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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) being done to evaluate shallow aquifer 
recharge (SAR) methods and effects. SAR is being explored by water resource 
stakeholders, in conjunction with other activities in the Basin, to help address 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 be carried out for several years, or SAR 
seasons. 

This report summarizes the results of the 2008 SAR season, and presents 
recommendations for future SAR test activities at the Site. As such, this report does not 
present final conclusions relative to the project.  Site location and basic layout are shown 
in Figures 1 and 2. 

As the project progresses over the next several years, future project reports will build on 
the data and recommendations presented in this, previous, and subsequent reports.  A 
description of the basic Site physical conditions and infrastructure used for the project 
can be found in previous reports (Kennedy/Jenks, 2006 and GSI, 2007). Kennedy/Jenks 
(2006) also describes background conditions interpreted for the Site prior to the start of 
SAR work in early 2007, Site physical conditions, and the regulatory constraints under 
which the work can be conducted. That information will not be repeated 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). This report continues work previously completed by GSI 
scientists then working as employees of Kennedy/Jenks Consultants (Kennedy/Jenks, 
2006) working under subcontract to HDR, Inc. The previous work, and the work 
described herein, was done using funding supplied by the Washington Department of 
Ecology (WADOE).  The permit authority to operate the Site was granted by WADOE 
under a temporary water use authorization to GFID. 

Topics and information presented in this report include the following: 

• A timeline listing the major events associated with the 2008 SAR season. 

• Site modifications and changes relative to the 2007 season. 

• Rates and volumes of water delivered to the Site.   

• Alluvial aquifer water levels and Mud Creek staff gauge measurements before, 
during, and after the 2008 season. 

• Results of groundwater and surface water quality monitoring for the 2007 and 
2008 SAR seasons. 

• Conclusions and recommendations. 
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In addition, this report is accompanied by appendices that contain data and information 
collected during the course of the 2008 season. These appendices are as follows: 

• Appendix A. Field notes. 

• Appendix B. Water quality data. 

For the work described herein, the project team includes the following people: 

• Stuart Durfee – GFID Manager, project manager for this Project, and Site 
operator. 

• Kevin Lindsey, Ph.D., L.H.G. – 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. H.G. – GSI, technical review, hydrogeologist. 

• Troy Baker – WWBWC, water quality sampling 

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 - 2008 TIMELINE 
The Site, including turnouts, control gates, and water distribution was manually operated 
by the GFID personnel. GFID staff adjusted the flow into the Site as needed to prevent 
overtopping of the recharge basins and to meet the conditions and provisions of the 
temporary 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 recorded in 
project field notes.  

Given the pilot 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 involved changing the rate water was delivered to the Site (GFID 
staff primarily responsible) and collecting and evaluating monitoring data (GSI staff 
primarily responsible).  

Below is a chronological list of basic project actions conducted for the 2008 season, 
beginning in January 2008.  

• 23 January 2008 – Basic water quality parameters collected for wells L-1, L-2 
and L-3. 
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• 13 February 2008 – Basic water quality parameters and SOC’s collected for wells 
L-1, L-2 and L-3. 

• 17 March 2008 – Data on transducers found to be corrupted, restart logging at all 
locations.  Data from water level monitoring during the summer months was lost; 
a problem caused by software incompatibility with transducers. 

• 01 April 2008 – GSI staff cleaned tumbleweeds out of ditches and basins.  
Between 01 and 15 April GFID brought in an excavation subcontractor to 
increase the size of the lower basin. 

• 15 April 2008 – Start of second SAR season. Started filling basins at 1115 hours 
with water being delivered at 0.68 cfs.  

• 16 April 2008 – Shutdown operations at 0810 hours to allow basins to drain so 
transducers can be installed in basins.  Install transducer in lower basin at 1100 
hours.  Upper basin was still too full to install transducer.  Resume test at 1215 
hours running at 0.68 cfs.  

