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1.0 Introduction 
The Locher Road shallow aquifer recharge project (the Project) is one of several test 
projects in the Walla Walla Basin (the Basin) currently underway to evaluate shallow 
aquifer recharge (SAR) methods and effects. Water resource stakeholders in the Basin 
are exploring SAR, in conjunction with other activities, to assist in addressing water 
supply, stream flow, water table level, and habitat issues. Data collected from the Locher 
Road site (the Site) will be used to address these issues in the immediate area of the 
Site and contribute to basin wide planning and water resource management efforts. 

It is anticipated that SAR activities at the Site will continue for several years, or recharge 
seasons. This report summarizes basic Site physical conditions, describes infrastructure 
used for the project, discusses the results of the first SAR test season, and presents 
recommendations for future SAR test activities at the Site. As testing progresses over 
the next several years, future project reports will build on the data and recommendations 
presented in this report. 

The data and information described in this report was collected by GSI Water Solutions, 
Inc. (GSI) (formerly Groundwater Solutions, Inc.) under contract to Gardena Farms 
Irrigation District #13 (GFID). Specifically this report describes: 

1. The geographic setting of the Site. 

2. Regulatory conditions under which the project was executed during the 
2006/2007 recharge season. 

3. Characterization, monitoring, and testing methods used during the completion of 
the work described in this report. 

4. Site layout as it was used during the 2006/2007 recharge season. 

5. The general geologic and hydrogeologic setting of the project area. 

6. Monitoring locations. 

7. Volume and timing of water delivered to the Site during the 2006/2007 recharge 
season. 

8. Site specific geology and surface water, source water, vadose zone, alluvial 
aquifer, and water quality conditions before, during, and after the 2006/2007 
recharge season. 

9. Conclusions and recommendations. 

This report continues work previously completed by GSI scientists then working as 
employees of Kennedy/Jenks Consultants (Kennedy/Jenks, 2006) under subcontract to 
HDR, Inc. The previous work, and the work described herein, was completed using 
funding supplied by the Washington Department of Ecology (Ecology).  

For the work described herein, the project team included the following people: 
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• Stuart Durfee – GFID Manager, project manager for this Project, and Site 
operator. 

• Kevin Lindsey, Ph.D., L.Hg. – GSI project manager and hydrogeologist. 

• John Fazio, P.E. – Fazio Engineering, project engineer, working under 
subcontract to GSI. 

• Jon Travis – GSI, technical support. 

• Terry Tolan, L. Hg. – GSI, technical review, hydrogeologist. 

The work conducted for this project could not have been done without the cooperation of 
the Site landowner, Mrs. Patricia Case, the efforts of GFID staff, and the endorsement of 
the GFID Board of Directors. We thank these people for their support. 

 

2.0 Geographic Setting 
The Site is in, and adjacent to, a previously excavated gravel pit. The pit is located 
adjacent to the intersection of Locher and Stateline Roads, in the NE ¼, NE ¼, Section 
18, T6N, R35E, approximately 4.5 miles west-southwest of College Place, Washington 
(Figure 1). The gravel pit is owned by Mrs. Patricia Case. The actual test site is located 
in the northern portion of the gravel pit (Figure 2). The gravel pit is approximately 800 
feet long (north-south) and 300 feet wide (east-west) and ranges from approximately 15 
to 20 feet deep.  

Land uses in the area surrounding the gravel pit and Site consist primarily of irrigated 
farming, rural residential homes, and irrigated pasture. Irrigated fields are located 
immediately to the north, west, and south of the gravel pit and Site. Housing density in 
the immediate Site vicinity is highest east of Locher Road where homes are on parcels 
ranging a few acres to a few ten’s of acres in size. Several homes are located on Locher 
Road immediately east of the Site. To the west and north of the Site, the nearest homes 
are at least 0.5 miles away from the Site. Each home in the Site area is served by at 
least one water supply well for domestic potable, and in some cases irrigation uses. 

Gardena Farms Canal (the Canal), operated by GFID, bounds the north edge of the Site 
(Figure 2) and is how water for SAR testing is delivered to the Site. Gardena Farms 
Canal water is diverted from the Walla Walla River at GFID’s diversion structure at Beet 
Road. The total distance in the Canal, from the Walla Walla River to the Site, is 
approximately 3.6 miles. The natural surface water body closest to the Site is Mud 
Creek. Mud Creek flows into Washington east of the Site, crossing under Stateline Road 
before flowing north and then west of the Site (Figure 1).  
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3.0 Regulatory Setting 
The SAR testing described in this report was conducted under a Short Term Water Use 
Authorization issued by Ecology to GFID on 12 December 2006. This authorization 
allowed GFID to use water from the Walla Walla River, delivered via the Canal, for 
shallow aquifer recharge testing. The authorization listed several provisions, including 
period of use, maximum instantaneous diversion rate, minimum and maximum Walla 
Walla River flow conditions, and monitoring and sampling requirements under which 
SAR testing could be conducted.  

 

4.0 Characterization, Monitoring, and Test Methods 
Characterization, monitoring, and testing activities for this project were carried out 
generally as described in revision 3 of the project monitoring and test plan 
(Kennedy/Jenks, 2005). This section briefly summarizes methods used to collect 
characterization, monitoring, and test data. For more detailed information the reader is 
referred to revision 3 of the test and monitoring plan. 

4.1 Geologic Conditions 

Site geology was characterized by reviewing existing information and conducting site-
specific field investigations. Existing information used to evaluate Site geologic 
conditions included previously published/prepared reports (Newcomb, 1965; Bush and 
others, 1973; Kennedy/Jenks, 2003, 2004), existing geologic maps (Schuster, 1994), 
and Water Well Reports (driller’s logs) for wells in the general Site area. These materials 
were reviewed to evaluate general area geology and any site-specific information they 
contained. Site specific investigation focused on examining outcrops exposed in the 
gravel pit at the Site and geologic logging of drill cuttings collected during the drilling of 
three monitoring wells at, and near, the Site. These geologic evaluations, which 
identified basic physical geology as it might relate to Site hydrogeology, focused on: (1) 
identifying matrix and framework grain petrology, (2) cement types, and (3) stratification. 
Physical properties identified from outcrops and drill cuttings relied primarily on visual 
examination and geologic logging techniques typically used for continental clastic 
sediments. 

4.2 Water Level and Flow Measurements 

Water levels were measured using two basic methods, a manual method and an 
automated method. The manual method used an electronic water level sounder (e-tape). 
E-tape measurements in monitoring wells were collected each time the well was visited 
using standard procedures for such instruments. In each well, the e-tape measurement, 
as read off the marked tape, was done in reference to a fixed, permanent notch, or 
reference point, on the PVC well casing. Automated water level measurements were 
collected using digital transducers (Solinst Levellogger®) programmed to collect data 
hourly. The transducers were suspended in each well on a wire cable, and pulled to the 
surface periodically for data retrieval to a lap top computer. The transducers used for the 
Project are unvented, self-contained units so their data was corrected for barometric 
effects using a barometer installed at the near-by Hall-Wentland SAR site (Figure 1). 



Locher Road, 2007 SAR Report 4

Water level data was collected from the three monitoring wells before, during, and 
following SAR testing. 

The volume of water delivered to the Site was measured in a concrete and steel ramp 
flume constructed at the turn-out from Gardena Farms Canal. A staff gauge for manual 
readings and a digital transducer for electronic readings were installed in the flume. A 
conversion chart for the staff gauge (see Appendix A) was prepared that allowed the 
direct conversion of staff gauge readings, in feet, to flow, in cubic feet per second (cfs). 
Direct staff gauge readings were recorded in field notebooks by GSI and GFID staff 
during each Site visit. Digital transducer data was colleted hourly and subsequently 
converted to flow estimates by comparing the water depth measured by the transducer 
to the direct observation readings, converted to flow, off the staff gauge. 

Late in testing a staff gauge and digital transducer was installed in the SAR test basins 
(described in Section 6.1) to better measure basin responses to testing, including how 
basin water level fluctuated as delivery rates were varied, and how fast the basins 
drained once water delivery was stopped. 

4.3 Water Quality Sampling 

Both surface water and groundwater quality were analyzed for the project. Surface water 
quality data was collected to: (1) evaluate the water quality of source water being used 
at the Site for SAR testing, (2) track changes, if any, in water quality in the nearest 
surface water body (e.g., Mud Creek) before, during, and after SAR testing, and (3) 
provide a baseline for assessing possible SAR impacts on groundwater.  Source water 
was collected from Gardena Farms Canal at the diversion to the Site. Surface water was 
collected from two locations on Mud Creek, one at State Line Road and one at Locher 
Road.  

Groundwater quality was evaluated to assess changes, if any, to groundwater as a result 
of SAR testing. Groundwater was collected from two monitoring wells, L-1 and L-2 prior 
to January 2007 and three wells after L-3 was completed in early January 2007.   

Three categories of water quality parameters were collected for the 2006/2007 recharge 
season:  

• Field parameters – pH, temperature, turbidity, and electrical conductance. 

• Basic parameters – nitrate-N, hardness, total dissolved solids, chloride, soluble 
reactive phosphorous, chemical oxygen demand, and presence/absence of 
coliform and e-coli bacteria.  

• Synthetic organic compounds (SOCs) – see Appendix B for list. 

Surface water (Mud Creek) and source water (Gardena Farms Canal) sampling was 
done by simply dipping a clean sample bottle supplied by the analytical laboratory into 
the water and letting it fill. If debris was present in the water, the sampler attempted to 
clear the water surface prior to sampling. These bottles were than capped and placed in 
a cooler for preservation and shipment to the laboratory for analysis. Field parameters 
were collected at the same time the sample for the laboratory was collected. 
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Groundwater samples were collected after purging 3 to 5 well bore volumes from the 
monitoring well being sampled, as described in the test and monitoring plan. A low 
volume purge pump was used to purge the well and collect samples. Water quality 
samples were pumped directly into clean, laboratory bottles. Samples bottles were 
capped and placed in a cooler for shipment to the laboratory. Field parameters were 
collected periodically throughout the well purge, including when sample for submittal to 
the laboratory was collected.  

Sampler’s field notes, laboratory results, and supporting information are reproduced in 
this report in Appendix C. 

