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months and diverted into constructed infiltration basins that would recharge the
underlying alluvial aquifer. IRZ (2009) estimates that up to 6,000 acre-feet per year may
be infiltrated in this area based on available acreage for recharge and soil infiltration
rates. In the County Line area, a surface recharge project has been ongoing since the
1970’s whereby Columbia River water is conveyed in an irrigation canal operated by the
County Line Water Improvement District (CLWID) and allowed to infiltrate and
recharge the alluvial aquifer. IRZ (2009) has envisioned that this project would be
expanded significantly to accommodate 10,000 to 50,000 acre-feet, and possibly as much
as 100,000 acre-feet of recharge per year. Because of the uncertainty in the upper end of
these figures, IRZ believes that the project should be developed in increments in order
to better assess constraints.

Intended benefits of both projects include the following;:

1. Additional alluvial groundwater can be pumped in the summer months for
irrigation water supply that fulfills existing rights that have been curtailed in the
critical groundwater areas.

2. Groundwater can be pumped from the alluvial aquifer downgradient of the
recharge areas and used as source water for conducting ASR in the deep basalt
aquifer.

3. Depleted groundwater levels can be restored.

4. Recharge water can be left in the alluvial aquifer for environmental benefits
including increased discharge of cool groundwater to the Umatilla River.

2.0 Executive Summary

The timing and magnitude of potential benefits to the Umatilla River resulting from
hypothetical groundwater recharge projects at Echo Meadows and County Line were
simulated using simplified groundwater flow models. The ultimate project concept
may change in scope and location; consequently, this modeling effort was performed to
illustrate in general how the groundwater/surface water systems will be affected by
artificial recharge. We want to emphasize that these models are highly simplified and
uncalibrated; they are intended to help us understand what factors are most important
for assessing benefits to the river, to help guide decision-making regarding how to
design the recharge project to maximize benefits, and to help identify where we should
focus future data collection efforts. We believe that the project can be designed to
optimize benefits and minimize adverse impacts. Findings from the recharge
simulations for each area are summarized as follows:
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2.1 Echo Meadows

Recharge was simulated at Echo Meadows to evaluate the effect of artificial recharge on
alluvial groundwater and the Umatilla River. Recharge was simulated at two locations
in Echo Meadows —Field 1 (90 acres) and Field 6 (130 acres) —and simulation results
indicate:

» Estimated recharge volumes for 90 acre (Field 1) and 130 acre (Field 6) recharge
areas, assuming 75 percent of the water is pumped out, range from 1,500 to 4,650
acre-feet, respectively.

* Echo Meadows has limited storage potential for irrigation water supply during
the irrigation season so the recovered water would have to be used primarily for
deep basalt ASR source water.

» Artificial recharge causes a significant increase in groundwater discharge to the
Umatilla River in August and September only if aquifer parameters have certain
values. Specifically, the aquifer storage parameter, which is a measure of the
volume of water taken into or released from the aquifer pore space, must be
greater than 0.01. The aquifer storage parameter is a key variable that must be
better defined by long-term aquifer testing.

* Leaving 25% recharge water at Field 1 shows 20 - 30% increase in
groundwater discharge in August to September relative to pre-recharge
groundwater discharge.

* Leaving 25% recharge water at Field 6 shows 50 - 75% increase in
groundwater discharge in August to September relative to pre-recharge
groundwater discharge.

* Benefits to the river increase when recharge occurs closer to river.

* Benefits to the river result from increased natural groundwater discharge to the
river that is caused by an increase in the hydraulic gradient between the river
and aquifer.

» Benefits to the river do not result from recharged water traveling to the river
because the groundwater travel time is on the order of years, not months.

* Consideration should be given to specifically dedicating recharge sites for
environmental benefits that are closer to the river and utilizing other recharge
sites primarily for ASR source water.

* More acres are needed for surface recharge purposes than simulated in Echo
Meadows in order to achieve measureable changes in river flow and to provide
meaningful volumes for deep basalt ASR storage.
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2.2 County Line

Recharge was simulated at County Line to evaluate the effect of artificial recharge on
the Umatilla River flow and on groundwater levels at the Umatilla Army Depot. Two
recharge options were evaluated (i.e., infiltrating 10,000 acre-feet and infiltrating 50,000
acre-feet), and simulation results indicate:

e The groundwater flux to the river is higher than pre-recharge conditions during
most months of the year, including the critical months of August and September.
The model results indicate that because of the long distance from the recharge
area to the river, benefits to the river are relatively small on a percent basis (a few
percent increase in groundwater discharge from pre-recharge conditions) and are
spread out over a fairly large area. Additional data on groundwater flow
direction and gradient are needed to better define the magnitude and location of
the increased discharge to the river.

e The model indicates an increased benefit to the Umatilla River when an
additional recharge basin is simulated near the river compared to recharge only
at the simulated CLWID basin. In addition, locating the ASR source water wells
and irrigation wells on the west (inferred upgradient) side of the CLWID
recharge basin appears to increase discharge to the Umatilla River compared to
wells located on the east (downgradient) side.

e Artificial recharge at County Line has a hydraulic effect on a groundwater plume
at the Umatilla Army Depot. The maximum drawup (i.e., groundwater elevation
increase) at the Umatilla Depot ranged from 1.1 to 5.3 feet (if water is not
recovered), or 0.6 to 3.2 feet (if 75% of water is recovered). The scenarios in
which recharge water is recovered are considered more appropriate to assessing
hydraulic impacts to groundwater at the Umatilla Army Depot plume area.
Pumping wells can be located so that groundwater level changes from recharge
can be managed and impacts to the groundwater plumes are minimized.

2.3 Comparison Between Echo Meadows and County Line Simulations

The percent change in groundwater discharge to the Umatilla River is significantly
lower at County Line, and is significantly higher at Echo Meadows. However, the total
amount of groundwater flux to the river is substantially higher at County Line because
substantially more water is being recharged. The significantly lower percent change in
groundwater discharge at County Line is likely due to some combination of the
following;:
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e Recharge basins at County Line (i.e., CLWID basin) are farther from the
Umatilla River than recharge basins in Echo Meadows (i.e., Field 1 and Field
6). The greater distance between the river and recharge basin at County Line
spreads out the effects of recharge and reduces the hydraulic impact of
recharge on the River.

¢ The County Line simulations evaluate flux to the Umatilla River over a
shorter length of the river relative to the Echo Meadows simulations.

2.4 Uncertainties and Data Gaps

The benefits evaluation has helped us to identify uncertainties and data gaps that
should be addressed prior to moving forward with development of the project or with
future groundwater modeling efforts:

Aquifer Characteristics. Specifically, aquifer properties (i.e., the aquifer storage
parameter), seasonal changes in groundwater gradient and flow direction, effects
of the CLWID canal system, groundwater pumping (location and amount), and
groundwater quality/variability.

Groundwater and Umatilla River Interaction. Relationship of groundwater
with the Umatilla River - where is the river gaining and losing and how much.

Soil Properties. Specifically, soil infiltration rates and estimated recharge
volumes in the area where future recharge projects may be located.

Relationship Between the Umatilla Army Depot and County Line Aquifer.
Groundwater conditions (e.g., aquifer properties, gradient, and flow direction)
beneath the Umatilla Army Depot and its relationship to the County Line
aquifer.

The recommended methodology and approach to addressing the data gaps in areas
where future projects may be developed include the following;:

Multiple long-term aquifer tests (72 hours) to estimate aquifer transmissivity and
storage parameter. Focus this work in areas where projects are likely to be
constructed.

Groundwater level monitoring network in County Line area and downgradient
toward the Umatilla River.

Paired stream and aquifer levels over time in areas downgradient of potential
projects.

Improved estimates of groundwater discharge to river (seepage run).

Pumping rates and durations for existing wells.
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* Soil infiltration tests in target areas.

