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Mission Statements

The mission of the Department of the Interior is to protect and provide
access to our Nation’s natural and cultural heritage and honor our trust
responsibilities to Indian Tribes and our commitments to island
communities.

The mission of the Bureau of Reclamation is to manage, develop, and
protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.




Preface

Section 214 of the Act of February 20, 2003, P.L. 108-7, authorized the U.S.
Department of the Interior, Bureau of Reclamation (Reclamation) to conduct a
feasibility study of options for additional water storage in the Yakima River
Basin, Washington, with emphasis on the feasibility of storing Columbia River
water in the potential off-stream Black Rock reservoir. In 2004 Reclamation
completed their appraisal assessment of likely configurations, sizes, and costs of
Black Rock Project facilities needed to pump, store, and deliver water to willing
exchange participants in the Yakima Basin. In 2006, Reclamation prepared an
appraisal assessment of three other alternatives: the Bumping Lake enlargement;
Wymer dam and reservoir; and Keechelus-to-Kachess pipeline. Conclusions
reached in these two appraisal assessments were that the Black Rock and Wymer
alternatives should be included in the plan formulation phase of the Storage
Study. Reclamation’s Upper Columbia Area Office in Yakima, Washington, is
managing and directing the Storage Study.

This technical document, prepared by Reclamation’s Pacific Northwest (PN)
Regional Geology, Exploration & Instrumentation Group, Boise, Idaho, is a
component of the assessment reporting on preliminary geologic investigations
conducted at the Wymer dam and reservoir site in 2007.
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Summary and Conclusions

Geologic investigations were performed in 2007 to assist engineers in preparing
appraisal-level designs and cost estimates for the proposed Wymer dam and
reservoir sites. The sites were initially investigated by Reclamation in 1984 and
1985 as part of the Yakima River Basin Water Enhancement Project. The earlier
investigations focused on an upper damsite, as well as the lower damsite and
saddle dike, which are addressed in this report.

The 2007 investigation included drilling exploratory drilling at the lower dam and
saddle dike sites, and at the proposed pumping plant site near the Yakima River.
The investigations were conducted to determine the depth to bedrock, obtain core
samples of the bedrock, perform constant-head hydraulic conductivity tests,
compile geologic maps, and complete a reconnaissance survey for borrow
materials.

Exploratory holes drilled on upper left abutments at the dam and saddle dike sites
indicated shallow bedrock depths with variable rock quality and permeability
characteristics for each of the three bedrock units encountered.

The bedrock units at the site are part of the Columbia River Basalt Group,
consisting of (from youngest to oldest) the Frenchman Spring Basalt (Tfs) of the
Wanapum Formation, the Vantage Sandstone (Tv) of the Ellensburg Formation,
and the Grande Ronde Basalt (Tgr) of the Grande Ronde Formation. The
Frenchman Springs Basalt (Tfs), the uppermost unit, is of generally poor quality
and has high hydraulic conductivity. This material would likely require extensive
foundation treatment (grouting). The underlying bedrock, the Vantage Sandstone
(Tv) and Grande Ronde Basalt (Tgr), are more competent and have generally low
to moderate hydraulic conductivity.

Several potential landslide areas have been identified. One landslide area is
located downstream of the left abutment at the damsite and three small slides are
located upstream from the damsite in the reservoir basin. A third landslide area is
larger and is located in Scorpion Coulee. Although a thorough field
reconnaissance and geologic evaluation of potential landslides have not been
conducted, a cursory visual assessment made during the current study indicates
that the landslides are not clearly defined and there is no indication of recent
movement of these slides.



The pumping plant foundation is composed of Yakima River alluvial (Qal)
deposits overlying Grande Ronde Basalt (Tgr). The alluvium is primarily fine- to
coarse-grained gravel with cobbles, and occasional beds and lenses of silty sand.
The underlying basalt is dense, hard, and intensely to moderately fractured. The
alluvium is expected to have high permeability due to the abundance of coarse-
grained material. Dewatering may be necessary in the alluvium to provide stable
slopes during excavation. The alluvium and basaltic bedrock should provide
adequate foundations for the pumping plant structure.

Construction materials needed for the dam, saddle dike, and associated features
include impervious fill, rockfill, processed material for filter and drain elements,
cement, and concrete aggregate and sand. These can likely be obtained from both
developed and undeveloped land within approximately 17 miles of the site. It is
common practice to obtain material from the reservoir basin during construction
of large embankment dams. The Lmuma Creek valley, Scorpion Coulee, and
uplands northeast of the reservoir basin are potential sources for earthfill for the
embankment. In order to meet gradation requirements for filter, drain, and
concrete aggregate, washing and screening of raw material will be necessary.
The nearest potential sources of relatively clean material include Yakima River
alluvial deposits from commercial sites in either Yakima or Ellensburg,
Washington.



Introduction

The Yakima River Basin Water Enhancement study conducted in the 1980’s
identified Wymer dam and reservoir as a potential off-stream storage site within
the Yakima River Basin. In 2004, Reclamation completed an appraisal
assessment of the Black Rock Project facilities as an option to provide water to
the Yakima Basin. In 2006, Reclamation prepared an additional assessment of
several other storage alternatives, including the Wymer dam and reservoir. The
2006 assessment report concluded the Black Rock and Wymer Alternatives
should advance to the next level of the storage study. The purpose of the
reservoirs is to store water that could be made available for irrigation, instream
flow enhancement, and municipal purposes in the Yakima River Basin during dry
years. The present plan for the Wymer dam and reservoir site entails pumping
excess water from the Yakima River and storing the water in the off-stream
reservoir (Lmuma Creek valley). Field investigations were conducted at the
proposed dam, saddle dike, and pumping plant sites from April to June 2007 to
obtain geologic and hydrogeologic information for use in preparation of the report
entitled, Yakima River Basin Storage Study, Wymer Dam and Reservoir Appraisal
Report, A component of Yakima River Basin Water Storage Study, Washington,
Technical Series No. TS-YSS-16 (Bureau of Reclamation, 2007). These
investigations were performed by staff of Reclamation’s Pacific Northwest (PN)
Regional Geology, Exploration & Instrumentation Group, Boise, Idaho.

Purpose

This report summarizes the findings of the exploratory drilling program conducted
at the Wymer dam and reservoir site. Data collected were used to assess the
suitability of the foundations for the proposed embankments and pumping plant.
The field program involved core drilling and conducting constant-head hydraulic
conductivity tests at the dam and saddle dike sites, and sampling and core drilling
at the pumping plant site. In addition to the drilling program, a reconnaissance-
level borrow material investigation was conducted.

Location

The project area is located adjacent to highway 821 approximately 24 miles north
of Yakima, Washington. The legal description is Sections 3 and 4, T.15 N, R. 19
E., and Section 33 and 34, T. 16 N., R. 19 E. Refer to Figure 1 for general
location.
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Figure 1 - General Location Map of Study Area




Previous Investigations

" Geologic investigations of the Lmuma Creek area were undertaken in 1984 at a
proposed Wymer damsite (upper site), located about three-quarters of a mile
upstream of the currently proposed damsite (lower site). Investigations at the
upper site consisted of geologic mapping, drilling, and identifying potential
borrow sources. Drilling consisted of one core hole on each abutment, drill hole
DH-84-1 on the right abutment and drill hole DH-84-2 on the left abutment. The
holes were drilled to a depth of 174.7 feet and 290.4 feet, respectively. Pressure
percolation tests and falling-head tests were conducted in each of the drill holes.
Details of these investigations are presented in the report entitled, Geologic
Report, Wymer Damsite, Yakima River Basin Water Enhancement Project,
Washington (Bureau of Reclamation, 1984)

The lower damsite was investigated in 1985 primarily to determine the depth to
bedrock along the proposed dam axis, and to define the characteristics of the
bedrock and the overburden materials. The drilling program consisted of three
drill holes, DH-85-1 through DH-85-3, located in the valley bottom near the dam
axis; one drill hole, DH-85-4, located at the proposed saddle dike site; and four
shallow, “hand dug” test pits, TP-85-1 through TP-85-4, located on the dam
abutments. During this time period no drilling was done at the pumping plant site
because of “right-of-way issues.” Some additional geologic mapping was
accomplished at the dam and dike site areas. The three drill holes in the valley
bottom were fairly shallow, with depths ranging from 23.8 to 50.5 feet. Details of
these investigations are documented in the report entitled, Addendum No. 1
Geologic Report, Wymer Damsite, Yakima River Basin Water Enhancement
Project, Washington (Bureau of Reclamation, 1988).

Geologic logs (summary logs) for the 1984 and 1985 explorations are included in
Appendix A.

Current Investigation

The current investigations included development of an updated topographic base
map, drilling exploratory holes at the dam, saddle dike, and pumping plant sites
(refer to Photograph No. 1), performing constant-head hydraulic conductivity tests,
conducting geologic mapping, and completing a reconnaissance-level borrow
investigation.



Topographic Base Map

The topographic base map was generated from the existing U.S.G.S. 10-meter
Nation Elevation Data (NED) set. The topography is shown at a scale of 1 inch
equals 500 feet and a contour interval of 10 feet. Drill holes were field located by
Reclamation’s Ephrata Field Office (EFO) survey crew members using global
positioning system (GPS) methods. Horizontal control is Washington State Plane
Coordinate System South NAD 83 and vertical control is NAVD 29.

Exploratory Drilling and Geologic Mapping

Geologic investigations conducted from April to June 2007 included drilling three
core holes; one at the proposed pumping plant site on the east bank of the Yakima
River near the mouth of Lmuma Creek; one on the upper left abutment of the dam
site; and another on the upper left abutment at the dike site (refer to Drawing 33-
100-5869, located in Appendix B). An updated geologic map was produced from
a combination of field mapping and a compilation of published geologic maps.
Core drilling and testing were performed to determine the engineering
characteristics of the overburden and bedrock, and to obtain hydraulic conductivity
values for the bedrock units. Drilling was conducted using a 4-inch-diameter
casing advancer in the unconsolidated materials and diamond core drilling in the
bedrock. Clear water was the primary drilling fluid utilized except in one zone
where an additive (diamond seal polymer) was used in an attempt to establish
circulation. Down-hole, multi-pressure permeability tests were conducted in drill
holes at the dam and saddle dike sites. Geologic logs and core photographs for the
2007 explorations are included in Appendix A.



Photograph No. 1. Oblique aerial view looking eastward at the Lmuma Creek drainage

basin and the proposed Wymer dam, saddle dike, and pumping plant sites. Yakima River
Basin Water Storage Feasibility Study, Washington — Bureau of Reclamation photograph circa 1984.

Regional Geology

The proposed Wymer dam and reservoir sites are located in the northwest-central
portion of the Columbia Basin, a structural and depositional basin that forms
much of eastern Washington. The basin is the site of large basaltic flood lava
known as the Columbia River Basalt Province. The basalts are derived from
volcanic eruptions that occurred between 18 and 6 million years ago from vents
near the present boundary between Washington, Oregon, and Idaho. Individual
flows were up to 100 feet thick and covered hundreds to thousands of square
miles. Extended time periods between eruptions allowed for sediment deposition
in interflow zones. Basaltic eruptions over millions of years resulted in a stack of
relatively horizontal flows that are referred to as the Miocene-age Columbia River
Basalt Group. Locally relatively thin surface deposits of Pleistocene to recent



sediments mantle the bedrock surfaces and along side and main drainages of
Lmuma Creek and the Yakima River.

Structure

The western portion of the Columbia Plateau underwent north-south directed
compression resulting in faulting and generally east-west trending folds. This zone
of deformation is referred to as the Yakima Fold Belt. The anticlinal ridges of the
Yakima Fold Belt between Ellensburg and Yakima, Washington are cut through by
the south-flowing Yakima River. Lmuma Creek is within a synclinal trough
between the Manastash Ridge anticline to the northeast and the Umtanum Ridge
anticline to the southwest. Based on basaltic flow and sedimentary interbed
elevations from drill hole data, the bedrock in the study area strikes approximately
N70°W and dip approximately 2° to 3° southwest (refer to Drawing 33-100-5870,
Geologic Sections A-A’ and B-B’, located in Appendix B).

Seismicity

The seismic hazard assessment presented in the following section is based on the
probabilistic seismic hazard assessment (PSHA) that was conducted for the Black
Rock Dam and discussed in the Wymer dam and reservoir appraisal report
entitled, Yakima River Basin Storage Study, Wymer Dam and Reservoir Appraisal
Report, A component of Yakima River Basin Water Storage Study, Washington,
Technical Series No. TS-YSS-16 (Bureau of Reclamation, 2007). The Black Rock
dam PSHA is based on limited data from existing studies and preliminary
evaluation of that data and may overstate the seismic hazard at the proposed
Wymer damsite. Reclamation typically designs its power and pumping facilities
for earthquakes having a return period of 2,500 years, and dams for earthquakes
having a return period of 10,000 years. For the Wymer area, an earthquake having
a return period of 2,500 years has an estimated total Peak Horizontal Acceleration
(PHA) of about 0.50g, and at a return period of 10,000 years, the total PHA is
about 0.95g.

Site Geology

The geology and stratigraphy described here is based on exploratory drilling
performed at the pumping plant and damsites, and from interpretations of
foundation geology presented in the reports documenting the 1984 and 1985
geologic investigations for Wymer damsite (Bureau of Reclamation, 1984 and
1988). Also referenced is Open File Report 94-12, Geologic Map of the East Half
of the Yakima 1:100,000 Quadrangle, Washington (Schuster, 1994)



The surface geologic materials include fill (F), river and stream alluvium (Qal),
slopewash (Qsw), loess (Ql), and landslide (Qls) deposits. The bedrock units are
part of the Columbia River Basalt Group, consisting of the Wanapum Basalt
Formation, which include the Roza (Trz) and Frenchman Springs (Tfs) Basalt
Members, and the Grande Ronde Basalt Formation (Tgr). The period between
eruption of the Wanapum and Grande Ronde basaltic flows allowed for the
deposition of sediments. The sediments are known as the Ellensburg Formation
and include the Vantage Sandstone Sedimentary Interbed (Tv). The main
geologic units are shown on the generalized stratigraphic section (refer to Figure
2) and are described in the flowing sections from youngest (recent) to oldest. For
locations of these materials and the geologic explanation, refer to Drawings 33-
100-5869 and -5870, located in Appendix B.

The nomenclature of the Columbia River Basalt Group currently used is slightly
different than the nomenclature used in 1984 and 1988 geologic reports (Bureau
of Reclamation, 1984 and 1988). The Columbia River Basalt Group was referred
to as the “Yakima basalts.” The Yakima basalt was divided into “post-Vantage”
and “pre-Vantage,” based on position above or below the prominent Vantage
Sandstone interflow or interbed. These are now referred to as the Wanapum and
Grande Ronde Formations. Individual basaltic members within these formations
have essentially remained unchanged.

Surface Units

The surface geologic units include fill (F), river and stream alluvium (Qal),
slopewash (Qsw), alluvial fan (Qaf), loess (Ql), and landslide (Qls) deposits (refer
to Figure 2). The surface deposits form a relatively thin cover over shallow
bedrock surfaces. The Yakima River alluvium and alluvial fan deposits at the
mouths of the side canyons west of the river may have somewhat thicker sediment
accumulations.

Fill (F)

Road base and surfacing materials are composed of gravel, sand, fines, cobbles,
and asphalt used to construct State Highway 821 (refer to Drawing 33-100-5869
and Drawing 33-100-5870, Geologic Section C-C’).

Quaternary Alluvium (Qal)

Yakima River and Lmuma Creek alluvial deposits consist of gravel, sand, and
fines with cobbles. The alluvium overlies the bedrock in the valley section of the
dam foundation along Lmuma Creek (refer to Geologic Section A-A’, Drawing
33-100-5870) and adjacent to the Yakima River in the pumping plant area (refer
to Geologic Section C-C’, Drawing 33-100-5870).
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FIGURE 2 — GENERALIZED STRATIGRAPHY — WYMER DAM AND RESERVOIR AREA




Quaternary Slopewash (Qsw)

Soil and weathered rock deposits on slopes and within small side drainages cover
most surfaces throughout the study area and consist of gravel, and sand and fines
with cobbles and scattered boulders, including talus deposits. Slopewash was
encountered in most of the holes drilled at the dam and saddle dike and was
sampled in hand-dug test pits at the damsite (refer to Sections A-A’ and B-B’,
Drawing 33-100-5870).

Quaternary Alluvial Fan (Qaf)

The alluvial fan deposits consist of a variable mixture of fines, sand, gravel, and
oversized materials that are well developed at the bases of drainages on the west
side of the Yakima River (refer to Drawing 33-100-5869). The unit was not
encountered in explorations at the dam, saddle dike, or pumping plant sites, but
large ancient alluvial fan deposits northeast of the project area are considered a
potential source for construction materials.

Quaternary Loess (Ql)

Windblown silt and fine sand deposits blanket the lower slopes and terraces east
of the Yakima River at the mouth of Lmuma Creek (refer to Drawing 33-100-
5869 and Section C-C’, Drawing 33-100-5870).

Quaternary Landslide (Qls)

Landslide deposits consist of clay, silt, sand, and gravel. These are generally
associated with failure of the Vantage Sandstone (Tv) sedimentary interbed.
Several small landslide areas have been identified upstream of the damsite along
Lmuna Creek, and a large slide was mapped near the upper portion of Scorpion
Coulee (refer to Drawing 33-100-5869).

