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EXECUTIVE SUMMARY

Securing the future water supply for agriculture, domestic use, instream flow and
habitat in the Yakima Basin is the focus of coordinated efforts under the Yakima Basin
Integrated Plan (YBIP). Managed aquifer recharge (MAR) is a sustainable and cost-effective
approach to store water underground for recovery or supplementation of instream flows
during seasonal dry periods or drought. This project characterized the hydrogeology, aquifer
stratigraphy, and geochemistry of two large alluvial fan aquifers in the Yakima Basin to
assess their potential for groundwater recharge and storage (Fig. 1).

We analyzed the physical characteristics and hydrology of the Ahtanum Creek alluvial fan in the
Yakima Valley and Manastash Creek alluvial fan in the Kittitas Valley to provide the foundation
for an informed decision about the implementation of MAR projects. We combined existing data
from wells logs, maps and reports with new data on sediment characteristics, water levels and
geochemistry to identify areas with suitable permeability rates, head space and surface water
penetration into the unconfined aquifer.
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Figure 1. Map of alluvial fans and sedimentary basins in the Yakima River Basin. Schematic map of
potential groundwater storage reservoirs in alluvial fans and sedimentary basins in the Yakima River
Basin. The Ahtanum and Manastash Creek alluvial fans are labeled.



The two chapters of this report cover the potential for MAR and the locations of promising
recharge sites on each of the alluvial fans by addressing the following:

e The effects of the physical properties of the alluvial fan and the human-built water
infrastructure on groundwater recharge and storage.

e The use of geochemistry to interpret general patterns of infiltration and mixing of surface water
with groundwater.

e Identifying locations for potential storage at different points on the alluvial fans and estimating
the travel time of stored water to nearby streams.

Part 1 (this volume). Hydrogeochemical Characterization of the Ahtanum Alluvial Fan for
Managed Aquifer Recharge

Part 1 of this project report (this volume) evaluates the recharge potential of the Ahtanum Creek
alluvial fan within the lower Ahtanum Sub-Basin by integrating geologic, hydraulic, and
geochemical data. Four main hydrogeologic units (unconsolidated, semi-consolidated,
consolidated basin-fill deposits, and Columbia River Basalt aquifers) were identified from
stratigraphic analysis of well logs across seven transects spanning the active fan surfaces and
elevated alluvial terraces of the alluvial fan.

Stable isotope (6'®*0, D) and major ion analyses of 25 groundwater and eight surface-water
samples defined six hydrochemical groups (A-F) exhibiting various degrees of surface-water and
groundwater interaction. Groups A, B, D, and E show heavy to moderate isotopic and nitrate
(NOs") signatures indicative of some modern surface-water recharge. Group A, located in the
active floodplain, is associated with highly transmissive unconsolidated to semi-consolidated units
and well-drained soils, supporting both rapid infiltration and long-term storage. Groups B and D,
in semi-consolidated and consolidated units and well-drained soils along the anticlinal ridges, offer
moderate infiltration and extended retention potential. Group E, near the fan apex in shallow
fractured basalt units overlain by excessively drained soils, presents characteristics suitable for
distribution of flow and long-term storage.

Groups C and F display isotopically lighter and chemically evolved chemistries, indicating
minimal recharge from surface water at present. Group C, located in the mid-to-downstream
sections of the active alluvial fan, includes consolidated aquifer units overlain by poorly drained
soils. Group F includes wells in two deep, sedimentary interbeds within the Columbia River Basalt
bedrock in the upstream reaches of the elevated alluvial terrace.

The results highlight the upstream reaches of the active fan and the mid-fan aquifer units along the
northern and southern slopes of the anticlinal ridges as optimal regions for surface-water
infiltration recharge through MAR, while deeper consolidated units are more appropriate for long-
term groundwater storage. Units C and E are less suitable for recharge through passive infiltration
but may present opportunities for long-term storage through alternative recharge methods.



Part 2 (see Volume 2 of the Project Report). Assessing Potential for Managed Aquifer Recharge
on the Manastash Alluvial Fan: A Geochemical Analysis

Part 2 of this project report (see Volume 2) evaluates the Manastash alluvial fan located west of
Ellensburg, Washington as a potential region for two MAR methods: Shallow Aquifer Recharge
(SAR) and Aquifer Storage and Recovery (ASR). Six subsurface lithologic cross-sections were
developed from well logs and geologic maps to characterize hydrogeologic relationships. Water
levels within Manastash Creek and two unused wells were monitored using in situ devices to
identify surface/groundwater level correlations. Major ion, trace element, and stable isotope
geochemistry of 22 groundwater and nine surface water samples were analyzed to further support
surface water/groundwater interactions and classify groundwater groupings.

Three groundwater hydrochemical groups were identified: Group 1 has high to medium sodium
values suggesting older waters; Group 2 is from sedimentary wells with light isotopic signatures
suggesting little-to-no influence from surface water; and Group 3 has intermediate to heavy stable
isotope signatures indicating influence from surface water diverted from the Yakima River and
Manastash through irrigation canals. Sedimentary wells with evidence of strong surface-water
influence (Group 3) were combined with soil infiltration and drainage data, tax parcel information,
and estimated seepage velocity calculations to identify four suitable locations for SAR along the
outer fan boundary. Wells in the southeastern part of the fan and near Manastash Creek also
showed evidence of surface-water influence. A region of concentrated basalt wells and tax parcel
data were combined to identify one potential location for ASR at the fan apex. A potential barrier
to groundwater flow was identified by abrupt changes in hydrochemical groups on either side of a
probable fault. Suitability analysis results identified specific locations to be further assessed for
MAR on the Manastash alluvial fan.



Part 1. Hydrogeochemical Characterization of the Ahtanum Alluvial Fan for Managed
Aquifer Recharge

Lisa L. Ely, Brook M. Bauer and Carey A. Gazis

INTRODUCTION

The Yakima Basin is home to a robust agricultural economy, essential natural resources, the
Confederated Tribes of the Yakama Nation, and several municipalities that rely on the consistent
quality and supply of water from the Yakima River. Climate change is predicted to bring changing
precipitation patterns, which could alter the seasonal distribution of the water supply within the
basin. The Yakima Basin Integrated Plan (YBIP) is taking preemptive measures to anticipate these
changes and secure water resources through investments in irrigation, conservation, and water
storage (Yakima Basin Integrated Plan, 2023). Enhancing groundwater storage through application
and infiltration of excess surface water during the non-irrigation season is one strategy to increase
late-summer water supplies or instream flow within the Yakima River watershed. Managed
Aquifer Recharge (MAR) is a form of facilitated aquifer replenishment aiming to maintain,
enhance, and secure groundwater systems under stress by water managers (Dillon et al., 2019).

Part 1 of this report on the Ahtanum alluvial fan (this volume) is based on the Master’s thesis
research at Central Washington University by Brook Bauer (2024). The chapter assesses aquifer
storage capacity and recharge potential within the Ahtanum alluvial fan in the Lower Yakima
Basin. The Ahtanum fan is one of the larger alluvial fans within the Yakima River basin (Fig. 1),
and thus represents a potentially expansive groundwater storage capacity. Ahtanum Creek
provides a natural source of surface water onto the fan. The study provides a comprehensive
assessment of the physical properties of the sedimentary aquifer units within the Ahtanum alluvial
fan. We used stable isotopes and geochemistry to quantify mixing of surface water and
groundwater and thus the potential degree of surface water infiltration in different shallow aquifer
units. The analysis here is based only on the physical and hydrological characteristics of the
alluvial fan. Implementation of MAR would also have to account for additional non-geological
factors necessary to acquire and deliver surface water to specific recharge sites, such as water
rights, delivery mechanisms, source, and land ownership.

Ahtanum Alluvial Fan Study Site

The 6,200 square miles composing the Yakima River Basin consists of sedimentary basins
separated by a series of anticlines and synclines of the Yakima fold and thrust belt (Fig. 1; Ely et
al., 2011). The Yakima basin headwaters originate on the eastern slopes of the north to south
trending Cascade Mountains, with a mean annual precipitation of 270 cm, which decreases to 15
cm at the Yakima River confluence with the Columbia River (Ely et al., 2011).

The Ahtanum Creek sub-basin, one of the largest tributaries to the Yakima River, covers
approximately 440 km? in a continental semi-arid climate characterized by sagebrush, desert
shrubs, grasses, and cottonwood willows (Foxworthy, 1962). The lower Ahtanum valley contains
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Figure 2. Ahtanum sub-basin surficial geology. The map indicates study area extent (orange) and key
topographic and geologic features influencing the hydrogeologic characteristics of the drainage. (Basemap
sources: WDNR, 2023; USGS TNM, 2023.

a broad alluvial fan 1.6 to 4 km wide, that spans 23 km from the point where the creek exits a
narrow canyon at the base of the Cascade Mountains to its confluence with the Yakima River at
Union Gap (Fig. 2). Upstream of the alluvial fan, the channel runs through the bedrock-confined
Narrows and the North and South Forks of Ahtanum Creek, which define the upper valley. The
upland bench forms the northern boundary of both the lower and upper valleys, extending eastward
past the Narrows and merging with terrace remnants that separate the lower Ahtanum valley and
alluvial fan from Wide Hollow (Foxworthy, 1962; Yakima County, 2012).

The portion of the study area south of Ahtanum Creek lies within the Yakama Nation (Fig. 2).
North of Ahtanum Creek, the alluvial fan is divided among private landowners. Surface water from
the Ahtanum drainage currently supports (1) the Yakama Nation Wapato Irrigation Project (WIP),
(2) in-stream flow managed by the Yakama Nation to support fisheries, and (3) off-reservation
agricultural irrigation, primarily north of Ahtanum Creek. Groundwater is also utilized for
domestic uses and to augment irrigation. Water allocation within the drainage is influenced by
seasonal water availability and water right priorities.

This study examines the hydrogeologic properties of the alluvial fan area within the lower valley.
As it emerges from the Upper Valley, Ahtanum Creek divides into four flowlines through the
alluvial fan: Bachelor Creek, Hatton Creek, Ahtanum Canal, and Ahtanum Creek (Foxworthy,
1962; Fig. 3). Both Ahtanum and Hatton Creek are perennial flowlines, while Bachelor Creek and
the Ahtanum Canal experience intermittent flow, primarily as a function of regulated flow
diversions located at the fan apex (Fig. 4). The alluvial fan study area is defined by the active
alluvial fan floodplain in the north and the elevated alluvial terrace in the south (Fig. 3).



Groundwater flow in the lower valley of the Ahtanum Basin is influenced by precipitation, surface
water, irrigation, and deeper aquifer inputs (Golder, 2004). Precipitation and snowpack vary
annually and are monitored by two United States Geological Survey (USGS) stream gages on the
North Fork and South Fork tributaries of Ahtanum Creek (Foxworthy, 1962). Current delineations
identify groundwater recharge in the upstream sections of the alluvial fan study area, a mid-fan
transition zone, and groundwater discharge to surface water in the downstream section (Sandison,
2005).

N — Local Flowlines

A L—"'—Jl_l_l ‘Yakama Nation Reservation
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Ahtanum Canal
Diversion

Figure 3. Ahtanum alluvial fan monitoring sites and infrastructure. Basemap source: U.S. Geological Survey
National Map, Digital Elevation Model (USGS TNM, 2023).

Previous studies have documented flooding in the upstream and downstream sections of the
alluvial fan and adjacent Wide Hollow, linked to slightly perched water table conditions (Golder,
2004; Yakima County, 2012). Mid-fan, surface water recharges alluvial aquifers annually, while
downstream recharge primarily occurs during summer months. Deeper groundwater contributions
to streamflow, particularly in the lower valley of the Ahtanum drainage, increases during high-
flow events (WA Ecology, 2005; Golder, 2004).
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Figure 4. Ahtanum alluvial fan study area and sampling sites. The map indicates fan anatomy, local
topography, Yakama Nation boundaries, and a summary of locations where samples were collected from
groundwater (G), Ahtanum Creek (AC), Bachelor Creek (BC), and the Yakima River (YR). Basemap sources:
USGS TNM, 2023.

Hydrogeology of the Ahtanum sub-basin alluvial fan

The suitability of sites for Managed Aquifer Recharge was determined based on the ability of
regional geologic units to yield and transmit water. Previous geologic characterization of the
Ahtanum lower valley indicate the occurrence of four hydrogeologic units: (1) unconsolidated
alluvium; (2) semi-consolidated continental sediments associated with Thorp Gravels, terrace,
alluvial fan, and loess deposits; (3) consolidated continental sediments associated with the
Ellensburg Formation; and (4) basalt aquifers (Foxworthy, 1962; Vaccaro et al, 2009; WA
Ecology, 2005; Fig. 5).

The unconsolidated alluvium (Unit 1; Fig. 5) forms a relatively thin, erodible stratigraphic layer,
largely in the modern floodplain of the different channel flowlines (Fig. 3) across the Ahtanum
alluvial fan. In the upper sections of the alluvial fan, deposits consist of both sorted and unsorted
gravel, sand, and silt (Foxworthy, 2062; Sandison, 2005). Most of the gravel is composed of basalt
fragments eroded from the semi-consolidated sedimentary Unit 2. In the middle and downstream
sections of the fan, the alluvium transitions into fine silt and clay (Foxworthy, 1962). This alluvium
unit reaches a thickness of up to approximately 9 m (Foxworthy, 1962).

The semi-consolidated sedimentary aquifer (Unit 2; Fig. 5) is commonly found under the
unconsolidated alluvium unit and overlying the older, more consolidated, sediment of the
Ellensburg Formation (Unit 3) and the Columbia River Basalt Group (Unit 4) (Foxworthy, 1962;
Fig. 5). Unit 2 consists primarily of moderately to well-rounded basalt gravels and pebbles, which
make up about 75% of the unit (Foxworthy, 1962). The fine-grained matrix accounts for the
remaining 25% and is predominantly angular in shape. The gravels are composed mainly of
cemented basaltic material with minimal sand, silt, and clay occurring in discontinuous layers
throughout the unit (Foxworthy, 1962). This unit is associated with the semi-consolidated Thorp
Gravel, alluvial fan, terrace, and loess deposits (Foxworthy, 2962; Vaccaro et al., 2009).



The Ellensburg Formation in Unit 3 (Fig. 5) is a sedimentary aquifer unit composed of consolidated
silt, sand, clay, and gravel deposited by streams, lakes, or ponds during the early Pliocene, as
indicated by fossil evidence (Foxworthy, 1962; Vaccaro et al., 2009). This formation typically
overlies basalt and is characterized by a high water-holding capacity, with 85% to 95% consisting
of clay, silt, and sand, and 5% to 15% small gravels (Foxworthy, 1962; Taylor and Gazis, 2014).
The finer fractions are composed of pumice, volcanic ash, quartz, feldspar, and hornblende, while
the gravel component includes tuffaceous hornblende andesite, diorite, quartzite, and granitic and
metamorphic gravels (Foxworthy, 1962).
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Figure 5. Stratigraphic column of hydrogeologic units in the Ahtanum Lower Valley. Numbers indicate the
four hydrogeologic units referred to in the text. Modified from Sandison (2005).

The Ellensburg Formation tends to accumulate in the lower Ahtanum valley, where synclinal
topography forms sediment traps (Fig. 2). Previous studies of the groundwater in this formation in
different areas of the Yakima River basin found that it contains high concentrations of HCOs™,
Ca?, and Mg?>", with variable levels of SO+* and Cl, attributed to mineral weathering and
precipitation reactions (Taylor and Gazis, 2014). The isotopic signatures of the Ellensburg
Formation groundwater were heavier than those of the Columbia River Basalt Group, yet more
depleted than surface water (Vaccaro et al., 2009; Taylor and Gazis, 2014).



METHODS

Multiple methods were integrated to characterize the hydrogeochemical properties of the alluvial
fan aquifers. Sedimentary basin-fill deposits and bedrock stratigraphy were used to distinguish
contacts between geologic units and to provide context for laboratory and statistical analyses.
Laboratory analyses were used to quantify the hydrogeochemical properties of water samples to
interpret mixing, flow patterns and the extent of rock-water interactions. Statistical methods were
applied to estimate aquifer controls on groundwater flow within a selected region of the alluvial
fan study area, with consideration for MAR applications. Together, these approaches provide an
assessment of aquifer properties and identify potential zones suitable for MAR within the study
area. All data presented in this report are in metric units; imperial unit equivalents are summarized
in Appendix A, Tables Al through A1S5.

Mapping, Stratigraphic Descriptions, and Cross-Sections

The extent and topography of the alluvial fan was mapped using LiDAR-derived digital elevation
models (DEMs) from the U.S. Geological Survey (USGS) National Map (TNM), which provided
a foundation for defining topographic features of the fan (e.g. the elevated alluvial terrace and
active fan). The maps were used to guide field data collection to obtain a representative sampling
distribution from different hydrogeological units.

The stratigraphy of the Ahtanum alluvial fan study area was delineated using existing historic well
logs and existing characterization of aquifer units. Historical well logs were used to distinguish
contacts between hydrogeologic stratigraphic units and guide selection of wells for sampling and
monitoring. Wells were additionally cataloged by depth, static water level, well type,
hydrogeologic unit, completion date, and sampling or deployment date. Well construction details,
including screen and perforation intervals, determined which portion of the aquifer was
represented by each well.

Sedimentary basin-fill wells were categorized into shallow (0—107 m) and deep (107-561 m), with
a separate category for wells drilled into basalt units. Spatially, well types were selected to
effectively capture the entire extent of the alluvial fan study area, including the upstream, middle
and downstream portions of the active fan and floodplain, the alluvial terrace, and basalt bedrock
(Fig. 6). Stratigraphic contacts were interpreted from driller logs. Hydrogeologic units were
standardized into four categories: unconsolidated, semi-consolidated, consolidated, and basalt
(Fig. 5), informed by previous regional units previously described as Quaternary alluvium, Thorp
Gravels, Ellensburg Formation and Columbia River Basalt Group (Foxworthy, 1962; Vaccaro et
al., 2009).

We constructed stratigraphic cross-sections to connect the stratigraphic units interpreted from
individual wells logs. Locations of the transects were selected based on topography, proximity to
creeks and canals, and the availability of well log data from the Washington Department of
Ecology (WA Ecology) Well Construction and Licensing database. Cross-sections were developed
along east- west and north-south trending transects using well log contacts, surface elevations, and
lidar data. The resulting stratigraphic cross-sections along the transects depict the vertical and
lateral distribution of hydrogeologic units and informed our interpretations of flow paths and
geochemical trends.



Streambank stratigraphy was described at natural exposures at three locations along the stream
banks to assess the range of typical surface-sediment characteristics that could influence shallow
groundwater infiltration capacity. Two sites were located in the upstream section of the fan, at
Bachelor Creek (OC1) and Ahtanum Creek (OC2), while the third site was mid-fan on Ahtanum
Creek (OC3) (Fig. 6). Stratigraphic descriptions included average grain size, presence of organics,
color, and cementation. Ground-surface elevation measurements were collected at each site.
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Figure 6. Map of sample types and well depths. Spatial distribution of samples collected from shallow wells
(green), deep wells (purple), basalt wells (orange), and surface water sources (blue). Basemap source, :
USGS TNM (2023).

Soil infiltration rates were classified and mapped using remote sensing applications in ArcGIS,
based on Natural Resources Conservation Service (NRCS) soil survey data (NRCS, 2003). Soils
were categorized into four groups based on drainage class occurrence: (1) somewhat excessively
drained, (2) well drained, (3) moderately well drained, and (4) somewhat poorly drained.
Groundwater Elevation Measurement

Groundwater and surface water levels and temperatures were continuously recorded by four
pressure transducers deployed within the alluvial fan study area. Three transducers (ST1, ST2, and
GWT1) were deployed for this study, and one was an existing monitoring site from the Washington
Department of Ecology (GWT2) (Fig. 7). Logger measurements were taken at one-hour intervals
and downloaded once per month. To ensure accuracy, manual measurements of the depth to
groundwater and surface water were also collected once per month using 30 m and 152 m electric
tape, with three cumulative trials completed during each well visit to minimize errors (Fig. 7).

The Hanging Cable Length (HCL) method was used to process the transducer datasets
(Washington Dept. of Ecology, 2019). This method incorporates the hanging cable length,
barometric pressure data, and continuous water pressure recorded by the transducers. Barometric
pressure data, obtained from the Yakima Air Terminal McAllister Field (NOAA 2023), was used
to correct raw transducer readings by subtracting the raw transducer pressure from the barometric
transducer pressure. Subsequently, the depth to groundwater was calculated by subtracting the
transducer hanging depth from the barometric compensated pressure, using the following equation:
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F.= P — Py

Where P. is the barometric compensated submersible transducer pressure, B, is the raw transducer
pressure, and P, is the barometric transducer pressure (WA Dept. Ecology, 2019).
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Figure 7. Example of depth-to-water measurements. (WA Dept. of Ecology, 2019).

Dy, = H— P,

Where Dy, is the calculated depth to groundwater below the measuring point and H is the
deployment depth of transducer from the measuring point (WA Dept. Ecology, 2019).

Water Sample Collection

Groundwater samples were collected from 25 wells distributed throughout the alluvial fan study
area (Fig. 6). Of these, 16 samples originated from shallow wells, 2 from deep, and 7 from wells
drilled into basalt (Fig. 6). Sampling was conducted from faucets located proximal to each well.
Prior to sample collection, wells were purged for approximately 2 minutes, typically yielding a
discharge of approximately 5 L. After purging, a 200 mL beaker was filled for the measurement
of field parameters, including temperature, specific conductance, pH, and dissolved oxygen, using
calibrated multiparameter probes. Measurements were recorded at three-minute intervals, and
sampling proceeded once values stabilized according to the criteria outlined in Table 1.
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Surface water samples were collected at five locations along transects, with sampling conducted
over multiple time points to capture seasonal and irrigation-related variability. Ahtanum and
Bachelor Creeks were sampled during and after the irrigation season to assess the persistence of
flow potentially sustained by groundwater discharge. Three samples were collected from Bachelor
Creek: one during the irrigation season (9 July 2024) and two post-season (6 January 2025 and 10
February 2025). Ahtanum Creek was sampled once during the irrigation season (9 July 2024) and
three times afterward (24 July 2024, 7 August 2024, and 10 February 2025). A single surface water
sample was obtained from the Yakima River near Union Gap to evaluate geochemical differences
relative to Ahtanum and Bachelor Creeks (Fig. 6).

Well water samples designated for laboratory analysis were collected in four bottles: (1) a 30 mL
polyethylene bottle for stable isotope analysis, filtered through a 0.45 um polyethylene filter and
tightly sealed to prevent evaporation; (2) and (3) two 60 mL polyethylene bottles for cation and
anion analysis, both filtered using a 0.45 um polyethylene filter; and (4) a 250 mL high-density
polyethylene bottle for alkalinity analysis, filled directly from the faucet without filtration. Prior
to collection, all bottles were rinsed three times with deionized water to prevent contamination.

Surface water samples collected from the thalweg of Bachelor and Ahtanum Creeks followed the
same preparation protocol as the well samples. For the Yakima River, the sample was collected
from the bank in an area of flow continuity with the thalweg.

Table 1. Well purging stabilization criteria.

Parameter Stabilization Criteria
Temperature +0.1°C
pH +0.1°C standard units

Specific conductance (EC) | £10 pohms/cm for values < 1000 pohms/cm
+20 pohms/cm for values > 1000 pohms/cm

Dissolved oxygen (DO) +0.1 mg/L for values < 1.0 mg/L
+0.2 mg/L for values > 1.0 mg/L

Geochemical Analysis

All geochemical analyses were conducted on instruments in the Murdock Laboratory in the
Department of Geological Sciences at Central Washington University. Water samples were
prepared for laboratory analysis of major cations within 28 days of collection. Ten mL of a water
sample was transferred by pipette into a 15 mL vial and acidified with 50 uL HCl and 100 pL
HNO:s. Anion samples were stored in tightly sealed 1.5 mL tubes for up to six months to minimize
evaporation. Stable isotope samples were filtered in the field, transported in 30 mL HDPE bottles,
transferred into 1.5 mL tubes in the laboratory, and tightly sealed to minimize evaporation.
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Analytical standards were prepared bi-monthly by diluting commercial stock solutions with
deionized water. The Dionex Six Cation-II Standard was used for cation analysis (Na*, NH4", K*,
Mg?*, Ca*"), and the Dionex Five Anion Standard was used for anion analysis (Cl-, NOs~, SO4*").

Major cations were quantified using an Agilent 8900 Triple Quadrupole inductively coupled
plasma mass spectrometer. Anion concentrations, including F~, Cl~, SO+*", NOs~, PO+*~, and NO-",
were measured using a Dionex ICS-5000 DP ion chromatograph (Fig. 13). Alkalinity was
determined via titration by adding 0.01 M HClI in 1 mL increments to 100 mL of sample. pH was
monitored using an Orion Model 420A pH probe until the solution reached a pH of 3.0 (Fig. 15).
Alkalinity values were used to calculate HCOs™ concentrations and assess the carbonate buffering
capacity of the system. Charge balance errors were calculated based on the measured
concentrations of major cations, anions, and HCOs~ (Appendix C; Table C1).

Stable isotopes of oxygen (8'*0) and hydrogen (6D) were analyzed using a Picarro G/L2 cavity
ring-down spectrometer. Each sample underwent multiple injections, with replicate analyses
performed to evaluate analytical uncertainty. Quality control procedures included field duplicates,
laboratory duplicates, blanks, matrix spikes, and certified standards to assess instrument precision,
accuracy, and drift, following established procedures (Taylor and Gazis, 2014).

Detection limits for major ions range from 0.05 to 0.1 mg/L. Stable isotope results are reported in
per mil (%o) notation relative to Vienna Standard Mean Ocean Water (VSMOW) and are not
subject to concentration-based detection limits (Table 2), through the following equation:

Repr, — R
5= (M) x 1000
Rstd

Where 6 is the isotopic delta value, R,y is the isotopic ratio in the sample, and R4 represents
the isotopic ratio within the standard.

Table 2. Study analytes, detection limits and laboratory methods.

Analyte Detection Limit Analytical
(Instrumental) Method
Alkalinity (HCOs and CaCOs) 10 mg/L pH Probe & Titration
Chloride (CI") 0.1 mg/l ICS-5000
Fluoride (F") 0.1 mg/1 ICS-5000
Sulfate (SO+*) 0.1 mg/l ICS-5000
Nitrate (NOs") 0.1 mg/l ICS-5000
Phosphate (PO+*") 0.05 mg/1 ICS-5000
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Analyte Detection Limit Analytical
(Instrumental) Method

Calcium (Ca?") 0.05 mg/1 ICP-MS
Magnesium (Mg?") 0.05 mg/1 ICP-MS
Potassium (K*) 0.05 mg/1 ICP-MS
Sodium (Na*) 0.05 mg/1 ICP-MS
Oxygen-18 (6'*0) NA Picarro

Deuterium (D) NA Picarro

Statistical Analysis

Principal component analysis (PCA) is a widely used multivariate statistical technique for
identifying variation and similarity patterns within complex datasets. In this study, four PCA
subsets were developed and analyzed in R-Studio to determine dominant hydrogeochemical
associations among chemical constituents in surface water and groundwater samples.

Subset A included major ion and stable isotope data for all groundwater samples. Subset B
employed similar input parameters but excluded two samples (G24 and G25) originating from
basalt wells to better isolate sedimentary basin-fill aquifer groupings. Combined, Subsets A and B
were instrumental in distinguishing six distinct hydrochemical groups, as described in detail in the
Results section of this report. Subset C incorporated major ion data from both groundwater and
surface water sources, enabling cross-comparison between aquifer and stream chemistry. Subset
D expanded this approach by including major ions, stable isotopes, and in situ field parameters
(i.e., dissolved oxygen, hydraulic conductivity, and pH) from both water sources. Given the
smaller sample sizes in Subsets C and D, results were considered exploratory but useful in defining
potential hydrogeochemical groupings with greater specificity. Additional information about the
subsets is in Appendix D (Tables D1-D2; Figs. D1-D2).

Laboratory data for each subset were normalized prior to analysis to standardize units and enable
meaningful comparison. Components with eigenvalues greater than 0.7 were extracted, as these
represented the greatest contribution to dataset variance. A correlation matrix was used to assess
the relationships (both positive and negative) among samples. PCA results were expressed in terms
of component loadings (representing dominant chemical contributors) and score data (indicating
sample distribution along the principal components). The PCA outputs, when paired with
geochemical data, well metrics, and spatial position within the study area, were effective in
delineating distinct hydrogeochemical groupings.
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Hvydrogeological Properties

Seepage velocity calculations were applied to three distinct aquifer units identified within the
alluvial fan study area to estimate the hydraulic characteristics of the hydrogeologic framework,
defined by lateral groundwater flow regimes (Vaccaro et al., 2009). Seepage velocity represents
the rate at which a water molecule moves through a porous medium (Fetter, 1988) and is useful
for estimating the transit time of water through different stratigraphic units. This approach assumes
that the aquifer is a homogeneous and isotropic porous medium and does not account for
preferential flow pathways (Fetter, 1988).

