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SEATTLE DISTRICT. CORPS OF ENGINEERS
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MEMORANDUM FOR: Commander, North Pacific Division, U.S. Army Corps of
Engineers, ATTN: Chief, Engineering Division (CENPD-EN), P.0. Box 2946,
Portland, Oregon 97208-2946

SUBJECT: Wymoochee Dam Foundation Report, June 1988
Enclosed you will find 3 copies of the above report for your review and
approval as required by ER1110-1-1801. Wynoochee Dam construction was

completed in 1972 and the dam has been in operation for 16 years.

FOR THE COMMANDER:

LEVOLD, P.E.
ngineering Division

Encl (3 copies)
Chief,
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CENPD~EN-G(CENPS-BG~-G/8Jul88) (1130-2-320b) lst End Sager 503-221-3867
SUBJECT: Wynochee Dam Foundation Report, June 1988

DA, US Amy Corps of Engineers, North Pacific Division, P.O. Box 2870,
Portland, OR 97208-2870 14 December 1988

TO: Camnander, Seattle District (CENPS~EG-G)

l. The report is approved subject to the incorporation of the minor changes
and additions listed below.

2. The following caments are provided for your action:

. a. Page 12, para. 3.03.3, 5th line fram the top of the page; the word
"spilitic" is a rarely used and highly technical geologic term that should
be defined.

b. Pages 25 and 26, para. 4.08; the first two sentences should be
rewritten to correct and clarify the following points. The design shear
strength for the mass concrete could not have been 2500 psi (this was
probably the unconfined campressive strength and the shear strength was 250
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
concerns that could affect future dam safety or performance. There
apparently are no items 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
exists, it should be added to the report.

e. There are no plates that show excavation drawings for the
structure, other than monoliths 6 and 7 (Plates 11 and 12). If this
information is available, it should also be added to the report.

sy o LiglF—

ROBERT P. FLANAGAN, P.E.
Chief, Engineering Division

FOR THE COMMANDER:




CENPS~EN-GT-GE (CENPS-EG-G/8Jul88) (1130-2-320b) 2nd End Gembala/mw/
206-764-3711
SUBJECT: Wynoochee Dam Foundation Report, 1988

DE, Seattle District, U.S. Army Corps of Engineers, ATIN: CENPS-EN-GT-GE,
P.0. Box C-3755, Seattle, WA 98124-2255 FEB '
4 19879

FOR DA, U.S. Army Corps of Engineers, North Pacific¢ Division, P.0. Box 2870,
Portland, OR 97208-2870

1. The following provides information or describes action taken on the
comments in endorsement l. (Answers are numbered as in the endorsement.)

a. Concur

b. A shear strength of 500 psi was used in analysis. The 2,500 psi shown
was a typographical error. The word "conservative" pertains to the
shear strength for the foundation rock not the concrete/rock
interface. The shear strength at the interface was also assumed to be
500 psi, however, no rationale for selection of this value is
available.

¢. 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.

2. Please contact Mr. David D. Gembala, (206) 764-3711, CENPS-EN-GT-GE, for
any information or comments concerning the foundation report. The report has
been prepared for final printing.

FOR THE COMMANDER:

- x}b‘“322/<“
R. ﬁ?:%ELLEVOLD, P.E.

Chief, Engineering Division
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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 1ip,
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 lLake 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
ER-1110-1-1801, 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
ma jor 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,
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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

(DACW6 7-70-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 1Initial 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 reservoilr raising to elevation 800 feet.

1.05 Construction Photographs. Refer to appendix A for selected construction
photographs.
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SECTION 2. INVESTIGATIONS

2,01 Site Selection: Geologic reconnaissance mapping was conducted during
the general investigation in 1958 through 1961 on the Wymoochee 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 solls 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, DM10, 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.