Bedrock Units

Bedrock underlying the Wymer Dam and Reservoir area is composed of volcanic
rocks of the Columbia River Basalt Group (refer to Figure 2). The units are the
Roza and Frenchman Springs Members of the Wanapum Formation, underlain by
the Grande Ronde Basalt Formation. The Vantage Member of the Ellensburg
Formation is sedimentary unit that separates the Wanapum and Grande Ronde
Formations.

Roza Basalt (Trz)

The Roza Member (Trz) is the uppermost member in the Wanapum Basalt
Formation exposed at the site (refer to Figure 2). The Roza Member is gray to
black, reddish-brown weathered, fine- to medium-grained basalt with plagioclase
phenocrysts, often with well developed colonnade with columns up to 1 meter in
diameter. The Roza was not noted to be in foundations at any of the sites, but is
exposed in outcrops near drill hole DH-84-2 southeast of the upper left abutment
of the dam (refer to Drawing 33-100-5869).



Frenchman Springs Basalt (Tfs)

The Frenchman Springs Member (Tf) is the lowest flow in the Wanapum Basalt
Formation (refer to Figure 2). The Frenchman Springs Basalt is dark gray, fine- to
medium-grained, and porphyritic. The Frenchman Springs was encountered in
drill holes on the upper left abutment at the dam (DH-07-2) site, the upper left
abutment at the saddle dike (DH-07-3), and in drill holes on the upper abutments
at the upper damsite (DH-84-1 and -2). The unit is composed of multiple flows
and is highly permeable based on drilling fluid losses and constant-head water
tests. The unit ranges from approximately 60 to 280 feet thick in the Lmuma
Creek area and tends to thicken to the south, likely due to erosion or thinning
associated with uplift of the Manastash Ridge to the north (refer to Geologic
Sections A-A’ and B-B’, Drawing 33-100-5870).

Vantage Sandstone (Tv)

The Vantage Sandstone interbed occurs stratigraphically between the Frenchman
Springs and Grande Ronde basaltic units (refer to Figure 2). The Vantage is
composed of tan to gray, medium- to fine-grained, moderately soft, tuffaceous
sandstone with interbedded siltstone and claystone. Based on constant-head water
tests conducted in drill holes, the Vantage has low permeability. The interbed is
present near the middle left abutment (DH-07-2) and upper right abutment at the
damsite, near the upper left abutment (DH-07-3) at the dike site, and in drill holes
on the upper abutments at the upper damsite (DH-84-1 and -2). The Vantage has
a relatively uniform thickness ranging from approximately 63 to 73 feet in the
foundations of the dam and saddle dike (refer to Sections A-A’ and B-B’,
Drawing 33-100-5870).

Grande Ronde Basalt (Tgr)

The Grande Ronde is the most voluminous unit of the Columbia River Basalt
Group (Carson, et al., 1987). The basalt is black or dark gray, and fine-grained to
aphanitic, hard to very hard, slightly weathered, and slightly fractured. Hackly
jointing is common and columns are typically smaller than in the Frenchman
Springs and Roza Members. Based on constant-head water tests conducted in
drill holes, the Grande Ronde has low permeability. The Grande Ronde Basalt
underlies the alluvium adjacent to the Yakima River at the pumping plant site
(DH-07-1) (refer to Geologic Section C-C’, Drawing 33-100-5870), and forms the
lower abutments and valley sections at the dam (DH-07-2 and DH-85-1) (refer to
Geologic Section C-C’, Drawing 33-100-5870) and saddle dike (DH-07-3 and
DH-85-4) (refer to Geologic Section C-C’, Drawing 33-100-5870) sites. The unit
was also encountered in drill holes at the upper damsite (DH-85-1 and -2).
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Engineering Geology

The following sections address the findings of drilling, sampling, and constant-
head hydraulic conductivity testing conducted at the proposed Wymer dam, saddle
dike, and pumping plant sites. Portions of the following geologic discussions are
taken from the 2007 Wymer dam and reservoir appraisal report (Bureau of
Reclamation, 2007).

Pumping Plant Site

The proposed pumping plant is located on the inside of a broad meander of the
Yakima River approximately 4,000 feet southwest of the damsite (refer to
Drawing 33-100-5869). Drill hole DH-07-1, located about 350 feet east of the
Yakima River, encountered 24.7 feet of alluvium (Qal) overlying Grande Ronde
Basalt (Tgr) (refer to Geologic Section C-C’, Drawing 33-100-5870).

The Yakima River alluvium (Qal) consists of undifferentiated gravel, sand, and
fines with cobbles. Poorly graded gravel (GP) was the predominant soil type
encountered in this hole; however, a 5-foot zone of loose, silty sand with gravel
(SM)g was encountered from about 16 to 21 feet deep. Sample recovery was
generally poor within the alluvium. Therefore, soil descriptions and estimates of
cobble content are often based on drilling conditions and cuttings. Sample
recovery was fairly good at 71 percent in the lower portion of the alluvium, from
21.2 to 24.7 feet. Within this zone, cobbles are estimated to comprise about 30
percent of the total sample. The cobbles are mostly 3 to 5 inches in size and are
composed of hard, subrounded basaltic clasts with lesser amounts of granitic
material.

Although down-hole permeability tests were not performed in drill hole DH-07-1,
the alluvium can be expected to have high to very high permeability due to the
abundance of poorly graded gravel with low fines content. Excavations in the
alluvium should be stable on 2:1 slopes provided dewatering has been
accomplished first.

Grande Ronde Basalt (Tgr) was encountered in drill hole DH-07-1 from 24.7 to
49.2 feet. The basalt is black to gray, fine-grained to aphanitic, hard, slightly
vesicular to dense, slightly weathered, and intensely to moderately fractured. The
joints are generally subhorizontal; however, some subvertical joints were also
encountered in specific core intervals. Joint surfaces are generally slightly rough.
Rock quality designation (RQD) ranged from 33 to 68 percent.
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Clear water was used as the drilling fluid throughout the entire drill hole. Fluid
return (during drilling) ranged from 50 to 100 percent in the alluvium, and 40 to
60 percent in the bedrock. The depth to ground-water level, measured in the hole
upon completion of drilling, was 10.6 feet (elevation 1276.6).

Damsite

The proposed damsite is located in the lower portion of the Lmuma Creek Canyon
just downstream of the confluence with Scorpion Creek (refer to Drawing 33-100-
5869). The dam axis spans a relatively flat-lying valley bottom, a fairly steep left
abutment, and a gentler right abutment (refer to Geologic Section A-A’, Drawing
33-100-5870). Two basaltic flow units and a sandstone interflow unit will
provide the foundation bedrock for the dam structure. These units dip gently
southwestward (from the right to left abutment).

Except for sporadic outcrops of bedrock, the abutments are covered with a
surficial layer of slopewash and talus. The 1985 test pits, located on the
abutments, encountered between 1.5 and 5.0 feet of slopewash (Qsw) overlying
the bedrock. Description of the local geology in the 1984 geologic report states
that “talus and slopewash cover much of the valley sides from a few feet up to an
estimated 10 feet deep” (Bureau of Reclamation, 1984). The three 1985 drill
holes completed within the valley bottom encountered about 20 feet of alluvium
(Qal) overlying basalt of Grande Ronde Basalt (Tgr). Summary logs of these
holes describe the alluvium as “mostly sand, gravel, and cobbles.” No other
characteristics of the alluvium are provided on these logs.

Drill hole DH-07-2 is located on the upper left abutment area of the proposed
dam. The drill hole encountered bedrock from 2.8 feet to the bottom of the hole at
402.2 feet. The bedrock consists of Frenchman Springs Basalt (Tfs) from 2.8 to
237.6 feet, Vantage Sandstone (Tv) from the 237.6 to 310.7 feet, and Grande
Ronde Basalt (Tgr) from 310.7 to 404.2 feet (refer to Geologic Section A-A’,
Drawing 33-100-5870).

The Frenchman Springs Member (Tfs) of the Wanapum Basalt Formation is the
uppermost bedrock unit on both abutments. Based on drill hole DH-07-2 the rock
consists of black to gray, fine-grained, hard, dense to slightly vesicular, slightly to
moderately weathered basalt. Core recovered from this drill hole ranged from
slightly to moderately fractured in some intervals, to intensely and very intensely
fractured in other intervals. The joints are generally subhorizontal with slightly
rough surfaces. However, scattered vertical fractures (probably representing
columnar joints) were also observed. Core recovery in the basalt was good, with
RQD values ranging from 0 to 100 percent, with an average range from about 42
to 76. All drilling fluid was lost (i.e., zero drill fluid return) below a depth of 28.3
feet, indicating that many of the joints are open. Constant-head hydraulic
conductivity and gravity permeability tests in the Frenchman Springs units were
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attempted, but in all cases no back pressure or water level could be established,
which indicate that this bedrock has very high hydraulic conductivity (refer to
Permeability Tests section).

The Vantage Sandstone (Tv) interflow unit is about 70 feet thick. Although
poorly exposed, it was mapped on the left abutment between elevations 1509 and
1572, and on the right abutment between elevations1608 and 1680. This unit is
described as consisting of “low strength sandstones, siltstones, and claystones”
(Bureau of Reclamation, 1984). Due to the limited exposure, the Vantage
Sandstone description is based primarily on published information, but was
recognized on the aerial photographs and in the field by “light-colored, sandy

- slopes that, in some places, support vegetation growth.” Seeps and springs
appeared at the lower contact of the Vantage Sandstone unit, and along the canyon
walls, some small landslides occur in this unit.

Based on drill hole DH-07-2 the Vantage consists of brown to dark gray, fine-
grained, well indurated, moderately soft, slightly weathered sandstone with
interbedded siltstone and claystone. Core recovered from this drill hole ranged
from slightly to moderately fractured in some intervals, to intensely fractured in
other intervals. The joints are generally subhorizontal with slightly rough
surfaces. RQD ranged from 20 to 70 percent. Poor drill fluid returns noted in the
Vantage are attributed to losses through the joints in the overlying Frenchman
Springs Basalt. Pressure permeability tests indicate the unit has low to moderate
hydraulic conductivity (refer to Permeability Tests section).

The Grande Ronde Basalt Member will provide the foundation for the dam across
the valley section and up the majority of both abutments (refer to Geologic
Section A-A’, Drawing 33-100-5870). This is the same basaltic unit encountered
in the drill hole at the pumping plant site. Based on drill hole DH-07-2, the rock
consists of black to gray, fine-grained, aphanitic, very hard, slightly vesicular to
dense, slightly to moderately weathered basalt. Core recovered from this drill
hole ranged from moderately to slightly fractured. RQD ranged from 59 to 66
percent. The joints are generally randomly oriented with smooth surfaces.
However, scattered vertical fractures (probably representing columnar joints) were
also recovered.

Two of the 1985 drill holes in the valley section encountered artesian water that
flowed at the surface at a rate of about 20 gallons per minute (gal/min). The
artesian water was encountered in the basalt at a depth of about 35 feet. Poor drill
fluid returns noted in drill hole DH-07-2 in the Grande Ronde unit are attributed
to losses through the joints in the Frenchman Springs Basalt near the upper
section of the drill hole. Pressure permeability tests indicate the unit has low to
moderate hydraulic conductivity (refer to Permeability Tests section).
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Oblique aerial photographs indicated the possibility of a landslide covering
portions of the left abutment area of the proposed damsite (Bureau of
Reclamation, 1988). Although a thorough field reconnaissance and geologic
evaluation of this potential landslide have not yet taken place, a cursory visual
assessment made during the current study indicates that a landslide on the left
abutment is not clearly defined. If a landslide does exist, it does not appear to be a
deep-seated feature. The appraisal study team determined that the dam axis
should not be relocated due to the potential slide, and that any slide material
encountered during dam construction would be excavated and potentially used for
the rockfill structure. It was also noted during the site visit that bedrock is
exposed on the left abutment upstream of the 1985 axis, if shifting the axis
becomes a consideration in the future.

Saddle Dike Site

The site for the dike is in the broad, low saddle on the right canyon side about
2,000 feet northeast from the right abutment of the damsite (refer to Drawing 33-
100-5869). Geologic mapping and drilling performed in 1985 and 2007 indicate
that the saddle dike foundation will have similar geologic conditions as the
damsite. Two basaltic flow units and a sandstone interflow unit will provide the
foundation bedrock for the saddle dike structure. These units dip gently
southwestward (from the right to left abutment).

Except for sporadic outcrops of bedrock, the abutments are covered with a
surficial layer of slopewash and talus. Description of the local geology in the
1988 addendum geologic report states that “talus and slopewash cover much of
the valley sides from a few feet up to an estimated 10 feet deep” (Bureau of
Reclamation, 1988). The bottom of the saddle area is about 1,300 feet wide at the
site. Drill hole DH-85-4 was completed near the axis in the lowest part of the
saddle (refer to Geologic Section B-B’, Drawing 33-100-5870). The log of this
hole indicates slopewash from 0.0 to13.8 feet; highly altered and fractured basalt
from 13.8 to 20.0 feet; and alternating soft to hard, altered scoriaceous to vesicular
basaltic rock from 20.0 to 42.9 feet. This occurrence of poor quality bedrock in
the pre-Vantage Basalt is anomalous to the basalt seen in drill holes and outcrops
at the damsite and is probably only a local deviation of the mostly hard, competent
rock seen elsewhere. Another interpretation offered in the 1988 addendum
geologic report is that the materials in the upper 20 feet of the drill hole may be
part of the Vantage Sandstone interflow unit (Bureau of Reclamation, 1988).

Drill hole DH-07-3 is located on the upper left abutment area of the proposed
saddle dike. The drill hole encountered bedrock from ground surface to the
bottom of the hole at 201.2 feet. The bedrock consists of Frenchman Springs
Basalt (Tfs) from 0.0 to 62.6 feet, Vantage Sandstone (Tv) from 62.6 to 126.1
feet, and Grande Ronde Basalt (Tgr) from 126.1 to 201.2 feet (refer to Geologic
Section B-B’, Drawing 33-100-5870).
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The Frenchman Springs Basalt (Tfs) forms the uppermost bedrock unit on the
upper left abutment and, based on the upward sloping bedrock surface, the unit
projects above the crest of the proposed dike on the right abutment (refer to
Geologic Section B-B’, Drawing 33-100-5870). Based on core samples from drill
hole DH-07-3, the rock consists of black to gray, fine-grained, moderately hard to
hard, dense to slightly vesicular, intensely to slightly weathered basalt. Core
recovered from this drill hole ranged from intensely to moderately fractured in
some intervals, to intensely fractured in other intervals. The joints were generally
randomly oriented with slightly rough surfaces. However, scattered subvertical
fractures (probably representing columnar joints) were also noted. RQD ranged
from O to 84 percent, with an average range of about 16 to 63 percent.

Drill fluid (water) returns ranged from 25 to 80 percent from 0.0 to 62.6 feet, with
significant losses in the very intensely fractured rock from approximately 38.2 to
46.4 feet and near the contact with the underlying Vantage Sandstone (Tv).
Results of pressure permeability tests performed indicate this bedrock unit has
moderate to high hydraulic conductivity (refer to Permeability Tests section).

The Vantage Standstone (Tv) unit was encountered on the left abutment in drill
hole DH-07-3 between about 62.6 and 126.1 feet and, owing to the upward trend
of the bedrock surface to the north, the unit is at or slightly above the dam
foundation on the right abutment (refer to Geologic Section B-B’, Drawing 33-
100-5870). The Vantage Sandstone (Tv) recovered in DH-07-3 consists of
greenish gray, fine-grained, well indurated, moderately soft, moderately weathered
sandstone with interbedded siltstone and claystone. Core recovered from this drill
hole was mostly intensely to moderately fractured. The joints were generally
subhorizontal with slightly rough surfaces. RQD ranged from 23 to 91 percent,
with an average range of about 44 to 76 percent. Poor drill fluid returns noted in
the sandstone are attributed to losses through the joints in the overlying
Frenchman Springs Basalt. Pressure permeability tests indicate that the unit has
low to moderate hydraulic conductivity (refer to Permeability Tests section).

The Grande Ronde Basalt Member will provide the majority of the foundation for
the Saddle Dike, extending across the valley section and up both abutments (refer
to Geologic Section B-B’, Drawing 33-100-5870). Based on drill hole DH-07-3,
the rock consists of black to gray, fine-grained, aphanitic, very hard, slightly
vesicular to dense, slightly to moderately weathered basalt. Core recovered from
this drill hole ranged from moderately to slightly fractured. The joints were
generally randomly oriented with smooth surfaces. However, scattered vertical
fractures (probably representing columnar joints) were also recovered. RQD
ranged from 38 to 100 percent, with an average of about 80 percent. Pressure
permeability tests indicate the unit has low to moderate hydraulic conductivity
(refer to Permeability Tests section).
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Reservoir Basin

The geology of the reservoir basin is mostly flat-lying lava flows exposed in a
steep, narrow canyon that extends upstream for about six miles on Lmuma Creek,
and about two miles upstream in the broader canyon of Scorpion Creek (Bureau of
Reclamation, 1984). The Vantage Sandstone interflow zone is present on both
canyon sides and will be within the reservoir pool in most of the reservoir basin.
Under a reservoir condition, the interflow zone will be subject to some small
landslides as the pool fluctuates. The slopewash deposits along the canyon sides
will also be subject to sloughing and minor sliding along the reservoir shoreline.

The potential reservoir seepage losses are judged to be inconsequential for the
major, upstream part of the reservoir (Bureau of Reclamation, 1984). However,
near the damsite and dike site, the potential for reservoir seepage becomes more
of a concern given the fractured nature of the Frenchman Springs Basalt (Tfs) that
forms the upper abutment foundations and the steep gradient from a full reservoir
across relatively narrow reservoir rims to deep adjacent, dry drainages.