* Groundwater quality sampling conducted in cooperation with Department of
Environmental Quality (DEQ) Ground Water Management Area (GWMA)
monitoring program in target recharge areas to assess areas impaired by
agricultural activities.

* Continued long-term groundwater level and stream gauge monitoring.

3.0 Objectives

Our scope of work was intended to address the following objectives:

» Evaluate groundwater flow at the County Line and Echo Meadows alluvial
aquifers and assess benefits and uncertainties associated with the artificial
recharge (AR) projects.

* Develop preliminary groundwater flow models for the Echo Meadows and
County Line alluvial aquifers and assess the effects of different recharge and
extraction scenarios on the Umatilla River.

+ Estimate the amount and timing of increased groundwater discharge to the
Umatilla River resulting from groundwater recharge.

* Use the results to guide decisions about where recharge projects should be
located to maximize benefits.

* Evaluate how recharge in the County Line area may affect groundwater levels
near documented groundwater contamination at the Umatilla Army Depot.

 Identify uncertainties and data gaps in our analysis that can be addressed
through additional data collection.

4.0 Approach

Our approach to the benefits and uncertainties analysis consisted of first developing a
conceptual model of the groundwater systems in Echo Meadows and County Line areas
using information developed by IRZ (2009) and the Oregon Water Resource
Department (OWRD) (Grondin et al., 1995). We then developed a preliminary two
dimensional numerical groundwater flow model for each area using the USGS
modeling code MODFLOW (Echo Meadows) and WinFlow (County Line). These new
models were developed because previous models (i.e., by IRZ and USGS) were either
large scale or did not have the capability to simulate conditions necessary for this
evaluation.

Models were used because we wanted to evaluate how changing aquifer parameters,
boundary conditions, and recharge/pumping scenarios affected groundwater discharge
to the Umatilla River. A groundwater flow model is well suited for this purpose
because it can handle complex boundary conditions (e.g., Umatilla River) and offers
significantly more flexibility for adjusting multiple parameters individually or
simultaneously. We used a numerical groundwater flow model for Echo Meadows

55 SW Yamhill Street, Suite 400  Portland, OR 97204 P:503.239.8799 F:503.239.8940 info@gsiwatersolutions.com  www.gsiwatersolutions.com



PAGE 7

because we had a good understanding of groundwater flow direction, gradient, and
boundary conditions. We used an analytical groundwater model for County Line
because groundwater flow direction and gradient are not well understood. The
analytical model is less sophisticated than MODFLOW and incorporates fewer site-
specific details about the aquifer system; however, the analytical model can incorporate
ambient groundwater flow, surface recharge features, and wells.

The Echo Meadows numerical groundwater model was used to simulate artificial
recharge at two locations in Echo Meadows —Field 1 and Field 6. Field 6 was evaluated
because it is located closer to the river, which allowed us to assess how relative distance
from the river affects the timing of increased groundwater discharge. At each location,
two recharge scenarios were evaluated. The first scenario simulated artificial recharge
without recovery, and the second scenario simulated artificial recharge with 75%
recovery of injected water. The second scenario showed that considerably more water
could be recharged at Echo Meadows if groundwater pumping was conducted
simultaneously. This is because groundwater levels are naturally high in Echo
Meadows and pumping creates more “headroom” above the water table. Four model
simulations were conducted for each scenario using a range of aquifer storage
parameters reported for the area. Aquifer storage, also referred to as specific storage in
confined aquifers, is the amount of water released by an aquifer for every 1 foot of
water level change over a uniform cross sectional area. Aquifer storage was found to be
a very sensitive aquifer parameter because it affects the timing and magnitude of
recharge benefits to the river.

The simplified analytical two dimensional groundwater flow model for the County Line
area was used to assess a range of possible flow directions, gradients, and effects from
recharge. We used this model to calculate the magnitude and timing of groundwater
discharge changes at the Umatilla River in response to infiltrating 10,000 acre-feet and
50,000 acre-feet of recharge water. We also used the model to assess how recharge
might affect groundwater gradients in the vicinity of documented groundwater
contamination at the Umatilla Army Depot, 2.5 miles to the north of the County Line
recharge area (Figure 1). Changing groundwater gradients may affect groundwater
flow direction and levels near these contaminant plumes and affect the plume
movement. Consequently, we want to understand to what extent this could be a
constraint on the project, and if it is, how might the project be designed to mitigate this.

We want to emphasize that both models are highly simplified and uncalibrated; they
are intended to help us understand what factors are most important for assessing
benefits to the river, to help guide decision-making regarding how to design the
recharge project to maximize benefits, and to help identify where we should focus
future data collection efforts.

Attachment A includes detailed descriptions of groundwater model setup, input
parameters, assumptions, and model results for both the Echo Meadows and County
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Line evaluations. Table 1 presents the recharge and pumping scenarios used in the
model simulations at County Line and Echo Meadows.

Key assumptions made in the modeling exercises for both Echo Meadows and County
Line include the following:

e The alluvial aquifer at Echo Meadows and County Line is horizontal and
uniform in character.

e At County Line, the aquifer has infinite aerial extent and is not affected by
irrigation ditches or the river.

e Assumed recharge water infiltration rates were estimated from available field
testing data, which were limited. The maximum infiltration volumes calculated
for Echo Meadows were determined by assuming a maximum water level rise of
10 feet due to the presence of shallow groundwater (otherwise flooding could
occur). There was no maximum water level rise specified at County Line
because flooding is not anticipated for the recharge rates tested.

e Regional irrigation pumping other than for recovery of recharged water is not
included.

e Pumping wells used for recovery were assumed to be located at least 200 feet
downgradient from the recharge areas. Pumping rates for individual wells were
within the range of pumping rates that are typical for each area.

e In Echo Meadows, the recovery period was assumed to be at the same time as the
recharge period because groundwater levels are typically high and there is
insufficient room above the water table to store water. In this case, the recovered
water is assumed to be used for ASR source water and not direct irrigation
because pumping occurs prior to the irrigation season.

e At County Line, 50 percent of the pumped water was assumed to be directed to
ASR storage between the months of March and April and 50 percent of the
pumped water was assumed to be used for irrigation water supply during the
irrigation season (May through September).

5.0 Findings and Results from Groundwater Modeling

Conceptually, infiltration and recharge of the shallow alluvial aquifer results in
increased groundwater flow and discharge to the downgradient Umatilla River because
the groundwater gradient has been increased by the recharge mound. Because the
recharge areas are sufficiently far from the river and groundwater flow velocities are
generally low, it is the increase in natural groundwater flow and not the discharge of
stored water that creates the initial benefit to the river. With sufficient time, the recharge
water would eventually discharge to the river. Benefits to the river and fish are
maximized when the largest increase in groundwater discharge occurs between the
months of August and September when river levels are at their lowest. Consequently,
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benefits to the Umatilla River in response to groundwater recharge are described in this
memorandum in terms of the change in groundwater discharge to the river with time
relative to natural (pre-recharge) conditions. Findings and results from groundwater
modeling are discussed separately for Echo Meadows and County Line in the following
sections.