4.4 Test Operations 

The Site, including turnouts, control gates, and water distribution was operated by GFID 
personnel. GFID staff adjusted flow diverted to the Site as needed to prevent 
overtopping of the recharge basins and to meet the conditions and provisions of the 
Short Term Water Use Authorization. GFID staff recorded the time and date of specific 
actions in field notes, and provided those notes to GSI for use in the preparation of this 
report. Staff gauge readings also were periodically taken by GFID staff and GSI staff and 
recorded in project field notes.  

Given the test nature of this project, the site was operated to gain both experience and 
information on operations and to collect information and data to use in evaluating the 
possible effects of SAR on shallow alluvial aquifer groundwater. The primary actions 
associated with this centered on turning the delivery of water to the Site off and on and 
changing the rate water was delivered to the Site (GFID staff primarily responsible) and 
collecting and evaluating monitoring data (GSI staff primarily responsible).  

Below, in sequential order, is a chronological list of basic project actions conducted for 
the first test season, beginning in July 2006. All activities conducted prior to July 2006 
are described in a 30 June 2006 memorandum (K.Lindsey, Kennedy/Jenks, to Matt 
Rajnus, Walla Walla County) which is reproduced here in Appendix D. 

• 11 October 2006 – Field and basic water quality parameters collected for wells L-
1 and L-2. 

• 12 December 2006 – Ecology issues temporary authorization to use water for 
SAR testing.  

• 09 January 2007 – Monitoring well L-3 drilled. 

• 15 January 2007 – Field, basic, and SOC water quality samples collected from 
wells L-1, L-2, and L-3, and field and basic water quality parameters collected 
from Mud Creek at Locher Road and Stateline Road. The Canal was not 
sampled at this time because it was dry.  

• 14 March 2007 – Canal operation resumes for spring with opening of head gate 
on the Walla Walla River near Beet Road. 

• Mid- to late-March 2007 – Diversion flow monitoring equipment installation 
completed.  
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• 29 March 2007 – Filled upper basin in approximately 7 hours at average flow rate 
of 0.45 cfs. Test shut down because the upper basin filled to capacity. 

• 02 April 2007 – Connecting ditch built between upper and lower basin. 

• 03 April 2007 – Test restarted at 0745 hours, ran until 1837 hours on 10 April 
2007. Instantaneous flow rates ranged from 0.12 to 1.37 cfs, averaging 
approximately 0.8 cfs from 06 to 10 April. Test shut down because of flow 
conditions in the Walla Walla River.  

• 12 April 2007 – Field and basic water quality sampling in all three wells, the 
Canal, and Mud Creek. Also ran test from 0730 to 1830 hours at approximate 
rate of 0.8 cfs. 

• 16 April 2007 – Restart test at 1615 hours and run at approximately 0.8 cfs until 
18 April 2007.  

• 18 April 2007 – Slowed withdrawal rate to between 0.57 and 0.74 cfs, continued 
in this rate until 20 April 2007. 

• 20 April 2007 – Increased flow rate to 0.94 cfs until testing for season ends at 
1200 hours on 20 April 2007.  

• 23 April 2007 – Field, basic, and SOC sampling conducted at all monitoring 
wells, and the Canal. Field and basic parameter sampling conducted on Mud 
Creek. 

 

5.0 Walla Walla Basin Suprabasalt Sediment Geologic 
and Alluvial Aquifer Hydrogeologic Setting 

Recent work by GSI (GSI, in prep) and previous work by members of the team 
(Kennedy/Jenks, 2004, 2005; Lindsey and Tolan, 2004) has revised the basic 
suprabasalt sediment geologic picture of the Walla Walla Basin as originally described 
by Newcomb (1965). This section summarizes this revised suprabasalt sediment 
geology in the general Site area. Because the target of this SAR test project is the 
shallow aquifer, typically found within a few tens of feet of the Earth’s surface and hosted 
by suprabasalt sediments, this discussion focuses primarily on the upper 200 feet of the 
suprabasalt sedimentary strata underlying the Site area.  

5.1 Structural Geologic Setting 

The Walla Walla Basin (the Basin) is a structural basin bounded on the south and 
southwest by the Horse Heaven Hills anticline, the east by the Blue Mountains, and the 
north by the Palouse Slope (Figure 3). The same basalt units found on these highlands 
(Swanson and others, 1981; Schuster, 1994) occur beneath the Basin where they are 
covered by Miocene (?) to Recent sedimentary sequence which can be many of 
hundreds of feet thick. These sedimentary strata, the suprabasalt sediments, record a 
history of Basin formation (subsidence) and uplift of the surrounding highlands, river and 
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flood plain deposition, and soil formation and wind deposition (Newcomb, 1965; Fecht 
and others, 1987; Lindsey, 1996; Lindsey and Tolan, 2004). Subsidence and uplift lead 
to the accumulation of a heterogeneous basin-fill sedimentary sequence displaying 
evidence of braided gravelly river deposition, floodplain deposition and soil formation, 
and deposition of fines in lakes. The suprabasalt sediments overlie an irregular basalt 
surface which is the product of both basin subsidence and highland uplift along faults 
and folds bounding the Basin and emplacement of basalt flow lobes which only partially 
covered the Basin. The Site is located in the east-central portion of the Walla Walla 
Basin (Figures 1 and 3).  

5.2 Suprabasalt Sediment Geology 

This section summarizes the basic subsurface suprabasalt sediment geology of the 
Walla Walla Basin as it is currently being mapped by GSI (GSI, in prep) for the WWBWC 
and the Ecology WMI program. For more detailed information about these sediments the 
reader is referred to that report, which should be completed in July 2007. From the 
surface downwards, mapped suprabasalt sediment units in the Site area discussed in 
the following sections include two Quaternary units, fine and coarse, and three Mio-
Pliocene units, upper coarse, fine, and basal coarse (Figure 4). The suprabasalt 
sediment sequence is overlain  by thin, to thick soils which display characteristics 
reflective of the materials they are developed on. 

5.2.1 Surface soils 

Wind deposited, gray colored, sandy silt and fine sand is described by Newcomb (1965) 
as mantling the surface of much of the Basin and surrounding hills. Newcomb generally 
characterized this material as reworked Palouse Formation and Touchet Beds less than 
10 feet thick. Based on field reconnaissance, we infer that young loess generally 
corresponds to the many of the modern surface soils as shown on soil survey maps. 
Soils in the Walla Walla Basin range from silt loams, to gravelly and cobbly loams, to 
bedrock land. The basic characteristics are discussed here. 

• Bedrock areas generally are restricted to the periphery of the Basin where 
stream erosion has stripped away thin sediments overlying shallow basalt 
bedrock that has been uplifted to near the Earth’s surface. Bedrock soils can be 
found in gullies, ravines, and stream valleys incised into these upland areas as 
well across the upland surfaces themselves.  

• Gravelly to cobbly soils, usually part of the Yakima series, generally are found in 
elongate tracts associated with major streams, including most notably Mill Creek 
and the Walla Walla River.  This soil generally is the result of Recent (<10,000 
years old) stream deposition and essentially delineates the position of 
geologically young stream meander belts and braidplains associated with the 
modern (<10,000 year old) drainage. Infiltration capacity of these soils generally 
will be high. 

• A number of silt loam and related soils cover all of the upland areas and much of 
the Walla Walla valley floor. These soils include numerous subtypes in the 
Athena, Catherine, Hermiston, Onyx, Walla Walla, and Yakima series. On the 
valley floor these soils are generally a few feet thick and superimposed on fines a 
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few feet to tens of feet (<25) thick. In upland areas these soils may be 
superimposed on multiple older soils. Infiltration capacity of these loamy soils 
varies from low to moderate depending on local conditions.  

5.2.2 Quaternary fine unit 

The Quaternary fine unit consists of several main subdivisions which, while easily 
differentiated on the Earth’s surface, are difficult to differentiate in the subsurface. The 
two primary subdivisions of the Quaternary fine unit are the Touchet Beds and the 
Palouse Formation. Other fine strata comprising the unit are fine-grained flood plane 
deposits (fine alluvium) and fine strata comprising Newcomb’s upper valley terrace 
deposits (Newcomb, 1965). The basic characteristics of these strata are summarized in 
the following paragraphs.  

The Touchet Beds mapped by Newcomb (1965) and described by subsequent 
investigators (Baker and Bunker, 1985; Baker and others, 1987, 1991; Kiver and others, 
1989; Waitt, 1980, 1985) consist of well stratified, normally graded sand and silt (Figure 
5) deposited by Pleistocene Cataclysmic Flood waters as the Basin was repeatedly 
inundated by these flood waters. Cataclysmic Floods (e.g., Missoula or Bretz Floods) 
periodically inundated the Walla Walla valley between approximately 1,000,000 and 
12,000 years ago (Baker and others, 1991; Waitt and others, 1994).  Sand and silt 
deposited in the Walla Walla Basin by these flood waters consist of well stratified, 
normally graded, interbedded felsic silt and felsic to basaltic fine to medium sand (Figure 
5).  Finer grained layers tend to be brown to tan colored, coarser layers brown to gray-
brown colored.  Individual beds (or layers) range from a few inches to less than 3 feet-
thick.  These strata do not commonly display significant cementing, although some 
pedogenic calcium carbonate (caliche or hardpan) may be observed in the upper parts 
of these deposits where they are exposed at the Earth’s surface.  A range of soft-
sediment deformation features and cross-cutting clastic dikes are commonly found in 
this unit (Fecht and others, 1999). Newcomb describes these strata as overlying the 
Palouse Formation and the upper terrace deposits. Touchet Beds are found on the hills 
surrounding the Basin and they comprise the small hills found across the Basin floor. On 
Schuster’s map (Schuster, 1994) the Touchet beds are mapped as Quaternary flood 
sediments.  

In the central and western Basin fine-grained alluvial deposits, which probably consist 
predominantly of reworked Touchet Beds and loess (of various ages) are widespread. 
These deposits consist of discontinuous deposits of clay, silt, and fine sand found on 
portions of the valley floor across the Basin. These strata are interpreted to be locally 
derived deposits which are eroded off upland areas and deposited into the drainages 
that cross cut the area. As such, these strata form what are essentially flood plain areas 
along the modern stream courses.  