• 18 April 2008 – Increased flow onto the Site to 0.94 cfs at 0955 hours.  

• 20 April 2008 – Flow was reduced to 0.74 cfs at 0806 hours to lower the level in 
lower basin. 

• 21 April 2008 – Shutdown onto the Site at 0800 hours due to low flow in the 
Walla Walla. 

• 37 April 2008 – Basic water quality parameters and SOC’s were collected for 
wells L-1, L-2, and L-3. 

• 30 April 2008 – Restart operations at 0900 hours with flow onto the Site of 0.68 
cfs.  

• 02 May 2008 – Increased flow rate to 0.74 cfs at 1540 hours. 

• 15 May 2008 – Shutdown operations at 0857 hours due to Walla Walla River flow 
at Beet Road exceeding 1000 cfs.  Excavation work in the lower basin continued 
between 15 and 25 May. 

• 25 May 2008 – Resume operations at 1000 hours and with flow onto the Site of 
0.68 cfs. 

• 27 May 2008 – Shutdown operations at 1017 hours to do excavating work on 
connecting trench.  Resume operations at 1150 hours at flow rate of 2.99 cfs and 
then reduced flow to 2.03 cfs at 1500 hours. 

• 28 May 2008 – Flow reduced to 1.07 cfs to prevent lower basin from overflowing. 

• 30 May 2008 – Flow increased to 1.29 cfs. 
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• 31 May 2008 – Flow at 1.14 cfs at 1003 hours and increased to 1.37 at 1022 
hours to fill lower basin.  Operations shut down for the end of the season at 2115 
hours. 

3.0 - ON-SITE WORK 
Work done on-site for the 2008 SAR season focused primarily on increasing the size of 
the lower basin and deepening the connecting trench between the upper and lower 
basin.  This work was done in two phases, one before the start of the 2008 SAR season 
and one between the second and third recharge events.  In the first phase the lower 
basin was increased in size to about three times its original size, from approximately 
8300 cubic feet to 24,000 cubic feet capacity.  In the second phase the basin was 
increased in size to approximately four times its original size, to approximately 32,000 
cubic feet capacity.  Figures 3, 4, and 5 show some of the changes done at the Site for 
and during the 2008 SAR season. 

4.0 - WATER VOLUME USED IN 2008 SAR SEASON 
The volume of water delivered to the Site was measured at a flume constructed at the 
turn-out from Burlingame 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 GSI, 2007) was prepared that allowed the direct conversion of staff 
gauge readings, in feet, to flow in cfs. Direct staff gauge readings were recorded in field 
notebooks by GSI and GFID staff during each Site visit. The digital transducer data was 
collected hourly and subsequently converted to flow estimates using the equation: 

Q = 10.18 x h1.576 

Where: 

h = height of water above flume sill 

Q = flow in cfs through flume 

Approximately 46.7 acre-feet of water (Figure 6) was delivered to the Site during the 27 
operating days of the 2008 season, for a total daily average of approximately 1.73 acre-
feet/day.  Instantaneous flow onto the Site ranged from approximately 0.5 to 1.0 cfs.  
The highest measured flow was approximately 3.3 cfs on 27 May 2008. 

The 2008 season can be broken into three separate recharge events.  Each event is 
separated by a hiatus in recharge due to either low or high flows in the Walla Walla 
River.    

The first event occurred between 15 April 2008 and 21 April 2008.  During the first event 
the average flow diverted to the Site through the flume was 0.9 cfs with a total volume of 
10.49 acre-feet.  Average daily recharge during the first event was approximately 1.75 
acre-feet/day.  On 21 April 2008 flow in the Walla Walla River was less than 360 cfs, 
making it too low to continue operations and SAR was stopped.  