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, clastic, 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 1Is 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 intermedlate 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
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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 associlated 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 Fast 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) 1s 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 Iowland. 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 N20°w 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)
Jjoints, stress relief joints, and joints along flow contacts cause a highly
varlable degree of rock competency. Flow contacts are irregular, strike
northwest, and dip between 30-80°SW. Stress relief joints with uneven

10
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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 N35°W and dips 55°5W, and is well defined with sharp
boundaries. Prior to final foundation preparation, the gpilitic basalt
contained open joints filled with gray plastic clay paralleling both margin
contacts and dipping 55°S. 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-
1ith 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 momolith 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,
ewmbankment 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 locationms.

3.04.2 Concrete aggregate was excavated from a gravel pit located within the
boundary of the reservoir about 2 miles northeagt 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 umit, 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.

14
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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 (1lip of canyon) and
94+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 operatioms
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 agalnst 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:

15




o Production shots were held to maximum of 50 pounds of Gelamite II per
delay with all delays a minimum of 25 ms 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 relilef was gilven 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 monoliib 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 15° to 20°

upstream (north). These joints daylight in local depressions and are rela-
tively tight. After initial stripping of the monolith 4 foundationm 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. Detalled foundation structures were never mapped.

4.04 Diversion Fxcavation.

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-
11th 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

16
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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 rellef 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, l-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, l-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
ma jor 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 Mounoliths.

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 N55°E and dips

70°SE 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 NIO®W with vertical dips; a set trending N55°W, dip-

ping 10-30°S; a set trending N55~65°E 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 N55°E, 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 N55°W, dips 35°S and is a prominent joint with

assoclated 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
l-inch-diameter rock bolts varying in length from 15 to 25 feet. The bolts
were inclined down 60° and aligned normal to the strike of the T-joint

(figure 4-5). The intersection of open joints trending N55°E and dipping
35°NW 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 l-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 1t 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 N55°E 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
N55°E 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 N10°W to N55°W with dips

from 35~50°SW. The R-joint is open to ground water and surface water
movement. A second prominent system strikes approximately N55°E and dips
40-50°Nw. Spacing between joints averages about 1.5 feet. A series of
discontinuous and irregular joints striking N25°E to N55°E and dipping

from vertical to 60°SE locally cause overhanging slabs of bedrock. The

cut slope is reinforced with solid core, l1-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 N45°W and dips

10-35°Sy 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, l-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

609 were installed in the monolith 8 bench foundation at the upstream

end. The l-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 l-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 35° toward

the river and at lower elevations an 8-foot-thick rock slab dipping 70°
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 50° to 70° 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 N55°E to N65°E with dips from vertical to 50°SE

and occasional 50°NW dips. A N to N10°W set with 20~45°E 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 15~35°SW (down-
stream) and averages about 25° in the cut slope face. A N50°W set
paralleling, but not directly adjacent to the J-zone dips from 20°
downstream to 50° ypstream. Surfaces of the J-joint and joints striking
N50° 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 N65°E and dip from vertical to 50°NW. The 20° 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 1bs.
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 patterms to
relieve blast forces awzy 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 10-35°SW dipping joints

paralleling the J-joint and the N to N10°E joint set with dips 20-45°E
inflated due to blast forces below grade. The inflation led to overexcavation
of foundation rock. In monolith 11, the 20° to 50° upstream dipping

joints and 20° to 35° 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 Momoliths 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
NS0°W 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 N50°W 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 vigible in monolith 13, between stations 8+20 and
8+33, are NS50°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 60°E to vertical. The comtinuous
open P-joint crogses 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 135 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 spillway Chute.

4,07.1 Presplitting was accomplished before any production blasting. Om

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 ghot 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 gpillway, part of the rock
rib that was supposed to stand between the spillway and canyon apparently
shifted 1 to 2 feet riverward. Several joints dipping 50° 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 gticks 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 dimengsional interconnected system of
joints forms irregular blocks and slabs in the foundation. One set crosses
diagonally trending N60°E with dips ranging from 45° to 70°SE. Another sget
strikes N60°E and dips 45° to 50° toward the river. One joint striking N60°W
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 N10*W to N50°W dip
20°~-30°SW. A system of white mineral filled joints in the left wall strike
N60°E and dip from vertical to 70°NW. Joint spacing averages about 1 foot
apart. :

4.08 Concrete ogn 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 congervative shear atrength 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 1400, 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 0480 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 7400 to 10400, 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
0480 and 10+00 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

Trace 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.