Permeability Tests

Multi-pressure permeability tests were conducted in two bore holes drilled
between April and June 2007 at the proposed damsite (refer to Drawing 33-100-
5869). Packer tests were conducted in the drill holes as they were advanced
through the basalt and sedimentary interbeds of the Columbia River Basalt Group
(see drill logs for DH-07-2 and DH-07-3). Each of the holes encountered the
following units (described in order from the ground surface): the Frenchman
Springs Member of the Wanapum Basalt Formation; the Vantage Sandstone
Member of the Ellensburg Formation; and the upper Grande Ronde Basalt
Formation. All of the tests were conducted in the vadose zone, above the water
table. Water was supplied for the injection tests by truck, which was filled from
Lmuma Creek near the Eaton farmstead.

The upper Frenchman Springs Basalt in drill hole DH-07-02 was so intensely
fractured and pervious that all of the drilling fluid was lost at a depth of about
28 feet and the addition of “stop-loss” material did not increase fluid return.
Permeability tests were unsuccessful because pressure could not be established
while injecting water at the capacity of the pump (50 to 60 gal/min). The drill
hole was repeatedly filled with cement grout then re-drilled to limit fluid losses
through the upper section while advancing the hole. Hydraulic conductivity
values in the upper basalts at this location are presumed to be very high, which
may require extensive grouting in the dam abutments and upper reservoir rim to
limit seepage losses.
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Permeability tests in the Vantage Sandstone were more successful and indicate
low to moderate hydraulic conductivity values, less than 200 feet per year (see
Table 1). The upper Grande Ronde Basalt also appears to have low to moderate
hydraulic conductivity in this area. The Grande Ronde hosts a confined aquifer at
depth and previous investigations at the site indicate artesian levels above the
valley bottom (Bureau of Reclamation, 1988). The current testing, in drill holes
located at the upper abutments, did not encounter the deeper members of the
Grande Ronde that host the artesian aquifer.

The methods used to calculate hydraulic conductivity are detailed in the Ground
Water Manual (Bureau of Reclamation, 1995). All of the tested intervals were
above the water table and met the conditions of “zone 17, which indicates a deep
water table relative to the test interval.

The following equation was used to calculate hydraulic conductivity (K):

_ 0
CurH
where:
Q = steady inflow into well [cubic feet per second (ft'/9)]
Cu = conductivity coefficient for unsaturated materials
r = radius of drill hole [feet (ft)]

H = effective head (ft)

Results of the packer tests and a description of the test intervals are listed in
Table 1. The parameters used for the test analyses are listed in Tables 2 and 3.
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Table 1 — Results of drill hole permeability testing, Wymer dam and dike sites.

Test Hydraulic
Drill Hole Depth Conductivity
Interval | Geologic Description of Test Interval (K)
(ft) ft/yr
Frenchman Springs member (Tfs) of Wanapum Basalt Formation .
DH-07-2 43.2-67.0 Very intensely fractured to slightl;z fractured Very high
Frenchman Springs member (Tfs), very intensely to intensel .
79.0-84.6 fractured bas:lt ? (Tis). very / g Very high
178.1- Frenchman Springs member (Tfs), moderately to slightly fractured Verv hiah
191.0 basalt erynig
247.3- Vantage Sandstqne member (Tv) of Ell.ensburg Formation,
262:6 sa?tdstone and siltstone, intensely to slightly fractured, moderately | 15.9-63.7
SO
279.0- Vantage Sandstone member (Tv) of Ellensburg Formation, 123.5-149.2
295.0 sandstone and siltstone, well indurated with pumice and ash. ) )
311.0- Grande Ronde Basalt Formation (Tgr), basaltic breccia, 95.7-130.9
325.3 moderately to slightly fractured ) )
zggg' Grande Ronde Basalt Formation (Tgr), slightly fractured basalt Very low
17.0-27.6 | Frenchman Springs member (Tfs) of Wanapum Basalt Formation,
DH-07-3 intensely to moderately fractured 2851.3-2658.8
47.0-57.6 | Frenchman Springs member (Tfs), very intensely to moderately
fractured basalt 1713.2-1902.8
67.0-77.6 | Vantage Sandstone member (Tv) of Ellensburg Formation, 162.8-1478.5
sandstone, intensely fractured, moderately soft ) )
87.0-97.6 | Vantage Sandstone member (Tv) of Ellensburg Formation,
sandstone and siltstone, intensely to moderately fractured, 348.9-612.2
moderately soft
117.0- Vantage Sandstone member (Tv) of Ellensburg Formation and top
127.2 of Grande Ronde Basalt (contact logged at 126.1 feet), 5.7.02.7
claystone and siltstone, intensely to moderately fractured, : ’
basalt is intensely fo moderately fractured
132.0- Grande Ronde Basalt Formation (Tgr), slightly to very slightly Very low
142.6 fractured basalt
152.0- Grande Ronde Basalt Formation (Tgr), slightly to very slightly 4.1-113
167.6 fractured basalt ) )
;81 g' Grande Ronde Basalt Formation (Tgr), slightly fractured basalt Very low
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Table 2 - Pertinent test parameters used to determine hydraulic conductivity values for pressure

permeability tests in drill hole DH-07-2.

Test Hydraulic
Dril Depth Test Parameters Conductivity
Hole Interval R A H Q Tu h, Cu (K)
(ft) Ft ft ft ft’/s ft Ib/in® ft/yr
7o | 43.2- Could not build pressure or fill hole with water at capacity of pump .
DH-07-2 | 6775 (60 gal/min) Very high
7. 79.0- Could not build pressure or fill hole with water at capacity of pump .
DHO7-2 | g45 (60 gal/min) Very high
7. 178.1- Could not build pressure or fill hole with water at capacity of pump )
DH-07-2 | 4910 | (60 galimin) Very high
DH-07-2 gg;‘g‘ 0104 |153 |3122 |.005 |5356 |20 |300 |15.9
gg;g‘ 0104 | 153 |3519 |.019 |5753 |40 |300 |537
gg;g' 0104 |153 |3122 |.000 |5356 |20 |300 |281
DH-07-2 %g'g' 0104 | 160 |3282 | .04 51922 |22 |300 | 1235
%2'8‘ 0104 | 160 |3744 |.053 |5654 |42 |300 | 1443
27190- 1 5404 | 160 |3259 | .048 |5169 |21 |300 | 1492
295.0
DH-07-2 gggg 0104 |143 |3539 |0036 |5146 |20 |300 |101.8
g;gg 0104 |143 |4001 |0038 |5608 |40 |300 |957
g;gg 0104 | 143 |4363 |0053 |s5070 |60 |300 |1238
g;;g 0104 | 143 |3439 |0045 |5046 |20 |300 |1309
DH-07-2 | 388.0-
280|004 [1a2 |- 0 ; 20 |- Very low
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Table 3 - Pertinent test parameters used to determine hydraulic conductivity values for pressure
ermeability tests in drill hole DH-07-3.

Test H ;
. ydraulic
ag:le |Dtepth| Test Parameters Conductivity
nlerva
(f) R Al H A I P (o for
Ft ft ft ft'/s ft Ib/in Y
DH-07-3 g:g' 0.104 106 |508 0080 |517.2 |10 200 2658.8
0.104 706 | 706 ] 0.420 15370 |20 200 2582.8
0.104 106 | 51.7 | 0.08 5181 | 10 200 23513
DH-07-3 g;'g' 0.104 106 |749 008 |511.3 |10 200 1713.2
0,104 106 910 0413 | 5274 |20 200 1877.6
0.104 106 | 740 0093 5104 | 10 200 1902.8
DH-07-3 gg'g‘ 0.104 106 | 1027 (0012 |5191 |10 210 162.8
0.104 106 | 1053 | 0.107 | 5217 | 20 210 14721
0.104 106 900 | 0.089 |507.3 |10 200 1478.5
DH-07-3 g;:g' 0.104 106 | 1200 |0028 |5164 |10 200 348.9
0.104 106 | 1370 | 0.056 | 5343 |20 200 6122
0.104 106 | 1174 ] 0.04 513.8 | 10 200 512.0
DH-07-3 1 ;Zg 0.104 102 | 1539 |0001 |5207 |10 200 57
0.104 102 | 1770 | 0.001 | 5438 |20 200 95
0.104 102 | 2232 10003 |5900 |40 200 227
0.104 102 | 1770 10002 | 5438 |20 200 17.0
0.104 10.2 [ 153.9 | 0.002 | 5207 |10 200 17.6
DH-07-3 | ]ﬁ‘g'g' 0.104 102 | 1693 | 0.0 5207 | 10 200 Very low
12?,:2' 0.104 156 | 2174 |0001 |5438 |20 300 41
0.104 156 | 2636 | 0.001 | 5900 | 40 200 6.4
0.104 156 | 3008 | 0.001 | 6362 |60 200 54
0.104 156 | 263.6 | 0.002 | 590.0 | 40 200 1.3
0.104 156 | 217.4 | 0.002 | 543.8 | 20 300 8.2
;g] 'g‘ 0.104 102 | 2520 |o 5448 | 20 200 Very low
0.104 102 2982 |0 5010 | 40 200 Very low
0.104 102 | 3444 |0 6372 |60 100 0.00
0.104 102 2982 |0 5010 | 40 200 Very low
0.104 102 | 2520 |0 5448 | 20 200 Very low
Nomenclature:
r = radius of test section
A = length of test section
H = effective head (distance between gage and hole bottom + applied pressure - head loss due to friction)
h2 = applied pressure
Tu = distance from water surface in well to (projected) water table
Q = steady flow into well
Cu = conductivity coefficient
K = hydraulic conductivity
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Construction Materials

The pumping plant, dam, and dike will require materials consisting of concrete
products, processed filter and drain materials, rockfill, riprap, and semi-pervious
fill. Table 4 provides a summary of the availability of these materials showing
approximate haul distances that were used to develop costs for this study.

Construction materials for the dam and associated structures can be obtained from
both developed and undeveloped land within approximately 17 miles of the site.
Geologically, the sources consist of recent Yakima River alluvium, post-Yakima
Fold Belt alluvium, Ellensburg Formation sediments, and Columbia River basalt.
The main material types for the dam include impervious fill, rockfill, processed
material for filter and drain elements, and concrete aggregate and sand. It is
common practice to obtain material from the reservoir basin during construction
of large embankment dams. The Lmuma Creek Valley, Scorpion Coulee, and
uplands northeast of the reservoir basin are potential sources for zoned earthfill
for the embankment.

In order to meet gradation requirements for filter, drain, and concrete aggregate,
washing and screening of raw material will be necessary. The nearest potential

sources of relatively clean material include Yakima River alluvial deposits from
commercial sites in either Yakima or Ellensburg, Washington.

Table 4 - Summary of construction materials - haul distances.

Concrete
Products
{cement, Processed
sand, and, Filter/Drai? Rockfill? Riprap? Semi-pegvious
Site aggregate) Materials Fill
Approximate Approximate Approximate Approximate Approximate
Haul Distance | Haul Distance | Haul distance | Haul Distance Haul Distance
(miles)* (miles)* (miles)* (miles)’ (miles)*
Pumping
plant 16 16 3 3 N/A
Main dam 17 17 2 2 5
Dike 18 18 3 3 5
Notes:

"The nearest commercial sources of natural material are in Yakima, Selah, or Ellensburg,
Washington. All are about the same distance from the project site. Quarry rock within the
reservoir basin could be processed (crushed, graded, and washed) for filter drain material if

acceptable.

% potential borrow sites are within the reservoir basin (from Bureau of Reclamation, 1984).

% Potential borrow sites include mining and blending basalt and sedimentary rock from exposures
of Vantage Sandstone (siltstone, claystone) near the upper end of the Scorpion Creek, and/or
mining and blending basalt and alluvial fan deposits from uplands near Interstate 82 at the head of
Scorpion Creek (from Schuster, 1994).
* Haul distances shown are one-way.
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Appendix A

Summary of Drilling and Geologic Logs

Summary of Drilling — 2007 Geologic Explorations for Proposed Wymer
Reservoir and Pumping Plant Sites (includes data on 1984 and 1985 drill holes
and test pits)

Geologic Log of Drill Hole No. DH-07-1
Photographs of Core — 3.1 to 49.2 feet

Geologic Log of Drill Hole No. DH-07-2
Photographs of Core — 2.8 to 156.1 feet and 189.4 to 402.2 feet

Geologic Log of Drill Hole No. DH-07-3
Photographs of Core — 3.6 to 201.2 feet

Geologic (Summary) Logs of Drill Holes DH-84-1 through DH-84-2 (1984)

Geologic (Summary) Logs of Drill Holes DH-85-1 through DH-85-4 (1985)

Geologic (Summary) Logs of Test Pits TP-85-1 through TP-85-4 (1985)






Summary of Drilling

2007 Geologic Explorations for Proposed Wymer Reservoir and Pumping Plant Sites
(includes data on 1984 and 1985 drill holes and test pits)

Yakima River Basin Water Storage Feasibility Study, Washington

HOLE COORD. COORD. ELEV. HOLE COMP. WATER SURFACE REMARKS
NUMBER | 5P&AORQROFFSET NORTH EAST DEPTH DATE ELEV/DATE
DH-07-1 Pumping Plant 541705.4 16508418 | 1,00, 49.2 04-13-07 1276.6 / 04-12-07
Lower Damsite — Left ,
DH-07-2 frapiime 542904.6 1654187.9 | 1786.1 402.2 05-30-07 Dry
Lower Damsite — Right
DH.07-3 A 546991.9 1654050.1 | 1794.3 201.2 06-21-07 Dry
Upper Damsite — Right 1a.
OH.84.1 A 546656.1 1659033.6 | 1901.6 174.7 05-18-84 Not Measured
Upper Damsite — Left A 1A
OH.84.2 frapiise 541015.8 16573575 | 1853.4 290.4 06-14-84 Dry / 06-14-84
Lower Damsite — Right Valley | 544045 1653675 1323 50.5' 08-01-85 Artesian / 08-01-85
DH-85-1 Bottom
DH-85-2 Lower Da"éso'tteO;nLeft Valley 543978.9 | 16545219 | 13345 34.6 08-06-85 Artesian / 05-01-07
DH-85-3 Lower Dam;gfto‘mR'ght valley | 5440703 | 16544707 | 13301 238 08-08-85 1332.1/08-08-85
DH-85-4 Saddle Damsite — Middle 547894 1654973 1604.5 42.9' 08-10-85 Dry
Valley Bottom
TP-85-1 Lower Damsite — Left 543535 1653943 1490 5.0 08-07-85 Dry
Abutment
TP-85-2 Lower Damsite — Right 544863 1653264 1545 2.0 08-07-85 Dry
Abutment
TP-85-3 Lower Damsite — Right 545123 1653163 1610 3.0 08-07-85 Dry
Abutment
TP-85-4 Lower Damsite — Right 545270 1653222 1630 15 08-07-85 Dry
Abutment
Note: Survey Data: NAD83/NAVD29 SHEET 1 0OF 1







