











FIGURE 18

Public Water Systems Wellhead
Protection Areas and Domestic
Well Distribution

Umatilla Basin Critical Area
Recharge Project
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Figure 19
SI Stiff Diagram

Water Solutions, Inc. Umatilla Basin Regional Aquifer Recovery Assessment
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FIGURE 21

Public Water Systems Wellhead
Protection Areas and Domestic
Well Distribution

Umatilla Basin Regional
Aquifer Recovery Assessment
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Appendix A



Appendix A: Readers Notes

This section provides information regarding the calculation, interpolation, and source for
the various data presented in the figures of the report.

ASR Potential Calculation, Limitations, and Ranking

Aquifer storage and recovery (ASR) potential was calculated using the specific capacity
(gallons per minute per foot [gpm/ft] of drawdown) and depth to water (feet below ground
surface [bgs]) for wells in the Umatilla Basin. The two numbers were multiplied together to
produce a theoretical yield. The calculated number is not necessarily representative of the
actual potential injection rate of the well, aquifer, or aquifers.

The most common data available to estimate specific capacity are air lift testing performed
during drilling. Air lift testing relies on estimates of both yield and drawdown. Drawdown
cannot be measured during air lift testing and, therefore, cannot be used to calculate ASR
potential from air lift testing data. Where air lift testing data were used, the observed yield
was divided by the total depth of the borehole, to be conservative. This is confirmed where
air lift testing data are shown near wells with pumping test data, calculated ASR potential
values are typically less. Frictional well losses and aquifer limited factors, such as variation
in aquifer properties at distance from the well, may decrease this value even with highly
accurate long-term aquifer test specific capacity estimates. However, these losses vary from
well to well, and may be as high as 50 to 75 percent of the total drawdown during pumping
or drawup during injection.

Realizing the limitations of these data, a relative ranking system was used to evaluate the
ASR potential. The calculated ASR potential values were statistically evaluated to
determine the median value. The median value is better used in descriptive statistics to
identify the central tendency of the data set and not include outlier values of the data range
as does the average. The median value was approximately 4,000 gpm with the maximum
value being 145,578 gpm and the minimum value being 0.85 gpm.

A logarithmic scale based from the median was used to rank ASR potential for individual
wells relative to one another because of the skew (or wide range of values) and distribution
of the values for ASR potential. The use of the logarithmic scale allowed ranking of the data
with the median being assigned a 3 (or middle value) and the logarithmic values above the
median were assigned values 4 and 5 rankings, and values below the median were assigned
a 1 or 2 ranking based on their value as follows:

1- 0to40

2- 40 to 400

3- 400 to 4,000

4- 4,000 to 40,000

5- Greater than 40,000



This allowed the very highest ASR potential and the lowest ASR potential to be easily
differentiated from the median value. The calculated ASR potential for wells in the Umatilla
Basin is high relative to other ASR projects in Oregon and Washington because of the
available drawup and relatively high specific capacity of wells in the Umatilla Basin.

ASR Potential, Specific Capacity, and Data Interpolation

One of the most commonly used techniques for interpolation of scattered data points (i.e.,
water wells) is inverse distance weighted (IDW) interpolation. IDW methods are based on
the assumption that the interpolating surface should be influenced most by the nearby
points and less by the more distant points. The interpolating surface is a weighted average
of the scatter points and the weight assigned to each scatter point diminishes as the distance
from the interpolation point to the scatter point increases.

The simplest form of IDW interpolation is sometimes called "Shepard's method" (Shepard,
1968). The equation used is as follows:

F(x,y) = Zn:Wifi

where n is the number of scatter points in the set, f;are the prescribed function values at the
scatter points (e.g., the data set values), and w;are the weight functions assigned to each
scatter point. The classical form of the weight function is:

h?

Wi:r;—h—p
J=1""4

where p is an arbitrary positive real number called the power parameter (typically, p=2)
and h; is the distance from the scatter point to the interpolation point or

hi = (x—x)2+ (y — y:)?

where (x,y) are the coordinates of the interpolation point and (x;y;) are the coordinates of
each scatter point. The weight function varies from a value of unity at the interpolated point
to a value approaching zero as the distance from the scatter point increases. The weight
functions are normalized so that the weights sum to unity. Increasing the power parameter
results in higher local influence and lowering results in more influence of distant data
points.

Additionally, the method allows a radius of interest or the number of data points used to be
specified for calculating the interpolation point value. A variable search radius specifies the
minimum number of points to use for calculating a value at the interpolation point. A fixed
radius search looks for both the nearby points within a determined radius and a minimum
number of points. The minimum number of points indicates the minimum number of
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measured points to use within the neighborhood of the interpolation point. Because of the
regional nature of the study and variability in data, locations, and data quality, GSI used the
lower power function value and variable radius search, which is appropriate to prevent
high local bias or limit interpolation where data points were relatively sparse.

GSI applied a power function of 2 (known as the inverse distance squared weighted
interpolation) and a variable search radius using ArcGIS Geostatistical 3D analyst, version
9.3 (ESRI, 2008). GSI specified that the 12 nearest measured points, weighted by distance, be
used in calculating the interpolation point value of each interpolated cell. The use of the
power function of 2 results in a smoother surface at the output cell size of 500 feet.

References for Geospatial, Geologic and Drinking Water System
Information Used in Figures

Well locations, water well yields, and specific capacity information compiled from the
following source data:

e  OWRD Water Well Database: accessed July 2008

e  OWRD WRIS database: accessed July 2008

e Sceva, Jack E. 1966. A Brief Description of the Groundwater Conditions in the Ordnance
Area, Morrow and Umatilla Counties, Oregon, Groundwater Report No. 11, Oregon
Water Resources

e Bartholemew, William. 1975. Groundwater Conditions and Declining Water Levels in
the Butter Creek Area, Morrow and Umatilla Counties Oregon. Oregon Water Resources
Groundwater Report No. 24.

e Norton, Marc and William S. Bartholemew. 1984. Update of Groundwater Conditions
and Declining Water Levels in the Butter Creek Area, Morrow and Umatilla Counties
Oregon. Oregon Water Resources Groundwater Report No. 30.

e Zwart, Michael. 1990. Groundwater Conditions in the Stage Gulch Area Umatilla
County Oregon. Oregon Water Resources Groundwater Report No. 35.

Public Water System designations, locations, and wellhead protection areas compiled as
follows:

e Domestic well density based on data presented in Wozniak, 2007
e Wellhead protection areas from Oregon DEQ Drinking Water Protection Program GIS
database available online at http:/ /www.deqg.state.or.us/WQ/dwp/dwp.htm

e Designations as alluvial or basalt wells came from multiple sources
0 Richerson, 1995
0 OWRD well log Database and ODHS DWP Database
Where the actual well could not be determined, reported nitrate values were used to

determine if the well was alluvial or basalt.
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