The Palouse Formation consists of eolian (wind-deposited),  massive to poorly stratified 
silt and very fine sand deposits that display evidence of pedogenic (soil forming) 
modification (Figure 6) (Busacca and MacDonald, 1994).  Newcomb (1965) generally 
described this unit as massive, well compacted clayey silt (or loess) containing irregular, 
thin caliche layers. Pedogenic calcium carbonate may also be found in these loess 
deposits.  Palouse Formation loess can range from less than 1 foot to several tens of 
feet-thick in the area (Newcomb, 1965).  These loess deposits are thought to range from 
greater than 50,000 years old to less than 10,000 year old, making loess older than, 
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age-equivalent to, and younger than the Touchet Beds. In outcrops found along a 
number of the county roads, loess appears to consist of up multiple, superimposed 
paleosols, and includes poorly to well developed calcrete (Figure 6). Schuster (1994) 
maps these strata simply as Quaternary loess.  

The upper valley terraces are described by Newcomb (1965) as reworked loess 
(Palouse Formation) forming terraces generally around the higher portions of the edge of 
the Basin. In places, these deposits contain variable amounts of basalt rubble. Newcomb 
indicates upper valley terrace deposits are younger than the Palouse Formation. On 
Schuster’s map (Schuster, 1994) these strata are shown as Quaternary loess, and less 
frequently as Quaternary alluvium. 

5.2.3 Quaternary coarse unit 

Uncemented and nonindurated sandy to gravelly strata is found in the shallow 
subsurface beneath much of the Basin (Figure 7). Based on previously described 
outcrops of such uncemented strata found elsewhere in the Basin (Newcomb, 1965) drill 
cuttings geologic logging (GSI, in prep), and field reconnaissance these gravely deposits 
are basaltic, moderately to well bedded, have a silty to sandy matrix, are generally 
uncemented, and contain thin, local silt interbeds. These uncemented and nonindurated 
gravels are generally equivalent to Newcomb’s (1965) younger alluvial sand and gravel 
and for this report referred to as the Quaternary coarse unit. This sequence of 
uncemented gravel is interpreted to record stream deposition in the Walla Walla Basin 
by streams draining off the adjacent Blue Mountains. These streams are inferred to 
include the ancestral courses of the modern stream drainage.    

The age of these coarse strata is not well constrained. In some parts of the Basin these 
strata are found underlying loess and Touchet Beds (Quaternary fines, or Pleistocene 
Cataclysmic Flood deposits). In the channels of the modern stream drainages (e.g., 
Walla Walla River, Mill Creek, Reser Creek, Russell Creek, Cottonwood Creek, etc.) that 
are incised into and through Quaternary fines these gravelly sediments are interpreted to 
be actively deposited and reworked by these streams and they may be 
contemporaneous with or younger than the Quaternary fine unit. Based on these 
stratigraphic relationships the Quaternary coarse unit predates, is contemporaneous 
with, and post-dates Pleistocene cataclysmic flooding. Given this, the Quaternary coarse 
unit probably ranges in age from a few years old to as old as 1 million years or more.  

5.2.4 Mio-Pliocene units 

Newcomb (1965) described a thick (500 to 800 feet) sequence of gravel and clay-
dominated strata, which he designated the old gravel and clay, filling much of the Basin 
and overlying basalt. Newcomb generally describes the old gravel as a gravel-dominated 
sequence consisting predominantly of well rounded, undecomposed, basaltic gravel with 
a well consolidated sand and silt matrix. Newcomb generally has the gravel dominated 
sequence being thickest and most widespread in the western portion of the Basin, 
grading westward into more clay-rich strata. In addition, Newcomb generally has the old 
clay directly overlying basalt across most of the Basin, therefore the old gravel only is 
found directly atop basalt around the edge of the Basin. Although Newcomb does not 
directly indicate this, the basic stratigraphic relationship he suggests generally has been 
interpreted by subsequent investigators to be old gravel overlying old clay. 
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Newcomb (1965) originally placed a Pleistocene age (less than 2 million years old) on 
the old gravel and clay and suggested its stratigraphic correlation to the Ringold 
Formation found in the Pasco Basin (west of the Walla Walla Basin). The Ringold 
Formation is a sequence of continental clastic sediments (Fecht and others, 1987; 
USDOE, 1989; Smith and others, 1989; Lindsey and others, 1994; Lindsey, 1996) 
directly overlying many of the same Columbia River basalt units found underlying the old 
gravel and clay of the Walla Walla Basin (Reidel and Fecht, 1994; Schuster, 1994). The 
Ringold Formation, as summarized by Fecht and others (1987), Smith and others 
(1989), and Lindsey (1996), is Miocene to late Pliocene in age, making it approximately 
10.5 to 3 million years old. Given that the old gravel and clay of the Walla Walla Basin: 
(1) overlies the same basic Columbia River basalt rocks as the Ringold Formation does, 
(2) is found in the same basic regional geologic context (Fecht and others, 1987; Reidel 
and others, 1994) as the Ringold Formation, and (3) contains, at least locally, similar 
lithologies, the old gravel and clay generally is age equivalent to the Ringold Formation, 
giving these strata a Mio-Pliocene age of approximately 10.5 to 3 million years old.  

GSI (GSI, in prep), building on recent geologic investigations (Lindsey and Tolan, 2004; 
Kennedy/Jenks, 2004) subdivides these strata into three units, Mio-Pliocene upper 
coarse, Mio-Pliocene fine, and Mio-Plocene basal coarse unit. The basic characteristics 
of these units are as follows: 

• The Mio-Pliocene upper coarse unit consists of a sequence of variably cemented 
sandy gravel, with a muddy to sandy, silcic to calcic matrix. The unit underlies 
much of the Walla Walla Basin. Field reconnaissance (GSI, in prep) reveals thin, 
localized, discontinuous caliche at the top of these strata at some locations.  
Based on physical characteristics displayed by analogous strata in rare outcrops, 
field reconnaissance, and a small number of borehole log descriptions (GSI, in 
prep) these indurated gravels and sands predominantly are basaltic in 
composition and typically have a slightly to well developed red, red brown, and 
yellow brown color (Figure 8).  The Mio-Pliocene upper coarse unit is 
differentiated from the younger Quaternary gravels by the presence of weathered 
basalt gravel clasts, clay matrix, and cementation which are absent in the 
younger gravels.   

• The Mio-Pliocene upper coarse unit generally is underlain by fine deposits 
variously described as silt, clay, sandy clay, and sandy mud having blue, green, 
gray, brown, and yellow colors. These strata are referred to as the Mio-Pliocene 
fine unit and it generally is correlative to Newcomb’s old clay. The contact 
between the fine unit and upper coarse unit appears to be irregular and is 
interpreted by GSI (in prep) to be gradational, with coarse strata dominant in 
some areas and fine strata dominant in others. Given these conditions, the 
contact between this unit and the overlying Mio-Pliocene upper coarse unit 
probably is not a single, continuous, uninterrupted surface.  

• GSI (in prep) describes a discontinuous sequence of arkosic-micaceous sand 
and silt deep in the Mio-Pliocene section and directly overlying basalt. These 
strata form an interval several tens of feet to over 100 feet thick. In outcrop and 
cuttings samples, GSI (in prep) describes these sands having an appearance 
similar to Ringold Formation materials of the Pasco Basin. This unit, with it’s 
distinctive arkosic mineralogy, is very different petrographically from other strata 
comprising the Mio-Pliocene sequence in the basin. These strata are interpreted 
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by GSI (in prep) to belong to a distinctive, previously undescribed unit designated 
the Mio-Pliocene basal coarse unit. 

As noted earlier, the CRBG underlies the entire project area, and Basin. Given the focus 
of this Project on the shallow portions of the alluvial aquifer system, these rocks will not 
be described further in this report. 

5.3 Alluvial Aquifer Hydrogeology 

The uppermost aquifer underlying area of the Site is hosted predominantly by the Mio-
Pliocene upper coarse unit. At least locally, especially near the Walla Walla River the 
upper part of this aquifer system also is hosted by the lower portions of the Quaternary 
coarse unit.  

Regionally, the alluvial aquifer system generally is considered to be unconfined 
(Newcomb, 1965; Barker and Mac Nish, 1975), although at least locally water level data 
reported on Water Well Reports (driller’s logs) suggest local semi-confined conditions do 
occur.  Given local heterogeneities formed as a result of variable cement, induration, and 
fine interbeds likely to be found within the Mio-Pliocene upper coarse unit, some 
variation in hydrologic properties for the unit should be expected. Unfortunately, 
information describing the range of hydrologic properties likely occurring within the unit 
was not found for this project. General hydrologic property estimates found for strata 
equivalent to this unit include: 

• Effective porosity, approximately 5 percent (Newcomb, 1965). 

• Hydraulic conductivity, 13 to 328 feet/day (Barker and Mac Nish, 1976). 

• Transmissivity, 10,000 to 60,000 feet2/day (Barker and MacNish, 1976). 

Other than these generalizations, information about this aquifer system generally is 
lacking. This will change over the next few years though as monitoring data and 
information recently collected, and currently being collected, by WWBWC and Ecology 
staff becomes available. This information, when coupled with the results of SAR tests, 
like those described herein, will provide far more information describing the physical 
conditions within the shallow alluvial aquifer system across the Walla Walla Basin. 

 

6.0 Test Site 
The physical layout of the Site, including geologic and hydrogeologic conditions and how 
the Site was constructed and used during the first season of testing, is described in this 
section.  

6.1 Site Facilities 

Water for SAR testing is delivered to the Site from the Walla Walla River via the 
Gardena Farms Canal. A head gate structure built into the side of the Canal (Figure 9) 
controls the flow of water onto the Site. Water flows from the gate and through a buried 
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pipe into a concrete and steel ramp flume structure (Figure 10) constructed specifically 
for measuring the amount of water diverted onto the Site. Water quantity delivered to the 
Site was measured by reading a staff gauge and converting the depth of water read off 
the staff gauge to quantity in cfs using a conversion chart (Appendix A) calibrated to the 
flume dimensions. A digital transducer also was installed in the flume to collect periodic 
water level measurements for later flow calculations.  

The flume empties into an unlined ditch that carries water to the edge of, and into, the 
gravel pit (Figure 11). Water is conveyed into the gravel pit and the first of two infiltration 
basins (upper basin) via an unlined ditch excavated into the sloping wall of the gravel pit 
(Figure 11). The upper basin was generally configured as follows: 

• It is roughly circular in shape with sloping slides and a generally flat floor (Figure 
12). 

• This basin was excavated using a blade equipped bulldozer pushing material off 
the gravel pit floor at the basin location to build up the basin sides. The material 
underlying the basin was reported by GFID staff as very hard and/or compacted 
and difficult to excavate. 