GEOLOGIC LOG OF DRILL HOLE NO. DH-07-1  sweer 1 or 2

NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Proposed Pumping Plant Site COORDINATES: N 541,705 E 1,650,842 GROUND ELEVATION: 1287.2 ft. above sea level
BEGUN: 4/10/2007 FINISHED: 4/13/2007 TOTAL DEPTH: 49.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: 10.6 ft. (1276.6) DEPTH TO BEDROCK:  24.7 ft. HOLE LOGGED BY: D. Stelma
WATER DEPTH MEASURED ON: 4/12/2007 TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
O 5 " HNGINEERING PROPERTIE[S > >
T 35 zl & oz 2 ] 8
NOTES Z1R7/8 E |eo | 21EE £ |5 ]g]uE CLASSIFICATION AND
o |w = N4 20l c| @ |s>| < O oF
slo/ & 9 |88[S|®(8F 2 [2]|®|Ts SAMPLE DESCRIPTION
o g |zo[£)2(s8 © | % 9
o = |1£2Y L O
4 1287.2 —=M L1100
PURPOSE OF HOLE: E 0
3 SN 0.0-24.7": QUATERNARY ALLUVIUM DEPOSITS (Qal). Yakima
Determine engineering 5 cpP o 00 29 River alluvial deposits consisting of undifferentiated gravel, sand and
properties of the bedrock = D fines with cobbles, composed of primarily of basaltic clasts with
and overburden in the = o 0 lesser amounts of granitic material. Description is based on HQ-size
vicinity of the proposed 103 0 core samples, drilling conditons and cuttings returned.
pumping plant and intake E T
areas. 3 Qal o~ 0.0-1.0" SILTY SAND WITH GRAVEL (SM)g. About 60%
3 GP o O° 20 medium to fine, hard, subrounded sand; about 20% nonplastic
DRILLED BY: 15 D fines; about 20% coarse to fine, hard, subrounded to rounded
:: ; gravel; moist, dark brown, abundant organics (roots),
Pacific Northwest E SMg 20 homogenous.
Regional Drill Crew: — -
Ch?is Peterson. driller 20 = < 1.0-3.1": GRAVEL AND SAND WITH COBBLES. Description
| ’ = Y based on drilling conditions and cuttings returned
Ben Horton, helper. 3 12625| ©P° a(\° 71 9 9 :
DRILL EQUIPMENT: 253 ) 3.1-8.2: POORLY GRADED GRAVEL (GP). About 100%
: E mostly coarse, hard, subrounded gravel.
CME Model 75 3 100 32
a . 303 8.2-11.2" GRAVEL AND SAND WITH COBBLES. Description
track-mounted rotary drill E based on drilling conditions and cuttings returned.
rig with casing advancer =
and HQ V‘."Le '"(}.e CO“”(? 3 100 53 11.2-16.2": POORLY GRADED GRAVEL (GP). About 100%
system witl dab' iamon 353 mostly coarse, hard, subrounded gravel.
impregnated bit. 3 Tor | Basat |FDs| H3 | w3
3 95 | 39 16.2-21.2": SILTY SAND WITH GRAVEL (SM)g. About 40%
. 404 medium to fine, hard, subangular sand; about 30% fines with low
DRILLING METHOD: = plasticity; about 30% fine to coarse, hard, subrounded gravel;
= 100| 68 moist to wet, light brown.
0.0to0 3.1 Advanced E
4-inch 1.D. surface 453 21.2-24.7" POORLY GRADED GRAVEL (GP). About 100%
casing using a casing = 100| 33 mostly coarse, hard, subrounded gravel.
advancer (wireline 3 1238
rockbit) using clear water TOTAL SAMPLE (BY VOLUME): About 30% 3- to 5-inch,
as circulating fluid. END OF HOLE. Total Depth = 49.2 Feet hard, subrounded cobbles; remainder minus 3 inch;
3.1-11.2" Advanced maximum dimension, 125 mm.
hole with HQ coring
system using clear water 24.7-49.2": GRANDE RONDE MEMBER (Tgr) of the Grande
as circulating fluid. Ronde Basalt Formation, Miocene Columbia River Basalt Group
Installed 4-inch I.D. (CRB). Black to gray, hard, fine grained-aphanitic dense basalt.
surface casing using a Descriptions are based on HQ-size core samples.
casing advancer (wireline
rockbit) and clear water 24.7-49.2": BASALT. Black to gray, fine grained dense basalt.
as circulating fluid Slightly Weathered (W3). Oxidation (iron and manganese) limited
following coring. mainly to fracture surfaces, vesicles contain minor amouts of
11.2 to 49.2" yellowish palagonite. Hard (H3). Core can be scratched with
Advanced hole with HQ knife with heavy pressure. Intensely to Moderately Fractured
coring system using (ED6). Core recovered in lengths from fragments to 0.9', mostly
clear water as circulating less than 0.3', the joints are generally subhorizontal with slightly
fluid. rough surfaces. Two continuous subvertical joints were noted
from 27.3-31.2" and 37.9-38.9".
DRILLER NOTES:
49.2": BOTTOM OF HOLE
0.0to 3.1": Slow and .
moderately rough using STRATIGRAPHY:
o advancer with 0.0 10 24.7 QUATERNARY ALLUVIUM DEPOSITS (Qal)
3.1 .to 14.0" Slow 24.7 t0 49.2 GRANDE RONDE MEMBER (Tgr)
and rough using casing
advancer and HQ coring
system.
14.0-21.2"; Fastand
smooth to moderately
rough using HQ coring
system.
21.2-24.7": Slow and
rough using HQ coring
* Stratigraphy based on data from: Schuster, J.E., 1994, Geologic Map of the East Abbreviations:
O N TS B s £a00000 Guacsanee Wachngon: Wasmaton Dven o, -obrevators
Geology and Earth Resources Open File Report 94-12. Rb - Rock Bit

Soil and bedrock descriptions based on BOR Enginering Geology Field Manual,
2nd Ed., Vol.




GEOLOGIC LOG OF DRILL HOLE NO. DH-07-1  sweer 2 or 2

NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Proposed Pumping Plant Site COORDINATES: N 541,705 E 1,650,842 GROUND ELEVATION: 1287.2 ft. above sea level
BEGUN: 4/10/2007 FINISHED: 4/13/2007 TOTAL DEPTH: 49.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: 10.6 ft. (1276.6) DEPTH TO BEDROCK:  24.7 ft. HOLE LOGGED BY: D. Stelma
WATER DEPTH MEASURED ON: 4/12/2007 TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
Ok EHNGINEERING PROPERTIER > >
0Z w o
o
T [0°2/z] & ololad 2 |u =
NOTES E87/8 £ led 8| 2IEY 2 |5|slut CLASSIFICATION AND
o fjw = N4 2ol sl 2|s>] < | O og
sfof £ 8 |85 2| 5|58 5 |E]%|Fz2 SAMPLE DESCRIPTION
[} i 0|59 e}
d [ I ; & u N O
system.

24.7-49.2": Slow and
rough with frequent
blocking using HQ coring
system through basalt.

DRILLING FLUID:
0.0 to 49.2": Water
DRILL FLUID RETURN:
0.0 t0 8.2": 100%
8.2t021.2" 70%

21.2 to 31.2: 50%
31.2t0 36.5" 40%
36.5 to 45.2": 50%
45.2 t0 49.2": 60%
DRILL FLUID COLOR:
0.0to 11.2": Brown to
grayish brown

11.2 to 49.2": Gray
WATER LEVELS:

Water Level Date
10.6 04/12/2007

CASING RECORD:

*Casing Interval
g b
115 26.2-49.2"

* 4-inch diameter steel
casing (threaded)

TESTING &
SAMPLING:
N/A

HOLE COMPLETION:
Pulled drill rods and

backfilled hole with
bentonite (swell plug).










GEOLOGIC LOG OF DRILL HOLE NO. DH-07-2  sweer 1 or s

NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Wymer Damsite COORDINATES: N 542,905 E 1,654,188 GROUND ELEVATION: 1786.1 ft. above sea level
BEGUN: 4/14/2007 FINISHED: 5/30/2007 TOTAL DEPTH: 402.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 2.8 ft. HOLE LOGGED BY: D. Stelma/S. Acree
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
Ok HNGINEERING PROPERTIEp > >
0Z w o o
T |9°/z] % .| 2lzg €| Y =
NOTES cls /8 £ oz 8|SEY 2 AEIEE CLASSIFICATION AND
w 20 < O
sle/ 5 g (85 2|5 |88 5 [2]%|F2 SAMPLE DESCRIPTION
i & [T 2]|s8 < 8
[ o~ ©
4 1786.1 o
PURPOSE OF HOLE: 3 1786.1) awmsc ,.\rr\]}
= 0.0-2.8" QUATERNARY SLOPEWASH (Qsw). Surficial deposits
Determine engineering 5 3 consisting of undifferentiated gravel, sand and fines with cobbles.
properties of the left = Description is based drilling conditons and cuttings returned.
abutment bedrock at the E
proposed Wymer 103 2.8-237.6" FRENCHMAN SPRINGS MEMBER (Tfs) of the
Damsite. E Wanapum Basalt Formation, Miocene Columbia River Basalt Group
= (CRB). Black to gray, hard, fine grained to slightly porphyritic, slightly
DRILLED BY: 3 FD5 100| 67 vesicular to dense basalt. Descriptions are based on HQ-size core
15 samples.
Pacific Northwest 3 . ) ) . .
Regional Drill Crew: E 2.8-24.6" BASALT. Black to gray, fine grained slightly vesicular
Chris Peterson, driller, 203 basalt. Slightly Weathered (W3). Oxidation (iron and )
Ben Horton and Dick = manganese) limited mainly to fracture surfaces, vesicles contain
Stienke, helpers. = small amouts of yellowish palagonite. Hard (H3). Core can be
! 25 = s'geraStcheCd with knife wgh hl(aavyhpr?ssurfe. Moderatellyfractunled
. = ( ). Core recovered in lengths from fragments to 1.1', mostly
DRILL EQUIPMENT: E W3 about 0.5', the joints are generally subhorizontal with slightly rough
CME Model 75 03 surfaces.
ga‘wi‘tﬁ‘gg’;i‘ﬁd ;%t\?;%ge”r” E 24.6-51.0" BASALT. Black to gray, fine grained dense basalt.
gd H d ,% ire i = Slightly Weathered (W3). Oxidation (iron and manganese) limited
and HQ and NQ wire line E mainly to fracture surfaces, vesicles contain small amouts of
coring systems with 353 yellowish palagonite. Hard (H3). Core can be scratched with
d!amond impregnated = knife with heavy pressure. Slightly Fractured (FD3). Core
bits. = FD3 100 77 recovered in lengths from fragments to 4.0', the joints are
404 generally subhorizontal with slightly rough surfaces.
DRILLING METHOD: 3 51.0-61.0% BASALT. Black to gray, fine grained dense basalt.
) - Moderately Weathered (W5). Oxidation (iron and manganese)
0.0-2.8" Advanced 453 covers all fracture surfaces, moderately altered plagioclase
4-inch 1.D. surface 3 minerals throughout. Hard (H3). Core can be scratched with knife
casing using a casing 3 with heavy pressure. Very Intensely to Intensely Fractured (FD8).
advancer (_erellne 505 Tfs Core recovered mostly as fragments, closely spaced joints are
rockbit) using clear water 3 Basalt [~ | H3 [ | primarily subhorizontal with scattered vertical fractures, joint
as circulating fluid. 3 8 surfces are the slightly rough.
2.8-62.6". Advanced 553 e
hole with HQ coring E FD8 w5 | @ 100] 0 61.0-77.0" BASALT. Black to gray, fine grained dense basalt.
system using clear water = & Slightly Weathered (W3). Oxidation (iron and manganese) limited
as circulating fluid. Lost 3 mainly to fracture surfaces. Hard (H3). Core can be scratched
all circulation at about 603 with knife with heavy pressure. Slightly Fractured (FD3). Core
28.3". Attemped E recovered in lengths from 1.3'to 3.7', joints are generally
pressure permeability E subhorizontal with slightly rough surfaces. Two continuous
test from 43.3 to 61.0', 65— vertical joints were noted from 65.0-68.0' and 70.0-71.6'.
umped 50 gallons per E
Eqinuge but C%uld notp 3 77.0-86.2': BASALT. Black to gray, fine grained dense basalt.
establish back pressure. E w3 100| 85 Moderately Weathered (W5). Oxidation (iron and manganese)
Pulled drill rods and 704 covers all fracture surfaces, moderately altered plagioclase
backfilled hole with 5 3 minerals and traces of palagonite throughout. Hard (H3). Core
bags of cement grout, 3 can be scratched with knife with heavy pressure. Very Intensely
filled hole to 45.0". 753 to Intensely Fractured (FD8). Core recovered mostly as
Reamed hole (drilled E fragments, closely spaced the joints are primarily subhorizontal
through cement grout) to 3 with ;cattered vertical fractures, joint surfces are the slightly
48.0' using drilling fluid 803 2 | rough.
: , = 2
ﬁ%‘taen;?:tﬂissr?iﬁc%f;ﬁﬁ_ 3 W5 ; 30| 0 (I:D(;irngirtisolr\]lgte: Void or soft zone from 79.0-82.6' based on drilling
Pulled rods and E ) :
- ; 85
Egﬁqkefh”tegr\g&tth f?l?eg?wgoslem = 1 86.2-99.3" BASALT. Black to gray, fine grained, slightly i
t0 16.0' Reémed hole = porphyritic, dense basalt. Slightly Weathered (W3). Oxidation
(drilléd ihrough cement 003 (iron and manganese) limited mainly to fracture surfaces. Hard
roun) to 62.0' using clear E (H3). Core can be scratched with knife with heavy pressure.
grout) to 62.0' using clea 3 75 | 58 Slightly Fractured (FD3). Core recovered in lengths from 0.4' to
Y(\;ziecril’?:ig{i%ﬂzt{nﬁngg{ld’ 3 w3 2.4'joints are generally subhorizontal with slightly rough surfaces.
- 95
62.6-92.6" Advanced 3 99.3-123.4" BASALT. Black to gray, fine grained dense basalt.
hole with HQ coring 3 Slightly Weathered (W3). Oxidation (iron and manganese) covers
system using clear water E — - ;
MM N TS e e oas e Wacingon: emsae ey, Aobredstors
Geology and Earth Resources Open File Report 94-12. Rb - Rock Bit
psi - Pounds per square inch
Soil and bedrock descriptions based on BOR Enginering Geology Field Manual, gpm - Gallons per minute
2nd Ed., Vol. K - Permeability expressed in feet per year




NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

GEOLOGIC LOG OF DRILL HOLE NO. DH-07-2

FEATURE: Wymer Reservoir and Pumping Plant Sites
LOCATION: Upper Left Abutment - Wymer Damsite

BEGUN: 4/14/2007 FINISHED: 5/30/2007
DEPTH TO WATER & ELEVATION: Not encountered

SHEET 2 OF 6

PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington

COORDINATES: N 542,905 E 1,654,188

TOTAL DEPTH: 402.2 ft.

DEPTH TO BEDROCK:
TOP OF CASING ELEVATION: N/A

2.8t

GROUND ELEVATION: 1786.1 ft. above sea level
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: D. Stelma/S. Acree
REVIEWED BY: D. Bennett

Ok HNGINEERING PROPERTIE[S > >
0Z w 4 o)
T |9°/z| % .| 2lzg €| Y =
NOTES =le/8 £ |ed8|SEE 2 [8]a|yt CLASSIFICATION AND
i} = N4 20| ¢ x| < O
alof g 9 (85l |2 2 [a|>|EE SAMPLE DESCRIPTION
] 8 ina) ‘Iff 9|50 o o o
o 2 |12Y s o
as drilling fluid. Drill rods 3 traces of palagonite throughout. Hard (H3). Core can be
advanced without = scratched with knife with heavy pressure. Intensely to Moderately
resistance from about 1054 Fractured (FD6). Core recovered in lengths from fragments to1.0',
79.0 to 82.6'. Lost core = joints are primarily subhorizontal with slightly rough surfaces.
sample from the interval = Continuous, moderately wide (0.5") vertical joint was noted from
between 86.2 and 92.6. 1109 109.0-119.0"
Pulled drill rods and = ns | wa 100| 23 ) , )
retrieved about 0.8' of E 123.4-138.8" BASALT. Black to gray, fine grained vesicular
sample. Drill hole caved E basalt. Intensely to Moderately Weathered (W6). Abundant
to 84.6'. Attemped 1153 oxidation (iron and manganese) on fracture surfaces, body of rock
gravity permeability test E oxidized with scattered cindery zones. Moderately hard (H4).
at bottom of hole, E Core can be scratched with knife with moderate pressure.
pumped 70 gallons per 1209 Moderately Fractured (FD6). Core recovered in lengths from
minute without = fragments to1.0' with most lengths from 0.4' to 0.5', joints are
establishing a = pr|mar|ly subhonzontal with slightly roughl surfaces. Continuous
measuhable water |evle|‘ 125:: vertical joint was noted from 126.4-127.6'".
ggg]opgalﬁ)%groxén;?k?iﬁ/ed E 138.8-156.1': BASALT. Black to gray, fine grained, slightly
hole with 38 bags of 3 porphyritic (1-2mm rectangular phenocrys), dense basalt. Slightly
cement grout. filled hole 1304 D6 Weathered (W3). Oxidation (iron and manganese) limited to
t0 82.5' gReah’led hole = H4 | we 100| 40 fracture surfaces, moderately altered plagioclase minerals and
drill 'd ih h t = traces of palagonite throughout. Hard (H3). Core can be
(drilled through cemen 3 scratched with knife with heavy pressure. Moderately Fractured
rout) to 92.6' using clear |1354 i i
g e >INg Cle = (ED6). Core recovered in lengths from fragments to 2.0' with most
water as cucu!gtlng fluid. 3 lengths around 0.4', joints are randomly oriented with slightly
92.6-276.1: 3 rough surfaces. Continuous vertical joint was noted from
Advanced hole with HQ 1409 150.5-152.6".
coring system using 3
clear water, added small 3 156.1-161.1": BASALT. Black to gray, fine grained, dense basalt.
amount of polymer E Slightly Weathered (W3). Oxidation (iron and manganese) on all
through casing to 1453 fracture surfaces, two small palagonitic zones (0.3') were noted.
minimize rod chatter. 3 H3 | wa 100 41 Very Hard (H2). Core cannot be scratched with knife with heavy
276.1-402.2": 3 pressure. Intensely to Moderately Fractured (FD6). Core
Advanced hole with NQ 1505 recovered in lengths from 0.3 to 0.4, joints are equally
coring system using = subhorizontal and subvertical with slightly rough surfaces. Joints
clear water, added small 3 are tight to moderately open.
amount of polymer 1553
through casing to E 161.1-166.1" BASALT. Black to gray, fine grained, moderately
minimize rod chatter. 3 vesicular basalt. Moderately to Slightly Weathered (W4).
d Tis Basalt H2 | w3 100| 48 Oxidation (iron and manganese) on most fracture surfaces,
DRILLER NOTES: 1605 vesicles range from 3 to 8 mm and have palagonitic infillings.
3 Hard (H3). Core can be scratched with knife with heavy pressure.
0.0-2.8: Hard and 3 FD7 wa 100/ 39 Intensely Fractured (FD7). Core recovered in lengths from
slow using casing 1654 fragments to 0.3', joints are equally subhorizontal and subvertical
advancer with rockbit. 3 — — with slightly rough surfaces.
2.8-51.8" Slow and E
rough using HQ coring 3 FD5| H3 (w4 100| 79 166.1-171.1": BASALT. Black to gray, fine grained, moderately
system. 1704 vesicular basalt. Moderately to Slightly Weathered (W4).
51.8-61.0" Slow and E Oxidation (iron and manganese) on most fracture surfaces, most
very rough using HQ 3 FD4 100| 90 vesicles have palagonitic infillings. Hard (H3). Core can be
coring system. 1759 scratched with knife with heavy pressure. Moderately Fractured
61.0-82.6" Slow and 3 (EDS). Core recovered in lengths from 0.3' to 0.5', joints are
moderately rough using E £D4 I 100|100 equally subhorizontal and subvertical with slightly rough surfaces.
HQB%OS?BQGS%.S%TOW and 18():: — 171.1-176.1": BASALT. Black to gray, fine grained, slightly
very r.ough.wi.th frequent 3 I vesicular basalt. Vesicles are up to 3 mm in diameter.  Slightly
blocking using HQ coring = FD4 g 100| 93 Weathered (W3). Oxidation (iron and manganese) on most
system through basalt 1854 © fracture surfaces, vesicles have minor palagonite infillings. Hard
86.2-166.1" Slow : = | & (H3). Core can be scratched with knife with heavy pressure.
and m.odera.tef rough = FD4 100! 76 Moderately to Slightly Fractured (FD4). Core recovered mostly in
using HQ corinyg sysgtem 1903 1.0' lengths, joints are generally subhorizontal.
166.1-222.8" Slow 3 176.1-180.8": BASALT. Black to gray, fine grained, slightly
and slightly rough using E FD3 100 | 100 vesicular basalt. Vesicles range from 1 to 10 mm in diameter.
HQ coring system. 1954 w3 Slightly Weathered (W3). Oxidation (iron and manganese) on
222.8-237.6": Slow 3 most fracture surfaces, vesicles range from 1 to 10 mm with minor
and moderately rough = ED4 H2 100/ 82 palagonite infillings. Very Hard (H2). Core cannot be scratched
using HQ coring system. 2003 with knife with heavy pressure. Moderately to Slightly Fractured
237.6-276.1" Slow E — (FD4). Core recovered mostly in 1.0' lengths or greater, joints are
oo oo [ 00 swrerzonal
using HQ coring system.  |2053 180.8-186.0: BASALT. Black to gray, fine grained, slightly
276.1-402.2" 3 vesicular basalt. Vesicles range from 1 to 5 mm in diameter.
Moderately slow with NQ E FD4 100/ 100 Slightly Weathered (W3). Oxidation (iron and manganese) on
coring system. 2109 most fracture surfaces, vesicles have minor palagonite infillings.
= 1 Very Hard (H2). Core cannot be scratched with knife with heavy
DRILLING FLUID: E pressure. Moderately to Slightly Fractured (FD4). Core
= FD5 100/ 50 recovered mostly in 2.0' lengths or greater, joints are generally
0.0-92.6": Water. 215 I subhorizontal.
92.6-402.2": Water with 3 FD5 100/ 100




NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

GEOLOGIC LOG OF DRILL HOLE NO. DH-07-2

FEATURE: Wymer Reservoir and Pumping Plant Sites
LOCATION: Upper Left Abutment - Wymer Damsite

BEGUN: 4/14/2007 FINISHED: 5/30/2007
DEPTH TO WATER & ELEVATION: Not encountered

SHEET 3 OF 6

PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington

COORDINATES: N 542,905 E 1,654,188

TOTAL DEPTH: 402.2 ft.

DEPTH TO BEDROCK:
TOP OF CASING ELEVATION: N/A

2.8t

GROUND ELEVATION: 1786.1 ft. above sea level
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: D. Stelma/S. Acree
REVIEWED BY: D. Bennett

O 5 " HNGINEERING PROPERTIE[S > >
T 85 zl & ol 2 ] 8
NOTES =5 /8 £ |ed 8| SEE £ [8]a|yt CLASSIFICATION AND
o |w = N4 20l c| @ |s>| < O z
alo/ £ g [Bgle|ges = |e|l®|Ts SAMPLE DESCRIPTION
o 8 rol 8| o|Eol O 14 o
o T1=z8yY B3 o
small amount of polymer  |2203 | FDS ] 100100 186.0-191.0" BASALT. Black to gray, fine grained, slightly
added to minimize rod 3 [FDS| H2 | w3 100! a5 vesicular basalt. Vesicles range from 1 to 5 mm in diameter.
chatter. 225:: ED7 Sliqr:t;v V\{eather?d (W3). Q)Tida:]ion (iroln and r;wanggltngs?’?l'on
= most fracture surfaces, vesicles have minor palagonite infillings.
DRILL FLUID RETURN: = FD7 100| 42 Very Hard (H2). Core cannot be scratched with knife with heavy
9 Tfs Basalt [ | pressure. Moderately to Slightly Fractured (FD4). Core
0.0-2.8" 100% 2309 £D8 H3 [ W5 78 | 10 recovered in lengths from 0.5' to 0.8, joints are generally
2.8-7.6" 40% E subhorizontal. Very Intensely to Intensely Fractured (FD8) from
7.6-28.3" 80% 3 186.7-188.4", core recovered mostly as fragments.
28.3-276.1": 0% E FD9| H7 | W9 9% |0
276.1-280.3" 5‘3/0 2354 191.0-196.0: BASALT. Black to gray, fine grained, slightly
280.3-280.6" 0% 4 15485 FD7 | H2 | W3 100 33 vesicular basalt. Vesicles mostly 1 mm in diameter. Slightly
'6-285.3" 50 3 1 Weathered (W3). Vesicles have minor palagonite infillings.  Very
280.6-285.3" 5% E FD7 ’ el
285.3-402.2": 0% 2403 — 1921 64 Hard (H2). Core cannot be scratched with knife with heavy
= FD6 pressure. Slightly Fractured (FD3). Core recovered in lengths
DRILL FLUID COLOR: E — ‘ ggrrre?éﬁ;/tgu%&\r/ivzi?n?afingle core length of 3.0, joints are
2455 FD7 100| 69 '
00-28.3: Gray 3 196.0-201.0° BASALT. Black fine grained, dense basal
28.3-276.1" No return. 3 | 6.0-201.0" . Black to gray, fine grained, dense basalt.
276.1-285.3" Brown = Slightly Weathered (W3). Oxidation (iron and manganese) limited
285'3—402'2': No retL.jrn 2503 to fracture surfaces. Very Hard (H2). Core cannot be scratched
: e : 3 with knife with heavy pressure. Moderately to Slightly Fractured
. = (FED4). Core recovered in lengths from 0.4' to 0.7, joints are
WATER LEVELS: E < equally subhorizontal and subvertical with slightly rough surfaces,
Date  Hole  *Water 255:: FD4 0 {9770 some of the subhorizontal joints are rehealed.
Depth  Level 3 201.0-206.0: BASALT. Black to gray, fine grained, dense basalt.
iﬁg 3%2 2%% 2603 Slightly Weathered (W3). Oxidation (iron and manganese) limited
9 : E to fracture surfaces. Very Hard (H2). Core cannot be scratched
4/18 610 Dry 3 — 1 with knife with heavy pressure. Moderately Fractured (FD5).
429 92.6 Dry 2653 o7 1100/ 48 Core recovered in lengths from 0.5' to 0.7', joints are equally
g;gg i%gg 1570’2' E | subhorizontal and subvertical with slightly rough surfaces.
5/10 156.1' 154.5' :: ] 206.0-211.0" BASALT. Black to gray, fine grained, dense basalt.
5/11 180.0° Dry 2704 FD4 90 | 70 Slightly Weathered (W3). Oxidation (iron and manganese) limited
5/12 201.0° 200.5' 3 ] to staining on fracture surfaces. Very Hard (H2). Core cannot be
5/13 220.8' 215.2' = _ scratched with knife with heavy pressure. Moderately to Slightly
5/14 242.6' 230.6' |[5,755 Tv  [sediments H5 | w3 90 | 49 Fractured (FD4). Core recovered in lengths of about 1.0', joints
5/15 245.3' 230.6' = are mostly subhorizontal with slightly rough surfaces.
5/24 276.6' 262.8' 3 FD7
5/25 290.3' 283.6' 3 — 211.0-216.0: BASALT. Black to gray, fine grained, dense basalt.
5/26 320.3' >300.0' 2804 Slightly Weathered (W3). Oxidation (iron and manganese) limited
5/27 339.9' >300.0' = — to staining on fracture surfaces. Very Hard (H2). Core cannot be
5/28 379.5' >300.0' = FD6 scratched with knife with heavy pressure. Moderately Fractured
5/29 402.2' >300.0' 285 (ED5). Core recovered in lengths from 0.5' to 0.7', joints are
E 2 mostly subhorizontal with slightly rough surfaces.
* Drilling fluid (water 3 FD7 o
9 ( ) E 216.0-220.8": BASALT. Black to gray, fine grained, dense basalt.
CASING RECORD: 290:: ] Slightly Weathered (W3). Oxidation (iron and manganese) limited
= to staining on fracture surfaces. Very Hard (H2). Core cannot be
Casing Interval 3 FD5 {8320 scratched with knife with heavy pressure. Moderately Fractured
Depth Drilled 295 — (ED5). Core recovered in lengths from 0.6' to 1.0', joints are
2_5(4..) 0.0-276.1' 3 ] mostly subhorizontal with slightly rough surfaces.
276.6(3") 276.1-402.2 300:: 220.8-222.5": BASALT. Black to gray, fine grained, dense basalt.
TESTING & 3 Slightly Weathered (W3). Oxidation (iron and manganese) limited
. E to staining on fracture surfaces. Very Hard (H2). Core cannot be
SAMPLING: 3 ED7 h e
Constant Head E scratched with knife with heavy pressure. Intensely to Moderately
Permeability Test 305 Fractured (FD5). Core recovered mostly in 0.2' lengths, most joint
Intervals: Yy :: surfaces are near verticle with scattered subhorizontal joints.
430670 Coudnor[s103 14754 - e
uild pressure 3 Moderately Weathered (W5). Oxidation (iron and manganese)

. . = and palagonite cover fracture surfaces. Very Hard (H2). Core
_79.0-84.6" Gravity 315 FD4 w5 cannot be scratched with knife with heavy pressure. Intensely
g‘;‘;‘;&%} :)(efspt)htr%gk 60 3 . Fractured (FD7). Core recovered mostly as fragments.

’ = o
gpm 3209 - - - 225.2-227.6" BASALT. Black to gray, fine grained, slightly
) E vesicular basalt. Moderately Weathered (W5). Oxidation (iron
178.1-191.0" Could 3 and manganese) limited to staining on fracture surfaces.
not build pressure 3 Tgr | Basatt H2 100 59 Palagonite up to 2 mm thick present between fractures and
3254 infilling vesicles. Hard (H3). Core can be scratched with knife
247.3-262.6" 8.4 E with heavy pressure. Intensely Fractured (FD7). Core recovered
gpm at 40 psi (K=54 ft/yr) E ED3 w3 in lengths from fragments to 0.3', joints are mostly subhorizontal
3309 with slightly rough surfaces.
279.0-295.0" 21.6 3
gpm at 20 psi (K=149 :: 227.6-232.6": BASALT. Black to gray, fine grained, slightly
ftlyr) 3353 vesicular basalt. Moderately Weathered (W5). Oxidation (iron
E and manganese) limited to staining on fracture surfaces.
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GEOLOGIC LOG OF DRILL HOLE NO. DH-07-2  sweer 4 or s

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Wymer Damsite COORDINATES: N 542,905 E 1,654,188 GROUND ELEVATION: 1786.1 ft. above sea level
BEGUN: 4/14/2007 FINISHED: 5/30/2007 TOTAL DEPTH: 402.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 2.8 ft. HOLE LOGGED BY: D. Stelma/S. Acree
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
OE HNGINEERING PROPERTIEB > >
0Z w o o
T |9°/z & ol 2lzg 2|4 =
NOTES 237/8 £ |eo 8| EIEY 2 |5|slut CLASSIFICATION AND
i [ El x |29 | &|s>] < |O og
sfof £ 8 |85 2| 5|28 5 |E]|%|Fz2 SAMPLE DESCRIPTION
[} s 0|59 e}
d [hd I ; & u N O

Palagonite up to 3 mm thick present between fractures and
infilling vesicles. Hard (H3). Core can be scratched with knife
with heavy pressure. Very Intensely to Intensely Fractured
100| 59 (FD8). Core recovered in lengths from fragments to 0.3, joints
are mostly subhorizontal with slightly rough surfaces.

311.0-325.3": 20 gpm 34
at 20 psi (K=131 ft/yr)

388.0-402.2": No
water take at 20 or 60 psi |34
(K= 0 fuyr) »
232.6-234.6": PALAGONITE BRECCIA. Altered (oxidixed and
devitrifed) basalt consisting of Clayey Sand with Gravel (SM)g.
About 45% fine to medium, predominantly coarse, hard, angular
to subangular sand; about 35% fines with medium plasticity, high
dry strength and no dliatancy; about 20% coarse to fine,
predominantly coarse, hard, angular to subangular gravel;
maximum size, 45 mm; no reaction with HCI; wet, reddish brown.

HOLE COMPLETION: 35
Pulled drill rods and
backfilled hole with
bentonite (swell plug). a5

234.6-237.6": BASALT. Black to gray, fine grained, dense basalt.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to staining on fracture surfaces, some thin palagonite coatings.
Very Hard (H2). Core cannot be scratched with knife with heavy
pressure. Intensely Fractured (FD7). Core recovered in lengths
from fragments to 0.3', joints are mostly subhorizontal with slightly
rough surfaces.

237.6-310.7": VANTAGE SANDSTONE (Tv) of the Miocene
Ellensburg Formation. Tan to gray, moderately soft, medium to fine
grained sandstone with interbedded siltstone and claystone.

100| 66 Descriptions are based on HQ-size core samples.

237.6-239.6" SILTSTONE. Fine grained, brown, heterogenous,
well indurated silt-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely Fractured
(ED7). Core recovered in lengths from fragments to 0.3', joints
are mostly subhorizontal with slightly rough surfaces.

239.6-242.2": SANDSTONE. Fine to medium grained, reddish
brown, well indurated sand and silt-size lithic fragments with
pumice and ash. Moderately to Slightly Weathered (W3).

= Oxidation (iron and manganese) and palagonite up to 1 mm thick
coat fracture surfaces. Moderately Soft (H5). Core scratches
with moderate knife pressure. Intensely to Moderately Fractured
(ED7). Core recovered in 0.5' lengths, joints are mostly

37055 Tor Basalt |FD3| H2 | w3
O% subhorizontal with slightly rough surfaces.

4 1383.9

242.2-247.6": SILTSTONE. Fine grained, brown, heterogenous,
END OF HOLE. Total Depth = 402.2 Feet well indurated silt-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely to Moderately
Fractured (FD7). Core recovered in lengths from fragments to
0.3, joints are mostly dipping about 45 degrees with slightly rough
surfaces.

247.6-248.8": SILTSTONE. Fine grained, brown, heterogenous,
well indurated silt-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Moderately to Slightly
Fractured (FD4). Core recovered in lengths from 0.4' to 1.3, joints
are mostly subhorizontal with slightly rough surfaces.

248.8-253.7": SANDSTONE. Medium grained, gray to dark
brown, well indurated sand-size lithic fragments with pumice and
ash. Slightly Weathered (W3). Oxidation (iron and manganese)
limited to thin staining on fracture surfaces. Moderately Soft (H5).
Core scratches with moderate knife pressure. Moderately to
Slightly Fractured (FD4). Core recovered in lengths from 0.5' to
1.0, joints are mostly subhorizontal with slightly rough surfaces.

253.7-260.4": SILTSTONE. Fine grained, brown, heterogenous,
well indurated silt-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Moderately to Slightly
Fractured (FD4). Core recovered in lengths from 0.4' to 1.0, joints
are mostly subhorizontal with slightly rough surfaces. Joint at
259.9' dipping about 45 degrees with smooth straited
(slickensides) surface.

260.4-262.6": SANDSTONE. Medium to fine grained, gray to
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FEATURE: Wymer Reservoir and Pumping Plant Sites

LOCATION: Upper Left Abutment - Wymer Damsite

BEGUN: 4/14/2007 FINISHED: 5/30/2007
DEPTH TO WATER & ELEVATION: Not encountered

GEOLOGIC LOG OF DRILL HOLE NO. DH-07-2

SHEET 5 OF 6

PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington

COORDINATES: N 542,905 E 1,654,188

TOTAL DEPTH: 402.2 ft.

DEPTH TO BEDROCK:
TOP OF CASING ELEVATION:  N/A

2.8t

GROUND ELEVATION: 1786.1 ft. above sea level
ANGLE FROM HORIZONTAL: -90°

HOLE LOGGED BY: D. Stelma/S. Acree
REVIEWED BY: D. Bennett

NOTES

DEPTH

UNIT

ELEVATION

GEOLOGIC

ROCK TYPE

ENGINEERING PROPERTIH

Fracture

Density

Hardness

Weathering

Permeability

(Feet/Year)

GRAPHIC

% RECOVERY

RQD

HOLE
COMPLETION

CLASSIFICATION AND
SAMPLE DESCRIPTION

greenish gray, well indurated sand-size lithic fragments with
pumice and ash. Slightly Weathered (W3). Oxidation (iron and
manganese) limited to thin staining on fracture surfaces.
Moderately Soft (H5). Core scratches with moderate knife
pressure. Moderately to Slightly Fractured (FD4). Core recovered
in lengths from 0.5' to 2.7, joints are mostly subhorizontal with
slightly rough surfaces.

