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psi). The concrete/rock interface shear strength assumption of 500 psi is
considered non-conservative. A sentence on the rationale behind this value
is appropriate here.

c. Page 44, Section 7; one of the most important purposes for a
Foundation Report is to identify any potential foundation problems or
cancerns that could affect future dam safety or performance. There
apparently are no itens or concerns of this nature at Wynoochee. If that is
correct, it should be stated here.

d. There are no plates that show "as mapped" geologic sections, such
as a centerline profile or abutment slope mapping sections. If such data
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e. There are no plates that show excavation drawings for the
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500 psi, however, no rationale for selection of this value is
available.

c. Concur

d. There are no plates available that show "as mapped" geologic sections.
Plate 14 in Appendix B presents geologic and embankment sections that
have been compiled using data interpreted from other drawings in this
appendix.

e. There are no available plates that show as-built excavation drawings

for the structure other than what is already included in the
foundation report.
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any information or comments concerning the foundation report. The report has
been prepared for final printing.

FOR THE COMMANDER:

/ R. P.)ELLEVOLD, P.E.
Chief, Engineering Division



uj
I-

ILl

0z

0

0z
U-



WYNOOCHEE DAM

FOUNDATION REPORT

U.S. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEERS

SEATTLE, WASHINGTON

1988



WYNOOCHEE DAM FOUNDATION REPORT

TABLE OF CONTENTS

Paragraph Page

SECTION 1. INTRODUCTION

1.01 Location and Description of Project 1
1.02 Purpose and Scope 1
1.03 Acknowledgements 1
1.04 Construction History 4

1.05 Construction Photographs 4

SECTION 2. INVESTIGATIONS

2.01 Site Selection 5
2.02 Investigations Prior to Construction 5
2.03 Investigations During Construction 5

SECTION 3. GEOLOGY

3.01 Areal Geology 6
3.02 Tectonic and Seismic Setting 6
3.03 Site Geology 10
3.04 Geology of Construction Materials 12

SECTION 4. FOUNDATION EXCAVATION AND TREATMENT

4.01 General 15
4.02 Blast Vibration Monitoring 15
4.03 Right Bank Monoliths 16
4.04 Diversion Excavation 16
4.05 Canyon Monoliths 20
4.06 Left Bank Monoliths 23
4.07 Spillway Chute 25
4.08 Concrete on Rock Foundations 25

4.09 Right and Left Embankment Foundations 26

SECTION 5. FOUNDATION DRAINAGE AND GROUTING

5.01 Grouting 37
5.02 Drainage 37



TABLE OF OONTENTS (con.)

Paragraph Page

SECTION 6. INSTRUMENTATION

6.01 General 42
6.02 Foundation Instrumentation 42
6.03 Abutment leakage 43

6.04 Earthquake Instrumentation 43

SECTION 7. SUMMARY

FIGURES AND TABLES

Figure

1-1 Vicinity Map 2
1-2 Project Plan 3
3-1 Major Geological Terranes of the Olympic Peninsula 7
3-2 Schematic Model of Plate Interactions 8
3-3 Preconstruction-Wynoochee Canyon Photograph 11

3-4 location of Material Sources 13
4-1 egend for Figures 4-2 through 4-10 27
4-2 Geological Plan - Monoliths 1, 2, 3 and 4 28
4-3 Geological Section - Monolith 6 Wall Surface 29

4-4 Geological Plan - Monolith 6 (Bench Section) 30
4-5 Geological Section - Monolith 7 Wall Surface 31
4-6 Geological Plan - Monolith 8 El. 680 Berm 32
4-7 Gewlogical Section - Monolith 8 Wall Surface 33
4-8 Geological Plan - Monoliths 10 and 11 34
4-9 Geological Section - Monolith 11 Wall Surface 35

4-10 Geological Plan - Monoliths 12, 13 and 14 36
5-1 Drainage Flow Pattern and Weir Locations 40

Table

1-1 Pertinent Data iv
1-2 Previously Issued Design Memoranda v
4-1 Blasting Data 17
5-1 Grout Hole Footage of Rock and Concrete Drilled per

Monolith 38
5-2 Grout Take in Sacks of Cement per Monolith 38
5-3 Dam Drainage 39
6-1 Original Survey Elevations for Embankment Settlement

Monuments 43

APPENDIX A

CONSTRUCTION PHOTOGRAPHS

ii



TABLE OF CONTENTS (con.)

APPENDIX B

PLATES

Plate No.

1 Preconstruction Exploration
2 Clay Contours
3 Rock Contours
4 Preconstruction Exploration - Sections
5 Preconstruction Exploration - Sections
6 Preconstruction Exploration - Sections
7 Preconstructlon Exploration - Sections
8 Geological Tian
9 Construction Layout

10 Diversion Scheme Sections
11 Diversion Slope Layback - Monolith 6
12 Foundation Excavation - Monolith 7
13 Embankment Foundations
14 Geologic and Embankment Sections
15 Drainage and Grouting Galleries - Grout Holes
16 Drainage and Grouting Galleries - Drain Holes
17 Seepage Observation

18 Geologic and Blanket Sections

APPENDIX C

LABORATORY ANALYSES

APPENDIX D

BORING LOGS

lii



TABLE 1-1

PERTINENT DATA

General:

Stream miles from confluence with Chehalis River 51.8

Drainage area, square miles 41

Reservoir length, miles 4.4

Reservoir capacity, acre feet 70,000

Maximum normal pool elevation, feet
(feet :bove sea level) 800

Minimum pool 700

Dam:

Maximum crest elevation, feet 805

Length of dam (concrete) at top, feet 672
Length of dam (earthfill) at top, feet 1,028

Height, maximum section, feet
(bedrock to top) 175

Height above streambed (hydraulic height), feet 175

Volume of concrete, cubic yards (c.y.) 92,800
Volume of embankment, c.y. 461,000

Spillway:

Type of gates Tainter

Number of bays 2

Bay width, feet 32

Height above sill, feet 39

Height above crest, feet 38.08

Radius, feet 37

Trunnion anchorage type Prestressed

iv



TABLE 1-2

PREVIOUSLY ISSUED DESIGN MEMORANDA

No. Ti tle Date

1 Site Selection Jul 65
2 Construction Materials Apr 66
3 General Design Memorandum Apr 66
3 (Supp 1) Revisions to Outlet Works Oct 66
4 Spillway Design Flood Jun 66
5A Preliminary Master Plan Aug 66
6 Real Estate Sep 66
6 (Supp 1) Additional Real Estate Requirements Oct 67
6 (Ltr Supp 2) Mitigation of Wildlife Lands Apr 71
6 (Ltr Supp 4) Highway and Road Relocation and Public Access -

Wynoochee Lake Boundary Marking Feb 73
7 Reservoir Clearing Aug 66
8 Road Relocations Oct 66
9 Fish and Wildlife Jul 67
9 (Supp 1) Facilities for Upstream Fish Passage Aug 67
10 Dam - Basis of Design May 67
10 (Supp 1) Multilevel Low Flow Outlet Works Jul 68
10 (Ltr Supp 2) River Diversion Feb 68
10 (Ltr Supp 4) Beautification Aspects of Spillway Apr 68
10 (Ltr Supp 5) Dam - Basis of Design (Garage) May 72
10 (Ltr Supp 6) Reservoir Bank Storage and Turbidity Aug 72
10 (Ltr Supp 7) Sluice Repair Feb 77
10 (Ltr Supp 8) Project Housing Jul 77
10 (Ltr Supp 9) Restroom Nov 77
10 (Ltr Supp 10) Equipment Storage Building Mar 78
11 Cost Allocation Jun 67
12 Hydrologic and Communication Facilities Apr 70
15 Sedimentation Ranges Jan 70
16 Landscape Development Plan Jan 73
17 Earthquake Analysis of Wynoochee Dam Sep 83

v



WYNOOCHEE DAM
FOUNDATION REPORT

SECTION 1. INTRODUCTION

1.01 location and Description of Project.

1.01.1 The multipurpose Wynoochee Lake project is located on the Wynoochee
River in the southern Olympic Mountains about 28 air miles north of Montesano,
Washington, and 51.8 river miles above the confluence with the Chehalis River

(figure 1-1). The project consists of a dam, reservoir, outlet works, and
fish facilities and provides industrial water supply, flood control, recrea-
tion, irrigation and enhancement of fisheries. Wynoochee Dam spans a narrow,
near vertical-walled rock canyon and rises 50 feet above the canyon lip,
impounding a reservoir 4.4 miles long at normal full pool elevation 800 feet.
The 175-foot-high concrete gravity section of the dam is founded on basaltic
bedrock. The flanking zoned earth and rockfill embankments on each side
(figure 1-2) generally are founded on granular materials with their central,
semi-impervious cores keyed to bedrock. The right embankment section joins an
impervious clay blanket that extends upstream to follow the reservoir shore-

line for 1,000 feet. The clay blanket serves to lengthen the seepage path
around the right abutment of the dam. On the left abutment, the left embank-

ment transitions into a zoned upstream slope treatment section which extends
to a point approximately 700 feet beyond the end of the concrete dam. Approx-
imately 400 feet of the section has a cutoff core to rock, with the remainder
bottoming in a cutoff on top of the natural clay layer. A gravel filter blan-

ket and a seepage collection pipe to control seepage, prevent erosion, and
increase the stability of the left bank downstream seepage-emergence area are
provided between 700 and 1,700 feet downstream from the dam on the left abut-
ment (plate 17 in appendix B).

1.01.2 Wynoochee lake project was proposed in House Document 601 and author-
ized by Public law 87-974, 87th Congress, 2d Session, as a part of the Flood
Control Act of 1962. Preliminary investigations began in 1964 and final sit-

ing was made in 1965. Detailed foundation investigation was completed in 1967.
Pertinent data for the project are summarized in table 1-1.

1.02 Purpose and Scope. This report is prepared in accordance with
R-ii0---1801, dated 15 December 1981, as amended by changes 1 and 2 dated
30 June 1982 and 1 April 1983, which requires as-built foundation reports for
major construction projects. The purpose of this report is to insure the
preservation for future use of complete records of foundation conditions
encountered during construction and of methods used to adapt structures to
these conditions.

1.03 Acknowledgements. This report was originally drafted by Dennis larson,
Project Geologist, Portland District, on temporary assignment to Wynoochee
Lake Project. The report was substantially modified by Richard Eckerlin,
Staff Geologist, Seattle District under the supervision of David Gembala,

1
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Chief, Geology Section, and general supervision of Charles Perry, Chief, Geo-
technical Branch, Seattle District. Mr. R. Boya Kramer was Resident Engineer.
Much of the basic preconstruction geological investigations were accomplished
by John Nelson, Staff Geologist, Seattle District. Mr. Richard Galster, for-
mer Chief, Geology Section, provided a formal comprehensive review of this

report.

1.04 Construction History. Wynoochee Dam was designed by the Seattle Dis-

trict, U.S. Army Corps of Engineers. The prime construction contract
(DACW67-70-C-0005) was awarded to Dravo Corporation of Bellevue, Washington.
Construction of the dam commenced in August 1969 and was completed in October
1972.

1.04.1 Work in 1969. Clearing and grubbing for the left and right abutments
were started in August and completed in October. Rock excavation for left
bank monoliths commenced in September. By the end of 1969, all common excava-

tion of foundations for the left and right embankments and for the concrete
section was complete, spillway rock excavation was to grade, and drilling for

rock bolt reinforcement in the spillway was in progress.

1.04.2 Work in 1970. In January 1970, rock excavation was started for the
river diversion. By April, most of the drain holes and rock bolts were
installed on the left side of the spillway chute and excavation was complete

for the upstream right bank cutoff trench. By the end of June, foundation
excavation was complete for monoliths 12, 13, and 14 and placement of clay was

in progress in the right bank cutoff trench. By September, rock excavation
was 98 percent complete; concrete had been placed in monoliths 12, 13, and 14;

and installation of the river diversion pipe was in progress. By the end of
the year, the diversion pipe installation was complete and foundation concrete
had been placed in monoliths 1, 2, 3, 6, 10, 11, 12, 13, and 14.

1.04.3 Work in 1971. By February 1971, rock excavation for the monolith 7
foundation was in progress. By April, concrete had been placed in all mono-
liths, except monoliths 5, 8, and 9, and by June, concrete had been placed in
all monoliths. In July, placement of the right embankment and tie to the
upstream clay blanket was in progress, and the spillway chute slab was com-
pleted. In August, monolith 7 foundation grouting was completed and place-
ment of the left embankment was in progress. By the end of October, all foun-
dation drilling and grouting were complete, plugging of the diversion pipe was
complete, and contractor was completing riprap, rockfill, and topsoil work.
All work, except on the elevator, was suspended on 17 December due to funding
problems.

1.04.4 Work in 1972. The contractor resumed work on 20 March and completed
final grading, road surfacing, concrete finishing, riprap dressing, and
cleanup by September 1972.

1.04.5 Initial Pool Raise in 1973. The reservoir was initially raised from
March through June 1973. Foundation leakage and abutment seepage were moni-
tored daily through April 1973 and then weekly through June. The dam was
determined safe for reservoir raising to elevation 800 feet.

1.05 Construction Photographs. Refer to appendix A for selected construction
photographs.

4



SECTION 2. INVESTIGATIONS

2.01 Site Selection: Geologic reconnaissance mapping was conducted during

the general investigation in 1958 through 1961 on the Wynoochee River. Four
possible damsites at river miles 16, 42.5, 43.1, and 51.8 were examined. Two
sites were found adaptable to construction of a project. The site at river
mile 42.5 was determined suitable for a power dam; however, studies indicated
that hydroelectric power could not be produced economically. Storage and
other purposes could best be met by a dam at river mile 51.8. Investigations
consisting of geologic mapping and subsurface drilling began in 1964. The
final site was selected in 1965. Detailed foundation investigation was com-
pleted in 1967.

2.02 Investigations Prior to Construction. Approximately 45 exploratory bor-

ings were drilled using diamond drill, rotary drill, cable tool, and bucket
auger methods. In addition to drilling, exploration included nine backhoe
pits, five backhoe trenches, and eight dozer cuts. See plates 1 through 7 in
appendix B. In several drill borings fine grained soils were drive sampled
using 3-inch-diameter Shelby tubes, and selected tubes were tested in the
laboratory. Triaxial shear and consolidation tests were conducted on repre-

sentative undisturbed Shelby-tube samples of foundation clays. Gradation,
Atterberg limits, moisture content, triaxial shear, and permeability tests
were conducted on selected disturbed samples of foundation materials. See
Appendix C, laboratory Analyses and Appendix D, Boring Logs. Field dye tests
provided additional data on ground water conditions. No rock testing was
completed on the foundation rock. Since the nature of the rock was charac-
terized by numerous discontinuous, randomly oriented joints, testing of
unjointed specimens would not give strengths representative of the jointed
rock mass. It was assumed that the compressive strength of the confined rock
at the base of the dam would be equal to or greater than the compressive

strength of the mass concrete in the dam (Corps of Engineers, DMI0, 1967).

2.03 Investigations During Construction. Three NX rotary drill borings were
drilled into the downstream right side slope beyond the toe of monolith 6 to
examine the possible open condition of several 50 to 90 degree dipping relief
joints located behind the natural slope. Also, holes were drilled where the
slope was to be excavated for the river diversion pipe. On the right bank in
the foundations of monoliths 1 through 5, six shallow holes were drilled with
a 2-1/2-inch-diameter track drill to determine characteristics of a hard gla-
cial till deposit. The drilling showed that the material was unsatisfactory
for the foundation and was later removed. The concrete monolith foundations

were mapped intermittently in 1970 and 1971 by temporary duty personnel from
Portland District. The monolith 5 foundation was concealed by debris from

foundation preparation of monolith 4 and the monolith 9 foundation was con-
cealed beneath a haul road fill while a geologist was at the project and nei-
ther were mapped. The spillway foundation was not mapped.

5



SECTION 3. GEOLOGY

3.01 Areal Geology.

3.01.1 The project lies on the south flank of the Olympic Mountains. The
Olympics consist of thrust-faulted, Tertiary, elastic, marine metasediments
flanked on the north, east, and on the south by early Tertiary volcanic rocks
and sediments that dip away from the core (Tabor and Cady, 1978). Core and
peripheral rocks constitute two major geologic terraces as shown on figure
3-1. Core rocks are divided into an eastern terrane and a western terrane
(Stewart, 1974). Western core rocks are mostly sandstone, siltstone, and
minor conglomerate with scattered volcanic rocks in major shear zones. West-
ern core rocks are nonslaty, while eastern core rocks consist of sedimentary
rocks locally metamorphosed to slate, semischist, and phyllite. The eastern
core rocks are sheared and broken. Ages of core rocks progress from oldest to
youngest westward. Core rocks are separated from the peripheral rocks by
steeply dipping thrust faults. The oldest peripheral rocks belong to the Blue
Mountain unit which consists of argillite, conglomerate, and sandstone. These
rocks underlie and are interbedded with early and middle Eocene volcanic rocks

of the Crescent Formation. The Crescent Formation, named after exposures
around lake Crescent, consists of unmetamorphosed and metamorphosed tholeiitic
basalt, diabase, volcaniclastic, and associated sediments. From 8 miles
upstream to 10 miles downstream from the dam the rocks are dominantly basaltic
lava flows striking west to northwest and dipping to the south.

3.01.2 Most of the central parts of the Olympics have been modified by glaci-
ation with cirques at the heads of deep U-shaped main valleys. River valleys
in the southern Olympics have been repeatedly glaciated during the Pleistocene
by movement of ice outward from the interior of the Olympic Mountains. The
repetitive glacial deposition combined with interglacial stream erosion has
left complex valleys characterized by highly irregular rock surfaces with mid-
valley bedrock knobs protruding through the present terraced valley configura-

tions. In the Wynoochee Valley, three depositional stages significant to the
project occur in the reservoir area. Each is represented by terrace remnants
composed of both granular and clay materials. The lowest stage is represented
by deposits between elevations 700 and 750 feet, an intermediate stage occurs
between elevations 750 and 850 feet, and an upper stage occurs between eleva-
tions of 900 and 1,000 feet.

3.02 Tectonic and Seismic Setting.

3.02.1 The arcuate structure pattern observed in the Olympics is considered
to be related to a subducting lithospheric plate (figure 3-2). Interaction
between the North American, Farallon (Juan de Fuca), and Pacific plates pro-
duced the structural patterns of the region. Eastward dipping subduction of
the Juan de Fuca plate beneath the North American plate generated isoclinal

folds and imbricate thrusts in the Olympic Peninsula. From the onset of imbri-
cate thrusting, the region was dominated by northeast-southwest compression.
East or northeast high angle normal faults and north to northwest oriented

6
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fold axes and reverse faults formed in response to this northeastward compres-
sion of the crust. During Pliocene to Holocene time, the regional stress sys-

tem evolved to the present north-south compressional system. The present
regional stress field is associated with the movement of the North American
plate with respect to the Pacific plate as defined by dextral slip on the San
Andreas and Queen Charlotte-Fairweather fault systems.

3.02.2 The structure of the Olympics is characterized by a series of major
structural blocks separated from each other by major thrust and shear zones
(figure 3-1). The Calawah fault separates highly deformed core rocks from
peripheral rocks. Eastward, the Calawah fault splays into several faults
separating slaty units of the eastern core (Tabor and Cady, 1978). West-
northwest structural trends characterize most of the northern peninsula. The
concentric Hurricane Ridge fault separates rocks of contrasting lithologies in
the north. The fault wraps around into the southern Olympic Mountains and
merges with the southern fault zone, a zone of intense deformations. Near
Lake Quinault faults that bound the core merge to form the southern fault zone.
Within the southern Olympics the only active known fault is the Saddle Moun-
tain's Fast fault (figure 3-1) located between Hood Canal and lake Cushman
(Wilson, et al., 1979). This fault lies within 22 miles of the dam. It is a
reverse fault, 1 mile in length, strikes N26°E and dips 75°E. The fault
displaces Pleistocene gravels 9 feet vertically. Last movement on the Saddle
Mountains East fault appears to have occurred about 1,200 years ago. The
Saddle Mountains East and West faults cover a distance of about 2.5 miles and
are believed to be Holocene features developed within an older northeast
trending zone of fracturing. These faults may be surface branching of a deeper
boundary fault manifest in the Hood Canal lineament.

3.02.3 A sparse earthquake record exists for the southern Olympic Mountains
probably due to the low population density, and until recently, the lack of
instrumentation. The limited historic seismicity record of the southern Olym-
pics indicates that moderate earthquakes can be expected while the adjacent
Puget Lowland to the east has experienced major earthquakes. For the earth-
quake analysis of Wynoochee Dam (in Design Memorandum 17) three models of
possible seismic disturbance are considered most appropriate to the project:
(a) a subcrustal zone beneath the western margin of the Puget Lowland; (b) a
crustal source also in the vicinity of the western margin of the Lowland; and
(c) a crustal source in the Quinault Valley. Estimated magnitudes for the
three models are as follows:

Model (a) is a Magnitude 7.5 earthquake, 22 to 37 miles deep, with an epi-
center northwest of Shelton. Attenuation distance from the hypocenter is
35 miles.

Model (b) is a Magnitude 6.9 earthquake, 26 miles east of the dam on the
border of the Puget Lowland and is based on a half length (21 miles) of
the largest possible causative normal fault; the Hood Canal lineament.
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Model (c) is a Magnitude 6.0 earthquake on the Quinault Valley fault,
12 miles from the dam. The steep northwestern flank of Quinault Ridge is
12 miles long and assumed to be the potentially active segment along the
fault. The magnitude is based on less than one-half length rupture.

Models (a) and (b) are generally accepted as portraying the seismic cli-
mate presently understood for the Puget lowland. The surface rupture
model (b) is based on the 42-mile length of the gravity expression of the
structure.

3.03 Site Geology.

3.03.1 In the region of the dam, Wynoochee Valley is a 2-mile-wide U-shaped,
glaciated valley (known as Weatherwax Basin) bounded by rock ridges which rise
2,000 feet above the valley floor (frontispiece). The dam spans a narrow can-
yon cut through the high point of a midvalley rock hill mostly covered by gla-
cial drift. The glacial sequence includes an upper sandy and locally silty
gravel, a central unit of varved silty clay, and a lower unit of variable gla-
cial till with lenses of sand, silt, and gravel. The narrow basalt bedrock
canyon extends from several hundred feet upstream to over 800 feet downstream
from the dam. Extrusive igneous rocks constitute most of the bedrock in the
area and consist of south dipping black to dark greenish gray basalt flows.
Submarine pillow basalt flows (spilites) comprise most of the bedrock at the
site. The rock is closely jointed and finely crystalline with carbonate vein-
lets and zones of palagonite. Palagonite (hydrous glass) forms 1-inch rinds
on pillows and occurs in zones up to 1 foot thick at flow contacts and along
zones of internal shear in a flow. Most joint surfaces are coated with
unweathered dark chlorite. Thin clay and fine sandy interbeds are occasion-
ally present at flow contacts. locally, the basalt is cut by dark gray,
moderately jointed diabase dike rock.

3.03.2 All of the concrete dam is founded on bedrock (figure 3-3). Basalt
forms the right abutment, diabase forms the left, and a contact zone between
the two rock types occurs in the valley bottom beneath the dam (plate 8).
Generally, basalt occurs downstream of a diagonal vertical plane extending
from the downstream end of the spillway chute along a N20OW bearing
through the heel of monolith 5. Diabase is exposed in the foundations of
monoliths 5, 6, and 7 and in all left abutment monolith foundations. The
contact zone rock occurs with irregular near vertical boundaries and crosses
the foundation along a diagonal zone ranging from 1 to 20 feet wide. The zone
enters the dam area at the downstream end of the spillway chute, enters the
dam foundation at the toe of monolith 7, and passes out of the foundation in
the heel of monolith 5.

3.03.3 Bedrock beneath the dam and forming the canyon walls is characterized
by many discontinuous randomly oriented joints. On plate 8 major joints are
labeled alphabetically for location convenience. Contraction (cooling)
joints, stress relief joints, and joints along flow contacts cause a highly
variable degree of rock competency. Flow contacts are irregular, strike
northwest, and dip between 30-800 SW. Stress relief joints with uneven

10



PRECONSTRUCTION WYNOOCHEE CANYON - VIEW UPSTREAM SHOWING
WYNOOCHEE RIVER CANYON BEFORE CONSTRUCTION OF WYNOOCHEE
DAM (1969)
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and rough surfaces dip toward the river in both canyon walls. The right bank
basalt contains numerous open, intersecting joints with chlorite coatings and
pockets of brown and gray clay. The degree of openness in individual joints
or flow contacts in the basalt ranges from rock surfaces in contact to a zone
3-feet thick filled with weathered rock materials and clay. A spilitic basalt
body occurs in the toe area of monoliths 1 and 2. Spilites are altered
basaltic rocks that characteristically have a high albite feldspar content.
This body trends N35oW and dips 55oSW, and is well defined with sharp
boundaries. Prior to final foundation preparation, the spilitic basalt
contained open joints filled with gray plastic clay paralleling both margin
contacts and dipping 55oS. The left bank diabase foundation bedrock exhibits
numerous three-dimensional, intersecting systems of open joints. Details of
the joints are discussed in section 4. Prior to foundation preparation, the
open joints in the diabase contained films of damp to moist plastic clay. The
diabase was typically stained brown to depths of less than 0.2 foot. Basalt
is generally weathered to greater depth than the diabase, primarily due to the
more broken nature of the basalt caused during rapid submarine cooling during
deposition. Before final excavation the basalt surface typically was
partially decomposed and weathered brown. Locally weathered slabs and pockets
of brown clay occurred to several feet of depth. Pockets and lenses of clay
are common along open joints and flow contacts in the project area.

3.03.4 Numerous joints on both abutments served as conduits for ground water
transmission during construction. Water which was used to moisten the mono-
lith 12 foundation passed through a three-dimensional network of open joints
in the diabase and emerged along various joints in the monolith 8 cut slope
above the elevation 680 berm. Water also drained from the monolith 7 cut
slope just below elevation 645 at 123 feet downstream from the dam axis.
Prior to sealing operations in the foundations of monoliths 4 and 5, the water
which ponded during rainy periods would drain after about 24 hours. Water
flowed from open joints on the layback slope of monolith 6. Six to 8 hours
after the start of rain, flow was first observed between elevations 670 and
700 feet. After 24 hours, seeps were observed at elevation 650 feet, though
not in the dam foundation.

3.04 Geology of Construction Materials.

3.04.1 Satisfactory materials of sufficient volume for concrete aggregate,
embankment construction, and for the right abutment impervious blanket were
located within a reasonable haul distance of the project. Figure 3-4 shows
the material source locations.

3.04.2 Concrete aggregate was excavated from a gravel pit located within the
boundary of the reservoir about 2 miles northeast of the dam (location A on
figure 3-4). These reservoir gravels are mostly graywacke and basalt rock
types. The Wynoochee gravels are derived from an upstream area of hard gray-
wacke and from a middle-reach belt of moderately altered basaltic rocks.
Pleistocene stream gravels partly filled the valley and formed a high terrace
approximately 300 feet above the present stream level. Subsequently, the
stream cut down through the valley fill to produce an inner terraced valley.

12
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Gravels in the Pleistocene valley fill tend to show a weathered rind and are
commonly silt coated. By contrast, the Holocene river gravels are both fresher
and cleaner. Gravels downstream from the dam are dominantly altered basalt and
those upstream are dominantly hard graywacke. The concrete aggregate gravels
contained numerous wood fragments which led to a contractor claim for excessive
processing. The wood fragments were hand picked from the aggregate at the feed
and discharge ends of the processing plant in combination with a contractor-
designed hydraulic sluicing tank. Wood fragments were reduced to negligible
quantity. A total of 92,780 cubic yards (c.y.) of concrete were placed during
construction of the main dam and spillway.

3.04.3 Sources B and D on figure 3-4 provided gravel for the embankments with
source B providing clean gravel for the embankment filter and source D provid-
ing a somewhat more silty gravel (GP-GM) for the semi-impervious core and left
abutment slope treatment.

3.04.4 Clay for the right abutment impervious blanket was borrowed from a
glacio-lacustrine clay unit, location C, about 1/4 mile downstream from the
dam on the right bank.

3.04.5 The riprap and rockfill for the embankments were obtained from a
quarry at location E. The source is a massive diabase dike 1.5 miles
northwest of the dam. The dike is about 120 feet thick and dips nearly
vertical. Maximum available rock size is about 2 feet cubed. The petro-
graphic analysis of the rock riprap is given in appendix C.
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SECTION 4. FOUNDATION EXCAVATION AND TREATMENT

4.01 General.

4.01.1 Common Excavation. Clearing and grubbing for the left and right abut-
ments were started in August 1969. Common materials were excavated using
assorted types of heavy equipment, including scrapers, dragline, clamshell,
whirly crane, dozers, backhoes, front-end loaders, and track drills. Between
dam axis stations 1+55 and 4+46 (lip of canyon) on the right bank, approxi-
mately 28,000 c.y. of common materials were excavated in the foundation areas
of monoliths 1, 2, 3, 4 and 5. Between axis stations 5+58 (lip of canyon) and
9+00 on the left bank, approximately 26,500 c.y. of common materials covering
the foundations of monoliths 8, 9, 10, 11, 12, 13 and 14 were excavated.
Approximately 160,000 c.y. of common materials were excavated for placement of
both embankments and the right bank cutoff trench.

4.01.2 Rock Excavation. Rock excavation by drilling and blasting was required
for shaping the foundations to achieve design grades. Blasting operations
included line (presplit), production, and cushion blasts. Rock excavation for
the left bank monoliths commenced in September 1969 and project blasting con-
tinued through February 1971.

4.02 Blast Vibration Monitoring.

4.02.1 A Geo Recon (later Slope Indicator) model S-2 blast monitor was used
by Government personnel to monitor blasting for excavation in the spillway and
right bank canyon wall. Two vibration detectors were placed on the Wynoochee
River Bridge approximately 400 feet downstream from the blasting. One detec-
tor was placed midbridge on the walkway and the other on top of the left bank
(east side) downstream abutment pier. On 27 October 1969, the largest blast,
a 2,650 pound shot was detonated in 0 to 10 delays (250 milliseconds (ms) total
time). The footing experienced a peak particle velocity of slightly less than
0.1 inch per second in the transverse mode at 24 cycles per second (c.p.s.).
The bridge deck showed a peak particle velocity of 0.15 inch per second in a
vertical mode at 22 c.p.s. The vibrations recorded during this and other shots
were below the accepted damage threshhold for normal concrete structures.