• The radius of the basin floor is approximately 20.5 feet. 

• Its radius at its maximum fill depth of approximately 5.21 feet was approximately 
31.6 feet. 

• Based on these general dimensions, the upper basin has a total approximate 
volume of 11,360 cubic feet or 85,000 gallons. 

From the upper basin, water was directed via a shallow unlined ditch (Figure 13) to the 
second, or lower, infiltration basin (Figure 14) located several hundred feet from the 
upper basin. For this ditch, referred to as the connecter ditch:  

• The upper end was excavated using a blade equipped bulldozer, and excavation 
was reported as difficult due to hard and/or compacted conditions.  

• The lower end of the ditch was dug using a toothed bucket excavator and digging 
was reported to be easier than in the upper end.  

• The connecting trench ranges from 1 to 3 feet wide and 1 to 4 feet deep.  

The lower basin was generally constructed and configured as follows: 

• It has a roughly rectangular shape with sloping sides and a generally flat floor 
(Figure 14). 

• The lower basin was dug using a toothed bucket excavator and the basin floor 
was ripped using the bucket during construction. 

• The basin floor is approximately 39 feet long by 35 feet wide.  
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• At the highest measured level in the basin of 4.12 feet, its maximum length and 
width was approximately 56 feet by 47 feet. 

• Based on these dimensions the lower basin had an approximate volume of 8,300 
cubic feet or 62,100 gallons.  

• There is no overflow ditch to direct excess water from the lower basin back to 
Gardena Farms Canal.  

6.2 Monitoring Locations 

Surface water and groundwater monitoring points were established for the project at 
various locations at and near the Site (Figures 1 and 2). Three groundwater monitoring 
wells were drilled at and near the Site for water quality and water level monitoring. In 
addition, water level data was provided by Ecology from their well. Surface water quality 
samples also were collected from Gardena Farms Canal and surface water quality and 
stream stage data was collected from three points on Mud Creek. Specific information 
about these, and other monitoring points is as follows: 

• Three groundwater monitoring wells, L-1, L-2, and L-3, were drilled and 
constructed to sample the shallow portion of the alluvial aquifer system. Wells L-
1, L-2, and L-3 are 60 feet, 51 feet, and 68 feet deep, respectively. As-built 
diagrams for these wells are attached in Appendix E.  

• Each well has a Solinst Levellogger® installed in it measuring water level and 
temperature. Water quality samples were periodically collected from these wells. 
These wells are monitored to evaluate up gradient (L-1) and down gradient (L-2 
and L-3) conditions before, during, and after testing. 

• Water level data from a well owned by Ecology (referred to in the remainder of 
this report as the WWGRVL well), also was made available for this project by 
Ecology staff. 

• Water quality samples were collected from Gardena Farms Canal at the turn out 
to the Site. These samples were collected to evaluate source water quality. 

• Mud Creek was monitored at three locations, where it passes under Stateline 
Road, Locher Road, and Frog Hollow Road (Figures 1 and 2). Water quality 
samples were collected from two of these locations (Stateline Road and Locher 
Road) to evaluate possible impacts of the test on water quality in this stream. 
Stream discharge data for the Stateline location was to be supplied by WWBWC, 
but unfortunately it was not available in time to be included in this report. Stream 
stage was measured at Locher and Frog Hollow to track general changes in 
water level in the creek before, during, and after testing. 

• Late in testing staff gauges and digital transducers were installed in both basins 
to better record test results.  
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No private, pre-existing wells were monitored before, during, and after this seasons test 
because none could be found in the Site area that we could confidently determine was 
only open to the shallow portion of the alluvial aquifer system. 

6.3 Water Volume Delivered 

Gardena Farms Canal operation relevant to the SAR testing described in this report, 
began in the spring of 2007 on 13 March. Due to GFID staff concerns about turbidity 
associated with Canal start-up (priming), the start of Site operations were delayed until 
29 March 2007. Water was delivered to the Site in three separate events. Water levels 
measured in the flume, flows calculated from those levels, and water volume delivered to 
the Site is summarized in Table 1. 

Water quantities delivered in each of the three test events are as follows: 

• On 29 March 2007 the site was operated for a few hours as a basic shake down 
of operational issues and an initial test of the infiltration capacity of the upper 
basin. Estimated water delivered during this event was approximately 0.27 acre-
feet. 

• Between 03 April and 11 April 2007 approximately 9.01 acre-feet was delivered 
during a sustained recharge test delivering water to both basins. Delivery rates 
varied between approximately 0.12 cfs and 1.37 cfs, and averaged 0.53 cfs.  

• Between 16 April and 20 April 2007, the third test event was conducted.  During 
this period approximately 5.74 acre-feet of water was delivered to the Site, 
delivery rates varied between 0.57 and 0.94 cfs, and averaged approximately 
0.79 cfs. At the end of this event the rate at which water drained from each basin 
was measured in an effort to characterize infiltration capacity of the Site.   

Total water volume delivered to the Site during the combined 15 days of testing (total of 
17,332 minutes), as measured at the flume, was approximately 14.77 acre-feet, for a 
daily delivery of approximately 1 acre-foot. The average delivery rate for this period was 
0.67 cfs, and the time weighted average delivery rate was 0.62 cfs.  

 

7.0 Site Geology, Vadose Zone, Shallow Alluvial Aquifer, 
and Mud Creek 
This section describes natural physical conditions at, and in the immediate vicinity of, the 
Site. The first part of this discussion presents basic Site-specific geologic and vadose 
zone conditions, In addition, in this section we discuss water table and water quality 
conditions in the shallow alluvial aquifer and stream stage and water quality conditions in 
Mud Creek before, during, and after the recently completed SAR tests. 
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7.1 Site Geology 

Site geologic conditions are based on data collected from three monitoring wells drilled 
at the Site and review of general area information and data. 

The Quaternary fine unit in the immediate project area consists predominantly of 
Touchet Beds forming the low hills within approximately 1 to 2 miles to the north, west, 
and east of the Site. The unit is essentially absent from the Site and only forms thin, 
rocky soils in the fields adjacent to the Site. The Quaternary coarse unit, consisting 
predominantly of uncemented, sandy to silty, pebble-cobble gravel, occurs near the Site 
forming a unit a few feet to tens of feet thick. These unit, which is found to the north, 
west, and south of the Site is absent from the Site proper, probably as a result of gravel 
pit excavation.  

The uppermost unit found at the Site, including the strata exposed in the gravel pit, is 
interpreted to be the Mio-Pliocene upper coarse unit. The strata exposed in the gravel pit 
at the Site consist of weakly to moderately indurated, weakly cemented, pebble to 
cobble conglomerate with a sand to silty sand matrix. The sand and gravel fraction 
consist almost entirely of weakly to strongly weathered, rounded to subrounded basalt 
lithic detritus. Weathering rinds on gravel clasts are very common. The degree of 
weathering typically seen in the strata cropping out in the gravel pit generally is 
accompanied by strongly developed brown to red brown colors. While no interbedded 
muddy strata are exposed in this unit in the gravel pit, regional work (GSI, in prep) 
suggests local, intercalated siltstone and mudstone could occur. Based on the geologic 
log for the WWGRVL well, this unit extends to a depth of approximately 250 to 260 feet 
at the Site (Bush and others, 1973).  

The deepest suprabasalt sediment unit at and near the Site is the Mio-Pliocene fine unit. 
This unit extends from the base of the Mio-Pliocene upper coarse unit to the top of 
basalt at approximately 710 feet below ground surface (bgs) (Bush and others, 1973). 
This unit, also referred to as the old clay by Newcomb (1965), typically is described in 
the general area by water well drillers as blue or gray clay. However, recent work 
(Lindsey and Tolan, 2004; GSI, in prep) indicates that this clay sequence typically is a 
weakly indurated mudstone that can locally contain significant, intercalated sand and 
conglomerate intervals, some of which are arkosic. 

7.2 Vadose Zone 

Based on water level data collected from wells L-1, L-2, and L-3 and the WWGRVL well 
(Figure 15) and the previous discussion, the vadose zone at the Site is hosted by the 
Mio-Pliocene upper coarse unit. Beneath the gravel pit, which is excavated into the Mio-
Pliocene upper coarse unit, vadose zone strata are interpreted to consist predominantly 
of sandy to silty-sandy, indurated, variably cemented, pebble-cobble conglomerate. 
Outcrops exposed in the gravel pit show these strata are crudely to moderately stratified. 
The vadose zone at the Site varies in thickness as water level in the shallow alluvial 
aquifer system fluctuates. Beneath the gravel pit floor the vadose zone ranges from 
approximately 10 feet to 20 feet thick. Around the gravel pit, it ranges from 
approximately 25 to 40 feet thick. 

Infiltration rates through the vadose zone beneath the two basins were estimated by 
measuring the rate at which they drained. This was done using data collected during the 
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third SAR event done between 16 and 20 April 2007. For this test both basins were filled 
to a measured depth, then the time it took to drain each after water delivery was turned 
off was measured. The hydrographs for both basins showing this final fill and drain event 
are reproduced on Figure 16. The results of these tests for both basins are listed on 
Table 2, and generally found to be (1) 0.058 gpm/ft2 or 5.63 cfs/acre in the lower basin 
and (2) 0.008 gpm/ft2 or 0.81 cfs/acre in the upper basin. This data also provides insight 
into the speed of water movement through the vadose zone at the Site.  

The lower basin began to fill at approximately 2140 hours on 16 April 2007. By 0200 
hours on 17 April water level in the WWGRVL well started to rise at a rate higher than 
the preceding several days. This indicates water was able to move from the base of the 
basin, 10 to 20 feet through the vadose zone to the alluvial aquifer water table, and 
generate a pressure wave that could be seen in the WWGRVL well within approximately 
6 hours. Given earlier operations at the Site, we surmise the vadose zone was at, or 
near, saturation during testing, although we have no direct evidence of that in the data 
collected to-date. 

Based on GFID observations made during Site excavation work and the methods used 
to dig the two basins, the difference in infiltration rates between the two basins are 
interpreted to reflect a combination of substrate permeability and basin construction 
methods. 

7.3 Shallow Alluvial Aquifer 

Shallow alluvial aquifer water table and water quality conditions as observed before, 
during, and after testing are discussed in this section.  