5.1 Echo Meadows

The estimated percent change in groundwater discharge to the Umatilla River over time
as a result of artificial recharge at Field 1 is shown in Figure 2 (recharge without
recovery) and Figure 3 (recharge with 75% recovery) for several different aquifer
storage parameters. Estimated percent change in groundwater discharge to the
Umatilla River over time as a result of artificial recharge at Field 6 is shown in Figure 4
(recharge without recovery) and Figure 5 (recharge with 75% recovery) for several
different aquifer storage parameters. The percent change in groundwater discharge is
calculated by the following formula:

Groundwater Discharge to River With Recharge
Groundwater Discharge to River Prior to Recharge

Percent Change in Groundwater Discharge =

The following conclusions are made based on the preliminary numerical groundwater
model results for Echo Meadows:

e Estimated recharge volumes were two to three times higher when recovery
occurred simultaneously with recharge. In addition, recharge volumes were
higher when the storage parameter was higher because storage and head rise are
inversely proportional (e.g., Driscoll, 1986). Significantly more recharge was able
to occur at Field 6 (up to 3,000 acre feet for reasonably likely storage parameter
values) relative to Field 1 (up to 750 acre feet for reasonably likely storage
parameter values). This is primarily due to the larger area of Field 6 (130 acres)
relative to the area of Field 1 (90 acres).

e Recharge volumes can be maximized by simultaneously extracting the recharged
water. This water would be used for ASR source water because the water is
being pumped outside of the irrigation season.

e Groundwater velocities in Echo Meadows alluvium are relatively low (on the
order of a few feet per day), and water recharged near Hunt Ditch will not reach
the Umatilla River for decades. The predicted increase in groundwater discharge
to the river during artificial recharge is caused by an increase in the groundwater
gradient between the recharge area and the river that is caused by mounding
from artificial recharge.
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e Because increased groundwater discharge to the Umatilla River is caused by the
increased gradient between the recharge area and the river, recharge should
occur as close to the river as possible, which would maximize the gradient
between groundwater and the river and, therefore, would maximize benefit to
the Umatilla River.

e Artificial recharge at Field 6 provides a larger increase in groundwater discharge
to the river than artificial recharge at Field 1. This is primarily due to the greater
recharge at Field 6, and the proximity of Field 6 to the river.

e The aquifer storage parameter is the most sensitive parameter affecting the
magnitude and timing of recharge benefits to the river. Most recharge scenarios
result in an increased groundwater discharge to the Umatilla River during the
critical periods of August and September. Exceptions include scenarios with the
aquifer storage value of 1x10-# (considered to be too low and not representative
of a semiconfined aquifer) and recharge simulations for Field 1 (located farthest
from the river near Hunt Ditch) using a high aquifer storage value (0.22). Lower
values for aquifer storage (less than 0.001) resulted in the maximum increase in
groundwater discharge to the river during the months of January through April
(and not during the ideal August - September timeframe that benefits fish).

e The simulations indicate that recharge results in increased groundwater
discharge to the river; however, the resulting increase in river flow will likely be
small and difficult to measure in the river because the total volume of water
recharged in Echo Meadows is likely to be relatively small (less than 4,600 acre-
feet in all simulations). Acreages dedicated to recharge and recharge volumes
would have to be substantially greater (greater than 10,000 acre-feet) and closer
to the river to cause measureable changes in river flow.

5.2 County Line

Various recharge/recovery scenarios were simulated with the model to estimate
hydraulic impacts to the Umatilla River and groundwater at the Umatilla Army Depot.
Each modeling scenario simulated aquifer response over a six year period with five
yearly cycles of recharge/recovery. This allowed for evaluation of both annual impacts
and longer term impacts to the aquifer and Umatilla River.

5.2.1 Umatilla River Simulations

A total of eight model simulations were conducted for the Umatilla River area by
varying the recharge volume and recovery. In addition, the number of recharge basins
was varied [i.e., recharge occurred only in the 162 acre CLWID basin, or in both the
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CLWID basin in addition to the 18 acre Cottonwood basin (Figure 1)]. Hydraulic
impact to the river was assessed by tracking the time at which the maximum drawup
occurs at Cottonwood Bend. In addition, the increase in groundwater flux to the river
was estimated on an annual basis and normalized to the baseline discharge to the river
(i.e., discharge to the river prior to recharge). The annual flux increase is based on a six
year simulation period with five years of recharge/recovery.

5.2.2 Hydraulic Impacts to Umatilla Army Depot Groundwater

A total of four simulations were conducted to evaluate the effect of artificial recharge on
Umatilla Army Depot groundwater levels by varying the recharge and recovery
volumes. Hydraulic impact to the Umatilla Army Depot groundwater levels was
assessed by tracking the maximum increase in the water level (or drawup) and
maximum change in the horizontal groundwater gradient. Table 2 summarizes the
results from the Umatilla Depot model simulations.

Most model simulations located recovery wellfields (i.e., ASR and irrigation wells) on
the downgradient (east) side of the CLWID basin. Two model scenarios (C" and E’)
relocate the ASR and irrigation wellfields on the west (upgradient) side of the CLWID
basin away from the river. Table 3 summarizes the results from the river area model
simulations.

The following conclusions are made based on the preliminary analytical groundwater
model of the County Line Aquifer area:

e Hydraulic impacts to the Umatilla Army Depot groundwater were assessed by
tracking the maximum water level increase (drawup) and maximum
groundwater gradient increase at the Umatilla Army Depot plume area. On the
basis of the preliminary modeling results, artificial recharge at County Line
causes groundwater level changes at the Umatilla Army Depot plume area. Of
the four model scenarios, the maximum water level increase (drawup) ranged
from 1.1 to 5.3 feet (for recharge volumes of 10,000 and 50,000 acre-feet,
respectively, with no recovery). When recharged water is recovered, the
maximum water level increase was 0.6 and 3.2 feet for the 10,000 and 50,000 acre-
feet recharge volumes, respectively. The scenarios in which recharge water is
recovered are considered more appropriate to assessing hydraulic impacts to
groundwater at the Umatilla Army Depot plume area. Simulation results
indicate that pumping wells can be located between the Depot and recharge area
so that groundwater gradient changes from recharge can be managed and
impacts to the groundwater plumes are minimized.

e The groundwater flux to the river is higher relative to pre-recharge conditions
during all months of the year, including the critical months of August and

55 SW Yamhill Street, Suite 400  Portland, OR 97204 P:503.239.8799 F:503.239.8940 info@gsiwatersolutions.com  www.gsiwatersolutions.com



PAGE 12

September. The model results indicate that because of the long distance from the
recharge area to the river, benefits to the river are relatively small on a
percentage basis (a few percent increase in groundwater discharge) and are
spread out over a fairly large area. Additional data on groundwater flow
direction and gradient is needed to better define the magnitude and location of
the increased discharge to the river.

e The model indicates an increased benefit to the Umatilla River when an
additional recharge basin is simulated near the river compared to recharge only
at the simulated CLWID basin. In addition, locating the ASR source water wells
and irrigation wells on the west (inferred upgradient) side of the CLWID
recharge basin appears to increase discharge to the Umatilla River compared to
wells located on the east (downgradient) side.

e The percent change in groundwater discharge to the Umatilla River is
significantly lower at County Line, and is significantly higher at Echo Meadows.
However, the total amount of flux to the river is substantially higher at County
Line because substantially more water is being recharged. The significantly
lower percent change in groundwater discharge at County Line is likely due to
some combination of the following:

0 Recharge basins at County Line (i.e., CLWID basin) are farther from
the Umatilla River than recharge basins in Echo Meadows (i.e., Field 1
and Field 6). The greater distance between the river and recharge
basin at County Line spreads out the effects of recharge and reduces
the hydraulic impact of recharge on the River.

0 The County Line simulations evaluate flux to the Umatilla River over a
shorter length ort river relative to the Echo Meadows simulations.

6.0 Uncertainties and Data Gaps

The benefits evaluation has helped us to identify uncertainties and data gaps that
should be addressed prior to moving forward with development of the project or with
future groundwater modeling efforts. Resolution of these uncertainties will enable us
to optimize the design of the project, address constraints and impacts, and better
evaluate and quantify environmental benefits. If funds from the state Water
Development Fund are used for recharge projects in the basin, applicants will be
required to dedicate 25 percent of the new stored water for the purpose of providing net
environmental public benefit or in-stream benefits. Furthermore, within 6 years of
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issuance of permits, water returning in-stream will have to be identified and
“protected”. In our opinion, it is unlikely that water level or streamflow monitoring
alone will be sufficient to identify the water that is to be “protected” instream. We
anticipate that it will be necessary to develop a fully calibrated groundwater flow
model to make this demonstration and that in order to do this, the data gaps identified
below must be addressed.