262.6-267.6" SANDSTONE. Medium to fine grained, gray to
greenish gray, well indurated sand-size lithic fragments with
pumice and ash. Slightly Weathered (W3). Oxidation (iron and
manganese) limited to thin staining on fracture surfaces.
Moderately Soft (H5). Core scratches with moderate knife
pressure. Intensely Fractured (FD7). Core recovered in lengths
from fragments to 1.5, joints are mostly subhorizontal with slightly
rough surfaces.

267.6-272.6": SANDSTONE. Medium to fine grained, gray to
greenish gray, well indurated sand-size lithic fragments with
pumice and ash. Slightly Weathered (W3). Oxidation (iron and
manganese) limited to thin staining on fracture surfaces.
Moderately Soft (H5). Core scratches with moderate knife
pressure. Moderately to Slightly Fractured (FD4). Core recovered
in lengths from fragments to 3.2, joints are mostly subhorizontal
with slightly rough surfaces.

272.6-273.5": CLAYSTONE. Very fine grained, greensih gray to
tan, heterogenous, well indurated clay-size lithic fragments with
pumice and ash. Slightly Weathered (W3). Oxidation (iron and
manganese) limited to thin staining on fracture surfaces.
Moderately Soft (H5). Core scratches with moderate knife
pressure. Intensely Fractured (FD7). Core recovered in lengths
from fragments to 1.7', joints are mostly subhorizontal with slightly
rough surfaces.

272.6-276.1: SANDSTONE. Medium grained, greenish gray to
tan, well indurated sand-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely Fractured
(ED7). Core recovered in lengths from fragments to 1.0', joints
are mostly subhorizontal with slightly rough surfaces.

276.1-278.5": SILTSTONE. Fine grained, white, well indurated
silt-size lithic fragments with pumice and ash. Slightly Weathered
(W3). Oxidation (iron and manganese) limited to thin staining on
fracture surfaces. Moderately Soft (H5). Core scratches with
moderate knife pressure. Intensely Fractured (FD7). Core
recovered in lengths from 0.2' to 0.4', joints are mostly
subhorizontal with slightly rough surfaces.

278.5-281.8": SANDSTONE. Medium grained, gray, well
indurated sand-size lithic fragments with pumice and ash. Slightly
Weathered (W3). Oxidation (iron and manganese) limited to thin
staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely Fractured
(ED7). Core recovered in lengths from fragments to 0.1', joints
are mostly subhorizontal with slightly rough surfaces.

281.8-285.6": SILTSTONE. Fine grained, tan to white, well
indurated silt-size lithic fragments with pumice and ash. Slightly
Weathered (W3). Oxidation (iron and manganese) limited to thin
staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely to Moderately
Fractured (FD6). Core recovered in lengths from 0.3' to 0.6, joints
are mostly subhorizontal with slightly rough surfaces.

285.6-290.3": SANDSTONE. Medium to coarse grained, dark
gray, well indurated sand-size lithic fragments with pumice and
ash. Slightly Weathered (W3). Oxidation (iron and manganese)
limited to thin staining on fracture surfaces. Moderately Soft (H5).
Core scratches with moderate knife pressure. Intensely Fractured
(FD7). Core recovered in lengths from fragments to 0.3', joints
are mostly subhorizontal with slightly rough surfaces.

290.3-296.0": SILTSTONE. Fine grained, light gray, well
indurated silt-size lithic fragments with pumice and ash. Slightly
Weathered (W3). Oxidation (iron and manganese) limited to thin
staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Moderately Fractured
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FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Wymer Damsite COORDINATES: N 542,905 E 1,654,188 GROUND ELEVATION: 1786.1 ft. above sea level
BEGUN: 4/14/2007 FINISHED: 5/30/2007 TOTAL DEPTH: 402.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 2.8 ft. HOLE LOGGED BY: D. Stelma/S. Acree
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
Ok EHNGINEERING PROPERTIER > >
0Z w o o
T |9°/z & o | 2|25 2|y =
NOTES 287/8 £ led 8| 2IEY 2 |5|slut CLASSIFICATION AND
i [ El x |29 c| &|s>] < |O og
sfof £ 8 |85 2| 5|58 5 |E]%|Fz2 SAMPLE DESCRIPTION
[} i 0|59 e}
d [hd I ; & u N O
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(ED5). Core recovered in lengths from 0.2' to 1.0', joints are
mostly subhorizontal with slightly rough surfaces.

296.0-310.7": SANDSTONE. Medium to coarse grained, dark
gray, well indurated sand-size lithic fragments with pumice and ash.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
to thin staining on fracture surfaces. Moderately Soft (H5). Core
scratches with moderate knife pressure. Intensely Fractured (FD7).
Core recovered in lengths from 0.1' to 0.4', joints are mostly
subhorizontal with slightly rough surfaces.

310.7-402.2": GRANDE RONDE MEMBER (Tgr) of the Grande
Ronde Basalt Formation, Miocene Columbia River Basalt Group
(CRB). Black to gray, very hard, fine grained, aphanitic, slightly
vesicular to dense basalt. Descriptions are based on NQ-size core
samples.

310.7-320.3": BASALT BRECCIA. Brownish black fragments of
vesicular basalt in a pumice and ash matrix. Moderately
Weathered (W5). Extensive oxidation (iron and manganese) of
matrix, vesicles contain small amouts of yellowish palagonite.
Very Hard (H2). Core (including matrix) can be scratched with
knife with heavy pressure. Moderately to Slightly Fractured
(ED4). Core recovered in lengths from fragments to .9', mostly
about 0.4', the joints are randomly oriented with rough surfaces.

320.3-349.5": BASALT. Black to gray, fine grained slightly
vesicular basalt. Slightly Weathered (W3). Oxidation (iron and
manganese) limited mainly to fracture surfaces, vesicles contain
small amouts of yellowish palagonite. Very Hard (H2). Core can
be scratched with knife with heavy pressure. Slightly Fractured
(FD3). Core recovered in lengths from fragments to 2.7, the joints
are generally subhorizontal to 45 degrees with smooth surfaces.

349.5-402.2": BASALT. Black to gray, fine grained dense basalt.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
mainly to fracture surfaces. Very Hard (H2). Core can be
scratched with knife with heavy pressure. Slightly Fractured
(ED3). Core recovered in lengths from 0.3' to 2.7, the joints are
randomly oriented with smooth surfaces.

402.2": BOTTOM OF HOLE
STRATIGRAPHY:

0.0-2.8" SLOPEWASH (Qsw).

2.8-237.6". FRENCHMAN SPRINGS MEMBER (Tfs).
237.6-310.7": VANTAGE SANDSTONE (Tv).
310.7-402.2": GRANDE RONDE MEMBER (Tgr).
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GEOLOGIC LOG OF DRILL HOLE NO. DH-07-3  sweer 1 or 4

FEATURE: Wymer Reservoir and Pumping Plant Sites
LOCATION: Upper Left Abutment - Saddle Damsite

BEGUN: 6/7/2007 FINISHED: 6/21/2007
DEPTH TO WATER & ELEVATION: Not encountered

PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington

COORDINATES: N 546,992 E 1,654,050

GROUND ELEVATION: 1794.3 ft. above sea level

TOTAL DEPTH: 201.2 ft. ANGLE FROM HORIZONTAL: -90°

DEPTH TO BEDROCK: 0.6 ft.
TOP OF CASING ELEVATION: N/A

HOLE LOGGED BY: Stelma/Acree/Didricksen
REVIEWED BY: D. Bennett

Ok HNGINEERING PROPERTIE[S > >
0Z w o o
T [5°/z] & .| 2lzg £ |Y =
NOTES Fle /8 |z 8558 Z (3|54 CLASSIFICATION AND
w = N4 20| c x|l < O
alo/ g g |85/ S|5|8% x [u|*|=3 SAMPLE DESCRIPTION
w g |zol 259 © % Q
o 2 |1£2Y L O
4 1794.3
PURPOSE OF HOLE: 3 0
= 0.0-62.6": FRENCHMAN SPRINGS MEMBER (Tfs)f the
Determine engineering 5 3 82 | o Wanapum Basalt Formation, Miocene Columbia River Basalt Group
properties of the left = FD8 W5 (CRB). Black to gray, hard, fine grained to slightly porphyritic,
abutment bedrock at the 3 vesicular to dense basalt. Descriptions are based on HQ-size core
proposed Saddle 103 9210 samples, drilling contions and cuttings returned. .
Damsite (Wymer = o5 | 17 ) . . )
Reservoir). E 0.0-3.6": BASALT. Black to gray, fine grained slightly vesicular
= H4 w4 basalt. Description based on drilling conditions and cuttings
DRILLED BY: 15:: 98 | 48 returned.
ifi E 3.6-10.3" BASALT. Black to gray, fine grained slightly vesicular
Ezgﬂ;g%ﬁ‘(\/g%w: 203 FD7 100! 20 to dense basalt. Moderately Weathered (W5). Oxidation (iron
Chris Peterson. driller = > and manganese) extends from fracture surfaces into body of rock.
Ben Horton and Dick ! = — § Moderately Hard (H4). Core can be scratched with knife with
Stienke, helpers = 100! 10 moderate pressure. Very Intensely to Intensely Fractured (FD8).
! ! 254 Core recovered mostly as chips and fragments with scattered
DRILL EQUIPMENT: :: 0022 short core lengths.
303 FD6 100| 84 10.3-22.6" BASALT. Black to gray, fine grained moderately to
t(r:x:E—mggﬁltgdsrotar dril 3 Tfs Basalt || w4 slightly vesicular basalt. Moderately to Slightly Weathered (W4).
iq with h d Y = Oxidation (iron and manganese) limited mainly to fracture
rig with casing advancer = FD5 100| 82 surfaces, vesicles contain small amounts of yellowish palagonite.
and HQ wire line coring 353 Moderately Hard (H4). Core can be scratched with knife with
system with a diamond E Fo6| H3 moderate pressure. Intensely to Moderately (FD6) to Intensely
impregnated bit. 3 oo (FD7) Fractured. Core recovered in lengths from f ts t
3 [EDa] 100] 63 . oV gths from fragments to
404 ED6 0.7', mostly 0.2 to 0.4, the joints are generally subhorizontal with
= — — slightly rough surfaces.
DRILLING METHOD: = D6
) = W5 86 | 45 22.6-41.6" BASALT. Black to gray, fine grained slightly vesicular
0.0-3.6" Advanced 454 FD9 to dense basalt. Moderately to Slightly Weathered (W4).
4-inch 1.D. surface 3 D7 — 100] 14 Oxidation (iron and manganese) limited mainly to fracture
casing using a casing 3 surfaces, vesicles contain small amounts of yellowish palagonite.
advancer (wireline 503 100] © Hard (H3). Core can be scratched with knife with heavy pressure.
rockbit) using clear water 3 FD8 wel 8 10010 Moderately (FD5) to Intensely to Moderately Fractured (FD6).
as circulating fluid. 3 = S TO0[ O Core recovered in lengths from fragments to 0.6', mostly 0.4 to
3.6-7.6" Dirilled with 553 ED7 92 | 16 0.5, the joints are randomly oriented from subhorizontal to
HQ coring system using = subvertical with slightly rough surfaces. Very Intensely Fractured
clear water as circulating 3 1 12 (FD9) from 38.2-39.2'. Core recovered mostly as fragments.
fluid, advanced 4-inch 3
casing following coring 603 FD6 w5 100| 61 41.6-52.6" BASALT. Black to gray, fine grained moderately
using a casing advancer 4 17317 vesicular to dense basalt. Moderately (W5) to Intensely to
(wireline rockbit) and E Moderately Weathered (W6). Oxidation (iron and manganese) on
clear water to remove 65— FD6 100| 56 fracture surfaces from 1- to 5mm thick, vesicles infilled and coated
cuttings. = ] with yellowish palagonite. Hard (H3) to Moderately Soft (H5).
7.6-201.2": Drilled 3 — w4l | Core can be scratched with knife with heavy pressure, weathered
with HQ coring system = - matrix and joint surfaces scratch with moderate to light knife
using clear water as 703 FD7 o ©]96 (40 pressure. Intensely to Moderately Fractured (FD6) to Very
circulating fluid. 3 5 Intensely to Intensely Fractured (FD8). Core recovered in lengths
= = - from fragments to 0.6', mostly fragments to 0.2', the joints are
DRILLER NOTES: 753 FD7 100| 23 randomly oriented from subhorizontal to subvertical with
3 ] moderately rough surfaces. Very Intensely Fractured (FD9) from
0.0-3.6: Hard and E — — 38.2-39.2". Core recovered mostly as fragments.
Slow using casing 0F 1y lecmend | Hs 98 | 71 62.6-126.1. VANTAGE SANDSTONE (Tv)of the Miocene
3.6-62.6" Slow and 3 FD6 ) S T Ellensburg Formation. Greenish gray, moderately soft, medium to
moderately rough with 3 o gne grained sandstonz Wlthngter_bedded sﬂtstolne and claystone.
; ; 85— : escriptions are based on HQ-size core samples.
ocpas?_:onal b'Iockmgt 3 W5 -|100]| 88
usuggz 6_%;%{_'”%%\’; :r%. = 57 ] 62.6-67.6" SANDSTONE. Light greenish gray, coarse to medium
smooih usih : HQ corin 903 B grained, well indurated sand size fragments. Moderately to
9 9 E 100| 72 Slightly Weathered (W4). Oxidation (iron) coat fracture surfaces
system. . = g ] and coarser sand grains. Moderately Soft (H5). Core scratches
82.6-88.0": Slow and E o] with moderate knife pressure. Intensely to Moderately Fractured
Smoo.th W'th Occass'onal 95 FD6 - ]100( 54 (ED6). Core recovered in lengths from fragments to 0.9', mostly
gﬁi?rgg using HQ coring E : 0.3'to 0.4', the joints are mostly subhorizontal with slightly rough
88.0-126.1:_Slow E |100] 76 surfaces.

COM M ENTS Stratigraphy based on data from: Schuster, J.E., 1994, Geologic Map of the East
Half of the Yakima 1:100,000 Quadrangle, Washington: Washington Division of
Geology and Earth Resources Open File Report 94-12.

Soil and bedrock descriptions based on BOR Enginering Geology Field Manual,

2nd Ed., Vol.

Abbreviations:

Rb - Rock Bit

psi - Pounds per square inch

gpm - Gallons per minute

K - Permeability expressed in feet per year
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GEOLOGIC LOG OF DRILL HOLE NO. DH-07-3  sweer 2 or 4

