-12° + . i
0+05 FLEXIELE COUPLER 340-10° * .
0-010-24"-45’ ELBOV 22076 * .
0HS-2¢-4 DNV 2015 PIPE TO POND 2
0+70-24°X24°X15* TEE i
0+480-24°X18" REDUCER 20-12* PIPE TO POND 3 :
1+50-18X18°X12* TEE 20'-15" PIPE TO POND &
1+460-18°X15" REDUCER
N iy sucE PRELIMINARY SUBJECT
20-10’ PIPE 7O POND 7 TO REVISION

4+15-12"X12°%10° TEE

4+20-12°X10" REDUCER 20'-10* PIPE TO POND &

100 0 100 S+55-10°X10°X10* TEE
3y S+60-10"X&" REDUCER 7+65-45" ELBOV
7+85 END OF PIPE 6476
AT POND 9

SCALE IN FEET

EXPIRES 6/30/2011

C-22

WWBWC/HBDIC RECHARGE PROJECT
POND SUPPLY PIPE PLAN & PROFILE

UMATILLA COUNTY, OREGON
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3
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RECHARGE SYSTEM PLAN VIEW
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NOTES
BOTTOM DF THE HOLE FOR THE 8" OUTLET PIPE IS 20° ABOVE
THE FLOOR AND 23 FROM THE INSIDE DF THE NORTH WALL.
MINIMUM DIAMETER OF THE HOLE IS 10°
PLACE CAULK BETWEEN THE FLANGE AND THE WALL WHEN
SETTING THE 8° PIPE, FORCE NON-SHRINK GROUT BETWEEN THE
PIPE AND HOLE WALL. AFTER THE GROUT IS SET CLEAN UP
ANY VOIDS WITH CAULKING COMPOUND.
THE 8" RECHARGE PIPE CAN BE EITHER CORRUGATED ABS
PERFORATED DRAIN PIPE DR SMOOTH WALL LEACH FIELD PIPE.
INSTALL A WYE NEAR 0+00 AND 2+00 ON EACH LINE FOR A
CLEAN OUT. PLACE A REMOVABLE CAP ON THE END OF EACH
DRAIN LINE FOR CLEANING DUT.

DRAIN PIPE CROSS SECTION
ELEVATION VIEW

PRELIMINARY SUBJECT
TO REVISION |

400

330

Appe]

C-27

\F‘

2* CLEAN GRAVEL

WWBWC/HBDIC TRUMBO LANE RECHARGE
PLAN & PROFILE
IIMATTI I A CTIINTY NRFRMAN



“huckhol

wuHI Walla

[nDEX OF DeawInss

ZHEET 0 _TIOE

. Coew e & Lacomion wap
' Pup View
2 b=arin d
- Wrrie 2
- » Femslin 3
N

LD;~TID MAP s

CENERsL NOTES
VeI e et gaestn

and

2 amed ms e e u have reviewed
and dematied an e Construction spec c'j
n =len ol l-rv‘ e Ir o pwrer and find them to
Cwem. ard 2l pa. ol installation. | x:ll_
N Cmedificatic
Erain F 1or allatior.

q» that I have
* chis plar.

UTILITIES

ac lm

Oreger S Low reqalres Dorers od Dperesas
o reel®y el 1=les e basieess deys before convr e tion

The eoac
b sv--nlr-d Lo L
"l-l -.: ary ewcuerTicen

- | e
L it I~|' f‘ll" S soptrtes sed g 2 -
oih 511 permi T g wirire wpirire - H.(-).L\-)“ Dorer Toer
wncase v “huckhcls Zl':il;m Aquifer Recharge Project
LIr"C Haorming - e b ahai [J, p o
oo Aala Walla Basie watarsbed Coanc
e Sl Viton Freswaser, OF
\ —— -
[ - -
o TURG: wrw_| 2D
et P

C-28




¢
¢
-
¢
.
<
1.
.
e

Irsiltrasion
Area

Sedirent depositien area

200°

-

el

v

potdl 47 D8 Valer—— netl 4 A e T
/m i &

s e =i
—pethede 10 ‘\£
Sy S el A e

—al pype. vdwen wd semgs dhal bae 9 oo
R R L

e rarg w e s ==

Larce Harming
Eraireering

P | O ﬂ \/l e W Carvdlis, OR 27333

(509) 595—-B330

wla walla Basin werershed Coarcil

T ThaoH e Shallon AqUtt Fech e Pl
Miten Freewater, OR

C-29

SINATESE:




wect Sary
w»Ssberved exterace

i e vl b

4°=30 deg. Mg 3
tole bt b hoded

UL I e ir——
f—— v — — bl g \Y | SR
) ; _ » bomal Fock Chase o
|\JJ - & ‘\\ arrg poed ambabmors
12'% + & .‘/
Tpwer faes
2)4" Sch
gk Fle g
Flowmeter Vault
4% Watep St Trecs Bary
.r-'-m'.',-"-‘l. hanved saterndon Nelaze A /Va dor M 4" gumd post
A S H o St
= e
e
|
124" 5 40 PUC
e Rge
=11 nt

ittertly Val

J——— Fackbols <hall Aquiter Fecharge Projecs .
4 ¢ . L'E'nv,u"Hl':."’ } . T wdla walla Basie Aershed Coarel T
{ l I | rodl R @ 1200 Freswaser 3
_l SiveTEs l s

C-30




I

Teant

el

shall ret be

» compacted ir

I
IS Pr 1
reractor
Jaired <o

ponei
mpa

add w

|

banal

bas I

dsting pornd embarkrent

B
|

el

ol

Larce Horming
Eraineering

Aquaiter e Prok —
dalla Hasie warerabed e
Witcr Freswater, OF

r—

C-31




" ibas angalr reck

Cmnrar chickpes | S A | A fa e ra e e
| | R RN |
k Chute— ion Vi k Chus rotil
huckhcle Shallow Aquiter Recharge Project
He Hos wetla Wil Basie werershed Coarcl

Miton Freswater

£ ]|| |Ei‘lnl"‘ Tin:

C-32




el

Twpical Liner Fenetratiol

i =
ol P

Liner T

Liner Details:

: B

2.
3.
4

Remove organic materials.

Excavate 1' of materials and stockpile for use as cover materials (If Acceptable).
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if sharp materials are present in sub-grade materials bedding shall be installed.
Project manager shall determine if bedding is required.
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ANALYTICAL Coris, O somwnw T ™
Jume 16, 2017 Page 1 of !
Mr. Troy Baker
Walla Wala Basin Watershed Council
810 South Main Street

Miton-Freewater, OR 97882
RE: 17-12504 - Post Recharge

Daar Mr. Troy Baker,
Your project: Post Racharge. was received on Wednesday May 31, 2017,

All samples wars analyzed within the accepted holding limes and were appropriately preserved and analyzed
accoring 10 approved analytical profocols, unkess noted in the data or QC reports. The quality control data
was within laborstory acceptance dmits, unless specified in the data or QC reports.

If you have questions phone ue at 800 7556266,

Respectfully

Lawrence J Henderson, PhD
Diractor of Laboratories, Vice Prasident

Enclosures: Data Report
QC Reporta
Chain of Custlody

FOS COVER B §
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810 South Main Street Promct Post Recharge
Mikon-Freewater, OR 97882
Lab Number. 28832 Ruport Date: ‘1817
Feid D GW-144 Dote Anatgres  BITMT
Sorpie Descipton: NW Urrapine Anayst: CO
Mavte Warler Anaiytcal Method: 81478 MOD
Sample Dore: 5030717 Baxch 81418_170¢08
Extwcion Dwe G517 ADrowas By led pam
Exraction Methoet  3540C
Auharieed by A\ e:g
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¥ you have any questions concerring tis report Comact us o the above phone Numer
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POLC A @Al | dmwiiery 2R R W A 1. » Sherwood OF 37140 « T 500804 M) « pacagian.ocm
Edge Analvical Report Number: PI20673
1620 5. Widkvat Repart Date: Juw 16, 2017

Rarlington, WA 08253

Client Project 1D: 1712504

Analytical Report
Chient Sqmnple 1D: 28832 PAL Sample [ PI70673.01
Matric: wanr Samnple Dage: S30017
F anraction Analvis Ameust Linwin of
Darte Thaee Asabyse Dectexted uartiatien ates

Method: Modified EPA $321B (LOMSMS)

L o DOFMU
2 ANy Diusen
Serregane Recosory 10d %
Surregate Roces sry Range: #0140
CTPR1S wacd e Sumoges |

Client Sample [ 25830

Marris: weser
Extractian Anabysis
Date Dxate Aralyte

Methad: Moditled LPA K321R (LC-MSMS)

[ L0 ) L8 A b DoPMU
[ LU R Dheroa
Sarripaie Recovery: 100%
Searvogate ey Rasgei w1 a0
(TP e e Surrogasc)