Uncertainties and data gaps that have been identified as part of this project and
discussed previously in this memorandum include the following:

Aquifer Characteristics. Specifically, aquifer properties (i.e., the aquifer storage
parameter), seasonal changes in groundwater gradient and flow direction, effects
of the CLWID canal system, groundwater pumping (location and amount), and
groundwater quality/variability.

Groundwater and Umatilla River Interaction. Relationship of groundwater
with the Umatilla River - where is the river gaining and losing and how much.

Soil Properties. Specifically, soil infiltration rates and estimated recharge
volumes in the area where future recharge projects may be located.

Relationship Between the Umatilla Army Depot and County Line Aquifer.
Groundwater conditions (e.g., aquifer properties, gradient, and flow direction)
beneath the Umatilla Army Depot and its relationship to the County Line
aquifer.

The recommended methodology and approach to addressing the data gaps in areas
where future projects may be developed include the following:

Multiple long-term aquifer tests (72 hours) to estimate aquifer transmissivity and
storage parameter. Focus this work in areas where projects are likely to be
constructed.

Groundwater level monitoring network in County Line area and downgradient
toward the Umatilla River.

Paired stream and aquifer levels over time in areas downgradient of potential
projects.

Improved estimates of groundwater discharge to river (seepage run).
Pumping rates and durations for existing wells.
Soil infiltration tests in target areas.

Groundwater quality sampling conducted in cooperation with DEQ’s GWMA
monitoring program in target recharge areas to assess areas impaired by
agricultural activities.

Continued long-term groundwater level and stream gauge monitoring.
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Table 1. Recharge and Pumping Scenarios Used in Recharge Simulations

Umatilla Basin Recharge Project

Recharge Pumping (75% of Recharge) Environmental Benefit
. . Number Percent of Recharge Volume
Location Area Volume Period Total Rate Volume
Wells Water Vol.
(acres) (ac-ft) (gpm) (ac-ft) % (ac-ft)
Echo Meadows
Field 1 90 600 to 1,500 Jan to April 3 850 to 2,100 450 to 1,125 25% 150 to 375
Field 6 130 1,800 to 4,650 Jan to April 4 2,500 to 6,600 | 1,350 to 3,488 25% 450to 1,163
County Line
Option 1 162 to 180 10,000 Jan to April 14 14,100 7,500 25% 2,500
Option 2 162 to 180 50,000 Jan to April 67 70,700 37,500 25% 12,500

Note:
ac-ft = acre feet

gpm = gallons per minute
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Table 2. Umatilla Army Depot Simulations - County Line

Umatilla Basin Recharge Project

Maximum
Model Simulation R\?glrll;:ge Recovery M|§r)¢(';1l VTSFT G(r::l?r?gvsaltner
Gradient
(ac-ft) (ft) (ft/ft)
Plume - A 10,000 no 11 1.20E-04
Plume - B 50,000 no 5.3 5.80E-04
Plume - C 10,000 yes 0.6 9.00E-05
Plume - D 50,000 yes 3.2 4.50E-04
Note:

ac-ft=acre feet

cfs = cubic feet per second
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Table 3. River Area Simulations - County Line
Umatilla Basin Recharge Project

Model

Recharge

Number of

Time of Maximum

Maximum Percent

Simulationl  Volume Basins Recovery [Maximum Drawup Drawup Change ip GW Flux to
Umatilla River
(ac-ft) (ft) (%)

River— A | 10,000 1 no 0.3 24-Aug 1.03%
River—B | 10,000 2 no 1.3 1-May 2.63%
River— C | 10,000 1 yes 0.2 26-May 0.07%
River—C’| 10,000 1 yes 0.3 10-Jul 0.49%
River—D | 50,000 1 yes 0.9 26-May 0.36%
River—E | 10,000 2 yes 1.3 1-May 1.33%
River—E'| 10,000 2 yes 1.4 1-May 2.10%
River—F | 50,000 2 yes 6.6 1-May 6.67%
Note:

ac-ft = acre feet

ft = feet

Recovery wells located on west side of CLWID basin for scenarios C' and E’
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Attachment A

Groundwater Modeling Methodology
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Echo Meadows Groundwater Modeling

A preliminary numerical groundwater model was developed for evaluation of artificial
recharge in Echo Meadows, Umatilla County, Oregon. The model simulates
groundwater flow and groundwater-surface water interaction in the Echo Meadows
alluvial aquifer, and was created with the United States Geological Survey (USGS)
finite-difference groundwater flow code MODFLOW. The goals of developing a
preliminary numerical groundwater model were to:

e Evaluate the affect of artificial recharge on groundwater flux to the Umatilla
River,

e Evaluate the timing of artificial recharge benefit to the Umatilla River
(specifically, does benefit occur from August to September, a critical time for fish
migration),

e Estimate the volume of water that could feasibly recharge the alluvial aquifer at
Echo Meadows, and

e Identify data gaps that need to be filled for finalization of the model.

Only a preliminary groundwater model was developed. Significant uncertainties exist
in model parameters (specifically, storage and river flux parameters) and model design
(specifically, whether the alluvium is homogeneous or should be split into a fine-
grained and coarse grained facies). Moreover, the groundwater model has not been
calibrated. Therefore, the goals of modeling discussed above cannot yet be fully
realized. However, the preliminary groundwater model was used to simulate
groundwater conditions in Echo Meadows in order to identify data gaps and to obtain a
preliminary understanding of artificial recharge. This technical memorandum
documents the preliminary groundwater model setup and preliminary results.

Geology and Hydrogeology

Echo Meadows geology and hydrogeology have been documented by IRZ (2009). This
section briefly summarizes and expands upon portions of IRZ (2009) relevant to the
model.

Geology

Geology in Echo Meadows is consists of basalt of the Columbia River Basalt Group
overlain by Quaternary Alluvium. The basalt is covered by the alluvium except in the
western portion of Echo Meadows, where basalt crops out at Emigrant Butte.
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Generally, the alluvium is 30 to 35 feet thick in the southern portion of Echo Meadows,
and is up to 150 feet thick in the northern portion of Echo Meadows.

Hydrogeology

Groundwater in Echo Meadows occurs in the Quaternary Alluvium and Basalt bedrock.
The basalt bedrock and alluvium are considered separate aquifers because groundwater
elevations in basalt and alluvium exhibit significant differences. Because artificial
recharge will occur in the Alluvium of Echo Meadows, the model simulates
groundwater flow in the Alluvium.

The Alluvium is saturated in the valley floor and is generally unsaturated south and
west of Hunt Ditch (with the exception of Spike Gulch and Stage Gulch). Groundwater
flows towards the north-northwest, from Echo towards the I-84 and Highway 207
intersection where groundwater exits Echo Meadows. Most groundwater flow in Echo
Meadows Alluvium occurs in gravel lenses interbedded with sand. Because water
levels in the gravel lenses rise above the tops of the gravel lenses, and because the sand
allows water to slowly recharge the gravel lenses, the aquifer in Echo Meadows is
considered semiconfined.

Figure A.1 shows sources of groundwater recharge and discharge to the Echo Meadows
alluvial aquifer. The groundwater system is recharged by aerial precipitation, irrigation
return, inflow from Spike Gulch and Stage Gulch, inflow from Hunt Ditch (an unlined
irrigation canal), and the Umatilla River upstream of Stanfield. Groundwater
discharges to the Umatilla River downstream of Stanfield, and flows out of Echo
Meadows near the Highway 207 and I-84 intersection, where the alluvium is bounded
by basalt bedrock. Groundwater also exits the Echo Meadows alluvial aquifer by
domestic and irrigation pumping. The magnitudes of these fluxes are discussed in the
“Initial Model Parameters” section.

Groundwater Flow Model

This section documents model boundaries, the model code, model discretization, and
initial model parameters for the Echo Meadows numerical groundwater model.