Seepage velocity (Sv) is derived from Darcy’s Law and is calculated using the equation:
Sv = (=K /ne)hl

where K is hydraulic conductivity (L/T), n. is effective porosity (dimensionless), and dh/dl is the
hydraulic gradient (dimensionless).

Hydraulic conductivity (K) describes the rate at which water can move through a permeable
medium and is typically expressed in units of length per time (e.g., m/day). Porosity (n) refers to
the ratio of void space to total volume in a geologic unit, while effective porosity (n.) represents
the interconnected pore space available for fluid flow (Groundwater Project, 2023). Study values
for K and n. (Table 5) were derived from previously published hydrogeologic assessments of
aquifer properties in or near the Ahtanum, Washington area (Tables 3 and 4).

Table 3. Hydraulic conductivity estimates.

Unit Minimum | Mean | Max Model Derived | Source
(m/sec) (m/sec) | (m/sec) | (m/sec)

Alluvium - - - 87 Golder Associates, 2002;
WA Ecology, 2008

Alluvium, 204 4 245 - Foxworthy, 1962

unconsolidated

Alluvium, Ellensburg | - - - 23 Golder Associates, 2002;

Formation (upper) WA Ecology, 2008

Ellensburg Formation | - - - 23 WA Ecology, 2008

(upper)

Ellensburg Formation | 0.2 4 690 - Golder Associates, 2002

(middle)

Ellensburg Formation | - - - 0.02 WA Ecology, 2008

(middle)

Ellensburg Formation | - - - 0.001 Golder Associates, 2002

(lower)

- 12 18.2 29.2 - Golder Associates, 2002

- - - - 24 Golder Associates, 2002

- - - - 03 Golder Associates, 2002
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Unit Minimum | Mean | Max Model Derived | Source
(m/sec) (m/sec) | (m/sec) | (m/sec)
Ellensburg Formation | - - - 0.003 Golder Associates, 2002
(lower)
- - - - 2.3 WA Ecology, 2008
- - - - 0.03 WA Ecology, 2008
- - - - 0.01 WA Ecology, 2008

Table 4. Effective porosity estimates.

Unit Value Source

Sedimentary basin-fill units | 0.1 Vaccaro et al., 2009
CRBG 0.04 Vaccaro et al., 2009

Older bedrock 0.01 Vaccaro et al., 2009

Gravel 0.13-0.44 | Woessner and Poeter, 2020
Coarse Sand 0.18-0.43 | Woessner and Poeter, 2020
Medium Sand 0.16-0.46 | Woessner and Poeter, 2020
Fine Sand 0.01-0.46 | Woessner and Poeter, 2020
Silt, Loess 0.01-0.39 | Woessner and Poeter, 2020
Clay 0.02-0.18 | Woessner and Poeter, 2020

Table 5. Hydraulic conductivity and effective porosity estimates of stratigraphic units.

Unit Description Effective | Hydraulic
Porosity | Conductivity
(m/day)

Sorted and unsorted gravel, sand, silt,
semi consolidated silt and clay 0.3 244
(Foxworthy, 1962)

Unit 1: Unconsolidated alluvium
(Vaccaro et al., 2009)

Unit 2: Semi-consolidated Thorp
Gravels, alluvial fan, loess, terrace
(Vaccaro et al., 2009)

Unit 3: Consolidated Ellensburg | 85% to 95% semi consolidated clay,
formation and undefined continental | silt, sand, and 15% gravel 0.2 2
sediments (Vaccaro et al., 2009) (Foxworthy, 1962)

75% gravel and 25% sand 01 23
(Foxworthy, 1962) ’

The hydraulic gradient (dh/dl) was determined as the difference in hydraulic head between two
monitoring wells divided by the linear distance separating them. This calculation was performed
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along sections five transects: along two west to east trending transects, two north to south trending
transects, and between groundwater monitoring wells GWT1 and GWT?2.

Discharge Modeling and Calculations

Cross-sectional and manual surface water elevation data for Bachelor Creek (Fig. 4) were collected
during summer 2024 in preparation for surface water hydraulic modeling using HEC-RAS. These
data were used to calculate flow conditions within and following the irrigation season. Each cross-
section included measurements of horizontal distance along the cross section, channel depth,
calculated channel elevation, and distance between cross sections. Channel elevation was
standardized using a fixed right-bank reference elevation measured in June 2024 (Fig. 8). Elevation
at each point was determined by subtracting the measured depth from the reference elevation.

Additional input data included water surface elevation (WSE) and data from an in-stream
transducer within a PVC pipe housing, which was monitored monthly from June 2024 through
April 2025 (Fig. 8).

Distance &
Channel Top Elevation
Depth . ' v |
——Cross-Section Width —

—
I

PVC
Discharge Length

Figure 8. Schematic illustration of measured input parameters for HEC-RAS model.

Discharges for Bachelor Creek were calculated using the HEC-RAS hydraulic model Version 6.5
(Hydrologic Engineering Center, 2024). Input parameters include cross-sectional geometry,
channel elevations, distances between cross-sections, and assigned Manning’s n roughness
coefficients for both the main channel and adjacent overbanks.

Geometric data were entered into the HEC-RAS Geometry Data Editor. Monthly flow conditions
were calibrated using manually collected WSE data on 25 June, 8 August, and 5 October 2024.
These measurements represent seasonal discharge variability during the irrigation diversion
period. The model was iteratively adjusted to align simulated WSE with field observations.

Model outputs included seasonal WSE, discharge rates, and four-dimensional cross-sectional
renderings of Bachelor Creek during and after the irrigation season. Temporal variations in WSE
and discharge were plotted across return events, and rating curves were generated by plotting WSE
versus discharge for each cross-section.
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RESULTS

This section provides a comprehensive summary of hydrogeologic, chemical, and hydraulic
datasets pertaining to the characterization and assessment of the Ahtanum alluvial fan study area
(Fig. 5; Table 6). All results in this section are tabulated in metric format. Imperial values can be
found in Appendix A, Tables Al through AlS.

Table 6. Summary characteristics of wells used for stratigraphy and water samples. Well logs are in

Appendix F.
ID! WA Well | Well Depth Well Depth | SWL? | SWL3 Type* Unit> | Drill Sample
ID Tag? (m) (ft) (m) (ft) Date Date
Gl BJA153 78 257 5 15 Shallow SC 2016 7/2/24
G2 BJA153 78 256 5 15 Shallow SC 2016 7/2/24
G3 BJB961 87 285 25 82 Basalt BI 2016 7/2/24
G4 BIF858 45 147 29 94 Basalt BI 2021 7/2/24
G5 - 46 152 6 19 Basalt BI 1989 7/17/24
G6 - 43 140 5 16 Basalt BI 1993 7/17/24
G7 BPX077 119 390 75 245 Basalt BI 2023 7/17/24
G8 AAMO07 69 227 27 90 Basalt C 1994 7/17/24
G9 ABW767 52 170 23 75 Shallow C 1995 7/17/24
G10 BIB975 91 298 35 115 Shallow C 2016 7/23/24
Gl1 BIF240 38 125 9 29 Shallow C 2014 7/23/24
Gl12 BIF067 73 239 26 85 Shallow C 2014 7/23/24
GI13 BHTS862 76 250 40 130 Shallow SC 2013 7/24/24
Gl4 BBJ244 47 155 17 56 Shallow C 2012 7/24/24
G15 AFE168 67 220 18 60 Shallow C 2001 7/24/24
Gl6 - 39 129 25 82 Shallow SC 1977 7/31/24
G17 APG332 154 505 76 250 Deep C 2007 7/31/24
GI18 APG333 26 85 4 13 Shallow SC 2007 7/31/24
GI19 BJB995 61 200 8 25 Shallow C 2017 7/31/24
G20 AGM847 47 153 14 46 Shallow SC 2002 7/31/24
G21 BJA230 68 223 41 135 Shallow C 2017 7/31/24
G22 ALF784 98 322 34 113 Shallow C 2006 8/7/24
G23 - 215 705 12 39 Deep SC 1957 8/7/24
G24 - 326 1069 281 922 Basalt BI 1973 8/7/24
QG25 - 282 925 72 235 Basalt BI 1985 8/7/24
GWT1 BAF733 32 100 18 60 Basalt BI 2009 6/4/24
GWT2 - 126 413 34 112 Shallow SC 1978 6/4/24
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ID! WA Well | Well Depth Well Depth | SWL3 | SWL3 Type! Unit> | Drill Sample
ID Tag? (m) (ft) (m) (ft) Date Date

Table 6 notes:

'ID = sample identification number

2 WA State Dept. of Ecology Well Log ID Tag Number. Well logs are in Appendix F and available at
https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/well-report-gateway

3 SWL = static water level

4 Shallow wells (0-107 m deep), deep wells (107-244 m deep), and wells drilled into basalt.

3 Hydrogeologic unit from which the well receives groundwater inflows. SC = semi-consolidated (Unit
2), C = consolidated units (Unit 3, BI = basalt interbeds (Unit 4) Units are defined in Fig. 5.

Stratigraphy

The stratigraphy of the Ahtanum alluvial fan was delineated using historical well logs and prior
hydrogeologic characterizations, enabling detailed interpretation of unit contacts and spatial
variations in composition across the drainage (Sandison, 2005; Foxworthy, 1964; Jones et al.,
2009). Relevant well data are tabulated in Table 6; well logs are in Appendix F.

Seven transects of the alluvial fan stratigraphy were constructed, with three trending west to east
(Fig. 9), and four trending north to south (Fig. 10). The cross-sectional stratigraphy was divided
into four primary hydrogeologic units: (1) unconsolidated alluvium, (2) semi-consolidated
deposits, (3) consolidated deposits, and (4) basalt, based on the general basin stratigraphic units
described in previous studies (Foxworthy, 1962; Vaccaro et al., 2009; Fig. 5).

Regional stratigraphic patterns indicate that at higher elevations, wells encounter impermeable and
fractured basalt units nearer the surface, often with interbedded sedimentary units forming
confined aquifers (Figs. 9 and 10). These sedimentary interbeds are laterally continuous
throughout much of the study area and consist of sand, shale, clay, and sandstone, resembling the
consolidated sedimentary basin-fill deposits. The contact with basalt occurs at shallower depths in
the upstream portion of the fan and at greater depths downstream, with depths from 282 to 330 m
(Table 7).

Transects A, B, and C illustrate the west—east trending stratigraphy across the Ahtanum alluvial
fan. Transect A reveals moderate thickness of unconsolidated and semi-consolidated units, with
the greatest thickness of consolidated deposits among the three transects (Fig. 9). The maximum
depth to the basalt contacts along Transect A is 330 m, occurring at the fan toe, whereas the
shallowest contact is observed at 55 m near the fan apex, as indicated by stratigraphic data from
supplemental well X and well G4 (Table 8).

Transect B, which follows the central axis of the active alluvial fan, exhibits the deepest alluvium
deposits at the fan apex (as indicated by stratigraphy near well G11), with intermediate thicknesses
of semi-consolidated and consolidated deposits relative to Transects A and C (Fig. 9). The deepest
identified basalt contact along Transect B occurs mid-fan at a depth of 265 m. No well logs were
available to define the basalt contact at the fan toe; the shallowest basalt contact, again occurring
at 55 m, is inferred from wells near the fan apex (supplemental well X and G4) (Table 8).

Transect C traverses the elevated alluvial terrace in the study area and shows minimal alluvium
thickness, along with the greatest cumulative thicknesses of semi-consolidated and consolidated

19



units compared to Transects A and B (Fig. 9). The deepest contact with basalt occurs mid-fan at
326 m, while the shallowest contact is observed at 282 m near the fan apex (Table 8). As with
Transect B, no basalt contact was identified in the downstream section due to a lack of well control;
thus, depth estimates to basalt in the distal portions of Transects B and C rely on stratigraphic
correlations with wells at the fan apex along Transect A.
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Figure 9. Ahtanum west to east transect stratigraphy. Simplified surficial geology map of the lower valley of the
Ahtanum basin, a subsurface stratigraphy, as shown along west to east trending transects A, B, and C. Basemap
source: WA Dept. Natural Resources, 2023.

An additional four transects (D, E, F, and G) were constructed trending north to south across
selected upstream and mid-fan portions of the Ahtanum alluvial fan to evaluate the vertical extent
of stratigraphy in the study area (Fig. 10). Transect D, located in the upstream region of the fan,
exhibits the greatest thickness of alluvium and the least thickness of semi-consolidated and
consolidated units compared to Transects E, F, and G (Table 9). Depth to the basalt contact along
Transect D ranges from 84 m in the northernmost section along the upland bench to 79 m along
the southern margin near Ahtanum Ridge (Fig. 10).

Progressing downstream through Transects E, F, and G, the thicknesses of sedimentary basin-fill
units increase, while the depth to the basalt contact generally decreases (Table 9). As with Transect

20



D, the basalt contact in Transects E, F, and G is present at relatively higher elevations near the
north and south ridges of the upland bench and Ahtanum Ridge. These

transects indicate sedimentary basin-fill units reaching thicknesses of 68 m to over 98 m in the
vertical sections of the middle and lower parts of the fan (Table 9; Fig. 10).
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Figure 10. Ahtanum north to south stratigraphy. Simplified surficial geologic map of the Ahtanum Sub-
Basin, and subsurface geology, as shown along transects D—G in the north to south trending cross-sections.
Basemap source: WA Dept. Natural Resources, 2023.

Table 7. Maximum depth of hydrogeologic units on the Ahtanum alluvial fan.

Hydrogeologic Unit Upper Fan | Mid-Fan | Lower Fan
Unit 1: Unconsolidated 37m I11m 2m

Unit 2: Semi-consolidated | 38 m 61l m 166 m

Unit 3: Consolidated 39m 254 m 250 m

Unit 4: Basalt 282 m 326 m 330 m
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Table 8. Maximum depth to units along west-east transect.

Transect | Unit 1: | Unit 2: Unit 3: Unit 4:
Unconsolidated | Semi- Consolidated | Basalt
consolidated
A-A’ 1lm 6lm 254 m 330m
B-B’ 1Im 43 m 157 m 91m
c-C 2m 116m 250 m 326 m

Table 9. Maximum depth to units along north-south transects.

Transect | Unit 1: Unit 2: Unit 3: Unit 4:
Unconsolidated | Semi-consolidated | Consolidated Basalt

D-D’ 27m 27m 39m 282 m
E-F’ IIm 55m 68 m 67 m
F-F Sm 61l m 76 m N.D.
GG 29m 75 m 98 m N.D.

Note: N.D. =not detected

Supplemental near-surface stratigraphic observations were obtained from three in situ streambank outcrops:
one located in the upstream reach of Bachelor Creek and two situated in upstream and mid-fan sections of
Ahtanum Creek. These exposures provide additional insight into the composition of alluvial units in the upper
fan that could influence surface-water infiltration. For example, the bankside stratigraphy observed in
Ahtanum Creek outcrop 2 (OC2) reveals a thin layer of consolidated sand and fine gravel transitioning at a
depth of approximately 39 cm into coarser gravels embedded within a sand and silt matrix (Fig. 11).

22



Oa Horizon
----- (Well decomposed humus,
wavey contact)

Sand
=== 23cm _ {Consolidated, coarse,
- orange, wavey contact)

Silt
== 26.5cm |(Semi-consolidated, fine,
gray,abrupt contact)

=t=34cm’+| Sand
Consolidated, coarse,
“ orange, abrupt contact)

—}—43cm * |Gravels & Sand
(Semi-consolidated rounded gravels
supported by fine sand matrix,
gray/red/brown, wavey contact)

Silty Sand
[====~= (Consolidated fine sand with
silt lenses, organics, abrupt contact)

—t GICcm

Cobbles
------- (Unconsolidated cobbles and
sand, rounded, dark/light grey)

=t 78cm +

Figure 11. Stratigraphy of Ahtanum Creek streambank exposure.

Soil Drainage

Soil drainage classes vary spatially throughout the Ahtanum alluvial fan study area (Fig. 12). The
drainage classes that occur in the study area are somewhat excessively drained, well drained,
moderately well drained, and somewhat poorly drained soils, derived from data from the National
Resource Conservation Service (NRCS, 2003). Somewhat excessively drained soils are composed
of gravely fine sandy loam, located in the upstream portion of the alluvial fan. Slightly over half
of the study area consists of well-drained soils of silt loam and cobbly loam. Most of these soils
are in the alluvial terrace south of Ahtanum Creek or in the active alluvial fan section. Moderately
well-drained soils of silt loam comprise less than 1% of the soils in the study area. Somewhat
poorly drained soils composed of silt loam are mainly concentrated in the mid- to downstream
sections of the alluvial fan.
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Figure 12. Ahtanum alluvial fan soil drainage classes. Data from National Resources Conservation Service
(2003).

Groundwater Elevation

Changes in surface-water and groundwater levels observed during the study period reflect the
influence of irrigation management operations associated with the Bachelor—Hatton Complex,
particularly the annual opening (April 15) and closure (July 10) of the headgate (Table 10; Figs.
13 and 14).

Table 10. Change in surface-water elevation relative to start of measurements, June 26, 2024.

ST1 ST2
Date Surface Water | Change from | Surface Water | Change from
Elevation (m) Start (m) Elevation (m) Start (m)

6/2024 513.18 0.00 513.68 -0.02
7/2024 512.96 -0.21 513.64 -0.05
8/2024 512.87 -0.31 513.65 -0.05
9/2024 512.87 -0.31 513.62 -0.07
10/2024 512.86 -0.32 513.63 -0.06
11/2024 512.90 -0.28 513.67 -0.02
12/2024 512.93 -0.25 513.70 0.00
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ST1 ST2

Date Surface Water | Change from | Surface Water Change from
Elevation (m) Start (m) Elevation (m) Start (m)
1/2025 512.93 -0.25 N.D. N.D.
2/2025 51291 -0.27 N.D. N.D.
3/2025 512.92 -0.26 N.D. N.D.
4/2025 512.99 -0.22 N.D. N.D.
5/2025 513.22 0.04 N.D. N.D.
6/2025 513.20 0.02 N.D. N.D.

Note: N.D. = not detected.

Data from location ST1 indicate that surface-water flow in Bachelor Creek ceases after the
headgate closure, with relatively stable levels until the system reactivated in April 2024 (Fig. 14).
ST2 data for Ahtanum Creek show an initial decline in surface water elevation between June and
August, followed by an increase from September to December 2024 (Table 10). This transducer
dataset was discontinued after it washed downstream in December (Fig. 13).

Groundwater elevation data were collected from two monitoring wells: GWT1 (located near the
fan apex) and GWT2 (located mid-fan) (Fig. 14). GWT1 is 32 m deep with basalt contact at 32.6
m. Groundwater levels at GWT1 dropped 1.07 m between June and July 2024, then remained
relatively stable through April 2025 with a total decline of just 0.01 m after July (Table 11).

The GWT2 well, 126 m deep and screened in multiple sedimentary units, exhibited a 4.0 m drop
in groundwater elevation from June—August, 2024. A recharge period followed, with an increase
of 11 m through April 2025. Most of this rise (8.2 m) occurred October—November, 2024 (Table
11; Fig. 14), underscoring the delayed recharge response following the diversion closure.
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Figure 13. Change in surface water elevation during the study period. Change is relative to starting date on
June 22, 2024.
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Figure 14. Changes in groundwater and surface-water elevation and precipitation. Change is relative to
starting date of June 7, 2024. Yellow=ST1, red=ST2, blue=GWT1, green=GWT2, gray=precipitation

accumulation. Basemap source: Washington Geologic Information Portal, 1:100,000 Surface Geology
(WA Dept. of Natural Resources, 2023).
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Table 11. Change in groundwater elevation from start of measurements on June 4, 2024.

GWT1 GWT2
Date Groundwater | Change from | Groundwater | Change from
Elevation (m) Start (m) Elevation (m) Start (m)
6/2024 490.52 0.05 391.14 -0.15
7/2024 490.34 -0.13 389.58 -1.72
8/2024 489.45 -1.01 387.61 -3.68
9/2024 489.45 -1.02 387.25 -4.04
10/2024 | 489.44 -1.02 388.02 -3.27
11/2024 | 489.44 -1.03 390.30 -0.99
12/2024 | 489.44 -1.03 392.11 0.81
1/2025 489.44 -1.03 392.94 1.65
2/2025 489.44 -1.03 393.60 2.30
3/2025 489.44 -1.02 394.00 2.71
4/2025 489.44 -1.02 394.05 2.76
5/2025 489.44 -1.02 492.43 1.13
6/2025 490.11 -0.36 491.77 0.48

Surface Water Flow

The HEC-RAS instream hydraulic model was used to analyze monthly changes in discharge at
monitoring site ST1 in Bachelor Creek (ST1). Measured water-surface elevations and modeled
discharge express a decline in both WSE and discharge after the diversion period along three cross-
sections within the select reach in Bachelor Creek (Fig. 14). Following the closure of the diversion,
WSE and discharge stabilized and slightly declined, but the creek did not go completely dry.

The data express a cumulative discharge reduction of 0.85 m?/s along the reach between June and
October 2024. The significant decline of 0.77 m?/s from June 25 to August 2, 2024, corresponds
to the transition from active to inactive surface-water diversion into Bachelor Creek, which is
marked by the Bachelor-Hatton Complex headgate closure on July 10th every year. Following the
headgate closure, on August 2, 2024, discharge declined by only 0.08 m?/s (Table 12), indicating
stabilized discharge levels after the upstream diversion ended on July 10. These patterns highlight
the influence of diversion timing on discharge dynamics within the reach.
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Table 12. HEC-RAS modeled discharge values.

Cross-Section Month Discharge (m3/sec) | WSE (m)
June 1.2 512.13
Cross-Section 1 | August 0.43 511.96
October | 0.35 511.94
June 1.2 512.26
Cross-Section 2 | August 0.43 512.08
October | 0.35 512.06
June 1.2 512.45
Cross-Section 3 | August 0.43 512.32
October | 0.35 512.31

Groundwater Flow Properties

Seepage velocity was calculated for five scenarios to evaluate groundwater flow: one within the
upstream reach of the alluvial fan study area, two from the fan apex to the Yakima River along the
active fan and alluvial terrace, and two from the southern and northern valley walls to Ahtanum

— Local Flowlines |
() Wells (manitored & sampled)

Figure 15. Seepage velocity cross-sections. Transects A and C align with hydrogeologic cross sections,
with slight modification and extension to Yakima River; GWT1 to GWT2 spans two monitoring wells from
the up-stream to the mid-fan extent of the study area; G9 to BC extends from the northern border to the
active alluvial fan to Bachelor Creek; G20 to AC extends from a well in the southern extent of the elevated
alluvial terrace to Ahtanum Creek. Wells G9 and G20 align with hydrogeologic cross-section E. (basemap
sources: USGS TNM, 2023).
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and Bachelor Creeks, respectively (Fig. 15). Hydraulic conductivity (K) and effective porosity (ne)
were derived from previous investigations (Golder Associates, 2002; WA Ecology, 2008;
Foxworthy, 1962; Vaccaro et al., 2009).

Monitoring wells GWT1 and GWT2 (Fig. 15) are spaced 7.2 km apart in the upstream and middle
sections of the fan. The hydraulic gradient between these wells was 0.014 m during the irrigation
season, when the highest amount of surface-water and groundwater flux occurs. Seepage velocities
for the different hydrologic/stratigraphic units (Fig. 5) are shown in Table 13.

Table 13. Estimated seepage velocities for the upper alluvial fan.

Unit Hydraulic Hydraulic Effective | Seepage | Distance per
Gradient Conductivity | Porosity | Velocity | month (km)
(m) (Ah/AD) (m/day) (m/day)
Unit 1:
Unconsolidated 0.014 244 .4 0.3 11.3 0.34
Unit 2: Semi-
Consolidated 0.014 22.9 0.4 0.8 0.02
Unit 3:
Consolidated 0.014 2.3 0.2 0.2 0.005

In determining the hydraulic properties of aquifers located within the active alluvial fan and the
alluvial terrace, it is assumed that the water table runs parallel to the topographic extent of transect
A and transect C (Fig. 15), with hydraulic gradients of 0.01 m along transect A and 0.0105 m along
Transect C (Tables 14 and 15).

Table 14. Estimated seepage velocities along Transect A in the lower alluvial fan.

. Hydraulic Hydraulic . Seepage | Distance
Hydrl(}i(;:loglc Gradient Conductivity ]i:)f)f:(f:;‘t; Velocity | in a month
(m) (Ah/AD) (m/day) (m/day) (km)
Unit 1:
Unconsolidated 0.01 2444 0.3 7.1 0.2
Unit 2: Semi- 0.01 22.9 0.4 0.5 0.01
consolidated
Unit 3:
Consolidated 0.01 2.3 0.2 0.1 0.003

Estimates of seepage velocities along Transect C-C’ (Fig. 15) in the alluvial terrace section of the
study area from the upstream section of the fan to the Yakima River are shown in Table 15. This
section of Transect C is dominated by the semi-consolidated sediment of stratigraphic Unit 2 (Fig.
5), which is estimated to yield a seepage velocity of 0.6 m a day and 0.02 km/month (Table 15).
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Table 15. Estimated seepage velocities for Transect C on the alluvial terrace.

Distance
. Hydraulic Hydraulic . Seepage
Hydr{)flei:loglc Gradient Conductivity ]f)f)f:s;::e Velocity ml())ilrth
(m) (Ah/AD) (m/day) y (m/day)
(km)
Unit 1:
Unconsolidated 0.0105 244.4 0.3 8.5 0.3
Unit 2: Semi- | ) s 22.9 0.4 0.6 0.02
consolidated
Unit 3:
Consolidated 0.0105 2.3 0.2 0.1 0.004

Seepage velocity was also estimated for sections along the north-south Transect E-E’ (Fig. 15),
indicating flow characteristics from the stratigraphy located on the valley ridges flanking Ahtanum
and Bachelor Creeks. Well G22 and G9 were selected due to their upstream location within the
alluvial fan study area and semi-consolidated and consolidated hydrogeologic units. The south-
north hydraulic gradient between Well G22 and Ahtanum Creek is 0.4 (Table 16). The north-south
hydraulic gradient from Well G9 to Bachelor Creek is 0.004 (Table 17).

Table 16. Estimated seepage velocities from south to north along Transect E.

. Hydraulic Hydraulic . Seepage Distance
Hydr{)ﬁei:loglc Gradient (m) (Ah/ | Conductivity lf)f)f:s:;:e Velocity | per month
Al (m/day) Y| (m/day) (km)
Unit 2: Semi- 0.4 22.9 0.4 2.3 0.07
consolidated
Unit 3: 0.4 0.01
Consolidated 23 0.2 0.5
Table 17. Estimated seepage velocities from north to south along Transect E.
. Hydraulic Hydraulic . Seepage Distance
Hydrgi(;;)loglc Gradient (m) (Ah/ | Conductivity lf)f)f:s:;:e Velocity | per month
Al (m/day) Y| (m/day) (km)
Unit 1:
Unconsolidated 0.004 244 .4 0.3 4 0.11
Unit 2: Semi- 0.004 22.9 0.4 0.2 0.01
consolidated
Unit 3:
Consolidated 0.004 23 0.2 0.05 0.001
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Geochemical Field Measurements

Groundwater and surface-water chemistry properties measured in the field are summarized in
Table 18. Basalt wells had the highest conductivity levels, and the shallow sedimentary wells
expressed higher conductivity levels than deeper sedimentary wells. Basalt wells had higher pH
values than sedimentary wells. The ranges of dissolved oxygen concentrations were comparable
among the different types of wells. (Table 18).

Table 18. Summary of geochemical measurements taken in the field.

EC DO Temperature
Sample ID (uS/cm) pH (mg/L) ©C) P
Gl 542 6.77 6.88 16.1
G2 241 6.92 7.52 143
G8 45.6 6.92 5.67 13.9
G9 63.6 6.88 7.97 18.2
G10 112 6.67 5.08 17.4
Gl1 83.6 7.04 2.72 16.2
Shallow G12 56 7.07 415 18.4
%;Sﬁf:emary G13 89.3 7.28 9.9 15
Gl14 63.3 6.95 4.99 19.0
G15 155 6.92 9.25 17.8
G16 119 7.29 10.2 18.5
G17 92 7.4 12.9 18.9
G19 62.7 7.41 9.86 20.1
G20 65.7 7.03 11 14.9
G21 125 6.87 9.91 15.6
G22 134 7.03 7.46 17.7
Deep G23 51.8 7.2 5.75 26.2
%ngemary G18 90.33 731 14.71 19.5
G3 188 7.73 6.17 15.9
G4 190 7.76 8.19 21.3
G5 88.3 7.45 6.31 16.2
Basalt Wells | G6 80.3 6.94 9.73 13.9
G7 140 7.26 1.5 19.3
G24 73.5 8.09 5.33 24.6
G25 72.7 8.05 2.81 24.2
BCI 65.8 7.36 9.42 20.3
Surface AC2 89.5 7.65 9.35 22.6
Water AC3 37 7.88 10.74 16.5
YR4 35.5 7.69 10.3 21.7
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EC DO Temperature

Sample ID (uS/cm) pH (mg/L) ©C) P
Gl 542 6.77 6.88 16.1
G2 241 6.92 7.52 14.3
G8 45.6 6.92 5.67 13.9
G9 63.6 6.88 7.97 18.2
G10 112 6.67 5.08 17.4
Gl1 83.6 7.04 2.72 16.2

Shallow G12 56 7.07 415 18.4

%;Sﬁf:emary G13 89.3 7.28 9.9 15
Gl4 63.3 6.95 4.99 19.0
Gl15 155 6.92 9.25 17.8
G16 119 7.29 10.2 18.5
G17 92 7.4 12.9 18.9
G19 62.7 7.41 9.86 20.1
G20 65.7 7.03 11 14.9
G21 125 6.87 9.91 15.6
G22 134 7.03 7.46 17.7
AC5 443 7.91 10.63 20
BC6 32.4 6.42 6.86 6.43
BC7 35.6 6.55 8.37 3.1
BC8 22.1 6.97 12.9 0.5

Stable Isotopes

Isotopic analysis of groundwater and surface water samples reveals distinct variations in 6'*0 and
oD signatures across the Ahtanum alluvial fan (Fig. 16; Table 19). Overall, surface-water samples
display heavier isotopic values than groundwater. Minimal seasonal variation was observed in
samples collected during and after the irrigation season.