4.02.2 The combination of rock fracture orientation and spacing on the right
canyon wall act to decrease the tensile strength of the rock mass. In order
to protect against rock mass instability, the initial blasting was monitored
on the right canyon wall. One detector was positioned on rock within 50 feet
of each blast and a second detector was placed on the right bank footing for
the Contractor's temporary trestle bridge. Contract specifications had no
requirements to control blasting procedures. As a result of blast monitoring
in March 1970, blast procedures were modified by the Seattle District Geology
Section. Procedures are summarized as follows:
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o Production shots were held to maximum of 50 pounds of Gelamite II per

delay with all delays a minimum of 25 ma apart.

o Cushion or presplit shots were held to a maximum of 35 pounds of Gela-
mite II per delay, plus primacord, with each delay a minimum of 25 ms
apart.

o Cushion portion of a shot began a minimum of 250 ms following detona-
tion of the final production delay.

o Adequate relief was given for each shot and each delay within a shot.

Total rock excavation by blasting was 35,455 c.y. between September 1969 and
February 1971. Blasting events are summarized in table 4-1. Plates 9 through
12 in appendix B show excavation details. The photographs in appendix A may
aid the reader in visualizing the following foundation discussions.

4.03 Right Bank Monoliths.

4.03.1 In monoliths 1 and 2, following initial stripping of the common mate-
rial and the weathered, partly decomposed basalt surface, the exposed rock
surface still contained weathered pockets and slabs. Slabs were underlain by
open joints filled with brown plastic clay and similarly, pockets of weathered
basalt contained broken rock debris and wet brown clay. Additional ripping
and dozing with a D-9 dozer equipped with two 48-inch shank rippers removed
the unacceptable materials up to 3 additional feet of depth. The spilitic
basalt in the monolil' toe areas contained a concentration of rock debris
averaging 1/2 foot in diameter in a soft, wet, gray clay matrix (figure 4-2).
This material was excavated to elevation 732 feet and backfilled with 474 c.y.
of mass concrete to elevation 745 feet.

4.03.2 Monoliths 3 and 4 are founded on basalt bedrock (figure 4-2). The
shape of the foundation is controlled by joints dipping 150 to 200

upstream (north). These joints daylight in local depressions and are rela-
tively tight. After initial stripping of the monolith 4 foundation an area
containing significantly large pockets of broken and weathered basalt was dis-
covered under the heel area along with hard glacial till over much of the
foundation surface. These discoveries occurred near the scheduled 1970 winter
shut-down period. Construction efforts were focused on excavating and clean-
ing the materials prior to shutdown. Concrete placement was delayed until the
following spring.

4.03.3 Monolith 5 Is founded on basalt, a contact zone, and diabase as shown
on plate 8. Detailed foundation structures were never mapped.

4.04 Diversion Excavation.

4.04.1 On 11 March 1970, the contractor detonated the first excavation blast
along the right canyon wall, downstream from the concrete foundations in mono-
lith 6. This blast exposed the N-relief joint (figure 4-3 and plates 8 and
11), along with several other open joints. Subsequent blasting and excavation
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progressed to approximately elevation 700 feet adjacent to the dam and to
elevation 720 feet near the downstream end. During the course of the excava-
tion, the slope became unstable arising from the N-relief joint. The N-joint
contained springs and damp zones along its trace as well as a coating of plas-
tic fines to 1 inch thick. On 30 April 1970, the contractor was notified to
halt his excavations on the slope and to allow core drilling exploration.

Between 4 and 8 May 1970 three NX size core borings were drilled into the
slope to establish the limits of the N-joint. Examination of the geologic

structure showed that the design rock excavation on the right abutment was
stable; however, steepening of the rock slope to accommodate the contractor's
diversion pipe would remove most of the support for the rock mass in the upper
slope. On 19 May 1970, the Government notified the contractor that unstable
rock extending from 50 to 160 feet downstream of the dam axis should be rock
bolted on 5-foot centers or should be removed. The contractor removed the
wedge of rock between the diversion cut line and the relief joint. On
18 June 1970, the contractor detonated the first cushion blast on the layback
diversion slope. Three-inch-diameter line holes spaced on 2-foot centers were
drilled along a new cutline to elevation 640 feet. During blast hole drilling

the contractor had trouble with bits sticking in weathered and broken rock.
The batter and alinement of some of the line holes deviated from the contrac-
tor's indicated design and in general the bottom of the drill holes did not
fall along the contractor's designed toe of slope. The main blasting along
the layback excavation slope was completed on 18 September 1970. The diver-
sion pipe was completed on 5 November 1970 after delays due to high water.
River diversion through the diversion pipe was made on 5 December 1970 after
construction of the Z pile cofferdam (plates 9 and 10).

4.04.2 Solid core, 1-inch-diameter expansion shell rock bolts were installed
in the right abutment in the area covered by monolith 6 concrete. Bolt
lengths range from 15 to 40 feet in length with patterns and locations shown
on figure 4-3. A total of 2,055 lineal feet of solid core, nongroutable bolts
were installed. Groutable, 1-inch-diameter expansion shell rock bolts are
installed in the slope downstream from the dam face. Bolt lengths range from

15 to 40 feet for a total lineal footage of 4,405. No progressive opening of
major joints or evidence of mass instability have been observed in the exposed
right bank rock excavation areas since the bolts were installed. The rock
bolts were physically checked in 1982 and found to have proper seating. The
bolt heads are monitored annually with a telescope. A shallow cave in the
right wall of the canyon beneath the vista structure was filled with concrete
to reinforce the slope during dam construction.

4.05 Canyon Monoliths.

4.05.1 Monolith 6, the right canyon monolith, is founded on basalt, diabase,
and the contact zone between the two rock units. The bench originally exca-
vated for the diversion pipe (figure 4-4) averages 25 feet in width, and
136 feet in length. This bench provided the foundation for the 13-foot diam-
eter steel diversion pipe. The monolith 6 bench surface is irregular with
frequent 1-foot-high "steps" that face both upstream and downstream. As-built
grades range from elevation 632 to 640 feet along the right (west) side of the
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bench and from 637 feet in the upstream area to 630 feet on the downstream
left (east) side. The shaped right rock wall against which the monolith was
placed is shown on figure 4-3 and was excavated on 0.75 H to 1 V between
elevations 640 and 720 feet. The O-joint is a significant feature that is
exposed in both the cut slope and bench. It strikes N550E and dips
700SE in the cut slope and dips near vertical across the bench. The
O-joint is generally open from 1 to 3 feet with white and gray mineraliza-
tion filling the cavity. Several prominent joint systems in the bench are: a
set trending N to N10°W with vertical dips; a set trending N550W, dip-
ping 10-30°S; a set trending N55-650E with vertical dips paralleling
the O-joint; and a set trending N25-40°W with dips varying 20-35°S.
All joints in the basalt are coated with chlorite. This condition caused pro-
gressive loosening of blocks and fragments requiring constant washing and hand
picking just before concrete placement. During slope excavation on the right
canyon wall several steeply dipping joints were encountered which produced
unstable rock masses. The most troublesome was the N-relief joint which
created a large unstable rock wedge above the diversion pipe alignment (see
paragraph 4.04).

4.05.2 Monolith 7, is located in the center of the canyon and is the tallest
monolith. It is founded on a combination bench and cut slope. The bench is
approximately 43 feet wide and extends from 15 feet upstream to 140 feet
downstream from the dam axis. The open O-joint shown on figures 4-3 and 4-4
continues into the monolith bench foundation from monolith 6. The open
L-joint trends N550E, dips approximately vertical and occurs in the
downstream side of the low flow conduit excavation (figure 4-5 and plate 12).
The T-joint strikes N550W, dips 350S and is a prominent joint with
associated parallel open joints occurring above and below, spaced 4 to 6 feet
apart. This area of parallel joints occurs under the heel of the dam and
extends as much as 25 feet downstream. The T-joint and parallel joints
responded to unloading during excavation blasting in the low flow conduit
area. This joint system is reinforced by two rows of four each solid core
1-inch-diameter rock bolts varying in length from 15 to 25 feet. The bolts
were inclined down 600 and aligned normal to the strike of the T-joint
(figure 4-5). The intersection of open joints trending N550E and dipping
350NW with the T-joint system and L-joint produces blocks and slabs rang-
ing in size from 1 foot to about 3 feet. Four horizontal rows of 1-inch-
diameter solid core rock bolts were installed on 10-foot centers in the area
covered by monolith 7 concrete. Rock bolt lengths range from 10 to 25 feet
with a total installation of 840 lineal feet. When it was evident that the
slope would remain uncovered for more than 8 months, this standard bolt
pattern was supplemented with an additional 840 lineal feet of ungrouted bolts
to produce a 5- by 5-foot pattern over the wall surface adjacent to the low
flow conduit. These rock bolts range from 10 to 15 feet in length and are
located from 15 feet upstream of the dam axis to 55 feet downstream to control
progressive loosening of the N550E trending vertical jcints. The addi-
tional bolts include seven 15-foot-long reset bolts along the periphery of the
low flow conduit excavation to help prevent opening of the L-joint and the
N550E vertical set of open joints.
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4.05.3 Monolith 8, the left canyon monolith is founded on a combination bench
and cut slope in the diabase bedrock (figures 4-6 and 4-7). The 45-foot-high
cut slope is variable and ranges from 0.62 H - 1 V at the dam axis to 0.55 H -
1 V about 50 feet downstream. A three dimensional system of intersecting open
joints occurs in the foundation and cut slope. The R-joint is a prominent
joint in the cut slope ranging in strike from N0 0w to N550W with dips
from 35-500 SW. The R-joint is open to ground water and surface water
movement. A second prominent system strikes approximately N55 0E and dips
40-50°NW. Spacing between joints averages about 1.5 feet. A series of
discontinuous and irregular joints striking N25 0E to N550E and dipping
from vertical to 60°SE locally cause overhanging slabs of bedrock. The
cut slope is reinforced with solid core, 1-inch-diameter rock bolts on 10-foot
centers (figure 4-7). The open J-joint and associated parallel joints are
exposed in the monolith 8 wall surface from 50 feet to over 150 feet down-
stream from the dam axis. The joint zone strikes N450W and dips
10-350 SW and ranges in thickness from 1 to 3 inches. Joint filling
consists of partly decomposed rock fragments and brown, wet, stiff, plastic
clay (CL).

4.05.4 Solid core, 1-inch-diameter expansion shell rock bolts were installed
in the areas covered by concrete on the left abutment. A total of 840 lineal
feet of nongroutable bolts were installed between elevations 690 and 710 feet
in two rows of 40-foot-long bolts and one row of 30-foot-long bolts on a 10-
by 10-foot pattern as shown on figure 4-7. Rock bolts inclined down at
600 were installed in the monolith 8 bench foundation at the upstream
end. The 1-inch-diameter solid core bolts are in two rows of four each
ranging in length from 15 to 25 feet for a total length of 170 lineal feet.
These bolts were installed to control inflation of joints associated with the
T-joint system. The inflation response was due to natural processes of
unloading which were accelerated by blasting in the adjacent low flow conduit
excavation.

4.05.5 Grouted 1-inch-diameter rock bolts were installed on the slope below
the downstream right side of the spillway between elevations 690 and 730 feet.
Forty-five rock bolts amounting to 980 lineal feet were installed in four
phases to reinforce, pin, and support the natural slope condition. Bolts
range from 10 to 40 feet in length with the 20- and 40-foot bolts passing
through the J-joint into competent rock. later vibrations from blasting at
lower elevations opened joints in an area below elevation 730 feet at the
downstream right corner of the spillway. Additional scaling from behind the
rock bolt plate at elevation 723 feet exposed a joint dipping 350 toward
the river and at lower elevations an 8-foot-thick rock slab dipping 700
toward the river. Rock bolts, 20 and 30 feet in length, on 5-foot centers,
extend through the slab into competent rock behind the J-joint. Rock bolts
were installed on 10-foot centers at elevations 710 and 720 feet immediately
downstream of the face of the dam. These 25-foot-long bolts reinforce the
natural slope along 500 to 700 open joints which dip toward the
river. To provide additional support for the foundation under the right wall
of the spillway, additional rock bolts were installed between elevations 660
and 730 feet.
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4.06 Left Bank Monoliths.

4.06.1 Monoliths 9, 10, and 11 are entirely founded on diabase bedrock (fig-
ure 4-8). The continuous open J-joint, described under monolith 8, extends
across the downstream toe of monoliths 9, 10 and 11 and into the monolith 11
cut slope. The J-joint was excavated from upstream areas in the foundations
for monoliths 9, 10 and 11 because the feature was above the fixed design
grade. A three dimensional interconnected system of open joints forms blocks
and slabs of rock in the monolith 10 foundation. A prominent set of open
joints ranges from N550E to N650E with dips from vertical to 50°SE
and occasional 50°NW dips. A N to NO 0°W set with 20-450E dips
produces a pronounced vertical relief averaging about 1 foot high.

4.06.2 The monolith 11 foundation is a combination bench (figure 4-8) and
cutslope (figure 4-9). Extensions of joint systems in the monolith 8 cut
slope and monoliths 9 and 10 foundations produce a network of intersecting
joints in monolith 11. The J-joint varies in dip from 15-350 Sw (down-
stream) and averages about 250 in the cut slope face. A N50°W set
paralleling, but not directly adjacent to the J-zone dips from 200
downstream to 500 upstream. Surfaces of the J-joint and joints striking
N500w contained discontinuous films and pockets of brown, stiff, wet, clay
(CL) before removal. Another prominent set, with tight planes in rock to rock
contact, strike N650E and dip from vertical to 50°NW. The 200 to
500 upstream and downstream dipping joints responded to blasting by
loosening below grade and required removal during foundation preparation.
Twenty-five number 11 "J" bars were set 10 feet deep, each with 4-foot
stick-up above the rock surface. The bars are spaced on 5-foot centers and
four rows of bars continue under the grouting gallery area from monoliths 9
and 10.

4.06.3 Production blasting was used for foundation rock excavation in mono-
liths 9, 10, and 11. Three-inch-diameter blast holes were drilled on 4- by 4-
and 5- by 5-foot staggered and parallel patterns depending on depth of cuts.
Holes were loaded with 45 percent Gelamite II powder in 2 by 16 (2.09 lbs.
each) sticks. Four to five sticks were column loaded in each hole with stem-
ming and a 7- to 10-foot collar. Dynamite ranged from 150 to 900 pounds per
blast with most shots 400 to 500 pounds. Powder factors ranged from 0.25 to
0.55 for all major blasts in the monolith foundations. From six to twelve
delays with 25 to 80 millisecond intervals were used in parallel patterns to
relieve blast forces awy from final surfaces.

4.06.4 Overdrilled blast holes occur in the final foundation surfaces of
monoliths 10 and 11. Radial cracks surround a number of holes indicating the
holes were loaded and detonated below grade. Locations of these holes are
shown on figure 4-8. In monolith 10, the 10-350 SW dipping joints
paralleling the J-joint and the N to NM0°E joint set with dips 20-450E
inflated due to blast forces below grade. The inflation led to overexcavation
of foundation rock. In monolith 11, the 200 to 50° upstream dipping
Joints and 200 to 350 downstream dipping joints responded to blasting
by loosening below grade and required removal during foundation preparation.
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Twenty-five number 11 "J" bars were set 10 feet deep with 4 feet "stick-up"

above the rock surface. The bars are spaced on 5-foot centers and a continua-

tion of four rows of bars under the grouting gallery extended into monoliths 9
and 10.

4.06.5 Monoliths 12, 13, and 14 are founded on the diabase bedrock (figure

4-10). The open three-dimensional intersecting joint system exposed in the

left cut slope of monolith 11 extends into the monolith 12 foundation. The

N50sW trending set of joints which dip 20* to 35
° upstream were coated with

medium to very stiff, brown, moist, plastic clay (CL). The N65"E set dipping

from vertical to the north are open in monolith 12 and contained moist,

plastic clay before removal. The third set strike N50"W and dip 20' to 50'

downstream. Intersection of these joints along the monolith 11-12 joint line

resulted in considerable foundation preparation effort. The open joints

dipping toward monolith 11 daylight in the cut slope. In particular, the

N65"E, 50"NW set caused the most difficulty. Five number 11 dowels 5 feet

7 inches long were grouted full depth into the foundation, 7 feet upstream of
the dam axis between stations 7+49 and 7+65. The dowels were installed
through a tight surface slab with 30' upstream dip and through at least one

lower plane. A row of eight number 11 "J" bars 17 feet long were grouted

15 feet into the foundation, 15 feet downstream from the axis between stations
7+45 and 7+80. The vertically installed bars penetrate a clay coated

succession of joints dipping 20' to 35" upstream. The N50oW joint set that

dips 20' to 35' upstream continues to station 8+20 in-monolith 13. Removal of
some of these tight slabs during foundation preparation did not improve the

condition of the foundation. Therefore, two rows of four each, number 11
dowels, 8.5 feet long, were grouted vertical for full depth into the
foundation. Installed on 5-foot centers between stations 7+90 and 8+05, one
row is 3 feet upstream and the other is 2 feet downstream from the dam axis.
The most prominent features visible in monolith 13, between stations 8+20 and

8+33, are N50*E to N65*E trending, near vertical dipping white mineral seams.
These seams caused no problems during foundation preparation. The west half

of monolith 14 foundation contains no open joints except for a 15' downstream

dipping joint with E-W strike. Open joints in the east half exhibit a two
dimensional intersecting system with E-W and N-S strikes. The E-W set dip
from 20' to 40'S and the N-S set dips from 601E to vertical. The continuous

open P-joint crosses the foundation diagonally trending E-W with dips ranging
20-45'S. Paralleling open joints contained clay (CL) which was removed prior
to concrete placement.

4.06.6 In portions of monoliths 12, 13 and 14, concrete beneath the down-
stream gutter of the drainage and grouting gallery is a minimum of 3.5 feet

thick. Design specifications stated there would be a 5-foot minimum; however,

due to the nature of the wedges involved, a 3.5-foot minimum was allowed for
about 8 feet in monolith 12; 32 feet in monolith 13; and 35 feet in mono-
lith 14. Minor jackhammering was used to remove projections of the rock sur-
face extending inside the 3.5-foot clearance minimum.
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4.07 Sil ay Chute.

4.07.1 Presplitting was accomplished before any production blasting. On
3 October 1969, the contractor presplit the left and right sides of the spill-
way. Total charge of this shot was 800 pounds. The 3-inch-diameter line
(presplit) holes were drilled on 2-foot centers and loaded with Hercosplit

WR 7/8- by 24-inch, 25 percent powder and primacord. Considerable damage
occurred outside the excavation limits from the 3 October shot indicating that
the shot was overloaded. Overbreak occurred along the top left wall area and
a ridge of rock along the right wall area broke out along an open joint struc-
ture. On the left wall the shot vented through the foundation, rather than
forming a face. At the extreme downstream end of the spillway chute, venting
followed joints up to 7 feet away from the planned face. In the area where
the spillway excavation is closest to the service road the shot vented through
the roadway. On the riverward (right) side of the spillway, part of the rock
rib that was supposed to stand between the spillway and canyon apparently
shifted I to 2 feet riverward. Several joints dipping 500 to 60* toward the
river were exposed. Original design called for using the rib of rock as
lateral support for the right spillway wall. Successive blasting caused
further loosening of the rib and the rib was finally removed with a D-9 dozer
with ripper necessitating design of a free standing right spillway wall. Pro-
duction (fragmentation) blasts consisted of 3-inch-diameter holes on 4- by
4-foot and 5- by 7-foot parallel patterns. Holes were loaded with 1-1/2 to
2 sticks of Gelamite II dynamite in 2 by 16 stick size. Parallel and chevron
delay sequences were used to relieve blast forces upstream and downstream.
Dynamite ranged from 400 to 2,650 pounds per blast and 6 to 12 delays were
used with 25 to 40 millisecond intervals. Cushion blasting was not used in
the spillway.

4.07.2 The H-joint occurs in the left spillway wall and J-joint occurs in the
spillway chute foundation. The spillway foundation was never mapped by a geol-
ogist. The H-joint strikes N15*W, dips downstream 15* to 25* and is open from
0.1 to 1.0 foot. The H-joint daylights at the downstream end of the chute.
The J-joint is exposed in the cut slope below the right wall and extends from
the downstream end of the monolith 9 foundation to under the spillway
structure. The joint zone strikes N45*W, dips 15*-35*SW and ranges in
thickness from 0.5 to 3.0 feet. A three dimensional interconnected system of
joints forms irregular blocks and slabs in the foundation. One set crosses
diagonally trending N60OE with dips ranging from 45* to 70"SE. Another set
strikes N60*E and dips 45" to 50" toward the river. One joint striking N60W
and dipping 10'E intersects the J-Joint and forms a large rock wedge in the
right wall area. This wedge is keyed against the J-joint and presents no
stability problem. Also a system of joints trending NlO*W to N50W dip
20"-30"SW. A system of white mineral filled joints in the left wall strike
N60*E and dip from vertical to 70NW. Joint spacing averages about 1 foot
apart.

4.08 Concrete on Rock Foundations. Laboratory testing was not performed on
the foundation rock. It was assumed that the compressive strength of the
confined rock at the base of the dam would not be greatly affected by joints
and, therefore, would be equal or greater than the compressive strength of the
mass concrete in the dam. A conservative shear strength of 500 p.s.i. was
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assumed for the foundation rock. The design shear strength of the mass
concrete was 500 p.s.i. and the shear strength between the rock and concrete
was assumed to be 500 p.s.i. (Corps of Engineers, DM10, 1967). Contract
specifications required concrete to be placed on clean rock surfaces, free
from oil, standing or running water, ice, mud, drummy rock, coating, debris
and loose, semidetached or unsound fragments. To comply with specifi-
cations, all faults or seams were cleaned to a satisfactory depth and to firm
rock on the sides. Foundation preparation and cleanup were accomplished by
jetting with high pressure air and water to remove loose surface debris. Clay
seams, scale and deteriorated mineral coatings were removed by such methods as
sandblasting, hand wire brushing and dental excavation with pick and shovel.
Despite suggestions that the contractor use a sandblasting machine he relied
heavily on wire brushing methods for some of the leveling placement founda-
tions, especially in monolith 12. All rock surfaces were kept continuously
wet for at least 24 hours immediately prior to concrete placing. Horizontal
rock surfaces were covered (broomed) with a layer of mortar, immediately
before the concrete was placed. Several scheduled concrete placements were
delayed or rescheduled because of unacceptable preparation of the final foun-
dation surfaces.

4.09 Right and Left Embankment Foundations.

4.09.1 By April 1970, all common excavation of foundations for the left and
right embankments and for the upstream right bank cutoff trench was complete.
These foundations were never mapped; however, they were photographed and
selected photographs are in appendix A. Foundation materials discussed in the
text and shown on plates 13 and 14 are interpreted from construction photo-
graphs, preconstruction drill boring logs, and logs of exploration pits in the
area.

4.09.2 The left embankment is founded on granular materials consisting of
discontinuous beds and lenses of sandy gravel, medium to gravelly sand, and
silty sandy gravel. The semi-impervious core of the embankment is keyed into
diabase bedrock between the concrete section of the dam and 400 feet to the
east as shown on plate 13. Approximately 450 to 650 feet east of monolith 14
the embankment core is keyed into lean blue-green sandy clay.

4.09.3 The right embankment is founded on granular materials similar to that
in the left embankment foundation. The semi-impervious core of the right
embankment is keyed to basaltic bedrock. From dam axis station 1+00, a cutoff
core trench extends upstream at a right angle to follow the reservoir shore-
line for approximately 1,000 feet. The trench, shown on plate 13, varies in
depth from 5 feet at its northern end to over 20 feet at station 6+00 (control
line A). On control line A from station 0+80 to 4+75, the trench is keyed to
hard glacial till composed of clayey gravel. From station 4+40 to 7+00, the
trench is keyed to stiff lean clay. From station 7+00 to 10+00, the trench is
keyed to granular sediments deposited as discontinuous beds of silty sandy
cobble gravel and gravelly sand. Sides of the cutoff trench between stations
0+80 and 1000 are composed of granular materials. The clay core for the
upstream right bank cutoff trench was placed in June and July 1970. In July
1971, the impervious right abutment blanket was placed and joined to the core
in the cutoff trench.
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FIGURE 4-1

LEGEND FOR FIGURES 4-2 THROUGH 4-10

3Trace of dipping joint with angle and direction of dip.

- Trace of vertical joint.

Dipping contact between rock units with angle and direction
of dip.

Trace of open joint.

- ,Trace of joint with slickensides.

Open zone with weathering and plastic fines.

> (j Foundation rock unit B-Basalt, C-Chilled Zone, D-Diabase.

Major joint, designated by circled alphabet letter.

0.5 Seepage with quantity of water estimated in g.p.m.

0 30 Ungrouted rock bolt and length in feet.

@ 25 Grouted rock bolt and length in feet.

A40 Drain hole and length in feet.
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SECTION 5. FOUNDATION DRAINAGE AND GROUTING

5.01 Grouting.

5.01.1 Foundation grouting was performed under the main construction con-
tract. All drilling and grouting were performed by Continental Drilling Com-
pany, a subcontractor to Dravo Corporation. The grout curtain extends the
full length of the concrete structure and is composed of two zones: a second-
ary zone varying from 40 to 90 feet in rock and a primary zone generally
25 feet in rock (plate 15). Grout holes were inclined 150 upstream from
vertical except In monolith 5, between stations 4+28 and 4+46, the holes are
inclined only 20. In monoliths 6 and 7 the upstream batter of the grout
holes was gradually varied between 20 and 150 to form a continuous
warped grout curtain. Combined drilling footages through rock and concrete
are listed in table 5-1.

5.01.2 Drilling and grouting were done using the split spacing, stage grout-
ing method. Stage grouting involves the placement of the grout curtain by
drilling and grouting in successive operations. A complete cycle consists of
drilling, washing, pressure testing and grouting of any portion of a hole
within a given zone. All grouted primary holes are located on 10-foot centers
to the bottom of the first zone and secondary holes are spaced midway between
two grouted primary holes. Prior to starting the deeper second area zone, all
primary holes within 100 feet were grouted. After the grout holes were
drilled to the final predetermined depths the holes were washed, preszure
tested, and grouted. During the grouting operation grout was injected at
80 p.s.i., allowed to remain in the holes until initial set, and then removed
by washing. Grout holes, as necessary, were backfilled with a 1:1 neat cement
grout, nipples were removed and nipple holes were dry packed. Grout takes per
monolith are summarized in table 5-2. Plan and profile of grout holes and
grout takes for each hole are indicated on plate 15.

5.02 Drainage.

5.02.1 One segmented drainage curtain is used to intercept seepage and
relieve possible hydraulic pressures downstream from the grout curtain. Drain
holes are 2-1/2 inches in diameter and are drilled in two vertical planes
parallel to the dam axis. The upstream plane of holes occurs 6.5 feet down-
stream of the dam axis in monoliths 1 through 5 and monoliths 8 through 14.
Hole collars for the downstream plane are 12.5 feet downstream of the axis in
monolith 6 at elevations 686 and 677 feet and in monolith 7 at elevations 667
and 641 feet. A profile of drain holes is shown on plate 16.

5.02.2 Total leakage from foundation drains and monolith joint and face
drains is measured by weirs placed in the gallery gutters as shown on
figure 5-1. Drains that show appreciable flow, 1 gallon per minute or
greater, are measured independently of the weir measurements. The reservoir
initially was raised in spring 1973. On 20 June 1973, total leakage flow was
18.4 g.p.m. (see table 5-3). The reservoir was at elevation 795.2 feet
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TABLE 5-1

GROUT HOLE FOOTAGE OF ROCK AND CONCRETE
DRILLED FOR MONOLITH

Mono Secondary (ft) Primary (ft) Total (ft)

1 355 170 525

2 285 165 450

3 235 190 425
4 240 170 410
5 710 135 845
6 735 * 735

7 3,054 * 3,065

8 225 * 225

9 410 150 560

10 200 120 320
11 285 165 450

12 267 171 438
13 210 130 340
14 307 107 414

7,529 1,673 9,202

TABLE 5-2

GROUT TAKE IN SACKS OF CEMENT PER MONOLITH

Secondary Primary Total
Mono (Sacks) (Sacks) (Sacks)

1 1.25 2.00 3.25
2 1.50 36.00 37.50
3 1.25 1.00 2.25
4 1.25 2.50 3.75

5 26.25 4.75 31.00
6 10.00 * 10.00
7 149.50 * 149.50

8 53.25 * 53.25
9 7.25 1.50 8.75

10 21.75 6.75 28.50

11 0.75 2.75 3.50
12 36.00 4.50 40.50
13 30.25 4.75 35.00
14 43.75 0.25 44.00

Total 379.75 66.75 446.50

*No primary zone.