Model Boundaries

Model boundaries are shown in Figure A.2, and are discussed below:

e According to Grondin et al. (1995), groundwater divides are present along the
margins of Echo Meadows. Because groundwater cannot flow across a
groundwater divide, these groundwater divides were simulated at no-flow
boundaries.
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e The contact between the alluvium and basalt aquifers was simulated as a no-flow
boundary.

e Hunt Ditch was simulated as a specified flux boundary using the Well package.

e The Umatilla River was simulated as a head-dependent flux boundary using the
River Package.

e The Emigrant Butte area, where groundwater exits Echo Meadows and flows
westward and eventually northward towards Hermiston, was simulated as a
constant head boundary. The constant head was based on December 2008
groundwater elevation measurements by IRZ (2009).

Model Code

Groundwater flow was simulated using MODFLOW-2000, the USGS block centered,
finite-difference groundwater flow modeling code (McDonald and Harbaugh, 1988).
The pre conditioned conjugate gradient (PCG2) solver was used to solve for the head
field. This solver is able to minimize local mass balance errors more efficiently than
other solvers commonly used with MODFLOW (e.g., SOR solver, SIP solver).
Groundwater Vistas version 5.30 was used for pre and post processing of model data.

Model Discretization

MODFLOW simulates groundwater flow by discretizing an aquifer into cubes (i.e.,
cells), and balancing mass flux between the cubes. Spatial discretization of the
numerical groundwater model is summarized in Table A.1.

Grid design is based on groundwater flow direction and alluvial aquifer geometry. The
model grid was oriented so that the principle directions of groundwater flow are
orthogonal to cell faces. In addition, because artificial recharge will occur on the Echo
Meadows valley floor, the cell size was refined from 1,320 feet on a side on the model
margins to 660 feet on a side in the Echo Meadows valley floor. This cell size was
chosen because it matched the resolution of model data, and was an appropriate cell
size for simulating the geometry of Hunt Ditch and the Umatilla River.

Because the numerical groundwater model simulated transient aquifer conditions, it
was also necessary to use temporal discretization. Temporal discretization is
summarized in Table A.2.

The model simulated groundwater flow for 5 years using 60 month-long stress periods.
The pre-recharge period lasts one year, represents baseline conditions, and is used to
evaluate changes to the Echo Meadows aquifer system after artificial recharge begins.
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The recharge period lasts four months (January through April) and represents the time
that artificial recharge occurs. The post-recharge period represents the time over which
the effects of artificial recharge are observed.

MODFLOW allows aquifers to be simulated as unconfined or confined. The alluvial
aquifer was simulated as unconfined (LAYCON=1), and semi-confined conditions were
created by using a low specific yield value (see Initial Model Parameters). Flux between
cells was calculated using harmonic mean averaging of hydraulic conductivities. If a
cell became dry during the solving process, the dry cell was allowed to become wet
again (IWDFLG not 0) if heads in the surrounding cells and the cell below the dry cell
were greater than 0.1 feet above the dry cell bottom elevation (WETDRY>0).

Global mass balance error for all stress periods was lower than the acceptable level of
1% suggested by Anderson and Woessner (1992), and the acceptable level of 0.1%
suggested by Konikow (1978).

Initial Model Parameters

A numerical groundwater model simulates groundwater flow based on aquifer
properties (i.e., model parameters). Initial model parameters were based on references,
including Echo Meadows hydrogeologic studies (IRZ, 2009), regional groundwater
studies (Grondin et al., 1995), and references (e.g., Anderson and Woessner, 1992).
These initial model parameters will likely be refined during model calibration. Table
A.3 summarizes initial model parameters. These parameters are discussed in detail in
the following text.

Because the numerical groundwater model is preliminary, all model parameters were
constant for all stress periods. When the model is finalized, parameters such as
recharge and flux from Hunt Ditch may be varied to replicate seasonal changes.

Ground Surface Elevation and Model Bottom Elevation

Ground surface elevations were taken from a 10 meter USGS Digital Elevation Model
(DEM). Model bottom elevation (i.e., alluvial sediment bottom elevation) was based on
two sources. Grondin et al. (1995) was used to define model bottom elevation distal
from Echo Meadows, and drillers” logs obtained online from OWRD (2009) were used
to define model bottom elevation in Echo Meadows.

Hydraulic Conductivity

Hydraulic conductivity is a coefficient of proportionality governing the permeability of
a porous medium (Fetter, 1994). Hydraulic conductivity was isotropic in the x and y
directions. A horizontal hydraulic conductivity of 180 feet per day was used in the
numerical groundwater model (Table A.3). This hydraulic conductivity is in the range
of 100 to 400 feet per day in IRZ (2009) for “most areas” of Echo Meadows, and is
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consistent with published hydraulic conductivities for the lithologies observed in Echo
Meadows Alluvium [i.e., “well sorted sand (3 ft/day to 280 ft/day)” and “well sorted
gravel (28 ft/day to 2,800 ft/d)” (Fetter, pg. 98, 1994)].

Porosity

Total porosity is the dimensionless ratio of void space volume in sediment to total
sediment volume, and effective porosity is the dimensionless ratio of void space volume
to total sediment volume that is available to fluid flow (Fetter, 1994). Effective porosity
is less than total porosity, and is approximately the same as specific yield. It is only
necessary to specify effective porosity for numerical modeling purposes. Effective
porosity was assumed to be 0.22 (IRZ, 2009).

Storage Parameter

The storage parameter used in the numerical groundwater model depends on whether
the aquifer is unconfined or confined. Specific storage is used when an aquifer is
confined, and is the amount of water taken into or released from storage per unit
volume per unit head change. Specific yield is used when an aquifer is unconfined, and
is the volume of water in soil that is released from storage under gravity drainage
(Fetter, 1994). When an aquifer is categorized by the confined or unconfined end-
member conceptual model, the storage parameter can be taken from published value
for the aquifer lithology (e.g., sand, gravel, silt, etc.). However, the Echo Meadows
aquifer is semi-confined, and the storage parameter must be estimated with a site
specific, long-duration (i.e., 72 hour) constant rate pumping test. Because no long-
duration aquifer tests have been conducted in the Echo Meadows alluvial aquifer, the
preliminary numerical groundwater model was run with several different storage
parameters, as shown in Table A.4. The storage parameter will need to be estimated
with a long-term aquifer test prior to finalization of the preliminary numerical
groundwater flow model.

River Package Parameters

Recharge and discharge to the Umatilla River were simulated using the River Package.
The river package simulates flow between groundwater and a river based on river stage
and groundwater elevation. If groundwater elevation is greater than river stage, then
groundwater discharges to the river (i.e., a gaining river). If river stage is greater than
groundwater elevation, then river water discharges to groundwater (i.e., a losing river).
Table A.5 summarizes river package input parameters. Many of these parameters are
initial estimates from references that would be refined during model calibration.
However, flux between groundwater and surface water along the Umatilla River must
be measured before the model can be calibrated.
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Recharge Package Parameters

Recharge from precipitation is the quantity of rainfall or snowmelt that reaches the
groundwater table after the occurrence of runoff and evapotranspiration, and was
simulated using the recharge package. The recharge package simulates a constant flux
to a model cell. Recharge was applied to the Echo Meadows Alluvial aquifer at a rate of
0.54 inches per year (0.000125 feet/day). This is within the range of 0.2 to 0.6 inches/
year in the Echo Meadows area used in the Davies-Smith (1988) numerical groundwater
model, and below the maximum recharge rate of 2 inches/year in Grondin et al. (1995).

Canal Leakage

Canal leakage occurs where canal water leaks through the bottom of unlined canals and
recharges groundwater. Hunt Ditch is the only irrigation canal in Echo Meadows, and
is estimated to lose 691,000 ft3>/d [8 cfs (cubic feet per second)] along the length of the
canal in the model domain (i.e., from Echo to the intersection between Highway 207 and
I-84) (personal communication, 2009). Because this loss includes losses to groundwater
and evaporation, losses to evaporation were subtracted out based on average pan
evaporation rates from 1928 to 1997 in Hermiston, Oregon (DRI, 2009) and a pan
evaporation- free surface evaporation correction factor of 0.75 (Linacre, 2002).
Therefore, canal leakage in the numerical groundwater model (i.e., 671,000 ft3/d or 7.77
cfs) was slightly lower than the IRZ-measured value.