Two shallow groundwater samples (G10 and G11), located in middle and downstream portions of
the active fan, display heavy isotopic signatures similar to surface water samples from Ahtanum
and Bachelor Creeks (e.g., AC2, AC3, AC4, BC6, BC7). Several samples from basalt wells in the
upstream active fan (G3-Go6) also exhibit relatively heavy isotopic signatures, overlapping with
one Ahtanum Creek sample (AC8). The isotopically lightest samples in the dataset are from two
deep basalt wells (G24 and G25) in the southern fan. Groundwater samples from other shallow
sedimentary wells across the fan and one basalt well show moderate stable isotope values between
the two end members.
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Table 19. Summary of stable isotope data.

Sample Location/Type 0'%0 oD

Gl Shallow Basin-Fill -16.43 -122.3
G2 Shallow Basin-Fill -16.50 -122.7
G8 Shallow Basin-Fill -16.64 -122.3
G9 Shallow Basin-Fill -16.27 -120.4
G10 Shallow Basin-Fill -15.56 -114.5
Gl11 Shallow Basin-Fill -15.43 -115.8
GI12 Shallow Basin-Fill -16.64 -122.2
G13 Shallow Basin-Fill -16.12 -123.9
Gl14 Shallow Basin-Fill -16.58 -122.0
G15 Shallow Basin-Fill -15.96 -119.5
Gl6 Shallow Basin-Fill -16.37 -122.1
GI18 Shallow Basin-Fill -17.01 -125.5
G19 Shallow Basin-Fill -16.90 -123.0
G20 Shallow Basin-Fill -16.42 -119.7
G21 Shallow Basin-Fill -16.34 -120.0
G22 Shallow Basin-Fill -16.23 -118.3
G17 Deep Basin-Fill -16.53 -124.7
G23 Deep Basin-Fill -16.29 -120.6
G3 Basalt -16.02 -118.3
G4 Basalt -15.96 -117.3
G5 Basalt -15.90 -116.9
G6 Basalt -15.78 -115.8
G7 Basalt -16.53 -125.1
G24 Basalt -17.67 -133.2
G25 Basalt -18.15 -136.3
BCl1 Bachelor Creek -15.81 -115.3
AC2 Ahtanum Creek -15.80 -114.9
AC3 Ahtanum Creek -15.83 -115.2
AC4 Ahtanum Creek -15.73 -114.9
YRS Yakima River -13.98 -101.8
BC6 Bachelor Creek -15.78 -115.9
BC7 Bachelor Creek -15.80 -115.5
ACS8 Ahtanum Creek -15.92 -116.9
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Figure 16. Stable isotope plot of surface water and groundwater samples.
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Major lon Geochemistry

Major ion concentrations (Na*, K*, Ca**, Mg*', F~, CI-, SO+*, NOs~, PO+*, HCOs~, and CaCO:3)
were used to evaluate geochemical relationships among groundwater and surface water samples.
The piper diagram (Fig. 17) shows five sample groupings reflecting variations in ion composition
and degree of interaction between groundwater and surface water.

A total of 14 groundwater samples (five basalt, one deep, and eight shallow wells) displayed strong
chemical similarity to surface water samples collected during the irrigation season from Ahtanum
and Bachelor Creeks (Fig. 17). These samples were dominated by HCO;~ and exhibited elevated
SO+*~ and PO+*" concentrations. Sample G1, though showing slightly higher HCOs~, was included
in this group due to overall geochemical similarity. The elevated bicarbonate may be attributed to
minor field contamination.

Five groundwater samples (four shallow and one deep) and one surface water sample from the
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Figure 17. Piper diagram of major ion geochemistry of groundwater and surface water. Triangles are
averages for wells in sedimentary stratigraphy; diamonds are averages for wells in basalt; squares are
surface water averages.
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Yakima River near Union Gap exhibited moderate Na*, K*, and HCOs~ concentrations, with
minimal similarity to local Ahtanum Creek water. Four additional shallow wells showed elevated
Na* and K* and weak correspondence with surface-water chemistry, indicating geochemical
evolution distinct from surface water influence.

Two deep basalt wells located on the alluvial terrace exhibited the most chemically evolved
signatures. These samples were characterized by high concentrations of Ca**, Mg**, and HCOs",
consistent with confined groundwater flow paths through deeper units such as the Ellensburg
Formation or Columbia River Basalt Group, as identified in previous studies (Taylor and Gazis,
2014).

Surface-water chemistry showed seasonal variation. Samples collected during or near the irrigation
season (April 15-July 10, 2024; BC1, AC2, AC3, YR4, AC5) were dominated by bicarbonate and
aligned closely with groundwater chemistry from the alluvial fan. In contrast, samples collected
outside the irrigation season (BC6, BC7, AC8) were enriched in Ca?>" and Mg?** as well as HCOs™,
suggesting contributions from groundwater discharge to surface flow. These results indicate
seasonal shifts in surface water composition and reinforce evidence of hydrologic connectivity
between surface and groundwater systems within the Ahtanum alluvial fan (Table 20; Fig. 17).

Table 20. Summary of major ion geochemical data from groundwater and surface water.

Sample | Ca* Mg* Na* K* Cr SO+ | CaCOs | HCOs F- NOs~ | PO+
(ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)

Gl 745 |34 146 [8.65 252 381 |76.1 46.4 0.3 0.4 0.0

G2 688 212 153 362 [3.14 395 |73.6 44.9 027 1036 |0.0

G3 6.19 264 [819 923 [195 673 |899 54.9 0.34 | 2.6l 0.19

G4 7.3 1.16 105 928 [195 ]398 100 60.9 032 | 2.6l 0.0

G5 849 | 1.35 11.1 19.28 [2.64 |3.71 85.9 524 028 1249 10.0

G6 8.35 1.25 1938 667 [259 16.69 |779 47.2 029 192 10.0

G7 7.18 [13.14 951 |59 2.14 1521 ]79.0 479 028 204 |0.0

G8 723 1283 |839 |63 279 1463 779 47.0 029 |3.17 10.0

G9 10.6 | 3.93 16.7 1399 |[3.6 422 | 71.7 43.6 036 |3.19 ]0.0

G10 455 |23 6.94 |63 393 426 |904 55.1 041 |3.17 ]0.0

Gl1 518 253 [545 458 274 |56 81.8 49.8 033 |3.19 ]0.0

G12 7.84 1423 1948 4.0 3.88 |6.62 |759 46.0 026 |3.02 ]0.0
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Sample | Ca* Mg* Na* K* Cr SO+ | CaCOs | HCOs F- NOs | PO+
(ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
Gl13 5.0 1.97 6.35 1433 1.86 | 4.23 84.0 51.5 023 2.0 0.0
Gl14 5.88 3.22 12.6 | 4.61 3.01 4.36 72.5 44.6 0.31 1.96 0.0
Gl15 6.53 2.78 149 |6.0 3.17 | 4.13 77.0 47.4 0.31 1.96 0.0
Gl6 6.15 3.21 15,6 1447 |3.59 [4.13 70.1 43.1 0.32 1.99 0.0
G17 5.89 [2098 11.83 | 7.16 | 3.9 6.87 65.1 40 0.4 1.99 0.0
Gl18 6.5 2.28 12.7 1445 1295 5.44 76.3 47.1 0.33 1.92 0.0
G19 5.28 1.88 8.27 5.33 3.17 |4.36 79.8 49.1 0.28 1.9 0.0
G20 2.24 1.33 4.14 8.89 |0.63 1.16 66.7 41.6 0.29 1.79 0.0
G21 3.63 2.01 109 | 7.67 |2.88 |6.09 76.4 47.6 0.27 |2.45 0.0
G22 3.11 1.64 11.3 7.89 1299 |491 66.4 41.5 0.31 1.99 0.0
G23 34 1.36 10.3 8.17 |2.64 |4.89 77.2 48.3 0.34 1.77 0.0
G24 7.0 2.93 15.6 10.7 |3.74 |4.91 69.8 43.6 0.34 |3.01 0.0
G25 7.94 |4.06 8.78 8.32 1.66 |5.5 101.4 | 61.8 1.02 10.0 0.0
BCl1 3.94 | 2.67 7.5 34 1.16 1.47 ] 40.1 24.5 0.1 0.44 0.0
AC2 482 |28 9.33 443 [ 2.71 326 1499 30.5 0.21 0.32 0.0
AC3 4.45 2.8 8.65 395 12.01 1.47 56.7 34.5 0.22 10.29 0.0
YR4 2.47 1.91 8.89 |3.73 0.88 |2.03 45.5 27.6 0.2 0.32 0.0
ACS 4.23 3.55 8.99 5.0 1.11 3.21 43.7 26.5 0.28 10.29 0.0
BC6 4.15 2.9 6.88 5.0 0.88 |2.71 49.1 30.4 0.26 |0.22 0.0
BC7 3.75 2.98 6.88 3.63 0.84 |2.81 47.9 29.6 0.2 0.29 0.0
ACS 4.89 |4.37 5.14 1209 ]0.38 |0.71 49.7 30.3 0.04 |0.12 0.0
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Principal Component Analysis

The Principal Component Analysis (PCA) was conducted on five data subsets: A) major ion and
stable isotope data from all groundwater samples, (B) groundwater major ion and stable isotope
data excluding two samples indicative of old, evolved groundwaters (G24 and G25), (C) the full
major ion dataset including both groundwater and surface water samples, (D) the major ion, stable
isotope, dissolved oxygen (DO), conductivity (EC), and hydrogen (H+) in-situ measurements for
groundwater and surface water samples collected within the irrigation season, and (E) the major
ion dataset for the groundwater samples. In distinguishing distinct hydrochemical groups, subset
A and B provided the greatest insights into the units and are therefore emphasized in this section,
with scores, eigenvalues, and loadings tabulated in Table 21 and 22. Complete statistical results
and descriptions for subsets C and D can be found in Appendix E (in Tables E1-E2 and Figs. E1-
E2), including sample scores and component loadings.

Table 21. Principal Component Analysis Subset A and B eigenvalues and loadings.

Al A2 A3 A4 | Bl B2 B3 B4
Eigen Values | 5.41 3.08 122 |0.84 | 6.18 2.23 1.02 0.93
Variance (%) | 45.12 | 25.68 | 10.17 | 7.02 | 51.51 | 18.55 | 8.52 7.73
Ca** -0.31 | 0.88 0.19 |0.16 | 0.94 -0.16 | -0.01 |-0.15
Mg* 0.18 0.50 0.70 | 0.02 | 0.94 -0.14 ] 0.01 -0.04
Na* 0.84 0.24 0.03 |045 |0.77 0.19 -0.52 | -0.10
K* 0.92 0.12 -0.04 | 0.34 | 0.58 0.54 0.09 -0.24
Cl” 0.72 0.30 -0.31 |0.32 | 0.76 -0.28 | 0.13 0.33
SO~ 0.91 0.23 -0.32 | 0.01 | 0.89 -0.36 | 0.13 0.17
HCOs~ 0.75 0.47 0.14 | 0.11 | 0.88 0.02 -0.10 | -0.05
F~ -0.63 | 0.70 0.04 |0.03 |-040 |0.23 -0.52 | 0.68
NOs~ 0.79 0.10 -0.25 10.22 | 0.72 -0.17 ] 0.33 0.44
PO+ -0.35 |-0.56 |-0.20 |0.54 |-0.71 |-0.15 |0.47 0.11
80 0.63 -0.58 | 043 ]0.19 | 037 0.86 0.21 0.16
oD 0.54 -0.68 | 043 |0.01 |0.16 0.89 0.23 0.08
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Table 22. Principal Component Analysis Subset A and B sample scores.

Subset A Subset B

Sample | Al A2 A3 Sample | Bl B2 B3
Gl 0.56 |-0.04 |-0.06 |Gl 0.84 035 |0.04
G2 0.19 |1.16 |-0.28 | G2 095 1030 |0.13
G3 -0.10 | 1.11 | -0.54 | G3 0.99 10.25 |0.07
G4 -0.12 | 126 | -0.27 | G4 0.83 1034 |0.02
G5 -0.04 | 0.79 |-042 |GS5 0.87 ]0.28 |0.03
Go6 -0.21 | 0.65 |[-0.29 | G6 0.84 ]0.26 |0.09
G7 -0.44 | 030 |[-023 |G7 0.74 |0.16 |-0.08
G8 -0.72 | 0.04 |0.13 G8 0.73 | 0.11 |-0.01
G9 -0.88 | -0.03 |0.14 G9 0.68 |0.11 |0.07
G10 -0.63 | -0.22 [ 0.20 G10 0.66 | 0.10 |0.00
Gl1 -0.51 | -0.40 | 0.20 Gl1 0.63 |0.02 |-0.02
Gl12 -0.52 | -0.42 |0.16 Gl12 0.61 ]0.02 |0.04
Gl13 -0.66 | -0.60 | 0.28 G13 0.57 |-0.05 | -0.02
Gl4 -0.46 | -0.48 | 0.24 Gl4 0.55 |-0.05 | -0.01
Gl15 -0.63 | -0.69 | 0.17 Gl15 0.51 |-0.04 | -0.01
Gl16 -0.28 | -0.43 |0.12 Gl16 0.48 |-0.08 |-0.01
G17 -0.22 | -0.23 | 0.00 G17 0.45 |-0.12 | 0.03
GI18 -0.16 | -0.31 |-0.02 | G18 0.40 |-0.14 | -0.03
G19 0.12 | -0.43 |0.00 G19 036 |-0.19 | -0.03
G20 0.23 | -0.50 |-0.04 | G20 0.30 | -0.22 | -0.04
G21 047 |-0.62 |[-0.19 | G2l 0.27 |-0.30 | -0.08
G22 0.66 |-091 |-0.51 |G22 0.23 | -0.36 | -0.06
G23 0.71 |-1.00 |-0.46 | G23 0.20 | -0.39 | -0.04
G24 1.16 | -1.14 | -0.65 | G24 0.15 |-0.42 |-0.02
G25 -5.06 | -0.96 |-2.07 | G25 -1.90 | -091 | -0.46

The scores and loadings illustrate the degree of correlation with each component, with eigenvalues
greater than 0.70 indicating strong contributions to the overall variance in the dataset. Subset A,
representing groundwater samples G2 through G25 major ion and stable isotope data, generated
four components (Al, A2, A3, A4) that cumulatively represent 88% of the variance within the
dataset (Table 21; Fig. 18) .

e Component Al (45% of variance) contains samples from 7 shallow and 1 deep well, and
expresses high loadings of NOs~, and varying concentrations of K*, SO+*", Na*, HCOs",
CI-, Mg?*, with moderate 6'%0 and dD signatures.

e Component A2 (26% of variance) is characterized by 2 groundwater samples collected
from deep basalt wells located in the southern alluvial terrace section of the study area,
with light 6'®*0 and 8D signatures, and varying loadings of HCO;™, Ca**, Na*, K*, and Mg**.
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e Component A3 (10% of variance) contains 6 groundwater samples originating from 5
basalt wells and from one from a shallow sedimentary well with heavy §'®*0 and 8D
signatures, and variations in loadings of Mg?*, Ca**, HCOs™, F~, and Na".

e Component A4 (7% of variance) contains samples from 7 shallow and 1 deep well and
correlates with high loadings of PO+*", and variations in Na*, K*, Ca*, HCOs", and
expresses light 680 and dD signatures (Table 20).
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Figure 18. Principal component Subset A plot.

Subset B, groundwater major ions and isotopes excluding two distinct wells (G24 and G25),
generated four components (B1, B2, B3, B4) that represent 78% of the variance within the dataset

(Table 21; Fig. 19).

e Component B1 (52 % of variance) has high loadings of NOs~, and varying concentrations
of Mg**, Ca?", SO+, HCOs™, Na*, Cl-, K*, with moderate §'*0 and oD signatures, similar
to component Al.

e Component B2 (18.5% of variance) is isotopically heavy, K*, F~, Na*, and HCOs™ loadings,
indicating signatures of surface waters and groundwaters of basalt origins (Taylor et al,
2014).

e Component B3 (8.5%) has the highest PO+*" loadings of the subset, with moderate NOs~ and

0'®0 and 6D values, with some variations of SO+*, Cl~, K*, and Mg*".

e Component B4 (8% of variance) had intermediate chemistry with moderate NOs~, and low
PO+, CI', and 6'%0 and 8D values.
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DISCUSSION

The results were interpreted by combining the stratigraphic characteristics of hydrogeologic units
with the identification of hydrochemical groups based on analysis of major ions and stable
isotopes. Changes in surface-water and groundwater elevation were examined as a function of
seasonal and irrigation temporal variations and paired with the geochemical results, providing
insights into surface-groundwater interactions, specifically in the up-stream portion of the fan.
Estimates of aquifer hydraulic properties, paired with previous estimates for hydraulic
conductivity and effective porosity, were used to make general calculations about aquifer
capability to store and transmit water.

Hydraulic Conductivity of Stratigraphic Units

Stratigraphy of the study area reveals a progressive deepening of the basalt contact from the apex

to the mid-fan region, with shallow basalt units occurring within 4 to 5 km of the fan apex, typically
containing sedimentary interbeds which appear in seven of the sampled wells (Figs. 9 and 10).
Sedimentary basin-fill units have accumulated above the basalt between the Ahtanum Ridge
anticline in the south and an upland bench in the north, consisting of unconsolidated, semi-
consolidated, and consolidated sedimentary basin-fill units (Vaccaro et al, 2009; Fig. 5).

Overlying the basalt is the Ellensburg Formation and similar continental sediments (Unit 3, Fig.
5), exhibiting semi-consolidated properties near the surface and more consolidated properties at
depth, composed mainly of cemented sand, silt, clay, and minor gravels, with low estimated
hydraulic conductivity and permeability (Table 5) (Vaccaro et al, 2009 & Foxworthy, 1962).

Above Unit 3, the Thorp Gravel, terrace, alluvial fan, and loess deposits dominate the stratigraphy,
largely composed of gravels with some fine-grained interbeds of silt, sand, and clay (Unit 2, Fig.
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5). Unit 3 is characterized as semi-consolidated due to the stratigraphic variation in cementation
in the gravel-dominated stratigraphy and is likely to exhibit moderate permeability and hydraulic
conductivity (Table 5). The uppermost deposits (Unit 1, Fig. 5) consist of Holocene floodplain
alluvium of unconsolidated silt, sand, and gravel, which transitions downstream into finer-grained
silty sand. Unit 1 has the highest hydraulic conductivity (Table 5).

Soil Drainage and Surface-Water Infiltration

Soil drainage class distributions across the Ahtanum Sub-Basin provide insight into the spatial
variability of infiltration potential and groundwater recharge capacity within alluvial fan
sedimentary basin-fill aquifer units. South of Ahtanum Creek, where approximately 84% of soils
are classified as well drained, the subsurface conditions appear favorable for vertical percolation
and groundwater recharge (NRCS, 2003). These well-drained soils are indicative of higher
permeability, which is consistent with areas less impacted by anthropogenic disturbance and more
conducive to water transmission through unsaturated zone pathways. In contrast, the active
alluvial fan area north of Ahtanum Creek is dominated by somewhat poorly drained soils (65%),
with only 29% well drained and 7% somewhat excessively drained (NRCS, 2003; Fig. 12),
suggesting increased soil compaction or finer-grained sediment. These soils could reduce
infiltration and transmissivity from the surface to subsurface stratigraphy (Sandison, 2005). The
somewhat excessively drained soils in both areas, though limited in extent, may correspond to
coarser-grained alluvial deposits that allow for rapid percolation but potentially limit water
retention.

Collectively, soil drainage class distributions suggest that the portions of the alluvial terrace on the
southern side of the Ahtanum alluvial fan offer greater potential for recharge, while the northern
portions of the active fan may have lower hydraulic connectivity between the surface soil layers
and subsurface sedimentary basin-fill aquifer units.

Hydrochemical Groupings

The stratigraphic and geochemical datasets of the Ahtanum alluvial fan reveal spatial patterns in
the subsurface geology and the extent of interaction between surface water and groundwater. This
section discusses the groupings identified in the stable isotope, major ion, and principal component
analyses that were used to identify six distinct hydrochemical groupings within the study area.

Stable Isotope Groups

Five groups were identified within the 6'*0O and 6D stable isotope data from surface water and
groundwater samples (Fig. 20). The wells drilled into deep, confined, basalt aquifers in the
upstream southern extent of the alluvial terrace express the lightest (most negative) 6'*O and 6D
signatures among the samples. Isotopically light water in basalt aquifers has been observed
throughout the Yakima basin and into the Columbia plateau and has been interpreted to represent
older waters, up to ten thousand years old, that were recharged in a different climatic and
hydrologic setting that had isotopically lighter surface waters (Miller, 2009; Taylor and Gazis,
2014; Gazis, 2023).

42



Stable isotope groups 1, 2, 3 and 4, including wells drilled into both sedimentary stratigraphy and
shallow basalt, indicate varying degrees of similarity to the surface water samples (Table 19; Fig.
20).

Group 1 contains two samples (G10 and G11) that represent the isotopically heaviest end members
of the groundwater dataset. The close correlation of these samples with surface water from
Ahtanum and Bachelor Creeks suggests recharge and mixing with surface water at the locations
of these wells in the middle and downstream portions of the active fan (Figs. 6 and 20).

Group 2 contains four samples from basalt wells that also indicate relatively close correlation with
surface water samples, suggesting a mixture of modern surface water and older groundwater
within this unit (Fig. 20). This group shows close correlation with one surface water sample (ACS8),
which was collected upstream from the sampled wells outside of the irrigation season. This sample
could reflect temporal variation in groundwater contributions to Ahtanum Creek, shifting to higher
groundwater contributions in surface flow during the dry season.
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Figure 20. Plot of stable isotope groups.
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Groups 3 and 4 largely consist of isotopically moderate to light signatures (Fig. 20). Group 3
contains five shallow wells and one sample from a deep sedimentary basin-fill well. These samples
are primarily located on the flanks of the northern bench and southern Ahtanum Ridge anticline
(Fig. 4). The isotopic signatures are likely attributed to limited surface-water recharge. Group 4
contains samples from nine shallow, one deep, and one basalt well located throughout the alluvial
fan. The moderate to light §'0 and 6D values suggest that very little recharge occurs at these well
locations.

Group 5 is the Yakima River (YRS), which has the heaviest isotopic values due to its source region
in the northwestern Yakima Basin (Fig. 20). None of the groundwater samples collected from the
Ahtanum fan display a Yakima-River isotopic signature because Yakima River water is not used
for irrigation in the study area. In contrast, some groundwater samples are isotopically similar to
samples from Ahtanum (AC2, AC3, AC4, ACS8) and Bachelor Creeks (BC1, BC5, BC6), which
flow through the Ahtanum fan and are used for irrigation. Surface waters from these creeks have
distinctly lighter isotopic signatures than the Yakima River, as their water source originates from
the southern and eastern Cascades (Fig. 20).

Major Ion Groups

Analysis of the major ions revealed five groups (A-E) that provided insight into aquifer unit
hydrogeologic and hydraulic properties within the Ahtanum alluvial fan study area. The
concentration of cations (Figs. 17 and 21) allowed differentiation between unconsolidated units
with high porosity, characterized by mixed ionic types and strong correlation with surface waters,
and more consolidated units with lower porosity and higher dissolved solids.
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Group A includes both shallow and deep sedimentary wells and basalt wells with mixed dominant
cations and varying degrees of correlation with surface water samples (Fig. 21). These samples
were collected within or shortly after the irrigation season (April 15" to July 10™. Group A is the
dominant groundwater chemistry in the region and is interpreted to represent “resident”
sedimentary groundwater, intermediate in age, with some surface water influence .

Group B has lower proportional Mg?* and slightly higher proportional Na* and K* cations than
Group A (Fig. 21), suggesting moderate porosity and partial interaction with surface waters of
semi-consolidated units. Notably, one surface water sample (ACS8), collected outside of the
irrigation season, aligns with Group B, implying that Ahtanum Creek may receive increased
groundwater contributions during these periods, as similarly indicated by stable isotope Group 2
(Fig. 20).

Group C includes groundwater samples from four shallow wells and exhibits lower proportional
Ca?" and Mg*" and higher proportional Na* and K* than Group B (Fig. 21). Group C also has higher
proportional SO+*~ (Fig. 17). This group is associated with more consolidated units with greater
cementation, low porosity and limited surface water interaction (Fig. 29).

Group D comprises two chemically distinct deep wells drilled into basalt (G24 and G25 in Fig. 9)
inferred to be confined with consolidated interbeds, characterized by elevated Ca** cation and
HCOs™ anion concentrations (Figs. 17 and 21). Previous studies in the Yakima Basin observed
variations of Ca*, Mg*", and Na* in groundwater samples to determine age from mineral
precipitation within older groundwaters (Miller, 2009). In this process, waters undergo ionic
exchange where Ca?>* and Mg?" undergoes an ionic reduction reaction causing for Na*
concentrations to increase (Steinkempf and Hearn, 1996; Taylor and Gazis, 2014).

Group E includes three surface water samples collected outside the irrigation season, each
exhibiting mixed chemistries, with higher proportional Ca** and Mg?" than surface water samples
in Group A (Fig. 21). The chemical composition of this group suggests higher groundwater
contributions to surface water flows within the winter months outside of the irrigation season.

Spatial Trends in Stable Isotopes and Nitrate

Spatial patterns in 8'®%0 and NOs concentration are assessed in this section as environmental tracers
to determine trends in groundwater flow pathways and land use influence (Figs. 22 and 23). In the
Yakima Basin, shallow groundwater tends to exhibit isotopically heavy 6'¥0 signatures due to
recent interaction with modern surface waters. Confined groundwater exhibits lighter signatures,
indicative of older, more isolated water (Taylor and Gazis, 2014). Nitrate (NOs) 1on concentrations
can reveal impacts of land use and irrigation on groundwater quality. Elevated NOs™ often indicates
areas where irrigation water infiltrates into aquifer units (Gazis, 2023).

The spatial distribution of stable isotope 6'#0 signatures across the Ahtanum alluvial fan reveals
four distinct groundwater flow regimes shaped by interactions with surface water (Fig. 22).
Heavier 6O values in the upstream fan closely resemble surface water from Ahtanum and
Bachelor Creeks, indicating strong recharge influence. In contrast, the mid-fan region exhibits
much lighter 30 values, reflecting a diminished connection to surface water sources and
suggesting the presence of older or regionally sourced groundwater. Toward the eastern portion of
the fan, 6'*0 values become isotopically heavier again, aligning with nearby surface waters and
indicating renewed surface water influence, probably from irrigation. Finally, the downstream fan

45



5'°0 Signature
| I -18.15 - -16.67

1 -16.86 - -16.22
I ig21..1580 O Surface Water Samples

15.79 - 1511 @ Groundwater Samples
-15.10--13.98

=== Alluvial Fan Study Area
— Local Flowlines

@ @@

.

A -16.53t0 1543 fp ===
| 16:53t0-1543 ol ©

| T ' ﬂ}xWPb" <wrae ¥l m e

@ on At ("'@

Antatum/ca y Groundwalar 1
m...“,, le j TransitionIDIscharge

N Groundwater
Discharge/
Groundwater ‘ ; Surface Water

Transition Y Racharg

: 2 Miles N
I S—

2 Kilometers

Flgure 23. Spatial dlstnbutlon of stable isotope 'O values. Heavy 5'*0 Values (less negative) indicate a
greater influence of surface water. Light blue=heavier 6'#0, dark blue=lighter 5'*O.

NO3 Concentration (ppm) ru
Bl o1-24 == Alluvial Fan Study Area |
B 25-40 — Local Flowlines
[ 41-82 O Surface Water Samples
63-92 @ Groundwater Samples

2 Miles N

2 Kilometers

Figure 22. Spatial distribution of nitrate (NOs~) concentration (ppm). Higher nitrate values indicate greater
influence of irrigation water. Light blue=high nitrate concentration; dark blue=low nitrate concentration.

shows another shift to lighter 3'*0O values, further indicating a complex mix of surface-water
recharge and groundwater discharge zones. These findings support a nuanced understanding of
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groundwater flow dynamics, where structural controls, topography, and localized recharge
processes govern spatial variability in isotopic composition.