The second event occurred when Walla Walla River flow returned to acceptable levels 
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on 30 April 2008, allowing SAR activities to restart.  The second event continued until 15 
May 2008 when the flow rate in the Walla Walla River exceeded 1000 cfs and SAR was 
again stopped.  During this event average flow diverted to the Site was 0.7 cfs with a 
total volume of 21.85 acre-feet and an average daily SAR rate of 1.46 acre-feet/day. 

The third event occurred when Walla Walla River flow returned to acceptable levels on 
25 May 2008 and SAR activities were restarted.  The third event continued until the end 
of the SAR season on 31 May 2008.  During this event average flow diverted to the site 
was 1.1 cfs with a total volume of 14.42 acre-feet and an average daily SAR rate of 2.4 
acre-feet/day. 

5.0 - WATER LEVELS IN THE SUPRABASALT SEDIMENT 
AQUIFER 
As was done in the 2007 SAR season, water levels were tracked in on-site monitoring 
wells L-1, L-2, and L-3.  In addition, WADOE staff provided data from a well owned by 
the agency (referred to in the remainder of this report as the WWGRVL well). Water level 
data from all four wells was collected using digital transducers. 

Water level data collected for the 2008 SAR season from the four wells is summarized 
below and shown in Figure 7.  Due to corruption of the data saved on the digital 
transducers, data collection for this season started on 21 February 2008 at L-1, 17 
March 2008 at L-2, and 16 April 2008 at L-3.  These problems were due to software 
incompatibility between the transducers and software changes. 

The water level in well L-1 (up-gradient of the Site) generally increased in the two 
months prior to the start of testing, from a low of approximately 643.94 feet above mean 
sea level (amsl) on 25 February 2008, to a high of approximately 650.02 feet amsl on 01 
June 2008 one day after recharge ended.  After 01 June 2008, water levels began to 
decline.  Water levels continued to decline throughout the summer of 2008.  Water levels 
in L-1 began to rise a few hours after the beginning of delivery water to the basins and 
began to decline hours after the water was shut off.  Each of the 3 events are readily 
discernable, with water level in the well during the second (longest event) being 
generally stable. 

Water levels in well L-2 (down-gradient of the Site) exhibited less dramatic fluctuations 
than observed in either L-1 or L-3 (Figure 7).  Water levels in well L-2 generally 
increased in the one month period prior to the start of testing.  The lowest water level 
elevation, approximately 642.63 feet amsl on 17 March 2008, was one month prior to the 
start of the 2008 SAR season. It then rose to a high of approximately 646.50 feet amsl 
on 10 May 2008, 21 days before the test season ended.   

Well L-3 is, like L-2, located down-gradient of the Site and it displayed water level 
changes similar to those seen in L-1 (Figure 7).  Pre-season data is not available for well 
L-3 due to corrupt data.  The transducer was installed the day testing began and 
immediately showed a response to testing, rising to a high of approximately 647.58 feet 
amsl on 31 May 2008, the last day of testing.  The water level began to decline after shut 
down on 15 May 2008 reaching a low of 645.56 on 25 May 2008. The final water level 
elevation measured was higher than the water level measured at the start of the 2008 
SAR season. 
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Well WWGRVL shows the same basic trends as wells L-1, L-2, and L-3 (Figure 7) for the 
first and second recharge events.  Data was not available for the third recharge event of 
the 2008 season.  Water levels in the three on-site monitoring wells and the WWGRVL 
well are interpreted to have responded to each recharge event during the 2008 season 
SAR activities.  Water levels in wells began to rise within one to two days of the start of 
the SAR season.  The up-gradient well L-1 and down-gradient well L-3 showed more 
changes in water level than the down-gradient well L-2.  Water levels in all of the 
monitoring wells were higher after the SAR season than at the beginning.  