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Saddle Damsite COORDINATES: N 546,992 E 1,654,050 GROUND ELEVATION: 1794.3 ft. above sea level
BEGUN: 6/7/2007 FINISHED: 6/21/2007 TOTAL DEPTH: 201.2 ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 0.6 ft. HOLE LOGGED BY: Stelma/Acree/Didricksen
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
O 5 " HNGINEERING PROPERTIE[S > >
T 35 zl & oz 2 ] 8
NOTES =l8/8 £ |zy8|SlEE Z 3]skt CLASSIFICATION AND
i} = N4 20| | < O
alo/ g g |85/ S|5|8% x [u|*|=3 SAMPLE DESCRIPTION
w g |zol 259 © % Q
o 2 |I2Y R O
and smooth using HQ = F_D6 100 76 67.6-77.6" SANDSTONE. Dark greenish gray, coarse grained,
coring system. 3 well indurated sand size fragments. Moderately to Slightly
126.1-201.2": Slow 1054 100| 61 Weathered (W4) to Moderately Weathered (W5). Oxidation (iron)
and moderately rough 3 ] coat fracture surfaces and coarser sand grains. Moderately Soft
with occassional blocking E FD5 . (H5). Core scratches with moderate knife pressure. Intensely
using HQ coring system. 1103 100] o1 Fractured (FD7). Core recovered in lengths from fragments to
3 0.5', mostly 0.2' to 0.3', the joints are randomly oriented from
DRILLING FLUID: 3 v |sediments— Hs | ws : subhorizontal to subvertical with slightly rough surfaces.
0.0-201.2" Water. 115:: FD4 - 94 | 74 77.6-92.6". SANDSTONE AND SILTSTONE. Light greenish gray
= 1] to Dark greenish gray, well indurated medium grained sand to silt
DRILL FLUID RETURN: :: | ] size particles. Moderately Weathered (W5). Oxidation (iron) coat
1203 ED6 1 74| a4 fracture surfaces and some minerals altered to clay. Moderately
0.0-7.6" 25% E ~ | ] Soft (H5). Core scratches with moderate knife pressure.
7.6-22.6" 90% 3 — Qo Moderately (FD5) to Intensely to Moderately Fractured (FD6).
2'2 6—36 6 80% = FD6 - Core recovered in lengths from fragments to 0.9', mostly 0.4 to
36.6-41.6" 60% 125 1668.2 .. |100| 68 0.6', the joints are mostly subhorizontal with slightly rough
41.6-46.4" 5% E I surfaces. Intensely Fractured (FD7) from 88.0-89.1'. Core
46.4-49.3" 50% E FD6 w5 recovered mostly as fragments.
S ° = — — 100| 60
49.3-52.6: 40% 1303 92.6-97.6": SANDSTONE. Dark ish ined
52.6-57.6" 30% E D3 TooTi00 .6-97.6" ¢ . greenish gray, coarse grained,
57.6-62.6" 5% 3 well indurated sand size fragments. Moderately Weathered (W5).
62.6 67.6': 20‘;/ - — Oxidation (iron) coat fracture surfaces and coarser sand grains.
67.6_72.6': 2 0 1353 100|100 Moderately Soft (H5). Core scratches with moderate knife
DA g = o pressure. Intensely to Moderately Fractured (FD6). Core
72.6-201.2": 0% = FD2 W3 recovered in lengths from 0.2' to 0.6', the joints are mostly
DRILL FLUID COLOR: 140:: 100| 80 subhorizontal slightly rough surfaces.
0.0-62.6 Gray b= 1 1 97.6-112.6": SANDSTONE AND SILTSTONE. Light greenish
700 . e gray to dark greenish gray, well indurated medium grained sand to
62.6-72.6" Tan. 1453 FDS 100 82 silt size particles. Moderately Weathered (W5). Oxidation (iron)
72.6-201.2": No return. 3 — — coat fracture surfaces and some minerals altered to clay.
3 ED5 w4 Moderately Soft (H5). Core scratches with moderate knife
150 | 100| 68 pressure. Moderately (FD5) to Intensely to Moderately Fractured
WATER LEVELS: 3 (FD6). Core recovered in lengths from fragments to 0.8', mostly
= 0.2'to 0.6', the joints are randomly oriented ranging from
Date  Hole Water |, -5 FD3 100]| 76 subhorizontal to subvertical with slightly rough surfaces.
2007 Depth Level 3
6/07 3.6' 2.8 3 — 112.6-117.1": SANDSTONE. Light greenish gray, medium
6/08 17.6' Dry E grained, well indurated sand size fragments. Moderately
6/09 46.4' Dry 1605 100|100 Weathered (W5). Oxidation (iron) mostly on fracture surfaces with
6/10 67.6' 55.5' E minor oxidation of coarser sand grains. Moderately Soft (H5).
6/11  92.6' Dry 3 Tgr Basalt |FP?| 12 Core scratches with moderate knife pressure. Moderately to
6/12 117.6' 106.1' 165 100/ 80 Slightly Fractured (FD4). Core recovered in lengths from 0.1' to
6/13 132.6' 125.7" = 2.7', the joints are mostly subhorizontal slightly rough surfaces.
6/20 157.6' 145.9' 3 | ) . )
6/21 182.6' Dry E 117.1-123.3" CLAYSTONE. Light greenish gray, well indurated
6/22 201.2' 183.5' 1703 1001 40 clay size fragments. Moderately Weathered (W5). Oxidation
= (iron) mostly on fracture surfaces with minor oxidation of body of
CASING RECORD: = FD6 rock. Moderately Soft (H5). Core scratches with moderate knife
1759 100]| 38 pressure. Intensely to Moderately Fractured (FD6). Core
*Casing Interval 3 w3 recovered in lengths from fragments to 1.0, the joints are mostly
Depth Drilled 3 subhorizontal slightly rough surfaces.
.6 0.0-201.2 18035 100 56 123.3-126.1": SILTSTONE. Light greenish gray to dark reddish
% A ; 3 ED5 brown, thinly bedded to laminated, well indurated silt size
C;lsm;f}tﬂliggé%r)steel 3 fragments. Moderately Weathered (W5). Oxidation (iron) mostly
1854 100| 57 on fracture surfaces with minor oxidation of body of rock.
TESTING & = | Moderately Soft (H5). Core scratches with moderate knife
SAMPLING: 3 FD7 pressure. _Intenselv to Moderately Fractured (FD(_S). Core
: 1903 08 | 42 recovered in lengths from fragments to 0.5', the joints are mostly
Constant Head = I subhorizontal slightly rough surfaces.
Permeability Test 3 126.1-201.2": GRANDE RONDE MEMBER (Tgr)of the Grande
Intervals: 1953 100| 94 Ronde Basalt Formation, Miocene Columbia River Basalt Group
. 3 FD3 (CRB). Black to bluish gray, very hard, fine grained, aphanitic,
17.0 - 27.6" 40 gpm 3 slightly vesicular to dense basalt. Descriptions are based on
at 10 psi (K=2659 ft/yr) 2003 1503.1 100| 65 HQ-size core samples.
47.0 - 57.6" 38 gpm 126.1-129.7": BASALT. Black to gray, fine grained vesicular
at 10 psi (K=1713 ftiyr) END OF HOLE. Total Depth = 201.2 Feet basalt. Moderately Weathered (W5). Oxidation (iron and
manganese) limited mainly to fracture surfaces, vesicles contain
67.0 - 77.6" 39.8 gpm small amouts of yellowish palagonite. Very Hard (H2). Core can
at 10 psi (K=1478 ft/yr) be scratched with knife with heavy pressure. Intensely to
Moderately Fractured (FD6). Core recovered in lengths from
87.0 - 97.6" 25gpm fragments to 0.4', the joints are generally subhorizontal with
at 20 psi (K=612 ft/yr) moderately rough surfaces.
117.0-127.2" 15 129.7-134.3": BASALT. Black to gray, fine grained vesicular
gpm at 40 psi (K=22.7 basalt. Slightly Weathered (W3). Oxidation (iron and
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GEOLOGIC LOG OF DRILL HOLE NO. DH-07-3  sweer s o 4

FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Saddle Damsite COORDINATES: N 546,992 E 1,654,050 GROUND ELEVATION: 1794.3 ft. above sea level
BEGUN: 6/7/2007 FINISHED: 6/21/2007 TOTAL DEPTH: 201.2ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 0.6 ft. HOLE LOGGED BY: Stelma/Acree/Didricksen
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
Ok ENGINEERING PROPERTIER > >
0Z w o o
z [95/7 ¢ .| elzd 2|8 2
NOTES E87/8 £ led 8| 2IEY 2 |5|slut CLASSIFICATION AND
o fjw = N4 2ol sl 2|s>] < O og
sfof £ 8 |85 2| 5|58 5 |E]%|Fz2 SAMPLE DESCRIPTION
[} i 0|59 e}
d @ I = & u N O
ftiyr) manganese) limited mainly to fracture surfaces, vesicles contain
small amouts of yellowish palagonite. Very Hard (H2). Core can
132.0-142.6": No be scratched with knife with heavy pressure. Slightly Fractured
water take at 10, 20 or (ED3). Core recovered in lengths from 0.3'to 4.7', the joints are
40 psi (K= 0 ftiyr) generally subhorizontal with moderately rough surfaces.
HOLE COMPLETION: 134.3-142.6": BASALT. Black to gray, fine grained dense to
Pulled drill rods and slightly vesicular basalt. Slightly Weathered (W3). Oxidation (iron
backfilled hole with and manganese) limited mainly to fracture surfaces. Very Hard
bentonite (swell plug). (H2). Core can be scratched with knife with heavy pressure.

Slightly to Very Slightly Fractured (FD2). Core recovered in
lengths from 0.6' to 4.7, the joints are generally subhorizontal with
slightly rough surfaces.

142.6-147.2": BASALT. Black to gray, fine grained slightly
vesicular basalt. Slightly Weathered (W3). Oxidation (iron and
manganese) limited mainly to fracture surfaces. Very Hard (H2).
Core can be scratched with knife with heavy pressure.
Moderately Fractured (FD5). Core recovered in lengths from 0.1'
to 1.4, the joints are generally subhorizontal with slightly rough
surfaces. Basalt Breccia from 146.3-146.5'. Angular sand-size (5
mm) basalt fragments in a hard green (clorite) matrix.

147.2-150.6": BASALT. Black to gray, fine grained vesicular
basalt. Moderately to Slightly Weathered (W4). Oxidation (iron
and manganese) limited mainly to fracture surfaces with scattered
thin soil zones. Very Hard (H2). Core can be scratched with knife
with heavy pressure. Moderately Fractured (FD5). Core
recovered in lengths from fragments to 0.8', the joints are
randomly oriented with slightly rough surfaces.

150.6-157.6": BASALT. Black to gray, fine grained slightly
vesicular basalt. Slightly Weathered (W3). Oxidation (iron and
manganese) limited mainly to fracture surfaces. Very Hard (H2).
Core can be scratched with knife with heavy pressure. Slightly
Fractured (FD3). Core recovered in lengths from 0.3' to 2.2', the
joints are randomly oriented with slightly rough surfaces.

157.6-168.2": BASALT. Black to gray, fine grained dense basalt.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
mainly to fracture surfaces. Very Hard (H2). Core can be
scratched with knife with heavy pressure. Slightly to Very Slightly
Fractured (FD2). Core recovered in lengths from 0.3' to 2.2', the
joints are randomly oriented with slightly rough surfaces.

168.2-178.6": BASALT. Black to gray, fine grained dense to
slightly vesicular basalt. Slightly Weathered (W3). Oxidation (iron
and manganese) limited mainly to fracture surfaces. Very Hard
(H2). Core can be scratched with knife with heavy pressure.
Intensely to Moderately Fractured (FD6). Core recovered in
lengths from 0.1' to 0.5', mostly less than 0.3, the joints are
randomly oriented with slightly rough surfaces.

178.6-186.0": BASALT. Black to gray, fine grained dense to
slightly vesicular basalt. Slightly Weathered (W3). Oxidation (iron
and manganese) limited mainly to fracture surfaces. Very Hard
(H2). Core can be scratched with knife with heavy pressure.
Moderately Fractured (FD5). Core recovered in lengths from 0.1'
to 1.2', the joints are randomly oriented with slightly rough
surfaces.

186.0-191.2": BASALT. Black to gray, fine grained dense basalt.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
mainly to fracture surfaces. Very Hard (H2). Core can be
scratched with knife with heavy pressure. Moderately Fractured
(ED7). Core recovered in lengths from 0.1' to 0.5', the joints are
generally subhorizontal with slightly rough surfaces.

191.2-201.2": BASALT. Black to gray, fine grained dense basalt.
Slightly Weathered (W3). Oxidation (iron and manganese) limited
mainly to fracture surfaces. Very Hard (H2). Core can be
scratched with knife with heavy pressure. Slightly Fractured
(FD3). Core recovered in lengths from 0.2' to 3.4, the joints are
mostly subhorizontal to approximately 45 degrees with slightly
rough surfaces.

201.2" BOTTOM OF HOLE

STRATIGRAPHY:
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FEATURE: Wymer Reservoir and Pumping Plant Sites PROJECT: Yakima R. Basin Water Storage Feasibility Study STATE: Washington
LOCATION: Upper Left Abutment - Saddle Damsite COORDINATES: N 546,992 E 1,654,050 GROUND ELEVATION: 1794.3 ft. above sea level
BEGUN: 6/7/2007 FINISHED: 6/21/2007 TOTAL DEPTH: 201.2ft. ANGLE FROM HORIZONTAL: -90°
DEPTH TO WATER & ELEVATION: Not encountered DEPTH TO BEDROCK: 0.6 ft. HOLE LOGGED BY: Stelma/Acree/Didricksen
TOP OF CASING ELEVATION: N/A REVIEWED BY: D. Bennett
Ok EHNGINEERING PROPERTIER > >
0Z w o
o
T |9°/z| % .| 2l2g € |4 =
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d [ I ; & u N O

NENAHNEZAD WYMER.GPJ NENAHNEZAD.GDT 1/16/08

0.0-62.6" FRENCHMAN SPRINGS MEMBER (Tfs).
62.6-126.1". VANTAGE SANDSTONE (Tv).
126.1-201.2": GRANDE RONDE MEMBER (Tgr).
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Appendix B
Drawings

Wymer Dam and Reservoir — Geologic Plan Map, Locations of
Explorations and Geologic Sections, General Geologic Legend,
Explanation and Notes (2007)

Wymer Dam and Reservoir — Geologic Sections A-A’, B-B’ and
C-C’ (2007)

Geology for Design & Specifications - Standard Descriptors and
Descriptive Criteria for Rock

Geology for Design & Specifications - Standard Descriptors and
Descriptive Criteria for Discontinuities
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GEOLOGIC SECTION A-A' — DAM
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GEOLOGIC SECTION C-C' — PUMPING PLANT

1. Drll holes wero locoted by the Ephrota Flald Office survey craw uwsing giobal
%mm'lng % GPS) mm;nl l'hrhn'lh.i control s Woshington State Plane
2. For locobone of geocloglc sections refer to drowing 33—100-586890.

3. For geclogic weplanation refar to drawing 33—-100-3808.

8. mm ond geologic unit descriptions bossd portiolly on  interpratotions:
presentad in the following reporte:

o 8, Lt S U o0 5 0 LR
94—1,;."%t;mph. n. Washington jon logy Open Repo

feby. DM, 1988, Adderdum No. 1, Gedlaglc report for Wymer Dumafls, Yokima
e ety i Muso.m:mn. Pacific
umnmtmgion mm«mwmm&mm Geclogy Branch, Boles, ID.

leby, D.N., 1884, ic report for Wymer Domaits, Yokima River Bosin Water
anhoncemant Project, Washingten . US.DJ., US.ER., Pouﬂc Northwest Region, Dhsion
of Gaology and Comstruction, Gtolcqj' B'Meh Bolll. 1D,

€D AWATS THNK  SAFETY

DEPARTMENT OF THE INTERIOR
BUREA OF RECLAMATION
YAKIMA RIVER BASIN STORAGE STUDY — WASMINGTON

WYMER DAM AND RESERVOIR
GEOLOGIC SECTIONS A-A', B-B' AND C-C'
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FRESH (\'ﬂg: Body of rock Is not oxidized or discolored, fractura surfoces ROCK PARTICLE SlZES OR FLOW TEXTURE
are not oxidized or discolored®; no separotion of grain boundories; no change
of texture and no aolutioning. Hammer rings whan erystolline rocks are struck. DESCRIPTORS THICKNESS /SPACING
SLIGHTLY WEATHERED TO FRESH {W2):** Sedimentary Pyroclastic MASSIVE Greater than 10 ft (>3 m)
Size Rounded, subrounded, VERY THICKLY (bedded, 3 to 10 ft (1 to 3 m)
SUGHTLY WEATHERED (W3): Discoloration or coxidation is limited to surface of. in subangular follated or banded)
or short distance from fractures; some feldspar als  are dull; fracture mm Particle or Lithifled Fragment Lithified THICKLY 1 to 3 ft (300 mm to 1 m)
surfaces have minor to complete discoloration or oxidation; no wviaible fragment product product MODERATELY 0.3 to 1 ft (100 to 300 mm)
saparation of grain  boundariea;  texture preservead and minor leaching of THINLY 01 to 0.3 ft_{30 to 100 mm)
soluble minerals may be present. Hommer rings when crystalline rocks ars VERY THINLY 0.03 &3/8 irg to 0.1 ft (10 to 30 mm)
struck. body of rock i3 not weakened by weathering, Boulder Boulder @ |Voleanic (o LAMINATED (intensely  Less than 0.03 ft [3/8 in] (<19 mm)
conglomerate Block breccia follated or banded)
MODERATELY TO SUGHTLY WEATHERED (W4):** P56 or or ®
MODERATELY WEATHERED (W5): Discoloration or  oxidation extends from Cobble Bomb™® :’;:;:‘:m,
fractures, usually thrw?hout body of rock; ferromagnesion minerals ore “rusty’, Cobble conglomerate
feldspar crystals are "cloudy™; all fracture surfaces are discolored or oxidized; 64 [
partial opening of grain boundaries vislble; texturs generally preserved, but
mblke brr:’iner?s l'l'l':l); b:"nr'lm:tly I:ueh:d. Hammer does not ring when rock Is Pebble BEDROCK
ck, body of rock Is slightly weakened. Pebble .
conglomerata Lapillistons
INTENSELY TO MODERATELY WEATHERED (W6): =+ 4 Lapilli un':l Laphli HARDNESS/ STRENGTH
tuff EXTREMELY HARD {H1): Core, fragment or exposure cannot bs scratched with
INTENSELY WEATHERED (W7): Body of rock Is discolored or oxidized throughout; Granule knife or sharp picls: gan only be chlgpad with rap:gted heavy hammer blows.
dall feldspars and ferromagnesion minerals are altered to clay to some extent. Granule conglomerate
All fracture surfaces are discolored or oxidized, and friable; partiol 2 VERY HARD (H2): Cannot be scratched with knife or sharp pick. Core or fragment
separation of grain boundaries, rock Is frioble; In situ disoggregation of brecks with rapeated haavy hammer blows,
gr;:mltitl:s comn;on In afn:l—crle |"fgrl'|<>na;cl tﬁxture dt::li:ehred :tr:g Leqcm:l of soluble . ’ Very coarse sand
minerals may be complete. Rock has dull sound when ck wl ammer; roc Al .
is weakened, usually can be broken with moderate to heavy manual pressure or Coarse sand Sandstone ',;',,':2.,5:')"‘) H.u‘f,;"hg,‘,,m:'i'ﬁgﬁ“,'.qﬂ,% tkcr 'f,’,.?,ﬂ ,:,2?:';.?.-.,"'3”‘ with  difficuty  (heavy
by light hammer blow without reference to planes of weakness. 0.5
Coarse ash|Coarse tuff MODERATELY HARD (H4): Con be scratched with knifs or sharp pick with light or
VERY INTENSELY WEATHERED (WB):** 0.25 Medium sand (Very coarse, moderate pressure. Core or fragment breaks with moderate hammer blow.
adium,
DECOMPOSED (W9): _Body of rock le discolored or oxidized throughout, but Fine sand fne, or very MODERATELY SOFT (HS): Can be grooved 1/16 Inch (2 mm) deep by kife or sha
resistant mIneru?s such as quartz may be unoltered; oll feldspores ond ferro— 0.125 :::') or very Ick with moderate or heavy preas&re. core/or fragment breuksq:lthy light hommerrp
magneaion minerala are completely adltered to clay;, complete separation of Elow or heavy manual pressure.
grain boundaries (disoggregated). partial or complete remnant rock structure Very fine sand
may be preserved, but resembles a soil, 0.0825 SOFT (H6): gon bet g:%ovelctih or goug“od Beuslll‘{ bylltrl'tnlllfeht or uhgrdp glck with Inqht
NOTE: Weathering categories are established primarily for crystalline rocks Silt gtTtone/ Sgﬁg' can Be seake v ngemal. Frede W 9nt 70 Mmoderdte manua
andk thons-a vritth | mfﬂgr{gsian trnir:.’;cllf'uls. :to%w?‘ﬁrég in var::ﬁ sodlrréanta{y 0.00301 ale
rocks will not alwa e categories established — wea ng categories SOFT :
may ba medified for particular alte conditiona or alteration Qouch a Claystone Fine ash  |Fine tuff :Efv:d with (:‘ 7.?,;|f,_(:°'é,';§k;°‘,’,,‘,’{'ﬁ m?("',‘:g;,uu ",’,°,,':.f1u,'{_ gouged with _ fingemall, or
hydrothermal alteration. Where modified criteria are established, they should Clay Shale o
be identified and deacribed. my bledcl;oeki #ni:I aoft:r tl'lllolil H7, ]\ﬁry Softﬁ Is ctto |l>:ﬂ deacribed using USBR 500586
sual clossification of solls) conaslstency characteristics.
* Chargcteristics of frocture surfoces do not include directional weathering () Broken from previous igneous rock, block shaped (angulor to subangular). y
dlong shearz or foulta and their associgted fracture zones; for example o shear n) Solidifled from plostic material while In flight, rounded clasts.
that carries waathering to great depths in o fresh rock mass would not require
the whole rock mass to be clossified as weathered.
** Comblination descriptors are used when equal distribution of both weathering
characteristics are present over significant Intervals or where characteristics
noted are "in between™ the dlagnostic characterlstics. |GN EOUS AND MET AM ORPH'C
DURABILITY INDEX TEXTURE DESCRIPTOR AVERAGE GRAIN DIAMETER
DURABILITY VERY COARSE GRAINED  >10 mm [>3/8 in]
DESCRIPTOR DESCRIPTIVE CRITERIA OR PEGMATITIC
COARSE GRAINED 5-10 mm [3/16 -3/8 in]
DIo/ Rock specimen or exposure remalns intact with no MEDIUM GRAINED 1-5 mm [1/32 -3/16 lni|
deletarious cracking after exposure longer than 1 year. FINE GRAINED 0.1-1 mm [0.004 — 1/32 In]
APHANITIC {Cannot be <0.1 mm [<0.004 in]
D Rock specimen or exposure developa halrline eracking seen with the unoided eye)
on gurfacea within 1 month, but no disaggragation
within 1 year of exposure.
DI2 Rock slgf:cirrlan clllt'hlexpc;sure Ewdogs/ hqirlcilrlu crqckirtl
on surfacea within week, and/or disaggregation
within 1 month of exposure. ADDITIONAL TEXTURAL |
DI3 ecimen or exposure may develop hairline cracks in
1spdu and diupla?u _prono\:lﬂqud sgparation of bedding ADJECT' VES
and/or  disoggregation within 1 week of exposure, PIT (pitted) — pinhole to 0.03 ft [3/8 in] (<! to 10 mm) openings. e G 4 7 G
Di4 Specimen or exposure disploys pronounced crackin WG — Small i lly lined with tals) ing in di ter from D-F W R |DWG NO. MNOR REWSIONS.
and disoggregation  within 1 day (24 hours of vuggy, all gpenings fusud ned With crystdls) ronging in diameter
exposure. Generally raovels ond degrades to smoll 0.0J(ft fg)ﬁ in] to o T f" s"] (10 to 100 mm). ALWAYS THINK SAFETY
fragments. CAMTY — An ening larger than 0.33 ft [4 In] (100 mm), elze descriptions are UNTED STATES
required, and odjectives such as small, large, etc., may be used. DEPARTMENT OF THE INTERVOR
BUREAU OF RECLAKATION
HONEYCOMBED — If numerous enough that onI'y thin wolls separate individual ‘zlts
COLOR or vugs, this term further describes the preceding nomenclaoture to indicate cell—Ilke GEOLOGY FOR DESIGN & SPECIFICATIONS
The Munsell color system (Geologic Soclety of America Rock Color Chart) should ) STANDARD DESCRIPTORS AND DESCRIPTIVE
be used. This system defines wet color by ita hue, wvalue, ond chroma. Color VESICLE (vesicular) — Small orenings in voleanic rocks of variable shape and size CRITERIA FOR ROCK
aymbols u; .a., may be inclu N ed by entrapped gas bul uring solidification.
bols used (le., 5 YR 5/8 be included formed b t d bubbles duri lidiflcati
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DISCONTINUITY TERMINOLOGY