Complementary to the isotope data, NOs~ concentrations further delineate zones of recharge
influenced by land use and irrigation. Elevated nitrate levels in the upstream and downstream fan
regions, contrasting with much lower concentrations in adjacent surface waters, suggest significant
input from agricultural return flows rather than direct stream infiltration (Fig. 23). The highest
groundwater nitrate concentrations (up to 16.9 ppm) occur where 6'*0 data also indicate surface-
water recharge, most likely from irrigation water.

Principal Component Analysis of Stable Isotopes and Major lons

Principal Component Analysis (PCA) Subsets A and B (Figs. 24 and 25; Tables 21 and 22) provide
insights into interactions between aquifer units and surface waters through analyzing the major ion
(Table 20) and stable isotope (Table 19) datasets. Subset A includes stable isotope and major ion
data for all groundwater samples, except for one outlier well (G1) to avoid offset from elevated
SO+> concentrations. Subset B did not include samples G24 and G25, which form component A2
in Subset A and are responsible for much of the geochemical variation in the Subset A data set.
The PCA analysis of Subset B provides additional insight into the sedimentary basin-fill aquifer
units.
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Figure 24. Principal Component Analysis Subset A groups.

Subset A distinguishes four components indicative of (A1) semi-consolidated units with moderate
recharge from surface waters, probably from irrigation sources, (A2) deep confined units with little
to no recharge from surface waters, (A3) semi-consolidated and shallow basalt units with high
recharge from surface water and (A4) consolidated units indicating low correlation with surface
water, with some contributions from irrigation sources (Fig. 24).

Subset B reveals five groups (Fig. 25). Two groups are similar to Subset A, indicating correlation
with semi-consolidated units recharged by irrigation waters (component B1), and consolidated
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Figure 25. Principal Component Analysis Subset B groups.

units with minimal recharge from surface waters (component B3). Component B2 is similar to
component A3, but is further divided into subgroups B2.1—sedimentary units with high influence
of surface waters, B2.2—shallow basalt units with high recharge from surface waters, and B2.3—
consolidated sedimentary units that experience moderate recharge from surface waters and show
evidence of contributions from older, evolved groundwater sources.

Summary of Hydrochemical Groups in Relation to Stratigraphy and Surface Water

Six final hydrochemical groups were distinguished by combining the results of PCA subsets A and
B, major ion and stable isotope geochemistry, and hydrogeologic units. Hydrochemical group
details and correlation to other datasets is outlined in Table 23. The stratigraphic context and spatial
distribution of the hydrochemical groups are illustrated in Figures 26 and 27.

The following hydrochemical groups were derived: Group A) unconsolidated and semi-
consolidated units exhibiting high flux with surface water, Group B) semi-consolidated units
exhibiting moderate to low recharge from irrigation waters, Group C) consolidated units with low
recharge from irrigation waters, Group D) consolidated units with moderate recharge from surface
water and mixing with old evolved groundwaters, Group E) shallow fractured basalt units with
high recharge from surface waters, and Group F) deep confined basalt groundwaters with very
little recharge with surface waters (Fig. 26).

Group A is characterized by heavy 6'%0 and 8D signatures and intermediate major ion and NOs~
compositions. These properties are typical of hydrogeologic unconsolidated units, such as coarse
gravels, that experience high flux with surface waters. Group A correlates with PCA subset B,
component B2, which contains three subgroups (B2.1, B2.2, B2.3). The variance in component B2
is primarily due to elevated 60 and oD loadings compared to the other components in this
subset.

Hydrochemical Group A correlates with major ion Group A (Fig. 17) and represents the most
common water type, characterized by intermediate proportional major ion signatures. These waters
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Figure 26. Cross section of stratigraphic and surface water sources associated with hydrochemical groups.

closely resemble modern surface water chemistry, indicating significant recharge from surface
sources with minimal subsequent chemical evolution.

Two shallow wells, G10 and G11, exemplify this group. Well G11, at a depth of 38 m, is in
cemented gravels of the semi-consolidated unit in the upstream fan, possibly terrace or
paleochannel remnants. This suggests perched aquifer conditions with restricted flow and
enhanced interaction with surface water. Sample G10 is from a 91-m deep well located in the mid-
fan area in consolidated sand and clay overlain by coarse-grained gravels and sand and cemented
gravels. This stratigraphy may also indicate perched conditions due to cementation, promoting
preferential flow pathways that could facilitate flux with surface water (Fig. 26).

Group B is defined by high NOs~ concentrations and moderate %0 and 6D values compared to
Group A, indicating moderate recharge from surface waters, likely originating from irrigation
sources. This group is defined based on PCA components Al and B1. These PCA groups both
exhibit high scores for the first principal component, indicating that they collectively describe most
of the variation in the data set. NOs~ accounts for some of this variance, and as a common biproduct
of fertilizers, it is likely that recharge originates from irrigation within these units (Taylor & Gazis,
2014). Hydrochemical Group B corresponds to major ion Groups A, B, and C (Fig. 21), which are
intermediate in composition and variable. The variable proportions of ions suggest varying
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amounts of water-rock interaction and limited interaction with surface water. Isotope signatures
are moderate to light for this hydrochemical group, in stable isotope Groups 3 and 4 (Fig. 20).
Overall, Group B includes eight samples, six from shallow sedimentary wells, one deep
sedimentary, and one basalt well, primarily located north and south of the anticlinal ridges in the
lower Ahtanum Valley. Sample G15 is an outlier in the group, with the highest NOs~ (16.9 ppm)
and HCOs™ (121.9 ppm) concentrations and a lighter isotopic signature.
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Figure 27. Spatial distribution of hydrochemical groups. Basemap source: Washington Geologic
Information Portal, 1:100,000 Surface Geology (WDNR, 2023).

Hydrochemical Group C includes five shallow wells (G1, G2, G8, G12, G19) located in the mid-
downstream alluvial fan near active creeks or canals. Group C consists of semi-consolidated and
consolidated hydrogeologic units that correlate with PCA component B3 (Fig. 25) and experience
limited recharge. The samples exhibit intermediate chemistry, light isotopic signatures and
correlate with major ion groups A and B (Fig. 21), like the Ellensburg Formation wells in the
Kittitas Valley (Taylor & Gazis, 2014). These units may have undergone slight compaction
through enhanced mineral precipitation, reducing porosity and permeability. The presence of PO4*~
in this group may derive from either mineral weathering or agricultural runoff, given the proximity
to irrigated areas. Sample G1 is an outlier due to elevated detected SO+* (88.31 ppm)
concentrations, potentially from sample contamination or increased sulfate dissolution.

Hydrochemical Group D is associated with semi-consolidated units and represents a mixture of
modern recharge and older evolved groundwater. This group includes three shallow wells (G9,
G20, G22) and one deep well (G23) that are mainly in PCA subgroup B 2.3 (Fig. 25). Samples in
this group have low scores for the first principal component in the group and have low
concentrations of the variables that define that component. Hydrochemical Group D correlates
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with the isotopically moderate stable isotope Group 3 (Fig. 20), suggesting limited surface water
interaction. Samples in Group D were collected from wells along anticlinal ridges bordering the
lower valley, near underlying basalt formations. These wells tap into the higher elevations of the
consolidated clay, sand, and gravels of the Ellensburg Formation and similar continental
sediments. Sample G23, a deep well with no detectable NOs~ or PO+*", likely reflects minimal
irrigation input. G22, also NOs™ absent, shows isotopic and ionic evidence of mixing between
modern and evolved waters. Despite these outliers, Group D samples are compositionally
consistent.

Hydrochemical Group E consists of groundwater from four shallow basalt wells (G3, G4, G5, G6)
located in the upstream section of the active fan, which experience high recharge from surface
water. Well logs indicate fracturing within the basalt aquifer and the presence of sedimentary
interbeds. This group correlates with moderately heavy 6'*0 and 6D signatures and moderate NOs~
concentrations, suggesting contributions and mixing from both surface water and evolved basalt
groundwater. This group correlates with PCA subgroup B2.3 (Fig. 25), the isotopically heavy
signatures in stable isotope Group 2 (Fig. 20), and the mixed chemistries of major ion Group A
(Fig. 21). Sample G6 is an outlier within this group due to its high NOs~ and PO4*" concentrations,
comparatively light isotopic signature, and lower HCOs~ concentrations, suggesting that this well
might be located in a more unconsolidated unit than the other wells in Group E.

The stratigraphic units associated with Hydrochemical Group E could be remnants of the upward
warping and subsequent incision from the cross-flexure, which formed the narrow ridges above
the fan apex (Foxworthy, 1964). The fractured aquifer units characterized by this hydrochemical
group might also experience seasonal variation in geochemistry due to the relative proximity to
intermittent and managed surface flows of Bachelor Creek (see next section for a more detailed
discussion of temporal variations). However, surface water contributions to these units may
continue outside of the irrigation season due to their proximity to the perennial Hatton and
Ahtanum Creeks and underscores the need for further investigation to determine the extent of
recharge in this unit.

Hydrochemical Group F consists of two deep basalt wells (G24, G25) on the upstream alluvial
terrace. These groundwaters express low NOs~ and PO+*~ ()Fig. 17) and isotopically light 56'*O and
oD signatures (Fig. 20), suggesting minimal surface water recharge. Prior studies in the Yakima
Basin attribute high Mg**, Ca*", and HCOs™ in the Ellensburg Formation to weathering, while
elevated Na* in confined basalt aquifers reflects older groundwater (Taylor and Gazis, 2014).
These geochemical patterns indicate mineral precipitation processes, evolved groundwater and no
modern recharge.
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Table 23. Characteristics of hydrochemical groups.

Hydro-
chemical
Group

Well

Well Piper | Isotope | PO+ | NOs Subset | Subset | Hydrogeologic Geogra
Sample :)ne;:th Type Group | Group | (ppm) | (ppm) | A B Unit* phy’
Semi- Mid-Fan,
G10 |91 | Shallow | A 1 0 379 | AL [ B2L | 2 o1 | Active, Center
) Up-Stream,
GIl |38 | Shallow | A 1 0 447 | A3 | B2 | Sem- Active  Fan,
consolidated | North
) Mid-Fan,
G13 |76 | Shallow | A 4 0 1116 | Al | Bl | Consolidated | Active, North
Mid-Fan,
G15 |52 | Shallow | C 3 0 1688 | Al | BI | Consolidated | Alluvial
Terrace, South
Mid-Fan,
G16 |39 | Shallow | C 4 0 977 | Al | Bl | Consolidated | Alluvial
Terrace, South
Mid-Fan,
Gl7 | 154 |Deep |B 4 0 626 | Al | Bl | Consolidated | Alluvial
Terrace, South
) Mid-Fan,
GI8 |26 |Shallow |B |4 0 |69a |Aa1 |B1 |Sem- Alluvial
consolidated Terrace, South
Mid-Fan,
G21 | 68 | Shallow | C 3 0 1261 | Al | Bl | Consolidated | Alluvial
Terrace, South
Downstream,
Gl |78 | Shallow | A 3 0 040 | - - Consolidated | Active  Fan,
Center
Downstream,
G2 |78 | Shallow | A 3 031 | 242 | A4 | B3 | Consolidated | Active  Fan,
Center
Mid-Fan,
G8 |69 | Shallow | B 4 025 | 115 | A4 | B3 | Consolidated | Active, South
Mid-Fan,
G12 |73 | Shallow | B 4 0.14 | 064 | A4 | B3 | Consolidated | Active, Center
Downstream,
Gl4 |47 | Shallow | A 4 016 | 179 | A4 | B3 | Consolidated | Active  Fan,
North
) Mid-Fan,
G19 |61 | Shallow | A 4 0.19 [352 | A4 | B3 | Consolidated | Active, North
Semi- Mid-F
i -Ian,
G9 |52 |Shallow |A |3 016 |337 | A4 |B23 igs"hdated Active, North
consolidated
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Hydro-

Well

. Well Piper | Isotope | PO+ | NOs Subset | Subset | Hydrogeologic hn
glemlcal Sample De[:th Type Group | Group | (ppm) | (ppm) | A B Unit* Gengraphy’
roup (m)

Mid-Fan,
G20 |47 | Shallow | B 3 022 |0 A4 | B23 | Consolidated | Alluvial
Terrace, South
Mid-Fan,
G2 |56 | Shallow | C 3 0 0 Al | B23 | Consolidated | Alluvial
Terrace, South
Mid-Fan,
G23 |215 |Deep |A |3 0 0 A4 | B23 | Consolidated | Alluvial
Terrace, South
Up-Stream,
E G3 |8 |Basalt |A |2 0 |610 | A3 |B2o | Bl Active  Fan,
Interbed North
Up-Stream,
B G4 |45 |Basalt |A |2 0 |261 | A3 |Boo | Basal Active  Fan,
Interbed Center
Up-Stream,
B G5 |43 |Basat |A |2 |0 |779 | A3 |B2o | Basal Active  Fan,
Interbed North
Basal Up-Stream,
asalt Active  Fan,
E G6 |46 |Basalt |A 2 025 | 1042 | A3 | B22 | 0 At
Basal Up-Stream,
asalt Active  Fan,
E G7 |55 |Basalt |A 2 0 504 | A3 |BL | o At
Basal Mid-Fan,
asalt Alluvial
G24 326 | Basalt D 5 0 0 A2 - uvial
Interbed Terrace, South
Basal Up-Stream,
. asalt Alluvial
G25 | 282 |Basat |D 5 0 0 A2 Itorbed

Terrace, South

! Shallow wells (0-107 m deep), deep wells (107-244 m deep), and wells drilled into basalt.
2 Hydrogeologic unit into which the sampled well was drilled and screened, derived from well logs (Appendix F).

3 Location of samples in the alluvial fan study area (Fig. 27).

Groundwater Level Responses to Management Practices

The hydrology of the Ahtanum drainage is predominantly influenced by seasonal water
management practices, particularly the operation of the Bachelor-Hatton Complex headgate,
which opens annually on April 15 and closes on July 10, diverting water from Ahtanum Creek for
irrigation purposes (Fig. 14). These diversion operations exert strong control over both surface
water and groundwater levels within the study area.
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Hydrographs from in-stream pressure transducers (ST1 and ST2) show that the closure of the
headgate on July 10, 2024, triggered an immediate decline in surface water levels in both Bachelor
and Ahtanum Creeks (Fig. 14). In Bachelor Creek, modeled outputs from the HEC-RAS
application confirm that the channel ceases in surface flow following the diversion cutoff, with
residual flow likely derived from groundwater or minor leakage through the headgate (Table 26).
Ahtanum Creek, after the headgate closure on July 10", receiving redirected flows previously split
between channels, showed an increase in surface-water levels after the diversion, followed by a
relative stabilization of levels (Fig. 14).

Bachelor Creek remained largely dry until the headgate reopened on April 15,2025, when surface
water levels increased, marking the start of the new irrigation season. This response in levels in
Bachelor Creek indicates the immediate influence of diverted surface-water flows on the upstream
portion of the active alluvial fan study area. Groundwater levels, derived from pressure
transducers installed in two monitoring wells (GWT1 and GWT?2), also reflect the influence of the
diversion timeframe and related groundwater pumping (Fig. 14).

The well located near the fan apex (GWT1), surrounded by unconsolidated sediments overlying
basalt, exhibited the most significant groundwater decline (1.07 m) between June and August
2024, ultimately going dry (Fig. 14). The mid-fan well (GWT2), which is 126 m deep and
surrounded by unconsolidated to consolidated basin-fill sediment, showed a more delayed
response, with groundwater elevation declining steadily through September and then recharging
between late September and early December 2024 (Fig. 14). The continued decline and
fluctuations in groundwater elevation in well GWT?2 likely represent nearby pumping for irrigation
use when surface water is not available. This delayed recharge response, compared to Bachelor
Creek (ST1) and the fan apex well (GWT1), likely reflects deeper sedimentary basin-fill pathways
that support more consistent, perennial recharge, whereas upstream units near GWTI rely on
intermittent recharge from irrigation diversions into Bachelor Creek (Figs. 13 and 14).

In-stream surface water data from Ahtanum Creek (ST2) showed relatively stable conditions, with
only minor fluctuations (Table 10; Fig. 22). Minor declines occurred from June to July and again
from August to September 2024, potentially related to redistribution of diverted flows. These were
followed by gradual increases into the winter months, likely a function of increase in seasonal
precipitation and snowmelt runoff. A similar pattern was observed in Bachelor Creek (ST1), with
minimal increase in flow between October and December 2024, likely attributed to groundwater
recharge under dry channel conditions.

Collectively, the water-level data highlight the dynamics of surface water and groundwater
interactions in response to managed diversion practices. The timing and duration of the Bachelor-
Hatton Complex headgate operation control both streamflow and aquifer conditions across the
alluvial fan, especially in shallow unconfined aquifers. These findings underscore the need for
integrated management practices in the drainage that consider not only surface flow but aquifer
recharge and response time during drought-prone periods.

Groundwater Seepage Velocities

Seepage velocities were estimated across the hydrogeologic units in both the upstream and mid-
fan sections of the Ahtanum drainage, including the active fan and alluvial terrace (Table 23; Fig.
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15). Quantifying seepage velocity provides insight into the hydraulic properties of the sedimentary
basin-fill units and helps to assess potential areas for Managed Aquifer Recharge. For this analysis,
aquifer units are assumed to behave as continuous, homogeneous porous media, with hydraulic
gradient defined as a function of surface topography. These estimates provide a first-order
approximation of the ability of an aquifer unit to transmit and store water and do not account for
preferential flow paths. As such, they likely provide minimum estimates of seepage velocity.

Hydrochemical Groups A, C, and D show evidence of contributions from older evolved
groundwaters and modern surface waters, emphasizing the likelihood of connectivity between
unconsolidated, semi-consolidated, and consolidated hydrogeologic units. Hydrochemical
signatures suggest that there are interactions between these units through preferential flow paths
such as fractures that are not effectively characterized in seepage estimates. Additional uncertainty
in the calculated seepage velocities may arise from differing regional estimates of hydraulic
conductivity and effective porosity derived from previous investigations, which may not fully
represent the nuances and heterogeneity of the hydrogeologic characteristics of units within the
Ahtanum Sub-Basin (Golder Associates; Jones et al., 2009; Tables 4 and 5).

Five seepage velocity scenarios were modeled using representative transects (Fig. 14) across the
alluvial fan system to evaluate the capability of the distinct hydrogeologic units defined in this
study to store and transmit water. These scenarios characterize the relative hydraulic behavior of
unconsolidated, semi-consolidated, and consolidated units, offering insight into the spatial
variability of groundwater flow and storage potential.

Table 24. Annual seepage velocities for transects across Ahtanum fan shown in Fig. 14.

Seepage Velocity (m/yr)
Iéyfirogeologic lUp[!er(f.an,l Active fan, | Alluvial terrace, Across Across
nit Ol(lcg;‘t;]lT;{la longitudinal longitudinal southern fan | northern fan

GWT-2) (A-A’) (C-C) (E-E’) (F-F)
Unconsolidated | 4.1 2.4 3.6 N.A. 1.3
Semi-
consolidated 0.24 0.12 0.24 0.84 0.1
Consolidated 0.06 0.04 0.05 0.12 0.01

Note: N.A. = not applicable.
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Results consistently show that unconsolidated units exhibit the highest seepage velocities across
all scenarios (Table 24; Figs. 28 and 29) ). Consequently, these units are likely to contribute the
most to dynamic groundwater flow systems, particularly in proximal and mid-fan regions.
However, their high transmissivity implies shorter residence times and reduced potential for long-
term water storage.
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Figure 28. Seepage velocities of hydrogeologic units down the fan. Transect A-A’ extends from the apex
of Ahtanum alluvial fan to the Yakima River (Figs. 9 and 14). Stratigraphic units are described in Fig. 5.
Yellow=unconsolidated alluvium, dark tan=semi-consolidated sediment, light tan=consolidated sediment,
gray=basalt.

Semi-consolidated units demonstrate moderate seepage velocities. Their composition, which
includes cemented sands and gravels with partial lithification, yields lower permeability compared
to unconsolidated materials but still allows for appreciable groundwater movement. These units
represent a transitional zone with dual roles: facilitating slower recharge and acting as
intermediate-term storage zones, particularly where unconsolidated units are thin or absent.

The consolidated unit of cemented sand, clay, silt, and fine gravels have the slowest seepage
velocities. This unit is associated with low permeability, a likely barrier to groundwater flow,
suggesting that water entering this unit may remain stored for extended periods. These deeper and
occasionally confined aquifers may serve as long-term aquifer storage reservoirs with minimal
connectivity to surface processes.

Seepage velocities along transects A and C (Figs. 14 and 28), which follow relatively steep
hydraulic gradients, illustrate the direct relationship between gradient and groundwater flow
velocity. Even under these conditions, the consolidated units remain the most restrictive to flow.
In contrast, seepage velocities along transect E, which includes gently sloping sections of the fan,
emphasize the capacity of lower-gradient environments to promote prolonged storage, particularly
in semi-consolidated and consolidated units (Figs. 14 and 29).

Collectively, these scenarios underscore the importance of characterizing hydrogeologic units to
effectively understand the controls on groundwater flow and evaluating locations suitable for
MAR. Unconsolidated units have low groundwater residence times, yielding water at a faster rate
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Figure 29. Seepage velocities of hydrogeologic units across the fan. Transect E-E’ extends across the

southern part of the fan (Figs. 10 and 14). Stratigraphic units are described in Fig. 5. Yellow=unconsolidated
alluvium, dark tan=semi-consolidated sediment, light tan=consolidated sediment, gray=basalt.

than the other units. The semi-consolidated and consolidated units have longer residence times,
providing opportunities for long-term storage, especially in areas with lower hydraulic gradients,
such as the active alluvial fan. The elevated alluvial terrace exhibits steeper hydraulic gradients
located within dominantly well-drained soils, posing optimal conditions for groundwater recharge,
coupled with deep semi-consolidated and consolidated units exhibiting moderate to long residence
times.

Summary of Managed Aquifer Recharge Assessment

The study area includes both the elevated alluvial terrace and the active fan, which display different
relationships between hydrochemical groupings and soil drainage characteristics. The alluvial
terrace along the southern side of the valley lies at a higher elevation than the active floodplain
and streams, and it exhibits a steeper hydraulic gradient. It is largely composed of well-drained
soils that would be conducive to infiltration. It is dominated by the semi-consolidated sediment of
hydrogeological Unit 2 (Fig. 30) that slows seepage rates and thus could be conducive to longer-
term storage. The active fan and floodplain in the lower-elevation central and northern portions of
the valley consist of somewhat poorly drained fine sediment at the surface (Fig. 30), with a variety
of sedimentary units at different depths. The middle and lower portions of the active fan are not
conducive to infiltration and recharge, and thus are not favorable for MAR as has been observed
in previous studies (Gibson and Campana, 2018; WA Ecology, 2005). The well-drained gravel
and fractured basalt near the fan apex have higher infiltration rates and could have potential for
deep penetration of surface water and long-term storage through MAR (Fig. 30).
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Figure 30. Map of Locations Conducive to Managed Aquifer Recharge. The locations of hydrochemical
groups A, B, D and E exhibit the physical and hydrological characteristics most conducive to MAR.
Hydrochemical groups C and F show less potential for MAR.

The suitability of each group for MAR is summarized below and in Figure 30:

Group A is associated with unconsolidated to semi-consolidated hydrogeologic units that exhibit
high interaction with surface water and are predominantly located within the active floodplain.
These units are found in well-drained soils and are characterized by high transmissivity and
storativity, making them favorable for transmitting infiltrated water to downgradient aquifers
capable of both transmitting and storing water over longer timescales.

Group B includes semi-consolidated units with moderate to low recharge potential,
typically occurring along anticlinal ridges and the alluvial terrace in well-drained soils.
These areas exhibit steep hydraulic gradients and may be suitable for moderate infiltration
and storage, with the added benefit of potential long-term retention.

Group C in the active floodplain has a lower potential for recharge and long-term storage
because of poorly drained soils and thicker layers of unconsolidated alluvium that could
rapidly transmit shallow groundwater the short distances to surface streams.

Group D is found in consolidated units located on steep slopes of the anticlinal ridges and
the alluvial terrace, also under well-drained soil conditions. These units exhibit moderate
recharge potential and could transmit water more slowly, supporting long-term storage.
Group E is located near the fan apex and includes shallow fractured basalt. Geochemical
evidence suggests contributions from surface water, and the presence of well-drained soils
indicates potential for both short- and long-term recharge. The fractured basalt zones may
facilitate broader distribution of infiltrated water throughout the basin.

Group F is basalt bedrock, with low to no surface-water infiltration.
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In summary, hydrochemical groups A, B, D, and E are the most suitable for Managed Aquifer
Recharge (Fig. 30). These groups are located on the elevated alluvial terrace on the southern flank
of the Ahtanum valley and at the apex of the fan. They exhibit a moderate to high potential for
recharge and deep infiltration of surface water, as well as potential for longer-term subsurface
storage. Hydrochemical group C in the low-elevation central and northern parts of the alluvial fan
is less suitable for MAR due to poor soil drainage, low potential recharge rates, and possibly low
storage retention. Group F is the basalt bedrock, which has low recharge potential through passive
infiltration and thus low suitability for MAR.

CONCLUSIONS

Alluvial fans show potential for recharge and storage of water in shallow aquifers, due to their
relatively permeable sediment, adequate infiltration rates, and accessible source of surface water.
Investigating the most promising locations for Managed Aquifer Recharge (MAR) requires a
wholistic assessment of shallow sedimentary basin-fill aquifer characteristics and associated
capabilities to recharge, store and transmit water.

This study provides a recommendation for optional locations for on the Ahtanum alluvial fan in
the Yakima River basin through an analysis of (1) the seasonal variations in the amount and
distribution of surface water to the alluvial fan, (2) the hydrogeologic properties of alluvial fan
sedimentary basin-fill aquifers and soils in the lower Ahtanum valley to assess their capacity for
infiltration, transmission and storage, and (3) the water chemistry to quantify infiltration and
mixing of surface water and groundwater.

Seasonal variations in surface water and groundwater elevation reveal that recharge of the
sedimentary basin-fill aquifers on the alluvial fan of the lower Ahtanum fan is largely driven by
surface water irrigation, which diverts flows into Bachelor Creek, facilitating aquifer recharge
from April 15th to July 10th since 2019. Ahtanum Creek and wells in the mid-fan area also receive
recharge from seasonal runoff, beginning around November.

The primary aquifer hydrogeologic units properties were derived from previous literature
(Foxworthy, 1962; Vaccaro et al, 2009), yielding four units: (1) unconsolidated alluvium, (2) semi-
consolidated Thorp Gravels, alluvial fan, terrace and loess deposits, (3) consolidated continental
sediments exhibiting characteristics associated with the Ellensburg Formation, and (4)
impermeable and fractured basalt aquifer units. These stratigraphic units were correlated
throughout the subsurface of the alluvial fan using well logs.

Geochemical analysis of stable isotopes and major ions was used to create six
hydrochemical groups based on the interaction between surface water and groundwater in the four
hydrogeologic units. The hydrochemical groups results are (A) unconsolidated and semi-
consolidated units exhibiting high flux with surface waters, (B) semi-consolidated units with
moderate to low surface water recharge, (C) consolidated units with low recharge from irrigation
surface water, (D) consolidated units exhibiting moderate recharge from both surface water and
more evolved groundwaters, (E) shallow consolidated sedimentary fractured basalt interbeds
exhibiting high surface water recharge, and lastly (F) deep basalt aquifer confined sedimentary
interbeds with minimal interactions with modern surface waters.
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When paired with soil infiltration data and calculated estimates of groundwater seepage velocities,
we conclude that the portions of the Ahtanum alluvial fan represented by hydrochemical groups
A, B, D, and possibly E, exhibit combination of moderate to high surface-water infiltration and
potential for long-term storage that would be optimal for Managed Aquifer Recharge. These
groups are mainly located on the elevated alluvial terrace along the southern boundary of the
alluvial fan, on the northern edge of the upper and middle fan, and in the gravel and fractured
basalt near the fan apex. Regions represented by hydrochemical Groups C and F in the floodplain
of the active alluvial fan and the bedrock basalt exhibit low infiltration rates and are not as readily
suitable for MAR.

REFERENCES

Dillon, P., Stuyfzand, P., and 28 others, 2019, Sixty years of global progress in managed aquifer
recharge: Hydrogeology Journal, v. 27, p. 1-20.

Ely, D.M., Bachmann, M.P., and Vaccaro, J.J., 2011, Numerical simulation of groundwater flow
for the Yakima River Basin aquifer system, Washington: U.S. Geological Survey
Scientific Investigations Report 2011-5155.

Fetter, C.W., 1988, Applied Hydrogeology, 2nd ed.: Columbus, Merrill Publishing Co., 592 p.

Foxworthy, B.L., 1962, Geology and ground-water resources of the Ahtanum Valley, Yakima
County, Washington: U.S. Geological Survey Water-Supply Paper 1598.

Gazis, C.A., 2023, Assessment of groundwater storage in the Kennewick Irrigation District:
Report for Washington State Department of Ecology Project #NTA C210007 and the
Groundwater Subcommittee of the Yakima Basin Integrated Plan.