Water level also was tracked in Mud Creek at two locations for the 2008 recharge 
season. The first location was at the culvert were Locher Road crosses the stream, and 
the second location was at the culvert where Frog Hollow Road crosses the stream.  The 
Locher Road location is within a few hundred feet of the Site and essentially monitors 
stream levels at and up-gradient of the Site.  The Frog Hollow Road site is approximately 
2 miles northwest of, and down-gradient of, the Site and is used to monitor stream levels 
as they might potentially be influenced by Locher Road SAR.  Figure 8 shows the depth 
of water at the two gauges as recorded by transducers.  This data has not been 
converted to flow volume and is used to provide a general guide to estimate relative 
changes in stream flow before, during, and after the 2008 SAR season. 

General observations with respect to this data are as follows.  At Locher Road, stream 
depth (and probably flow) is decreasing during the period of the first two SAR events.  In 
mid-May, stream depth begins to increase, a trend that continues for several weeks 
following the end of the 2008 SAR season. Because the water table at this location is 
several tens of feet below the stream channel bottom, these changes in potential flow 
are interpreted to be caused by factors unrelated to SAR at the site. 

At Frog Hollow Road, stream depth (and probably flow) is more variable than at Locher 
Road.  Depth is increasing before, during, and after the first event of the 2008 SAR 
season.  During the second event, stream depth generally declines.  This trend changes 
before the third event, with stream depth increasing before, during, and after the SAR 
event.  The causes of these flow changes are not readily apparent, although since 
increasing and decreasing water depth trends start before corresponding SAR changes, 
it seems likely, although not certain, that stream depth changes at Frog Hollow Road are 
directly tied to Locher Road SAR. 

6.0 - WATER QUALITY 

This section summarizes the results of water quality sampling and analysis done during 
the 2008 SAR season.  Water quality samples were collected from the three site 
monitoring wells (L-1, L-2, and L-3), Burlingame Canal at the turn out to the Site, and 
Mud Creek at Locher Road and at State Line Road. 

6.1 Field and Basic Water Quality 

Water quality data for the 2008 SAR season and 2007 SAR season are listed in Table 1 
and summarized in this section.  Complete laboratory results, including laboratory QA 
records, are reproduced in Appendix B.  The water quality parameters reported on 
herein are pH, temperature, electrical conductivity, turbidity, nitrate-nitrogen, total 
dissolved solids, chloride, soluble reactive phosphorus, chemical oxygen demand, total 
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coliform, and E-coli. 

For this summary each parameter noted above is reviewed individually, with the review 
focusing on how measured concentrations varied between the 2007 and 2008 SAR 
seasons.  It should be noted, prior to continuing with this review of water quality, that 
several problems encountered during the SAR season are manifest in the data.  Pre-
season surface water sampling was not done because water was not flowing in the 
Burlingame Canal on scheduled sampling events.  Temperature data was not reported 
because of problems with field equipment.  Early sampling in the beginning of the 
season (late April) was not done because start days were continually postponed due to 
low Walla Walla River flows.  

General observations with respect to basic and field water quality during the 2008 SAR 
season are summarized below: 

• Pre-season field pH for source water was not measured because the canal was 
dry during the sampling events. Pre-season pH in all groundwater sampled 
ranged from 7.07 to 7.15. During the 2008 SAR season source water and 
groundwater pH was at, or below, pH measured during the 2007 SAR season 
(<7.5). 

• Electrical conductivity (EC) in pre-season groundwater, both up- and down-
gradient, was between 150 and 400 micro Siemens’ per centimeter (mS/cm).  
During the 2008 SAR season EC in source water and groundwater generally was 
at, or near, values measured during the 2007 season. 

• Nitrate-N in source water and groundwater before, during, and after the 2008 
SAR season was highly variable, ranging from <1 mg/L to almost 6 mg/L.   

• Total dissolved solids (TDS) concentration in source water was <65 mg/L.  TDS 
in all three wells was at, or slightly higher than, concentrations measured during 
the 2007 season.   

• Chloride concentration in source water and all three monitoring wells generally 
was less than 7 mg/L for the 2008 SAR season.  

