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Water Solutions, Inc.

Technical Memorandum

To: Rick Henry, WWBWC
CC: Stuart Durfee, GFID #13
From: Travis Hammond, Ari Petrides and Kevin Lindsey, GSI Water Solutions, Inc.
Date: January 04, 2012

Re: December 2011 Locher Road Pumping Test Results and Analysis

The objective of this Technical Memorandum (Tech Memo) is to report the results of aquifer
testing conducted in the Test Well built in 2010 at the Locher Road Aquifer Recharge (AR) Site.
Testing was done between December 14, 2011 and December 19, 2011. These dates generally
corresponded to a period of time when the alluvial aquifer experienced relatively stable
conditions; between the pumping and recharge-irrigation seasons.

This Tech Memo: (1) briefly describes the aquifer test, (2) describes water level data collected
before, during, and after the pumping phase of the aquifer test, (3) provides our interpretation
of the results including the aquifer background noise conditions, and (4) provides
recommendations for future work based on the test data and our interpretation. This Tech
Memo also includes hydrographs compiled from water level data collected from the Test Well
and three observation wells at the Locher Road Site before, during, and after the aquifer test.
This Tech Memo does not include detailed site descriptions as that has been reported on in
previous documents.

Background

The objective of this aquifer test is to estimate the hydrological properties of the alluvial aquifer
in the vicinity of the Locher Road SAR site under conditions when the aquifer was not
experiencing significant pumping and recharge stresses in the immediate vicinity of the AR site
(other than the test itself). The aquifer test consisted of two stages. The first stage was an
approximately 4-hour long step draw-down test. The goal of this stage was to identify a
pumping rate for the subsequent constant discharge rate test. The second stage of the test was
the constant discharge rate test. The step draw-down test was performed on December 14,
2011. The constant discharge rate test started at approximately 0930 hours on 16 December 2011,



and ran for approximately 72 hours with pumping being shut down at approximately 0930
hours on 19 December 2011. The data shows that approximately 50 hours after starting the
constant pumping rate test the pumping rate decreased due to mechanical issues with the
generator. Despite the decrease in pumping rate, steady state conditions were achieved at the
pumping and observation wells providing sufficient quality data for aquifer analysis.

The Locher Road Test Well is approximately 260 feet deep, and screened from approximately 70
feet below ground surface (bgs) to the bottom of the well (Figure 1). The screened interval lies
predominantly within variably indurated gravel and muddy gravel of the Mio-Pliocene
conglomerate unit down to approximately 237 feet bgs. Below that depth the screened interval
is in the underlying, weakly indurated claystones of the Mio-Pliocene fine unit (also referred to
as the blue clay, or old clay). Within the Mio-Pliocene conglomerate unit, several clayey
intervals likely are present within the screened interval, with the thickest one observed during
drilling lying at approximately 135 to 140 feet bgs. The Test Well is interpreted to fully
penetrate the alluvial aquifer at the Locher Road AR site.

The three observations wells, designated GW70, GW71, and GW72, used during the pumping
tests do not fully penetrate the alluvial aquifer. Each only extends 15 to 25 feet into the alluvial
aquifer depending on water levels. The locations of the Test Well and the observation wells are
shown on Figure 2.

A submersible pump capable of pumping up to approximately 500 gpm was deployed in the
Test Well by Purswell Pump of Hermiston, Oregon. Pressure transducers were deployed in the
Test Well and the three observation wells. Based previous step draw-down testing conducted
in September 2010, step test pumping rates for the December 2011 testing were pre-selected at
100, 200, 300, and 400 gpm. During the December 2011 step draw-down test it was observed
that the Test Well could not sustain a 200 gpm rate. Further pumping at reduced rates resulted
in the selection of a pumping rate of approximately 190 gpm for the December 2011 constant
discharge test.

The constant discharge aquifer test began, at approximately 0930 on 16 December 2011 with an
average pumping rate of 190 gpm. Totalizing flow meter data for the test is summarized on
Table1. Total draw-down during the constant discharge rate test was approximately 180 feet
(Figure 3) in the Test Well. The post-test recovered water levels in the Test Well and the
observation wells were lower than the pre-test levels.

Aquifer Test Data

Data collected before and during the aquifer test show a gently decreasing antecedent water
level trend (Figure 3). Following the completion of aquifer testing these water level declines
appear to end, and water level rises in at least one observation well. The antecedent trend is
interpreted to reflect water level decline in the alluvial aquifer following the shutoff the adjacent
Burlingame Canal approximately one week prior to the start of testing. This trend has been
observed at the Locher Road AR site every year since the start of AR work at the site. Other
than these observations, there appears to be little, or no, other significant external influences on
water levels in the three observation wells. Consequently, no data corrections were made to the
measured water level observations.