Gibson, M.T., and Campana, M.E., 2018, Groundwater storage potential in the Yakima River
Basin: A spatial assessment of shallow aquifer recharge and aquifer storage and recovery:
Oregon State University Ecology Publication, 133 p.

Golder Associates, 2002, Ahtanum Creek Watershed Assessment: Prepared for the Washington
Department of Ecology, February.

Gray, D.W., and Sandison, I.D., 2012, Yakima River Basin integrated water resource
management plan: Final programmatic environmental impact statement for Benton,
Kittitas, Klickitat, and Yakima Counties: U.S. Department of the Interior, Bureau of
Reclamation, Pacific Northwest Region, and Washington Department of Ecology, Central
Regional Office.

Hydrologic Engineering Center, 2024. River Analysis System (HEC-RAS) Version 6.5.

Jones, M.A., and Vaccaro, J.J., 2008, Extent and depth to top of basalt and interbed
hydrogeologic units, Yakima River Basin aquifer system, Washington: U.S. Geological
Survey Scientific Investigations Report 2008—-5045.

Miller, C., 2009, Columbia Basin Groundwater Management Area subsurface mapping and
aquifer assessment project: Final performance report, Washington State Department of
Ecology, Agreement No. G0800145.

60



National Oceanic and Atmospheric Administration (NOAA), 2023-2025, National Weather
Service Western Region Headquarters Time Series Data, Yakima Air Terminal
McAllister Field.

Natural Resources Conservation Service (NRCS), 2003, National Soil Survey.

Sandison, D., 2005, Final programmatic environmental impact statement for the Ahtanum Creek
Watershed Restoration Program: Washington Department of Ecology, Shorelands and
Environmental Assistance Program, publication no. 05-06-02-016.

Taylor, S.A., and Gazis, C.A., 2014, A geochemical study of the impact of irrigation and aquifer
lithology on groundwater in the Upper Yakima River Basin, Washington, USA:
Environmental Earth Sciences, v. 72, p. 1569-1587.

U.S. Geological Survey, 2023, National Map, Digital Elevation Model.

Vaccaro, J.J., Jones, M.A., Ely, D.M., Keys, M.E., Olsen, T.D., Welch, W.B., and Cox, S.E.,
2009, Hydrogeologic framework of the Yakima River Basin aquifer system, Washington:
U.S. Geological Survey Scientific Investigations Report 2009-5152, 106 p.

Washington Geological Survey, 2023, Washington Geological Information Portal, 1:100,000
Surface Geology. https://dnr.wa.gov/washington-geological-survey/publications-and-
data/geologic-information-portal. Accessed in 2023.

Washington State Department of Ecology, 2019, Use of Submersible Pressure Transducers
During Groundwater Studies, Standard Operating Procedure EAP074, Version 1.2

Washington State Department of Ecology, n.d., Well Construction & Licensing Map.
https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/well-report-
gateway. Accessed in 2024.

Woessner, W.W., and Poeter, E.P., 2020, Effective porosity: Hydrogeologic Properties of Earth
Materials and Principles of Groundwater Flow.

Yakima County, 2012, Ahtanum-Wide Hollow Comprehensive Flood Hazard Management Plan.
Yakima Basin Integrated Plan, 2023, Yakima Basin Integrated Plan Highlights, 20 p.

61


https://dnr.wa.gov/washington-geological-survey/publications-and-data/geologic-information-portal
https://dnr.wa.gov/washington-geological-survey/publications-and-data/geologic-information-portal
https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/well-report-gateway
https://ecology.wa.gov/regulations-permits/guidance-technical-assistance/well-report-gateway

APPENDIX A. Imperial Units Data Tables

Table A1. Summary of catalogued well characteristics (ft).

Rating Depth Unit Contacts Year of Drilling
1 n.r. poor <1990
2 <560 m (1840 ft) somewhat detailed 1990-2000
3 <609 m (2000 ft) detailed >2000

Note: N.R. = not recorded.

Table A2. Stabilization criteria for well purging (°F).

Parameter Stabilization Criteria
Temperature +0.1°C (32°F)
pH +0.1°C (32°F) standard units
Specific conductance +10 pohms/cm for values < 1000 pohms/cm

+20 pohms/cm for values > 1000 pohms/cm

Dissolved oxygen +0.1 mg/L for values < 1.0 mg/L
+0.2 mg/L for values > 1.0 mg/L
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Table A3. Summary of previous estimates for horizontal hydraulic conductivity (ft).

Unit Minimum Mean Max Model Source
(m/sec) (m/sec) (m/sec) Derived
(m/sec)
Alluvium - - - 87 (284 Golder Associated, 2002 &
ft/day) Ecology, 2008
Alluvium, 204 (668 4(13 245 (803 - Foxworthy, 1962
unconsolidated ft/day) ft/day) ft/day)
Alluvium, Ellensburg - - - 23 (75 Golder Associated, 2002 &
Formation (upper) ft/day) Ecology, 2008
Ellensburg Formation - - - 2.3(7.5 Ecology, 2008
(upper) ft/day)
Ellensburg Formation 0.2 (0.6 ft/day) 4(13 690 - Golder Associates, 2002
(middle) ft/day) (2265
ft/day)
Ellensburg Formation - - - 0.02 (0.05 Ecology, 2008
(middle) ft/day)
Ellensburg Formation - - - 0.001 Golder Associates, 2002
(lower) (0.002
ft/day)
- 12 (38 ft/day) 18.2 (60 | 29.2 (96 - Golder Associates, 2002
ft/day) ft/day)
- - - - 2.4 (8 Golder Associates, 2002
ft/day)
- - - - 0.3 (0.1 Golder Associates, 2002
ft/day)
Ellensburg Formation - - - 0.003 Golder Associates, 2002
(lower) (0.01
ft/day)
- - - - 2.3(7.5 Ecology, 2008
ft/day)
- - - - 0.03 (0.1 Ecology, 2008
ft/day)
- - - - 0.01 (0.03 Ecology, 2008
ft/day)
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Table A4. Estimates of effective porosity and hydraulic conductivity of hydrogeologic units (ft).

Unit

Description

Unit 1: Unconsolidated
alluvium
(USGS, 2009)

Sorted and unsorted
gravel, sand, silt, semi
consolidated silt and clay
(Foxworthy, 1964)

Unit 2: Semi-consolidated

Thorp Gravel, alluvial fan,

terrace, and loess (USGS,
2009)

75% gravel and 25% sand.
(Foxworthy, 1964)

Unit 3: Consolidated
Ellensburg formation and
undefined continental
sediments (USGS, 2009)

85% to 95% semi
consolidated clay, silt,
sand, and 15% gravel.

(Foxworthy, 1964)

Table AS. Alluvial fan maximum depth of hydrogeologic unit (ft).

Hydrogeologic Unit

Upper Fan

Unit 1: Unconsolidated

37 m (121 ft)

Effective Porosity Hydraulic Conductivity
(ft/day)
0.3 802
0.1 75
0.2 7.5
Mid-Fan Lower Fan
11 m (36 ft) 2 m (6.6 ft)

Unit 2: Semi-consolidated

38 m (125 ft)

61 m (200 ft)

166 m (381 ft)

Unit 3: Consolidated

39 m (128 ft)

254 m (833 ft)

250 m (820 ft)

Unit 4: Basalt

282 m (925 ft)

326 m (1070 ft)

330 m (1082 f)

Table A6. Maximum depth to hydrogeologic unit for west-east trending transect (ft).

Transect Unit 1: Unit 2: Semi- Unit 3: Consolidated Unit 4: Basalt
Unconsolidated consolidated
A-A’ 11m (35ft) 61 m (200 ft) 254 m (833 ft) 330 m (1082 ft)
B-B’ 11m (35ft) 43 m (140 ft) 157 m (516 ft) 91 m (1082 ft)
c-C 2 m (71t) 116m (821 ft) 250 m (821 ft) 326 m (1069.51t)

Table A7. Maximum depth to hydrogeologic units for north-south trending transect (ft).

Transect Unit 1: Unit 2: Semi- Unit 3: Consolidated Unit 4: Basalt
Unconsolidated consolidated
D-D’ 27 m (90 ft) 27 m (90 ft) 39 m (127 ft) 282 m (925 ft)
E-E’ 11 m (35 ft) 55m (179 ft) 68 m (223 ft) 67 m (221 m)
F-F’ S5m (15 ft) 61 m (200 ft) 76 m (250 ft) N.D.
G-G’ 29m (95 ft) 75 m (247 ft) _ 98 m (332 ft) N.D.

Note: N.D. — not detected
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Table A8. Summary of changes in surface water elevation from starting date (ft).

ST1 (Bachelor Creek

ST2 (Ahtanum Creek)

Surface Water Change From
Elevation Start

Surface Water Change From
Elevation Start

Date Meters Feet Meters | Feet | Meters Feet Meters Feet
6/2024 | 513.18 | 1683.75 | 0.00 0.00 | 513.68 | 1685.37 -0.02 -0.05
7/2024 | 512.96 | 1683.04 | -0.21 -0.70 | 513.64 | 1685.25 -0.05 -0.16
8/2024 | 512.87 | 1682.73 | -0.31 -1.01 | 513.65 | 1685.28 -0.05 -0.15
9/2024 | 512.87 | 1682.72 | -0.31 -1.02 | 513.62 | 1685.20 -0.07 -0.23
10/2024 | 512.86 | 1682.69 | -0.32 -1.06 | 513.63 | 1685.23 -0.06 -0.20
11/2024 | 512.90 | 1682.83 | -0.28 -0.92 | 513.67 | 1685.36 -0.02 -0.07
12/2024 | 512.93 | 1682.91 | -0.25 -0.83 | 513.70 | 1685.44 0.00 0.02
1/2025 | 512.93 | 168291 | -0.25 -0.83 - - - -
2/2025 | 512.91 | 1682.86 | -0.27 -0.89 - - - -
3/2025 | 512.92 | 1682.90 | -0.26 -0.84 - - - -
4/2025 | 512.99 | 1683.11 | -0.22 -0.72 - - - -

Table A9. Summary of changes in groundwater elevation from starting date (ft).

GWT1 (Fan Apex)

GWT?2 (Mid-Fan)

Groundwater Change From Start | Groundwater Elevation Change From Start
Elevation

Date Meters Feet Meters Feet Meters Feet Meters Feet
6/2024 490.52 1609.40 0.05 0.18 391.14 1283.32 -0.15 -0.51
7/2024 490.34 1608.79 -0.13 -0.42 389.58 1278.20 -1.72 -5.63
8/2024 489.45 1605.90 -1.01 -3.32 387.61 1271.75 -3.68 -12.08
9/2024 489.45 1605.89 -1.02 -3.33 387.25 1270.56 -4.04 -13.27
10/2024 489.44 1605.86 -1.02 -3.36 388.02 1273.09 -3.27 -10.74
11/2024 489.44 1605.85 -1.03 -3.37 390.30 1280.59 -0.99 -3.24
12/2024 489.44 1605.84 -1.03 -3.37 392.11 1286.50 0.81 2.67
1/2025 489.44 1605.84 -1.03 -3.37 392.94 1289.24 1.65 541
2/2025 489.44 1605.84 -1.03 -3.38 393.60 1291.39 2.30 7.56
3/2025 489.44 1605.86 -1.02 -3.36 394.00 1292.71 2.71 8.88
4/2025 489.44 1605.87 -1.02 -3.35 394.05 1292.88 2.76 9.05
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Table A10. HEC-RAS modeled discharge and change in elevation (ft) for Bachelor Creek.

Cross-Section Month Discharge (cfs) WSE (ft)
Cross-Section 1 June 42.38 1680.30
August 15.19 1679.74
October 12.36 1679.68
Cross-Section 2 June 42.38 1680.73
August 15.19 1680.13
October 12.36 1680.07
Cross-Section 3 June 42.38 1681.35
August 15.19 1680.92
October 12.36 1680.89

Table A11. Summary of seepage velocity values (ft) for Scenario 1.

Unit Hydraulic Hydraulic Effective Seepage Distance in | Distance in a
Gradient Conductivity | Porosity Velocity a month (ft) month
(ft) (Ah/AD) (ft/day) (ft/day) (miles)
Unit one:
Unconsolidated 0.0138 802 0.3 37 1109 0.2
Unit two: Semi-
Consolidated 0.0138 75 0.4 3 78 0.01
Unit three:
Consolidated 0.0138 7.5 0.2 1 16 0.003

Table A12. . Summary of seepage velocity values (ft) for Scenario 2.

Unit Hydraulic Hydraulic Effective Seepage Distance | Distance in
Gradient (ft) Conductivity Porosity Velocity in a a month
(Ah/AD (ft/day) (ft/day) month (miles)
(ft)
Unit 1:
Unconsolidated 0.0087 802 0.3 23 698 0.1
Unit 2: Semi-
consolidated 0.0087 75 0.4 2 49 0.01
Unit 3:
Consolidated 0.0087 7.5 0.2 0.3 10 0.002

Table A13. Summary of seepage velocity values (ft) for Scenario 3.

Unit Hydraulic Hydraulic Effective Seepage Distance in | Distance in
Gradient (ft) | Conductivity Porosity Velocity a month a month
(Ah/AD) (ft/day) (ft/day) (ft) (miles)
Unit 1:
Unconsolidated 0.0105 802 0.3 28 839 0.2
Unit 2: Semi-
consolidated 0.0105 75 0.4 2 59 0.01
Unit 3:
Consolidated 0.0105 7.5 0.2 0.4 12 0.002
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Table A14. Summary of seepage velocity values (ft) for Scenario 4.

Unit Hydraulic Hydraulic Effective Seepage Distance in a | Distance in a
Gradient Conductivity | Porosity Velocity month (ft) month
(ft) (Ah/AD (ft/day) (ft/day) (miles)
Unit 2: Semi-
consolidated 0.03 (0.03 ft) 75 0.4 7.7 231.2 0.04
Unit 3:
Consolidated 0.03(0.03 ft) 7.5 0.2 1.5 46.3 0.01

Table A15. Summary of seepage velocity values (ft) for Scenario 5.

Unit Hydraulic Hydraulic Effective Seepage Distance ina | Distance in a
Gradient (ft) Conductivity | Porosity Velocity month (ft) month
(Ah/AD (ft/day) (ft/day) (miles)
Unit 1:
Unconsolidated 0.004 244.4 0.3 11.7 350.2 0.07
Unit 2: Semi-
consolidated 0.004 22.9 0.4 0.8 24.6 0.005
Unit 3:
Consolidated 0.004 2.3 0.2 0.2 4.9 0.001
Table A16. Cataloged well characteristics (imperial and metric units).
1D Depth Depth SWL SWL Well Unit | Drill Sample/Deployment
(m) (ft) (m) (ft) Type Date Date
Gl 78 257 5 15 Shallow | SC 2016 7/2/24
G2 78 257 5 15 Shallow | SC 2016 7/2/24
G3 87 285 25 82 Basalt BI 2016 7/2/24
G4 45 147 29 94 Basalt BI 2021 7/2/24
G5 43 140 5 16 Basalt BI 1989 7/17/24
Go6 46 152 6 19 Basalt BI 1993 7/17/24
G7 119 390 72 235 Basalt BI 2023 7/17/24
G8 69 227 27 90 Basalt C 1994 7/17/24
G9 52 170 23 75 Shallow C 1995 7/17/24
G10 91 298 35 115 Shallow C 2016 7/23/24
Gll1 38 125 9 29 Shallow C 2014 7/23/24
G12 73 239 26 85 Shallow C 2014 7/23/24
G13 76 250 40 130 Shallow | SC 2013 7/24/24
Gl14 47 155 17 56 Shallow C 2012 7/24/24
G15 52 172 18 59 Shallow C 2001 7/24/24
Gl16 39 129 25 82 Shallow | SC 1977 7/31/24
G17 154 505 76 250 Deep C 2007 7/31/24
G18 26 85 4 13 Shallow | SC 2007 7/31/24
G19 61 200 8 25 Shallow C 2017 7/31/24
G20 47 153 14 46 Shallow | SC 2002 7/31/24
G21 68 223 41 135 Shallow C 2017 7/31/24
G22 56 185 34 113 Shallow C 2006 8/7/24
G23 215 705 12 39 Deep SC 1957 8/7/24
G24 326 1069 281 922 Basalt BI 1973 8/7/24
G25 282 925 72 235 Basalt BI 1985 8/7/24
GWT1 30 100 18 60 Basalt BI 2009 6/4/24
GWT2 126 415 34 110 Shallow | SC 1978 6/4/24
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APPENDIX B. Supplemental Stratigraphic Descriptions

Oe Horizon
== =1 (Partially decomposed humus,
dark brown, abrupt contact)

|— 11cm

Silty Sand & Gravel

(Semi- consolidated, progressively move from fine
to coarse sediments from high to low elevation,
gray/light brown, wavey contact)

b 39CM

Gravels & Sand

(Unconsolidated, fine gravels with sand matrix in
== =1 upper portion. Gravels get coarse closer to the
contact with the creek bed, red-brown/gray)

L— 84cm +

Figure B1. Bachelor Creek streambank stratigraphic description.

68




Oe Horizon
(Partially decomposed humus,
dark brown, abrupt contact))

= 30cm

— B1cm

- ==

}— 75cm

Sand

(Semi-consolidated, fine, organics
dark brown, wavy contact)

Silty Sand & Gravels
(Semi-consolidated, fines, few
small round gravels, dark brown,
wavey contact)

Gravels & Sand
(Semi-consolidated rounded gravels
supported by fine sand matrix,
dark brown, wavey contact)

Silty Sand & Gravels
(Unconsolidated, fines, few
small round gravels, dark brown,
wavey contact)

= 95cm

-======4 (Unconsolidated cobbles and

Cobbles

sand, rounded, dark/light grey)

L 199%cm +

Figure B2. Mid-fan Ahtanum Creek streambank stratigraphic description.
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APPENDIX C. Supplemental Major Ion Data
Table C1. Major ion change balance.

Note: % CBE = Charge balance error percentage.

Cation

Cation-

Na K Ca Mg Total | F a SO, NO, PO, | HCO; | oo
Sample | megt. | 'Y | meqt. | megl. | megl | megL | megh | megl | megi | Y | megi | megr | %CBE
Gl 0.35 1009 | 076 [0.75 |1.94 | 002 | 007 | 184 | 008 |0.00]|1.52 |-1.60 | -29.13
G2 029 | 0.08 | 0.66 |0.65 | 1.68 | 001 |0.09 |0.12 |0.08 | 001|145 |-0.12 |-3.54
G3 046 | 0.09 | 0.86 | 0.80 |221 | 001 |0.06 |0.13 |0.09 | 000|192 |-0.10 |-222
G4 046 | 0.09 | 0.81 [0.80 |2.17 | 001 |0.06 |0.08 |0.09 |0.00]|200 |-0.11 |-2-56
G5 038 | 0.08 | 0.83 |[0.85 |2.15 | 0.02 | 022 |0.14 | 0.10 | 0.00|1.99 | -0.44 | -9:31
G6 031 1008079 [0.79 | 197 | 001 |[006 |0.13 |0.09 |001]|1.55|-005 |-1.17
G7 0.61 | 0.10 | 1.53 | 1.06 |3.30 | 001 |0.17 | 022 | 008 |0.00]| 154|120 |2215
G8 020 | 0.06 | 046 | 040 |1.12 | 002 |0.05 | 007 | 006 | 001|101 |-0.11 |-487
G9 029 | 007 | 057 | 058 | 1.51 | 001 |0.04 |0.06 | 008 |001]|143 |-017 |-543
G10 | 058 016|133 | 111 |3.17 [001 |0.10 |0.13 |0.11 |0.00]|3.00 |-026 |-3-88
Gll [ 055 (010|085 [ 086 | 235 |002 | 008 |0.15 |0.09 |0.00]|243 |-0.50 | -9:64
G12 | 025]006|062 | 056 |1.50 [ 001 |[0.03 |004 | 008 |0.00]|1.50 |-0.17 |-527
GI13 | 043 009|096 | 094 | 242 [ 001 [022 |027 | 008 |0.00]|198 |-032 |-6-20
Gl4 | 030 008|067 | 066 | 171 [0.01 |0.04 | 005 |[0.08 |0.00|1.78 |-028 |-7-53
G15 | 046 [0.12 (210 |1.85 | 453 {001 | 025 |044 |0.12 |0.00|4.00 | -0.56 | -5-78
G16 | 048 | 008 | 1.57 | 149 |3.61 |[001 [025 | 039 |0.11 [0.00]|3.00 |-030 |-402
G17 050 [0.08 [ 1.05 | 1.01 |263 [002 |0.10 |020 |0.10 |0.00]|297 | -0.85 | -13.86
G18 [ 0.51 (008 |1.12 [1.02 [2.73 [ 002 |0.10 |0.19 | 0.09 |0.00|247 | -025 | 440
G19 | 029 007|069 | 067 | 173 [0.01 |0.11 |0.15 |[0.08 |001|1.54 |-022 |-605
G20 | 042 [ 006|074 | 073 | 194 {002 |0.06 |0.10 |0.08 |0.01]|185|-0.17 | 408
G21 | 053 ]007|1.60 | 149 |3.68 |[001 |[0.11 |034 |0.11 [0.00]3.06 |-017 |-219
G22 051 (008|175 [1.63 |[397 |00l |0.11 |022 |0.12 |0.00]3.58 | -0.08 |-0.97
G23 033 (008|052 | 047 | 140 {001 |0.03 |004 |0.07 |0.00]|1.11 |0.14 |40
G24 | 101 | 011|062 | 031 |[205 |[0.04 [0.09 | 006 | 008 |0.00]|202 |-023 |-532
G25 122 1010 | 044 | 030 | 206 |0.05 |0.05 |0.01 |0.09 |0.00]|203|-0.17 |-3-90
BCl1 | 0.17 | 007 | 037 | 028 |0.89 |001 |0.03 |003 | 005 |0.00]|080 |-003 |-1.79
AC2 | 0.17 | 006|036 | 027 | 086 |00l |0.02 |0.03 |0.05 |0.00]|0.78 |-003 |-1.8
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Na | K Ca Mg (Tjsg‘;“ F a so, |No, |po, |HCo, if]fg’;
Sample | megt. | 'Y | meqt. | megl. | megl | meql | megh | megl | megi | Y | megi | megr | %CBE
AC3 020 | 007|041 |032 |1.00 |00 |0.02 |0.03 |0.05 |0.00]| 106 |-0.18 | -8.08
YR4 | 019 | 003|043 | 031 [096 |000 |0.09 | 007 | 006 |000]086 |-012 |-592
AC5 | 026|007 |047 | 038 | 1.18 | 001 |0.02 |0.05 |0.06 |0.00]|122|-0.17 |-6-89
BC6 | 028 | 0.08 | 065 | 057 | 158 | 001 |0.14 | 027 |0.05 |0.03]132|-029 |-844
AC7 | 031]007]065 [057 | 161 [000 |0.15 [0.13 [ 008 | 000144 |-019 |-558
AC8 022 ]005]042 [036 [ 106 |000 001 |001 [002 |000]099 002 [0.77

APPENDIX D. Supplemental Principal Component Analyses
Table D1. Subset C and D eigenvalues and loadings.
ca |2 |3 |pt |p2 |[p3 |pa | PO

Eigen Values | 540 |226 |085 |583 |368 |161 |131 |97

Variance (%) | 5401 | 22.60 | 859 | 3885|2456 | 1073 | 872 |+

Ca?" 095 |-0.12 |-001 |095 |011 |000 |-005 |00

Mg 094 |-021 006 |095 |020 |-007 | 001 | 003

Na 037 |09 |005 |036 |-087 |022 |-005 |00

K* 053 056 |000 |053 | 040 |0.19 |-054 |07

Ccr 083 |-0.13 [004 |08 |005 |006 |022 |00

SO 093 |-027 | 008 [093 |021 |-004 |022 |00

HCOs 090 |016 |003 |090 |00 |007 |-003 |09

F- 004 | 091 |031 |-003]-093 |001 [008 |90

NOs- 081 [-026 |019 081 |022 |-006 |020 |092

PO~ 041 | 030 084 |-033]013 |08 |-003 |%13

50 ; ; -~ |-008|081 |o041 |-033 | 000

5D ; ; - | 020|084 |034 |-020 |01

EC ; ; - |oss |-001 |-014 |-028 |07

DO ; ; - loo6 |048 |o11 |o71 |04

H* ; ; - | -038]-038 068 |031 |32
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Table D2. Subset C and D sample scores.

Subset C Subset D

Sample | C1 C2 C3 Sample | D1 D2 D3 D4 D5
al -129 | 096 | 2.08 Gl -028 | 031 | 294 | -0.92 276
o2 0.17 [ 030 | -0.50 a2 036 | -025 | 095 | -0.87 191
@ -029 | 0.60 | -0.65 a3 -009 | -0.19 | 1.17 | 071 209
o 1.13 | -0.08 | -0.19 o 090 | 024 | 090 | 012 028
@ -037 | 093 | 197 @ -027 | 144 | -1.53 | -0.05 016
a6 1.87 | 009 | -049 aé 204 | -1.07 | 008 | -1.24 012
a7 2551 082 | 147 a7 243 1 005 | 236 | 0.08 077
o8 -1.67 | 035 | 0.74 a8 -1.53 | 038 | -140 | 020 062
@ 223 | 147 | -0.58 @ 235 1010 | 062 | -328 Lo
Gl1o 069 | 087 | 041 alo 0.57 | 005 | 0.70 | -2.02 095
Gl 207 | 083 | 0.18 all 202 1 001 | -141 | -0.54 076
Gl2 225 | 059 | -0.15 Gl2 218 | 038 | 038 | 1.14 035
Gl3 -147 | 044 | 0.56 al3 -136 | 009 | -1.55 | 0.72 078
Gl 6.60 | 095 | 040 ald 675 | 126 | 012 | -0.04 o7
G13 411 | -1.05 | 0.02 als 410 | 067 | 023 | 153 0ol
Gl 144 | 022 | 025 ale 143 | 026 | 041 | 1.65 000
Gl7 137 | 028 | -0.19 Gl7 144 | -047 | 007 | 217 001
als -0.75 1 093 | 1.03 als -0.79 1 006 | -1.20 | 1.26 010
G19 -136 | 0.08 | 140 a1 -125 1 020 | -1.50 | 0.77 025
@20 344 | -1.10 | 0.03 G20 363 | 1.12 | -040 | 090 020
a2l 266 | 013 | -0.61 a2l 281 | 042 | 012 | -0.68 008
622 -194 1 014 | -1.06 22 204 | 018 | 019 | -0.64 084
23 -045 | 409 | 007 a2 -067 | -535 | 1.04 | 039 002
a24 -098 | 570 | 0.65 24 -1.12 | <730 | 0.66 | 0.26 010
@23 262 | 080 | -1.33 @25 277 | 137 1 073 | 002 009
Bl -3.00 | -0.89 | -0.19 Bl 311 | 119 | 029 | 0.18 082
AC 248 | 071 | -132 AC 297 | 116 | 157 | 075 008
ACG =251 | -1.65 | -1.33 ACS 294 | 184 | 112 | 155 021
YR4 217 | 049 | -1.29 YR4 291 | 3.03 | 3.11 | -0.69 006
ACS -129 | 096 | 2.08 AGS -028 | 031 | 294 | -0.92 276
BCe 0.17 | 030 | -0.50 BC6 036 | 025 | 095 | -0.87 191
BCT -029 | 0.60 | -0.65 BCT -009 | -0.19 | 1.17 | 071 209
AC8 1.13 | 008 | -0.19 AC8 090 | 024 | 090 | 012 028
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Figure D2. Principal Component Subset D Plot.
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Table E1. Detailed hydrochemical group parameters

APPENDIX E. Supplemental Hydrochemical Group Data

Group

Description PCA PCA PCA Stable Isotope | Piper Samples | Outliers
Variance | Loadings Subset Group Group
Semi- NOs: High Subset Bl | Group 3 & | Groups 6 (G22: no NOs,
consolidated 0.72, HCO;, (51.5% 4, mix w/ | A, B, C; | shallow | possibly not
gravels, high | Isotopes: | SO4, Cl, | variance), | Group E Na-K- (G22, | urigated;
surface water, | 0.53 Na,Mg | correlates HCO:s 18, 16, | G15: highest
likely irrigation w/ Subset type 13, 21, | NOs (16.88
influence A 15), 1| ppm), light
deep isotopes
(G17)
Unconsolidated | Isotopes: | Moderate | Subgroup | Group 1 | Closest to | 2 None
units, high | 1.75 NOs, B2.1, (isotopically | SW shallow
recharge, basalt SO4, Mg, | from Al | heavy) (BC1, (G10,
signatures Cl, F| &A2 AC2, Gl11),5
High AC3, SwW
HCO;, ACS); (BC1,
Na, K, mixed AC2,
Ca; no ionic AC3,
POs4 BCe6,
BC7)
Basalt  units, | Isotopes: | High Na, | Subgroup | Group 2 | Group A | 5 basalt | G6: high NOs,
high  surface | 1.75 K; low | B22 (isotopically | (Na-K- (G3, PO light
water recharge HCO:s heavy) HCOs G4, isotopes;
type) GS, lower HCOs
Go,
G7)
Consolidated Isotopes: | High Na, | Subgroup | Group 3 | Groups B | 3 (G23: deep, no
units; mix of | 1.75 K; low | B23 (isotopically | & C (Na- | shallow | NOs/POs;
basalt & basin- HCO:s moderate) | K-HCOs | (G9, G22: overlaps
fill recharge type) G20, with Group A,
G22), 1 | but likely not
deep irrigated
(G23)
Semi- PO.: Moderate | Negative | Group 4 | Groups A | 6 G1: high SO
consolidated,; 047 SO4, Cl, | correlation | (lighter & B | shallow | (88.31 ppm),
moderate NO:s: K, Mg to B2 isotopes, (moderate | (G2, likely
surface water, | 0.33 low Na-K- Gl, sampling
likely irrigation | Isotopes: recharge) HCO») G8S, contamination
0.44 Gl12,
Gl14,
G19)
Deep confined | POs: - | High Ca, | Group A2 | Group 5 | Group D | 2 basalt | G25:
basalt, minimal | 0.56, Na, from (very light | (Ca-Mg- | (G24, | shallower,
surface  water | Isotopes: | HCOs Subset A | isotopes) HCOs G25) lighter isotope
interaction -1.26, type) signal
NO;: 0.1
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APPENDIX F. Well logs for sampled wells and stratigraphic cross sections

The following pages contain copies of the original well logs for wells used to create the
stratigraphic cross sections and collect water samples analyzed for stable isotopes and major ion
geochemistry. See Table 6 for summary of well characteristics and Figure 4 for mapped
locations of wells. The well ID numbers used in this study (e.g. G1, G2, etc.) are written at the
top of each well log in this appendix. Well logs were obtained from the Washington Department
of Ecology Well Construction and Licensing Map at https://ecology.wa.gov/regulations-
permits/guidance-technical-assistance/well-report-gateway
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Inigtalled:  CKLiner intalled, 5" 'Diam from AT fw —Hfm——ﬂ CONSTRUCTION. OR DECOMMISSION PROCEDURE

0 Threaded E " Diamfrom - fl.to
Perforations: I Yess OO No )

" Formatioh: -Desciibe by ‘color, character size of.material’and struéture, and the kmd and

=]

£

o

Y

£

Q

=

=]

- s . : nature of the material n each-stratum penetrated with at least one entry for each change of
Type-of perforatorused __TOorch

(o) Type pe 0 - information. (USE ADDITIONAL SHEETS 'IF NECESSARY. ) -

% ~SlZE?ofpcr:fs']. /- 4 dnby 3 3 in-and no, of perfs 3.0 30from60 i fo. 1 1.00 MATERIAL ) FROM To -
‘S¢ ‘: o Yes X'.l No 0O K:Pac Locatiod ] — ; -

g N:rfﬂf\s . — Blk Rasalt 65 1 7D

o ,T»“““““”'s\‘"“e - - e - - ‘|Cinders,Basalt.Clay,h20 75 80

-t 1 Type . . : -ModelNo» - :

[ N Diam. ‘Slot size : froin . “ft. to ‘o 'Bl'_k Ba}.s.a 1 t Water - 80 100

Q Dram ‘Slot'size flom flto__ . . - .