• Soluble reactive phosphorus (SRP) concentrations in source water and 
groundwater was generally higher during the 2007 season.  

For the 2008 SAR season, source water and groundwater generally appear to show 
similar field and basic water quality values.  Water quality parameter concentrations 
generally increased and decreased together, although not always by the same amount. 
This data generally suggest surface water and groundwater, throughout the vicinity of 
the Site, display a high degree of continuity. Given the depth to groundwater described 
earlier, this continuity generally is related to surface water bodies leaking into, and 
recharging, the shallow alluvial aquifer.  In addition, the data collected for the 2008 SAR 
season is interpreted to indicate SAR at the Site did not significantly impact groundwater 
quality to any degree different than is occurring as a result of normal canal leakage. 

 



Hall-Wentland SAR, 2008 Report 8
 

6.2 SOC Water Quality 

Water samples were analyzed for a variety of synthetic organic compounds (SOC) and 
related chemicals.  Analytical results are presented in Table 2 and are summarized as 
follows: 

• One SOC detection was recorded for bromacil in pre-season up-gradient 
groundwater. 

• Several herbicides were found in Mud Creek, but not in Site groundwater or 
source water (the Burlingame Canal). 

The SOC data is interpreted to indicate that those compounds analyzed for are rarely, if 
ever, present in groundwater and at very small concentrations.  Inconsistent occurrence, 
both temporally and spatially, and low concentrations suggest these detections 
represent intermittent background conditions and that the Site SAR testing has an 
extremely low, to no, potential to contribute to the presence of these compounds in 
groundwater. 

7.0 - COMPARISONS BETWEEN 2007 and 2008 SAR 
SEASONS 
This section presents a preliminary qualitative comparison between data collected and 
observations made during the 2007 SAR season and the recently completed, 2008 
season.  In particular: 

• The 2008 SAR season was longer than the 2007 season, although similar to the 
2007 season it was periodically interrupted because of flow conditions in the 
Walla Walla River.   

• During the 2007 season the recharging capacity of the Site was approximately 1 
acre-foot/day.  For the 2008 season following the expansion of the lower basin 
late in the season, average daily infiltration rates increased to approximately 2.4 
acre-feet/day.   

• Water levels in down-gradient wells L-1 and L-3 rose 1.5 to 2.0 feet during the 
2008 season.  This appears to have been slightly less than the water level rises 
of up to 2 feet seen in the 2007 season.  Water levels observed in L-1 also 
appear to have been slightly lower than those seen in the 2007 season.  In the 
WWGRYL well water level change also appears to have been slightly lower in 
2008 than in 2007. 

• Field, basic water, and SOC quality constituents for source water and 
groundwater during the 2008 SAR season appear to be similar to the 2007 
season.  There were concentration fluctuations in basic and field parameters 
constituents, but no significant changes readily attributed to Site SAR activities.   
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8.0 - SUMMARY AND RECOMMENDATIONS 

8.1 Summary 

This report presents the results of the 2008 SAR season at the Site and very preliminary 
interpretations of some of the data collected to-date. This work continued to evaluate the 
feasibility of using SAR to help restore depleted shallow sediment aquifer groundwater 
levels and improve flow in spring creeks and streams.  SAR at the Site is permitted 
under a temporary seasonal permit granted by the WADOE.  This permit authorizes SAR 
activity for a single season and specifies operating and monitoring conditions. 

The 2008 SAR season began on 15 April 2008 and ending on 31 May 2008.  Because of 
minimum flow requirements on the Walla Walla River, SAR activities in the period were 
broken into 3 separate events.  A total of approximately 46.7 acre-feet of water was 
recharged to the suprabasalt aquifer during the 27 operational days of the 2008 SAR 
season. 

The suprabasalt sediment aquifer beneath the Site did respond to SAR activities, rising, 
and falling as the recharge rate increased and decreased. It is not known exactly how far 
the water table response to 2008 SAR season activities extends beyond the Site.  
Following the end of the SAR season, water levels began to fall within 1 to 2 days of the 
end of operations. 