7.3.1 Shallow alluvial aquifer water level  

In the Site area regional studies cited earlier in this report generally describe water 
movement in the upper part of the alluvial aquifer to be to the north-northwest. Water 
levels measured in Wells L-1, L-2, and L-3 and the WWGVRL well (Figure 15) confirm 
this basic trend. Alluvial aquifer water table elevation before SAR testing started in late 
March 2007 were highest in Well L-1, at approximately 643.75 feet above mean sea 
level (amsl), decreasing to the north through the WWGRVL well and well L-3 to well L-2, 
at approximately 641.5 feet amsl (Figure 15). These basic elevation trends remained 
relatively constant following resumption of Gardena Farms Canal operation on 13 March 
2007 for wells L-1, L-3, and L-2. The WWGRVL well, on the otherhand, showed the 
highest water levels of all alluvial aquifer wells at the Site following the resumption of 
Gardena Farms Canal operation. Based on the water level data collected prior to the 
start of SAR testing and the beginning of Gardena Farms Canal operation, the alluvial 
aquifer water table has an estimated gradient of 0.0013 feet/feet (6.9 feet/mile) to the 
north-northwest. At the time this report was written, site specific aquifer property data 
such as hydraulic conductivity, porosity, and permeability, was not available. 

Between the time Gardena Farms Canal operation began on 13 March 2007 and the 
majority of SAR testing began on 03 April 2007, the alluvial aquifer water table rose 
approximately 1.7 to 2.3 feet in Wells L-1, L-2, and L-3 (Table 3; Figure 15). Water level 
rose approximately 3 feet in the WWGRVL well during the same pre-test period (Table 3; 
Figure 15). Wells L-1, L-2, and L-3 do not display a noticeable change in water level 
trends corresponding to the initial shakedown event on 29 March 2007. At that time, 
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water level in each well continued to rise at approximately the same rate as it did during 
the preceding period following the resumption of Gardena Farms Canal operation. The 
WWGRVL well does show an increase in the water level rise rate on 29 March 2007.  

The primary sequence of testing began on 03 April 2007. All wells show increasing rates 
of water level rise beginning on that day. This phase of the test continued until late on 10 
April when it ended to allow the lower basin to drain. Apparent rises in the wells, based 
on well hydrographs during this period range from approximately 1.2 feet (Well L-2) to 
2.6 feet (WWGRVL well) (Table 3; Figure 15). Following the end of this test event on 10 
April, water levels declined in all 4 wells (Table 3; Figure 15). This decline ranged from 
approximately 0.1 feet (Well L-2) to 1.4 feet (WWGRVL well).  

Beginning on 16 April 2007, the day the final test event started, in wells L-1 and L-3 and 
the WWGRVL well, and early on 17 April in well L-2, water levels rose. These water level 
increases ranged from approximately 0.5 feet (well L-2) to 1.7 feet (WWGRVL well). 
Water level in all of these wells began falling following the end of this event at 1200 
hours on 20 April. As in earlier parts of the test, Well L-2 responded last following the 
end of testing. 

Water level changes observed in the shallow alluvial aquifer in all 4 wells during and 
after the 04-10 April and 16-20 April 2007 test events are interpreted to be the direct 
result of SAR testing. In addition, while wells L-1, L-2, and L-3 do not show an apparent 
response to the 29 March shakedown event, the WWGRVL well located less than 200 
feet from, and down gradient of, the upper basin did. The lack of response in the three 
monitoring wells is interpreted to reflect their distance from the upper basin and delivery 
ditch and the small volume of water used in the shakedown test. 

Throughout testing well L-2 responded slowest, and the WWGRVL well responded 
quickest, to the starting and stopping of recharge test events in the basins. Table 3 lists 
the different times these two wells responded to test start up and shut down.  

7.3.2 Source water, surface water, and shallow aquifer water quality 

Water quality monitoring during and following testing served a two-fold purpose: (1) 
tracking source water conditions to identify potential water quality problems with the 
water being used to conduct the test and (2) tracking the effect of recharge on the 
shallow aquifer water quality for both test evaluation and to identify potential undesirable 
impacts. Pre-test water quality data was collected from the 3 monitoring wells and Mud 
Creek. Gardena Farms Canal was not sampled prior to the start of testing because it did 
not contain water during the pre-test monitoring event in January 2007.  

Water quality for basic and field parameters prior to testing is summarized as follows: 

• Nitrate-N, hardness, TDS, and chloride generally are highest (4.2 to 6.5 mg/l) in 
well L-1, the well up gradient of the Site (Table 4) (Appendix C). 

• For these same parameters, they generally are the lowest (0.4 to 2.8 mg/l) in well 
L-3, the well closest to the Canal and down gradient of the Site (Table 4) 
(Appendix C). It is interesting to note that land uses between L-3 and the Site are 
primarily devoted to Gardena Farms Canal and its associated right of way, while 
those between L-2 and the Site are primarily irrigated pasture and crop land. 
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• Surface water quality at both Mud Creek monitoring locations generally show 
lower concentrations than groundwater for all parameters (Table 4) (Appendix C). 

During and following testing field and basic water quality parameter concentrations were 
as follows:  

• pH in groundwater shows little variation, being between 6.7 and 7.3. In surface 
water (including Gardena Farms Canal) pH is very similar, but was less than 
groundwater before testing and higher after testing started. 

• Electrical conductance, hardness, and TDS are highest in L-1 and lowest in 
Gardena Farms Canal throughout the pre-test, test, and post-test period.  

• Although not completely constant, nitrate-N also generally was highest in L-1 and 
lowest in Gardena Farms Canal. In Mud Creek, L-2, and L-3 it varies between 
approximately 0.2 and 3.6 mg/l with wells generally being higher. 

• Chloride and SRP are more variable than nitrate-N, but generally show the 
lowest concentrations in surface water and highest in groundwater. 

Generally, these basic and field parameter data are interpreted to show that leakage 
from Gardena Farms Canal and infiltration from the test site generally lead to reduction 
in electrical conductance, TDS, hardness, nitrate-N, chloride, and SRP in groundwater 
quality. The highest concentrations in all of these are usually in L-1, the up gradient well. 
Surface waters generally show the lowest concentrations for all parameters, and based 
on the data collected to-date, surface water interpreted to not have been influenced by 
test site operation. 

Samples for SOC analysis were collected during the 15 January 2007 and 04 April 2007 
sampling events. Analysis results are provided in Table 5 and for the January sampling 
event summarized as follows:  

• Source water could not be sampled in January because Gardena Farms Canal 
was not operating. 

• Except for two constituents, SOC’s were not detected in all three monitoring 
wells. 

• The only constituents detected during the January event were bromacil (0.74 ug/l 
and di-n-butyl phthalate (0.95 ug/l), both in L-1 the up gradient well.  

o Bromacil is a broad spectrum herbicide commonly used on non-cropland.  

o Di-n-butyl phthalate is a manufactured chemical commonly used in 
plastic, paint, glue, and other household products.  

More SOC’s were detected in the April sampling event, although they are rare and in low 
concentrations (Table 5). The SOC’s detected are as follows: 

• Bromacil (at 0.95 ug/l) was again detected, but only in well L-2, down gradient of 
the Site. 
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• Di-n-butyl phthalate was also again detected, this time in all three wells, but at 
concentrations less than or equal to 0.7 ug/l. It was not detected in source water. 

• Malathion, a general use pesticide, was detected in all three wells, L-1, L-2, and 
L-3 at 0.4, 0.5, and 0.3 ug/l, respectively, but not in source water. 

• Dacthal, a phthalate pre-emergent herbicide for grasses and broadleaf weeds in 
vegetable crops was detected in source water (at 0.21 ug/l), but not in 
groundwater. 

The SOC data is interpreted to indicate a very small number of these compounds are 
found in local groundwater and Gardena Farms Canal. However, inconsistent 
occurrence, both temporally and spatially, and low concentrations suggest the detections 
represent background conditions and that Site operation has an extremely low potential 
to contribute to the presence of these compounds in groundwater as a result of testing. 

7.4 Mud Creek Stage 

Stream level stage in Mud Creek was measured at Locher Road and Frog Hollow Road, 
beginning on 03 March 2007. Stage was measured to gauge relative changes in flow 
before, during, and after testing. These stations were not rated, preventing the 
measurement of flow. We originally planned to incorporate WWBWC flow data for Mud 
Creek collected from their State Line Road gauge. Unfortunately that data was not 
available for use at the time this report was written.  

At Locher Road water level (stream stage) in Mud Creek has fluctuated approximately 
0.15 feet before, during, and after testing (Figure 17). In the week prior to the start of 
testing on 29 March 2007, stream stage at Locher Road rose approximately 0.05 feet. 
This rising trend continued throughout the period of record until approximately 21 April 
2007. Between 21 April and the end of our data record on 4 May, stream stage 
fluctuated up and down approximately 0.05 feet. 

Mud Creek stage at Frog Hollow shows more fluctuation than was observed at Locher 
Road. In late March 2007, preceding the start of testing, stream stage at Frog Hollow 
rose approximately 0.15 feet (Figure 17). This rise continued until approximately 05 
April, at which time total rise was approximately 0.25 feet. Following this, stage generally 
stabilized for a period of about 10 days. From 15 April through the end of the current 
data record stage began to fluctuate, falling and rising approximately 0.25 feet.  

The reasons for these stage fluctuations are not readily apparent. The general rises in 
stream stage seen throughout the data record we have collected to-date could be 
related to one or more of several basic causes. These could include, but are not limited 
to: 

• Increased base flow to the stream resulting from rising groundwater levels 
related to leakage from Gardena Farms Canal, or other irrigation ditches 
operating in the Basin.  

• Growth of aquatic vegetation in the stream displacing water and causing higher 
stage measurements.  
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• The presence of more water in the stream as spring rains feed it. 

From the data collected to-date, groundwater level changes resulting from SAR testing 
are not interpreted to be directly related to the stage changes seen in Mud Creek 
downstream of the Site. 

 

8.0 Conclusions and Recommendations 

8.1 Conclusions 

During the first test season at the Locher Road SAR site, which ran intermittently 
between 29 March 2007 and 20 April 2007, approximately 15 acre-feet of water was 
diverted from Gardena Farms Canal onto the Site for shallow aquifer recharge. Average 
diversion rates during this period were approximately 0.63 cfs and 1 acre-foot/day. As 
constructed and used for this test event, water is diverted from Gardena Farms Canal 
via turnout and delivered to the Site through a concrete and steel ramp flume structure 
where diverted water volume is measured. From the flume, water enters the Locher 
Road gravel pit flowing into two excavated infiltration basins, the upper basin and the 
lower basin. These two basins are connected via a shallow trench.  