See plate 15 for grout holes section.
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TABLE 5-3

DAM DRAINAGE

Total Leakage Reservoir
Date Weirs 5, 6, 12, 13 (gpm) Elevation (ft)

June 1973 18.4 795.2
June 1974 20.5 800.0
June 1975 19.5 795.5
June 1976 18.0 799.3
June 1977 14.8 799.7
June 1978 12.9 795.7
June 1979 21.2 788.5
June 1980 14.3 791.3
June 1981 30.4 795.3
June 1982 18.0 796.2
June 1983 20.4 797.1
June 1984 25.7 798.9
June 1985 34.2 799.2
June 1986 46.8 796.9
June 1987 43.5 799.9

NOTE: Total drainage into the dam includes leakage through foundation drains
and monolith face and joint drains.
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(4.8 feet below maximum pool). Maximum flows ranged between 1 and 2.5 gallons
per minute in the lower gallery drains in monoliths 6 and 7. Negligible to
minor seepage occurred in all other foundation drains during the pool taise
and during the following reservoir drawdown. In June 1977, total leakage
decreased to 14.8 g.p.m. This decrease in leakage was believed to be caused
by a buildup of calcareous deposits within the drain holes. In January 1978
the drains were first cleaned by project personnel using an air pressure cen-
trifugal type drill. This drill enlarged the diameter of the borings and sub-
sequently disturbed the walls of the boring causing the brittle bedrock to
fracture and cave to compound the cleaning effort. Since initial cleaning,
surface hole packers have been installed in all holes to preclude debris wash-
ing into the holes. Project personnel annually remove the packers and sound
the hole for obstructions. When a drain hole is blocked, it is cleaned out to
full depth using an air-powered noncentrifugal type cleaning tool. All foun-
dation drain holes appear to function as designed. The increased total
leakage beginning in 1985 is apparently due to failure of monolith joint
waterstops at elevations above minimum pool elevation.
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SECTION 6. INSTRUMENTATION

6.01 General. Instrumentation has been placed in Wynoochee Dam and in the
abutments to measure structural behavior, insure safety, determine displace-
ments, seepage, check design assumptions, check theoretical computations, and
to obtain information for the design of future projects. The instrumentation
includes measurement of uplift pressure, joint and crack movement, internal
drainage, abutment seepage, and structural response to earthquake activity.
The instruments are read by project personnel and the data are reduced and
reviewed by Seattle District.

6.02 Foundation Instrumentation.

6.02.1 Uplift pressure cells are located under three monoliths: monolith 4,
monolith 7, and monolith 10 (plates 8 and 12 in appendix B). Gradually
increasing uplift pressures were noted prior to the 1978 periodic inspection
due to calcification of the foundation drain holes. From June 1975 to June
1976, uplift pressure cells 7-4 and 7-8 indicated steadily increasing uplift
pressures in the foundation. In June 1975, cell pressures averaged 5.8 p.s.i.
with pool at elevation 795.5 feet. In June 1976, the cell pressure averaged
10.6 p.s.i. with pool at 799.4 feet and in June 1977, cell 7-8 averaged
11.8 p.s.i. with pool at 799.4 feet. The uplift pressure in cell 7-8
approached the design hydraulic gradient before the drain hole cleaning. This
pressure increase is a result of the decrease in drainage. After the founda-
tion drains were cleaned in early 1978 the uplift pressures decreased. During
the 1973 and 1974 periodic Inspections, uplift pressure gradients downstream
of the grout curtain were within design assumptions. Several of the upstream
cells, however, were above design assumptions, but the total effect of actual
uplift was below the maximum assumed in design. The uplift pressures assume a
drain effectiveness of 33 percent at the foundation plane for the canyon mono-
liths (Corps of Engineers, DM 10, 1967).

6.02.2 Since construction of the dam, relative movement joint indicators have
been installed across joints in the canyon monoliths. The instruments are
manually read with a feeler gauge by various people. Movement patterns are
erratic which may be because these types of instruments are difficult to read
consistently. An automatic joint meter system is planned.

6.02.3 Drainage inflow from foundation drains, and monolith joint and face
drains is measured by weirs in the drainage galleries. Locations of weirs are
shown in figure 5-1.

6.02.4 In October 1985, eight rebar type survey monuments were placed atop
the left and right embankments to observe settlement. Monument locations are
shown on plate 13. The monuments were originally surveyed in October 1985.
Table 6-1 gives tVc original survey elevation for each settlement monument.
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TABLE 6-1

ORIGINAL SURVEY ELEVATIONS FOR EMBANKMENT SETTLEMENT MONUMENTS

Point No. Original Elevation (ft)

SM-I 804.386
SM-2 804.286
SM-3 804.267
SM-4 804.586
SM-5 804.528
SM-6 804.422
SM-7 804.517
SM-8 804.400

6.03 Abutment Leakage. Abutment leakage and downstream spring discharges are
monitored by measurements in weirs, piezometers, and staff gages shown on
plate 17. Left abutment leakage is monitored by weir box 5 located on the
canyon lip just downstream from the spillway chute. Discharge from springs
immediately downstream of monolith 13 flows into the spillway service road
ditch, through a culvert under the service road, and into weir box 5. Until
1982, staff gage No. 3 located in the service road ditch served in place of
weir box 5. Right abutment leakage is monitored by weir box 4, formerly staff
gage No. 4, and is located in the ditch adjacent to the monolith 5 adit access
walkway. Downstream spring discharges are monitored by measurements in man-
hole 6, weir 3, and staff gage 2. Staff gage 1 has not been monitored since
the late 1970's. Eighteen piezometers have been installed to monitor ground
water around the dam abutments. In addition, 11 piezometers were installed
through the core of the left and right embankments in March 1987.

6.04 Earthquake Instrumentation. Strong motion accelerographs record data
for analysis in determining the seismic response of dams. In 1973 and 1974,
three Kinemetrics SMA-I strong motion accelerographs were installed at Wynoo-
chee Lake Project as required by Corps of Engineers Engineering Regulation
ER-lll0-2-103. One free field motion accelerograph is founded on bedrock
approximately 600 feet downstream from the dam atop the left canyon wall
(plate 17). This unit is sensitive to 3/8 centimeter (cm) per g-force and is
triggered by either horizontal or vertical components of the initial earth-
quake ground motion. Two strong motion accelerographs are located in mono-
lith 7. One unit, located on the monolith 7 centerline in the upper service
gallery at elevation 790.5 feet, is sensitive to 1.9 cm per g-force and is
triggered by the horizontal component of earthquake ground motion. The other
unit, located in monolith 7 drainage and grouting gallery valve room passage
at elevation 640.9 feet, is sensitive to 1.9 cm per g-force and is triggered
by the vertical ground motion component. The accelerographs only record dur-
ing a seismic disturbance. The SMA-l accelerograph is actuated automatically
by an earthquake, records the earthquake motion in three axes (x, y, z) on
70 millimeter (mm) photographic film, and automatically stops and resets
itself when the seismic trigger ceases detection of the motion.
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SECTION 7. StMARY

No serious foundation problems relating to foundation stability were antici-
pated prior to, or developed during, construction. Only minor structural
defects were found in the foundation which were readily corrected through
standard bedrock foundation preparation and reinforcement techniques. Grout
injection and drain hole seepage indicate that the foundation is generally
tight. In general, the foundation of the dam is excellent. The lack of
control over contractor blasting procedures resulted in extra excavation in
some cases and redesign of project elements in others. As a result of the
Wynoochee experience, the Seattle District has established contract specifica-
tions which require Corps approval on general and specific blast plans and
where necessary, establish vibration control limits. Abutment and embankment
seepage will be monitored for the life of the project under the dam safety
program.
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Right bank cut off trench, view downstream (south-
east) showing excavation on A-line. Equipment be-
tween stations 7+00 and 8+00, 8 Jun. 1970. (Reter to
plate 13 for stationing).

Right bank cut off trench, view downstream (south) showing hard glacial till in
foundation. Cleanup Is not complete. Camera located at station 2+60. 10 Jun. 1970
(Refer to plate 13 for stationing)



Right abutment initial stripping, view northwest, 28 Oct. 1969.

Right abutment, monoliths 1-5 foundation cleanup with 0-9 Cat, view east, 20 Oct. 1970.



Mono. 1/2 toe area, view downstream (south) showing spilitic basalt bedrock in
foundation. Form divides mono. 1 in foeround from mono. 2, 27 Oct. 1970.

Monolith 1 too area, view right (west) showing spilitic basalt bedrock in foundation, 27
Oct. 1970.



Mono. 1/2 toe area, view right (west) showing backfill concrete
in mono. 1, 2 Nov. 1970.



Mono. 1 foundation, view downstream (south) showing backfill concrete to elevation 750
feet, 9 Nov. 1970.

Mono. 1 foundation, view right (west) showing backfill concrete to elevation 750 feet, 9 Nov.
1970.



Mono. 2 foundation, view upstream (north) showing backfill concrete, 10 Nov.
1970.

Mono. 2 foundation, view downstream (south), 10 Nov. 1970.
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Monolith 5 foundation excavation, view left (east) showing backhoe excavation in
toe area, 9 Nov. 1970.

Monoliths 3-5 foundations, view upstream (north) showing mono. 3 with forms and monos. 4 and 5 without forms, 10
Nov. 1970.



Monolith 4 foundation, view upstream (north) showing 2 uplift pressure cells in
center of photo, 20 Nov. 1970.



Right canyon wall, view downstream (southwest) showing maximum excavation for the original diversion slope. Drills
on layback line for the revised slope alinement, 3 June 1970.

Monoltl 6, right canyon wall, view right (west) showing cushion blasted cut slope and crew
working at elevation 660 feet. Trestle footing excavation in center and on right, 8 June 1970.



Right canyon wall diversion slope, view downstream (southwest). Monolith 8,
elevation 680 berm in foreground, 15 Jun. 1970.

Mono. 6 cut slope with rock bolts and wire mesh on right canyon wall, view northwest
showing workers preparing to blast lift between elevations 650 and 670 feet. Blast
area is 35 to 100 feet downstream of dam axis, 10 Jul. 1970.



Diversion pipe, view upstream (north), 20 Jul. 1970.
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Trestle erection, view upstream (north), 22 Jul. 1970.

I

Construction of headwall for diversion pipe, view northeast, 6 Aug. 1970.



Diversion layback slope, view upstream (northwest),

12 Aug. 1970.

Trestle construction, view downstream (south), 21 Aug. 1970.



Monolith 6 diversion pipe, right canyon wall, view looking downstream showing crib and
dewatering effort, 6 Oct. 1970.



Monolith 6 diversion pipe, right canyon wall view looking west showing new 5 toot
thick concrete left, surface elevation 660 leet, 10 Nov. 1970.

Inlet Ior diversion pipe, view looking downstream 3
Dec. 1970.



Downstream side of cofferdam, view upstream (north)
showing installation of "z" piles with 9B3 - 7800 pound

hammer, 3 Dec. 1970.



Completed coffer dam and diversion pipe, view upstream

(north) showing flow overtopping at about 5200 c.t.s., 7 Dec.

1970.
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Monolith 7 foundation, left Canyon wall, view downstream, 18
Dec. 1970.

Monolith* 7/8 view oi 'wnstream, showing low-flow conduit
excavation from 660 bera.' In monolith S to elevation 640 in
monolith 7.



Monolith 7 foundation, view downstream showing first concrete
lift.



Monolith 8 - elevation 680 berm on left canyon wall, view southeast showing final 2
to 9 foot lift drilled and ready for loading, 28 May 1970.

Monolith 8, view northeast, showing slope excavation and elevation 680
berm, 21 Aug. 1970.



Monolith 8, cut slope above elev. 680 berm, view southeast, 25 Nov. 1970.



Monolith 8, left canyon wall cutalope, view upstream (northeast), 18 Dec. 1970.

Monolith 8, left canyon wail, view east showing low flow conduit excavation from
elevation 680 berm to elevation 640 In monolith 7.



Spillway, view east showing final excavation for spillway left wall with "J" bars installed, 18 Dec. 1970.

Spillway, view southeast, showing downstream continuation of left wall, 18 Dec.
1970.



Monolith 10, view upstream (northe) showing rock foundation, 30 Oct. 1970.
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Monolith 11 bench cut slope foundation, view east, 14 Oct. 1970.

Monolith 11 cut slope, view east, 14 Oct. 1970.



Monolith 10, view east showing final foundation preparation with uplift pressure
cells, two in center and two on right. Monolith 11 concrete in background, 6 Nov.
1970.



Monoliths 12, 13 and 14, view east showing preliminary foundation preparation
using air-water jetting, 15 June 1970.

Monolith 12, view south showing "J" bars drilled 15 feet into foundation. Concrete
surface at elevation 755 feet, 15 Oct. 1970.



Monolith 12, view northeast, showing foundation forming preparation, 9 Sep. 1970.

-

Monolith 12, view north showing Joy model 500 track
drill boring "J" bar holes in foundation, 15 Sep. 1970.



Monolith 13, view north showing final foundation preparation. Note grouting
gallery gutter forms at right, 12 Oct. 1970.

Monolith 14, view north showing final concrete placement on foundation bedrock.
Mortar grout on surface and gutter forms for grouting gallery, 15 Sep. 1970.



Left Embankment core trench, view east, 5 Aug. 1971. (Refer to plate 13 for trench location)

Left embankment core trench, view west. Top of bedrock exposed in flat
portion of trench, 5 Aug. 1971. (Refer to plate 13 to- trench location)
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EARTHWORK LABORATORY TESTING

Selected drill boring and backhoe samples, shown on table C-l, were tested in
the laboratory. Laboratory testing supplemented design analyses of the earth-
fill and rockfill embankments adjacent to the concrete sections of the dam,
the right abutment upstream blanket, and the left abutment downstream slope
treatment.

Shear Strengths. Standard unconsolidated undrained Q tests and consolidated
undrained R tests were made on undisturbed samples of clay. Consolidated
drained S tests on clay were not conducted; however, equivalent strength
envelopes were obtained by utilizing pore-pressure measurements in the R
tests. The results of consolidated undrained tests, corrected for pore-
pressures, are referred to hereinafter as R strengths. Six R tests on clay
(68-R2, 78AL & AP, and 94A, B, and C) showed ultimate strengths substantially
lower than peak strengths. These relatively low ultimate strengths were given
maximum consideration in the selection of shear strength parameters for
design, and were assumed to be representative of the strength of the clay con-
sidering the presence of joints and fissures observed in the abutment clays.
Six standard consolidated drained S tests and three R tests were made on sam-
ples of typical gravels from above the clay, remolded at the apparent natural
density observed in field density tests. Because of the free-draining charac-
teristics and the apparent high strength of the upper gravels exhibited by
exposed slopes in the vicinity of the damsite, the R tests on the upper gravels
were disregarded. A shear strength of 0 = 37.5o, C - 0 was assigned to the
upper gravels for the S condition. A conservative value of 0 - 300, C - 0
was assigned to the abutment materials below the clay layer. A shear strength
of 0 - 350, C - 0 was assigned to all granular embankment materials. Shear
strength parameters for the foundation and embankment design are summarized as
follows:

Test Cohesion 2/
Material Condition lbs/ft - Tan

Undisturbed clay layer Q 2,000 130 0.231
R 600 200 0.364

0 270 0.510
Undisturbed gravels and sands S 0 37.50 0.767

above the clay layer
Undisturbed gravels, sands, and 0 300 0.577

silts below the clay layer
and slopewash gravels

All granular embankment 0 350 0.700
materials

Three Q tests and four R and R tests were also made on samples of clay com-
pletely remolded at natural water content to examine the possible effects of
disturbance from existing slides in the natural abutments and to determine
the sensitivity of the clay. The Q strength of the remolded clay is 0 - 90,
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C = 800 p.s.f. and the sensitivity is relatively low. Shear strength sum-
maries are shown on figures C-i through C-6. See Wynoochee Reservoir Dam -

Basis of Design, Design Memorandum 10, May 1967 for the detailed laboratory
analyses.
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TABLE C-i

MOISTURE CONTENT AND ATTERBERG LIMIT TEST RESULTS

PRECONSTRUCTION EXPLORATION

Unified Moisture Dry
Soils Content Atterberg Limit, Percent W~eight Iriaxial

Sample Depth Symbol_ Percent Liquid Plasticity Index lb/cu.ft Test l/

Boring 65-DD-40

A 5 GM 13.9 **

B 37 CL 41.2 44 19*
C 45 CL 16.4 45 20 116
D 50 CL 33.4 45 20

Boring 65-BA-54

A 5 GW *32 5*
B 10 GW-GC *41 17*
C 20 GW-GC *32 12*
D 25 GW-GC *34 13
E 37 GP-GM 12.2**

Trench 65-BH-55

A 2-4 GM ***

B 4-6 GM ** *
C 6-10 GM ***

Trench 65-BH-56

A 2-4 GM ***

B 4-7 GM * **
D 9-12 GP ***

Boring 65-BA-62

A 5-6 GP-GM ** *

C 14 GP 7.2 * 125
D 30 GP-GC 5.5 46 20 133 Yes

Boring 65-BA-63

B 6 GP-FM 9.4 27 6 140 Yes
D 14 GW-GM 6.3 32 8 126 Yes
E 27 GW-GM ***

F,G 38 SM 26.2 * 79
H 43 NL-CL *24 5

*Test not requested.
1/Triaxial test data shown on figures C-i through C-6.
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TABLE C-1 (con.)

Unified Moisture Dry
Soils Content Atterberg Limit, Percent Weight TriaxialSample Depth Symbol Percent Liquid Plasticity Index lb/cu.ft Test 1/

Boring 65-BA-64

A 8.5 GP 14.2 * * il
C,D 15 GW 11.5 62 24 124F 28 GW-GC 8 40 15 128
G 36 CL 24 34 10 *
H 38 CL 26.9 38 15 *
I 43 CL 33.2 40 16 *
J 50 CH 39.2 54 25 *

Boring 65-BA-DD-68

B 9 GW-GM 6.1 32 5 135
D 18 GP-GM 4.7 * * ,
F 30 GW-GM 6.3 48 15 127
H 45 GP-GM 7.1 * * 124I 61 GP * * • ,

73 CL 23.4 30 9 107E 77 CL 24.7 37 14 104 Yes
79 CL 27.7 40 20 99
83 CL 34 42 17 90

K 83 CL 34 40 19 90 Yes
86 CL 29.2 35 15 99R 91 CL 32.7 48 21 91 Yes
96 CL 33.7 49 21 92

Boring 65-DD-69

B 35 CL 23.3 33 11 102.7 YesD 37 CL 27.6 35 13 94.2 YesF 39 CL 16.7 34 11 110.5 YesH 41 CL 25.8 29 8 103 Yes
J 44 CL 25.7 32 11 101.2 YesL 46 CL 25.8 33 10 101 Yes0 49 CL 25.8 32 10 101.5 Yes

Boring 65-BA-70

A 3 SP * * • *
25 CL * 50 21 *
35 CL * 53 25 *
43 CL * 32 11 *

G 46 SP * * * ,

*Test not requested.
1/Triaxial test data shown on figures C-I through C-6.
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TABLE C-I (con.)

Unified Moisture Dry

Soils Content AtterberA Limit, Percent Weight Triaxial
Sample Depth Symbol Percent Liquid Plasticity Index lb/cu.ft Test 1/

Boring 65-RD-78

A 36 CL 26.3 34 11 100.8

C 38 CL 27 37 15 100.2

K 46 CL 26.3 37 15 101.7 Yes

48 CL 27.2 37 15 *
56 CL 26.2 37 15 *

AC 62 CL 30.4 41 19 94.9

AL 70 ML 35.3 37 12 88
AP 74 CL 32.6 49 23 91.7

Trench 65-BH-88

5 CL * 66 33 *

11 SW-SC * 80 39 *

Trench 65-BH-89

A 0-3 GW-GM * * * *

B 5 GP * * * *

L 10 GP * * * *

Trench 65-BH-90

A 6 GP * * * *

B 9 GP * * * *

C 12 GP * * * *

Boring 65-DD-94

A 16 MM 46.9 65 32 * Yes
B 18 MH,CL 32.5 41 15 * Yes
C 20 CL 35.3 47 20 * Yes

D 25 CLI 19.8 38 18 * Yes

*Test not requested.

1/Triaxial test data shown on figures C-1 through C-6.
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PETROGRAPHIC ANALYSIS OF CONCRETE AGGREGATE

1. General. The coarse aggregate used in the concrete for construction of

Wynoochee Dam was obtained from the Wynoochee River flood plain approximately
2 miles upstream of the dam. The tabulation below shows the average composi-
tion of the coarse aggregate:

Percent

massive graywacke 55
impure bedded graywacke 16
coarse-grained basalt 8
fine-grained basalt 11
breccia 6
vein materials 4

Following is a summary of the petrographic reports:

2. Wynoochee River Gravels. The gravels are greenish-gray and consist pre-

dominantly of graywacke sandstone and minor basalt metamorphosed to varying
degrees. The gravels are moderately weathered, but contain less than 1 per-

cent soft particles. Particle shapes are predominantly rounded or subrounded,
with moderately rough surface textures. Flat-elongate particles are not pre-
sent in significant amounts in either sand or gravel. No deleterious consti-
tuents that could swell and break down the rock or concrete were observed.
The graywacke sandstone is fine to medium grained and consists of ever
decreasing sized angular fragments of plagioclase feldspar, quartz and minor
pyroxene minerals plus basalt and minor altered sedimentary rock grains in
pastry matrix containing shreds of altered biotite, chlorite, secondary
quartz, traces of carbonate and pyrite, and silty dark crystalline material.
The coarse-grained basalt stones are diabase or gabbro in texture. Green
alteration products, which occur both as separate inserts and as alteration
rims around pyroxene, consist of chlorite clays with minor amounts of second-
ary tremolite. The fine-grained basalt has constituents less than 0.3-milli-
meter in size and contains relict clusters (spherulite or variolitic) of
plagioclase feldspar in dark altered and oxidized volcanic glass along with
green products consisting of chlorite and celadonite. Breccias and contact
rocks consist largely of variegated red fractured and fissured fine-grained
basalt with minor associated sedimentary assimulates. Vein materials occur in

both basalt and graywacke particles and contain one or more of the following
minerals: quartz, secondary plagioclase feldspar (albite-oligoclase) sericite
mica, epidote, chlorite, nephrite amphibole and cordierite. The volcanic
glass in the fine-grained basalts is extensively altered and other consti-
tuents are present in negligible amounts. Alkali-reactive tests indicated the
materials to be nonreactive.

3. Wynoochee River Sand. The tabulation below shows the average composition
of the natural sand:
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Percent

graywacke 57
coarse-grained basalt 10

fine-grained basalt 10
vein breccia 11

other rock 12

The concrete sand was a blend of natural sands made from Wynoochee River

gravels and finer sand obtained from the Wynoochee River west bank, a few
hundred feet downstream from its confluence with Trout Creek. Particle shapes
are predominately subrounded for material retained on the No. 30 sieve. The
sand is of greenish-gray color and is made up of moderately weathered grains
containing 5.6 percent soft constituents and 3 percent minus 200 silty fines.
This would be classed as a sand of good quality, comparable to most of the
sands used in major NPD concrete structures containing less than 6 percent
soft constituents. The gradation of the processed natural sand from the pit
gravels was deficient in sizes passing the No. 30 sieve. This made it neces-
sary to selectively use sand deposits in the riverbed and blend materials at
the screening plant surge pile during plant feed.
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PETROGRAPHIC REPORT
NORTH PACIFIC DIVISION. CORPS OF ENGINEERS PETROGRAPHIC _REPORT

DATF EXPL NO SAMPLF W)
NORTH PACIFIC DIVISION MATERIALS LABORATORY 23 April 1969

RI 2. 1OX IZA

TROUTOALE. OREGON PETRO6RAPHEk %,/0 NO

N. B. Higgs 69-CPCh-802
SAMPLED BY PROJECT SOURCE

K. Graybeal ! Wynoochee Dam Chunk samples from Wynoochee
UOTTED BY (DIST OR A6ENCV) Rprap Source.
Seattle District

1. Samples and Tests

Chunk samples of rock from the Wynoochee riprap source were submitted for
magnesium sulfate soundness, accelerated expansion and petrographic tests. This
report contains the results of the petrographic studies and, since quarry
conditions are unknown, the findings are restricted to the sample submitted.
Three thin sections were prepared from representative rock and were examined
under the petrographic microscope. X-ray diffraction analyses to determine the

type of alteration products present were also made.

2. Hand Specimen Features

The three 6-10" diameter rock chunks submitted consist of hard and tough,
dark gray basaltic rock. Clayey seams, soft rock, gougy material, or signifi-
cantly weathered rock are not present. The rock chunks contained only minor
amounts of microjoints. The texture is rather coarse with lacy networks of
plagioclase feldspar being seen on a sawed surface. The rock has a pseudo-
porphyritic texture because of larger crystals of dark colored pyroxene.
Microscopic examination reveals, however, that the rock is not porphyritic and
that what appears to be pyroxene phenocrysts is actually pyroxene in an ophitic
texture with plagioclase feldspar laths set in larger pyroxene crystals. The
pyroxene formed after the plagioclase in sample submitted, whereas, in porphy-
ritic rocks the pyroxene crystallizes prior to plagioclase. Examination under

the binocular microscope revealed that green clay alteration is present and as
a result both microscopic thin section and X-ray diffraction studies were made
to determine the type and distribution of clay minerals present. A few small
crystals of pyrite were observed here and there in the rock.

3. Microscopic Examination

a. Texture: Textural inferences indicate that the rock is a coarse grained
basalt or dAibasa. As far as engineering properties are concerned, it makes litti
difference whether the rock is called coarse grained basalt or diabase. However,
in the strict sense and from a petrographic viewpoint, the rock is a diabase
because it has a distinct ophitic texture. The ophitic texture is characterized
by smaller plagioclase feldspar laths haphazardly set in a larger crystal of
augite pyroxene. The pyroxene crystals are comparatively large and measure up
to 8 mm (3/8-inch) in maximum dimension. Plagioclase laths embedded in the
pyroxene average about 0.5 . in length. Diabases occur in dikes, sills and
kindred small shallow intrusives. At Lookout Point Dam, Oregon and Twin Springs
Damsite, Idaho small plugs or dikes have diabase at the central portions of the
intrusive mass but grade towards basalt at intrusive margins. Hence, it depends
upon where the intrusive is sampled as to whether basalt or diabase is diagnosed.
The rock submitted is reportedly from a dike.

NPO FORM

(n) t6V7 3 0 6  
SHEET 1 OF 3
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SDAT E FXPL IJC ';AMPLE NO

PETROGRAPHIC REPORT 23 April 1969

(CO NTI NUED) N. B. Higgs 69-CPCh-8ot2

b. Composition: The diaoase contains about 35%-41% plagioclase feldspar,
30%-35% pyroxene, 5%-10% magnetite and 20%-25% green clay alteration products.

c. Alteration: The rock is appreciably altered and contains 23%-25% of
green clays that are identified as chlorite by X-ray diffraction methods. The
chlorite clays occur chiefly as insets between a mesh of plagioclase feldspar
laths. Some of the chlorite is arranged in oriented fibrous form, however, the
majority of the chlorite appears to have random orientation. The plagioclase
feldspars do not have a fresh appearance. The majority of the plagioclase
crystals are abundantly microfractured, have a clouded appearance and frequently
have chlorite penetrating along the microfractures. The chlorite appears to be
formed from the alteration of pyroxene as it mimics the habit of the pyroxene.
The type of alteration observed is due to late magmatic action and is not caused
by weathering of the rock. The few grains of pyrite seen in hand specimen attest
to the late magmatic or hydrothermal alteration.

4. X-ray Diffraction Analyses

Representative portions of the rock were ground to a fine powder, water
slurried onto glass slides and X-rayed as oriented aggregates. X-ray analysis
indicate that the green clays seen under the microscope are some variety of
chlorite. The chlorite is present in moderate amounts. No montmorillonite clays
that could swell and breakdown the rock are present. An explanation of the
strucutural and hence behavioral differences between montmorillonite and chlorite
should be given. Both chlorite and montmorillonte are layered silicates similar
to mica, however, the chlorite has magnesium atoms bonding the layers together
whereas montmorillonite has water along with cations between the layers and thus
the layers are free to move apart and expand. Imagine the leaves of a book. In
the case of chlorite the book leaves are bonded together by magnesium whereas
in montmorillonite the leaves have water and cations between them and thus are
free to expand and move apart with the degree of movement being dependent upon
the type of cation and the amount of interlayer water. When sodium is the inter-
layer cation the montmorillonite shows pronounced expansion when wetted. The
montmorillonite in bentonite is usually of the sodium type and therefore the
pronounced expansion that results with bentonitic clays. Montmorillonite clays
having a divalent cation such as calcium show less expansion. The ethylene
glycol used in the accelerated expansion test expands the distance between the
layers and therefore, if the rock contains montmorillonite in proper orientation
or habit, the rock breaks down by the pressure exerted by ethylene glycol
penetrating along the layers. Since chlorite has layers that are bonded together
the ethylene glycol does not cause expansion. The sample submitted contains
chlorite rather than montmorillonite and thus no breakdown should be evidenced
during the accelerated expansion test.

5. Rock Quality

The basaltic diabase sample submitted consists of strong and hard rock that
does not contain clayey seams, soft material, weathered material or significant
amounts of microjoints. No montmorillonite clays that could swell and cause
rock breakdown are present. However, although there is no montmorillonite, the

NPO FORM 306 Contimution S.EI 2 ov 3
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PETROGRAPHIC REPORT 3 April 1969

(CONTINUED) PETROURAP"R w/O NO

N. B. Higgs 69-CPCh-8.2

rock is appreciably altered and contains 21.%-25% of chlorite clays. The effect
of these clays on rock durability are difficult to evaluate. We recently
tested a basaltic rock with chlorite clays that had 33% loss after the freeze-
thaw test. The chlorite clays in this rock were present in amounts of 15%-;L)%
and occured in inclusions, as insets in feldspar and along numerous microjoints.
Significantly, the tested rock had the structural imperfections of numerous
microjoints with chlorite being oriented along the joints. Most of the chlorite
clays in the rock submitted have random orientation, however, there are some
areas where the chlorite has a subparallel orientation. Chlorite occurs in
many kinds of rocks, e.g., in graywacke sandstone sediments, in chlorite
metamorphic schists and in propylitized andesite volcanic rocks. Tests on
chlorite-bearing graywackes (Lumni Island and Robe Quarry, Seattle District)
and propylitized chlorite-bearing andesites (Blue River and Lookout Point Dams,
Portland District) have shown these rocks to be durable materials with only
minor freeze-thaw losses. Over-all evaluation would indicate that the chlorite
clays are probably not detrimental to rock durability. However, since there are
basaltic rocks that have undergone appreciable freeze-thaw losses, absolute
insurance of rock durability would indicate performance of freeze-thaw testing
on rock from the Wynoochee source. The sample submitted was not noticeably
microjointed but the gross scale of jointing in the field is not known.
Numerous joints with green clay infillings might affect rock durability.