Model Simulations

This numerical groundwater model is preliminary, and needs to be calibrated before it
can be used to fulfill the goals discussed previously. However, the model was used to
simulate artificial recharge in Echo Meadows in order to obtain a preliminary
understanding of aquifer response to artificial recharge, and to identify data gaps that
must be filled in order to finalize the model.

Verification Simulations

Prior to simulating artificial recharge scenarios in Echo Meadows, the numerical
groundwater model was verified against observed groundwater flow conditions in
Echo Meadows. Model verification is a precursor to model calibration, and is
conducted in order to ensure that a numerical model simulation is reasonably realistic.
Results of model verification are presented in Table A.6, and indicate that:

e Simulated and observed downgradient boundary fluxes are similar. The
agreement between simulated and observed flux indicates that the numerical
groundwater model results are reasonably realistic.

e Simulated and observed horizontal hydraulic gradients are similar. The
agreement between simulated and observed gradients indicates that the
numerical groundwater model results are reasonably realistic.
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e Simulated groundwater velocity (about 2 feet/year) is lower than the range of
observed groundwater velocities [3.5 to 11.5 feet/year in IRZ (2009)]. The
difference between simulated and observed groundwater velocity will be
addressed during model calibration.

Figure A.3 shows simulated and observed groundwater elevation contours. Simulated
groundwater elevations closely follow observed groundwater elevations at the
downgradient edge of the model, but are approximately 10 feet too high in portions of
the upgradient edge of the model. This error could be due to real-world heterogeneity
not simulated by the model, Hunt Ditch contributing too much water to the aquifer
system, or hydraulic conductivity in the model being too low. The error should be
addressed as a part of model calibration.

Artificial Recharge Simulations

The numerical groundwater model was used to simulate artificial recharge at two
locations in Echo Meadows —Field 1 and Field 6. At each location, two recharge
scenarios were evaluated. The first scenario simulated artificial recharge without
recovery, and the second scenario simulated artificial recharge with 75% recovery of
injected water. As shown in Table A.7, four model simulations were conducted for each
scenario based on the four values for storage parameters presented in Table A.4. The
5=0.22 and 5=2.5x10-* storage parameter scenarios are representative of the end-
member unconfined and confined aquifer models, respectively. These end-member
models are considered unlikely to apply to Echo Meadows, which is semiconfined.
Therefore, the most likely storage parameter scenarios are represented by the S=1x10-2
and S=1x10-3 scenarios, which are representative of a semiconfined aquifer.

Recharge was applied continuously from January through April at a rate that would
create 10 feet of mounding in the aquifer below the recharge field.

Field 1 Simulations

Table A.8 shows Field 1 artificial recharge simulations. Recharge volumes were
significantly higher when recovery occurred simultaneously with recharge. In addition,
recharge volumes were higher when the storage parameter was higher because storage
and head rise are inversely proportional (e.g., Driscoll, 1986).

Figure A.4 shows particle traces during and after artificial recharge at Field 1. Particle
traces are simulated by MODPATH, and each arrow represents on year of travel time.
The total simulation time is 4 years, at which time the particles had traveled
approximately 2,750 feet (or at an average velocity of 2.0 feet/year).

Percent change in groundwater flux to the Umatilla River over time as a result of
artificial recharge at Field 1 is shown in Figure 2 (recharge without recovery) and Figure
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3 (recharge with 75% recovery) for several different storage parameters. The percent
change is relative to baseline groundwater discharge.

Field 6 Simulations

Table A.9 shows Field 6 artificial recharge simulations. Recharge volumes were
significantly higher when recovery occurred simultaneously with recharge. In addition,
recharge volumes were higher when the storage parameter was higher because storage
and head rise are inversely proportional (e.g., Driscoll, 1986).

Percent change in groundwater flux to the Umatilla River over time as a result of
artificial recharge at Field 6 is shown in Figure 4 (recharge without recovery) and Figure
5 (recharge with 75% recovery) for several different storage parameters.
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County Line Groundwater Modeling

A preliminary analytical groundwater model was developed for evaluation of artificial
recharge in the County Line area of Umatilla County, Oregon. The model simulates
groundwater flow and groundwater-surface water interaction in the County Line
alluvial aquifer using WinFlow groundwater flow modeling software. The goals of
developing a preliminary analytical groundwater model were to:

e Estimate relative change in groundwater discharge at the Umatilla River in
response to different recharge and extraction scenarios

e Evaluate the timing of artificial recharge benefit to the Umatilla River
(specifically, does benefit occur from August through September, a critical time
for fish migration)

e Estimate the ranges of water level and gradient change at the Umatilla Army
Depot plume area

Model calibration and verification using observed data were not performed during
model development since limited aquifer and river stage data are available for the area.
However, the model results are intended for preliminary planning purposes and can be
used to identify data gaps for future phases of the project. This section describes model
development and simulation results.

Geology and Hydrogeology

The geology and hydrogeology of the County Line aquifer area has been documented
by IRZ (2009).

Geology

Geology in the County Line aquifer area consists of basalt of the Columbia River Basalt
Group overlain by alluvium. The basalt surface regionally dips from north to south
towards the Columbia River. Superimposed on this general trend, a basalt ridge exists
in the middle of the Umatilla Army Depot. The sediments overlying the basalt include
lenticular deposits of sand, gravel, silt, and clay. The trough in the basalt surface that is
adjacent to the ridge contains a significant accumulation of Pleistocene coarse-grained
sand and gravel sediments. The presence of the trough and the coarse sediments
appears to be the result of main-channel scouring and deposition from the Missoula
floods. The alluvium above the basalt varies in thickness from approximately 100 to 200
feet.
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Hydrogeology

In the County Line aquifer area, groundwater occurs in the alluvium and Basalt
bedrock. The basalt bedrock and alluvium are considered separate aquifers because
groundwater elevations in basalt and alluvium exhibit significant differences. Because
artificial recharge is planned in the alluvium, the model simulates groundwater flow in
the alluvium.

The total thickness of the County Line aquifer sediments is variable due to the varying
elevation of the top of basalt and thickness of overlying fine-grained sediments across
the area. The thickness of sediments in the aquifer varies from a low of approximately
64 ft near the southern boundary of the aquifer to a high of approximately 191 ft in the
center of the area. The thickness of the unsaturated sediments varies from
approximately 30 to 90 ft within the County Line aquifer.

The direction of groundwater flow is principally to the northeast toward the Umatilla
River with some component to the northwest. A regional horizontal groundwater
gradient of 12 ft per mile has been estimated in the vicinity of County Line; however,
there is uncertainty in the site-specific flow direction and gradient due to the limited
availability of spatial water level data. Hydraulic conductivity of the coarse sediments
ranges from 1,000 to 4,000 ft/day, and storage coefficients range from 0.15 to 0.25 (IRZ,
2009).

Groundwater Flow Model

This section discusses the model code and input model parameters for the County Line
analytical groundwater model.

Model Code

WinFlow groundwater flow modeling software (Environmental Simulations, Inc. Ver.
3) was selected for the County Line model. WinFlow is an analytical model that
simulates two-dimensional flow for both steady-state or transient flow conditions. The
effects of multiple analytical functions (recharge basins, pumping wells, line sources or
sinks) on a uniform regional flow field are computed based on the principle of
superposition. WinFlow includes the following simplifying assumptions:

Groundwater flow is horizontal and occurs in an infinite aquifer.

The horizontal groundwater gradient is initially constant.

Water is released instantaneously from storage with decline of hydraulic head.
The aquifer hydraulic conductivity is isotropic and homogeneous.