Both the vadose zone and shallow alluvial aquifer at the Site are interpreted to be hosted 
by the variable indurated, basalt-lithic conglomerate of the Mio-Pliocene upper coarse 
unit. Beneath the Site infiltration basins the vadose zone is interpreted to be 
approximately 10 to 20 feet thick and the alluvial aquifer is over 200 feet thick. Based on 
the data collected during testing: 

• Vadose zone infiltration rate at the Site ranges from a low of 0.008 gpm/square-
foot to 0.058 gpm/square-foot, or up to 5.63 cfs/acre. 

• Alluvial aquifer flow direction and gradient at the Site is approximately 6.9 
feet/mile to the north-northwest.  

• Water level changes caused by testing, in the form of a pressure wave, 
propagate through the aquifer in the immediate vicinity of the Site at a speed of 
approximately 2000 to 2200 feet/day. Absolute water velocity was not calculated 
because of a lack of aquifer pumping test property data for the Site. 

The shallow alluvial aquifer did respond to SAR test activities, rising approximately 2.3 
feet during the test. Based on the data collected to-date, the water table underlying the 
site generally responded to test start up and shut down within a few hours. However, 
from the data we collected during this test, we do not know how far away from the Site 
these water table responses extend. During testing, water table levels do not appear to 
have stabilized. During each test event, water level in the aquifer surrounding the Site 
was still rising as each event was shut down. 

Mud Creek flow stage down gradient of the Site does not appear to have been affected 
by testing. Although stage did rise in the creek at Frog Hollow Road, no direct 
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relationship with testing could be identified and there are alternative explanations for the 
stage changes observed.  

Testing appears to have had essentially no negative impact on groundwater quality in 
the Site area. If testing had any impact, for the parameters measured, groundwater 
quality improved slightly during testing as the source water generally had lower basic 
and field constituent concentrations than groundwater, and groundwater concentrations 
appear to have slightly decreased during testing. A few SOC’s were detected 
intermittently before and during testing. However, the timing and distribution of these 
detections suggest they were not caused by test activity and that the measured 
concentrations represent background concentrations related to off site activities.   

8.2 Recommendations 

Based on the results of the first test season described in this report, we have several 
recommendations for changes to Site operation and testing for the 2007/2008 and 
2008/2009 recharge seasons. These include: 

1. Increase the size of the lower recharge basin, or build additional basins in the 
immediate vicinity of the lower basin. 

2. Install up to 5 new shallow aquifer monitoring wells at and near the Site. One of 
these should be up gradient of the Site, adjacent to or south of State Line Road, 
in Oregon. New down gradient monitoring well locations would generally be 
along Mud Creek, possibly as far west as the Frog Hollow road crossing over 
Mud Creek. These wells would be used predominantly for water level data and 
field water quality parameter collection.  

3. Install and test one 8-inch by approximately 300-foot deep aquifer test well. This 
work should include step-draw down and 72-hour constant discharge test. If 
budget permits, this well should be drilled using sonic or other drilling technology 
that allows collection of relatively intact core samples.  

4. Discontinue water quality on Mud Creek at State Line Road, replacing this with 
water quality sampling on Mud Creek at Frog Hollow Road.  

5. Following the end of the 2007/2008 recharge season, prepare an interim report 
outlining basic work activities and results for that season. Following the end of 
the 2008/2009 recharge season prepare a final report which focuses on 
summarizing all data collected since the beginning of the project, analyzes test 
performance, and provides recommendations for future operations. 

6. In future applications for temporary water diversion for the Site, request the ability 
to use irrigation water already available to the Gardena Farms Canal, but not 
currently in use by irrigators.  

Other than these, site operation should begin as soon as possible following the receipt of 
a temporary water use permit and the ability of Gardena Farms Canal to deliver water to 
the Site.  
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Tables 



time 

total 
time 

(min)
rate 
(cfs)

rate 
(cfm) vol (ft3) acre-ft 

cumulative 
acre-ft 

3/29/07 1545 7 1.69 101.4 709.8 0.016 0.016 
3/29/07 1552 8 0.68 40.8 326.4 0.007 0.023 
3/29/07 1600 400 0.45 27 10800 0.248 0.271 
4/03/07 0745 27 0.27 16.2 437.4 0.010 0.281 
4/03/07 0812 93 0.23 13.8 1283.4 0.029 0.311 
4/03/07 0945 825 0.12 7.2 5940 0.136 0.447 
4/03/07 2330 495 0.12 7.2 3564 0.082 0.529 
4/04/07 0745 1673 0.064 3.84 6424.32 0.147 0.677 
4/05/07 1138 42 1.37 82.2 3452.4 0.079 0.756 
4/05/07 1220 269 1.29 77.4 20820.6 0.478 1.234 
4/05/07 1649 121 0.27 16.2 1960.2 0.045 1.279 
4/05/07 1850 1400 0.46 27.6 38640 0.887 2.166 
4/06/07 1800 5797 0.8 48 278256 6.388 8.554 
4/11/07 0730 660 0.8 48 31680 0.727 9.281 
4/16/07 1615 1535 0.8 48 73680 1.691 10.972 
4/17/071740 860 0.57 34.2 29412 0.675 11.648 
4/18/07 0800 1680 0.68 40.8 68544 1.574 13.221 
4/19/07 1200 1210 0.74 44.4 53724 1.233 14.455 
4/20/07 0810 166 1 60 9960 0.229 14.683 
4/20/07 1056 64 0.936 56.16 3594.24 0.083 14.766 

       
totals 17332   643209 14.766  

averages  0.667 40.02    
time weight av  0.619 37.11    

       
       

 
 
 
 

Table 1. Timing of SAR test events, flow rate per event, and total water volume delivered to Site. 



 
 
 
 

Infiltration rate 
 

Basin Volume 
(ft3) 

Volume 
(gal) 

Fill 
depth 

(ft) 

Wetted 
area when 

full (ft2) 

Drain 
time 
(min) 

Drain rate 
(gpm) 

(gpm/ft2) (gpm/acre) (ft3/min/acre) (cfs/acre)

Lower 8,300 62,000 4.17 2,600 590 105 0.058 2500 337 5.6 
Upper 11,300 85,000 5.12 3,100 3,230 26.3 0.008 360 48.7 0.81 

 
Table 2. Approximate size, volume, and infiltration rates for the two test basins. Infiltration rate estimates based on observed drain 

rates for the basins following the end of testing on 20 April. 
 
 
 
 

Well L-1 Well L-2 Well L-3 WWGRVL well 
Date Level (ft) Level 

change 
(ft) 

Date Level (ft) Level 
change 

(ft) 

Date Level (ft) Level 
change 

(ft) 

Date Level (ft) Level 
change 

(ft) 
3/15 643.78 - 3/15 641.36 - 3/14 641.72 - 3/15 643.57 - 
4/3 645.68 +1.90 4/3 643.14 +1.78 4/3 644.04 +2.32 4/3 646.71 +3.14 

4/11 647.92 +2.24 4/12 644.41 +1.27 4/11 645.89 +1.81 4/10 649.26 +2.55 
4/17 646.69 -1.23 4/17 644.3 -0.11 4/16 645.06 -0.78 4/16 647.88 -1.38 
4/20 647.99 +1.30 4/21 644.85 +0.55 4/21 646.00 +0.94 4/20 649.55 +1.67 
5/4 646.49 -1.50 5/4 644.30 -0.55 5/4 644.73 -1.27 - - - 

 
Table 3. Water level changes observed  in monitoring wells L-1, L-2, and L-3 and the WWGRVL well during and following SAR 

testing. 



MDL -->               0.21  0.11 21.1   0.297   0.043   8.0     

Sample ID Date Lab No. pH 
Temp. 

C 

Electrical 
Conductivity 

(mS/cm) 
Turbidity 

(NTU)   
NO3-N 
(mg/L)  

Hardness 
(mg/L) 

TDS 
(mg/L)   

chloride 
(mg/L)   

Soluble 
Reactive 

Phosphorous 
(mg/L)   

COD 
(mg/L) 

Total 
Coliform   

(per 
100ml) 

E-Coli      
(per 

100ml) 
L-1 10/12/2006 85232           6.23  205.00 262.0   7.800   0.100 < 8.0   A 
L-1 1/15/2007 86451 6.77 12.8 432 0.15   6.50  202.00 238.0   1.200   0.120 < 8.0 A   
L-1 4/4/2007 87538 7.24 13.8 401 0.89   5.68  217.00 253.0   5.000 < 0.043 < 8.0 A A 
L-1 4/12/2007 87725 7.25 13.5 393 1.92   5.19  213.00 248.0   6.500   0.090 < 8.0 A A 
L-1 4/23/2007 87918 7.17 13.9 428 0.42   4.20  624.00 247.0   7.500   0.130 < 8.0 A A 

                                       
L-2 10/12/2006 85233           3.27  132.00 184.0   6.400   0.140 < 8.0   A 
L-2 1/15/2007 86452 7.05 11.9 281 0.67   3.63  117.00 154.0   0.800   0.130 < 4.0 A   
L-2 4/4/2007 87539 7.19 13.0 284 0.39   4.12  145.00 190.0   5.500 < 0.043 < 8.0 A A 
L-2 4/12/2007 87726 7.17 13.0 284 0.65   3.62  148.00 148.0   0.297   0.080 < 8.0 A A 
L-2 4/23/2007 87919 7.17 13.2 288 0.64   1.34  134.00 180.0   4.500   0.140 < 8.0 A A 

                                       
L-3 10/12/2006                                    
L-3 1/15/2007 86453 6.88 10.1 202 25.00   2.86  83.40 118.0 < 0.297   0.130 < 8.0 A   
L-3 4/4/2007 87540 7.47 9.6 104 2.51   0.81  54.50 92.5   48.500 < 0.043 < 8.0 A A 
L-3 4/12/2007 87727 7.36 9.4 126 2.57   0.90  61.80 92.5 < 0.297   0.070 < 8.0 P A 
L-3 4/23/2007 87920 7.35 9.8 135 1.97   0.47  54.70 86.7 < 0.297   0.100 < 8.0 A A 