Q- GraveI/Fllter packcd O Yes § No O Sizeofgravél/sand. .
Materials.placed:from ft.to__. N f

g | eraspir |

“w | SurfageiSeal: O Yes what depre . 2( 2

'E Material used;in seal 7~ > ‘

E | Did any sirata contain unusable-water? * D Yes 'No )

. Type:of water? C - -Depth of strata.__. K . S, ]

< p ! i - . -

g . ‘Method of sedling strata off, . s NI . i o

- | .PUMP: Manufacturer’s Name ] . _

O " Type: . - ‘HPH i,
WATER LEVELS: Land surface- elevatron above mean:sea Tevel i

Z .

7 ‘Static level 60 ft: below'top © of well _Date 1 O; 2; 09 -

8 A"r’tesr'af\ pr'essu.re‘ — : lbs..per sqruare‘mclr Date; : ) B . : =
.Artesian water.is controiled by _ 3 b [ =" 4 +

o . . “ __ (cap, valve, etc.)

; WELL TESTS: ‘Drawdown is arfiount water level is lowered below static lével AUG O 3 2 G TG

O ‘Wasapumptest made? O Yes O No  If yes, by whom? _ - : i

O .| Yield: . gal /min. with ‘. drawdown after . hs

8 | Yield:_ gal/min with ~_- . drawdown after hrs.

L Yield: gal./min. wnh ft. drawdowhi-after- *_ hrs.

“6 Recovery data,(timé tdken ds zero when pump turnéd a_ﬁ) (waler Ievel measured  from » well =
topito waterlevel) -

'IE Time “Water Level Time Water Level, Time Water Level

@ — ) '

- . Date'qftcst ) - .

[ A = o g - =

g Baifer test ___gal/min. with ___ . ft. drawdown after, hrs. .

8 . Airtest 50 Bal/min. with stériv'set at 1.Q0._f for 3 hrs. . _ = -

 Artesian flow ) __g.p.m. Date I _
g g Tenrperatr.ire_ot‘,watgr " Was archemical analysis made? O-Yes O3No . . ‘ ==
= -

StartDate - 1 O / 2/09 - Completed Date__10/ jZ /09

WELL CONSTRUCTION CERTIF ICATION: Iconstructed a.nd/or accept responsrbrhty for construction of this well and its complrance with all
Washington well construction standards Meaterials used and the ififormation reported above aré true to-my: best knowledge and belief.

O Driller O Engineer O Trainee Nam fymt) Vernon Rank . Dfillilig Company’ ‘Water W? 1.1 s Dr 1711. 1. 1 ng I I’IC .
Driller/Engihicer/Trainee. Signature A WCoas 2 -2 /Fa‘,,/;{ * ‘Address 5503 Ahtantim Rd.

Driller or trainéé Licerise No. i _ O 85 4 - . City, State, er Yaki ma, Wa. 98903

If TRAINEE, . ' . ] \  Coriractor's

Driller’s Licénsed No. . i _ Registration N 0. . 1. _ Date:- ,
Dritle'r’ s Signature ___ 7 — - - Ecology is an Equal @ppomrmry Employer., ’

ECY 050-1-20/(R;v‘—3/05)- The Depdﬁmen,t_.qf Ecology does NOT wérranty‘ thé Data and/or Information.on this Weil Report.
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The Department of Ecology does NOT warranty the Data and/or information on this well report.

DEFAKTMENT OF
ECOLOGY

State of Washington

WATER WELL REPORT

Type of Work:
{= Construction

G4

RECEIVED

" DEC 28 2021

"Dept. of ECOI9gY
onal ottice

Notice of Intent No. w318941

Unique Ecology Well ID Tag No. BIF858 :
|

Site Well Name (if more than one well): Diocese O%é](t{rfaié e9

U Decommission = Original installation NOI No. Water Right Permit/Certificate No.
Proposed Use: ® Domestic O Industrial O Municipal Property Owner Name Diocese Of Yakima
O Dewatering [ Irrigation O Test Well O Other
Well Street Address 17740 Ahtanum Rd
Construction Type: Method: ity Yaki :
| B New well O Alteration ODriven O Jetted O Cable Tool City ﬂ_—‘__, County Yak'ma, — -
| O Deepening O Other O Dug ® Air- O Mud-Rotary Tax Parcel W'— ; G/ L7 ,g —/ é/zf/" <t /
imensi i i in., to 160 ’
b D of boring 6 ke ﬂ' Was a variance approved for this wetl? [J Yes & No
Depth of completed well 147 ft.
i twoction Detalls Wall If yes, what was the variance for?
Casing Liner Diameter From To  Thickness Steel PVC Welded Thread
®m | 08 in# 25 1;: in @ | 0 @ |0 Location (see instructions on page 2): 0O WWM or &1 EWM
6 i 122 1 i . .
g : E S I,:: ﬁ? e :: E} I| g g : g SE '%-Y ofthe _NE _"; Section _13  Township _12__ Range _16
a | g in. in: O] 0 o) o Latitude (Example: 47.12345)
Longitude (Example: -120.12345)
Perforations: ([ Yes No Type of perforator used . - —
No. of perforations Size of perforations in. by in Driller’s Log/Construction or Decommission Procedure
Pel:fornte 4 from _ﬂ to R below ground s rﬁ;;_ T/ Formation: Describe by color, character, size of material and structure, and the kind and
il Sl groundsu nature of the material in each layer penetrated, with at least one entry for each change of
Screens: [J Yes @ No O K-Packer = Depth ____ft. information. Use additional sheets if necessary.
Manufacturer’s Name Material From To
Type Model No.
Diameter _____ in. Slot size in, from _____ftto____ f Sall 0 4
Diameter _____ in. Slotsize_____ in.from____ fi.to ____ft. Gravel & Bolders 4 25
: B t
Sand/Filter pack: O Yes [ No Size of pack material _____in. asal 25 61
, Basalt Broken & Clay 61 107
Materialsplacedfrom ____ f.to____ R -
Hurface Sial W% NG Torndhat o281 Basalt Broken Caving 107 118
urface Seal: es o o what deptl 5
Material used inseal Bentonite Hole Plug (Bsasaltl B Hel BIon 1;2 :22
Did any strata contain unusable water? O Yes (8 No [ave
Type of water? Depth of strata Basalt & Brown Shale Clay 142 147
Method of sealing strata off Clay White 147 158
Sand 158 160
Pump: Manufs ’s Name Type:
H.P. _____ Pumpintakedepth:____ ft. Designed flowrate:____ gpm
Water Levels: Land-surface elevation above mean sea level ft.
Stick-up of top of well casing ft. above ground surface
Static waterlevel __94 . below top of well casing Date _11/22/2021
Astesian pressure ______ Ibs. per square inch Date

Artesian water is controlled by (cap, valve, etc.)

Well Tests:

Was a pumping test performed? ® No [ Yes = by whom?
Yield ____ gpmwith____ ft. drawdownafter ______ hrs.

Yield _____ gpmwith ___ ft drawdownafter_____ hrs.

Yield _____ gpmwith ft. drawdown after ______ hrs.

Recovery data (time = zero when pump is turned off — water level measured from well
top to water level)

Time Water Level  Time Water Level Time Water Level
Date of pumping test

Bailertest______ gpm with _____ ft. drawdownafter ____ hrs.

Airtest 30 _ gpm withstemsetat 120 f. for____ hrs. Date _11/22/2021
Attesian flow ______ gpm

Temperature of water _____°F  Was a chemical analysis made? (O Yes [® No

Start Date 11/18/2021 Completed Date _11/22/2021

WELL CONSTRUCTION CERTIFICATION: I constructed and/or accept responsibility for construction of this well, and its compliance with all Washington well
construction standards. Materials used and the inforination reported above are true to my best knowledge and belief.

[8] Driller O Trainee (1 PE — Print Name

Drilling Company Rick Poulin Well Drilling

o C/L/" '?‘//-';"-/1." A e

Address 1301 Lancaster Rd

City, State, Zip Selah WA 98901

IF TRAINEE: Sponsor’s License No.

License No. 0357
Sponsor’s Signature

Contractor’s

Registration No. rickpwd44pw Date 11/22/2021

ECY 050-1-20 (Rev 08/19) If you need this document in an alternate format, please call the Water Resources Program at 360-407-6872.
Persons with hearing loss can call 711 for Washington Relay Service. Persons with a speech disability can call 877-833-6341.




The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

G5
WATER WELL REPORT

STATE OF WASHINGTON

Fle Original and First Copy with
Depariment of Ecology

Sacond Copy-—Owner's Copy
Third Copy—Dritler’'s Copy

[ 70

Start Card No - =--

%4

Water Right Permit Mo.

(1) OWNER: Name Dennis Herron

e
Lynch Ln, Yakina, Wa,

Address

Yakina

W

%_ b

+ LOCATION OF WELL: cCounty

% Sec. 18 T 1_N2 .. R_l7 WM.

(20) STREET ADDDRESS OF WELL (or nearset address) Lynch In, Yakima, Wa, '
{(3) PROPOSED USE: gﬁ:::‘:tm:f Iinduatrial (J Municipal O {10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
O DsWater Test Well (J Other O Formation: Describe by color, characier, size of material and structure, and show
thicknaas of aquifers and the kind and nature of the materisl in each stratum penetrated,
(4) TYPE OF WORK: Owner's number of well with at least one sniry for each change of information.
( more than one) SATERIAL RoM To
Abandoned 0  New well Method: Dug [ Bored O
Deepensd O Cable O Driven [ Sail & rock 0 4
Reconditioned [J Rotary 31 Jetted OJ River rork 4 12
(5) DIMENSIONS: pigmeter of wall [ inches. Cemented gravel 12 22
Orillod_i’z_fnt. Depth of completed woll._1.52___n. - Lt,.br, clay 22 30
| Cemented gravel & clay layers 30 40
(6) CONSTRUCTION DETAILS: Rr 1 1t & water 40 73
Casing instalied: _6,_,_' Diam. trom +1 R.to 48 n. Br 1 1t 31k, basalt Blue cla 7 &
Lwln.ol?:ndlulhd a " Diam. from b *{ water 73 GE
Thisaded [J * Dism. from K.to n. Rr. hasalt % water 83 86
Perforations: Yee[] Nol X R1k Brn Gray basalt & water 86 102
Type of perforator ussd |_Gray basailt. 102 120
SIZE of perforations n. by n. Brih., & Gray basalt & water 120 152
periorationa from [ [ "
periorations from ft. o "t
- perforationa from fi.to ft.
Screens: Yul:] No ]
Manufacturer's Name
Type Medel Mo
Lam Slot size from ft. to
Diam Siol siza from M ta "
Gravel packed: ves ] nok] Size of gravel
Graval placed from .10 .
Surface sesl: Yea[X o[ ] Towhatdepm? 20 n.
MWaterisl ysed in seal Bentonite
Did any strata contain unusable water? y“[] NeB
Type of water? Depthof srate
Wethod of saaling strata oft
(7) PUMP: pyanufacturer's Name B -
Type. Hp ; oo T O oo
(8) WATER LEVELS:  [Boosiitotmneis =
Staticlevel __19 #. below top of well Date _0/0/89 e
Artesian pressure Iba. par squars inch Dete —————— -
Artesian water ls co Had by
" (Cap, valve, sic ]}

9) nt water level s lowsred balow static level
H yos, by whom?

i d ol

WELL TESTS: Drawdgwnis am
Wae a pump test made? Yuﬁ No
Yield: gal./min. with

after hrs.

work started____ 6/6/89 _ 10._completed__6/11/89 19

WELL CONSTRUCTOR CERTIFICATION:
{ constructed and/or accept reaponsibility for construction of this well,

and ite complience with all Washington well construction standards.

Materials veed and the information reported above are true to my best

Recovery data (time taken as zero when pump lurned off) (water level measuwred
from well top to water leval)

Time Water Lavel Tims Water Level Tima Walter Lovel

{ Date of tast
Bailer lest oal./ min. with . drawd, after hra.
Alriest __50_ Qal. /min. with atam set at 150 R for 2 hra.
Artasian How g.p.m. Date
Tempersture of water Was s chamical analysis mada? Yea D No E

ECYDS0.1 20 (10 87} 1329 . 3

knowiedge and belief.

illing
(PERSON, FIAM, OR CORPORATION

NAME ¥

(TYPE OR PRINT)

Addreas 5503 Ahtanurﬂ Rdl . Yaki-[n.| Wa.

(Signod)ﬂhmm License No.%
(wELL DRILLER)

Contractor's
oY PhR*1 31 N8 7/6/89

Date .19

(USE ADDITIONAL SHEETS IF NECESSARY)



File Original and Firat Copy with
Departmem of Ecology

Saecond Copy—Ownar'a Copy
Third Gopy—0Driller's Copy

3 o4

G-6
WATER VIELL REP_ORT

! STATE OF WASHINGTON

Start Card No.

W 27395

Watar Hnghl Parmit No.

UNIQUE WELL 1.D. #

OWNER: Name & C

6509 Englewood

Addrasa

&

(2a) STREET ADDDRESS OF WELL (or nearest address)

LOCATION OF WELL: county_ Yo Kimg

366 Lynch Rd,

.A)U)mﬂf % see. /& 1 /Z'N.,H_LZW.M. &

et
|
o)
o
Q{
o
g
2
=
=]
g (3) PROPOSED USE: % Eﬁ‘;‘;i’;:’ Industrial O Municipal O {10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION
- O DeWater Teat Well O Other ] Formation: Describe by color, character, size of material and structure, and show
thicknesaa of aquifera and the kind and nature of tha material in each atratum penetrated,
.g -(4) TYPE OF WORK: E_)'wner‘uigumbor ;:l well with at least ong entry for each change of information.
1 fimere than one MATERIAL FROM 10
i _ Abandoned (]  New well [ Method: Dug O Bored O -
E Deapenad J Cable O Driven (O TOpS:Oll (] 2
s Reconditionad [J Rotary (] Jetted [J Boulders 2 16
‘' (5) DIMENSIONS: piameter of well 6 inches. | Cement gravel 16 18
) Oritled___ 140 reet. Depth of completed wall_lu‘o—lt I‘pgpg . hrn‘{n g” q"%t el 122 Sg
=~ ed, MUSTar coLoY gnale
T . :
': (6) CONSTRUCTION DETAILS: Med._black basalt w/mustard
Fo) Casing instalied: _ 6+ piam. from 0 fi.10 24 ft. ahale 28 613
— - - .
T e e pamtom_ =5 wel#0  w [THivd hlack hasalt £3_| 68
g Threaded ' Diam. from H.to ft Med. black basalt 68 72
o Perforations: Yes| X Nol_:lq Hard grey basait 72 108 wbh
- Type of perforatorused _ 1] 1 3} 75 Med. soft brown basalt 108 | 109
Q SIZE of parforations 1 ,/ in. by 1 in. Med. brawn hasslt 1 09 1192
QO 80 pertorationa trom 100 4w 140 | Med grey bagalt laced W/bI‘I'L-
‘l-:_. perforations from ti. to ft. ‘haqaj + FPracrture 1 1 2 1 2 ")' w‘b
a — _ pertorations from fi.to t. | Hard grey hasalt 125 140
[ Scraens: Yes| |  Nol%)
E Manufacturer's Name
E Type Modal No
g . Diamn Slot size trom f. to
[ Diam Slot size. from H. to
(@] Gravel packed: veo ]  No[& Size of graval
= Gravel pflcnd from ft. to tt
72}
Q Surface seal: Yes[Xd  nol] | Towhat depth? 18
.g Material used insaat _peXItONite
> Did any strata contain unusable water? ves D No[X]
fe )] Type of water? Deapthol atrata__ T - —
2 Mathod of sealing airata off n wi?' E —% —E—E \\‘nj_',r 9 FT\!
8 (7) PUMP: panutacturors Name .:() l
- =
O (8) WATER LEVELS:  GiCicmoansea leve . .
"E Static lavel fi. balow top of well Date _’LZB;Q_B_. DEPRRTITEIT BF Frooal t
] Artesian prassure Ibs. per aquareinch Date CENTRAL REGION DFFT ‘El J
= Artesian water is controlled by e e
el , Yalve, N 7 _ 27 7 — 28 9 3
E {8) WELL TESTS: Drawdownis amountwater level is lowerad below static level Work stanied ‘ 2 _Complated 15
% Was a pump test made? Yes Mo If yas, by whom? WELL CONSTRUCTOR CERTIFICATION:
Yield: gal./min. with ti. drawdown atter hrs. e ) )
(] | constructed and/or accepl responsibility for construction of this well,
Q "’ and its compliance with all Washington well construction standards.
=~ " " » Materials used and the information reperted above are true to my best
= Recovery data (time takan as zers when pump turnad off) {(water lavel measured knowledge and belief.
from wall top to water level}
Time Water Laval Time Waier Lovel Time Watar Lavel - M
NAME_BﬂQh_lﬂLﬁll_Dllllln%_c_QIDpan;}w;
(PERSON. FIRM, OR CORPQRATITN) PE OR PRINT)
) sten set at 120 ft. Address i 1 1 ‘
. Date of test 7—?8—-93 -~
Signed %ﬁdﬁ_&ﬂ&&ucanaa No._ 021
Bailer toat gal. /min. with ft. drawdownatter __________ hre. (Sig ) (WELL DRILLER)
Canlractor 8

Airtest _25_ gal./min, with stom set at J.Q'_O_ ft. tor _1._ hrs.

Artesian flow

ECYO050-1-20 (10/87) -1320. @ <siEEEo1s

g.p.m.
Temperature of wnteréﬁ Was a chemical analysis made? Yeal:] No

Date

“iﬁ“ém:D_uy_ pate__Algust 2 19 _Q3

(USE ADDITIONAL SHEETS IF NECESSARY) 0

|
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port.

File Original and Flrst Copy with
Department of Ecology

Second Copy — Owner's Copy

a%%  WATER WELL REPORT

Third Copy — Drlller’s Copy STATE OF WASHINGTON

G8 suncwait 26 4§77

UNIQUE WELL 1.D. SAAM ow7

Water Right Permit Nq_.

sode_JP2 SJec [T RY Yaktwe wouh FHT03

.1) OWNER: tame__ Frel]  Hfae

(2) LOCATIONOF WELL: cony____ VAKing
7/
(28) STREET ADDRESS OF WELL (or nearest acvoss)

this Well Re

O W NW s S 1 /2 NR L7 wn

{3) PROPOSED USE: A Domesiic Industrial [ Municipal O
O Irrigation

(10) WELL LOG or ABANDONMENT PROCEDURE DESCRIPTION

Mathod of saaling strata off

{7} PUMP: Manufacturer's Name

Type: H.P.
{8) WATER LEVELS: \land'surface elevation
above mean sea lavel f.
Static level q ! fi. below top of well Date
Artesian pressure : Ibs. por square'inch Date

Astesian water is controlied by

{Cap, vahe, #fc.)

(9) WELL TESTS: Drawdown |s amount water level is lowered balow static level
Was a pump test madge? Yas l:l No D 1t yes, by whom?
Yiald: gal./min. with ft. drawdown after hrs.

Work Startad ﬂt : 2 2 Y ,19. Completed ﬂzl.i Z'z ¥ 19

" ” ” "

" " " ”

Recovery data (tima taken as zero when pump turned off} (water lgvel maasured from well
1op to water lavel)
Time Water Leve! Time Water Level Time Watar Level

@ e =

Date of test

Bailer test gal./min. with ft. drawdown after hrs.
Airtest gal./min. with stem set at fi. for hrs.
Artesian flow g.p.m. Date

Tempearature of water Was a chemical analysis made? Yes O No [

ECL 050-1-20{253) * " 1 ~clipmw .

WELL CONSTRUCTOR CERTIFICATION:
| constructed and/or accept responsibility for construction of this well, and its

compliance with all Washington well construction standards. Materials used and
the information reported above are true to my bast knowledge and belief.

~ . .
NAME { ,Q Wl / L! {
. (PERSON, IRM OR CORPORATION) {TYPE OR PRINT)

Address

c
o o
[ e O DpeWater Test Well [ her O Formalion.: Describe by color, character, size of material and &tructure, n_md show thickness of aquiters
Q and the kfmdt and ‘ll'latura of the material in each stratum penetrated, with at least one aniry for each
:|= (4) TYPE OF WORK: Ownet's number ot well change of information.
[1+ {It mora than one}) i
E Abandoned L1 Newwsl X'  Method: Dug O " Bored O MATERIAL Fhou ™
o Desperied L Cable O Driven] j{ S/ L | O _| 8
“C_) Reconditioned [ Rotan Jetted O e i Pa | (ossely BhckBa... £ & %
L (5) DIMENSIONS: Diameterofwel_ /8% & * inches. Cand doibelr Plock By o 7y | 2.
QO Driled__ € L7 teet. Dapth ot completed well 227 ft. 66\—-4-’ Colduds Brram Chy & 2z 26
= et Coel cadbefr Sedrb. & 28 | ¥3?
- (6) CONSTRUCTION DETAILS: ce 4. 1 A ( Oy h ‘y} L/
e
2 Casing inslullod * Diam.from_4=-_ fi.lo /25 o[ e Lo . 7 <7 |62
Walded - T
-g P ngar?nstalle@ _LS&:_ Diam.from =27 . to 7t T e ted Coad ehde Clery Lef €2 7y
Threaded Diam. from ft. to, ft.
(4] GMJ 8B J 4 Zé 272
8 Perforatlons: Yes Ao ondd Ctonad- P ANWIENPAY 2
(DU Type of perforator used n y L) Arpnerd- { Gemar] e o en b dW Ay VLY.
. ‘ . & . <
- et prors L% Aeg_ i T m N Stk Pty colorL Al 262 | 125
ration: m - § :
£ Peroraions e ‘ Jj««-k i ey shale, | 125 /23
> rforations from l'!' o ﬁ. 3 bt i 2 ’79 /5
o] Screens: Yes No
- Mariutacturer's Name
© Type : Model No.
g . - " Diam. Slot size from ft. to tt. .
- Diam. Slot size fram ft. o f. Y v oo s o ;
% Gravel packed: Yes [ ) No [ Size of gravel R
n Gravel placed from t. to ft. . '; L
A I
8 Surfece seal: Yeos No [l Towhatdeptn? 20" . ALR s 6 {87114 ’;_*_ ~
o Material used in seal :tgﬁniltn h _ i
- Did any strata contain unusable water? Yas [| Nogf — .
(=) Type of water? Dapth of strata _
_O : - s T el e
3
L
Y
(o)
b
c
£
=
|
o
o
Q
(]
Q
=
[

License No. _{_.Z_EL

{Signed)
WELL DRILLER)

Contractor's

Reglstrai!on ,// wie Oat i : { S?
ate
(USE ADDITIONAL SHEETS IF NECESSA



The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

G9

WATLK

2,L1°

WELL
SIATE 1OF WASHINGIN

REPURD Ltart Card No. w013t
Unigue Well L1, # ABW767

Water Right Perait No.

(1} UMNER: Name GERDES, STEVE M.

Rddress

3324 STANTUN

YAHINA, We 94988-

{2

LUCAIION UF WELE: County YRKIMA

(Za) SIREET AUURLSS OF WAL for nearest address) |

-84 1/4 NWI/4 Sec il 1§12 N, RITE WM

4

{3) PRFDSED Usi: DIMESTIC

! (1) RELL LUS

{4} TYPC UF WUl

Uwnert s Nuaber of well
(1f more than onel

’

NEW WELL Methed: ROTARY
{3) DIMENGIONG: Diameter of well & inches
Orilled 178 ft. Depth of completed well 178  ft.
(6) CONSTRUCTION DErAILs:
Casing installed: (1 " Dia. from 42  ft, tc 88
HEEDED § * Dia. fros =5  ft. te Y& ft,
* Dia, from ft. to ft.
Perforations: YEG
prg of perforator used BRILL LAW
SlE of perforations  1/8 in. by 6 in.
i44  perforations from §36 ft. to 470 fi. '
perferations froa ft. to ft.
perforations from ft, to ft.
Sereens: N
Hanufacturer's Nage
Type Medel Ne.
Diza. slat size tros tt. te ft.
Diam. slot size from ft. to ft,
Gravel packed: NO dize of gravel
Gravel placed from ft. to fi. !
Surface seal: YEG 1o what depth? 28  #t.
Material used in seal BUNTGNITE
bid an; strata contain unusable water? N}
water? Lepth of strata t.

=-m -} BROWN CLAY

1yfe 0
Hethod of sealing strata off UVERBURE

(7} PO Manufacturer?s Name
Type H. .
(€&} WAIER LEVELG: {and- surface elevation
abeve mean sea level ... ft,
Static level 75 ft. below top of well UDate @4/13/95

Artesian Pressure Ihs. per sguare inch Date

Artesian water controlled by

! formatien: Describe by color, character, size of aaterial
| and structure, and show thickness of aquifers and the kind
| and nature of the material in each stratus penetrated, with

} at least one enmiry tor each change in forsation,

j DEPARTMENT OF E

< CENTR COLOGY
T RLREGION O

l_-_ ————— e trm g o —— S —
b HATLRIAL FRIEE | 10
b TUPSUIL o 16
| BRUMN CLAY 6 112
| LARGE GRAVEL - 2 135
| CEFENTLD BRAVEL BOLLDERS B 1%
| GANDSTONE %172
; 72 183

| CEMENTED GRAVEL 83 |98
| CLAY SANDSTUNE 98 | 13
| GRAVEL 122 | 14
| GANDSTONE WATER 14117
j Y
| !
i I
| !
| i
| [
| |
1 |
| |
| ;
| |

I
| i

i

|

i

!

1

|

|

I

|

|

|

|

|

]
| Work started B4/12/93 Lospleted B4/13/95

4

Was a puap test made? NO
Yield:

) WELL TEE1S: Drawdown is asount water level is lowered below
static level,
1f ye:% by whon?

gal, /ein with drawdown after hrs.