The base of the aquifer is horizontal and fixed at a given elevation.

All wells fully penetrate the aquifer and are 100% efficient.

AN e
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Input Model Parameters

Most of the model input parameter values were based on information provided in IRZ
(2009). These parameter values are preliminary and will likely be modified when
additional data is collected from the County Line area.

Aquifer Parameters

Table A.10 summarizes the input values used for the model simulations and the
rationale for the values.

Umatilla River

The Umatilla River between Cottonwood Bend and Bridge Road lies within the eastern
portion of the County Line Alluvial Aquifer, as shown in Figure 1 (IRZ 2009). Although
the reach of the river is circuitous, the model represented the river as a simple straight
line having a reach length of 12,000 feet. Flux between the Umatilla River and County
Line Alluvial Aquifer were recorded at the midpoint of this line. Actual flux to the river
in the upriver area is expected to be higher compared to the downriver area because the
recharge basins are located closer to the upriver portion. However, for the purposes of
the modeling, the averaging simplification is expected to provide reasonable
approximations of groundwater flux increases.

Umatilla Army Depot Contaminant Plume

A groundwater contaminant plume consisting of munitions related contaminants is
located in the alluvial aquifer at the Umatilla Army Depot (IRZ 2009). The plume is
located approximately 2.5 miles north of the County Line Water Improvement District
(CLWID) recharge basin. The model was used to assess hydraulic impacts in this area,
including head and groundwater gradient changes, for various recharge/recovery
scenarios.

Recharge Basins

Two options for recharge basins were evaluated in the modeling. Option one consists
of recharge in the CLWID basin only, and option two consists of recharge in the CLWID
basin and the Cottonwood basin. The CLWID basin is located in the current CLWID
recharge overflow ponds and the Cottonwood Basin was located in the Cottonwood
Bend area approximately one-half mile west of the Umatilla River. Figure 1 shows the
locations of these basins. Table A.11 summarizes the model input values associated
with the basins.

ASR Wells and Irrigation

After infiltration, recharge water was recovered with ASR source water recovery wells
and irrigation wells. The total available recovery volume was assumed to be 75% of the
recharge volume. Of this total recovery volume, half was recovered with ASR wells
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and the other half with irrigation wells. The ASR source water recovery wells initially
were modeled along a circular arc with a setback distance of 500 feet from the CLWID
basin. The wells were equally spaced within the northeast quarter of the arc. The
irrigation wells were initially modeled on a grid with 1,000 foot spacing between wells
in the U1565 well area (see Figure 1). Later model simulations considered locating the
ASR and irrigation wells on the opposite side of the CLWID basin further away from
the Umatilla River.

For each of the recovery wells, the maximum pumping rate was assumed to be 1,500
gpm. Table A.12 summarizes the model input values associated with the recovery
wells.

Model Simulations

Various recharge/recovery scenarios were simulated with the model to estimate
hydraulic impacts to the Umatilla Army Depot plume area and the Umatilla River. Itis
important to note that model calibration and verification are typically performed before
proceeding with model simulations. However, because the model results are intended
for preliminary planning purposes and to identify data gaps for future phases of the
project, calibration and verification were not performed.

Each modeling scenario consisted of simulated aquifer response over a six year period
with five yearly cycles of recharge/recovery. This allowed for evaluation of both
annual impacts and longer term impacts to the aquifer and Umatilla River.

Umatilla Depot Plume Area Simulations

A total of four model simulations were conducted for the Umatilla Army Depot plume
area by varying the recharge volume and recovery. Hydraulic impact to the Umatilla
Depot groundwater was assessed by tracking the maximum increase in the water level
(or drawup) and maximum change in the horizontal groundwater gradient at the
Depot. Plume area Table A.13 summarizes the results from the Umatilla Army Depot
model simulations.

Umatilla River Simulations

A total of eight model simulations were conducted for the Umatilla River area by
varying the recharge volume, number of recharge basins, and amount and location of
recovery. Hydraulic impact to the river was assessed by tracking the time at which the
maximum drawup occurs at Cottonwood Bend. In addition, the increase in
groundwater discharge to the river (flux) was estimated on an annual basis and
normalized to the baseline discharge to the river (i.e., discharge to the river prior to
recharge). The annual flux increase is based on a six year simulation period with five
years of recharge/recovery.

55 SW Yamhill Street, Suite 400  Portland, OR 97204 P:503.239.8799 F:503.239.8940 info@gsiwatersolutions.com  www.gsiwatersolutions.com



PAGE 29

Two model scenarios (C’ and E’) relocate the ASR and irrigation wellfields on the
opposite side of the CLWID basin away from the river. Table A.14 summarizes the
results from the river area model simulations.
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Table A.1. Preliminary Numerical Model Spatial Discretization - Echo Meadows

Umatilla Basin Recharge Project

Number of Layers 1

Number of Rows (y -direction) 71

Number of Columns (x -direction) 78
Total Number of Cells (Active and Inactive) 5,538
Total Number of Active Cells 2,777

x-direction cell width

660 feet (minimum) to 1,320 feet (maximum)

y-direction cell width

660 feet (minimum) to 1,320 feet (maximum)

Grid Rotation 0 degrees
NAD 1983, Oregon State Plane North Zone, International
Coordinate System Feet
Vertical Datum 1929 NGVD
Length Units Feet
Time Units Days

Note:
NAD = North American Datum
NGVD = National Geodetic Vertical Datum
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Table A.2. Preliminary Numerical Model Temporal Discretization - Echo Meadows
Umatilla Basin Recharge Project

Stress Stress Period
Recharge Status Time Period Transient / Steady State
Length
Numbers
Pre-Recharge January 2009 to December 2009 1to12 28 E\(/)a?ileg)ays Steady State
Recharge January 2010 to April 2010 13to 16 280 3.1 days Transient
(varies)
Post-Recharge May 2010 to December 2013 17 to 60 28 ;Sa?ileg)ays Transient
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Table A.3. Initial Model Parameters - Echo Meadows

Umatilla Basin Recharge Project

Parameter Value Reference
Horizontal Hydraulic Conductivity 180 ft/day IRZ (2009)
Effective Porosity 0.22 IRZ (2009)

Storage Parameter

0.22 to 1x10™

Varies based on model simulation, see

Table 4

Aerial Recharge

0.54 infyr

Davies Smith et al. (1988)

Note:
ft/day = feet per day
in/fyr = inches per year
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Table A.4. Preliminary Numerical Model Storage Parameters - Echo Meadows
Umatilla Basin Recharge Project

Storage
Parameter Source Comments
(dimensionless)
0.2 IRZ (2009) Value based on effective porosity _of alluwa_l sediments, represents end-member
unconfined aquifer model

1x107 Intermediate value

1x10° Intermediate value

1x10% Table 2.1, Grondin et al. (1995) Value based on aquifer testing by OWRD, represents end-member confined aquifer

model

Note:

OWRD = Oregon Water Resources Department

¢
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Table A.5. River Package Input Parameters - Echo Meadows

Umatilla Basin Recharge Project

Parameter

Value

Comments

River Stage

545.99 to 638.87 ft amsl

Stage Measurements presented in IRZ (2009)

River Bottom Elevation

3 feet below river stage

Width of River 62.5 ft Measured from aerial photographs
Length of River 660 ft Based on cell size
Thickness of River Bed 10 ft Preliminary Value
5 - - — -
Vertical Hydraulic Conductivity 0.01 f/day 10% of horizontal hydraulic conductivity for a silt

(Anderson and Woessner, pg. 40, 1992)

Conductance

41.25 ft’/day

Calculated

Note:

ft amsl = feet above mean sea level
ft = feet

ft/day = feet per day

ftzlday = square feet per day
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Table A.6. Preliminary Numerical Model Verification - Echo Meadows
Umatilla Basin Recharge Project