Based on the field and basic water quality parameters measured to-date, SAR activities 
at the Site are interpreted to have not degraded groundwater quality in the area. This 
data does suggest a high degree of hydraulic continuity between local surface and 
groundwater.  A few SOC’s have been detected intermittently.  However, the timing of 
these detections suggests that they were not caused by SAR operations and the 
measured concentrations represent background concentrations related to off-site 
activities. 

8.2 Recommendations 

Based on the results of the 2008 SAR season described in this report, there are several 
recommendations for changes to Site operation and testing for the 2008/2009 SAR 
season. These include: 

• Conduct one or more infiltration test in the lower Basin to better constrain on-site 
infiltration rates and aquifer response to SAR. 

• Conduct an aquifer test in a proposed new, purpose-built test well, and use this 
data to further constrain aquifer properties and SAR impact on the aquifer in the 
project area. 

• Over the past few years the WWBWC, working cooperatively with WADOE, has 
installed several groundwater monitoring wells in the vicinity of the Site.  Data 
from these wells, and several more in the Site area that could be constructed 
early in 2009, should be incorporated into Locher Road SAR project for the 
2008/2009 SAR season. 
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• The 2008/2009 SAR season report should provide a comprehensive review of all 
Locher Road activities, from the inception of the project up to the summer of 
2009. 

9.0 - REFERENCES CITED 
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GSI, 2007, Results of the first season of shallow aquifer SAR testing at the Locher Road 
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Irrigation District #13 and Washington Department of Ecology, 23 pgs, 5 tables, 17 
figures, 5 Appendices. 



Figures 



 

Figure 1.  Area and regional setting. 



 
 

Figure 2. Local setting, site location, and layout. 



 
 

Figure 3.  Photograph of the Site looking past the upper basin towards the lower basin along the connecting trench which was 
deepened for the 2008 recharge season. 
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Figure 4.  Photograph of the lower basin taken from near where the connecting trench enters it (to the right of the photo).  
Photograph shows a portion of the expanded basin. 
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Figure 5.  Photograph of the lower basin looking up the deepened connecting trench towards the upper basin.  Photograph shows 
the basic extent of the original lower basin, and much of the expansion. 
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Figure 6.  Instantaneous and total flow into the Locher Road Site during the 2008 SAR season. 
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Figure 7.  Water levels in Locher Road SAR Site wells before, during, and after the 2008 SAR season. 
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Figure 8.  Pressure transducer measurements showing water levels in Mud Creek at the two monitoring locations. 
 



Tables 



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) Cl (mg/L)

Soluble 
Reactive 

Phosphorous 
(mg/L) COD (mg/L)

Total Coliform 
(per 100ml)

E-Coli       (per 
100ml or 

Absent/Present) 
L-1 10/12/2006 85232 6.23 205.00 262.0 7.800 0.100 < 8.0 0
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 0
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 0 0
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 0 0
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 0 0
L-1 1/23/2008 2123 7.07 388 48.6 5.28 135.00 235.0 5.800 0.360 < 8.0 0 Absent
L-1 2/13/2008 4099 7.13 384 44.4 5.55 154.00 236.0 5.600 0.360 < 8.0 0 Absent
L-1 5/27/2008 15124 7 401 0.79 5.86 156.00 262.0 6.700 0.270 < 8.0
L-2 10/12/2006 85233 3.27 132.00 184.0 6.400 0.140 < 8.0 0
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 0
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 0 0
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 0 0
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 0 0
L-2 1/23/2008 2124 7.04 287 8.06 3.47 103.00 181.0 5.600 0.330 < 8.0 0 Present
L-2 2/13/2008 4100 7.07 284 8.65 3.50 111.70 196.0 5.500 0.330 < 8.0 0 Present
L-2 5/27/2008 15126 6.93 313 7.13 5.96 117.00 205.0 6.500 0.270 10.0
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 0
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 0 0
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 0
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 0 0
L-3 1/23/2008 2125 7.14 187 13.90 2.86 61.90 124.0 3.200 0.300 18.0 0 Present
L-3 2/13/2008 4101 7.15 197 29.40 4.51 75.30 148.0 5.500 0.320 < 8.8 0 Present
L-3 5/27/2008 15127 6.98 129 7.48 2.11 45.70 98.0 1.800 0.220 16.0