NELSON B. HIGGS
Chief, Petrography Branch

NPO FORM
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APPENDIX D

BORINGS LOGS



.I'YNOOCHEE DAM _-_PROJECT - MILE 51-.' .YNC)CCHEE__RIVER

DEPTH OF HOLE. . . 176 .1 _DIAMETER OF HOLE NX;
DEPTH OF O... - DATE STARTED - IV-,j 904-_

ROCK DRILLED __ __69.I_ DATE COMPLETED- _l3Dr-c. 1964
%CORE RECOVERED_ _9 CONTRACTOR U.S.A.E.DO. Seottle-

SURFACE EL 756.0 HOLE NO 64-DD-24 E 1 21 1 14 5
-ruGRA CR
LEVA C % DESCRIPTION OF MATERIALS REMARKS

753~fGravelly CLAY, grown Began dri ling w
triconer ocl b;t. o-

790 GC Clayey GRAVEL, (Angular Rocr iogged by visual

TFp Ra aponti classification of washTop oct .C"sorp-es. NX casingBASALT. 'inely c. ysta ine tookntc seated at 8 6' depth .
14' felrispor phenocr ysts in local zones Begon co' ,ng .NX

Frew zones of poogonite with corbonate dic. bit at 9.2'.
sreinlets. Unweotheredl joints show
rrrrro, po,;sh on biadl chlon tic coatings

20 11Few *jonts show stt an. Wreathering
along joints extends to depth 23'

Seral, 1 8, owygd. les appear ing at

2C' depth onJ increasing in numiber,
30, up to 2%1 of 0ck wass, at 7P depth.

flocl, is generally
cose Iy j ointed and

4C fractured. Care
lengths range frome
rag~.ents to 0.6', with

rare longer pieces to
1 .2'. Asreroge length

0 '.oi run approxim~atelyr

50 Abundarnt crotot" and paoaorrit-, in 3
- I' thizi cu, ,rrd planes row 50 to 6C'

dlecreoring in Frequrznc y and ending at
73dtl-

Pilow zone at base of

60 .flaw.

C

683 C. __ Base of F Iow

BWA. 1.o , 'slrro v

30 ~omygdu les *,

irweath~ered

'90

D-1I



SURFACE EL 756.0 HOLE NO 64-00-24 1 26312IA

TIOtS PIC % DESCRIPTION OFMATERIALS REMARKS

110.
Below 110'depth, curved planes appear
and become more evident with depth.

Interpreted as repre-
_L20senting a pillow. zone
120 near base of a flow .

Hydrous glass and carbonate zones to
1,4 wide at periphery of pillows fton
126.5 to 160.0.

130

10

160.0'- 176.1V
H Jrus g-as nd carbonate zones to 1I160 thickr peripheral to pillows, phenocryrsts Inter pillow zones of
decreasing in size with depth . Soft softer material are
material in interpitlow zones, moderately etched bydrill water. 

Woter
170 

95% for entire boring.

579.9__ -___ __
bottom '176.1' Inflow Test, 8.6 -180 176. 1'. F i Iled hole

w water, lost 5 gpm to
I8', then W. L. remair

static at 18' depth.

0-2



WYNOOCHEE DAM - PROJECT _MILE 51 .8, WYNOOC HEE RIVER

DEPTH OF HOLE- 2~A DIAMETER OF HOLE- -1 --/4 --'

DEPTH OF O.S. 887 DATE STARTED_ A8LY6 - - - - - - - - - -

ROCK DRILLED... _ - - -- DATE COMPLETED-. jZAlly k-- -- -- --

%CORE RECOVERED--------CONTRACTOR- - -59 CO.;9 INC--

SURFACE EL 809.7 HOLE NO 65-RD-25 E 1,640,61

___ H pwC % DESCRIPTION4 OF MATERIALS REMARKS
809.? _ LOG _____________ __ _____

Interbudded Silty Sandy GRAVEL and Drilling w 4-1/4"
Sandy GRAVEL, brown above 4' and tricone bit, bentonite
gray below. Loose in upper 10 feet and mud & no cas ing.

GM increasing compaction below Action rough
& Minor mud loss

GP Overburden classifilca-
tian by drill action, mu
loss, & examination of

789. 201mud return

Sandy GRAVEL, gay Action rough
- Caves

Los i.g mud & onlIy 70%
return at 35'

GP

40

764.2 _______________

lnterbedded Silty Sandy GRAVEL and Open hole standsw
50Sandy GRAVEL w/few 3' Silt and/s6r heavy mud. Action roucos

Sand lenses, gray & penetration slow
except for common
smooth fast advance of 3'

GM

60 GP

70

735,7
Interbedded Sandy GRAVEL and Silty Action rough

GP Sandy GRAVEL, few Cobbles, gaoy Lost 50 gal . mud in
80 a5' advance

GM

721.0 90rzTq Too of Rock '" 88.7' Penetration 22 minutes/ft
BASALT cuttings No cave a' rough spots

Tricone oils evenly
w '12" wrench

711,.0 100 Bottom7 9.7 No pressure test or
NX core

D-3



WYOOHE At RJC MILE 51.8, WYNOOCHEERIE

DEPTH OF HOLE___ 113.7 -DIAMETER OF HOLE.--.:L.....
DEPTH OF O.S. ___A..~--DATE STARTED...- _jjul1y65 ----

ROCK DRILLED-..- ___ .__- DATE COMPLETED-. j_Jl§-- -- -- ---

%i CORE RECOVERED------CONTRACTOR KOR-IT.9 CO .LNC

N 764,141
SURFACE EL 806.4 HOLE NO 65-RD-26 E 1.230.668

EL VA OR ON OREjTOS PHIC % DESCRIPTION Of MATERIALS REMARKS
806.4 HLOG 0 ____________

Entire oWe diled w
824 ML Grove IIly S ILT, soft, ton 4-1/'4" tricone bit,

802.4bentonite mud, uncased.

GM Silty S andy GRAVEL w'few Cobbles, Overburden classif ica-
10 "nn looe, gray tion by drill action, mud

-

loss & examination of

20

No 'rud 'oss

30 GM Silty Sandy GRAVEL wCobbles, compact
gray

40

762.4 ________________

GM Interbedded Silty candy GRAVEL & Sandl
& GRAVEL, gaoy No mud loss

GP
754.4 __________________

752.4 GM Silty Sandy GRAVEL, very compact Penetration very slow

GP Sandy GRAVEL wCubbles, gray Lost 100 gal mud

70

732.4

GM Silty Sandy GRAVEL m Cobbles (5), Ve y little mud loss
so gray

724.4 =___________________

Sm Si ty SAND, (fine' compact, gray w 2"
to 4' lenses -f GP, Sandy Gravel at

720.0 .012" to 18" intervalsAcinsot

P( netration fast
Little a. no mud loss

D-4



SURFACE EL 806.4 HOLE No 65-RD -26 N764,t141
- n E 1-230

LEVA- 9 PH IC % DESCRIPTION OF MATERIALS REMAIRKS1
TI T 5 LOG

SM

Sandy Silty CLAY, stiff, blue-gray
CL

67410--W77. Too of Rock 1109.2 _________

697.4110 ~ BASALT cuttinlgs 4-1 ' tricorte in rock
No core

692 .7

Bottom 113.- No pessure test

4

K-]



WYNOOCHEE_ DAM_ __PROJECT _ MILE_51 .3, .. NOOCHEE -RIVER

DEPTH OF HOLE- 45.4 ___ DIAMETER OF HOLE-
DEPTH OF 0.9. 14 .5L -- DATE STARTED V '.I_91L- --

ROCK DRILLED--!9, - . -- DATE COMPLETED- LUfrh 1965!i

%CORE RECOVERED 9(_ CONTRACTOR - L.S.A.E.D. Seotte

SURAC -EL~ HOLE NO 65-DD-27 E 1 2-11 6,17

LEIO PHIC DESCRIPTION OF MATERIALS REMARKS
748.0j H LOG___ _____

di Over burdern penetrated
GC CovenGRAVL. et, Roadlin w tricofle rtsclk bit and

I I NX chopping bit.
Sir tiindoCGRAVE, Soi s -ogged by nisuar
GM classification o w ish

sampres.

7J3.5NX casino seated at

Top f Rok at14 ,5'1I 4' depth
Tapof odsot 4.5Began coring .NX dia.

20- BASALT, hord, gray to gray-blacIs , bit at 15.7'.
runweathered, finely crystalline to
aphanitic texstre, pfsencr ysts to 1 8 Rock is _:,nrted
car bonate and palagonite zones to 1 2 and fractured
peripheral to pillows. A most ail joints Core lengths ronge f-n,

3, show r'ri po is~s on dol Woritic fragrrents to 0.9..
ws~ lccs . Si"'s ints 5110 st o e I-ntf. ccr'0 0 i

ess than 0.3'.

W'ate, Level 9.'

4(

B- is at 45.4' Inflow Test.

5C 1 7l ed NX casingw
water. rost 1 2 gpnr till

atrlsinooeW.L. dropped to 8.7'.

burden,-o6l consid-sed
tight since static

It i'.lat 8. 7'ndoad
-oct was urrweathrered.



NNOHEDAM ~ PROJECT MILE 51.9 WAYNOOCHEE _RIVER

DEPTH OF HOLE- 7_2.7 .DIAMETER OF HOLE NX;j

DEPTH OF 0.5. - -------- DATE STARTED- - 16 Feb.-1%65
ROCK DRILLED-. fl.0 DATE COM PLETED- 19Feb. 1965-
%CORE RECOVERED--: _ CONTRACTOR - -. _U.S.A.E.D. Seattle

N 763,115SURFACE EL 744.8 HOLE NO 65-RD-28 E 1,212,051

IOS PB4IC % DESCRIPTION OF MATERIALS REMARKS

74.4.8 H LOG 8 ,

743.1 '- Sandy GRAVEL Beganl d-i;iinq
tricone ocir bit

GP Advanced ho~e by
I tt coning then dtiving

& A trmote layers of Sandy GRAVEL casing and cleaning ou

& ')iity Sandy GRAVEL wCobbles NX chopping bit.

GAA (6") & a few BorIders

726.3 S
726.3 2(; Sity SAND, brown Soils aogged by visual

24 ~ LAQo 9 classification of 3"
7221 GP LAYShelby tube and wash

CL Sandy CLAY, blue -gray 5a'lpes.

714 9 30 ________ ___

7128 CL SandyCl. Y

40, CL CLAY, blue

-00.0

697, GC Clayey SG-t. GRAVEL.m Cobbles
693.' SCClayey SAND, coarse, w occosiono

691.8 GC Clayey GRAVEL, compact

696.5 GMi Si ty Sandy GRAVEL, brown
695.3 6( GALL Boiders. Dtovt- NX icasing to

72. ~.Bottom I V
section of cosina

SP SAND ffirre., blur'-gray bec.,re unscewted

ar-id wo! ost in the hal4

7(- Ho e oba,-,doned.

-2Bott,- N- wa,,

.co'deo -

50

9C7

I 0-q



±'NYNOCHEE DAM PROJECT MILE 51 .8,WYNOOCHEE RIVER

DEPTH OF HOLE- 48_6 __ DIAMETER OF HOLE - L -j --'J--X
DEPTH OF OBS. - 18.6- DATE STARTED-. - lr; -8 De.1

ROCK DRILLED_L.C_ - -DATE COMPLETED - 29 Jon. 1965-

% CORE RECOVER ED - o Q CON TRACTO R J..ED. Sttle

N70i 7".
SURFACE EL 802.C HOLE NO 65-DD-29 E 1,230.585

TIOU PHI DESCRIPTION OF MATERIALS REMARKS
802.01 H LOG 0 1___________

Overburden penetrated
SNX chopping cit and

GP Alternate loye-s of Sandy GRAVEL & tricone rock bit.
Silty Sandy GRAVEL -a few Cobbes

10 & (~Soi s logged by vsual
classification of wash

GM sompies.

NX casing seated at
783.4 18.t' rlpth

20 Top of Rock at 18.6'

BASALT, dark gray, aphanitic with
phenoc rysts to 11/4" Traces of car - Rock is closely jointed
bonote veinlets. Joints are weathered and fractured.core
brown to depth 47'. Joints show mirror lengths range from

30' ror ish with same showing striae. fragments to 0.5'.

40'

CurveJ cruonate and hydrous glass
zones, 44.2 to 44 .5, suggest nearness

753.4 of flow base.

50 - Bottom at 48.6' Inflow Test:

~Filled hole with water,
water dropped to 14' at
9 gpm rate, then rate of
outflow decreased and
W. L. stabili;zed at 19'
depth.



_ WYNOOCHEE -_P ~ROJECT _ MILE 51 .89WYNC)OCHEE -RIVER

DEPTH OF HOLE_ ~JU. _ __ - DIAMETER OF HOLE---- - -- -- -- - - -

DEPTH OF O.S. -'L. - - DATE STARTED- 4 March 1965-------

ROCK DRILLED- 2-.1 --- _ -DATE COMPLETEDAPA-li! ---5

% CORE RECOVERED ! win CONTRACTOR U.S .A. E.D. Seattle-
N 62.523

SURFACE EL 978 HOLE NO 65-CD-3C E 1,231.6'r9

AjON I PI DESCRIPTION OF MATERIALS REMARKS

937.81 H_ LOG 8 ______________

935.8 MSIT, w oigonic debris , . Clu.,n dri; hole, cosed
to ock r 8' pipe.

GP Sandy GRAVEL w 'ayers of it. Driling water added
Sandy CRAV/EL, many Cobbles t torn depth C to 105', no

8Bo.,de (24"), copo", 0H, C wte, infror

2C' cemented, b own

GM

S.iis ogged by visuali
clossficti 3n of boiler

and d ive sospes.

906.3

q I Gt i lt' Sandy GRAVE L w ronf Cobbles
9 ~ ~ I B oulders cormpact, browen

40-

I 'and, 3c;AVE~w o"eruo Sity Sand>

IGRAVEL, nony C-ObI-s SBolddo

24") Corpact and or Ceerrt-, iown

859 8

SM

"3P Silty ovellyS5ANDw lense, S and.

90. -RA/EI 1, Sity Sand,' GPAiE

10



SURFACE EL 937.8 HOLE NO 65-<D-30 E 1-21.59

TIONS 1PHUG % DESCRIPTION OF MATERIALS REMARKS
_ LOO _ _ _ _ _ _

Depth 108.6',
110. x6' of water in hole after

- shift change.

SM

20 GP Depth 118.6', trace

Silty Gravelly Sand w'lenses of Sandy water in hole
-,RA IEL, & Silty Sandy, GRAv'E,
ompor b- w,'

GM
Depth 128', dry

Depth 135', trace
water in hole

140 Depth 142', dry
Depth 14R, trace
of water

787.8 L1________________

160- GM Silty Sandy GRAVEL, compacted, dry,
x non-plastic, some clay, gray

769.8 ________________

I? SM Silty Gravelly SAND, less compacted,

I gray, damp

762.l b_________ I______-___ Losing drill water

75. -8 GE' So,,dy GRAVEL w. Cobbles, gray from 177 to 179'

7588 10 -Silty Gravelly SAND, mostly medium, Depth f84', trace water
SM gray En hole

SIM

746.8 9C-Depth 192', dry after

GM~ Sil ty Sandy GRAVEL w 'Cobbes weelkend.
w minor dry sand, blue -gray

735.8 Depth 202' to 2115',

732.8 SP Gra ve II SAND, brown water level 196', bailed
SM~ ~~~~~~ SlyGaelSADbrw I gpm 1 Iit dr~owdown

Silt Grvell SAD, bownrecovery in I5 minutes.
210 Inflow decreases, below

Ha j 205' w increase of silt
rn soil.

Depth 209', water

enough for drilling.

D- 10



N 762, 521
SURFACE EL 937.8 HOLE NO 65-CD-30 121.9

TLEAS ~ IRCOR DESCRIPTION OP MATERIALS REMARKS
TO S LOG

SM Silty Gravelly SAND, brown

717.8 20 -Clayey Silty SAND, wminor fine Sand

709 SC beds, gray

L 23Q Clayey SILT w/Tine Sand, gfray

705.8 M

CL Silty CLAY wSond, blue--gray

698.8' 24 Depth 239,trace water

CL Silty CLAY, blue-gray

260 Depth 260', no water

270

CL & CLAY & SILT, gray
ML

Depth 289, overnite
water level, 274'w V

648.8 20sand inflow; water
646.8 ", _ ix oce ,AE aXinflow 2 9pm.

Sp SAND (fine), Silty CLAY & GRAVEL, Depth 297, osernite
CL nterbedded lenses water level 282'

641 .8

GC Clayey, Silty, Sandy GRAVEL
*oulders, gray

634.8. : qL __

633.8 ,bSIThff t gray - buff Depth 307: overnite
t Tap of Bedrocr at 3041' water level 275

310 Cuttings of basalt w white carbonate

321



N 162, 521
SURFACE EL 937.8 HOLE NO 65-CD-30 E .21659

ELEVA-: ORA

TIONS __ 2 PHIC % DESCRIPTION OF MATERIALS REMARKS

HeLOG a 

I
Cuttings of basalt w hite cobonote Depth 331'

j /Nate, inflow

606.8 33C Appro, 2 gpm

I Botto- it 331.

I. -

4
- I

-4

4

D-12



,VYNOOCHE-E DAM _ PROJECT_ MILE 51 .8, WYNOOCHE -_RIVER

DEPTH OF HOLE _6..L DIAMETER OF HOLE..

DEPTH OF 0.8. A6b _ DATE STARTED.. _- JLe.9 ..

ROCK DRILLED- ~30
.I DATE COMPLETED-. I IFeb. 1965

%CORE RECOVERED3- -9OTACO U.S.A. E. OSeattle

N /J l 063
SURFACE EL 8(j., HOLE NO 65-00D-31 E 1.2 t1 121

LEVNS PHC DESCRIPTION OF MATERIALS REMARKS

GM Silty Sand GRAVEL - ye or Ove,bwrden drilled

I & Sond, GRAVE , Cobble, NX chopping bit
CP and ticone rcl bit.

NX diaond bit used
IL1 on basalt block.

"'. 4 SM Gaovely Si tx SAND

20'
GM Sit> Sandy GRAVEL, wCobbieslb-w- SU"' 'ogged by visual

23.C - 28.), w~ nneous Basalt Biocks. clcrssi-ication of waosh

so'p-es.

T1 4 11 - Gravelly SAND, (coorse to line! Lost d,; I water,

Si ty Sand,, GRAVEL w nanefus ferripcri, y at 30.9'

GM Basalt Blacks. 'or. ce,,entedl.

4.

'5.4. GM S It, SandyGAVL emne NX casing seated at

Top of Rock at 46.5' 45' depth .

SU ~BASALT. piiowflro, had. 9ay t, ,oy
H blac4 , i

t
iy c ystalline with pheno-

f cysts t- 1 8' Carbonate and
palagoit -ones pa- ipheal t) cu, ed R 6 is gerieally
pilo onrroices . Joints w-ctheled tan ose y sinted 00a

6L to 56.3' depth . A most a I j ,ints showr laocted.

mi, r pa ish on dark chio, tic sol ace Core iengths oange
- nwith tone sh,.;vng str;o an. fragmnents to I

2.Botto at Inflow , 04)rr; ba

yr oduar' J-. eosmy
to depth 31 .3', hree

L.. enined static

D-13



_WYN00CIIEE DAM _ -PROJECT _ MILE 51 __vNQHI -RIVER

DEPTH OF HOLE- 136.5 DIAMETER OF HOLE- tNX ----
DEPTH OF 0.9. 43 DATE STARTED. 61 45 .
'ROCK DRILLED-- 13. F DAECMLTD .Sept 1965

%CORE RECOVERED- 6.L - CONTRACTOR. KOR-ITCO_. INC.-----

SURFACE EL 736 7  HOENO6JD~ N'',543HOLENO 5 -D -2 E 1,231,075

LEVN PHC DESCRIPTION OF MATERIALS REMARKS

736.7 HLOG __ ___________________

:GM Sandy Silty GRAVEL, bron Tricone 3-7,9 w

732.4 Too Rock 4.3' oater & no mud t3

BASALT. pikow %rroctw. depth 12,5
it u" giol :a Y'o. , O NX casing to 12.3

. ho'd , ,r partial b,.w, -ate,

Jointed at 1 2' to 8" intervals from rturn

12.5 to 25.7, bown stains on, some NX c ore bbFI
joints to depth 16 .6' 100% water return

2C

Jointed at 1 2" tr Q' intervals from

25. 7' to 63 .5'

C C s'oss of 1. 7
high R.P.M. i -sey

jointed 7one.

40

50

Core lifter slipped k.
no recovery.

6C

Jointed at I" to 12' intervals from
63.5' to 85.0'

70

80

Jointed ot I' to 6' intervols from

85.C to 103.0'
9C

1007
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SurFACE EL 3o. HOLE NO 65-DD-32 , 1.231 075

ELEVA- GACR
T -1 iC % DESCRIPTIOtI OF MATERIALS REMARKSIN LOG .

Jointed at 1" to 24" intervals from

103.0' to 136.5'

I

-4-

600.2
Botto . wate,

1,40 inflow w casing ull.
W.L. stabilized at

30 .0'.

-4

.-4

-4

4

I0--



WYNOCCH-EE DAM _ -- PROJECT MILE 51.8, WYNOOCHEE -RIVER

DEPTH OF HOLE_ 152.0 -_ DIAMETER OF HOLE4~4.- '8'-

DEPTH OF 0.8. - _ 142 9- - - DATE STARTED- 19 Au__st 1965

ItOCK DRILLED- _- 12.- -- DATE COMPLETED- 9Ly L9 5 ----- I

%CORE RECOVERED- --- -- CONTRACTOR - - (OR-T. CO N

SURFACE EL 796.4 HO ENO 65-RO-33 E 16,20,23

H O L E ER C O2R E2 3

TIN PHIC % DESCRIPTION OF MATERIALS REMARKS
796.4 H LOG 0

794.6 ML Gravelly SILT. soft, brown Tricone, 4-1 4",w
reud & no casing to rock

Ticone 3-7 8" in rock

10 Mud loss of 1 gpm from

2 .0' to 16 .0' & 1 2' to
I' of cove in hole ofte'
pulling tricone back 5'.

20 7GP Interbedded Sandy GRAVEL and Silty
-& Sandy GRAVEL w Cobbles Onr. Boulde's

( 18"), loose, ton to gray Estimated 10%a mud loss

GM f, am 16. 0' to 6 .O'
Overburden classifi-

30 7cation by drill action,
mud loss, & exaomination
of mud return

40

60
735.4

I 2ito 1.0' of cove in
Sandy Silty GRAVEL w many Boulders, hole after pulling

GM gray tricone back 5_0

1716 4 80

CL andy CLAY w olt Ins, blue-rq'ay

711,4 Nu mud loss in clays

go7CL Wlty CLAY, blue -gray

1007
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SURFACE EL 796.4 HOLE NO 65-RD-31 E 1,23o 2'1

TINSL PHIC % DESCRIPTION OF MATERIALS REMARKS
H LOG

695.4

Clayey GRAVEL . many Boulds, g,ay

GC

1107

682.4
Clayey Sandy GRAVEL w, many Cobbles,i -. ompact, gray

676.4 1120 J 0pc'qo

GP Sandy GRAVEL w Cobbles 'Boulders,

1307

660.4 ________________

Clayey GRAVEL w 'Cobbles, blue-gray

1140 GC (t;ll)

654.4 -
4 Top of Rock 1 142.0

BASALT cuttings

644.4
Bottom 152.0 No pressure test

16 -

2
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w QOo.CqLDm - PROJEC TMI_ 1,-L~4QQ~L ..RI.RIER

DEPTH OF HOLE-_ 66.0- DIAMETER OFHL-LIZ
DEPTH OF 0.8 16.2- DATE STAIRTED- 18 June 1965--------

ROCK DRILLED SO DATE CMPLETE DLJ&. ---- -- -- -
%CORE RECOVERED- 102 -~ CONTRACTOR -- &L.Q.M~

SURFACE EL 716.4 HOLE No 65-0D-14 E 1, 2315521

ELEVs %HC DESCRIPTION OF MATERIALS REMARKS

716. LOGOverburden 
drilled w

SP Top ib 6bro~vn, gray below 4-1,41 tricone bit
bentonjte mud ir' open
hole

7060 10 GP C 'Ilty GRAVEL w/Boulders compac'ga0 N' cas ing, seated at

Top of Rocki 1, 16.2 16 .2'

0 1 Recrystallized SANDSTONE, gray, very NX core w,d'-illirg
20 hard . Joints at 0.1P to 1 .1V intervals and water

I. two sets dip 450 - 500 w, intesetinK plunging 100 to 150. Jointns naori not

curved and not chlorite coated.*

307

- Reaction zone, sheared chioritic BASALT
'30"o multiple carbonate veinlets,

joints at 0.1V to 1 .8' intervals & chloanti
coated, soft to mod. hard

40 * Intrusion of BASALTIC composition, mod.
hordrtohard. Joints at 0.1Vto 4.0'
inteirvals.

1' Recrystallized SANDSTONE as at 20'

* Joints at 0.1V to 1 .6' intervals

60

650. A_______________

Bottom 66.0' Pressure Test

Bottom of paclrt. ot 19.4
Pressure 30 0
Inflow 0.075 cfm

Irrrprr.~d ~, t~dPressure 15
rnepeo %tp-fr,-ed hIrcI, of Inflow 0.025 cf.

Eocene rrrtn-sedimrent% Pre$ssue drop Slc',

D- 18



WY OCHE DA __PROJECT MILL 51 .6, WYN )OCHFt -RIVER

DEPTH OF HOLE- 51.6 -- DIAMETER OF HOLE- L"iD 0.8. N' -in1Rc

DEPTH OF 0.9. -- - DATE STARTED- 2-! - 19 ..65..

ROCK DRILLED-- - -DATE COMTE)L-J TEDJL-J-- .--
% CORE RECOVERED -001T L~ - COTA-O -L -C L ~ - - -

N -11459SURFACE EL 727.3 HOLE NO 65-00-35 E 1,231 694

ELEV.~~i
TNS PHIC %' DESCRIPTION OF MATERIALS REMARKS

727.3 H LOG 0 _______

724.3 SP Gravelly SAND, brown to gray Operation, 4-1 4'
lricone 1. mud in un-

cased hole

andy GRAV/EL - 'fe. Cobbles, lose,. Orr-rburden clasifii-

0P gray cation by drill actioni,
mud loss & exam'inat ion

F of mud rcturn

705.3 Top of Rockr , 22.0' N/ casinS seated or
A BASALT ,dork '-gray, felsitic texrture, 22.0'

omygdaloidol, mod. hard to hard. Joints Operation, N * core

curved and coated wglossv near -black drilling w wate,
30- chlorite. Core lengths 0.05' to 1.0' w,

irrcipient joints at closer intersvals.

Few minor curved carbonate sreinlets.

40

.0
675.7

Bottom 51.6 Pressure test
Base of packer at 25'
Pressure 300

60 lr~flow 0.04 cfrm

Water level 22.0'



WYNOOCHEE DAM __PROJECT MILE 51.7, V&YNOC'CHEERIE

DEPTH OF HOLE__ L. DIAMETER OF HOLE_4-1,'4' in 0.8., N"' in Roc

DEPTH OF 0.8. j.A - DATE STARTED -12 June L9 5--------
ROCK DRILLED-- -ATE COMPLETED- 1 June 1965

%CORE RECOVERED- !7.'-_ CONTRACTOR- KCR11 CO., INC.

SURFAE EL 19.7N 763.315
SURAC EL 11.7 HOLE NO 65-OD-36 E 1, 211.8

I LEV* I "ACR
TOS PHIC % DESCRIPTION4 OF MATERIALS REMARKS

719.7 tN LOG __ ___________________

GM ilty Sandy GRAV.Et . nurne-ous Operatior,, 4-1 4"
GM Cobbles, loose, browrr tricone w d,illi mur~d

714. open hale.

711 .7 SP SAND .(mediumr to coarsel gray

10Gravelly SAND,(medi.,n to coarse), Overburden c las~fi -

SP loos, gracation 
by drill uc tion,

of mud returni

20 Sandy GRAVEL wnumefous Cobbles,
loose, gray

GP

30

NX casing seoted at
683.4 ___Too of Rock '~36.3' 36.3'

BASALT, dark-,gray, felsitic texrture to Operation, NX core
diabasic texture, mod,. hard to kord, in rock
slightly amygdaloidal. Core loss 0.7' from

37.0' - 37.7'

Joints cu ued and coated w near -black

50 chlorite No water loss
Minor carbonate veinlets

Core lengths 0.05' to 0.8'

60
657.7

Bottonm 62.0' Pressure test

Bottom of padre. at
39.7,

70 Pressure 300
Inflow 0.005 dr..

80

0-20



WYNOOCHEE DAM PROJECT MILE 51 .8, WYNOOCHEERIR

DEPTH OF HOLE 2-J~ .. DIAMETER OF HOLE- -4 1-1-0.B., N,--R-

DEPTH OF 0.8 B.__ DATE STARTED. 1 i6 -30 Jun -%--

ROCK ORILLED. k DATE COMPLETED 9 1 Ju_11965- -- -- ---

% CORE RECOVERED- OQ!, L- CONTRACTOR~ -!S1OR-IT CO INqL- - -

SURFACE EL 74. H L NO 65-DD-37 N 26,0

ELEV* DESCRIPTIONI OF MATERIALS REMARKS
TO PHIC

743.3 H LOG a
Interbedded Silty Sandly GRAVEL & San4 Drill w/tricone & mud
GRAVEL increasingly comspact w 'depth Action rough limited

GM brown to 5' and gray below caving very little mud
& loss. Overburcr

10 GP classification by drill

action, mu~d loss, and
errominatior of ,,ud

726.8 7return.

20 Sand caves & runs into
hole

SP SAND (medium to fine) grey

712.8 30

CL CLAY, stiff, blue-gray
708.3

40

CL CLAY, w few pebbles, stiff, blue-groy 4" casing to 37'

685.3
60 GC Clayey GRAVEL w,'BOULDER (12')

681.3
680.3 C CIa e SAND

70 GP Sandy GRAVEL /,Cobbles

663.3 801 __ Top of Pock rO 0.0 NW casirrg to 83.0'

BASALT, near -bled' herd Triconed '083.0'
Interpreted as middle of flow

NX core

1 0l water retr-

?0 Jointed at 0. 1' to 1. 3' intervals w

~} joints chlomite coated & many sliclren-
sided

X10Bottom r 96.2 No aressume test

D-21



WYNOCHE D -- PROJECT_ MILE 51 .8.,-YnOC CHtEE -RIVER

DEPTH OF H4OLE__ 80.0 -P DIAMETER OF HOLEL-~ 11':'PJ8 NtX in R( L
DEPTH OF O.1. 5 -5 DAE TATE 9tnA25

ROCK DRILLED..-- -- DATE COMPLETEDJ~t!- 8- -9 -S

%CORE RECOVERED- 1% CONTRACTOR- KO R-T CO.,-INC.