Foundation rock unit B-Basalt, C-Chilled Zone, D-Diabase.
Major joint, designated by circled alphabet letter.
Seepage with quantity of water estimated in g.p.m.
Ungrouted rock bolt and length in feet.

Grouted rock bolt and length in feet.

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 1s 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 15° upstream from
vertical except in monolith 5, between stations 4+28 and 4+46, the holes are
inclined only 2°, 1In monoliths 6 and 7 the upstream batter of the grout
holes was gradually varied between 2° and 15% 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, prescure
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. Draimn
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 galloa 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
b 13 210 130 340
14 307 107 414
4 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

i 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

'7 12 36.00 4.50 40.50

3 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.

38




e

i
e

Date

June 1973
June 1974
June 1975
June 1976
June 1977
June 1978
June 1979
June 1980
June 1981
June 1982
June 1983
June 1984
June 1985
June 1986
June 1987

TABLE 5-3

DAM DRAINAGE

Total Leakage
Weirs 5, 6, 12, 13 (gpm)

18.4
20.5
19.5
18.0
14.8
12.9
21.2
14.3
30.4
18.0
20.4
25.7
34.2
46.8
43.5

— T~ ——v—

Reservoir
Elevation (ft)

795.2
800.0
795.5
799.3
799.7
795.7
788.5
791.3
795.3
796.2
797.1
798.9
799.2
796.9
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 raise
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 Iincrease 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-
1iths (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 1s 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 tho 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-1 804,386
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, plezometers, and staff gages shown on
plate 17. Left abutment leakage 1s 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
welr 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-1 strong motion accelerographs were installed at Wynoo-
chee Lake Project as required by Corps of Engineers Engineering Regulation
ER-1110-2-103. 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. 1Two strong motion accelerographs are located in mono-
1ith 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 selsmic disturbance. The SMA-1 accelerograph is actuated automatically
by an earthquake, records the earthquake motion 1n 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. SUMMARY

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 gemerally
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. (Refer 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 piate 13 for stationing)




Right abutment, monoliths 1-5 foundation cleanup with D-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 foreground from mono. 2, 27 Oct. 1970.

Monolith 1 toe area, view right (west) showing spilitic basalt bedrock in foundation, 27
Oct. 1970.
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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 teet, 9 Nov.
1970.




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

Mono. 2 loundation, 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.
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Monolith 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.




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

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 downsiream showing crib and
dewatering effort, 6 Oct. 1970.
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Monolith 6 diversion pipe, right canyon wall view looking west showing new 5 toot
thick concrete left, surface elevation 660 feet, 10 Nov. 1970.

Inlet for diversion pipe, view looking downstream 3
Dec. 1870.
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Downstream side ot cofferdam, view upstream (north)
showing installation of “z” piles with 983 - 7800 pound

hammer, 3 Dec. 1970.




Completed coffer dam and diversion pipe, view upstream
(north) showing flow overtopping at about 5200 c.f.s., 7 Dec.
1970.




.

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

Monoliths 7/8 view d-'vnstream, showing low-flow conduit
excavation from 680 beri:: in monolith 8 to elevation 640 in
monolith 7.
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Monalith 7 foundation, view downsiream 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.

L e

Monolith 8, view northeast, showing slope excavation and elevation 680
berm, 21 Aug. 1970.
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Monolith 8, cut slope above elev. 680 berm, view southeast, 25 Nov. 1970.




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

Monolith 8, left canyon wall, view east showing low flow conduit excavation from
elevation 680 berm to elevation 640 in monolith 7.
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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.
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Monolith 10, view upstream (northeast) shrwing rock foundation, 30 Oct. 1970.

LN
Monolith 10, view upstream (north) showing rock foundation, 30 Oct. 1970.