Plidod A for

Ri& Joedun, Labvoemory Masager

Not Diesected 0060 'l
Not Dewectad Qa0 'l

PAL Sample 1D: P1LT0673.02
Sampie Date: £5017

Amount Lt of
Detected OQuaniitstion Nodes
Net Detocted 0060 spl.
Not Detecd 006l spl

L AL
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Edge Analvtical
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Dorlingion, WA 95233

Quality Assurance

Methed Baak Dars Maeris: water
Extraction  Ansbyds Hateh O
Date Dare Samplc 4
LS Ly U TSM0 1 -BLX
w5 w17 TOS0S01-RLKY
Hlank Spike Data Matris: waer
Exiracthon  Amadysis Harch OC
Date Pare Sampic #
517 “a7 TOSS0-B51
&5nT aany TOs0S01-80
Analyte lnfarmation

Metied Mogified EPA K321 R (LC-MSOMS)

Analyre
DO
Dieron

Avuilyte
Disson
Damon

DCPMU i the prinary breskatows produect of Digson
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Risk Jordan, Labxwatory Messger
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Report Nember: PIT0STS
Report Date: Pune 16, 2017
Clent Frajoct 1D: 17-12504

Expecied %
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Not Derecad <0060 vl
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APPENDIX E - WELL LOGS FOR MONITORING WELLS
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aw e Dumerte "‘;“'::n""“"'o mmu [f ] n bweox unpewts I F o
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GW_31

e ﬂ. g -l]—Ap—RT?' V2 ELL REPORT Stase Wall No. ‘,f/:".f'/zlﬂ /)
wﬂ — G149/ Biate Permit No. G‘:a-r

(1) OWNER: SALEM, OREGON (11) WELL TESTYS: Drawdows s srsess tevet &
-~ - e ww
Astrws  Mi) fopn-Freswater v, 128 pumswm 9500

b

(2) LOCATION OF WELL:
oy Umatilla

.,M!L__.
HW % _ 3R % Beclos 19 T 6 . ESE w.

ﬂo#%mmu%

Iﬂ-m

“of the B of‘ﬂ?zlg_—
. Beaotion 19 o

figler fast B Am__m
Artesin flaw

ey p——T— w—pyp——— You

(12) WELL LOG: Dlameter ot well 8 iscten.

Farmmacio . Desoribe by sobar, '3\'.‘!3 of Mmm
—— prisad e AP ..aﬁ.::r?}.‘....;b‘:.a_-_
: o MATERIAL ™
TYPE OF WORK (cheek): .Boil 1 1 18
WeI(X  Deepenieg (] Necrzdmioning 7] Asanden D | gTAVEl 18 B0
A stendoament, eial and pr 1 Nere IL _m‘d_ml ao_—_m
(4) PROPOSED USE (cheek): (5) TYPE OF WELL: t .
0 ménsrial O Muskipsl [ Rotery O Drve [ — . - —
X Tewt Well [J Othar o ! m’“ g ,12 o _—- § o
n
(6) CASING INST Trogne W OE, 200 1e8
R - I —— uu L 1 G B
e DARER. Sroen " w0 0 Gage T N
—) Y p—— Y " N Gege
(7) PERFORATIONS: Ferfarwied? X Yeu [ No -
L] S— —
SIZK of perbarations ity 1E e
PO pertecations teecn .80 w80 "
perfcratiors froen % w " —* S
....... b L T SE— 3 Jem——— N I
i from 0w ~ - ) N,
....... —— T f JGEEENNNENy § PEESS—— ——
SCREENS: Well serens inatalled T Vos X Mo o
fectimers Nams
< Modal Na. S——
T — TR P P ST S |3 " S Y
Dlare. o Shisine o . %ot from "t . | woek started » ”ﬂﬂ
) CONSTRUCTION: (13) PUMP:
well gravel peched? [1 Yoo 3dd ¥o Bhew of gl oo ooe | Muniacturec’s Nams .
Geoavel glaced froem . i w n Type: ... P
Was & surfsce sesl provided? ] Yes [ No To whel depihY n
Materisl tsed in sesl— Wall Driller’s Statement;
148 sy airats contals urambie watsct [) Ves %] Ko This well was drilied undar my Jurisdiction and this report ts
Lo ¥ of strata true to the best of my knowledge
- atasis et Go
'%a [Twwe w prinil
(10) WATER LEVELS:

[1%

balow lard mztace Dats 5-18-58

W%@

(ONE ADDITION AL SHEETS IF NECESSARNY)

Address HE . 3 Box 247-D Walls Walla Wo ..
Driller's well
[Signed]
License No. ABS