SURFACE EL 801.8 HO ENO 65-0-38 NE 762,24
HOLE* E COR3EA

TIN HIaC % DESCRIPTION OF MATERIALS REMARKS

8  LOG 2 a _ _ _ __ _ _ _

800 ML Gravelly SILT, loose. tan (peration, 4-1/4"

rricone w,'mud in

open hole to depth
Silty Sandy GRAVEL re/fe. Cobbles, 54.5'

10 GM compact, gray No recove' of driv
samples

Over -burder, classifi -
cation by d.ill action,

0 mud loss, and examina-
780.8 20dsp AND, gray tion of mud returrn
779.8
776.8 GM Silty Sandy GRAVEL, compact, gray

30 Interbedded Silty Sandy GRAVEL and
GM Sandy GRAVEL, compact, gray

GP

40
759 8

Sp& Gravelly SAND interbedded w 'Sandy
755 .6 GP GRAVEL. compact. gray

GP Interbedded Sandy GRAVEL, Silty Sandy
5o GM GRAVEL, and SAND, compact, gray.

& (SAND in 4' to 12" beds) NX casing seated at

747.3 PTop Rock 'r 54.5' 54.7'___

744.3 BASALT as below Operation. NY core i.
743.2 60 Tu Ife%,e HALE, dark -gray, interbed wate,.

BASALT, dark-gray, felsitic texrture,
amygdaloidal, mod. hard to hard,
chlor ite-cooted joints w, mirror polish
surfaces forming curved planes at 0.1V to

70 
0.7' intervals, trace clay & carbonate anjsome joints. Interpreted as one or two
pillowWAALT flows.

721.8 __

Bottom 80.0' No preSSurr, test

r)-22



v. ~ lit[ [)_.A'. -PROJECT - _MILL 1. .. ,, ,( II RIVER

DEPTH OF HOLE__ 4 -DIAMETEROFHL414.B o.

DEPTH OF 0.9. 14.2 _ _-DATE STARTED - 24±MA, I6-'_

ROCK DRILLED- - DATE COMPLETED- Z Y2 - -.-- -

% CORE RECOVERED _LQ CONTRACTOR 21Z_-11o. I N.

SURFACE EL --. HOLE NO ID N E-63 26-4
-UGRADDY E1234

LIN PIHIC % DESCRIPTION OF MATERIALS REMARKS

74P H LOG __ j _________ ____

6" ltwebedded i 1 o.,d, 1,1A',E L R. 'on Lot' _ _t ,_ _ at___ 5_

l\ORAVEt brown j. o a O',rbu.rd, clossif('otiu
iltu landv GRA',E1 w'f'wCobi. by, drill or-tio, Ar~ loiss

0!rM,;,* -,n Q's~r), , mpactior w dept' r,
4
ur n t, o u

.1 o,;nI r.d at 14 2
760 ___ 2, _____ __ _ _ _ _ _

BA-ALT, u, -o-jre,'.,r ru (Op-.Ctio' ,N 'a
to Lkotd, om/gdcloidal, pf1low-%turtuf. +;IW~ w a

20 w -or .,ed ( l.o ite -corboroatt seams

1 100" to 1 4' wide ,, 1 2' tot
sentefs; co'e Ie~atks 0.05' to 4.0, No mot,- io'

307

40

5C 8,orr tm P- s ~*o-~

P
2
.o- 3Yor~t 3

1alo. 0 04 fm,

0-23



- WNOCH D ',N ' PROJECT tMI[E 51 .8, WYNOOCHEE RIVER

DEPTH OF HOLE_-_ 10Q.2. DIAMETER OF HOLE- !-I ' 8 t( in Uqhc

DEPT OF .8. - ~ - -DATE STARTED -21 )le 1965
ROCK DRILLED- _2to DATE COMPLETED- 14 Ju11 1965

% CORE RECOVERED-10 CONTRACTOR _ C IT CO_ INC.

SURFACE EL 764.6 HOLE NO 65-U-40 EN 21,104

LEM PHI %i DESCRIPTION OF MATERIALS REMARKS

764.6 H LOG 
Drl ,;oe&u

-;It, GRAVLL. loose, brown
GM X' 13.9%

752.c______________________

GP "and, GRAVEL wCobbles Lost aIlI mud

74- 6
20

GA Silty ondy GRAVEL .Cobbls. lbrown liql' - d los'

740 1
-: C Clo ef GRAVEI comport, 9go

3C 1- o',d, -P A JEL l~l-

GM1 coetoaCt goa

41.2%, LL 44
ALI I'l 19

Graoe1y CLAY, still, ol.c,-9 ay No m~a oss

1<16.4% [L.A4
CL 116PCF PI 2C

~C33o.4334 Li 45
PI 2'

704.8 60

GP Sondy GRAVEL wCoble, Los' ll d ill ,~d

6194' C
GM jiltv GRAVEL. (possibl, 1;11 NX cosing to 70'

T p ocl 'A 0 ()Pen hole 70 to 1"4

690 6 WAAT, piib.. Itcfue, omygdoloidol Suggests olocol -ill
-oe -blc Moo had Il7/ .0' & hod Nt< co below 75.0

80 beba.. Joints at 0 1' to () 2' interuals
o- 74 0Oto 79 0'oed 0 1'to 1 .8'

inte. ols ( ow 79 0' to 100 0' joints a
cklo te'-oo-ed

90

11-.00

P-.tom 100 0' No r essu e lest

D-24



v~ NOCH~ _ _ PROJCT _ MIL[ ~ ' WYNOOCHE[ RIVER

DEPTH OF HOLE --- __ DIAMETER OF HOLE N'

DEPTH OF O.S - DATE STARTED- 19- -!---
ROCK DRILLED- 5 - -DATE COMPLETED i1?,. 16 __

%CORE RECOVERED- 00"-- CONTRACTOR-. _. K'"R- IS.

SUR ACE EL 62 73 H O E N O 65-DD41 E 1,231.0

HOELEV21 -

TIONS JPWIC % DESCRIPTION OF MATERIALS REMARKS
627 3 H LOGjO_

624.1 Gp Sad, GSA ILL, 9,ay,w Cobbl- s ' 4-1 4" t'iLo,
lop of Rtock :3.7 N' co,,
Geologic desciption. BASALT, bLoci'
hard, noii just scratchvs, pillow-stfu h

10 locally 1 R" feldspars, f,-w Lo boial

Iamy'gdules, locally corbonatt -ie, and
lons,s to 1' thick, up to 1 

2
"pologonitic

itsd on %ort, pillows. Join". incpit

20 and c Josd w,a 0, ctkvheinf, 0'a,'

20, tfaces cu ved and ilow, mi, o.polisi

slickensides attributed to foch, sw, 11 and
not to tectorics. Clost-d joints breol aper

w finge' pressuie but are discontinuous
30 and nass sostrencsth is e;9hl if con-

fined, Core lengths 1 4' to

40

50

60 Bot ton, 58 7 l5u r5

Pock., bwon a-.
''tp-ss- 30?

No inflow

106
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~t'v PROJECT _ 11. , "N H -RIVER

DEPTH OF HOLE 2 DIAMETER OF HOLE -tL----

DEPTH OF 0.8 C DATE STARTED~ - , ' 1"'5- ---

ROCK DRILLED -DATE COMPLETED- __A~o.-- _- - --

%, 'ORE RECOVERED_ 101 CONTRACTOR~ . ~L..
4 2

SURFACE EL 3~- HOLE NO _0D 42 E 1 211. 1ll

GRAORE
ELEVA %HC DESCRIPTION OF MATERIALS REMARKS
TIONSI PC
o30.5 H LOG _________ _____

F and, . RAI L loose, oI 4 1 2 4 ,-c- oi

op Ron' 2'1 N, <:a,

Full water ret,

B:,I blocl, oad (nail jus sac'-

pillow s uc'r e, :~oli . 1 ?" f -dspo

o12' tiJc on some pillow$,

Join,, ncirn; nt and , los - , -c

ro aStaining, 5. tacI5 CL) -d and S50W

o, -polisl or. Io,1oid L00tiny,

-'c. shirlrr n0s s a" bu1,d to oOt
s_1 and ,or to ,-cto,-;cs, closed joints

1. ok open w liye, press- but awe

discoritinos and mrass kheo' strengtfl is

kiat- if crf,l ed.

orI~rih 1 4' to

Br!tonr '. Pessr.,e tet

L ~Bottom of P06l ato 5.0'

Wart-n, pe ssor.

No inflow
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VVYNOOCHEE DAM PROJECT MILE 51 8~ vNOO0CHEE RIVER

DEPTH OF HOLE- _J&8__ - DIAMETER 0FHOLE__I --- --(

DEPTH OF 0.8. DATE STARTED- -5-,- -t-1965

ROCK DRILLED- --- 55-0--- DATE COMPLETED!? LA.YssL 196L

%CORE RECOVEREDc _L~"i CONTRACTOR L(PIC INC. -

SURFACE EL o3. ON 761, 512
,,12 HOLE NO 65-DD-13 E 1,211,151

ELEVr %II DESCRIPTION OF MATERIALS REMARKS

62.4aI ndy GRAVEL. loose, gray Trrcon,, to 19

BA? A11 bilck ho d (just SL Gt~hl.S

palogonitic ind and fee,,cc onote

ornygdules, locally 1 8' feid spas.

CO 3 veins to 1' thick

Joints clos~d 1,incipient w no

chiotitoid ccatings, t'ace slickensides

- attributed to 'ad sewelIand lrot to

- ~tectonics, closed joiirts lbfea opon w/

- finge pressurt but are discontirruois
- ~& shear strength is high ;f confined.

5_0 Core lenqthr range rote 1 4" t, 12"

I2 ji cue pieces onqrng I. or
4 t o 12'

i,,4 .4__ _ - -

607Bortor,, Y_. Pressure Test

Bott or' p'ocle

at 7.8'

Water pressu e 30f
No infSlow,

D-27



-p

v. r - I -i, PROJECT _ 01! E -. WYT ' MU RIVER

DEPTH OF HOLE _ -. DIAMETER OF HOLE __----....

DEPTH OF O.1. _. _ DATE STARTED _ 2__1' .

ROCK DRILLED -- DATE COMPLETED _ _.t ]_.

%CORE RECOVERED- CONTRACTOR - .: ,. ,,..

SURFACE EL 4HOLE NO 8- N ...
HOL NOE 1,20,'. 1

LEV* GRACOEEI
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS

" ' , 0, 10I ' -d .PA .1tLc~ ' , . o

K tit 1 'i 0 . ',, s L -.Jd,. "'

to., ,PA. f "a

"'paC 'A

L 32

I 12

Itd , IL~ 
8
oi et.- ot

', .

SBA' LT
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,,y( D~jUA _PROJECT _ _ w 1_b)&yN0LL- RIVER

DEPTH OF HOLE- 10.0 DIAMETER OF HOLE-

DEPTH OF 0.9. 10P- .DATE STARTED.

ROCK DRILLED. - - ~DATE COMPLETED- -- LYl 1962---

% CORE RECOVERED --. CONTRACTOR -XA L .t

SURFCE L ~6 3N i63, 138
SUFC L'63 HOLE NO 5B-j E 1,231,525

TlO#4S IPI4IC DESCRIPTION OF MATERIALS REMARKS

792.3 I2L < 'iIt, landy ('AA E L, ir' inte'beddt'd

Sj odj GRAVEL, corr'pactgoX ,

Botto-~ 10.0
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WYNQHL DA _ PROJECT . LL 11 E)U' X .,L -RIVER

DEPTH OF HOLE _ 12.0 _ -DIAMETER OF HOLE --

DEPTH OF O.8. -- l-.0 - - DATE STARTED-_ 28_J~jx_9.6,
ROCK DRILLED- ... -- __ DATE -OMPLETED.-,. 196_5

% CORE RECOVERED_ CONTRACTOR U, A- E_ S Ltle ....
SURFAE ELN 763,160

SURFACE EL 787.8 HOLE NO .,5-SH-56 E 1,211,

TIONS P441 DESCRIPTION OF MATERIALS REMARKS
787.8 HLOG o ai

S' S d, --RAVEL w C.,, -'

780.8 -

778.8 6SP Govelly nAN (coarse a, k9 Loboroto, y c ossficatio

775.8 lbitebedded Grovelly SAND & Sond ), C.

GRAVEL r(3.k) /v
Bottom 12.0

D-30



WYNOOCHFE DAM _PROJECT -Il5 b WNOHERIVER

DEPTH OF HOLEjL-0__ DIAMETER OF HOLE3--- -- -- -- -- --
DEPTH OF 0.9. - - -GO DATE STARTED- 12 A-qgst 1965-------

ROCK DRILLED- - - - DATE COMPLETED. _IJ Avsus±1 95----

% CORE RECOVERED- CONTRACTOR U~ .D. etl

SURFCE L 71.1 5-B-57 N 764,083
SUFC L711 HOLE NO 65B-7 E 1,231,048T 1GADR

LE IC % DESCRIPTION OF MATERIALS REMARKS
771.1 H LOG ~_______
769.6 ML Grasr lv ,and SILT, Soft, wet, brown

:~ ~ GM tya RVEL w/u~rovs ob e o eI40
(II"), loose, wet, brownWa'e,-4.

,Sandy GRAV/EL, loose (wa!!terberi

761. 1 1 M _Silt1yrSAN (fn de ega wtir

CL CLAY. stiff, m~ulti-colored tay., of GI', GPA /EL
757.1 G~~ravelly C layey 'AND w Boulde'~(ae baig756.1 from depr4 11.3 to 11.8

D-31



.NO(HEF DAM PROJECT %'I- 51.8, WYNOOCHEE_ RIVER

DEPTH OFRHOLE- DI .O AMETER OF HOLE It-- ---
DEPTH OF 0.9. .-- - - L-_ DATE STARTED_ _-_ _ '_1uL965-------

ROCK DRILLED_ . ---- ~DATE COMPLETED9A2u!' 1 9 6 5 ------

% CORE RECOVERED-~-- CONTRACTOR _U -.A-~L E_ P.- -

N 63, 217SURFACE EL -83,0 HOLE NO I - -A -- 2 E 11,231,559
T GRA CORE

EL E VA C % DESCRIPTION OF MATERIALS REMARKS
TIO#4S P

783.0 H LO G 0__ B1 ___________________

782.0 2'arlly Ilayey SILT , soft, w,',
bro" (Composite ',o~ple is

Alternate loves of ' , '3 and, '
7

p

& RA'E L and 'acndy (_RA 11 , w mati.
&obbles (B"), lo,,se, moist, browni

CF Sndy CA.AV'EL, loose, wet, brown 7.2', 125 pcf
(Lobt

20
761.0

CP. Sandy GRAVE L w Cloy, many Cobbles
(_1C (6"), w layers - andly GRAVEL,

30 < loose, wet 5.5 ,133 pcf

lb) 1 1 20

-49 0 CCV I-yc h-,Fna~

748.0 ~' - edok, hlhy fractured

7-.- ottom '1 57
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A'C 1.. _PROJECT _ wI 8i)IYQYLL(26f-RIVER

DEPTH OF 14OLE- -ODIAMETER OF HOLE 3

DEPTH OF O.B. _ Cc -DATE STARTED -. J L-a-t t 65_

ROCK DRILLED--------DATE COMPLETED _2, i-ps z 1965~

%CORE RECOVERED- - CONTRACTOR A. A. D.I catte

SURFACE EL ,g., HOLE NO 65-BA-t3 E23 8

TLV~ GA CR
TIONS PI-IC % DESCRIPTION OF MATERIALS REMARKS

69H LOG . ______________________

'6 :;lC 1- . 'A . I I afew (obbl s

I loostw. IV W,

_i,, ncte la)-s ot , lly .- d, A1.

10 -It oad Sandy (CFA'AtI a !.
,obbes ( )), loos. to compact - qo

- Ilyes dip & slop,, in all dir-ct cr55
*0*p,. . po Wn~ 1? p,

52

-ps te somples a e

'andx' (SA./' w a few C'ssles 11
-3 sery 1lose, we!, brown a-te, 1r, 6.C;

SP, ML Alt,tote thin oyes 0t SAND'9pf
2 1 &SM on0o illy SAND (fine), wet, 9aY N. 26 2 -*9c

A,4 CJaye, l! T. , n-pac tw. r~, h e ,~ a. 24
C (bedding dist, ted)

- Batta- '0C'__________
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\.YNOC'CH-El DAM -- PROJECT -MILE 51.8, WYNQOCHEE__ -RIVER

DEPTH OFIHOLE_ -.C_ DIAMETER OF HOLE- -

DEPTH OF 0.8.. 59.A - DATE STARTED -. - 3 .. , ~5
ROCK DRILLED.- -. DATE COMPLETED-_~~esb,1~

% CORE RECOVERED_-----CONTRACTOR-'. AE. etl

SURFCE L c2j 6 BA-4 N762,652SUFAE LHOLE NO 6 A4 E 1 1 9
- T GA CORE

ELEV* PC OESCRIPTgON OF MATERIALS REMARKS
TONS 91 C

762.5 H LOG . B____________

1, 'ilt w C rg.ur,ic Debrs. soft,. wet,
758.5 M L bsow,-

3M Silty Sandy GRAVEL w/few Cobblvs(6 I

754.5 &tract, of Organic De.bris, lcoos., w' t 2' 11 c

10 - brow, 42 1 c

% 'arid, (,PA j t w a few C obblei (6'
looser, w,'

t
. brown w pockets of SP,

NA 'AND & layers of ',ilty, Sandy 11 .5' ,124 pcIf3 G

20 lil 24
(Cvmnpoiite Sarmples Ce
Cp-r.& & '-W-lC

2.0 12P pc t

7-,1.5 S'I 
2  

VE -. 1

727.0 -brown (water bearing) 24. 0,: 34, 1r

40 <CLAY, stiff, moist, brown to gra, 26.9%, I.38, I V

- C 
(i t finly bedded ko rizont al aye 's

0 . 39.2n 2,,

703.5 Bottom lt 59.0
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WYNOOCHEE DAM PRJC I 5.8. ----------- RIVER

DEPTH OF HOLE_ ij.. DIAMETER OF HOLE-1'&..M- -- -- -- --

DEPTH OF 0..- 182__DATE STARTED,_1SpLt . .9 .p . . .

ROCK DRILLED.- - -- DATE COMPLETED- __,_tjt6 ---5

%CORE RECOVERED- _9% _ CONTRACTOR..- U .L. etl
HOL NO &5B DD68 762,72

SURFACE EL 797.7 H L NO 6-AD68 E1,231,266ILVA GRA CORE
TINS PHC % DESCRIPTION OF MATERIALS REMARKS

797.7 H LOG __al_______

747 ML Gravelly SILT, soft, wet, brown

G M Alternate layers of Silty Sandy GRAVEL, LU 37, PI1  5
10 & compact, gray, 0, Sandy GRAVEL, loose 6.1%, 135 pcf(GM)

GP (openworl,), brown, w 'Cobbles & a few (Layers dip dawn
Boulders (14') slope)

(Composite 
5
onsples are

4.' 13 lpc f(GF

7687 JD__ <1LL 48,l 1

76. w- Sandy GRAVEL in/Silt, loose, wet, 6.3',, 127 pcf
GM brown w 'lenses of openwork (Fines are in small1

762.7 (Lob bok %sikn

GP Sandy GRAVEL, loose, wet, brown, to coarse fractaon)

758.7 40 - (openwork)

GM Silty Sandy GRAVEL, compact, wet, (Layers dip down-
& wn layers of Sandy GRAVEL, loose slape)

GP <j (openwork)l, wet w a few layers of SP, 7.11,, 124 Pcf
SAND (Coposite Sample is

-GM
50 Water seeping into

Hole below 56' but
runs out through

loose GM in bottom

-- we 
of hole.

738.7 60 TG- Grely SAND(coarsel compact,
ob, saturated, gray 0, brown (stratified) ~ dn~~rlp

:GM S;ity Sandy GRAVEL, loose, saturated, 20 to f

& brcr . (some openworlr) w, lenses of Bu-.LtiI aue

SAND (fine) Triconr

726.7 70_____________ 7 p LL 30. Pi 9

234,107 pcf

80 CL - CLAY stit, !lue-gray (L 40, P1 20
(Lob) 27.7%,99 pcf

LI 48, P1 215

'3.7%, 91pf
rL 49 '1

______________3____ L~ 2
%, 

9
2 pc'

1004 c GC Clayey GRAVEL
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SURFACE EL ' ~ HO LE NO I --BA DD -68 E 1,231,266

TIOE V IAC % DESCRIPTION OF MATERIALS REMARXS
T LOG

94.5 GC oe R EL Toc of Rock f103 .2

BASALT, do'k-groy, hord, pillo. Fu water return 0.8'
stc,,'winterstitio carbonnte; joints c~re !oss by grinding

ot 1'2' to 2" inte,,ars in c osely jorr'ed rock.

6~6 .0 N pressuret est.

Botton'1.

-i NOTi> 2 PlostiL pipe left in r~ole &

I- perforated ot 33.0' to -3.0 4.0

4 aL4(

:4-
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WYNOH LDAM _PROJECT MILE 51.8. WYNQOCHLRVE

DEPTH OF HOLE 2:L5__ DIAMETER OF HOLE- NXIk---

DEPTH OF 0.9.--------DATE STARTED- .20 2pternber 1965--

ROCK ORILLED-.. - - -U.--- DATE COMPLETED2& -eeLe. -lr1
9 6 S -

%COR RECOVERED-LoCL% -- CONTRACTOR-~USAED. etl

-'61,071SURFACE EL 757.9 HOLE NO ,5s-DD-69 E 1,231,895

nAEV* PHIC %' DESCRIPTION OF MATERIALS REMARKS
757.9 H LOG ___ _____

:ML SILT w/Gravel, brown Drilling w 'NW tricone
753.9 bit

10 GM Sandy Silty GRAVEL w 'a few
& Boulders & w/ thin layers of SAND

SP

20

735.4 G~M A Iternote layers of Sandy Sity
& GRAVEL & Sandy GRAVEL w,'a few

789 GP Boulders
727.9 30 -'SP SAND (fine)

Clay bedding dps
I 1/4" in 3"

23.3%, 1 L 33, PI I
27.6%, LL 5, PI 1

40 CL CLAY, stiff, blue-gray 16.7%, LL 34, P1
(Lab) :125.8%, LL =29, PI 8

25.7%, L L =32, P I
21 25.8%, LL = 33, P1l
21 25.8%, LL 32. PI I

707.9 -a-________________

744 GC Clayey GRAVEL

7 0 2 .9 SA N D (tm e ) c o m p c t , b o c k

60 GP Sandy GRAVEL w / a few Boulders

695.4 ___ Tot, of Rock 11 62. 5

BASALT, dark -groy, hard, jointed 100% water return
o1 2" to 8" interva'ls

68.4.A
Bottom '&'73.5 No pressure test.

NOT 2' plastic pipe left in kole &
perforoted 1 23.0' to 30.0' & 50.0' to
63.('

D-37



WYNOCEE AM PROJECT __MILE 51.8, W YNOOCH!E RIVER

DEPTH OF HOLE -2 DAEE HL 6

DEPTH OF 0.8. 54 -j.2- -_ DATE STARTED- JLSpL 1965--------

ROCK DRLLD -------- -DATE COMPLETED-Sat.L90-- -- -- --
%CORE RECOVERED---------CONTRACTOR-. ~ D_~j__

SURFACE EL 758.4 HOENo 65-BA-70 E 7623,02
HOLE* I1123ACORE3

GM PHC DESCRIPTION OF MATERIALS REMARKS

7 LOG , a _ _ _ _ _ _ _ d__ _ _

Sandy SILT w/organic Debris, soft wet,
75. r wn Sand is in highly

Graovell IAN w/o few Cobbles (7") distorted len s

10 Sondy GRAVEL w/a few Cobbles(7").
747.4 10con~act, moist, brown (sante openwork,)

Sdy Silty GRAVEL v~ /Boulders & w essdpt h
lese of SteLTsos dipsto h

741 SIT.utw4
20 GM Sandy Silty GRAVEL w/Cobbles 18") & a

& few lenses of SAND,(fine), brown, Seep at 24.0'

734.4 SL50PI2

CL CLAY, moist to dry, brown to blue -gray
(Lob) <1 LL 53, PI 25

40 tense of SP, SAND(coarse. dry,
43.6' to 43.9'

LL 32, Pl 11
712.8<
710.4 SAND , medium, moist

Clayey Sandy GRAVEL, very compact

GC 'Cobbles & Boulders (till)

704 .2
-Bottom a 54.2' Top Rockr
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WYNOOCHEE DAM- ___PROJECT _MILE 51.8, WYNOOCHEE- -RIVER

DEPTH OF HOLE- 6. DIAMETER OF HOLE- -36"
DEPTH OF 0.9. __60 DATE STARTED- - j PSt L95--------
ROCK DRILLED--- --- DATE COMPLETEO 8Oct 965------

%CORE RfECOVERED-- --- CONTRACTOR- U.S.A.E.D., Seattle---

SURFCE E 75.0 N 654-? IN 763 22'
SUFC L760 HOLE NO 64-7 E 1,2i0,702

"" I % DESCRIPTION OF MATERIALS 
REMARKS

GP-
GM < Water Level, 2.5

Bottom a 6.0
10
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-WYNOOCHEE DAM, __PROJECT -MILE 51.8, WYN00CHEE- RIVIER

DEPTH OF HOLE- 1213-?- - -DIAMETER OF HOLE- -NXL .---
DEPTH OF O. 128.? 2 DATE STARTED- 1 cC"965---------

ROCK DRILLED- - - C-- DATE COMPLETED- _5 Nov 1965-------

% CORE RECOVERED- CONTRACTOR U-.S.A.E .D., Seattle---

SUFC L755.1 HOLE NO 65-RD '8 E 1, 2.30,9'8

ELVr GRAJOOR
TIONS %~I DESCRIPTION OF MATERIALS REMARKS

H LOG ~_______
- PHc LTricorre 3-7 8'.

-GM Aiterrrate Layers of Sandy GRAVEL & water in NX( cosing
-& Silty Sandy GRAVEL wCobbles (10')

Gp
10

Variable water ;ass to
30'

'25 1 -30 ___ ___

GP Sanrdy GRAVEL 80% w~ater loss from'

72C 1 ____ _30 to 35'
Water level at 720.1
26.3% , L1, - 34, Pt 11

40 27.2%, LL 37, P(=15

26.2%, LL 3-, PIviS

CL CLAY. stiff, blre-9ray
(Lob)

60 TI30.4%, LL 41, PI 19

7G
15.3%, LL 37, P1-I12
32.9%

32.6%, LL -49, PI=23

675 6 EI

- p Gravelly SAND (fine) Variable water loss

672.1 Cay RtLbe lov 79.5'
67(,.1 Scandy oe RV

9 M AL Sand), SILT. stiff, brown

SP1.

& Inte bedded SAND & Sandy GRAVEL Casrg oted 135'

Drilling below 85'w

100-Ior uncased4
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SURFACE EL 755.1 HOLE NO 65-,0-78 762,499
HOLE__ NO__ 65_RD-78__ E 1,230,978I GRA CORE

TIONS pHIC % DESCRIPTION OFMATERIALS REMARKS
HLOG

SP Interbedded SAND & Sandy GRAVEL
_ &

GP

110

i641.1 i - s-5 - .
641. & Silty SAND w Lenses of SILT

==12 Ic ML
633.6 - M

631.1 G .Sandy GRAVEL

Sandy Clayey GRAVEL (till)
626.9 - ______________

i6" -,W Top of Rock a 128.2 Triconed to 133.2'
ASALT BASALT cuttings from

621 .9 187-Il
Bottom uL 133.2 No pressure test

-0 4I I

AI
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NOOCtiELDA" PROJECT mic[ 51.8 ,YNOOZ,:IEJRIVER

DEPTH OF HOLE- IL.5 .DIAMETER OF HOLE- - : __- .