Recovery data

Tise Mater Level lime MWater Level time Hater Level

Date of test / ¢

| WELL CLNETRUCTOR CERTIFICREION:

| 1 constructed and/or accept responsibility for con-
struction of this well, and its compliance with all
Washington well construction standards. Haterials used
and the inforgation reported above are true to my best
knowledge and belief.

{terson, firg, or corporation) (lype or print)

Bailer test 9al/nin. ft. drawdown after
Air test 30 gal/min. w/ stem set at 170 11, for |
frtesian flow Date

Teaperature of water

hrs.,
hrs. |

Was a chesical analysis sade? N0

|
}
}
|
; RAHL PUNDERUGA DRILLING
|
!
}
!

! Contractor's _
} Kegistration No. BU-ND-EIx248]

AUBRESS E 60118 B Y
[SIGNEDI- . - License No. 2227

k bate Ba/17/95
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The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

G13

=t WATER WELL REPORT

Original & 1" copy — Ecology, 2™ copy — owner, 3™ copy — driller

DIPARTMENT OF

E,E?&'Q.EI Construction/Decommission (“x
& Construction 434 O

[ Decommission ORIGINAL INSTALLATION

Notice of Intent Number jNS_S;??S

“_rr

in circle)

[ Industrial
[ Test Well

PROPOSED USE: & Domestic O Municipal
[ DeWater [ Luigation O other

TYPE OF WORK: Owuer’s number of well (if more than one)

[ New well O Reconditioned Method: [ Oug [0 Bored (1 Driven
O Deepened [ Cable K Rotary [ Jetted

DIMENSIONS: Diameter of well _ﬁ_zinchcs. dnlled 2D £
Depth of completed well

CONSTRUCTION DETAILS
Casing B Welded

" Diam. from +2 __ftte 2& ﬁ

Installed: [J Liner installed __" Diam. from ___ _fiwo
[J Ttreaded * Diam. From ft. to 11
Perforations: L[] Yes B No
Type of perforatar used
SIZE of pexfs in. by in. and no. of perfs from ft to f.
reens: [] Yes B No [J K-Pac Location
Manuiacturer's Name
Type Model No.
Diam. Slot size from ft.o ft.
Diam. Slot size from f_to ft.
GravelFilter packed: [] Yes [ No  Size of gravel/sand
Matesials placed from fi. 0 fr.

Surface Seal: B Yes [0 No Towhutdepth'?.20 ft.
Material used in scal_3ENEONItE

Did any strats contain unusable waser? Oves & No

Type of water? Depth of strata

Method of sealing strata off

PUMP: Manu€acturer's Namc

Type: HP

WATER LEVELS: Land-surface ¢levation above meansealevel
Static lu'elmo_ﬁ. below top of well Date _m

Asntesian presswe __ ibs. pey square inch  Date

Anesian water is conirolled by (cap. valve, exc.)

CURRENT

Notice of Intent No. _ V362775

Unique Ecology Well ID Tag No. BHT- &(p 2

Water Right Permit No. APTOF RS
Property Owner Name DOnald Penuet / " >
Well Strect Address 11305 Ahtanum Rd™ 75 .
City Yakima County Yaklmé@ o

<
LocationSWM/4-1/4SE1/4 Sec02 Twn 12 R '%; s
(s,1,r Still REQUIRED) SRION

wwM O
S

Lat Deg Lat Min/Sec
Long Deg L.ong Min/Sec

Tax Parcel No. (Required) 171202-4301 1

Lat/Long

CONSTRUCTION OR DECOMMISSION PROCEDURE
Formation: Describe by color, claractey, size of material and structure, and the kind and
nature of the matevial in each stralum penctrated, with at least one enxry for ¢ach change
of information. (USE ADDITIONAL SHEETS IF NECESSARY )

MATERIAL FROM TO

Top Solil 0 2
Cemented Gravels 2 20
Brown clay & gravel 20 31
Cemented g grave 3 99
Brown clay & gravel 99 123

emented aravel 123
Brown Sandstone 20Q ([ 245
Sand gravel & water 245 250

WELL TESTS: Drawdown is amount water leve] 1s lowered below static level
Was 2 pump test made? [] Yes B No  If yes, by whom?

Yield: gal/min. with ft. drawdown aftey hrs.
Yield: gal /min. with ft. drawdown after hrs.
Yield: gal /min. with fi. drawdown after hrs.

Recovery data (iime taken as zero when pump turned off) (water level measured from
well top to water level)

Time Water Level Time Water Level Time Water Level

Date of {cst

Bailersest ______ gal/min. with _____f. drawdown after hrs.

Aatest 60 gal /min. with stem set a1249 . for 1 ' hrs
Astesian flow g.p-m. Date

Temperature of water Was a chemical analysis made? [J Yes No

ey e ] Ty ey g ) e N N ] m] me] mm]

Start Date_5/1/13

Completed Date 9/3/13

WELL CONSTRUCTION CERTIFICATION: [ constructed and/or accept responsibility for construction of this well, and its compliance with all Washington well

construction standards Materials used and the information reported above are true to my best knowledge and belief.

T

Drlier | {E Train Drilling Compan
Duiller/Engineer/Trainee Signal Address
Driller or trainee License No. __{] J City, State, Zip »yela N N
IF TRAINEE: Driller’s License No: Contractor’s
Driller’s Signature: Regisweation NOWATERWD 1 1 29 ate o/4/13

ECY 050-1-20 (Rev 02/10) If you need this document in an alternate format, please call the Water Resources Program at 360-407-6872.
Persons with hearing loss can call 711 for Washington Reiay Service. Persons with a speech disability can call 877-833-6341.
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WATER WELL REPORT CURRENT \&d\
ey i Original & 1" copy — Ecology, 2™ copy — owner, 3 copy - driller NOtlce of Intent NO‘ “m

Fei ey : R N 11}
Construction/Decomm L‘ISSIOH ("% in circle) Unique Ecology Well'ID Tag No. %%S D’\'L\
© Construction b3 327] Water Right Permit No.
O Decommission ORIGINAL INSTALLATION Notice Property Owner Name E ! NG j!)( '\bﬁ Zo

f intent Numb

of Intent Number Well Street Address D5 \U\ S £% f‘& e
PROPOSED USE: 4@ Domesti O Industia O Municipal

o eoe @ Domec O a3 Mo city WAL County VAR o

LocationSE.1/4-1/4 (fht/4 SecQE Twn {2 R AR EP i
0l

TYPE OF WORK: Owner’s number.of well (if more than one) WM ne

New well [ Reconditioned Method : 00 Dug O Bored O Driven ; .
O Deepened O Cable ‘Y,Rotary' 0O Jetted Lat/Long (S tr Lat Deg - Lat Min/Sec — e
DIMENSIONS: Diarfieter of well inches, drilled _{fS85 fi: - Still REQUIRED
ameterof well_\g__ inches, drilied Y585 . Q ) LongDeg__LongMin/Sec -
Depth of completed well 5 5 ft. -
'CONSTRUCTION.DETAILS' Tax Parcel No. AW- - ' }‘;
‘ Casmg @ Wetded ig ”  Diam. from 2 % g ft. . . i’
Installed: @ Linefinstalled ' » Diam. from ﬂ IO fi. CONSTRUCTION OR DECOMMISSION PROCEDURE
O Threaded » Diam. from fi. . . ) . )
Perforations: Yes O No Eormation:. Describe by color, character, size of material and-structure, and the kind and

nature of the;material in'each stratum penetrated, with at least one entry for each change of

The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.‘

Type of perforator used _ﬂm@

SIZE of perfs ! / l—] in by ; %2 in and no. of perfs&om Mﬁ. to w

information. (USE ADDITIONAL SHEETS IF NECESSARY.)

Recovery daua (time taken as'zero when pump turned off) (water level measured from well
top to'water level)

Time Water Level Time Watcr.Level Time Water Level
Date.of test

Bailer test gal./min. with ft. drawdown after hrs.-
Ainest;\D_Q_ gal /min. with stem set-at \6 Q fifor \ b
Antesian flow g.p.m. Date

Temperature of water Was a chemical analysis made? 0O Yes O No

_ . MATERIAL FROM TO
Screens: O Yes @ No 0O K-Pac Location- A Q &’ \\ 5
Manufacturer’s-Name . . _é: (.)’ (' “ANE \ g g Sf
Type Model No. ' 2 N
Diam. Slot-size from ft. 1o fi. &6 ro\“m— =25 q \
Diam Slot-size from ft to ft YU AY a\ \&5
Gravel/Filter packed: O Yes O No [ Size of gravel/sand “» i . mg } ag
Materials placed from fiito - . ft. N . 2 () 1 a o) \“\

A
Surface Seal: @ Yes [ No  To what depth? a‘ y . # - BN \gf;
Material’used in seal %a\“h’ii\ He. - 2 \I\SL’\“CU
Did any strata-contain unusable water? O Yes B No
Type of water? Depth of strata .
Method of sealing strata:off
PUMP: Manufacturer’s Name
Type: HP.
WATER LEVELS: ‘Land-surface ¢€levation above mean sea ievel ft.
staticlevel AN LD ft below top of well  Date >
Artesian pressure Ibs. per-square inchr Date
=Y
Antesian water is controlled by A CLO(\
&3 .
(cap, valve, etc.) / v HNEtaen t.y_\ T
WELL TESTS: Drawdown is amount water level is lowered below:static level 7 \ -
‘Was a pump test'made?, 00 Yes © No Ifyes, by whom? " nCLQ 3—2 12
Yield; gal /min; with ft. drawdown afier hrs. ! : J
Yield: gal./min. with ft. drawdown after hrs. \ FaX .
Yield. gal./min with ft. drawdown after hrs. ]

\%ﬂl A(Q
: S

a

StatDate_ A/ B [N Completed Date 3[ EAD

WELL CONSTRUCTION CERTIFICATION: I constructed and/or accept responsibility for construction of this'well, and its comphance with.all

Washington well construction. standards. Matenals used and the- mformatlon reported above ar€ true to my best knowledge and bellcf
o < N p

@ Driller O Engineer O Trainee Name (Print)
Driller/Engineer/Trainee Signature .

Driller or trainee License No

Drilling Company
Address
City, State, Zip

If TRAINEE,
Driller’s Licensed No.

Contractor’s

Registration No. MM

AZ;L\_

Driller’s Sig re

Ecology-is an Equal Opportunity Employer.

ECY 050-1-20 (Rev'3/05)

The Department of Ecology does NOT warranty the Data and/or Information on this Well Report.




The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

WATER WELL REPORT¢

i Onginal & 1st copy - Ecology, 2nd copy - owner, 3rd copy - dﬁﬂléi‘tt

Tt
L
rco

"
'y
o¢

Construction/Decommission (“x” in circle) ‘0 a a \ 5 \\ w% )

7 4;,0\.0@ I{

ony
\"32'

\

9
of Intent No. w1 48901

Ecology Well ID Tag No._AFE 1 68

Noti

%

O Construction WatexRight Permut No.
O Decommission ORIGINAL CONSTRUCTION Norice N S/ (1
Eeom NOT of Intent Number, SA700 Shrperty Owner Name Joe Vetsch { om
PROPESED USE: Domestic % Industnal %Mumcxpal Well Street Address 3 204 S 6 2 Ave
DeWater Irrigation Test Well Other R
5 City _Yakuma , wa. County: Yakima
ITYPE OF WORK: Owner's number of well (if more than one) SW NE 8 12 1 8 EWM cirele
ENew Well [JReconditioned ~ Method: [(1Dug (O Bored [ Dnven Locauon V414238 14 See& _ Twn2& R2C. °
. bl . WWM
lD Deepened [(JcCable [FRotary [ Jetred Lat/Lopg. Lat Deg Lat Min/Sec
lDIMENSIONS: Diameter of well__©____inches, dnlled__221 + ft (li,Et’;):Jt;llllED) Lone D
Depth of completed well _ 220 ft ngDeg— . Long Min/Sec
CONSTRUCTION DETAILS Tax Parcel No.
Casing (X Welded " Diam. from T2 frio 177 CONSTRUCTION OR DECOMMISSION PROCEDURE
Installed: [x]; talled I »  Dam. from 170 fi to_ 220ft |Formation' Describe by color, character, size of matenial and structure, and the
Laer 108 " Di ft t fit kind and nature of the matenial n each stratum penetrated, with at least one
[ Threaded iam. from ° entry for each change of information Indicate all water encountered.
Perforations: E Yes [ No (USE ADDITIONAL SHEETS IF NECESSARY )
Type of perforator used_ S aW MATERIAL FROM TO
SlZEofperfsl 3Qn by. i(n}:éndno ofperfs__}_from_mft to _220ft Top soll 0 3
Screens: [] ves £JNo [J K-Pac Locaton onglomerate, 3 33
’;““fac“"“s Name —_— Clay, br. s/gravel 33 43
pe —— [Conglomerate, gravel,
Diam. Slot Size from ft to ft T FT T T 0 0
Diam Slot Size from ft 10 ft clay, solt clay lensep 3 5
Gravel/Filter packed: []Yes E No [ Size of gravel/sand C lay » brown 10 5 11 9
Matenals placed from ft to ft Ongl omerare, tan 11 9 124
Surface Seal: [Fves [INo To what depth? <0+ ft Clay, some gravel 124 150
Materials used m seal__Bentoni te Gravel, silt, looseninlg 150 153
Did any strata contain unusable water? [Jyes []No Conglomerate y brown 1 57 179
Type of water? Depth of strata Conglomerate, tan s/ )
Method of sealing strata off. BZUO 7 9 191
PUMP: Manufacturer's Name Claystone, sandstone
Type: HP Tenses, gravelly lens
WATER LEVELS: Land-surface elevation above mean sea leyel ft €s, H<ZU TO1 200
Static level ft below top of well Date, 6 29; 01 -
Artesian pressure 1bs. per square inch Date G ongl omerate, reddish
Artesian water 1s controlied by s/ HZ20 200 207
(cap,valve, etc) onglomerate, tan 207 21
WELL TESTS: Drawdown 1s amount water level 1s lowered below static level C ongl omerate, re ddish ,| H20
Was a pump test made? OvYes ONo If yes, by whom? 21 6 221+
Yield gal/min with ft drawdown after hrs
Yield: gal/mun. with ft. drawdown after hrs
Yield. gal/mun. with ft drawdown after hrs
Recovery data (time taken as zero when pump turned off)(water level measured from
well top to water level)
Time  Water Level Time Water Level Time Water Level
Date of test
Bailer % gal/mun with i wdown after hrs
Amcstg gal/mun with stem set at b ft for T hrs
Artesian flow, gpm Date
Temperature of water Was a chemucal analysis made? [Jyves [JNo Start Date Completed Date 642 9/ 01

WELL CONSTRUCTION CERTIFICATION: I constructed and/or accept responsibulity for construction of this well, and its compliance with all
Washington well construction standards. Matenals used and the information reported above are true to my best knowledge and belief.

O pniter ClEngineer [JTramee

Drilling Company _C@5sel Well Drilling

N‘ame t Z
Driller/Engineer/Trainee Slgnaturfégqm Y

Diriller or Trainee License No.

Address 1308 Voelker Ave.

0073

City, State, Z1p Yakima, Wa. 98902

If trainee, licensed driller's
Signature and License no.

Registration NcC assed 317 Ghre

J Contractor's 7 /1/01

Ecology 1s an Equal Opportunity Employer  ECY 050-1-20 (Rev 4/01)



. - Copy G 16

g gjj&h E.,}_"%’%f:;i :'"‘ WATER WELL REPORT Application No. ... ybll....

5~ Third Copy’— Driller's Copy STATE OF WASHINGTON Permit No. .... .00 o,

7

Y (1) OWNER: name £ ARL T. . MORTON  scdrem... 3201 S0, (2#2 AVE.

5 (2) LOCATION OF WELL: county Y.AK1M A ~ ME 3 S8 sec.. D AR N R AR W, L
-

-]

"%_n;:and distance from section or subdivision corner W ELL AND, i

2 (3) PROPOSED USE: Domestic J{ Industrial (1 Municipal O | (10) WELL LOG:
E Irigaton [0 Test Well [J Other 0O | Fermation: Describe by color, character, size of material ard structure, and
show thickness of aguifers and the kind and hature of the material in sach
g @ E OF WORK: Owner's number of well stratum penetrated, with at least ons entvy jor each change of jormation.
TYF *  (if more than ONe).... .. ..o iicrarmem MATERIAL FROM TO
c New well M  Method: Dug [I Bored [ ' AST
o Detpened [ Cable T Driven p | —12P__So/L 0 "
= Reconditioned [] Rotary J{ Joted [J | L0 ELeMERATE Meo 8) 7 i 30
= 5 " /MEg o) h 20 | 22
,_o_ (5) DIMENSIONS: Diameter of well .3 ? .i:gmcn-. clLAY STong H EasY| 33 36
E Drtlled . Depth of completed well... . f o it CLAM ,’ FAc[vRED Qﬁl&L?@ 7] _i(' 4 &
= (6) CONSTRUCTION DETAILS: ! AL M 9 56
g ()c ing installed: 5 - 0 gg’ | SAdGsrove AT Ares (mepp) " | SL L 20
= asing o Dism, 1000 ... L ot 2 R cANDTowE £ CLAY (MEaa) I 20 ~
— Threaded [1 ... .."" Diam. from fi. to . . g J) LA M3 HARD JL -
O Welded N ST+ T " . . R tt. to . & ’
S CoMeLom M0 YELisw Aevy) 2F| 9F
c Perforations: veap o it Ltiyras) MdD! 2% /oo
o Type of perforator used s Ligyur !ELU#“"! /ool 11
E SIZE of DCHOI':‘:D:;‘;;-..;;;...--._...... o CLA\, ' ‘”;T 4)4 . . it i’ ’ 115
A T perioratons o e Bt e . | ErtOnre0 dasay Teoad (A7) W L 4151 (2¢
@ e POTIOTALIONS IO e B, 10 n |CoMbLome RATE  (Me0 &) MEo ] 2L | /239
=
'; Screens: vaq  No
Manufacturer’s Name.
‘:EU Type Model No.o e
H Diam, ... Slot size from 1. to fn.
E Diam. ... Slot size from . to £t
3 ' Gravel packed: v o No B Size of gravel: .o
5 Gravel placed from ft. to . PEHIE N\
- | .
2 Surface seal: v )y NoO To what deptnt ... L& _ L
7] Material used in seal B ENT ON ITE
8 Did any sirata contain unusable watert Yes [] No (O EAI 3 B?T
Type of water?—.... . .ounr. Depth of strate .
©
- Method of sealing strata off __.__D.EEARIMT OE ECOLO av ]
Ll [ n A
S (7) PUMP: sunutacturer's Name CENTRAL RESICRAL OFEICE
'6 Type: HP
] (8) WATER LEVELS: Lsndeurtace slevationg 00 ) 2 20,,
Y= Static level . #t. below top of well Date.“+ =20 =7F
2 Artesian pressure ...........——-Jb8. par square inch Date......ceimemreee
c Artesian water is controlled by. (Cap,vaiva
P , . etc.)
E o waL Tests:  pemspiemmmeeds | g gy oo — 435 .79
(G Was 2 pump test made? Yes [1 No Ji{ If yexr, by Whom? oo | T
%Yleld: 30 yal/min. with ft. drawdown after bre, { WELL DRILLER’'S STATEMENT:
"wTH ALK, - d This well drilled und urisdiet! d this is
g - ” " " true to the bgt“ot my k:gwid?g g,nd b;?le?;n o report
= Recovery data (time taken as zero when pump turned off) (water level 's !
e et Lovat | i Water NAME JENSENS  WELL BRICCIME T Og1vIvg
8-_ Timaes Water Level | Time Water Lavel Time Watar Lavel {Person, A, of corporation) (Type or print)
= N P Address. 003 So. Jo UM AVE.
L NN SO
& - \ @
of test ( %4 LA g_‘,‘m -~ 4 :
. Y tost . gal/min. with ... ft. drawdown after......._...hrs. [Signed]... el ALk Driller) o )
ialan flow o gD, Date....
Temperature of water...> @ Was a chemical analysis made? Yes O No JK | License No...... 0aln Date..-2.=. 2 L1027
(USE ADDITIONAL SHEETS IF NECESSARY) Ww

ECY 050-1-20 4> =



The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

<

CHEEY
Constructlon/Decommlsswn

- [XConstruction . A7} Saa%
[[] Decommission "‘ORIGINAL INSTALLA TION Notice
- of Intent Number

Ongmal Ecology, 1%t copy — owner, 27 copy — drlller

G17

Please pnnt sngn and return to the Department of Ecology

Water Well Report .- " Current

Notice of Intent No. W 255639

'.Uniqu"e Ecology Well ID Tag No.

Water-Right Permit No.

APG332

8

- Property Owner Name _leiLSampsnn____ :
Well Street Address . - 62nd -& S. Ahtanum R

i e

" PROPOSED.USE: [ Domestic O Industrial ~ [ Mun1c1pdl
EI DeWater ‘D Irrigation | I:I Test Well - I:I Other . Clty Ya k 1 ma County Yak 1 ma
- = - - - - LocatlonNﬂl/4-1/4 NE1/4 Sec17 Twn_12R 18 EWM Ecimlc
TYPE OF WORK:  Owner’s number of well (if more than one) S | - Bl W;{'M one
E New well D Reconditioned Method : (1 Dug [ Bored - D Driven |- . -
(| Deepened - [ cable @ Rotary [ Jetted " . Lat/Long (S t r Lat Deg J—6— Lat Mm/Sec _5_3_2_9_0—
6 illed_500 f. v'
DIMENSIONS: Diameter of well inches, drilled OO ft ' Stl]l REQUIRED ) Long Deg 12 0 Long Mm/Sec 5 9 161
Depth of completed well _S_O_O—ﬁ O . -
-CONSTRUCTION DETAILS PR ’ Tax Parcel No./_&'{ 2/ 7 Q S23 o
' Casing X Welded L 6 - Diam from-+ 1 o456 ft. . o
Installed: [ Liner installed ____ " Diam! from ft. to fi. CONSTRUCTION OR DECOMMISSION PROCEDURE -
. [ Threaded * Diam. from ¢ _frto fi. . i o . X - .
'Perforatlons CJves E] No - Formation; Describe by color, character, size of material and structure; and the kind and
. . nature of the material in each stratum penetrated, with at least one entry for each change of
Type of perforator used s — mformauon indicate all water encountered. (USE ADDITIONAL SHEETS IF NECESSARY.)
'SIZE of perfs. in. by in. and no. of perfs from __- ft.to ft. . B MATERIAL FROM 10
Screens: HAyes [ONo [JK-Pac Location ﬁ Qx - SOi 1 - O 1 O
Manufacturer’s Name - ; 440_500 - ’ Soil ;, Gravel 16 22 -
Type PVC L * " Model No. ) > p ] 1
Diam. 4| A 2 SlotslzeOZ() _from_460 ft: to 500  n ) Sandstone Gravel 22 - 180
Diam. _ Slot size____ from_ flio___- . -|'Sandstone,Pumice, Gravell 180 - | 215
GravelFilter packed: [] Yes No. [ Size of gravel/sand _ ~ LHrd Brn C1l aY " 215 225
Materials placed from, - "_ft.to ‘ ft Lt Brn Cla v 225 255
Surfuce Seal: : [XYes TINo Towhatdepth?__ 25 f. . [Clay.Sandstone, TraceHZo 255 280
Material used in seal BEHtonl‘te_ _ - ClaV GraV Sandqtone . 280 - 290 .1
Did any strata contain unusable water? [ Yes X No RdA. C 1 a Vs R4d Sandstone. N . ’
Type of water? ' AD;,e'pth of strata — ] .  Trace Water 290 302
Melhod ofsealmg slrata oﬁ" TR R e I s TR C1x ay Grave 1 Sand = g T3 02 = 3:40
PUMP: Manufacturer’s Name _- * Cla V . 2 340 " 350
Type: H.P.
: ) = — : ClaV,Gravel Sand 350 -] 370
WATER LEVELS: Land-surface elevation above mean sea level - i, S 1 1 t S and Tr a C e Wa ter- 37 o 385
Static level _ 25 O : " ft. below top ofwell Date 9; 13 ; ‘07 avel 385. : 390
Artesian pressure ) . lbs per square mch Date - o g‘l 1+ qm Q rav‘e .‘ 390 “A1 n
Artesian water is controlled b —
es,df‘yaerlbcano i (cap, valve, eic.) rn-Sandstone, r‘rnvn1 41 8 48%\
WELL TESTS: - Drawdown is‘amryum water level is lo»lv‘ered below static fevel Brn Sandstone ! C la Y H 2 o | 4 55‘ 2 -
"Was a pump test made? [ Yes' ~ [XwNo - Ifyes, by whom? . .
Yield:___. gal/min. with__ "_ft. drawdown after. hrs.
Yield: : gal./min. with___- ___ft. drawdown after. hrs.
“Yield:: gal./min, with,_ ft. drawdown after’ . hrs. - - -
Recovery data (time Iuken as zero when pump turned o/]) (water level meu.\uredjrom well /ﬁ 104
top to water level) ] i . Q’\ - 06\/,
Time Water Level Time Water Level .Time Water Level - /QQ' Recel ed
: . g : s (\F Ecn/ o _ M -
. Q ‘ A i kU@\\ N \ 1
) g . = \. - R L)
Date of test - - X . - kY & !
Bailer lesl _ gal./min. wnh - ft. drawdown after _ hrs. Bﬂ? &%z _ > L
Airtest f) Q 541 /min. Wllh stém set at 500 ft. for-, 1 hrs. / L BEQN
Artesian flow : g-p.m. Date 3 i
Temperature of water Was a chemical analysis mdde’ EI Yes ENO - .
- Completed Date_ Q /13 /07

WELL CONSTRUCTION CERTIFICATION: I constructed and/dr accept résponsibility for construction of this well, and its compliance with all

Washmgton well construction standards Materials used and the-information reported above are true to my best knowledge and behef

Drl]ler/Eaneer/Tramee Name (Prmt)

DnIler/Enyneer/Tramee Signature !

Driller or trainee chense No. S ) 6?3 2?

If TRAI NEE,
Driller’s Licensed No.

Driller’s Signature

Drilling Company

adress 503 Ahtanum Rd.

City, sute,zip__Yakima, Wa. 98903
Contractor’s -
Registration No. Wat-erWD1120QR Date_9 /1 7/07 =
’ Ecolog'y is an Equal dpponunity Employer. ECY 050-1-20 (Rev 2/03)




£ WATER WELL REPORT

Original &;1" copy - Ecology, 2™ copy ~ owner, 3™ copy - driller -

v nn(
AN

E
Cc

o

Iy
onstruction/Decommission (“x’”in circle)
XX Constniction. 30bSp~7

@) Decommlssmn ORIGINAL INSTALLATION Nonce

Gis .z

* Unique Ecology WellTID Tag No.
_ Water Right Permit No.

of Tntent Number
'PROPOSED USE:  EIxDomestic Tndustrial O Municipal
O Dewater O Imrigation O Test' Well O Other’

The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

. TYPE OF WORK: Ownet’s nuriber of well (ififnoré than oné)

X3 New well O Reéconditicned Method.. 0 Dug  © Bored O Driven -~

CURRENT
Notice of Intent No..

W 255653
APG 333

Property Owner Name. HOlll Mandrell
Woll Street Addre,ss»
City Sunnyside County _Yakima

LocitioNE 1/4-1/NE_i/4 Sec9 Twn9_ R22 E“—]M'—cucle

WWM one

Artesian water is.controfled by

(cap, valve, etc.)

O Deepened O Ciable 30 Rotay O seed | L@/Long(s,t,r  Lat Deg N46 _ LatMin/Sec
DIMENSIONS: Diameterof well ___©"__‘inches, drilled___ 85 _f1, 1Still REQUIRED) = - . i :
' — —_— i Long DegWl 20 Long M 0648
Depth of completed well 85 ft: i 7 o ong veg M‘Q‘ g ] in/Sec M
CONSTRUCTION DETAILS _ TaxParcelNo. 220D 6% 2/ ¥/&
Cosing EKWelded 6~ Diam: _from +1  fnw_80 & , i _
Installed: DO mer}nstalled :: D'la.m.\from ft. to, ﬁ CONSTRUCTION ORDECOMMISSION PROCEDURE
O Threaded Diam. from . to fl. , . . R .
Perforations: 0 Yes X No — Formation: Describe by color, character, sizeof material-and structure, and the.Kind and
: T ‘ «nature-of the material in each stratum penetrated, with.at least one entry for.each change of
Type of perforatorused ___ < information_(USE ADDITIONAL SHEETS IF NECESSARY ) _
SIZE of perfs in.by_— in..and:ng’ of perfs from fito_  ft. MATERIAL - FROM T 1o
Screens: X Yes O-No 0O K-Pac Location _80) |Sand,Si1t 0 ia
~ ) o 3 A T — - -
ranufacturcr\stName _ Fvwe - ~ Sand,Silt,Water 18 20
ype odel No. - . - pen
Diam.__§ Slatsize__ Q2.0 from 80 ftio 85 ft. Sand,C1 a Y 20 22
Diam, Slot size__ frorm. ft. to, f |Sand,Water 22 68
Gravel/Filter packed: O Yes B No = 'O Size of gavel/sand Sand,Clay 6 8 .70 -
Materials-placed.from : ft.to - fi. Gravel s Clay 70 7e
- - : G. ;CL 7 )
SurfaceSeal: XYes 0O No Towhatdepth? 25 = Gravel ,Water.Sand 75 ]85
Material used in seal Bentonite -
Did any.strata contain unusable water? 0 Yes X No
Type of water? Depth of strata _ _
‘Méthod of sealing stata off. - o= _ - - 5 == - - -
PUMP:. Manufacturer’s Name =
Type: HP. 7 g
"WATER LEVELS ‘Land-surface elevation above,mean-sea [evel . ft: QFCE‘V hU
Static level 13 ft. below top of well Date /e /Y07
Artesian pressure _Ibs;per square inchr Date af- ?0“8

WELL TESTS: Drawdown is amount water level is lowered below static level

Was:a,pump test made?' O Yes ® No  Ifyes, by whom?