                                       
Mud Ck - L 10/12/2006                                    
Mud Ck - L 1/15/2007 86454 6.21 1.8 262 1.39   2.18  112.00 144.0   2.000   0.060 < 8.0 A   
Mud Ck - L 4/4/2007 87542 8.05 11.2 242 3.48   1.30  132.00 158.0   10.000 < 0.043 < 8.0 P P 
Mud Ck - L 4/12/2007 87729 7.70 9.6 173 1.49   0.40  95.00 118.0 < 0.297   0.100   8.0 P P 
Mud Ck - L 4/23/2007 87922 8.01 15.3 181 1.26 < 0.21  83.10 117.0 < 0.297   0.060 < 8.0 P P 

                                       
Mud Ck - SL 10/12/2006                                    
Mud Ck - SL 1/15/2007 86455 6.13 2.8 268 3.56   2.17  113.00 146.0   0.800   0.050   9.0 A   
Mud Ck - SL 4/4/2007 87541 8.28 12.6 248 1.81   1.39  130.00 165.0   11.000 < 0.043 < 8.0 P P 
Mud Ck - SL 4/12/2007 87728 7.89 10.9 175 1.89   0.52  95.50 123.0   0.700   0.040   9.0 P P 
Mud Ck - SL 4/23/2007 87921 8.16 16.5 180 1.89   0.47  82.40 113.0   5.000   0.080   10.0 P P 

                                       
diversion 10/12/2006                                    
diversion 1/15/2007                                    
diversion 4/4/2007 87543 8.02 9.4 95 6.28   0.38  45.20 95.0   40.000 < 0.043 < 8.0 A A 
diversion 4/12/2007 87730 7.77 8.0 90 4.27   0.12  44.10 65.0   2.200   0.080   12.0 P P 
diversion 4/23/2007 87923 8.17 12.7 94 6.39   4.21  31.40 73.3   39.000 < 0.043 <  8 P   P 

                    
 

Table 4. Field and basic water quality monitoring results 
for monitoring wells, surface water, and source water  

at the Locher Road SAR Site during  
the 2006/2007 recharge season. 



Date 1/15/2007 1/15/2007 1/15/2007 
Well ID L-1 L-2 L-3 

Chemical       
Carbamates in Drinking water 

Carbofuran ND ND ND 
Oxymal ND ND ND 

3-Hydroxycabofuran ND ND ND 
Aldicarb ND ND ND 

Aldicarb sulfone ND ND ND 
Aldicarb sulfoxide ND ND ND 

Carbaryl ND ND ND 
Methomyl ND ND ND 

Propoxur (Baygon) ND ND ND 
Methiocarb ND ND ND 

Synthetic Organic Compounds 
Endrin ND ND ND 

Lindane (BHC-Gamma) ND ND ND 
Methoxychlor ND ND ND 

Alachlor ND ND ND 
Atrazine ND ND ND 

Benzo(a)pyrene ND ND ND 
Chlordane Technical  ND ND ND 

Di(ethylhexyl)-Adipate ND ND ND 
Di(ethylhexyl)-phthalate ND ND ND 

Heptachlor ND ND ND 
Heptachlor Epoxide A&B ND ND ND 

Hexachlorobenzene ND ND ND 
Hexachlorocyclo-Pentadiene ND ND ND 

Simazine ND ND ND 
Aldrin ND ND ND 

Butachlor ND ND ND 
Dieldrin ND ND ND 

Metolachlor ND ND ND 
Metribuzin ND ND ND 
Propachlor ND ND ND 
Bromacil 0.74 ND ND 
Prometon ND ND ND 
Terbacil ND ND ND 
Diazinon ND ND ND 

EPTC ND ND ND 
4,4-DDD ND ND ND 
4,4-DDE ND ND ND 
4,4-DDT ND ND ND 

Cyanazine ND ND ND 
Malathion ND ND ND 
Trifluralin ND ND ND 

 
Table 5. SOC results for the Locher Road SAR Site for the 2006/2007 recharge season. 



Date 1/15/2007 1/15/2007 1/15/2007 
Well ID L-1 L-2 L-3 

Chemical       
Napthalene ND ND ND 

Fluorene ND ND ND 
Acenaphthylene ND ND ND 
Acenaphthene ND ND ND 

Anthracene ND ND ND 
Benz(A)anthracene ND ND ND 

Benzo(B)fluoranthene ND ND ND 
Benzo(G,H,I)peryene ND ND ND 
Benzo(K)fluoranthene ND ND ND 

Chrysene ND ND ND 
Dibenzo(A,H)anthracene ND ND ND 

Fluoranthene ND ND ND 
Indeno(1,2,3-CD)pyrene ND ND ND 

Phenanthrene ND ND ND 
Pyrene ND ND ND 

Benzyl Butyl Phthalate ND ND ND 
Di-N-Butyl Phthalate 0.95 ND ND 

Diethyl Phthalate ND ND ND 
Dimethyl Phthalate ND ND ND 

Toxaphene ND ND ND 
Aroclor 1221 ND ND ND 
Aroclor 1232 ND ND ND 
Aroclor 1242 ND ND ND 
Aroclor 1248 ND ND ND 
Aroclor 1254 ND ND ND 
Aroclor 1260 ND ND ND 
Aroclor 1016 ND ND ND 

Herbicides in Drinking Water 
2,4-D ND ND ND 

2,4,5-TP (Silvex) ND ND ND 
Pentachlorophenol ND ND ND 

Dalapon ND ND ND 
Dinoseb ND ND ND 
Picloram ND ND ND 
Dicamba ND ND ND 
2,4 DB ND ND ND 
2,4,5 T ND ND ND 

Bentazon ND ND ND 
Dichlorprop ND ND ND 
Actiflorfin ND ND ND 

Dacthal (DCPA) ND ND ND 
3,5-Dichlorobenzoic Acid ND ND ND 

 
Table 5. SOC results (continued). 

 



Date 4/4/2007 4/4/2007 4/4/2007 4/4/2007 
Well ID Diversion L-1 L-2 L-3 

Chemical         
Carbamates in Drinking water 

Carbofuran ND ND ND ND 
Oxymal ND ND ND ND 

3-Hydroxycabofuran ND ND ND ND 
Aldicarb ND ND ND ND 

Aldicarb sulfone ND ND ND ND 
Aldicarb sulfoxide ND ND ND ND 

Carbaryl ND ND ND ND 
Methomyl ND ND ND ND 

Propoxur (Baygon) ND ND ND ND 
Methiocarb ND ND ND ND 

Synthetic Organic Compounds 
Endrin ND ND ND ND 

Lindane (BHC-Gamma) ND ND ND ND 
Methoxychlor ND ND ND ND 

Alachlor ND ND ND ND 
Atrazine ND ND ND ND 

Benzo(a)pyrene ND ND ND ND 
Chlordane Technical  ND ND ND ND 

Di(ethylhexyl)-Adipate ND ND ND ND 
Di(ethylhexyl)-phthalate ND ND ND ND 

Heptachlor ND ND ND ND 
Heptachlor Epoxide A&B ND ND ND ND 

Hexachlorobenzene ND ND ND ND 
Hexachlorocyclo-Pentadiene ND ND ND ND 

Simazine ND ND ND ND 
Aldrin ND ND ND ND 

Butachlor ND ND ND ND 
Dieldrin ND ND ND ND 

Metolachlor ND ND ND ND 
Metribuzin ND ND ND ND 
Propachlor ND ND ND ND 
Bromacil ND 0.2 ND ND 
Prometon ND ND ND ND 
Terbacil ND ND ND ND 
Diazinon ND ND ND ND 

EPTC ND ND ND ND 
4,4-DDD ND ND ND ND 
4,4-DDE ND ND ND ND 
4,4-DDT ND ND ND ND 

Cyanazine ND ND ND ND 
Malathion ND 0.4 0.5 0.3 
Trifluralin ND ND ND ND 

 
Table 5. SOC results (continued). 



Date 4/4/2007 4/4/2007 4/4/2007 4/4/2007 
Well ID Diversion L-1 L-2 L-3 

Chemical         
Napthalene ND ND ND ND 

Fluorene ND ND ND ND 
Acenaphthylene ND ND ND ND 
Acenaphthene ND ND ND ND 

Anthracene ND ND ND ND 
Benz(A)anthracene ND ND ND ND 

Benzo(B)fluoranthene ND ND ND ND 
Benzo(G,H,I)peryene ND ND ND ND 
Benzo(K)fluoranthene ND ND ND ND 

Chrysene ND ND ND ND 
Dibenzo(A,H)anthracene ND ND ND ND 

Fluoranthene ND ND ND ND 
Indeno(1,2,3-CD)pyrene ND ND ND ND 

Phenanthrene         
Pyrene ND ND ND ND 

Benzyl Butyl Phthalate ND ND ND ND 
Di-N-Butyl Phthalate ND 0.7 0.7 0.5 

Diethyl Phthalate ND ND ND ND 
Dimethyl Phthalate ND ND ND ND 

Toxaphene ND ND ND ND 
Aroclor 1221 ND ND ND ND 
Aroclor 1232 ND ND ND ND 
Aroclor 1242 ND ND ND ND 
Aroclor 1248 ND ND ND ND 
Aroclor 1254 ND ND ND ND 
Aroclor 1260 ND ND ND ND 
Aroclor 1016 ND ND ND ND 

Herbicides in Drinking Water 
2,4-D         

2,4,5-TP (Silvex) ND ND ND ND 
Pentachlorophenol ND ND ND ND 

Dalapon ND ND ND ND 
Dinoseb ND ND ND ND 
Picloram ND ND ND ND 
Dicamba ND ND ND ND 
2,4 DB ND ND ND ND 
2,4,5 T ND ND ND ND 

Bentazon ND ND ND ND 
Dichlorprop ND ND ND ND 
Actiflorfin ND ND ND ND 

Dacthal (DCPA) 0.21 ND ND ND 
3,5-Dichlorobenzoic Acid ND ND ND ND 

 
Table 5. SOC results (continued). 



Figures 



 

Figure 1.  Area location map. 



 
 

Figure 2. Site location and layout. 



 
 

 
 
 
 

Figure 3. Structural geologic setting of the Walla Walla Basin. 



 

 
 

Figure 4. Suprabasalt sediment stratigraphy of the Walla Walla Basin. 



 
 

Figure 5. Outcrop of Touchet Beds (Quaternary fine unit) showing the well bedded nature of these strata. Outcrop is located a few 
miles west of the Locher Road SAR Site. 