DEPTH OF 0.6. __h5-DATE STARTED- 9Oct 1965

ROCK DRILLED--- .DATE COMPLETED 19 Oct 1965
CORE RECOVERED - . CNTATR -o.A. E.Q D.4Svote

SURFACE EL 8.1 HOLE NO 65-BMl-82 E ,30,410

TLVA GA CORE
LEVA PHIC % DESCRIPTION OF MATERIALS RMARKS

785.1 H LOG ,_ a_____ _____________

GW Sardy GRAVEL

3o', IC .5
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VVYNOOCHEE DAM . PROJECT MILE 51 .8, WYN00CH -- RIVER

DEPTH OF HOLE 13.0 DIAMETER OF HOLE_ --

DEPTH OF O.S. 130 DATE STARTED 15 Oct 1965
ROCK ORILLED - " DATE COMPLETED- j1_L120s--- -----
%CORE RECOVERED_-- CONTRACTOR -_ U.S.A.E.D. Seattle
SURFACE EL 737.7 HOLE NO 6-6H-83 2, 705

___ OLENO 5-e-83 E 1,230,367

GLV RA COR
TIOS PHiC % DESCRIPTION OF MATERIALS REMARKS
737.7 H LOG 81
735.7 S ity Gravelly SAND, brownLo"

Sandy GRAVEL w 'few Cobbles (8")

725.7 
Water Level 125

224.7 LobG
fottom af 13.0'
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WYNOOCHEE DAM PROJECT MI iL~.§,w '4QQCJ1 -- RVE

DEPTH OF HOLE- 13.0' DIAMETER OF HOLE-.~--------
DEPTH OF 0.8. 13.0_132' DATE STARTED- - j5_Qsl:1261- --

ROCK DRILLED- ------- DATE COMPLETED- jL5ct 1965------
%CORE RECOVERED---------CONTRACTOR- _ .S_.A.E.D.., Seattle

SURFAE EL~ HOE NON 763,127
SUFC EL__739.7_HOLE _No_65__8H_-88 E 1,230,736

LEVN PHI DECRPTO OF MATERIALS REMARKS
739.71 HLOG

:GM Sandy Silty GRAVEL
735.7

3.7 SiItyCLAY, moist, bro,.,r 6,!1 33
73107 p _/ GRAVEL, (apenwad'-730. 800 Pr%

726.7 LW Gravelly SAND w 'Clay[L80P19
Bottom a 13.0'
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-NOOC: EE DAM, PROJECT _miE 51,8 L4. Q(OOC IE IVE R

DEPTH OF HOE i2.O-- -..DIAMETER OF HOLE- -

DEPTH OF 0.8. 20 -DATE STARTED- _.190,t1965

ROCK DRILLED._ --- -- DATE COMPLETED- -90Oc,--19e,-_

% CORE RECOVERED_- - CONTRACTOR - 1'sAEajLL,

SURFACE EL 798.5 HOLE NO 65-B-89 E 1, 230, 35",

T R CORE
LEVN I PI DESCRIPTION OF MATER IALS REMARKS

798.5 H LOG al_ 1___________________

795.--, ( ' Sandy GRAVE' w ;

(1Soody GRAVE' w Cobbles 3,
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WYLNZOCHE DAM- PROJECT_ MILE 51. L WAYNOHRIE

DEPTH OF HOLE-__ 2.0 DIAMETER OF HOLE- - -_----------

DEPTH OF 0.8. - - -2 DATE STARTED- -19 O-ct 1965-------

ROCK DRILLED--_ _ DATE COMPLETED- .29  SU%9-5-------
%.CORE RECOVERED~ - - -CONTRACTOR-US. .PD Sattle

SURFACE EL 801.6 HOLE No065-SH-90 N 764,152
E1230,369

- CORE
ELEY~
TIOws PI4IC DESCRIPTION OF MATERIALS REMARKS
801.6 HLOG

GMA Sany Silty GRAVEL . Cobbles
'97.6 (10

GP <J Sandy GRAVEL w,'mony Cobbles
(Lob) < Boulders (14"'

789. 6 c

Bottom 12.0'
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-WYN00CHEE DAM _-PROJECT -MILE 51 .8, WYNOOCHEE -RIVER

DEPTH OF HOLE__!-. _D AMETER OF HOLE__t) NX ---

DEPTH OF O.S. - - - -_ DATE STARTED- 16 N'ovl%95-------

ROCK DRILLED- -~~5~_ DATE COMPLETED .24NsyjLI5------
%CORE RECOVERED- I00%_ -- CONTRACTOR-USAED. etl

SUFC L 770.6 HOLE NO 65-DD-94 E 1,231,175

EE* IC % DESCRIPTION4 OF MATERIALS REMARKS
H LOG 'C____________________

769.6 G M Sandy Silty GRAVEL w/Cabbles (6")j Water I.vel a 1.0'

Sandy3 GRAVEL w/Cobbles & Boulders Tricone 3-7,"8" w.'
764 .1 A4)water in NX casing

Sandy GRAVEL w/Lenses of SAND &

759.6 5a S Silty SAND, brown to block,

SP' & SAND (rnediuml . "Lenses of Sandy

75. MH RAE 46.9%, LL =65, Pt-32
20 & ~ tf l~.o32.5%, LL 41, P1=15

CL CLY tfbu-ry35.3%, LL 47, P1=20

744.6 1 19.8%, LL =38, P1=18

GC Sandy Clayey GRAVEL, w/Cobbles
(11"), compact

731.*6

SM Silty SAND (fine) w/'C LAY Seams (a
40.0' and A3.0'

723.6

GC Sandy C layey GRAVEL ./Cobbles
717.1 (6'), opAct, (tll

Top Rock 5.
BASALT, near-black, mod. hard to Triconed to 57.0
hard. Jointed at 11/4" to 12" NX core

7560 intervals.____________

705.6 Bottom a 65.0 No pressure test.

NOTE: 2" plastic pipe left in hole &
perforated at 9.0' to 16.0' & 40.0' to
47.0'
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V, YNOOCHEE DAM PROJECT MILE 5! .8, wYNOOCHt RVE

DEPTH OF HOLE- 5.7.0' DIAMETER OF HOLE- NX !.--

DEPTH OF 0.3. 46k.0 -- DATE STARTED- 30j Nov 1965-------
ROCK DRILLED- _I .0' -- - -DATE COMPLETED-. 2 Dtc1965- --

% CORE RECOVERED_ 100
'%_ CONTRACTOR _ .. .. etl

SURFAE EL 78.8N 763,893
SURACEEL 78.lH LE NO 65-OD-95 E 1,230,881

PHIC % DESCRIPTION4 OF MATERIALS REMARKS

777.8 MtL/ - Sandy S ILT _r Tricone '3-7 '8"
774.8 Gm Sandy Silty GRAVEL w. Cobbles w water in NX casing

GP & Sandy GRAVEL w, Lenses of SAND

766. 10 SP(medium)~ & few Cobbles (8')
766.8Overburden classifi-

cation by drill oction,
water loss, and

20' examination of water
return

GC Sandy Clayy GRAVEL w/a few
Cobbles (6')

30

40
736.8 ________________

732.8 SP Sand (eumto coarse)
opRac7 46.0

BASALT, pilIlow structure, dark -gray
so to near black, mod. hard to hard, Triconed t.) 49.4

jointed at 1/2" to 6" intervals NX care to 57.0
Full water return

721 .8 ________________ _________

Bottom '&. 57.0 No pressure test

NOTE: 2" plastic pipe left in hole,
perforated 41.0' to 47.0'
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WYNOOCHEE DAM _PROJECT _MILE 51.8 WYNOOHIERIR

DEPTH OF HOLE A9. - DIAMETER OF HOLE - - -X - - - - - - -

DEPTH OF 0.9.----- - -A. DATE STARTED.2 Dec 1% 5

FRCK DRI LL ED 20l DAT E COM PLE TED- 9Dec. 1965-------

%CORE RECOVERED- -!W'% CONTRACTOR..- USAE0~~t~

SURFACE EL 745.9 HOLE NO 65-DD-96 E 1,230,0TR COr RE
IPI DESCRIPTION4 OF MATERIALS REMARKS

745.9 H LOG I ___________________

GM Sandy Silty GRAVEL in/Cobbles (6'1 Tricone 3-7/8"
741.9 in 'water in NX casing

738.9 -7GP Sandy GRAVEL

10

Overburden C lossificatior

CL CLAY, stiff, blue-gray by drill action water loss,

20' & examination of water

return

714.9

40
GM Sandy Silty GRAVEL, compact,

(till)

50

686.9 60'Top Rork 59.2

BASALT, dark -gray to near-block. Tr iconed to 61 .2'

mod. hard to hard, jointed at 1", to 7" .

/ intervals.

676.6 - Bottom a 69.3 No pressure test
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NQQ~LPP PROJECT MLUI& --VRE

DEPTH OF HOLE - _64.1 - DIAMETER OF HOLE__-
DEPTH OF 0.8. 49-8-_DATE STARTEU -2 Mac -16

ROCK DRILLED-----L 4.3 -DATE COMPLETED_2 M fs!k 1966
%COR RECVERD - -- ~CONTRACTOR- -U c.A.E.D. Seattle -

SURFACE EL 81. O E N6-DloN 'r64,578

-LVA %j2 L 2
LEVN IPI DESCRIPTION OF MATERIALS REMARKS

812.6 H LOG . a________

811.6 GpM- \SANDY SILTY GRAVEL, brown _IStondpiped and trkcoed
to 49.8

Overbu~rden classifica-
t;on by drill action,

10 water loss and erarrina-
tion of water re~crrn

'ANDY GRAVEL w few cobbles, & 0 to 40% wotet retr,
OfP aye's of open .04rl Clen', Coves

20

Water level 22.6'

3C

77'.6

SM Silty -,AND, (fine to r sdicurrl, brown 4
0
% water return,

-71.6 40, brown

771.1 JG ClayeyGRAVEL

C L CLAY, corrpact, blue-gray 90% water return, gray
764.6 ____ _________

762.8 5G GC ___Sandy Clavy GRAVEL, Cor,,aolt (Till)1 -
Top roc, 49.8

Basic igneous rock, gray, hard: N core

intergrawth of 1 8' to 3 4" white
plogioc lose plates and pyroxenes w

60 -4planer crystal orientation in alrnost

vertical plane giving pseudo-gneissic

748.5 -- appearnnre

Jointedl at 0. 1 to 2.0' intervals
Bottomn hole 64. 1

70 

nheNOTE 2' plastic pipeleft in hole,
perforated 0.0' to 41 .0'
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F WNOOCHL [ DAM _PROJECT MILE 51.8 YNOOCIEE_ RIVER

DEPTH OF HOLE_ - - 84.2 _ DIAMETER OF HOLE _ NX---------

DEPTH OF O.B. ___73.0- -_ DATE STARTED.- 9 Mrh 1966

ROCK DRILLED- !1I. DATE COMPLETED. - ll8M orchi 1966

%CORE RECOVERED- LO(%, CONTRACTOR. U.S.A.E.D. Seaottle-

N 784o185
SURFACE EL 787.7 HOLE NO066-DD-101 E 1,230.842

ELV GR CR
TLEV PHIC % DESCRIPTION OF MATERIALS REMARKS

787.7 H LOG 0 a ____________ _______

S ravrelly SAND, (coorse w lenses ot 50%/ water return, clear

782. pen wrk >tndpiped & triconed

to depth 75.2

GP Sandy GRAVEL cobbles (6") lenses 50% water return, clear

of open w ,

,vater level 9.9'

767.7 20 ____

SM Silty SAND, mediumr to fine, brown 80% water return, brow

762.7Overburden classifica-
tion by drill action,
water loss and evamrina-
tiot, of water return

Silty Sandy GRAVEL w,'few cobbles w 90% water return,
layers of Sandy GRAVEL, compact, brown w, few short clear

40 brown intervals
GM

GP

50

729.0 60-

Clayey GRAVEL w'few cobbles, clay

GC content increases w 'depth . (T ilI

714.7
Toa of rocl, at 73.0

BASALT, medium to dark -gray, hard, Rock triconed to 75.2
fine-grained; intrusive or middle portion NX core

80- of flow; jointed at 0.1' to 1.0' intervals.

703.5 - ________________ _________
Bottom at 84.2

90 NOTE: 2" plastic pipe left in hole,
perforated 1 .0' to 25.0'
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NOOCHI DA&' PROJECT MWL 51.8 .hY(NOOCHEE__RIVER

DEPTH OFHO.E :1.2_ - DIAMETER OF HOLE-. -N"2----

DEPTH OF 0.. _ _4.3 DATE STARTED - -2Mrf16

ROCK DRILLED - 16.9 - -DATE CON PLETEDO.. 31 Marc'r 1966

%CORE RECOVERED-00 CONTRACTOR -2.A1.0 ,eottle

SURFACE EL 790.4 HOLE NO 66-DD-102 E 1,231,034
GRA CORE

LEV S PHIC DESCRIPTION OF MATERIALS REMARKS-H0 H O 0tondpiped ond triconed

10. orandy 3RAVE L wfew .obbles (8'w

lenses of open .0,1, 50 16 water retwrn

2C, Water level 18.4*

Overburden clas, ca-
t;on from drifl action,

water lass, and evarnno

ti2.4 tcc ion of water return
0 . 311 . C l 8 e RAVEL brown 100%' water return

9.4 G~C 1CigqyeyGRAVE L, blue-gr j 100% water t-,~"

G M andy Silly GRA lEt, comnpact 100"- water retrn

4C

748.4

5C G P [ andly GkAVEL few cobbles 60% water return

-j6.1 Top rocd 54 .3

Basic coarse -groined intrusive #ocl,
drt. -gray, hard, variable .eort;rn votre N cote

60 j -4oaterizedl by unorientedcurnulophytic

aggregate of pyroxenes to I' diamreter,
nointedl at 0.1' tc 2.0' intervals

71 .2 7

Botto- hole 71.2

NOTE 2' plastic pipe left in hole,

80 perforated 42.0' to 54.3'
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WYNOOCHEE DAM PROJECT MI1LF _51.8, WeNOOCHEE___-RIVER

DEPTH OF HOLE _32._ DIAMETER OF HOLE -

DEPTH OF 0.9. - - -_-( DATE STARTED June-- -- 1-96

ROCK DRILLED-- - -_--. DATE COMPLETED- - - June 1966-----
CORE RECOVERED----- CONTRACTOR U.S .A.E .D., Seattle

SURFCE L 73.0NO 6-D-lb N 763.405
SUFC L730 HOLE N 6-c-10 E 1,230,825

LEVr IG An OT DESCRIPTION OF MATERIALS REMARKSTIONS tr I
7.12.0 H !LOG al _ _ _ _ __ _ _ _ _ _

GM Silty Sandy GRAVEL .layers of Sandy
& GRAVEL

766.0 GP
1764.0 CEL C LAY

10 GM Silty Sandy GRAVEL, compact Tili,
760.0 Toj of Rock z12.0

Basalt, daork-gray, hard, jointed

Lag of existing cjt slope Coordinates scaled
from plan sheet
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WYNOOCHEE DAM _PROJECT MILE 51.8 WYNOOCHEE ---- RIVER

DEPTH OF HOLE- _68.6 _DIAMETER OF HOLE.- --- N
DEPTH OF 0.9. 1___ . -9 DATE STARTED 18-October 1966_

ROCK DRIL LED- 56.7 DATE COM PLETED- 9~~r16

% CORE RECOVERED- jgg - CONTRACTOR - UAED eatt-It

N 763,157SURFACE EL 737.4 HOLE NO 66 -DD0-115 E 1,230,999

GIN PHC DESCRIPTION4 OF MATERIALS REMARKS

[774 O ilty sandy GRAVEL w cobbles Tricone to 12.6'

GM Overburden classifica-

(FILL) inb drill action &
observation of waterre-

10 turn

725.5 .Top of rock 11 .9

BASALT, hard, finely crystal line,
fresh, dark gray, with numerous closely Water level 7.3'

20 spaced joints stained brown, joint
20 ~~pac i ng0.5'4.9

Very closely spaced joints

BASALT, (as above) joint spacirng mostly
0.4-0.6 most joints stained

AIC it 8C degree dip, slickensides and gouge

BASALT, (as above) few joints stained,
joint spacing mostly 0.4-0.6

47.0-47 5 Closely jointed
50

Jts 65 degree-ert dip,FeO stained,
tace silt

4955.,53.7-54.4, 55.7-56.7
= Closely jointed

2Jts 45 -60 degree dip FeO stained,
60 trace silt

61.0-62.0 Closely jointed
FeO stained

668.8 70 ~ 2 ts FeO stain, trace silt ot 6.
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.- . OSYBW ytELD.6tA __PROJECT__ - MILE11 '4PWN- QL-R RIV ER

DEPTH OF H4OLE-- 833.3 - DIAMETER OF HOLE- NX)

DEPTH OF O.--- DATE STARTED-. - 24 OLctober 1966

ROCK DRILLED--. -DATE COMPLETED~.. 27OPctobe-IL966 --

% CORE RECOVERED-2I?9% CONTRACTOR - - USE Setl

763,141SURFACE EL 736.9 HOLE NO 66-0D-116 E 1,230,981

a PHIC % DESCRIPTION OF MATERIALS REMARKS

Silty GRAVEL /'cobbles Tricone to 18.9'
Overburden classifica-

GM tion by drill actiont,

(FILL)water lass and observa-

To tion of water return

Btm. casing -' 18.2

718.020 L mm ClsellTop of rod'c 18.9
.1Cosl_jointedl and weathered brown- Dry

30 7partly weathered, with numerous
closely spacedi brown stained joints
and numerous irregular thin calcite
and gypsum veinlets
3 its 25-55 degrees open 1/8 - 1/4"

it 200 open 1/8"
BASALT, (as above) fresh with numerous
joints, few stained tan, joint spacing

BASALT, (as above) many stained joints

Ats 5 - 10 degree dip, trace cloy

it 50 degree dip trace clay
70 BASALT, (as above) joint spacing

- mostly 0.5 - 1.0, no stained joints.

80 2 its 25 - 45 degree dip trace clay

653.6Bottom n 83.3
*Joints dip north to northwest 28 Oct 66

(riverward) Water level 40.0

3 Nov 66
Water level 30.0



WYNOOCHEE DAM ___PROJECT MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLE ... .. DIAMETER OF HOLE- .NX-----------

DEPTH OF O.S. 21.4 DATE STARTED- - - 1Nerse 1966

ROCK DRILLED - _0.1- DATE COMPLETED_ 2 November 196

%CORE RECOVERED 100% CONTRACTOR USAED Seattle

SURFACE EL 737.3 HOLE NO 66-DD-117 N 763,103
E 1 2 0 9991LVA GRA CGORE

TIONS PHIC % DESCRIPTION OF MATERIALS REMARKS
737.3 LOG .

- _ilty GRAVEL Tricone to 22.0'

GM Overburden classifica-
(FILL) tion by drill action, and

obcrvaton cf water
10 return

724.8
723.8 Or anic SILT, black Top original ground

72 . ;, 12.5'
.ML SILT, ton

718.3 20 -Top of rock 21.4

715.9 GM Silty GRAVEL, tan
Closel aced stained joints, Water level 8.j-/' 0. 1 - 6.3 apart
JA 50 degree dip open 1 16"

3Most joints 0.3' apart

2 its 35 - 45 degree dip open 1 16'

Jt 60 degree dip, 1, 16" gray gouge

696.8 Bottom' 40

BASALT, har4finely crystalline, fresh,
dark gray, with some joints stained
brown

- Joint dips southeast (away from
river)

Joints dip north to northwest

Iriverword)

0-6



_WYNOOCHEE DAM _ PROJECT MILE 51.8 WYNOOCHEE_ - RIVER

DEPTH OF H4OLE__A4;L.......-DIAMETER OF HOLE_ NX
DEPTH OF 0.8. - LL- DATE START §t0~mbrJZ2L...._
ROCK DRILLED_ 3.6 A ___ DATE COMPLETED_ 16±lNovember 1966
% CORE RECOVEREDA9%-__CONTRACTOR - - - USAEO Seattle

N 763,289
SURFACE EL 746.4 HOLE NO 66-DD-1 18 E .922

s PHC DESCRIPTION OF MATERIALS REMARKS
4.4 LO____________

GM Silty Sandy GRAVEL, brown Tricorse to 4.9'
742.9 Tpo ok3.

Ra, BASALT, hard, fine grained, weathered Toofrc3.

jloints ery 0.05 - 0.4' Bottom casing " 4 9

738.4 ~~Pillow BASALT, mod hard, dark gray, Xcrbeo 4.

joints 0.05 - 1.0
it dip 40 degrees, open 1"1 7'

its open 1/8 - 1, 16" 7.9 & 10. 7
it trace clay '12 .9

it dip 45 degrees, open 1 8" 26.2 Core losses all due to

30 grinding

its slightly stained a 19.9
40 34.6, 35.1, 35.3, 35.6, 35 9

ioints 0.05 - 0. 1, stained brown
699.3 - -Bottom 47.1

Water level,
iJoint dips risrerward (southreast) a, 28.0 w,'water enter -

ing hole a 4 9

Joint dips toward and away from river 17 Nov 66
(southeast and northwest) Hal* bailed to 46.1 &

water level rose 2j',,r
Hole examined with light and mirror to 19 Nov 66
44.0'

All pillow basalt core pieces flowed by
mino, incipient cooling cracks at i/2" to
1" intervals



WYNOOCHEE DAM -PROJECT RIVLRI ER

DEPTH OF HOLE _62.1 _ -DIAMETER OFHOLE_NX ----
DEPTH OF 0.9. 8.0---2- DATE STARTED- -. 17 Novem!ber 1966k
ROCK DRILLED----5!!-!--- DATE COMPLETED-- 1 BNovember 1966 -

%CORE RECOVERED...AN. - - CONTRACTOR - .uED -'.jtjq - - - - -

N 763,271
SURFACE EL 749.5  HOLE NO 66-OD-119 E 1,230.894

a PN4C % DESCRIPTION OF MATERIALS REMARKS

M748 5 __L ~ SIT, bownTrcorbC to 8.0

GP& Sandy GRAVEL and Silty Overburden classifica-
Sandy RAVELtion by drill action andGM Sad RVLobservation of water retur

741.5 10 pillow BASALT, mod hard, dark gry Tap of rock 8.0
joints, stained brown, 0.05 -11 NX core below 8.0

735.5 spcn.Bottom casing '12.4
BSALT, hard, fine-grained, dark gray,
joints 0.05-1.2 apart, o11 stained brown

20 it 80 degree dip, open 1/8", weathered

30 ~ it open 1/8, w, c toy , 13.8

its 20-25 degree dip, open 1/8'
19 .0 and 32 .0

40 -it 40 degree dip open 1/2"

BASALT, (as above)
joints 0. 1 - 0.9 spacing with most

687.4 601 1 1 stained brown from 24.5' to 62. 1 Botma6.

Joints dip riverward (southeast) Water level 35.7'
19 Nov 66

Hole excamined with light and mirror to Hole bailed to 36.2
36.2 Water pouring into hole

from it a 36.2
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F t o c* __y Q i L ~ - - -PROJECT bdIi 1JwfQ HI RIVER

D P T H O F-L ... D IA M E T E R O F L E j ) . .

DEPTH OF 0.3. --- ._J -DATE STARTED A~xL2..

ROCDRILLED... 2.......DATE COMPLETED_ 28t ember 196

%CORE RECOVERED_'00Q%-.~ _CONTRACTOR - - - -U .D_5fti*...

SURACEELN 763,508
SUFAE L724.0 HOLE NO 66-OD-120 E 1.231J126

TIONS PHIC %' DESCRIPTION OF MATERIALS REMARKS

722.5 L IT ot rw Triconed to 5.4'
cased to 2.0'

Top of Rock a 1 .5' Ncrblw.

Gradational ~ ~ ~ N ctot19 re oflo some
705.0 ~~~BASALT, de~gray, hard w/ficpo jontnodeth3

mcphenocrysts, uvdC 3 veinlets

Stained joints at 0. to 0.' intervals Wt ufc ae
to depth 44.0 unn1notehl

Gradationaontc 0
BASALT , dark-gray, mordert hardc jinstodpt 6
w/nostcurved C 03 veinetsaledgls
rsictive of pillow baaltu fow

30 ~ ~~~UStained joints at 0.05 to .' interval Wtsufc wae

joints~bl coated, with clootwdeilssown

684.0 40 Grati5onal' inteals.40

BAoATo dak-rymoeat2hr

w/uvd-C35enesanaledgas



WYNOO)CHEE DAM PROJECT MILES 5 _ RIVER

DEPTH OF HOLE - 12.2 .DIAMETER OF HOLE__ NX - --- - -- --DEPTH OF O.B. - 12 5 DATE STARTED - 23Jw~w1YJ96 -

ROCK DRILLED. . DAE OMLTE 6 nuar 194Z7
%CORE RECOVERED- 9.0 CONTRACTORA _ U S -

SURACEEL 58. 67OD-23 N 763,307
SUFCEE 783 HOLE No 67D 12 E 1.231.184

LEV* p~c DESCRIPTION OF MTRAS REMARKSTIONtS tR IORE M TRA~

758.3 H LGj ____________ _________

GM silty sandy GRAVEL .,lenses of sand

745.8 1 Top of Rock 12.5

BASALT, a-ygdaloidol with pillow Triconed to 13.5'
structure and mrinor palagonitic zones, NX core below 13.5'
dark -gray, moderotely hard.

20 Core loss 1 .1'from 17.6'

Jointedto 20.7'by drill grinding
Jitdat 0.02'to 0.5' intervals with in closely jointed rock.

oil Ijoints stained from 12.5' to 22.0'

30 At a hole deprh of 32.0'
U Trace clay in few joints from 26 .(Y to water level was at a

32 0' depth of 24.8' & remain

at this depth until the
hole was deepened to

40 Jointed at 0.05' to 1.5' intervals w 484

mnostly small pieces, many weathered,
dlepth 22.0' to 48.0'

- Trace clay in few joints from 46.0' to At hole depth 48.4'

50 47 0' and from 52.0'to 53.0' water level was at depth

26 2'

60 Jointed at 0. 1' to 0 .8' intervals with a
few joints stained from 48.0' to 55.0'

Unstained join~ts coated with chloritoid
70 film showing a mirror polish

Jointed at 0. 1' to 1.6' intervals and no
80 staining fro, 55.0'to 112.2'Atahldehof8.,

the water level was at a

depth of 27.0'

90.

100
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bURFACE EL 758.3 HOLE NO 67-D0-123 N 763,307E 1.231.184, G~.- RA EOR
TIONE j PHI I DESCRIPTION OF MATERIALS REMARKS

T G _ __

Rock as above

110-

646.1 
Water level 24.8'i 1 Bottom 112.2''-

-120J

-4

- i

L7

0-6



WYNOOCHEE DAM PROJECT MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLE 72.2 DIAMETER OF HOLE- NL---------

DEPTH OF O.B. - 67.C DATE STARTED L.6 febr}p.yj- -

ROCK DRILLED 5.2 DATE COMPLETED-. IMarch__1967

%CORE RECOVERED__ 85 . . CONTRACTOR U.S.A.E.D Seattle

N N 763,483
SURFACE EL 708.0 HOLE NO 67-DO-124 E 1.232.150

LEVi 
RA OE

TIONS PHIC DESCRIPTION OF MATERIALS REMARKS

708.0 H LOG o

Sandy GRAVEL w cobbles to 10" Tricone to 53.0'

-GP ! compact, wet, brown

702.0 Overburden classification

L10 CL Sandy CLAY very stiff, moist, brown by drill action, water
loss and eramination of

water return

CL CLAY very stilf, wet, blue-gray

20

687.0 WL remains 1.0' below

top of casing. Hole stays
GC Clayey GRAVEL compact, blue-gray open 20' ahead cA casing.

680.0 30- Hole caves at 32' casing

GM to 15'
,. S;;ry )andy GRAVEL w lenses of Sandy

GRAVEL, compact V oter level 8.0'

GP

40 Bottom casing at 40.0

665.0 _ Water level 8.0'

Hard drilling

GM Silty sandy GRAVEL compact, gray (till)

NX core below 53.0'

1000o water return to
645.0 Silty Sandy GRAVEL w lenses of sandy 63.0'

GP grovel, compact, gray Vater level 8.0'
761.0 BASALT, Jointsat0.05'toS' Top of Rock 67.0'
70 intervals. Water level 15.0'

63. Core loss due to
635.8Bottom .72? blocking & drill

grinding

*Scaled coordinates

D-62



WYNOOCHEE DAM _--PROJECT __MILE 51.8 WYNOOCf&_ RIVER

DEPTH OF HOLE- 13.0 _ DIAMETER OF HOL----------

DEPTH OF O.B. ~ DATE STARTED 1 7 Jli'!yl% 7  ---
ROCK DRILLED- ~DATE COMPLETED- 1 Jo9ua9~!y 1967

CORE RECOVERED------CONTRACTOR - - .S.A.E.D. Seattle

SURFACE EL 5.47-H1 N 76309
704 HOLE NO 6BH17 E 1,231,0399TL G CORE

1EOVPHI % DESCRIPTION OF MATERIALS REMARKS

750.4 H ILOG __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GP Sandy GRAVEL w 'occasional cobbles Ro 1
and boulders (I8S) Compact, Moist, Ton RodfII

Layers apparently dip to
______________________________West

10 Silty CLAY Moist, Tan

737. CL CLA Har, Dy, an ater seeping at tap of
CL -LAY ardDryTancloy

Trench 6' long

20 Bearing approximately
20 N 20 degrees W

L_________________ __-83_



F WYNOOCHEE DAM _ -PROJECT MIL 51.8 WYNOCHEE --- RIVER

DEPTH OF HOLE 14.0 - DIAMETER OF HOLE -- -- -- -- -- - - -
DEPTH OF 0.8. - 14.0 - DATE STARTED _17Jauary1967

ROCK DRILLED- - -- -DATE COMPLETED_ 7 Jan.uary1 9 67 - -

%CORE RECOVERED-_- __CONTRACTOR- U.S.A. E. Seatt

N 763,063SURFACE EL 749.2 HOLE NO 67-BH-128 E 1,231,029

LEVN PC DESCRIPTION OF MATERIALS REMARKS

749.2 Hi LOG . B____________ _______

CL CLAY Very soft w 'roots, brush and

debristLyers opprently dip to
GM Silty GRAVEL Loose, Dry, Reddish W~est

10 Brown

73. -CLAY Hard, Dry, Tan __rWater seeping at top of

Bearing approximately N

D-64



'NO EEDAM -PROJECT MLE5.,YQQ~ -__--RIVER

DEPTH OF HOLE-9. _P_ _ - _ DIAMETER OF HOLE- NX ----

DEPTH OF0.8. .. k3~ - .. DATE STARTED. - FbttL6

ROCK DRILLED_ _K7 DATE COMPLETED_ _14FebruartL67 -

% CORE RECOVERED _K __5- CONTRACTOR - - 5_A _1L.Swj1F-

1_763,518SURFACE EL 737.0 HOLE NO 67-DD-121 E 1,231,249

ELEVk PC % DESCRIPTION OF MATERIALS REMARKS

737.0 H LOG 0~~___________________

Silty SAND, loose, moist, ton, basalt
SM fragments up to 10" diameter

72 7Tog) of Rock 7.3' Tricone to 7_3'

10DIORITE, hard, darks -sqray intergrosnth of NW core belowe 7.3'

1 8" to 1 2' feldspar ond motic minerals Core losses
65' from

7
. 3to8 8

0. 2 12. 3 to 15.6
0.9. 15.6 to 19.8

- 0. 3' 27 .0Oto 31.0
20- Jointed at O.05'to O.9 

;ntervol5 most 0.3' 46.6 to 51.5
of 0. inteualsLosses by grinding in the

closely jointed rack .