The following sections present specific observations and interpretations in the data collected
before and during testing.

Pre-Test Water Level Trends

The pre-test antecedent water level declines in the three observation wells average
approximately 0.2 feet over three days prior to the test (Figure 3). The magnitude and general
pattern of the antecedent trend in all three observation wells are similar, although the variation
seen in MW70 appears to be greater than is seen in the other two observation wells. This
variation may be due to interference from other nearby wells. MW?70 is located close to several
homes situated just east of Locher Road (see Figure 2). Pumping of the domestic wells
associated with these homes may have resulted in the small variations seen in MW?70, but not
seen in the other wells which are located much further away from the homes. The magnitude of
potential interference draw-down in GW 70 resulting from influences of other nearby pumping
wells is between 0.06 and 0.09 feet.

Water Level Changes During the Pumping Test

Draw-down in the Test Well during the pumping test was approximately 168 feet. Draw-
downs in the observation wells that are interpreted to be attributable to the pumping test (as
described below) are approximately 0.12 to 0.14 feet. As noted above, the constant rate pumping
test was originally planned to last 72 hours. However, problems with the generator supplying
power to the test pump lead to erratic pumping in last day of the test. As a result, only data
from approximately the first 50 hours of the constant rate test are used in this analysis.

Pumping Well

The hydrograph for the Test Well is shown on Figure 4. Basic observations and interpretations
from this hydrograph are as follows:

1. The Test Well displayed borehole storage effects in the first 13 minutes.

2. The slope of the semi-log plot for the test well is significantly greater than seen in the
observation wells (see Figures 5, 6, 7 and 8). This can be interpreted in one of two basic
ways. It can indicate a relatively low transmissivity (T) in the alluvial aquifer
surrounding the Test Well. Alternatively, the well could be very inefficient, with the
screen and/ or filter pack restricting flow into the well during pumping.

3. Based on the late-time drawdown data from the pumped well, the calculated alluvial
aquifer T is approximately 7,600 ft2/ day with a hydraulic conductivity (K) of 38 ft/day.
Hydrogeologic reasons for the low K are interpreted to center on induration in the
conglomerate comprising the Mio-Pliocene conglomerate unit and the silt/clay
interbeds present in the tested interval.

a. The Test Well pumps from the full extent of the alluvial aquifer which at this
location contains one notable weakly indurate claystone around 140 feet bgs, and
possibly several other thinner (less than 1 foot thick) intervals layers.



b. Variable induration seen in outcrops of the unit throughout the area indicates
some very well cemented intervals are present. Such intervals would tend to
restrict groundwater flow, and hence yield lower K.

c. The lowermost 20 feet of the well penetrates into the Mio-Pliocene Fines unit.
During maximum draw-down the dynamic water level in the well is within 30 to
40 feet of this interval. Being that aquifer properties were calculated for late-time
steady-state conditions, a significant portion of the water producing interval in
the well would correspond to these likely low yield strata.

Since K is estimated across the full saturated thickness of the well, the fine strata and
indurated horizons will influence estimate of hydrologic properties, resulting in lower K
than if the well was pumping exclusively from coarser intervals.

Observation Wells

Because the noise to signal ratio in the observation wells was low, corrections made for the
antecedent decreasing water level trend resulted in greater variance than was seen in the
uncorrected data. Thus the uncorrected data was used for analysis. Despite the antecedent
decreasing water level trend, water level changes attributable to drawdown response were seen
in the observation wells.

The observation wells, which only penetrate 15 to 25 feet into the alluvial aquifer, do not fully
penetrate the Mio-Pliocene conglomerate unit and did not encounter any fine strata.
Nevertheless, drawdown curves for these wells are suggestive of semi-confined conditions. This
is interpreted to due to the presence of indurated strata and finer intervals within the Mio-
Pliocene conglomerate unit in the immediate vicinity of the wells.

The Cooper-Jacob straight line method was used with the curve fit from late-time steady state
pumping conditions to estimate aquifer hydraulic properties at the observation wells. These
estimates, which are only for the upper few tens of feet of the alluvial aquifer, are as follows:

e K=132-397ft/day.
e T=52,660 - 62,710 ftz/day.
e S$=02-04.