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 0
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 - L 5/27/2008 15129 7.24 162 4.95 0.57 65.00 112.0 2.900 0.180 11.0

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 0
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
Mud Ck - SL 5/27/2008 15130 7.50 298 4.11 0.87 112.00 188.0 4.600 0.240 21.0

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 94.0 6.39 4.21 31.40 73.3 39.000 < 0.043 <  8.0 P  P
diversion 5/27/2008 15128 7.27 50 17.60 0.11 18.70 54.0 0.600 0.120 19.0

Table 1.  Field and Basic Water Quality Results for the 2007 and 2008 Recharge Seasons.



Date 1/15/2007 1/15/2007 1/15/2007 4/4/2007 4/4/2007 4/4/2007
Well ID L-1 L-2 L-3 Diversion L-1 L-2

Chemical

Carbamates in Drinking water

Carbofuran ND ND ND ND ND ND
Oxymal ND ND ND ND ND ND

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

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

Carbaryl ND ND ND ND ND ND
Methomyl ND ND ND ND ND ND

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

Synthetic Organic Compounds

Endrin ND ND ND ND ND ND
Lindane (BHC-Gamma) ND ND ND ND ND ND

Methoxychlor ND ND ND ND ND ND
Alachlor ND ND ND ND ND ND
Atrazine ND ND ND ND ND ND

Benzo(a)pyrene ND ND ND ND ND ND
Chlordane Technical ND ND ND ND ND ND
Di(ethylhexyl)-Adipate ND ND ND ND ND ND

Di(ethylhexyl)-phthalate ND ND ND ND ND ND
Heptachlor ND ND ND ND ND ND

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

Hexachlorocyclo-Pentadiene ND ND ND ND ND ND
Simazine ND ND ND ND ND ND

Aldrin ND ND ND ND ND ND
Butachlor ND ND ND ND ND ND
Dieldrin ND ND ND ND ND ND

Metolachlor ND ND ND ND ND ND
Metribuzin ND ND ND ND ND ND
Propachlor ND ND ND ND ND ND
Bromacil 0.74 ND ND ND 0.2 ND
Prometon ND ND ND ND ND ND
Terbacil ND ND ND ND ND ND
Diazinon ND ND ND ND ND ND

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

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

Table 2. SOC results for the 2007 and 2008 recharge seasons.



Date 1/15/2007 1/15/2007 1/15/2007 4/4/2007 4/4/2007 4/4/2007
Well ID L-1 L-2 L-3 Diversion L-1 L-2

Chemical
Napthalene ND ND ND ND ND ND

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

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

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

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

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

Phenanthrene ND ND ND
Pyrene ND ND ND ND ND ND

Benzyl Butyl Phthalate ND ND ND ND ND ND
Di-N-Butyl Phthalate 0.95 ND ND ND 0.7 0.7

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

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

Herbicides in Drinking Water

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

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

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

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

Table 2. SOC results for the 2007 and 2008 recharge seasons.