30 7Joints stained to depth of 56'

Traces of clay on some joints to depth

40 56.5' Lawest water Ieel

measured between funs

was 47.2'

- A ie joints stained from depth of 56' to

60775

Joints showe a chlo,itoid coating *minor

polish below 75'
70

80 Trace cla5 at 78'

90

644 0 _________________ _________

Bottom "93.0'

1001

D-65



WYNOOCHEEDAM ___ PROJECT _MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLE- 107.5 DIAMETER OF MOLE - _NX-------

DEPTH OF O.S. -_3.5 _ DATE STARTED I - February_ 9t7_

ROCK DRILLED 104.0 __DATE COMPLETED 7Fbv~_16

%CORE RECOVERED - 20 CONTRACTOR -- - .S.A, D Sentl
763,395

SURFACE EL 760.0 HOLE NO 67-OD-122 E 1,231,199

ELEVrIO OFMTRAKTIONS Pt4IC % DESCRIPTIO O MAEIALS REMAK
760.0 H LOG ________ _____

756.5 :GM Silty Sandy GRAVEL - bouldlers

Top of Rodl, 3.5 Triconed to 5.0'
DIORITE , mediumr-'grained, gray, Casing to 5.0'

107hard, veined . carbonate NX core below 5.0'
Jointed at 0. to 0. 5' intervals w oil
joints stained to depth 16'

No water return below
20 16. 0'

Tinoce clay on joints Gro, 22.0 -28.0'

30 Most joints tined frnom' depths 11.0'
40.0'

At depth 37' a~te, lev~el
at 32 .4

4C0 Jointed or 0. 1 to 1. .5 iterv"als from
16.0' to 57'

Trace cloy oli jo;ts fro- 47.0' to
57.0-

50 Few joints stained fromt depths 40.0't

6 9 .0'

Almost ail unstained joints show a

soft ploty chlb-4rid coating

60

I Weathered joint at 63.0' At depth 66.9; wot-r

lev~el at 62.0'

70 Jointed at 0. ]'to 0.6' fromi 69.0' to
75 .0' w trace clay on a few joints

joints not stained below 69.0'

Jointed or 0.1' to 1 .0' from 75.0'
10 7. 5

go0
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N 763,395H1FACE E L 760. 0 HOLE N067-DD-122 E 1,231,199

ELEVIA- pC% DESCRIPTION OF MATERIALS REMARKSTIONS TI LOG

Rod. as obove
At depth 107.5' ater

652.5 level was 58.4

110 1Bottom at 107. 5

120

D-07



Hole No.P-144
INSTALLATION SKE

DRILLING LOG 1 NPD NPS f SAT

I. ROAICI 0O. SUZE AND TYPE OF Gil 6- CABLE TOOL BIT

WYNOOCHEE DAM - -IL ORTLNM FOR ELEVATION SNOWN .78W . ROSl

2. LOCATONR '~7 DbNN 763.120 6- 13 05 2 1,i~ 11 MFAII s ID'TO.,o OF ORAL
SO RIN SAGELNY EPIL C CABLE TOOL

OI AM LIG UIL N. 1. TOTAL NV. OF OVER- ODIOTOARD :UNGIfTORRED
4. HOLE NO. (MA - m' V 

1
V 11 BUIRDE N SAMPLEFS I AAEN

R~ ~I '~'I68-C - I4. TOTAL .0.ROER CORE BORES

15. ELEVRTIO" GROUND WATER

R. ORCT"f OF HL 6. DATE ,IOE S-15-68 4-18-68IE
El VERTIOAL [D INCLINED -_______ DEC. FROM VERT. - _:41 6B 4ISE

___________ ~ ~ ~ ~ ~ ~ ~ I ____________________ LEVAT*VI TOP OfA VOE 750.7-
7, 7mCRIESS OF OIERBRCEN 63.5 - 16 TOTA, CORE RECOVER, FOR BORN %

R. DEPTH DONLE0 NT' ROCK 2.5 19. SIGATURE OF RAPECTOR

9. TOTAL DETIl " OVE 66.0' ________________

0OE OR REIRAfts

ELEVATION DP7" LEGIEND (LOSE ,C RIV0 OF MAOTERIALS VE. SAMLE IDT/ 11 ll.g 11 IOL. flIT N

75). 5ITI SANDI SPROEL. MOIST, BROWN CHURN DRILL AJSNC 6- CAS
747.7' A __ ND WATER OL

C ,- OVERRUPOEN CLASSIFICATION By

OP -SAND GRVEL ICOSoT.MOITORO -~DRILL ACTION AND VIUALGP~~ ~ ~ SAND GRVLWToIT OS~RYO > INSPFCTIOIN OF BALER SAMPLES
0114 AND DRIVE AALE C

737.7 < __ .--- ______________ C WOTER] AT IS LESS THAN

CL SIL TV CLAY, STIFF. FJCIST. CRAY ToUO01CA

RLUE -CR01AYSN CGA

___________ 'I-ANG

S-.:t ML SONG. SIL. MOIST. BOWNRI0 
1  

0FL

7:8 7 ~ T CSI.CA

'PAI<L SLATE, SONS, 'TFF uT.

4r~~D LAY". A

5. -i SAD IR II1

689.7 B06vO A0' r.
68.2 SCI GRAVELL V LAYFY SAND fTOLLAI

6e____ 7.2 c- 6SIN.. RATED

04'BASA!,T WTT. CAL CITE VEINS

701

' 00 1 II

ENG FORM 1836 FRIO0T IEOTCIN' IRE oRLORETE. IRAY NV-
WAR I WYNODCHEEP14

D08



Hole N.P-145

SRILIN GLAELL SAD NP COARS WIIS

YPRI"001SILT. MOIST LRW OAL O* LV7NSONf& S

SOL 2APLN SMV S.INTV SA, TOTNE NO. MOST BROWN .-. UBD L~

SPa GRVEL SAN 68C 4 COARS OT AL ALK OEIO

30 SMM SILT SRILLE WITH ELEVALTION CR A EN UIRG WTRA 2

SANDY GRAVELIO COARS O. BROWN TO.3 BAILNTST

Iox GOR FR IASIN

765.3 CHUR DRILLW UING CASING

ML SILDY CSLAY. SYIYFSLIWETLVY T

759.3CI I

SM DENSITY.E BLASIEIAGRAYB

51LTIO OAF WITLE LAYESPLESI

O0 P SAND GRAVELLOOSAN. MOS. BONDRILLING T 2' AHEAD DV CASIN

<~.(M

750O.3 3 PEGSE.IGd B Sq.T.WNOHE A -4
SA- HRVLYSN CAS IH

sm ILT MOST.BR-N 60



DRILLINGVAW. LO CnYOOP OF HOLE

DRLLNGLO (on Seei763.3' 1 GRND. I Hole No. P-145
PROJECT INSTALLATION JS.EET 2
WYNOOCHEE DAM NPS ___or? 2 SNEEoo

ELVTO ET EED CLASSIIATION OF MATERIALS BOX OR REMARKS
ELEVATOR DETR LEGND roar PIE Z. SAMiPtE (DOIII' "111 ff. 1 ARX

-SM t
ML SILTY SAND WITH LAYERS OP SILT 0 I

AND GRAVELLY SAND. MOIST GRAY AS

655.3 10-S SITSAGWTGRVLSRMATERIAL IS MORE DENSE OR

650.3 -___________________ BOTTOM OF CASING AT 114.5

CLAYET SAND C TILL I1. VERY COMPACT,*
SIC GRAY TO BLUE-GRAY

120-
-SLOTTED PVC PIPE

638.3 -__________________

130- Sp GRAVELLT SAND WITHUCLTCOAT
C T IL L). ANGUL AR, BLAEGRY

TOP OF ROCK AT 35'
628._ NO WATER ENCOUNTERED BELOW

a R DEPTH
BASALT WITH VEINS OF CALCIT

625.8 BTO T175

lAD RTTOMAT 17.5'CASING PERFORATEDM

18*-23'
31-38'
48-53

-7 - -o4

ENG FORM 1836-A PWBARSUS EDITIONS AM OBSOLETE. 1PROAECT -INGLE" NO
MAR 71 WYNOOCHEE DAM P-145

D-70



INSTALATIONHole No.P-146

DRILLING LOG NPD PoF smw
LPROjECT IM SIE AN TYPE OF SI 6- CABLE TOOL

WYNOOCHEE DAM - L DhTUM FOR ELEVATION SOWN ITDEM MAIS

N 763.020 E 1.232.240 e. MANW ACTVRER' DESIGATION OF DRILL
3. EMI-LING AGENCY HR RLSOIL SAMPLING SERVICE. INC. 1. TOTAL. AOF OVER- :DISTURBED :AOODITULWBD
4. "OE NO. IM~* A ~fW~nA FA~I BAOEM SAM.PLES TAKEN

ftm'~' 68-0O-146 14. TOTAL. kUMER CORE BOXES
S. UWE14 OF DRILLER 

EEAINGOi)WTR786

6. DIRECTIONI OF VOLE ~*DATE MCLE :'4-27 68 ;5-2-8
El VERTICAL. INICINED -_________ DEG. FROMI VERT.

T. TICKNE0SS OF OVERBURDENI 182.5' IL TOTAL CORE RECOVERY FOR 9~G I
S. DEPTH DRRILED INTO ROCE 0 S~uUEO SE%
S. TOTAL DEPTH OF HOL.E 182.5'_____________

ELEVAT1OR DEPTH LEGEND CLASWICATI OF MAEIAf 5A~L Box V~h llR A11 wI

856 ML GRAVELL' JIT. MOIST. BROWN - CHURN DRILL USING 6ECASiNG
803.1 - -ADWTROL

-fP-GM SANDY GRAVEL WITH LAYERS OF E5N ATROL

800.6 SAND. MOIST, BROWN TO GRAY G

10

20

GRAVEL BACKFILL

30-

SANOT GRIiAVEL WITH SILT AND.

40 OPCM OC AIL COBBLES. MOIST TAN
4 G GW I PEBBLES HIAVE CLAY COATING I H

50

06.

738.6 RATER LEVEL E7T

SANDY CRVLW ATER BEARINGC

CP GRAY ( vERi ITTLE SAND.
MOSTLY GRAV L I

827.6 -0BAILING TEST:
80 . * 2 PIFO SM.BT

S24 GPO DRFORW5N. ND
SP SANDI MEDIUM ). BROWN TO GRAY * o HEAVED 2'.

718.6 _____________

SAND WITH SILT AND FINE GRAVEL
90 SP-SM BROWN

713.6 - ______________

SM SILTT SAND IFINE : GRAY

707.6 - K
100 CL .SANDY CLAY, MOIST, DARKGA

ENG FORM 1836 PREVIOUS EDIT06R ARE OBSOLETE. POC HL o
MAR 71 WYNOOCHEE DAM P-146



DRILLING LOG (Cont SheeBt) 8 05.6' LYD OP 6 IHle No. P-146
PROJECT I NS7AL L AION IsE 2
WYNOOCHEEDAM___ MP o~ 2 S~WET

ELVTA -' W IS-1WCN -F TIIER-I so' OR REMARKS

1L0AO 0YY ft;ePE. OIIQ0 0~ B

CL SANDY CLAY. STIFF. M4OIST. BLUE-GRAY

110 <n~

A.

690.6

120:

13 C SILTY CLAY. STIFF. MOST. BLUE-CRAY A

66. a

160-

oAD BENTONIT CLAY. LLL)
COMPLATFF MOST. BLU-iF

pcSAS

623 rc

F~375, 40:

as90

MAP SAND WYLAEL DAAML~ P 14



Hole No.P-150

L PROJECI1. SIZE AND TYPE Of BIT 6' CABLE TOOL

WYNOOCEE II DATUM FOR ELEVATIOV0N IDIA f B ROXW

N76 3,000 E 1.231 880 2. MANUFACTUER'S OLSILAYGH OP DRILL

SOIL SAMPLING SERVICE, INC.CUNDRL
13. TOTAL NO. OF OVER- ;DSYLBBD :UPB6TASED

4. MOLE NO. lAs muA I VmloV 1114 B.AOKN SAMPLES TAKEN
d ON-W) .71CD 10 1. TOTAL NIBWKO CORE BOXES

IS. EL.EVATION GROLJMO WATER V1 ?4
6. OWRE, TO OF VOLE S TARTED COMPLETED

El YERTr m. 0 ICLINED DES, FROM VET. -~ GAEVL 9-7-71 9-9-7
7. TICXESSOF VERBRDE 855' 7. ELEVATION TOP OP HOLE 808 TOP OF CASING

7. DFETHOS DLO INT.OE 85.5' 00 TOTAkL CR RECOVERY FOB BORINGS

B. EPh ELID BYGROC 09. SONATURE OF INSPECTOR
9. TOTAL DEPTHF OF HOLE 85.5'

ELEVATON DEPTH LE-EY CLASSIFICATION OF MBATERIALS PEZ. TSAxPL, RBVBVEMARKWL0

- CHURN P"ILL USING S' CASING

IOVERBURDEN CLASSIFICATION BY
DRILL ACTION AND VISUAL

zINSPECTION OF BAILER SAMPLES

10<
COMPACTED SEW.-IM4PERVIOUS FILL

20-

30-EXOSTING GROUND SURFACE WHEN

VOLE WAS DRILLED. DEPTHS
GIVEN REFER TO TOP OF CASINO

* I ELV. 808.0' 2

40

50.

GM SILY SANDY GRAVEL. YARD. BROWN

60-

70.

800

BENTONITE CLVT

SAND

90- CL SILTY CLRY, BLUE - GRAVEL BACKFILL

ENG FORM 1836 PRE VIVUS EDITIONS ARE OBSOETKE. PROJECT INDEID.
MAP 7. WYNOOCHEE DAM P-I5O

D-72



DRILINGLOG(Can SfeetELEVATORN TOP Of VOLE

DILNLO Cn 'Set 808.0 1TOP OF CASING ]Hol No. P-150
PrO"CT IALATOR ISHECT 2
WYNOOCHEE DAM INPS 0f 2 sE~

EIVA110k DEPT. LEGEIo CLASOfICA7ION OF MATERIALS % cOV SAMPL OR J~l EMARKS$~V

100
CL SILTY CLAY, BLUE

rM SILTY SA4DY 51VL.HRQ,. A

1 ) BOTTOM AT k5.5' AIGPROAE

20 7-12'

37:42:
47-52'
57 :62:
67- 77
79'-84

ENG FORM 1836-A PREVIOUS tDIJONS ARE OBSOLETE. 1POOU IM W).

A 1, WYNOOCHEE DAM P 1V,0



Hole NO.P-151
DVVIN ITALLATION Sj:EC IDRILLING LOG NP0 NS OI SET

LPROJECT 0O. SIZE AV4 TYPE OF BIT 6- CABLE TOOL
WYNOOCHEE DAM LSATUM FOR LLEVATION SHOWN (Tbi . oA)

N763.150 C 1231:500 -. MAA*AJACTURIER'S DESGNTION OF DRLL

SOILSOMPINGSERVCE, NC.CHURN DRILL
SOLSMPIGSRVCIN. LTOTAL HO. OF OVER. :SISTU.WBE ;LueISTL*KD

4. HOLE NO. tA HmXdafXt OW ARE N SAMPLES TAKEN
- FO 70-O-W. TOTAL NMBSER CORE BOXES

S. NME O DRILERIS. ELEVATION GROUNDS WATER

DIECTION OF HOLE 61. SATE HOLE STA09E 0 CO2 -E70D
IS OERCRTAi 0J INCLINED -_____ DEC. FROM VERT. :12-0 -27

_________________________________ I. ELEVATION TOP OF HOLE 786.2 [GRND. I
7. TICKESS OF OVERBURDEN 30 18. TOTAL CORE RECOVERY FOR BOW

NDEPTH ORtLED INTO ROCK 0.5' 1V. SIONATURE OF INSPECTOR

.TOTAL DEPT" OF "OLE 30.5'____________
BOO OR REMARKS

ELEVATION DEPTH EVN CLASSRICATION OF MAATERIALS SAMPLE I aIV~H N xII Rw r
M ~VH HO.E (010W 1011.1 HI IT o 1

786.2CHRDRLUSN6'CIG
GM SILTY GRAVEL. BROWNCHRDILUIN6'ASG

781. - -OVERBURDEN CLASSIFICATION By'781.2DRILL ACTION AND VISUAL
INSPECTION OF BAILER SAMPLES

10-

757.2 CAIGTO 30.5'

756.2 30 BOULDERS WITH SILT IN LAYERS. BLE.PEFATi

755.7 BASIC IGW'OUS ROCK 20.51-30.51
BOTTOM AT 30.05'.-1.

60-7



SURFACq-E LAL -.i ;6 M"7HOL NO -152 E -B I3 8

DEPTHDSCIPIO OF RL-_6----DIMTERIAHLS- REMRK

R ICILL
OCK~~~ DRLE- IDT OPEE-~-;-k--09--

ELEV~r I

50 6' casing to6

visua ora eted o

205- 0

708.3 GM- CLA &jSny SILT, GRAVeLhadbrwto 2'35

'oi gay 45'- 47'
~.' ~156'- 69'

70. :G .od Sn Silty GRAVEL, r, r ,t brown to 65 boto5 10

694 7 1 Too ofa Rod,' pefrae.5
Botot,69

Botto 69'Backfilled with pea
grove! 49.5-69 sand
47.5-49 .5bentonite
seal 42.5 -47.5'sand
34.5'-42.5'

Tried to fill piezorneter
tube and casing with
water, but both drained

out.



WYNOOCHEE DAM ----- PROJECT MILE 51 .8 WYNOOCHjj - - - - RIVER

DEPTH OF HOLE_79.0 DIAMETER OF HOLE- dt -- -- --

DEPTH OF 0.8. _ 79.0_ DATE STARTEDIl U2u-1 97 1l

ROCK DRILLED------ DATE COMPLETED-LSeptemlber 1971
%CORE RECOVERED-- -- CONTRACTOR- Soil Sampling t Servicr, Inc

SURFACE EL Casin 73.8 HOLE NO P-153 E 7 2,50g0

TOS~ P1410 DESCRIPTION OF MATERIALS REMARKS
727.81 H- LOG I____________ _______

ROCK FILL Churn Drill Using 6"
Casing.

722.8
SM Silty SAND & ROCK

To

Overburden Classifica-
712.8 tion by drill action &

CL. CLAY, blue visual inspection of boil-

20 er samples.

307
678--GM Silty Sandy GRAVEL, hard, w/roclrs,

brown, gray below 75' depth.

40

50

60

70

488Bottom 79. 0' Bottom of casing at

Casing Perforated

38' -43'
48' - 54'
58' - 63'
68' - 78'

D-76



WYNOOCHEE DAM ____-PROJECT MILE 1.8 WYNOOCHEE___RIVER

DEPTH OF HOLE_2 15 -- DIAMETER OFHOLE__6Z---- -- -- -- --
DEPTH OF 0.8. -M - -1 - DATE STARTEj:Joqqrx 1970----
ROCK DRILLED - O .. AT E COM PLETED,1 9 January 1970

% CORE RECOVERED------CONTRACTOR Sail SaImpling erv ejn

SURFACE EL Ca ing- 802.4 P-4N7660
G.S. 799.6 IIL . '/El 1231,261

P1410 DESCRIPTION OF MATERIALS REMARKS
799.6 NLOG _____________________

GM - Silty GRAVEL , soft, brown Churn drill using 6'
casing

79. GM Silty, Sandy GRAVEL, hard, gray Overburden classifica-

10 tion by drill action and
visual inspection of

S drive and bailer samples

782.6
20 GP Sandy GRAVEL, dry, brown

774.6
GM Silty Sandy GRAVEL, hard

30

40

60 (Water bearing ,61) hit enough water to drill
I with

729.6 70 '

CL * Sandy, Silty, CLAY, dry, gray

80

907

10 1 ~



SURFACE EL HOLE NO P-I54 E

ELEW A GR
TiONS PHIC DESCRIPTION OFMATERIALS REMARKS

___ LOG ________

CL Sandy, Silty, CLAY, dry, gray

666 GM H. Silty, Sandy GRAVEL, hard, dry, blue

692.1 gray
110. 5l, Basalt Cobbles & Silt

656lei~ Top of Rock
684.6 - ". ac geu ckCasing to 115'

Bottom a 115' Perfoated
20 - 25'
30' -35'
40' -45'
50' - 55'
60' - 70'
80' - 85'

95' - 100'

105' - 115'

Placed V' ID plastic pix
to 114.5'. Bottom 10'

perforated.

Backf ilIled:
pea gravel 87' - 115'
Sand 85' - 87'
bentonite seal 80' - 85'
sand 78' - 80'
pea gravel 70' - 78'

D-78



WYNOOCHEE DAM PROJECT MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLEJ8 - -- -DIMETER OF HOLE-
DEPTH OF 0.8. -1869 erre 96

-~DATE STARTED-_ _ _ __r 96
ROCK DRILLED------- DATE COMPLETED- _?LDec ember 1969

%CORE RECOVERED----- CONTRACTOR Soi - -liq!ervcel

SUFC LCcsn 7. N 762,248SURAC SEL 7:46 HOEN P-15E 1.230,931
- ~ . 7 w5

ELEV* OACR
TOS PHIC % DESCRIPTION OF MATERIALS REMARKS

774.6 H LOG al_______

Gm Silty, Sandy GRAVEL, hard, brown Churn drill using 6"
casing

10 1Overburden classifica-

tion by drill action and
visual inspection of boil-
er and drive samples.

20

30

Piezorreter tube

40

50 7

721.1 ML Sandy Silt wclay, dry, blue

60

707

100

D-79



SURFACE EL HOLE NO P-5 E

ELEVA- R
TIOt4S PHIC DESCRIPTION OF MATERIALS REMARKS

-H LOG
GP -- Sandy GRAVEL, dry

669.6
SM i Silty SAND w,'grovel, brown

120LL I water bearing .t 18') Hit enough water to
drillI with

64. ML I SILT & SAND, interbedded, dry, brown
130 &

SP
642.1 SID Gravel ly SAND

I(water bearing)

140

632.1 
!Dq

629.6 SM ________r_

I (water bearing)
150-

61. 6 mSlySAND w/gravel, dry 6' Casing to 186'
SiltyPerforated:

609.6 ______________ _ 5'-10'
M;L S SILT w,'Sand, dry , 15'-20'

70 25'-30'
170, 

35:-40:
45 -50'

600.6 GM Silty, Sandy, GRAVEL, kard, gray 55'-65'
f (water bearing 74' to 75') 105'-110'

115'- 120'

1 25':-130:
135 -140'

- . .1 Top of Rod 145'-150'
5886rrfom r uo 155'-160'

165' -170'
176'-186'

Placed 1" ID plastic
pipe to 185.6', bottom
10' perforated
Bacirfilled with pea
gravel 77'-186' sand
75'-77' bentonite seal
70' -7 5' sand 68' -70'

D-80



WYNOOCHEE DAM PROJECT MILE 51.8,WYNOOCHEE RIVER

DEPTH OF HOLE 6 0 0  
DIAMETER OF HOLE. 6"-------------

DEPTH OF 0.8. 60.0 DATE STARTED- 9 September 1971
ROCK DRILLED -DATE COMPLETED14 September 1971

% CORE RECOVERED-- --- CONTRACTOR oj ina_5rrYjqj .--
SURFACE EL Casing 703.77 N 762,320
SURAC EL G.S. 698.8 HOLE NO P-l56 E 1,230,780

.LEVk R

TIONS PHIC DESCRIPTION OF MATERIALS REMARKS
698.8 H LOG

GM Silty Sandy GRAVEL w, 'rocks, brown, Churn Drill Using 6"
hard casing

10 Overburden clossifico-
.- tiron by drill action &

_- visual inspection of
boiler samples.

20

30

659.8 40
ML Sandy Silt w/some grovel, brown.

638.8 60 Bottom 60.0' Bottom of Casing 60'

Casing Perforated
-1' -4'
9' - '4'

19' - 24'
29'- 34'
39' - 44'
49' - 59'

14 Sept. 1971
W.L. 45.8' end of
shift.

D-81



WYNOOCHEE DAM __PROJECT MILE 51 .8 WYNOOCHEE ___RIVER

DEPTH OF HOLE- -5. - _ DIAMETER OF HOLE. 6-" -----
DEPTH OF O._B4. 5  .DT TRE I5Se-Pt1971

ROCK DRILD------- DATE COMPLETED- ! 7 SeEL 1971

%CORE RECOVERED -- -- --- CON TRACTO0R !a oi Lqm- i

SRAEEL Casin 67.0 HOL 6200
SURFAC Caig67.0 HO ENO P-157 E 1,230654

TINS PHC DESCRIPTION OF MATERIALS REMARKS

667.0 H LOG I
GM Silty Sandy GRAVEL w/roclrs, hard, Churn Drill Using 6'

Ibrown, gray below 37' depth casing.

10 Overburden
classification by drill
action & visual inspec-

I tiont of boiler samples

20

30

40

621.5 Top of Rock

bottom,~455 Bottom of Casing 45.3'

50 Casing Perforated
4' -9'

14' -19'

24' -29'

34' -44'

17 Sept. 1971
W. L. 16.0' at end of
shift.

D-82



WYNOOCHEE DAM __PROJECT MILE 51.8 WYNOOCHEE RIE

DEPTH OF HOLE 5- - DIAMETER OF HOLE2 -8' ----

DEPTH OF O.S. - -15 DATE STARTED 3 November 1969-------
ROCK DRILLED.------ ---- DATE COMPLETED.. 2 November 1969- - I

% CORE RECOVERED ---- -- -- CONTRACTOR Soil SlInz Service, Inc.-

SURFACE EL Casing 813.6 HOE~'N 764,580
G. S.8 8109 HOLE N P-158 E i,23i,380

EV HC DESCRIPTION OF MATERIALS REMARKS
810.9! H LOG ________ _____

GC. - Clayey GRAVEL (angular and round), Churn Drill using 6"
brown casing

101 Overburden classifica-
tion by drill action and
visual inspection of
bailer and drive sample.

G8. 0 -C Clayey Sandy GRAVEL, brown

40

768.9
767.9 I I Sandy GRAVEL (water bearing) Bailing test at 42'-9' of

I water in hole, bailed

762.9 GC Clayey Sandy GRAVEL, brown 1/ r t5~~,dew
50 1 1 L CLAY, gray to brown down 6', recovered 4'

in 1/2 hr.

755.9 - o fRoc

Casing perforated:
I row at 16'
20' - 25'
30' - 35'
40' - 50'

0-83



WYNOOCHE: CAM _PROJECT MILE 51.8 WYNO CEE RIVER

DEPTH OF HOLE-100 __- DIAMETER OF HOLE-------------

DEPTH OF 0.9. - -J - - DATE STARTED! 0 -Se-ptember 1'99---

ROCK DRILLED... -- -- -DATE COMPLETED..11!* 96k9

%. CORE RECOVERED_ --------- CONTRACTOR .SL.T!* Evice * Inc.-

SURFACE EL Casing 812.2 HOENN-5 6,1
G. S. 809.4 H L NO -i E1,230,710

WS J I DESCRIPTION OF MATERIALS REMARKS
809.4 H LOG _____________

806.4 SM Silty SAND w/gravel Churn DrilIl Using 8"

GP GRAVEL (basaltic), weathered, hard casing
Overburden c lassif icati

10 made by drill actioar
visual inspection of
boiler samples.

792.9 S
G M Sandy Silty GRAVEL (basaltic)

30 7

50 -Piezometer tube Ploced 1" ID
I t Plastic pipe to 100,

bottom 10' perforated.
Back filled with pea
gravel 67'-100' sand

749.4 6065-67' be, tonite seal

748. ?S; ECI blu rq60'-65' sand 58'-60'

M- Sty wgvep astic, gray

17441 1 Top of Rock Encounterdwater C75'
Lbevel raoe to 55' in 1/2

BSic Igneous Rock w/clay fault gouge ath.6'csngt

stopped water in flow

Casing perforated:
36' - 41'
46--5V'

9%0 56' - 611
66' - 76

Bottom '1100'

D-84



NOOCHEE DAM ____-PROJECT Mile 51.8 WNQQCWL.----RIVER

DEPTH OF HoE.
EPH F OL-?-. -DIAMETER OF HOLE.--- -- -- -- -- --

DEPTH OF 0.9. .7.I - - DATE STARTED 13jUttvsi 196k9
ROCK ORILLEO------ -- --- DATE COMPLETED.. qc L - - -ei- - -

%~ ~RECOERE ----- CNRCO Soil Sampling Service, Inc.

SURFACE EL Casing 80. HO E O,-6N 76403
G.S. 803.3 HO EN -6 E ,2055

s PIIC DESCRIPTION OF MATERIALS REMARKS
803.3 H LOG ___________________

GP- GRAVEL (basaltic) -/silt, Churn Drill using 6"
GM hard, brown Casing

Overburden classificatio
101 by drillI action and visual

inspections of bailer

7883 samples.

zr GRAVEL (fine) w/silt, light brawn

30

40

758.3 _______________

GRAVEL (angular) hard (water bearing

753.3 50 at 46')

P I Sandy 
G RA V EL

I Hole at 98.2, casing at
745.3 '*94.4, bailed sand from
743.3 .1M SILT w/agravel, soft, brown bottom 18' of casing and
741.8 LlyCabu placed I" plastic pipeGP- to 98', perforated 88'-

GP- GRAVEL (angular) w/silty clay, hard 9'
GC 9'

*BackfilIled with pea gra
70 ye1 

66'-98' sand 64'-66'

I sand 57'-59'

723.3 80

I I SAND (fine) w/grovel (firm)
I(water bearing)

713.3 90 II I ____________1____

M- I I I I Ity CLAY w/Time gravel, hard, gray
CL 1,I~ 6" casing to 94.4'

61PI lePerforated 49' - 9401'
(sn f ldbotm 8

705.11 - *jj Tap of Rack (ande pflted)tom1
Bottom @82 fe efrtd

D-86



WYNOOCHEE DAM __PROJECT MILE 51 .8 WYNOOCHEE RIVER

DEPTHOF HOE~l§DIAMETER OF HOLE-6

DEPTH OF O.B. . - -DATE STARTED2.uE!~ober 1
9

------- I
ROCK DRILLED- -- -DATE COMPLETED.. J? Otober 1969---
%CORE RECOVERED--------CONTRACTOR- Soil Sampling Service, Inc.