Yield. gl /min. with,, fi. drawdown after- hs.
" Yield: .gal /min. with ft. drawdown-after hrs.

Yield: gal:/min. with fi; drawdownafter hrs.

~Recovery datd (imé:taken-as zero-when pump turned.off) (waler level measured from weéll
top to'water level)

ﬂ%

/‘Q nooeNed

JAN04ZUW
S
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NGy
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Time Water.Level Time. Water?Le'vél ~Time: »_"Wfatémr;chel
| Date of tcsi

Bailer test___ gal /min. with ft. drawdown after hrs.

Aittest__ 6§ gal/min: with stem setat 8 £ for 1 hrs:

Artesian flow _ ] g.pm. Date

Temperature-of water

‘Was'a chemical dnalysis made? [ Yes X No’

Completed Date. L2

Start Date /@ -~ < 7

WELL CONSTRUCT]ON CERTIFICATION: I constructed and/or accept respon51b111ty for ‘construction of this well, and 1ts compliance with all

‘Washington well. construction standards. Materials used and the information repoited above are'true to my best’ knowledge and belief..

O Drillet O Engineer O Trainee Nam
Driller/Engineer/Trainee Signature;

Driller or trainee-License No.;

Drilling Company, Water Wellg nr1111n(‘f Inc
Address_ 2503 Ahtanum Rd .
City, ‘Statc Zip Yakima ,,Wa . 98903

I TRAINEE,
Driller’s Licensed ‘No.

Contractor’s

Registration No, WaterWDl 120b Date/o '/y <7

Driller’s Signature

Ecology is an‘Equal. Opportu.mty "Employer:

ECY 050:1-20 (Rev'3/05)

The Department of Ecology does: NOT warranty the Data and/or Informatlon on thls' Well Report.
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_Wendle PhllllpS
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The Dep. The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

G20

gWATER WELL REPORT

ccoLocyOngmal&lstcopy Ecology 2ad copy owner 3rd copy dnller

Construction/Decommussion ( x marcle) /2 &/ 2>
O Construcuon
O Decommussion ORIGINAL CONSTRUCTION Notice
of Intent Number.

PROPOSED USE K] Domesuc [JIndusmal I Mumicipal
E]DeWater E]lmganon E]Test Well DOther

CURRENT

Notice of Intent No W-161039

Umque Ecology Well ID Tag No AGM-847
Water Right Permit No

Property Owner Name__Paula Wales

Well Street Address 10740 S Ahtanum Rd

ITYPE OF WORK Owaners number of well (1f more than one)
New Well [1Reconditioned Method (dDug [ Bored [JDnven
[ Deepened OcCable R Rotary [ Jetted

Gty __Yakima County _Yakima

DIMENSIONS Diameter of well 6 __inches dnlled 53 ft
Depth of completed well 153 i

Location NE_1/4 1/4 SE 174 Secl4  Twnl2_ RLZ E‘%r'! C,;:.Cele
WWM

Ciflone Lat Deg Lat Min/Sec

(s t,r stall

REQUIRED) LongDeg— pd

Long Min/Sec j_

Tax Parcel No

Static level 46 ft belowtopofwell Date__1(Q/14/02

Artesian pressure, Ibs per square inch Date

Artesian water 1s controlled by

(cap valve etc)

CONSTRUCTION DETAILS
Casing  K]Welded 6 Diam from _+1 ft 0148 ft CONSTRUCTION OR DECOMMISSION PROCEDURE
Installed [Ty .rinstalled Diam from ft to ft |Formation Describe by color character size of matenal and structure and the
0O Diam from ft to ft kind and nature of the matenal 1n each stratum penetrated with at least one
Threaded entry for each change of information Indicate all water encountered
Perforatons  [JYes [XnNo (USE ADDITIONAL SHEETS IF NECESSARY )
Type of perforator used MATERIAL FROM TO
SIZE of perfs in by, in and no of perfs from ft to ft
So11 0 3
Screens [} Yes [1No [kK Pac Location Conglomerate 3 18
Manufacturer's Name, Brn Cla 18 25
Type SS Model No Y
Diam _6 Slot Size__,_ Q20 from_148 ft 0153 f |Clay,Gravel 25 70
Diam Slot Size from ft to ft |[Comrse Sand,Clay 70 80
Gravel/Filter packed D Yes E No D Size of gravel/sand Coarse Sa nd 7 Cla Vs
Matenals placed from ft to ft Trace Watex 80 92
Surface Seal [Klyes [ONo To what depth?_2.0 ft Clayv,Gravel 92 102
Matenals used m seal Bentonite Blk,Brn Basalt Gravel
Did any strata contarn unusable water? [Jyes X1 No —— Clay 102 112
Type of water? Depth of strata
Method of sealing strata off. Clay 112 120
PUMP  Manafactarer s N Clay.Gravel 120 138
anufacturer s Name
Type Hp Gravel ,Water 138 153
WATER LEVELS Land surface elevation above meansealevel__ ft

WELL TESTS Drawdown 1s amount water level 1s lowered below static level
Was a pump test made? [Jyes [JNo If yes by whom?

Yield gal /mmn with ft drawdown after hrs
Yield gal/min with ft drawdown after hrs
Yield gal /mun with ft drawdown after hrs

Recovery data (time taken as zero when pump turned off)(water level measured from
well top to water level)

o g
P2 <4
3 %)
<
\’2“/\ (f\(f‘{/
PN

Time Water Level Time Water Level Time Water Level

Date of test,

Bailer test gal /min with ft drawdown after hrs

Amrtest __ 50 gal/min withstemsetat_ ] 53 ft for __] hrs

Artesian flow gpm Date

Temperature of water Was a chemucal analysis made? Hyes OONo StartDae_10/7/02 Completed Date ] 0/ 1 4/0 2

WELL CONSTRUCTION CERTIFICATION [ constructed and/or accept responsibility for construction of this well and its comphance with all
Washington well construction standards Matenals used and the information reported above are true to my best knowledge and belief

Epniter C1Engineer [JTramee Name (P _Charles White  Dnlling Company Water Wells Drilla ng Inc

Dnller/Engineer/Trainee Signatur:

Dnller or Tramee License No 2328

Address 2503 Ahtanum Rd
City State ZipYakima ,Wa

98903
Contractors

If trainee, heensed dnller s
Signature and License no

Registration NHaterWD112QBpate10/18/02

Ecology 1s an Equal Opportunity Employer

ECY 050 1 20 (Rev 4/01)
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The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.

-

i

Please print, sign and retumn to the bepartment of Ecology

G 22

Il Water Well Report ,, Curremt £ OF ECOLOR
B 5 i ,,. Original - Ecalogy, 1 capy - uwpnu'. iy W b L NOfice of Intent No. ¥/208912 — 2N
Consu'uctlon!Decommission 729 / ? 7 ZB Unique Ecology Well ID Tag No.

Construction Water Right Permit No. 2005 -76
[J Decommission ORIIINAL INSTALEATION Nofice: v ilit:Y  Property Owner Name YINLAND EN'I'ERPRISE\@ .
. of fntent Number __WELL NRILLING UMT Well Street Address SITE #3/T - 2326 & 2326 W
PROE%ES' % E:;ﬁ::z m v E Sdm": apal City YAKIMA County YAKIMA
: Location SE1/4-1/4 SE 1/4 Sec 8 Twm12 R18 E¥M iV |;.,
TYPE OF WORK: Owner’s number of well (if more than one) i - ; WM one
%B’;ﬁ [ Reconditionss Mathod Bg,‘;ﬁ, %m Bmm Lat/Long (s, t, 1 Lat Deg Lat Min/Sec ..
DIMENSIONS: Diameter of weil 8 inches, drilled 322 fi. still REQUIRED ) Long Deg Long Min/Sec
Depth of completed well_322 f —_—
CONSTRUCTIONDETAILS © 319 322 Tax Parcel No._62ND AND MEADOWBROOK
Casing ] Welded 10" Diam from 31 10220  f
Instaed: [ ]Linerinsialled 8 " Diam from 13 fi. t0 301 fL CONSTRUCTION OR DEC OMMISSION PROCEDURE
Threaded 6 * Diam from 293 8.10 299 ft ) " : A _
Porforations: [ Yes [ZNo Fomation: Desm!:el?ymlor,cmxaaer,mofm and structure, and the kind and
nature of the material in each stratum penetrated, with at least one entry for each change of
_Type of perforator used information indicate all water encountered. (USE ADDITIONAL SHEETS IF NECESSARY.)
SIZEofperfs ____inby __ inandmo. ofperfs ___from __ flto_ 8 MATERIAL FROM T0
Screens: Edves [ONo EK-Pac Location 294 SILT 0 5
Marufscturer’s Name - ALLOY MACHINE WORE SILTY SAND/GRAVEL W/ICLAY 5 75
_lﬂ_l.L__._
o SLANESS ey N X GRAVELS 75 95
Diam 6 Stot size_040 from 304 1. t0_307 fL CLAY BRN CEMENTED SAND/GRAVELS 95 100
GravelFiter packed: [ ] Yes 1 No L] Size of gavel/sand CLAY BRN CEMENTED SAND/GRAVEL W/COB | 100 202
Materials placed from, —Aw fr SAND 202 210
Surface Seal: : [7] Yes [INo  To what dept? 220 fi CEMENTED GRAVELS COARSE 210 223
Material used in seal SAND 223 230
Did any strata contain unusable water? OYes [No GRAVELS COARSE WB 230 247
Type of water? Depth of strata SANDSTONE BRW SQFT 247 250
Method of sealing strata off SANDSTONE BRW SOFT W/GRAVEL 250 260
PUMP: Manufacturer’s Name SAND/GRAVEL COARSE WB 260 267
Type: HP. SANDSTONE BRN W/GRAVEL WB 267 275
WATER LEVELS: Land-surface elevation above mean sea level ft. SAND AND GRAVEL WB 275 282
Staticlevel 113 fl belowtopof well Date 2/10/06 SAND/GRAVEL W/SANDSTONE 282 287
Artesian pressure Ibs. per squareinch Date SAND/GRAVEL COARSE WB e 281 290
Artestan water is controlled by R SANDSTONE WHITE SOFT e | 290 293
WELL TESTS: Drawdownisamount water level is lowered betowstatic level SANDSTONE BROWNW/GRAVEL _ {°~ | 293 300
Wasapumpted made? [JYes [JNo  Ifyes by whon? CEMENTED SAND/GRAVEL WB — _; 300 305
Yield: gal min. with R drawdown afler rs SAND AND GRAVEL WB o 139 320

Yield: gal fmin. with ft. drawdown after hrs. SANDSTONE BROWN SOFT oy - 300 322
Yiels: gal fmin. with fl. drawdown afler hrs. — —=
myzyﬂeﬁ:nmaszmwhenpmpvwmdo_ﬂ)(ivmhwlmw_ﬁumwdl Screen: , S ,;;"

Time  WaterLevd  Time  WaterLevel Time  WaterLevel b, 020 299 ro 304" 2

: .040 304 to 307 P

h" . 060 307 to 319
Date oftest h"Steel blank 319 teo-322
Bailer test gal./min. with fi. drawdownafier hrs.
Airtest 200 gl fmin. with stem setat 300-320 8 for4 brs,
Artesian flow i gpm Date
Temp of water Was a chemical analysis made? ] Yes EZINo
Start Date 1/5/06 Completed Date _2/9/06

WELL CONSTRUCTION CERTIFICATION: I constructed and/or accept responsibility for construction of this well, and its compliance with all
Washington well construction standards. Materials used and the information reported above are truc to my best knowledge and belief.

Drilling Company PICATTIBROS

Address 2309 SOUTH JRD AVE

DrillevEngineerTraince Name (Rjat) MJCHAEL ROBINSON
. . Sl N 3 h)
DrifterEngineerTrainee Signature ' o

Driller or trainee License No. 1544

City, State, Zip UNIQON GAD, WA, 98903

HTRAINEE,
Driller’'s Lk 4 Ne.

Contadior’s
Date 2/27/06

Registration No. PICATRI033 UC

Driller’s Signature

Ecology is an Equal Opportunity Employer. ECY 050-1-20 (Rev 203)
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The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.
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z A I 100 OF BORTON & SONS

2 £ DRILLED BY A, A. DURAND & SON
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= Yoedlid SE/¢ SE/Y Soc/b~127]

S

5 Froi T Thigkmess Kormation

£ 0 5 5 Top 301l

o 5 8 3 Brown Clay

c & 20 12 Brown Clay

Q 20 27 T Grevel, Cley and Bouldera

S 27 1 14 CGruvel, Clay ond Boulders

— n 2 21 .ravel, Clay end Boulders

o 62 66 2 Grevel and Boulders

2 66 - 72 Gravel and Boulders

(] 72 82 10 Gravel

s 32 86 Y Boulders

[ 86 93 7 Grovel and Boulders

Q 93 98 5 Send

_fl._! a3 105 7 Sard

= 105 112 7 Gravel

) 112 115 3 Coerse Send

g 115 125 10 Conrse sand & Littls gravel

- 125 133 8 Coarce sand

< 1.3 137 h - Cement gravel with clay

= 157 S 8 oravsl

= 145 " 153 8 Gruval

o 153 156 3 Gravel

< 156 163 7 Grevel

g’, 163 i71 3 Gravel

*) 171 177 6 Gravel

o 177 181 5 Grevsl apd Boulders

) 131 189 8 Gravel and little clay

o 139 197 B Orovel and Cley

° 157 201 4 Grov~l containirg soma uater

u‘i 201 203 . 7 Cement gravel

— 223 215 7 Gravel and sand

o 2 225 10 Grovel and sone boulders

b= 2z5 232 7 Same woter in gravel

) 2532 237 15 Gravel and boullsra

,§ 247 257 10 Gravel and boulders

= 257 2 5 Gpravel, 1ittle clay

a 262, 267 5 T.oan conglowerate

8 267 283 16 Orovel, boulders, little clay
253 294 1l Gravel, boulders, little eolay

e 294, 300 6 Gravel, baulders, littls clay

- Y 3560 304 i Boulders

3— S04 C 305 1l Gravel, Boulders, liitle clay

a 305 310 5 Surd, Cravel, little clay

-



The Dep The Department of Ecology does NOT Warranty the Data and/or the Information on this Well Report.
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Page 2
Toxmution
Send, Cravel apd Boulders
Clay

SBapd, gravel, bouldars
(little shale)

Sand, Orsvel and Boulders
Clay (scme boulders)
Clay

Brown elay

Clay mixed with large gravel
Stioky alay

Clay

Shale

Yellovw clay

Yellov alay

Brown sticky clay
White Clay

White Clay

White élay

Brown o6lay

¥hite olay

Sapd atonve

Sandatone

Sandstone

Sandstone, same clay
Ssniatons

Sandatone

Sapdstone

Sandstone

Sandatone

Sapdstane

Sapiatone

Sandatone

Sandstone

Clay

Sandatone
Unolossified

Ssndatone

S8andstone and sticky clay
Clay with roeck aixture
Sanistore

Banistone and stiocky clay
Clay

Sands tone

Blue Besalt

Blue Basalt .

Blue Basalt

Blue Basalt

Blue Basalt

Blue Basals




The Dep The Department of Ecology does NOT Warranty the Data and/or the Information on this Vell Report.

Pags 3
Irar Ia Jhicknopa Iamation
T4t The 2 Blue Baselt
7h2 76 b Blue Basalt
746 73 7 Blue Banalt
3 h 1 Oray Basslt
4 722 A Gray Basalt
758 7 2 Oray Basel$
760 767 7 Black Basalt
767 T76 9 Blue Basels
776 ';gz 7 Blask Basalt
783 3 Bleck Basalt
786 783 2 Black besalt, 1itile sand
788 793 5 . Black Basalt
793 gol 8 Bleeck Bosclt
8ol - 806 5 Black Bazalt
306 815 9 Blaok Basalt, Honeyeamd
815 816 1 Blaek Basalt, Haxd
816 818 2 Black Besalt, Hard
818 820 2 Bleok Basalt, Hard
820 823 3 Black Baral$, Ilard
823 827 .Y Mixed red amd dlack rock
a7 828 b flard Black Basalt
828 829 1 Eard Black Basalt
829 831 2 Gray Basalt
331 835 .Y Black Basalt
33 - 836 1 Black Basal$, Hard
836 . 842 6 Blaoock Besalt and Red Honeyeamd
ay2 846 5 Black Bosalt, Honeyoomb
346 849 2 Bisck Basalt, Solid
848 851 5 Bla ok Basalt, Honeysomd
351 853 2 Black Bosalt, Hard
853 855 2 Blaok Basal$, Hard
895 857 2 Black Basalt, Hard
857 861 4 Black Bosalt
861 862 b Black Busalt
362 86 5 Black Basalt
867 87 9 Black Basalt
876 8% 8 Black Basalt
03y 890 6 Black Bosalt
890 896 6 Black Besalt
896 901 5 Grenite
501 907 6 Black Basals
907 910 3 Blaak Basalt
910 912 2 Bleok Basalt
912 916 -4 Black Basalt
916 918 2 Oray Besalt
9138 .919 b § Gray Basalt
g9 920 l Hard Oranite
920 g2 2 Cranite (wotar flowing
10 gcl. por minute)
922 924 2 Orarnite
924 927 5 Granite



The Dep The Department of Ecology does NOT Warranty the Data and/or the Intformation on this vYvell RepOIt.

Io

930
931

940
S5

1005
1010
1015
1023
1035
1056
1058
1064
1069

b
E

noen BaBun ERe ol n v iew

Pazs §

Blaak Buzalt
Oranite

Oranite

Zand

Black Basals

Black Bosalt

8ray Boaalt
Sandstone
Sandstons, gonsiderable wataer
Blue Sundstonse
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WATER WELL REPORT
STATE OF WASHINGTON

.
Application Ne™! =g % T sl

Permit No. ...

(1) OWNER: name...BQRTON.. & SONS.FRUIT .& COLR«BEBORAGE ... . ..

“earing and distance from sectlon or subdivision corner

(2) LOCATION OF WELL: CountyYak,ima,

R 5. sk RS 20 Seclg . I wor AL wm
pd

s

@) PROPOSED USE:

Domestic [

Industrial J Munlicipal [
Irrigation (X Test Well 0 Other [m]

{4) TYPE OF WORK:

Qwner's number of weil

(10) WELL LOG:

Formation: Describe by color, character, size of material and structure, and
show thickness of aquifers and the kind and nature of the material in each
siraturn penetrated, with at least one entry for each change of formation.

Was a pump fest made? Yes [ No [ If yes, by whom?.......coeiveccirennnns
Yield: gal./min. with ft. drawdown afier

Recovery data (time taken as zerc when pump tuwned off) {water level
measured from well top to water level)

Time Water Level | Time Water Level Time Water Level

e test_ 800...ga1 /min. with..1.6.5..#t. drawdown after...... 1 hre
artesian flow...... None ... gpm. Date.. . 4=12-85
Temperature of water.............. ‘Was a chemical analysizs made? Yes 0 No O

WELL DRILLER'S STATEMENT:

This well was drilled under my jurisdiction and this report is
true to the best qf my knowledge and belief.

ot
-
O
Q.
U
Y
S
44
c
e}
c ({f more than one).... [P —— MATERIAL FROM TO
o) New well & Method: Dug [ Bored O : 5 ¢
Deepened 0 Cable ] DrvenpD | —S31%. . — _
.E Reconditioned J Rotary ) Jetted [ Sand & ?nhh] 1F'S ;_;L 1] g )
= “ emer]j; I rave
© (5) DIMENSIONS: Diameter of well . . 16 inches. Y ellow Clav & Gravel 1 30
E Dritled.... 92 5. ......ft. Depth of completed well 925 1. " w " Coarce Gravell 3 35 -
ug (6) CONSTRUCTION DETAILS: —Red Sandatone & Gravel 35 53-10*%
- Casing installed: 1.6_..~ piam. trom Qo ggg p |-Qement-lrayel——— ——— 23 g%
o Threaded [ 12 ..~ Dlam. trom .110 . to 591. £ B
+ Welded {1 g Diam. from 453 #. to .585. . Cement Gravel 90 1105
= : " Sand & Gravel 105 113
= Perforations: vesg Nogix Sandy Gravel & Clay 113 (127
c :;rzp; o: pe:ont::r LT S YV Medium Grgyf_Basalt 12 143
(5 of perforations r B i B
(] perforations from ... ! 1t 1“’3 155
byt .. perforations from ...... Sandrock & C lay 1 61. 22§'60‘
8 perforations frem _Medium Brown Basalt 22? 265
_Soft " " 265 | 275
2 Screens: s No® _Medium " w 2751290
'; :;’:’mm" Name. T | _Hard Black Basalt 290 | 320
b= Diam, ... Slot $1ze . . £rOM oo 4T, t0 . H1. " " Fractured Basalt | 32 323 .
< Diam. ......ce..... Slot slze ..., fTOM .oeeeee. e I, to _Sai'_'t__“_Basalj:__f___hﬁ 322
= " " Fractured Basalt | 327 i 340
‘ci Gravel packed: Yes[3 Nol Sizeof gravel: ... ‘Medj”m GDE}[ Basalt A 355
3 Gravel placed from ... 2t to ft. " Black Basalt - u_g’_355 \ 365 ’
5 Surface seal: YesKIX No % To whn;ept.h? 25_ . Medi ; :: jéi" .38—5——
Material used 1n seal.... . Bentenite ... edium " 385 . 405
= Did any strata contaln unusable water? Yes (] No X} Snft Black Basalt & Blue Shl}-]'% 42Q
8 Type of water? ... Depth of strata......cocomeeceees " " " LPZO I !l 2 3
_g Method of sealing strata off.............. Medium " " 423 F—Mm
(7) PUMP: manutacturers Name......... } _Hard Grey Basalt L0 | 460
? Type: - .cm“ e . HP " " Fractured Basalt LAQ 530
= —Medium-Soft Black Basalt 530 1 552
O (8 WATER LEVELS: Iyswncedemion - o | “o0ed o ngosan 33> Bhs
u‘j Static level ... 235 ....... 1t. below top of well nmll--12—8_5 _Pi : _Annray . -
Y Arteslan pressure ... .........Ibs. per square inch Date. .. .. 5."6"'[: ™ T c N
g Artesian water is controlled by A iy S andetone = 5?; 3:8;—
c . Drawdown 1s ¢ water Jevel is _Medium Black Basalt 585 ¢ 595
g (9) WELL TESTS: lowered below static level Work started. Continuede—r Gompietedr. = = mrmmm mam Amm ==
-
S
©
o
@
a i 7.
2 NAME .o Dy e e e an et essen oot b ses et eeeeie
- (Person. irm, or corporation) (Type or print)
Ty AGAIEES.......crrrrs e P
;]
2 [Signed] el Briien)
-
License NO..........ccoecnmmnceeeen e ceeeenens Date s 19

{USE ADDITIONAL SHEETS IF NECESSARY)

8. F. No. 733—08-—(Rev. 4-71).



Pl ot g it Cony WATER WELL REPORT ppication nol£L. 28N 2

f Second Copy — O_rwr_le_r's Copy
o  ThirdCovy-- Driller's Copy ° STATE OF WASHINGTON Permit No. -... wooeoroeeeseeeson:
o
& (1) OWNER: wame..BORTON. & .SONS . .FRUIT. & .COLDASHORAGE - - -~ Continued-—-==-
—  (2) LOCATION OF WELL: County.....ooooooooeeomomsssee o _SE STy see X vl w vl T own.
é r aBearing and distance from section or subdivision corner b
md:';) PROPOSED USE: Domestic O Industrial [1 Municipal [ (10) WELL LOG:
'_E Irrigation [ ‘Test Weil [] Other [0 | Formation: Describe by color, character, size of material and structure, and
- show thickness of aquifers and the kind and nature of the material in each
- 1) TYPE OF ORK: Owner's number of well stratum penetrated, with at least one entry for each change of formation.
o ( ) WN - 1 (if mare th;;n t(;nii) . D ......... |:| ....... B ....... d r_‘| MATERIAL FROM TO
ew wel ethod: Dug ore
g Deepened O Cable [] Driven [ Hard Black _Basalt 595 605_
= - Reconditioned [J Rotary 1 Jetted O | Sandstone & _Shale Particles | 605 | 650
Q~— Soft Red Basalt (Ap.500gpm} | A50 1 &A1 1
E (5) quIl“dENSIONS . o ]‘:t);an;eter Dfl v:eclll en .................... incht:i. Mpd 2 m G—T‘F\y Aasalt 661 67_8_
................................ . completed well.......crn It
S T cpth of come " Black " 78| 685
£ (6) CONSTRUCTION DETAILS: Greenish-Grey Basalt 685 | 690
Q Casing installed: it. to f Medlum Grey - 690 { 632
< Threaded [1 “ to o " " Practured Basalt £92 | 710
- Welded [] e B8O e L1 " Black Bzsalt 710 1 725
o ) " " Rractured " 725 1 763
p Perforations: vesy mNo Soft " " " 763 | 782 1
Type of perforator used Medl " 1] 1]
o SIZE of perforations in. by in. edlum ?8? ’795
o . ‘1 S50ft Blk.-Red Bagalt-Shale 7085 . 818 3
el eemeremeese. PETTOTAtiONS from it. to ft. - —
1 2 perforations from t. to ft. Seft v Black Basalt . 818 8?? 1
o <revrereen. peIfoTatiONns from ft. to t. | Medium " " 8?? 83?
g g Soft Black Fractured Basslt | 832 | 837 3
Creens; ves[] No[ : " " " 4 1)
e Medium 837 844
Manufacturer's Name o 71
> Type Mode Mo | Soft Decomposed Black " 8Ll | 877 ¢
g Diam. ... Slot size from ft. to . | Medium.Black Bgsgalt 877 | 878
- DIAM. oo Slot size . from ft. to . | Soft -Fractured Black-Basalt | 8728 | 890 ]
(] G 1 ked: ‘ Black-Creen Fractured " 89Q | 901
3 ravel packe d Yes{] No{] S:zeﬁoftgravel: ﬂ Soft Black-Red Basalt 9()1 9? 2 k]
Gravel placed from . to . . .
- Jium- Black " 997 9?5
o Surface seal: vesj NoO To what depth? oo ft.
< Material used in seal —
44 Did any strata contain unusable water? Yes (] No [J R T S
T ot Fukd T
8 TYPE 0 WALETT...oveccerersmerrecri Depth of Brata .o coomricrcer SN ETICIEIINIIENR]
T Method of sealing strata off. H h};:;"f..-“’n-’—'w"“‘ - N
s (7) PUMP: Manufacturer's Name - l]u).! MA‘."’ 2 g :C:E
2 Type: HFP E l\\‘ I‘
Q IS ARY] ]
S (8 WATER LEVELS: lpwoutmeesesier N Pl
— Static level £t. below top of well Date.... u,t;'rr:;:v\-?g,r\;_ LRGN ’ S
Q Artesian Pressure .............e.....lbb. per square inch Date.......eeees b
e Artestan water is controlled by . o vave eSS
c , valve, .
Q ; *= Water Bearing Formations
TS: Drawdown is amount water level is Rl —aHlid U
§ (9) WELL TESTS lowered below static level Work started..3—1.5 ..o 19.85. completed..... e 1.2 19.85
- Was a pump test made? Yes O Neo OO Tt yes, by whom?. . lo e
g Yield: gal./min. with ft, drawdown after hrs. WELL DRILLER’S STATEMENT:
Q " - - " This well was drilled under my jurisdiction and this report is
(] " " " " true to the best of my knowledge and belief.
g Recovery l:l%m£ (time tﬁk;‘en ?s zerto vghen])pump turned off) (water level '
measured from well top to water leve
. . . NAME... BACH DRILL .Gl
- Time Water Level | Time Water Level Time Water Level m%&xﬁ&.%rm.wgrpgr%%mx (Type or Drinty
—— O - oo | Address. ROUTE. 5 BOX 1010 ELLENSBURG,WA...
. Date of test — [STBOIEA T o eerrerveeeresesansessnes s e s
‘ ailer test............gab/min. with ... ft. drawdown after........... hrs. (Well Driller}
.., Arteslan flow. g.p.m, Date
‘ Temperature of water............ Was a chemical analysls made? Yes [] No [T | License N022 Dat34—12—85., 19.......

{USE ADDITIONAL SHEETS IF NECESSARY)
S. F. No, 7356—0S—(Rev, 4-71).
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