Parameter Simulated Observed
Flux out of Echo Meadows 835,000 ft*/d 920,000 ft°/d °
Horizontal Hydraulic Gradient 0.0025 0.003
Groundwater Velocity 2.0 ft/year 3.5 to 11.5 ft/year
Note:

% Flux through gravel lenses at the gap near the 1-84 and Highway 207 intersection where groundwater
leaves Echo Meadows, calculated by Darcy’s law. Gravel lens thickness was estimated by constructing
a cross section based on well logs available from OWRD (2009). Groundwater velocity was taken as
the median of the range presented in IRZ (2009) (i.e., 7.5 ft/day), and porosity was estimated as

0.22 (IRZ, 2009).

ft/lyear = feet per year

ft¥/day = cubic feet per day

¢
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Table A.7. Echo Meadows Model Simulations

Umatilla Basin Recharge Project

Artificial Recharge Field Recovery Storage Parameter| Model Simulation
0.22 UMAscnA1s0.22
No 1.0 x 107 UMAscnA1s10-2
1.0x10° UMAscnA1s10-3
Field 1 1.0 x 10" UMAscnA1s10-4
0.22 UMAscnA2s0.22
Yes 1.0 x 107 UMAscnA2s10-2
1.0x10° UMAscnA2s10-3
1.0 x 10" UMAscnA2s10-4
0.22 UMAscnB1s0.22
No 1.0 x 107 UMAscnB1s10-2
1.0x10° UMAscnB1s10-3
Field 6 1.0 x 10% UMAscnB1s10-4
0.22 UMAscnB2s0.22
Ves 1.0 x 107 UMAscnB2s10-2
1.0x10° UMAscnB2s10-3
1.0 x 10 UMAscnB2s10-4

¢
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Table A.8. Field 1 Model Simulations - Echo Meadows

Umatilla Basin Recharge Project

Simulation Storage
Parameter Area Recharge Volume Recharge Rate

) (acres) (ac-ft) (cfs)
Recharge Without Recovery
UMAscnA1s0.22 0.22 90 750 3.15
UMAscnAl1s10-2 1.0 x 102 90 375 1.56
UMAscnA1s10-3 1.0x 102 90 250 1.05
UMAscnAls10-4 1.0 x 10™ 90 225 0.95
Recharge With Recovery
UMAscnA2s0.22 0.22 90 1,500 6.3
UMAscnA2s10-2 1.0 x 102 90 750 3.15
UMAscnA2s10-3 1.0x 102 90 625 2.63
UMAscnA2s10-4 1.0x10% 90 600 2.52
Note:

ac-ft = acre feet
cfs = cubic feet per second
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Table A.9. Field 6 Model Simulations - Echo Meadows

Umatilla Basin Recharge Project

Scenario Storage
Parameter Area Recharge Volume Recharge Rate

) (acres) (ac-ft) (cfs)
Recharge Without Recovery
UMAscnB1s0.22 0.22 130 2,300 9.66
UMAscnB1s10-2 2-Oct 130 1,100 4.62
UMAscnB1s10-3 3-Oct 130 700 2.94
UMAscnB1s10-4 4-Oct 130 650 2.73
Recharge With Recovery
UMAscnB2s0.22 0.22 130 4,650 19.54
UMAscnB2s10-2 2-Oct 130 3,000 12.6
UMAscnB2s10-3 3-Oct 130 2,150 9.03
UMAscnB2s10-4 4-Oct 130 1,800 7.56
Note:

ac-ft = acre feet
cfs = cubic feet per second
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Table A.10. Model Parameters - County Line
Umatilla Basin Recharge Project

Parameter Value Rationale
Horizontal Hydraulic Conductivity 2,500 ft/day Average value from reported range (1,000 and 4,000 ft/day, Grondin et al., 1995)
Horizontal Groundwater Gradient 0.0023 ft/ft (McCall 1975)
Although local water level data indicates a seasonally variable flow direction,
Groundwater Flow Direction N45E regional flow in the alluvial aquifer is generally toward the northeast (Grondin et al.,
1995)
Storage Parameter 0.2 Average value from reported range (0.15 and 0.25, Grondin et al., 1995)
: . plume scenarios: 125 ft river . ) ) )
Aquifer Thickness scenarios: 80 ft Average aquifer thicknesses from geologic cross-sections (IRZ 2009)
Note:
ft/day = feet per day
ft/ft = feet per foot
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Table A.11. Recharge Basin Parameter Values - County Line

Umatilla Basin Recharge Project

Parameter Value Comments
CLWID Basin

. Circular area with radius of
Basin Area 162 acres 1,500 feet
Annual Recharge Volume 10,000 ac-ft Range of recharge volumes
(single basin option) 50,000 ac-ft simulated
Recharg.e VOI[_Jme 7,500 ac-ft 75% of single basin option
(two basin option) 37,500 ac-ft
Recharge Time Period 120 days January through April
Cottonwood Basin

. Circular area with radius of
Basin Area 18 acres 500 feet
A | Rech Vol 2,500 ac-ft . . .

nnua .ec a_rge olume ac 25% of single basin option

(two basin option) 12,500 ac-ft
Recharge Time Period 120 days January through April

Note:
ac-ft = acre feet
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Table A.12. Recovery Wells - County Line

Umatilla Basin Recharge Project

ASR Wells

Pumping Time Period

60 days

March through April

Annual Recovery Volume

3,750 ac-ft (Option 1)
18,750 ac-ft (Option 2)

Half of the 75% of recharge volume that is
available for recovery

Number of Wells

10 (Option 1)
48 (Option 2)

Based on maximum well capacity of 1,500 gpm

Pumping Rate per Well

1,414 gpm (Option 1)
1,473 gpm (Option 2)

Wellfield total = 14,144 gpm

Wellfield total = 70,719 gpm

Irrigation Wells

Pumping Time Period

150 days

May through September

Annual Recovery Volume

3,750 ac-ft (Option 1)
18,750 ac-ft (Option 2)

Half of the 75% of recharge volume that is
available for recovery

Number of Wells

4 (Option 1)
19 (Option 2)

Based on maximum well capacity of 1,500 gpm

Pumping Rate per Well

1,414 gpm (Option 1)
1,489 gpm (Option 2)

Wellfield total = 5,658 gpm

Wellfield total = 28,288 gpm

Note:

ams| = above mean sea level
ft/day = feet per day

ftzlday = square feet per day
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Table A.13. Umatilla Army Depot Simulations - County Line
Umatilla Basin Recharge Project

. . Maximum Maximum Change in
Model Simulation Recharge Volume Recovery Groundwater
Drawup .
Gradient
(ac-ft) (ft) (ft/ft)

Plume - A 10,000 no 11 1.20E-04

Plume - B 50,000 no 5.3 5.80E-04

Plume - C 10,000 yes 0.6 9.00E-05

Plume - D 50,000 yes 3.2 4.50E-04

Note:

ac-ft = acre feet
ft = feet
ft/ft = feet per foot

¢
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Table A.14. River Area Simulations - County Line

Umatilla Basin Recharge Project

: Time of Maximum Percent
Model Recharge [ Number of Maximum . .
. . Recovery Maximum Change in GW Flux to
Scenario Volume Basins Drawup . .
Drawup Umatilla River
(ac-ft) (f) (%)

River — A 10,000 1 no 0.3 24-Aug 1.03%
River — B 10,000 2 no 1.3 1-May 2.63%
River — C 10,000 1 yes 0.2 26-May 0.07%
River — C’ 10,000 1 yes 0.3 10-Jul 0.49%
River — D 50,000 1 yes 0.9 26-May 0.36%
River — E 10,000 2 yes 1.3 1-May 1.33%
River — E’ 10,000 2 yes 1.4 1-May 2.10%
River — F 50,000 2 yes 6.6 1-May 6.67%
Note:

ac-ft/yr = acre feet per year

Recovery wells located on west side of CLWID basin for scenarios C’ and E’
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