These aquifer property estimates are higher than those generated from Test Well draw-down
data. This difference is interpreted to be related to: (1) only partial penetration of the alluvial
aquifer in the observations wells, and the lack of fine and indurated strata in the open intervals
for these wells and (2) the presence of several indurated and fine intervals in the fully
penetrating Test Well. Nevertheless, the aquifer properties estimated here compare well with
those previously estimated by Newcomb (1965), Barker and MacNish (1976), and Petrides
(2008).

Observations from the individual monitoring wells are as explained below:



* GW 70: The greatest amount of interference from nearby pumping wells occurs during
late time drawdown (Figure 6). This did not affect hydraulic property estimates because
the curve from the steady state period between the elapsed pumping times of 1560 and
2400 minutes. During this period, data noise was at its least at this well.

e GW 71: Interference in the data for this well was very low allowing, definition of a
distinct drawdown curve (Figure 7). The same steady-state period as mentioned for GW
70 was used to estimate aquifer properties

e GW 72: Interference in the data for this well was very low allowing, definition of a
distinct drawdown curve (Figure 8). The same steady-state period between the elapsed
pumping times of 1500 and 2670 minutes was used to estimate aquifer properties.

Water levels in all monitoring wells continued to decline for approximately 12 hours after
pumping stopped at which time water levels began to recover (Figure 3). Water levels in the
observation wells did not return to pre-test levels during the period of observation. This is
likely to be in-part attributable to the antecedent conditions and the very small pumping draw-
induced in the observation wells.

Conclusions

This test presents a range of hydraulic parameter values for the entire thickness of the alluvial
aquifer, as would be expected given its lithologic variability. Based on the data collected during
the December 2011 aquifer test, we interpret that the alluvial aquifer system hosted by the Mio-
Pliocene conglomerate unit has K ranging from approximately 40 ft/day, up to approximately
400 ft/day. The lower K estimates are from the Test Well draw-down data. These estimates
likely saw significant influence from intercalated fines and indurated strata in this well which
fully penetrates the alluvial aquifer. The higher K estimates are from the shallow observation
wells, and likely reflects only partially penetration of the alluvial aquifer and the absence of
fines in the intervals intersected by the observation wells.

Generally it appears that water declines in the observation wells are genuine responses to Test
Well pumping rather than artifacts of data noise similar to the responses seen in the previous
pumping test conducted in September 2010. Despite an antecedent decreasing water level trend
no corrections to the observation data was considered in the analysis. More variability seen in
the water level data for GW 70, when compared to the other two observation wells, is
interpreted to reflect interference from nearby alluvial aquifer wells associated with the homes
just east of the well.

Recommendations
Recommendations derived from this analysis focus on aquifer properties and follow-up aquifer
pumping tests as the hydrologic conditions in the vicinity of Locher Road go through their

normal seasonal variation.

1. For the modeling and analysis of alluvial aquifer hydrologic properties in the Locher
Road vicinity we recommend that k values on the order of 132 to 397 ft/day be used.



2. Conduct a pumping test during the early summer when the aquifer is at its highest
water levels to aid in understanding aquifer response to canal operations and the
potential effects of the canal on the local antecedent water level trend prior to the
pumping test.

3. Look for opportunities to test pump wells having construction different than that seen in
the Test Well. If the Test Well is inefficient, additional testing of wells with larger slot
size screens, larger well bores, and/ or larger filter pack would be instructive.
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Log of Borehole: Locher Test Well

Project: WWBWC Well ID: APL054 A ‘
Water Solutions, Inc.
Location: Locher Road SAR Site 8019 W. Quinault Ave., Suite 201
Kennewick, Washington 99336
Logged By: Travis Hammond 509-735-7135
FAX 509-735-7067
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Drilled By: United Crown Pump and Drilling Total Depth: 260 ft.
Drill Method: Air Rotary Nominal Borehole Diameter: Locher Test Well
Drill Date: 11-9-2009 Page: 1 of 2




Log of Borehole: Locher Test Well

Project: WWBWC Well ID: APL054
Location: Locher Road SAR Site

Logged By: Travis Hammond

Water Solutions, Inc.

8019 W. Quinault Ave., Suite 201
Kennewick, Washington 99336
509-735-7135

FAX 509-735-7067
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Drilled By: United Crown Pump and Drilling
Drill Method: Air Rotary
Drill Date: 11-9-2009
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Nominal Borehole Diameter: Locher Test Well
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