B LR
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GW_32

ECEIVE
L:l; OCT 311960
prowesoe  UTATE ENCINEMATER WELL REFORT ghe vt G125 =356

X e il sTATE OF OREGON A -
(1) OWNER: (11) WELL TESTS: Premdgya is smegel wajer Jevel s
: Wasn teat madet [ Ver []Ko T wromi 3
Adares 382 N . Modzaneth | vida: 2 wn £ drawdown after - hra
!3'5‘2!;5522!2! Q"Ei " - ol - -
—— with nmm‘“a ;
Arteien Svw gp:. Duls
af water <5 Was a chernical mage? [J Yer Ko
(12) WELL LOG: Dlameter of well G irches.
Depth driled 137 ¢ Depth af completed weil 149 =
i Desoride by oolor, sharaotes, a3 and
B e g o P B o e e B
MATENTAL ™ow ™
(3) TYPE OF WORK (eheck): e Rooc M. dirs —94=
New Well @ Despezing 0 Tecseditianing O Avanden O Noco & osy L5 73
rinl and dure b Mo 11 Vel & clay 41‘ 158—
PROPOSED USE (check): | (5) TYPE OF WELL: ot = o a2
Dorestle 1 Tedestrint () Weaidelial — -4 ey a2 67
trigetin O Ted Well O Oee O | Dug' 1 Daea 8 B 2
(8) CASING INSTALLED: Threaded [1  Welded[)
—l )30 Gage . 277
—— %1 ® to 1§t Gage
— T ) = te 1 Gage
(7) PERFORATIONS: Paforsted? [] Yer g Mo
Type of perforator weed - N—
SIZE of parfarations o by In, ~
——— PEENENNRS DU v snanaas B W ccovemenes (B || s———
perfaratioas fram . ... N e - — Bl || c—
— PN DR e B e "
- YNSRI | W R — "
‘:“_mm,--.-....uab._,«----.n.
(8) SCREENS: Well soreen installed O Yeu K Mo
Marrafactirec’s Netwe ..o N
T —snmemece——ee—— T T o
SR F P SN+ " | "N .
— D D e B e BB B b} " A 0
(9) CONSTRUCTION: (13) PUMP:
Wasr well gravel packed? ] Yes §5 No Stoe of grawel: o | sunufacturers Name .
Gravel placed 2rom oo AW LR . THPE: e nr.
Wz & susface sesl provided? [J Yes (180 To what desih? n
Matantal uoed o el Well Driller's Slatemend:
ialp seeeniile waierd [) S O N> This well wae drilled under my jurisdiction and this repart ix
af waser? of strats troe to e beet of my knowledge and beliaf,
Mothad of straca cét -
nNamx . S M. T Hshrana
(m WATER LEVELS: an ﬁ:.‘m Tyve o poiol)
Btatt: et A 1 belaw ot Dt Address ..E.0.BoxX 20 ~Milren~Proerrter; Ote
] ita Dute B
Log 1- (Signed) émg%m—_w R
o ..-«.Mu-/ﬂ_d e License ¥ 229 e 1027 .30




GW_33

N/ 35e/ ) b

StateororecoNn  FEB 241934/ q '
WATER WELL REPORT Q «
(as requu'ed by ORS 537.765)NATER RESUURP £S U/‘ g ::7 7 W j’”/g 5’\2
@ OWNE SN, o~ | (9) LOCATION OF WELL by legal description:
Nsme /4 A/ﬂ/ £ A/‘ Counts titude " ] s40d ! y
Address mé#i Lo /374 NorérRange ——
City 7S State 7)) >  Zip ?)& Sectlcm _2; M
(2) TYPE OF WORK: Tax Lo'. Block Subdivi:
H New Well ] Deepen [J Recondition [J Abandon Street Addre sof Well (or nearest address) ‘ﬁﬁ%&%
(3) DRILL METHOD 777 #/P\ff el f‘w 2 ?(7 KZ/
K rotaryair 0 RotaryMud [ Cable (10) STATIC WATER LEVEL: )