8009 763,950SURFACE EL Casing 809HOLE NO P-161 E 1,230,239G. 5 . 798.3 ______

TOS PHIC DESCRIPTION OF MATERIALS REMARKS

798.3 H LOG_ _____________

79. Wood chip Churn DriIn using 6"

794.3 Gm Silty Sandy GRAVEL, brown casing

10 GM Silty GRAVEL, hard, gray Overburden classifica-
tiont by drill action and
visual inspection ot
boiler and drive samples

20

30 
-Piezom eter tube

757.840G
756.3 P GRAVEL, angular, hard Some water encountered

GM Silty GRAVEL, hard, gray

50

738.3 60 I

GM ISilty, Sandy, GRAVEL, hard, gray Water bearing

I 70SL, rw

-'1ML- Silty CLAY, blue

80

100-

D-86



SURFACE EL HOLE NO P-161 E

ELEVA j GR
TIONS T HI DESCRIPTION OF MATERIALS REMARKS

T LOG
ML-1 Silty CLAY, blue

693.3 -

CL CLAY & SILT layers rs/scottered grovels,
110 ML I gray

684.3 _ _ _ _ _ _ _

' p GREL (fine to cor) Some -vater encountered

GM IiISilty GRAVEL, hard, gray

660.3 2 Topof Rockr
-- Bottom z 128'

Casing perforated:
56' - 72'

100' - 128'
1" ID plastic piezometer
tube installed to 128'
Tube perforated 118'-
128'.

Casing baclrf Illed:
Pea gravel 74' - 128'
sand 72' -74' Bentonite
sea[ 67' -72' sand 65'-
67'

D-87



* 1~~WYNOOCHEE DAM PROJECT MILE 51.8 WYNOOCHEE ___RIVER

DEPTH OF HOLE. 144* _ DIAMETER OF HOLE.- -

DEPTH OF O... DATE STARTED- 0Nvmbr16

ROCK( DRILLED-. -. u.DATE COMPLETED. 211-ovmber 1969

%CORE RECOVERED -- CONTRACTOR Soil Sampling Service, Inc.

CosAEEL .ing 753.2IJ.'l N 762,730
SURGAC EL 750. 3 HOLE NO P-162 E 1 ,230,130

ELEVr DESCRIPTION OF MATERIALS R ARS
TIONS I PHIC RMR
750.3 H LOG

GCI Cloyey, GRAVEL Churn drill using 6'

GC -- casing

GC Cloyey Sandy GRAVEL gray to brown Overburden classifica-
10 tionr by drill action and

visual inspection
of bailer ond driveh samples

73 .2 L I C LAY , brown

729.3 -- -__

mL- Silty CLAY woccasional gravels, gray
CL

30 .

40

jieP. Yvete, T.,be

50 7.

697.3 SC _ ICyry 'rAND .g9ood Water Bearing at 52'
L CA .- ,ccos;,no-TsT l'tndgrov-e, -rowr

607 0

70

671.8 80____-__

GC 'rC oyey GRAVE L (ongulol brown

666.3 _________

665.8 P oG RAVE L, brown. Noter Beoring at 84'

660.3 90 7GC I Cloyey GRAVEL, brown

657.3 Grovelly SAND (woter bearing) Boiled 5g. p.m. at 92',

643 GC Cloyey GRAVEL gray to brown no drawdown

652.3 Sp Gravelly SAND (water bearina)
100 G C- Cloyey GRAVEL, hard

0-8



SURFACE EL HOLE NO P-162 E
,i EEV j~ GRA

TIONS PHIC DESCRIPTION OF MATERIALS REMARKSTN T LOG

GC Clayey GRAVEL, hard

I _Water bearing at 112'
642.3 10- G- I Sandy GRAVEL

SC Gravelly Clayey SAND Heaving when casing is
driven-

627.3 GCo Clyey GRAVEL (angular and round) iailed 59. p. m,
S C Gl hole boiled dry

130
619.3

GC Sandy Clayey GRAVEL, gray

140

4 Top of Rock Casing to 143' Perforat-
606.3 l Bottom o 144' ed bottom 10' and every

other 5' to within 5' of
ground surface.

Placed 1" ID plastic pipe
to 144'. Perforated
bottom 10'.
Backfilled w/pea gravel
30'-144' sand 28' - 30'
bentonite seal 23' - 28'

sand 21' -23'

D-89



WYNOOCHEE DAM __POETMILE 51 .8 WYNOOCHEE __ IE-- -- - -- PR JCT - -- -- -- -- -- - -- RIE

DEPTH OFIHOLE_ 75 - DIAMETER OF HOLE_ 6'-----
DEPTH OF0.B.- 75 -DATE STARTED- IDecember 1969 -------ROCK DRILLED- -- --- DATE COMPLETED- 3Decenber 1969

%CORE RECOVRED--__ -- CONTRACTOR SOi" Sampling Service, Inc.

SURFACE EL Casing 765.2 HOENO PN-164 N 762,590
G.S. 762-HOL E i,23i.001

TINS PHC DESCRIPTION OF MATERIALS REMARKS
172. H LOG I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _GM -- Silty Sandy GRAVEL, brown Churn drill using 6'

casing

10 - - Casing Overburden classifica-
tion by drill action and

- - visual inspection of
- drive and bailer samples

-- AM -9 Chemical Grout
20 -

301 ~Water betrina at 30'

72. - - CLAY w/sand leanses, blue No water belIow 34'

:.>Cell No. 854 ,47'

.62_ - entonite seal

692.3 7 ,G M, Silt GRAVEL

ML Sandy SILT,brw
687.3 Bto 5

D-O0



-YOCE A PROJECT _MILE 51.8 WYNOOCHEE _-IE

DEPTH OF HOLE _102 __DIAMETER OF HOLE- 6 O
DEPTH OF 0.8. _ 102 DATEAj _TARTD_ _ _!-Z_

ROCK DRILLED-- - --- DATE COMPLETED-. OT~ul 970

% CORE RECOVERED-- ---- CONTRACTOR Soil Soni ng-Srvce-Inc.

SURFACE EL Casing HOLE4 NO 762,236
G. S. 774.6 HL NOPN-165 E 1230,930

TIONdS PHIC DESCRIPTION OF MATERIALS REMARKS
774.6 H LOG

GP- Sandy GRAVEL wsilt, hard Churn drill using 6'
GM casing. casing

Overburden classifica-
10 - -tion by drill action ansd

20 -

30 -

- -A -9 Ch~emical Grout

40

50 7 .

721.1 -

ML- Silty CLAY, blue
CL -

60 -

70 - .Cell No. 869'70'
4: Sand

80 -

* . Bentonite seal
Cell( No. 872 '83'

90 7 -

675.6 10Cell No. 857 ,102'
672.6 E

D-9 1



Hoie No.87-PA-201

DRILLING LOG INSTALATIO I__0__1________I__ISHEETS_

.WYNOOCHEE LAKE PROJECT L. DATUMi FOR ELEVATbONi SHOWN 179 L
0. LOCATION W 9*
RE EMBANKMENT DAM CREST izRmRINAc; ORRs OESFoRROFO OF ORtLF.
3. DRILLING AGONCY MOILE no AUGER
GOVERNMENT 13. TOIRJL NO. OF OVER' DISTURBED IMINS7.ARO

FIN j 87-PA-201
S. NAME OF ORLER
STAN BALES G. ELEVATION RM WATER N/A
G. DIRECTION OF HULE AL DATE HOLE STARTE8 7 3/6/87E

(M VERTICAL. C ONED DEC______~. FROM VE/R87 3//8
FV. ELEVAION TOP OF HOLE 805'

7. THICKNESS OF OvERBLROEw 13' - 1. TOTAL CORE RECOVERY FOR NORING 0 x
L. DEPTH ORWLED *70 OCK 3' aq. SEAAoEO 8EO
9. TOTRL DEPT" OF HOLE 16' KAISER OF INSPECT___

ELEVATION DEPTH LEEN CLASSIFICATION OF MATERALS PIEZ. 1AL I(Dr= Am Wt

805 ASPHALT CONCRETE (2-F/4")
ON CRUSHiED BASE COURSE CORE MATERIAL

GM SILTY SANDY GRAVE-. W/COBBLES 1/"BENTONITE PELLETS
18"), DENSE, MOIST. BROWN

1-112" SOLID PVC PIPE

N NUMBER OF BLOWS TO
S DRIVE SAMPLER I2'

I00
lo 2-1/2" SPLIT SPOON SAMPLER

z DRIVEN BY 400- HAMMER

892 BASALT BEDROCK -SOFT -

889 BOTTOM 0 1l' IN BEDROCK

I1-Il2" PERFORATED PVC PIPE

25-

30

35-

40-

6- 50

ENG FORM 1836 PROORAJ ECAFFONS ARE OSOLEFE. OL40
MAR 71 WYNOOCHEE LAKE PR~j 87-PA-201

D-92



Hole No.87-PA-202
DRILLING LOG TALA EI II~Oi OF E T$

PRO~t}JECTr 
0. sWzE "uO n TYPE OF T 8' HOLLOW STEM

WYNOOCHEE LAKE PROJECT L DATUM FOR (LEVATON SHOW (YW N NSU
2LOCATM 06, m'41 "'"

RT. EMBANKMENT DAM CREST Q. MA" OC u UXROK OF DI.

GOVERNMENT mOBILE B-SO AUGER
4. TOTAL NO. OR OVR- 0TUABE ,, STURED.i'O.( O. AFm~l d JJ/f ', N SAPLES AEN 0 2

TOTAL NUMBER COR BOXE 0
STAN BAL

E  
& ELEVATOR GROUN WATER N/A

D.ECTA OF HOLE :SART jCOMPLETED
M ART(CAL j INCLINEO - DEC. RM VT. 3/5/87 ;3/5/87

7. ELEATKr TOP OF HOLE 805'
T. ONCOVAISS OF OvERBUEN 2Y I& TOTAL C£OR RECOYERY FOR BOFA 0

L DEPTH DR.LEO INTO ROCK 4.5' - - OF ITOR

. OTAL OKET. OF AXE 27.5' KAISER

EL EVATIH DEPTH LEGEND CLASSIICATION Of MATEORALS SAM4PLE ( EfMARK w UMT'S

805 ASPHALT CONCRETE (2-1/4")
)N CRUSHED BASE COURSE

GM SILTY SANDY GRAVEL w/COBBLES
(6"), DENSE. MOIST, BROWN

0

10- Z N= NUMBER OF BLOWS TOOR IVE SAMPLER 12"

2-I/2" SPLIT SPOON SAMPLER
DRIVEN BY 400- HAMMER

15 
z

I A N=36

200

- N=504 (REFUSAL)

782 BASALT BEDROCK - SOFT

25L

777.5
BOTTOM 0 27.5' IN BEDROCK -12" ID PERFORATED PVC PIPE

30

35

40-

45

50

ENG FOIM 1836 PM,ouS EBTOAS ARE OSO.ETE. Po.LA IX
MAP 71 WYNOOCHEE LAKE PROJ 87-PA-202

0-03



Howe No.87-PA-203
ORLLdG LOG ET AMLT4oi O(

LPROJECT 6.1 mAmYYPOF ST 8*HOLLOW STEM
WYNOOCHEE LAKE PROJECT A. DATN FOR ELEOAT. SHOWN (ffS Nor w
2. L'C"N W""" " sWWV
RT. EMBANKMENT DAM CREST 1. MNIFACTIRS DESIGNATION OF WEL

3. NMEN~iT MOBILE B-8O AUGER
AOVMOLL N T (As ~go AAoo ~v~h mum, :

4. 0tNO. I ~ - .. aW l.WN SAMPLES TAKEN0
87-PA-203 ITTl.NWCOSOO0

STAN BALES I. ELEVATION GRN WATER N/A
S. CINCTION Or ISOE S.r DAT SROLEE COWPLETED

[30 VRTCAL 0 ICLINED DEC. FOM VERT. 3O//87 3/5/87
I?. ELEVATION lOP OF hg6E 805'

T. TMCUEOF Ov mm 27' IL TOTAL. COME REOVERY FORS BoMNl 0
L DPTH DRILED ITO ROCK 0 IL__________ SMAU so OF I NSPECTOR
5. TOTAL DEPTH OF HOLE 27' KAISER ___________

ELEVATION DEPTH LEGEND CLASSFICATOI OF MATERIALS a"Z SORL REM. MARKS~
* efl.M Sm, 561T. NO. N.P lbW

805 ASPHALT CONCRETE (2- 1/4')0
ON CRUSHED0 BASE COUiRSE

- GM SILTY SANDY GRAVEL W/OCCASIONAL
COBBLES (1, DENSE. MOIST. BROW o

Sz

to-

4 I 112- ID SOLID PVC PIPE

IS-

20-

25

778 BOTTOM 0 27'

-I-1/2" ID PERFORATED. PVC PIPE

30-

35-

40

45-

ENG FORM 1836 PRIE0O EINTG AN OSSOLETE. IPOC No.
No A WYNOOCHEE LAVE PROJ 87-PA-203

0-94



Hole No. 87-PA-204
DRILLING LOG DISOPSTALLATION MALT I,P SHETS

LPIW5.CT I&. SIZE AM~ TYPE OF ST 8- HOLLOW STEM
WYNOOCHEE-LAKE PROJECT L- DATUM FOR ELEVATION SHOWN (7&V a MW
2. LOCATION Italo w gokn
RT.EMBANKMENr DAM CREST -f2;MA ATADER DESAXOM OF ORK.

S. DRILLIN AENCYX 'A LE 8;0 AUGER
GOVERNMENT ~ ~ ~ ~ . TOTAL BO.OF OVER- DlkE LAXSkD

4. HOE NO.FAA An WfV TAS L.. 5DSLRWD UDSUK

4.Wrh NI.AW)*4P 87-PA-204 TOTDEN AM~PE 5

SL NAME OF DRILLER H OA UK OEBXS(

STAN BAL ES IS. ELEVATION OUND WATER 765'
6. DIRECITON OF HOLE W AEHl TRE XEEE

KVETIAL0 NLIED - E&FRMVEY.ILDAE M ::3/4/TE87 3/4/87
T. THICTNESS OF OVE D 47' 17W. . ELEVATION TOP OF "OLE 805'

L. DET"RILLED INT ROCKL( 47 IL TOTAL COPE RECOVERY FOP 1101ING 0 X

H. DPTH~LE BAT HOK 01. SAAA"P OF "SPECTOR
S. TOTAL DEPTH OF HOLE 47' KAISER _________________

BOX OR REMIARKS
ELEVATON DEPT" LEGEND CLASSIFICATION OP MATERIALS PAEZ. SAMPLE lOPIA719 AMA. 4AX Or

.~OH .OT T. A I AE

805 ASPHALT CONCRETE (2-1/4")
ON CRUSHED BASE COURSE

803 - -

GM SILTY SNYGRAVEL H/CAIH
COBBLES (61. DENSE. MOIST.

5- BROWN

10-

IS ,,N= NUMBER OF BLOWS TO
DRIVE SAMPLER 12'

o 2-112" SPLIT SPOCN SAMPLER
14 DRIVEN B 400- HAMMER

20-- z

25- A

30,5

35-

S Nz42

40-- WATER 0140. 3/4,87,
75 -W HILE DR ILING0

T D N-38

45 IL 14

757.8 BOTO 04.2 JIE N-5O. IREFUSAL)

ON BASALT BEDROCK

ENG FORM 1836 PRVIOUS fITOgiS 4XI WAETE. PRMCT 101L ..
MANIWYNOOCHEE LAKE PROJ 87-PA-214



moie No. 87-PA-205

" ' . DIZE INDTE OF n ' HLW ST E t
WIOEE AKE ROJECT IL_____ DEE. MH ELEVTI. 3/6/5 3/6/8

3. DEPH L OOH AOE CO S0L 80. AUF GPE R

am fuTA ~E)I OF HOL 45' PA20 K TOTAL *AMRCORE BOXES

5O. OAM OF OftL

ELEVTI~DEPH LGEWI CI.SSICAIT.O EAE LEVTO P OF HOLE Iin 5 H
T.7HCMES FOVMOIEN4' 11 OTLWKT REOERO SOHIb*. 0 I if*E

804.5 - ASPHALT C0ONCRETE (2") ON
-G \CRUSHED BASE COURSE

SILTY SANDY GRAVEL W1 COBBLES
(8"1, DENSE. MOIST, BROWN

5-

10-

2 N= NUMBER OF BLOWS TO

> DRIVE SAMPLER 12'
e .. 2-1/2" SPLIT SPOON SAMPLER

20O DRVEN BY 400- HAMMER

N~fA Nz30

Z5 6c,

30-

-SP- GRAVELLY SAND (FINE TO COARSE) JIB N=57

-SM W/SILT. DENSE, WET, BROWN

35- ______________

WATER DO 37', 3/6/57
768 WHILE DRILLING N6

Gm SILTY SANDY GRAVEL (3"),

DENSE, SATURATED. BROWN

d to! J D N=30

760 45 BOTTOM 0 45' ON BEDROCK--

IL

ENG FOIRM 1836 ,Pouas WEca AWE Dssotof.PRJC
MAR T WYNOOCHEE LAKE PROJ 187PA-205

0-96



Ho4. No.87-PA-206

DRLLHG LOG I MICTTS

L Pill 0. sal TP OF af 78'OLLQW STEM.
WYNOOCHEE LAKE PROJECT L DATI. FOR EICVAYIO SM0. fTM )

CT. MBANKMENTDAMCREST jI. N ACTL"6' DESIGNATIOi OFRLL

S'OtI AGENCY OBLE B-S AUGER
GTOVERNMENT 0. TTL "OO. COVE- OIW ;iT

4 HOLE ~ MO &-9 OBUDN SAMPLES TAXER 0
M bA~ 87-PA-2O6 jZ TOTAL. WAR CORE SOCKS 0

L MAK OF RWN/A

STAN-BALES IS.______________________________N/A

S.~~~SARE in1lWlLEE DT l
6. DIECTION OF HOLlE IL~ DATE OLE 3/7/87 c /7 / 7

M VERC~x 0PICLIED - EC, FOM V(Rl- I. ELEVATION TOP OF HOE05
7. TWCIESs OF OV16.FIEN 26' Is. TOTAL COME RECOVERY FOR NORMIG 0

LDP.ILEINOM . SEATLE OF INSPECTOR
9TO7TAL DEPTH OF MLE 26' KAISER ___

ELEVATION DEPTH LEGEND tLASSCAIC* OF MATERIALS P.Ez SAMLEC (, O d

804.5 ASPHAL T CONCRETE(2
ON CRUSHED BASE COURSE

GmI SILTY SANDY GRAVEL w/COBBLES >
& OCCASIONAL BOLDERS (14-,4 -

O ENSEMOIST, BROWN

10-I

0

20"

10-

40.4

25-

so,

778 FOR 1836_ __ __ _ P-"too R MEE YOCE AEPO 7P-0



Now No.87-PA-207
DRILLING LOG ORITALLA6TM.SHEETS

0. Sl m TvOf Oil 8' HOLLOW STEM
WYNOOCHEE LAKE PROJECT 1. DATUM FOR ELEVATON WON ff0, w I

2. LOCATOIN I f Vtil s
LT. EMBANKMENT DAM CREST .o DILL

3. .LLW AGCY MOBILE B-80 AUGER
L TOTAL NO OF 01CR- TE0 IjUGTLMURKO

4. "I. NO. (As * V Oft S. UN S 1AKEN I
CARfib FA~ !87-PA-207 K TOTAL I4NR COE BOXES 0

I. 14AME or DftLLO
STAN BALES IL ELEVATION WOW WATER

6. ONCTION OF H.OILDT HOL ::SITED 'C~pED
M TEWICAL 0 PCLIWO DES. F VERT. - 3/13/8T 1;3/14187

1ELEVATON TOP OF HOL 805'
?. TEKNESS OF OEEJO.N 44.8' I. TOTAL CORE RECOVERY FOR 1 0
L DEPTH DOLLE I TO FlQC 0 - - . SSWITUR OF 6IGPECTOR

96 TOTAL DW11AO CE 6 44.8B KATOl
WOO OR REARKS

ELEVATION DEPTH LEGEN C.ASSIFCAION Of MATERALJS P 2. SAPE to

804.5 ASPHALT CONCREE (21) ON
RUSHED BASE COURSE

GM
SILTY SANDY GRAVEL W/ COBBLES
DENSE TO VERY DENSE. MOIST,

5 BROWN

Is COBBLE LAYER 0 IS'
-Occ N NUMBER OF BLOWS TO

DRIVE SAMPLER 12"

z
2000

1/4" BENTONITE PELLETS, 15 GAL.

25

GRAVELLY SAND (COARSE) 0 40 GAL.

2-1/2" SPLIT SPOON SAMPLER

DRIVEN BY 400" HAMMER

30- A N=60

B N=40

C N=68

35 0 H=70

E Nz33

F N=73

G N:791
40kI

753.N H N88
. 41.6'. 3/14/87, WHILE DRILLING

I N'26/8", 126/6'

t N=42/8'.63/31 REFUSAL
760.? 57 BOTTOM AT 44.8' ON BEDROCK -2 CV-NMTRA

(AUGER REFUSAU)/ ID. PERFORATED PVC PIPE

mm T, 8YNOOCHEE LAKE PROJECT 
'

-PA-70T
RT-R- TI

0)-es



Hole No.8'T-PA-208

LSE0 YPE Of WT 8' HOLLOW STEM
WyNooc EE LAKE PROJECT IL DATLO FOR ELEVATOR SWOR IT& V MSO

L. EMANMT DAM CREST ~ .MMAIKSOJ~TO b
GO R TMOBILE B-Ba AUGER

4.i ML NI.m- gMMYAL IM OF OVER- jOYL0MED MiST1AO
awftfMM)i8(W0 SAMPLES I AKER

L RAWOF OKER -1. TOTAL KijEW CORE BMlS 0

STAN BALES ILELEVATOR GOOQ wATER 768'
W. DIIEOO O OEIATE "OLE STRTD COMLETED

M VERTICAL 0 IMCJED -______ OES FROM 1W. .3/7/8B7 3/9/87
7. THCIUS OF VERBUDEN 8' 1. ELEVA71ON TOP VF ND. 805'

". DT H DRILLEV IOW V 48'K 0I TOTAL. CR ECOVERY FO 0OIN

". TOTAL DET OF HOL 0 . IWBATLARE VF 9PKCTV
I.TOa 0PT V1 48' KAIS1ER

ELEVATOR -. LEGEND ASSIFICATION Of MAATERIALS Box* OR,. 1k M R

804 ASPHAL.T CONCRETE (2') ON
,CRUSHED BASE COURSE

GM SILTY SANDY GRAVEL W/ COBBLES
IS-), DENSE, MOIST., BROWN

5-

to-

20 N= NUMBER OF BLOWS TO
DRIVE SAMPLER 12 INCHES

25

CD 2-1/2" SPLIT SPOON SAMPLER
DRIVEN BY 400- HAMMER

HIA N=44

30-

I/4 BENTONITE PELLETS

HBN=56

35 GRAVELLY SAND ICOARSE)

768 _JLWATER 0 37', 3/9/87,
768 WHILE DRILLING

CN=38

40-

SP- GRAVELLY SAND (FINE-COARSE)I cSM W/SILT. DENSE, SATURATED, N=0 Il0 SLBIROWNISH GRAY ED 0 IEUSL

45

50 BOTYOM 0 48' ON BEDROCK 112I EFRTDPCPP

ENG FOAM 1836 PRVOJ WITIN A M B~ITL 1-1~ HDPRoR.E VCPPmoR ?I YNODCHEE LAKE PROJ BY-7EPA-208

0_s.



Howe No.87-PA-209
DRLLIIG LOG SHEETSh~AIOHSIX

L F"lSIZE Am YE Fs 8' HOLLOW STEM
WYNOOCHEE LAKE PROJECT L DATUM FOR ELEVA7KM SHOWNfER AV MSJ
2. LWA4? fl'~som A, 9~
LT. EMBANKMENT DAM CREST 12. MANUFACTLEERS064T O F6I DR3VE

S. WE.LNG ACEJY MOBL 80 POWER AUGER
IOESMN .70 AT O . OF~ OVER- :01TLO :uwsTillO

4. MOLEME IMW &.A 87P-0 BRDEN SAMPLES TAKEN
ow fbiJ mow)-20 H. TOTAL eapoA CRoEs 9OE

S. M"A OF 0,LER
STAN BALES I& ELEVATIO GRUN WAE N/A

COBBLE ELEATO DENSE OFTMOL E SLURRX
7OST BROWNES CF-OEIRE 5 0 0A OERCVR ORE MRIN A MIX

L ~ ~ ~ ~ ~ ~ ~ ~ ~ / DEEPTHT PELLETS RC - mSINTREO 6PCO

GRAELL SANDMCPRLE

G RUSHE BASE PERORE 1-1/2 POIDPPPP

EN FAM03 PVUMEOIT BOWNT COR OT~kl.MI

5-tO



Hole No.87-PA-210

DRILLING LOG INITALLATOW SIC:ET IOF 2 S~iEE s

P.ECT WYNOOCHEE LAKE PROJECT 0. SM AM TPE OF OF B- HOLLOW STEM
* DATLM FOR ELEVATION SHM ffV M)2. LLAT:-H- O N CREST
*. MM.FCULWER'S OSIAT oR OF DL

GOVERNMENT NC MOBILE B-BO POWER AUGER
GOVERNMENTR UE

C TOTAL Q. o OFLVE.- :OIST.UE O e Mus
4. HOLE MIX IA. ,.AV am 8-PA-210 BWJVOON SMPE TH0

4. TOTAL MWER COWE BOXES 0
L HAM OF W.LER STAN BALES IL ELEVAT OUND WATER

AL IICTPO OF mOc I. DATE bO.E STOT :eOVlETEO
M VWITECAL 0 Ni.L,0 OG. FROM VERT. - EO"3/10/67 3/13/B7

T O .. ELVATIN TOP OF HOILE 805'T. T SS OF OOEOEN 57.6 ' T'oTA COAL '~oOEl~ Vo HOV O

L DEPTH GRILLED 400 ROCK 0.0' V TOTAL O HOVECTO R AO

S TOTAL DEPTH OF HUE 57.6'

ELEVATO ROPTH iOFNI CLASSFICATI T OF MATERIALS PIS BoxALEOR IF -REMARKS

80 - ASPHALT CONCRETE 12"? ON
CRUSHED BASE COURSE

GM SILTY SANDY GRAVEL W/COBBLES
5 (6'1, MEDIUM TURNING VERY

DENSE 03', MOIST. BROWN

I- NUMEROUS COBBLES BETWEEN
-0 AND IS

15_-

OCCASIONAL COBBLES

20-0

N=NUMBER OF BLOWS TO
DRIVE SAMPLER 12"

2-I/2" SPLIT SPOON
SAMPLER DRIVEN BY

OCCASIONAL COBBLES 400 HAMMER

L J
A  

N=67

30-

- .B N:156

35--

IC N=120
WATER 0
11" 3-11-87, 1200

765.5 40- WHILE DRILLING
- OCC. COBBLES * 40' z

I
D  

N: IO0

45-

E N' 115+N=REFUSAL

755 50

ENG FORM 1836 PREVIOUS ESTIOH AR OBSOLETE. PROJECT OL "O.

MAR 71 WYNOOCHEE LAKE PROJ BT-PA-210

D-101



ELVVATO TOP OF UOLEDRILLING LOG (Cosnt Shetj 805' Hoie No. 87-PA-210
PbO.ECT IGY*JLAIKN ISMEET 2
WYNOOC EE LAKE PROJECT L-2 smns

ELEVATION DEPTH LIENDi CASS5EC&If OF MATERIALS [if y BOX ON FMABO
ER M. -M J. NWTV

b - I755 Gm SILTY SANDY GRAVEL W/COBBLES - ____________

F N= 70/6'
(SI REFUSAL)

55-

747.4 @OTTOM 0 57.6' ON IG N= SO/I"BEDROCK 
MFSL

600

ENG FORM 1836-A PROUvS [DITIOhNS ARE .11IE PRX.ECT)"LNO
MA nWYNOOCI4AI LAKE PROJ 87-PA-210

D-102



Hole No.87-PA-211

DWLING LOG INST7 7!ALLAION 101[T

WIIYNOOCHTE LAKE PROJECT tRA70 ot (7k TE

7. LOCATIONA icwwAA w or
LL.EMBANSMENL DAM CREST DIN_ - .n4ArLSor-o

I MOILILN AGNC8-80 AUGDER
GOVERNME-NT -- . TOA 3 O of77 OV0ER 40 ;DIS TUWRE :UCSTLRBD I
C. @1I~ NO. 10 A RomT Av / 87700777D SA-a'Lr TART7

.87-PA-Z2 W1E TR. Ot

OF DRIL ft 4,TOA NMERCLKBXER

STAN BALES E.ETI RO UND. WATER 8*0

DIREC1TION Of HOL(, S. DATE HOL tILATED ['.DEED

MI 7ORYICAE. [-- ICLIND DEG. T06 VERT. - - .3/12/87 3/ 12/ 8 7
_______________ -1_7. EEVATIONTO OF HO0LE BOS'

7. T7707AWSS OF OTTERSRDEH07 --. -- 4. TOTAL CORE RECOVERY FOR 804040 0 x
8DEPTH DRILLED INTO ROCK .0771 07S'LO

4. TOTAL DEPTH77 OF HO07E 25.5' KATO_________________

ELEVATION DEPTH LEGEND0 CLASSIFICATION OF MATERIALS PIEZ Bo OR r~h TT.ARAiST

804.5 ASPHALT CONCRETE Q-)
ON CRUSHED BASE CIURSE

800 - GM SILTY SANDY CRAVEL W/,COBBLES- (6-. DENSE TO VERY DENSE.
MOIST. BROWN

_1-112" JD SOLID PVC PIPE

VERY DENSE 10'-IS' 1/4" BENTON TE PELLETS
ID ~ NUMEROUS COBBLES

152

DENSE BELOW I5, LESS COBBLES z

20 7

780 2 - -BOTTOM 0 25.5'

1-/'iD PERFORATED PVC PRPE

30

ENG FORMi836 PWOOS fo.r70s ARE7 0SOAFT(. 1.07701 O 7.

AjAR WYNOOCHEE LAKE PR)J1 87-PA-211
0107486477777 01.0074I

so10O