DISCONTINWITY — A collective term used for all structurd breaka n geclogic materials
which usually are unhsalsd and have zsro or low tenslie strength. Discontinuities dso
may be healed and exhibit high tensls strength. Diecontinuitiea comprise froctures
(including joints), plones of weokness, sheors/fauits, and shear/Toult zones. Contacts
between vorious units olso may be considered discontinuities.

FRACTURE — A term used to describe ony natural break in geclogic materdal excluding
shears ond sheor zonss  Additional frocture terminclogy is provided below.

SHEAR — A structurdl breck whare differentidl movement hos token ploce olong a surfoce
or zone of fallure by shear; charucterized by striations, slickensides, gouge, breccia,
mylonlts, or any combination of these. Often direction, amount of displocement, and
continufty may not be known becouse of limited sxposures or cbeservations

FAULT — A shear with significant contihulty which can be correlaied betwsen cbessrvations;
occurs over a eignificont portion of o given slte, foundation area, or reglon; or I8 a
ssgment of g foult or foult zone defined In the literoture. The designation of o sheor
as a foult or foult zone ls a slte—specific determination.

SHEAR/FAULT ZONE — A shear that la expressed in relative terms of width. The zone may
conelst of gouge, breccla, or many related foulta or sheors together with froctured ond
crushed rock betwean the shears ond faults, or any comblnation of these. In the litera—
ture mony foult zones simply are referred to as faults.

SHEAR— /FAULT-DISTURBED ZONE — An assocloted zone of fractures ond/or folds
adjocent to a sheor or shear zone whers the country rock haa been sub
only minor cataclastic action and may be mineralized. If adjocent to a fault
or fault zone, the tarm_la fgult—disturbed zone. Occurrence, orientation, and
araal extsnt of thess phenomena dapend upon depth of burial (pressure and
temperoture) during sheoring, brittieneas of materiols, and the atreas envelope.

FRACTURE TERMINOLOGY

EXAMPLES SHOWN FOR CORE, BUT APPUCABLE TO ANY OBSERVATION

JOINT (JT) = A relatively plonar frocture olong which there has
been |ittle or no shearing displacement.

FOLIATION JOINT (FJ) OR BEDDING JONT (BJ) — a relatively
plonar fracture which i paoralisl to follotion or bedding along
which there has besn [ittls or no shearing displocement.

7
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BEDDING PLANE SEPARATION — A separation along bedding after
extraction or exposurs due to stress relief or alaking.

INCIPIEENT JOINT (IJ) OR INCIPEENT FRACTURE {IF) — A joint
or fractura which doss not continua through the spacimen or

/;,

at least is not ssen with the noked eye. However, when the spec—

men is wetted, and then dllowsd to dry, the joint or fracture
trace i evident. When core is broken, it brecks along on ex—

isting plone.

RANDOM FRACTURE {RF) — A natural breck which doea nct belong
to q kint set. and which exhibite o generolly rough, very
reguior, nonplanar surface.

MECHANICAL BREAK (MB) — A breck due to driling, blasting, or
handling. Mechanical breaks parallel to bedding or follation
are colled Bedding Breaks (BB} or Foliation Breoks {FB), re—
epectivaly. Recognizing mechonical breoks may be difficult.
The obsence of oxidotion, staining, or mineral fillings, ond
often a hackly or kregular surface are clues for recognition.

FRACTURE Z0ME (FZ) — Mumerous, very clossly spocad intersect—
ing froctures. Often frogmented core connot be fitted together.

METHOD OF MEASURING DIP OF
PLANAR DISCONTINUITIES, FOLIATION,
AND BEDDING IN CORE

—_— 35t D
[ :
T
Core oxis

1. Vertical hole — true dip
ia measured ond reported.

e axis

Inclination

2. Angls hola — true dip usudlly not
known; ongle is measured from
core axia qnd e called Indlination.

ROCK QUALITY DESIGNATION (RQD)

EXAMPLE SHOWN FOR CORE, BUT APPLICABLE TO ANY LINEAR OBSERVATION
RQD o 5um of length of solid core pieces > 0.33 ft [4 in] {100 mm) long 100
Length of the run in feet {mm)

FRACTURE FREQUENCY

FRACTURE FREQUENCY — The numbaer of notural froctures occurring within a base
length or core run. The number of froctures is divided by the length and ia
ro/purtad as fractures per foot or fractures psr meter. Expresssd as 3/m or
6/ft

FRACTURE DENSITY

FRACTURE DENSITY — Based on the spocing of oll ngturdl fracturea In an expo—
sura or core racovery lengths in boreh

olen: axcludes machaonical  breoks,
as; however, sheor—disturbed zones {frocturing outside

the shear) ars includad. Descriptors for froctura density apply to all rock
exposures such as tunnel walls, dozer trenches, outcrops, or foundation cut
slopes and inverta, as well as borsholsa. Descriptiva criteria presented below
are based on borshole cores where lengths are measured along the core oxis.
For other exposures the criterium (s distance measured bstwesn fractures

(size of blocks).

UNFRACTURED (FDO)} No fractures.

VERY SLIGHTLY FRACTURED (FD1): Core recovered mostly in lengths greater than
3 fest (1 m).

SLIGHTLY TO VERY SUIGHTLY FRACTURED (FD2) *

SLIGHTLY FRACTURED 3):  Cora recovered rmostly in langths from 1 to 3 fest
{300 to 1000 mm) with few scottered lengtha lems than 1 foot (300 mm) or
greater than 3 feet (1000 mm).

MODERATELY TO SLIGHTLY FRACTURED (FD4) *

MODERATELY FRACTURED (FD5): Core recoversd mostly in 0.3— to 1.0—foot (100
to 300—mm) lengthe with most lengths obout 0.6 foot (200 mm).

INTENSELY TO MODERATELY FRACTURED (FD6) *

INTENSELY FRACTURED {FD7): Lengths overoge from 0.1 to 0.3 foot (30 to 100
mm} with scattered fragmented Intervole. Core recoversd mestly in lengthe
less thon 0.3 foot (100 mm).

VERY INTENSELY TO INTENSELY FRACTURED (FD8) *

VERY INTENSELY FRACTURED {FDS): Core recovered mostly as chips ond frop—
ments with o few acottered short core lengths.

* Combinations of fracture densitles (e.g., Very intansaly to Intensely Fractured
or Moderately to Slightly Fractured) ore ussd where equal distribution of both
fracture density charocteristics ore present over a significant interval or

sure, or where choracteristica are “in betwsan” the descriptor definitions.

FRACTURE SPACING

JOINT SET, OR FRACTURE
SPACING DESCRIPTOR TRUE SPACING
EXTREMELY WDELY SPACED (SP1)
VERY WIDELY SPACED (SP2)
WDELY SPACED {SP3)
MODERATELY SPACED (SP4)
CLOSELY SPACED {SP5
VERY CLOSELY SPACED (SPB)

Graoter then 10 ft (>3 m)
3to10ft (1 to3m)

1to 3 ft (300 mm to 1 m)
0.3 to 1 m (100 to 300 mm
0.1 to 0.3 ft {30 to 100 mm
lesa than 0.1 ft (<30 mm}

FRACTURE CONTINUITY

CONTINUITY DESCRIPTOR

DISCONTINUQUS

SUGHTLY CONTINUOUS (C2)
MODERATELY CONTINUOUS (C3)
HIGHLY CONTINUQUS (C4)
VERY CONTINUOUS (C5)

DISCONTINUITY LENGTH

{c1) Less thon 3 ft (<1 m
Jto1WHR{1to3Im

10 to 30 ft (3 to 10 m)
30 to 100 1t (10 to 30 m)
Greater thon 100 ft (330 m)

FRACTURE ENDS (JOINT SURVEYS)

FRACTURE ENDS
DESCRIPTOR

Ed
El

E2

DESCRIPTIVE CRITERIA
Zoro ends Isave the exposure (both ends con ba sean).

One end of the frocture terminotes in the exposure
{one end con be seen).

Nefther fracture end terminates in the exposure
{neither snd con be sewn).

FRACTURE OPENNESS OR
FILLING THICKNESS

FILLING THICKNESS OPENNESS
DESCRIPTOR THICKNESS /OPENNESS DESCRIFTOR
CLEAN (T0) No fiim or coating.

VERY THIN {T1)

M(DERA(T%‘; THIN  0.003 to 0.01 ft [1/32 to

THIN (T3)

No visible seporation. TIGHT (00}

Less than 0.003 ft [1/32 In] SLUGHTLY OPEN (1)
{<1 mm).

MODERATELY OPEN (02)
1/8In] {1 to 3 mm).

0.01 to 0,03 ft [1/8 to 3/8 OPEN (03)
in] (3 to 10 mm}.

Moom.\m THICK 0.03 ft [3/8 i;] to 0.1 ft  MODERATELY WDE (04)

THICK (T5)

{10 to 30 mm).

Greoter than 0.1 ft (>30 mm)WIDE {05)
Actuol thickness or
openings recorded.

FRACTURE MOISTURE CONDITIONS

MOISTURE
DESCRIPTOR

M1

M2

M3

M4

M5

M7

DESCRIPTIVE CRITERIA

The frocture is dry. It is tight or flling {where present) is
of sufficlent density or composition to impede waterflow.
Waterflow along the fracture does not oppear possble.

The fracture is dry with no evidence of pravicua watsrflow.
Waterflow appeors posabble.

The fracture ie dry. but shows evidence of waterflow such
as staining. leaching and/or vegetation.

The fracture or filling (whers present) is damp, but no free
water s present.

The fracture shows seepage.
drops of water.

It i wet with occasional

The fracture emite a continuous flow (estimate flow rate)
under low preesurs. Flling materiole (whers present} moy
show signe of leaching or plping.

The frocture smite a continuous flow (eatimate flow rate)
under moderate tc high pressure. Water i= equirting ond/
or fillng materiol (whera present) moy be substantially
washed cut.

FRACTURE ROUGHNESS

Refera to

small—scale asperities of surfaces, not large—ecale undula—

tlons or waviness,

STEPPED (R1): Near—normol stepe and ridges cccur on the fracture surfoce.
ROUGH (R2): Lorge, angular osperitiss can ba seen.
MODERATELY ROUGH (R3): Asperitien are clearly visible ond frocture surface

fesla abrasive.
SLIGHTLY ROUGH (R4): Small asperities on ths fracture surface are visible

ond can ba

falt.

SMOOTH (R5): No asperities, smooth to the touch.
POLISHED {R8): Extremnely smooth and shiny.

FRACTURE SURFACE AND/OR FILLING
ALTERATION AND HARDNESS

Deacriptors for weathering or oltergtion of frocture surfoces ond frocture flllings
(excluding scll materials) ars the same as those used for weathering and
dltergtion of rock.

Descriptors for hordness/strength of fllings and/or fracture surfaces ore the
same os those presented for hardness of rock ond consistency of =olls.

DISCONTINUITY HEALING

TOTALLY HEALED (HL1) — All frogments bonded, discontinulty Is completsly
heoled or recemented to o degree ot leost as hard as surrounding rock,

MODERATELY HEALED (HL3) — Gresoter than 50 percent of froctured or shearad
material, discontinuity surfaces or filling (s heolad or recemented; ond/or
strength of heoling agent i= less hard than surrounding rock.

PARTLY HEALED (HL5) — Lasss than 50 percent of fractured or shsored material,
discontinuity surfoce or filling is heolad or recemented.

NOT HEALED (HL6} — Discontinuity surface, fractured zone, sheared material or

filling ia not heoled or racementsd, rock fragments or filling (If present) held
in placa by their own angulority and/or cohesivaness.

SHEAR/FAULT DESCRIPTORS
SHEAR/FAULT GOUGE CONSISTENCY

DESCRIPTOR DESCRIPTIVE CRITERBAmilar to coneletency of scis)

VERY HARD  Gouge cannot be broken with finger preesure; cannot be indented
with fingernall.

HARD Gouge can be broken with firm finger pressurs; con be Indented
with fingernall; connot ba indented with thumb.

FIRM Gouge can be eaally crumbled; can be indented with thumb 1 to
5 mm.

SOFT Gougs can be easily molded; can be penetrated with thumb 5 to
25 mm.

VERY SOFT Gouge can be penetrated with thumb more thon 25 mm.

SHEAR/FAULT MOISTURE DESCRIPTORS

The opparant moisture contant of gouge is described as WET (visible free water);
MOIST (domp, but no visble water); and DRY (absence of moisture, dusty, dry
to the touch). Moisture descriptors M1 through M7 may be used to describa
the shear or sheor zone.

BRECCIA SHAPES

Subrounded. . .............

Rounded. ................ g

Platy . .................. p—— "
Leng—shaped . . ............ <y
Wadge—shaped . .. ........... )
Contorted, ... ............ e 4
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GEOLOGY FOR DESIGN & SPECIFICATIONS

STANDARD DESCRIPTORS AND DESCRIPTIVE
CRITERIA FOR DISCONTINUITIES
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