Date
Well ID

Chemical

Carbamates in Drinking water

Carbofuran
Oxymal

3-Hydroxycabofuran
Aldicarb

Aldicarb sulfone
Aldicarb sulfoxide

Carbaryl
Methomyl

Propoxur (Baygon)
Methiocarb

Synthetic Organic Compounds

Endrin
Lindane (BHC-Gamma)

Methoxychlor
Alachlor
Atrazine

Benzo(a)pyrene
Chlordane Technical 
Di(ethylhexyl)-Adipate

Di(ethylhexyl)-phthalate
Heptachlor

Heptachlor Epoxide A&B
Hexachlorobenzene

Hexachlorocyclo-Pentadiene
Simazine

Aldrin
Butachlor
Dieldrin

Metolachlor
Metribuzin
Propachlor
Bromacil
Prometon
Terbacil
Diazinon

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

Cyanazine
Malathion
Trifluralin

4/4/2007 2/13/2008 2/13/2008 2/13/2008 5/27/2008 5/27/2008
L-3 L-1 L-2 L-3 Diversion L-1

ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND

ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND 0.32 ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
0.3 ND ND ND ND ND
ND ND ND ND ND ND

Table 2. SOC results for the 2007 and 2008 recharge seasons.



Date
Well ID

Chemical
Napthalene

Fluorene
Acenaphthylene
Acenaphthene

Anthracene
Benz(A)anthracene

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

Chrysene
Dibenzo(A,H)anthracene

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

Phenanthrene
Pyrene

Benzyl Butyl Phthalate
Di-N-Butyl Phthalate

Diethyl Phthalate
Dimethyl Phthalate

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

Herbicides in Drinking Water

2,4-D
2,4,5-TP (Silvex)

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

Bentazon
Dichlorprop
Actiflorfin

Dacthal (DCPA)
3,5-Dichlorobenzoic Acid

4/4/2007 2/13/2008 2/13/2008 2/13/2008 5/27/2008 5/27/2008
L-3 L-1 L-2 L-3 Diversion L-1

ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND

ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
0.5 ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND

ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND ND ND
ND ND ND ND 0.2 ND
ND ND ND ND ND ND

Table 2. SOC results for the 2007 and 2008 recharge seasons.



Date
Well ID

Chemical

Carbamates in Drinking water

Carbofuran
Oxymal

3-Hydroxycabofuran
Aldicarb

Aldicarb sulfone
Aldicarb sulfoxide

Carbaryl
Methomyl

Propoxur (Baygon)
Methiocarb

Synthetic Organic Compounds

Endrin
Lindane (BHC-Gamma)

Methoxychlor
Alachlor
Atrazine

Benzo(a)pyrene
Chlordane Technical 
Di(ethylhexyl)-Adipate

Di(ethylhexyl)-phthalate
Heptachlor

Heptachlor Epoxide A&B
Hexachlorobenzene

Hexachlorocyclo-Pentadiene
Simazine

Aldrin
Butachlor
Dieldrin

Metolachlor
Metribuzin
Propachlor
Bromacil
Prometon
Terbacil
Diazinon

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

Cyanazine
Malathion
Trifluralin

5/27/2008 5/27/2008 5/27/2008 5/27/2008
L-2 L-3 MC-L MC-SL

ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND

ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND

Table 2. SOC results for the 2007 and 2008 recharge seasons.



Date
Well ID

Chemical
Napthalene

Fluorene
Acenaphthylene
Acenaphthene

Anthracene
Benz(A)anthracene

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

Chrysene
Dibenzo(A,H)anthracene

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

Phenanthrene
Pyrene

Benzyl Butyl Phthalate
Di-N-Butyl Phthalate

Diethyl Phthalate
Dimethyl Phthalate

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

Herbicides in Drinking Water

2,4-D
2,4,5-TP (Silvex)

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

Bentazon
Dichlorprop
Actiflorfin

Dacthal (DCPA)
3,5-Dichlorobenzoic Acid

5/27/2008 5/27/2008 5/27/2008 5/27/2008
L-2 L-3 MC-L MC-SL

ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND

ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND 0.18
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND ND ND
ND ND 0.4 0.2
ND ND ND ND

Table 2. SOC results for the 2007 and 2008 recharge seasons.
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APPENDIX B 
Water Quality Analyses 






















































































































































































































