 



 
 

Figure 6. Photograph of loess (Palouse Formation, Quaternary fine unit) with overprint of 
pedogenic calcium carbonate. 

 



 

 

 
 
Figure 7. Photograph of uncemented, non-indurated gravel of the Quaternary coarse unit. Trench excavated during the construction 

of the WWBWC-Hudson Bay SAR Site. 



 

 
 

Figure 8. Outcrop of the Mio-Pliocene upper coarse unit showing the red-brown colors typically associated with this unit. Outcrop is in 
the Locher Road SAR Site gravel pit. 



 
 

Figure 9. Head gate on the Gardena Farm Canal for the Locher Road SAR Site. View is looking 
to west-southwest, down stream on the Ditch. Site is just out of picture to the left. 

 

 
 
 

Figure 10. View looking to north up the ramp flume Gardena Farm Canal and the head gate 
(Figure 9) are located just beyond the flume, near the guard rail in top of photo. Transducer 

installed in a tube located in the blue pipe to left of flume. 



 
 

Figure 11. Ditch leading into upper basin. Ramp flume is visible just above head of ditch 
in background. 

 

 
 

Figure 12. Upper basin as it was filling approximately mid-test. 



 
 

Figure 13. View to southwest looking across the upper basin and down the connecter 
ditch leading to the lower basin, seen in the distance. Photograph was taken the first day 

the lower basin was used, 03 April 2007. 
 

 
 

Figure 14. The lower basin late in the test. Tube in middle of basin contains digital 
transducer and an attached staff gauge. Upper basin is at base of slope in upper part of 

photo. 
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Figure 15. Hydrographs for monitoring wells L-1, L-2, and L-3 and the WWGRVL well.  
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Figure 16. Hydrographs for the to recharge basins showing water level changes as they were filled and drained between 16 April and 20 April. 
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Figure 17. Hydrographs showing changes in stream stage for Mud Creek at Locher Road and at Frog Hollow Road. 
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APPENDIX B 
Synthetic Organic Compounds Analyzed for the 

Locher Road SAR Site 
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DOH# Compounds Units SRL Trigger MCL 

 Carbamates in Drinking water     
146 Carbofuran ug/L 1.8 1.8 40.0 
148 Oxymal ug/L 4.0 4.0 200.0 
141 3-Hydroxycarbofuran ug/L 2.0 2.0  
142 Aldicarb ug/L 1.0 1.0  
143 Aldicarb Sulfone ug/L 1.6 1.6  
144 Aldicarb Sulfoxide ug/L 1.0 1.0  
145 Carbaryl ug/L 2.0 2.0  
147 Methomyl ug/L 1.0 4.0  
326 Propoxur(Baygon) ug/L 1.0   
327 Methiocarb ug/L 4.0   
 Synthetic Organic Compounds     
33 Endrin ug/L 0.02 0.02 2.0 
34 Lindane (BHC-Gamma) ug/L 0.04 0.04 0.2 
35 Methoxychlor ug/L 0.20 0.20 40.0 

117 Alachlor ug/L 0.40 0.40 2.0 
119 Atrazine ug/L 0.20 0.20 3.0 
120 Benzo(a)pyrene ug/L 0.04 0.04 0.2 
122 Chlordane Technical ug/L 0.40 0.40 2.0 
124 Di(ethylhexyl)-Adipate ug/L 1.30 1.30 400.0 
125 Di(ethylhexyl)-phthalate ug/L 1.30 1.30 6.0 
126 Heptachlor ug/L 0.08 0.08 0.4 
127 Heptachlor epoxide (A & B) ug/L 0.04 0.04 0.2 
128 Hexachlorobenzene ug/L 0.20 0.20 1.0 
129 Hexachlorocyclo-Pentadiene ug/L 0.20 0.20 50.0 
133 Simazine ug/L 0.15 0.15 4.0 
118 Aldrin ug/L 0.20 0.20  
121 Butachlor ug/L 0.40 0.40  
123 Dieldrin ug/L 0.20 0.20  
130 Metolachlor ug/L 1.00 1.00  
131 Metribuzin ug/L 0.20 0.20  
132 Propachlor ug/L 0.20 0.20  
179 Bromacil ug/L 0.20 0.20  
183 Prometon ug/L 0.20 0.20  
190 Terbacil ug/L 0.20 0.20  
202 Diazinon ug/L 0.20 0.20  
208 EPTC ug/L 0.30 0.30  
232 4,4-DDD ug/L 0.20 0.20  
233 4,4-DDE ug/L 0.20 0.20  
234 4,4_DDT ug/L 0.20 0.20  
236 Cyanazine ug/L 0.20 0.20  
239 Malathion ug/L 0.20 0.20  
240 Parathion ug/L 0.20 0.20  
243 Trifluralin ug/L 0.20 0.20  

96 Napthalene ug/L 0.10 0.10  
154 Fluorene ug/L 0.20 0.20  
244 Acenaphthylene ug/L 0.20 0.20  
245 Acenaphthene ug/L 0.20 0.20  
246 Anthracene ug/L 0.20 0.20  
247 Benz(a)anthracene ug/L 0.10 0.10  
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248 Benzo(b)fluoranthene ug/L 0.20 0.20  
249 Benzo(g,h,i)perylene ug/L 0.20 0.20  
250 Benzo(k)fluoranthene ug/L 0.20 0.20  
251 Chrysene ug/L 0.20 0.20  
252 Dibenzo(A,H)anthracene ug/L 0.20 0.20  
253 Fluoranthene ug/L 0.20 0.20  
255 Indeno(1,2,3-CD)Pyrene ug/L 0.20 0.20  
256 Phenanthrene ug/L 0.20 0.20  
257 Pyrene ug/L 0.20 0.20  
258 Benzyl Butyl Phthalate ug/L 0.60 0.60  
259 Di-N-Butyl Phthalate ug/L 0.60 0.60  
260 Diethyl Phthalate ug/L 0.60 0.60  
261 Dimethyl Phthalate ug/L 0.60 0.60  

36 Toxaphene ug/L 2.0 2.0 3.0 
173 Aroclor 1221 ug/L 20.0 20.0  
174 Aroclor 1232 ug/L 0.5 0.5  
175 Aroclor 1242 ug/L 0.5 0.3  
176 Aroclor 1248 ug/L 0.1 0.1  
177 Aroclor 1254 ug/L 0.1 0.1  
178 Aroclor 1260 ug/L 0.2 0.2  
180 Aroclor 1016 ug/L 0.1 0.1  

 Herbicides in Drinking Water     
37 2,4-D ug/L 0.2 0.2 70.0 
38 2,4,5-TP (Silvex) ug/L 0.4 0.4 50.0 

134 Pentachlorophenol ug/L 0.1 0.1 1.0 
137 Dalapon ug/L 2.0 2.0 200.0 
139 Dinoseb ug/L 0.4 0.4 7.0 
140 Picloram ug/L 0.2 0.2 500.0 
138 Dicamba ug/L 0.2 0.2  
135 2,4 DB ug/L 1.0 1.0  
136 2,4,5 T ug/L 0.4 0.4  
220 Bentazon ug/L 0.5 0.5  
221 Dichloroprop ug/L 0.5 0.5  
223 Actiflorfin ug/L 2.0 2.0  
225 Dacthal (DCPA) ug/L 0.1 0.1  
226 3,5-Dichlorobenzoic Acid ug/L 0.5 0.5  

 
 



APPENDIX C 
Sampler’s Notes and Laboratory Results for 

Water Quality Sampling 
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APPENDIX D 
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30 June 2006  

Memorandum 

To: Matt Rajnus 

 Cc: Allan Evans 

From: Kevin Lindsey 

Subject: Technical Memorandum, Locher Road SAR Site Project Activities 
 K/J 0492001*00 

The purpose of this memo is to describe for you the results of Kennedy/Jenks Consultants work 
activities at the Locher Road shallow aquifer recharge (SAR) test site. These activities originally 
were scoped to include a full hydrogeologic characterization effort, background groundwater 
and source water quality monitoring, preparation of a test and monitoring plan, design and 
construction of water conveyance structures, and testing. This work was to be documented and 
presented in a project report. 

However, the SAR project was revised in mid-2005, and as a result of this revision, 
Kennedy/Jenks Consultants main project activities at the Locher Road SAR test site were 
revised to include only the following: 

• Preparation of a monitoring and test plan.  

• Work with Gardena Farms Irrigation District (GFID) to plan water conveyance structures 
for the Site.  

• Drill and construct 2 of the planned monitoring wells.  

Site hydrogeologic characterization, background water quality sampling, and testing was 
rescheduled to be conducted by GFID under grant funding from Department of Ecology direct to 
GFID. This work currently is scheduled to be done in 2006 and 2007 under the direct 
supervision of GFID. 

The results of Kennedy/Jenks Consultants revised work efforts are as follows: 

• The final monitoring and test plan was produced and delivered to HDR and the 
Department of Ecology in late 2004, prior to project re-scoping.  

• Initial planning done with GFID prior to re-scoping did not result in final plans. Following 
re-scoping GFID conducted final planning and construction efforts under HDR. Any as-
built diagrams produced for this will be generated by GFID and/or HDR.  

• Monitoring wells L-1 and L-2 were installed in December 2005. Both of these wells are 
located in the NE1/4, Section 18, T6N, R35E (as shown on attached map). Well geologic 
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logs and as-built diagrams for these two wells are included with this memorandum. Basic 
hydrogeologic conditions interpreted from these two wells include the following: 

▪ The suprabasalt sediments underlying the Site down to depths of 60 feet or more are 
interpreted to consist entirely of Mio-Pliocene conglomerate. Based on our geologic 
interpretations of water well logs for other wells in the Locher Road area, these strata 
may extend to a depth of approximately 200 feet. 

▪ When the wells were drilled in late 2005, the water table was at a depth of 
approximately 37 feet in L-1 and 24 feet in L-2. The aquifer in these two wells is 
interpreted to be unconfined because: (1) an overlying confining layer was not 
observed and (2) water level at the time of drilling was essentially the same as water 
level following well construction.  

▪ The locations of the two wells relative to the Locher Road Site are shown on the 
attached map. 

Kennedy/Jenks Consultants staff did not equip these wells with pressure transducers and data 
loggers, nor were they sampled for water quality. When the SAR project work scope was 
revised in late 2005, this work was deferred to the GFID effort currently scheduled for 
2006/2007, as noted above. 
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APPENDIX E 
Monitoring Well As-Built Diagrams 
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