[ Other

__g._L. ft. below land surface. Date .AZ&_Z‘i

(4) PROPOSED USE: Artesian pressure Ib. per square inch. Date
Domestic [0 Community [ Industrial K Irrigation (1 1) WATER BEARING ZONES:
Thermal [} Injection [ Other {— )
(5) BORE HOLE CONSTRUCTION: Depth at which water was first found
cial Construction approval Yes No Depth of Completed Well 77 ft. From To Estimated Flow Rate SWL
Yes No O Q 5,/ /d { 1&57‘_ .27
xplosives used O K Type Amount " & 7
HOLE SEAL mount
Diameter From To Material From To sacks pr pounds
: 22| B toaile| & 128 =
2/ 7_ﬁ / ﬂ; - (12) WELL LOG: Ground elevation
Material From To SWL
Saerl . d1/
Howwassealplaced: Method [J A (OB [Oc Obp OE Jj'ﬂ) /'[ qL K’,ﬁ?a Ye / / 57‘
L1 Other oo/ 2LhaV¥ ¥ .32
Backfill placed from ft. to ft.  Material A o172 1/ bls 4o ] 329 )% 27
Gravel placed from ft. to ft. . Size of gravel
(6) CASING/LINER:
Diameter From To Gauge| Steel Plastic Welded Threaded —
Casing: / .5? 248 23 O X O
D D D D x e LI
o o O O nm
o O O O ATR
Liner: Od O [] O WATER RESOURLE DERT.
& 4 @ & SALEM,—OREGON
Final location of shoe(s) !
) PERFORATIONS/SCREENS:
O Perforations Method /lm A/
[ Screens Type Material
Slot Tele/pipe
rom To size Number, Diameter size Casing Liner
@ O O
O O
.a O
O O
O O Datestarted_[ = /X — 7 2/ Completed _ [/ = 2.2 — F <L
O O ~ “
— - . (unbonded) Water Well Constructor Certification:
(8) WELL TESTS: Minimum testing time is 1 hour I certify that the work I performed on the construction, alteration, or
O Pum O Bailer K Air O i‘;":s"‘i abandonment of this well is in compliance with Oregon well construction
P a standards. Materials used and information reported above are true to my best
Yield gal/min Drawdown Drill stem at Time knowledge and belief.
7 50 7 7 7 5, Thr. . ) WWC Number
Signed . Date
(bonded) Water Well Constructor Certification:
455 ¢ £ I accept responsibility for the construction, alteration, or abandonment
e of wm_u L _ - Depth Amsﬁ: ;bw Fozd work performed on this well during the construction dates reported above. all
Was a water analysis done? Oves Bywhom AL work performed during this time is in compliance with Oregon well

Did any strata contain water not suitable for intendeduse? [] Too little
O Salty [J Muddy [J 0dor D Colored D Other /1/' 4

Depth of strata: -

construction standards. This report is true to the best of my knowledge and
belief. WWC Number 3

Signed Date = -

WHITE COPIES - WATER RESOURCES DEPARTMENT  ~

YELLOW COPY - CONSTRUCTOR

PINK COPY - CUSTOMER 9809C 10/86
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DRILLING METHOD: Sarlc, 8drch casing ehch samgle Flgure 3 (page 1 of 3)
DRILLER: Pete Rosemm (erller), 4.3 Josh (hebers) CW_160 Geologlc Log &

FIRM: Fok Servicas
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Dapth GEOLOG|C LOG Q g’ WELL CONSTRUCTION DETAILS
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- CLay
= Dsiy yemtm grades fo mod red, damp,
-~ vdonse sibnd f GRYL fo COBL
110
~| Ok fo dsky yel-bvn, damp, s¥-&nd
= fc GRVL mth ot
115
- Bertzede
120 — D&MWMW'{GM&
128 | Bvmgvy & pale brm, avy, sK-bang f GRVL.CEL
- Bengry, dry %o da stf snd v anse. SILT
- -ndcg&Vt’lm aﬂlf ’
: Mod b, demp, v so¥, shy CLAY
130
- Sotterols Campiutes 08T V2014
135
140 —
145
150 ]
PROJECT NAME: Eastslde ASR Feaslblity Figure 3 (page 3 of 3)

OR|LLING METHOD; Sorlc, 64rch casing. 4=lhch sample
OR|LLER; Pete Rasenberg (oriler), Jacch, Josh (heloers)

FIRM: Holl Services, Inc

CONSULTING FIRM: Northwest Lard & Waler, Inc
REPRFSENTATIVE! Jim Mathleu, Hydrogeologlst
LOCATION; SW 144 NE 144 Sec 36 TEN, R3SE
WELL NAME: GW_150; aka CR-1

WELL TAG & START CARD: L111671 & 1026739

GW_160 Gecloglc Log &
Mon hedng Well As=Bulit

Eastskie NhioneFreewaner, OR
Waba Wala Bash Wadershed Courncd

A

-
fawh b
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No well logs for: GW_35, GW_40, GW_41, GW_62, GW_63, GW_135, GW_150, GW_169, GW_170, and
GW_171.
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