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




4 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.
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. 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 wes!. Top of bedrock exposed in fiat
portion of trench, 5 Aug. 1971. (Refer to plate 13 fo- trench location)
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LABORATORY ANALYSES




EARTHWORK LABORATORY TESTING

Selected drill boring and backhoe samples, shown on table C-1, 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-preasure measuremeunts 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 § = 37.50, ¢ = 0 was assigned to the
upper gravels for the S condition. A conmservative value of @ = 30°, ¢ = 0

was assigned to the abutment materials below the clay layer. A shear strength
of § = 350, C = 0 was assigned to all granular embankment materials. Shear
stiingth parameters for the foundation and embankment design are summarized as
follows:

Test Cohesion 2/
Material Condition lbs/ft [/ Tan 6
Undisturbed clay layer qQ 2,000 13° 0,231
R 600 20° 0.364
3 0 27° 0.510
Undisturbed gravels and sands S 0 37.59 0.767

above the clay layer

Undisturbed gravels, sands, and 0 30° 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 § = 9°,



C = 800 p.s.f. and the sensitivity is relatively low. Shear strength sum-
maries are shown on figures C-1 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-1

MOISTURE CONTENT AND ATTERBERG LIMIT TEST RESULTS
PRECONSTRUCTION EXPLORATION

Unified Moisture Dry
Soils Content _Atterberg Limit, Percent Weight Triaxial
Sample Depth Symbol Percent Liquid Plasticity Index 1b/cu.ft Test 1/

Boring 65-DD-40

A S 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 *x 32 12 *
D 25 GW-GC * 34 13 *
E 37 GP-CM 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 * ® * x
B 4-7 GM % * ® *
D 9-12 GP * x * *
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 b b 79
H 43 ML-CL * 24 5 *

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

Unified Moisture Dry
Soils Content Atterberg Limit, Percent Weight Triaxial
Sample Depth Symbol Percent “Tiquid Plagticity Index 1b/cu.ft Test 1/

Boring 65-BA-64

A 8.5 GP 14.2 * * 111
c,D 15 GW 11.5 62 24 124
F 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 b * 124
I 61 GP * * * %
73 CL 23.4 30 9 107
E 77 CL 24,7 37 14 104 Yes
79 CcL 27.7 40 20 99
83 CcL 34 42 17 90
K 83 CcL 34 40 19 90 Yes
86 CL 29.2 35 15 99
R 91 CL 32.7 48 21 91 Yes
96 CcL 33.7 49 2) 92
Boring 65-DD-69
B 35 CL 23.3 33 11 102.7 Yes
D 37 CL 27.6 35 13 94.2 Yes
F 39 CL 16.7 34 11 110.5 Yes
H 41 CL 25.8 29 8 103 Yes
J 44 CL 25.7 32 11 101.2 Yes
L 46 CL 25.8 33 10 101 Yes
0 49 CL 25.8 32 10 101.5 Yes
Boring 65-BA-70
A 3 SP % * * *
25 CL * 50 21 ®
35 CL b 53 25 *
43 CL * 32 11 ®
G 46 SP * * * *

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

Unified Moisture Dry
Soils Content Atterberg Limit, Percent Weight Triaxial
Sample Depth Symbol Percent ~Liquid Plasticity Index 1b/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 * * * x
B 5 GP x ® x 1
¢ 10 GP x x * *

' Trench 65-BH-90
A 6 GP * *x * E 3
I B 9 GP x * * *
C 12 GP % * * x

Boring 65-DD-94

A 16 MH 46.9 65 32 * Yes
B 18 MH,CL 32.5 41 15 * Yes
| c 20 CL 35.3 47 20 * Yes
D 25 CLl 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 gralned 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 plagiloclase feldspar (albite-oligoclase) sericite
mica, epidote, chlorite, nephrite amphibole and cordierite. The volcanic
glass in the fine-grained basalts is extengively 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:

Cc-6




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.




ek adhadadte

Add

- ——e e

—

— S -

PETROGRAPHIC REPORT
NORTH PACIFIC DIVISION, CORPS OF ENGINEERS
NORTH PACIFIC IVISI0 T bare EXPL mO SAMPLE KT
DIVISION MATERIALS LABORATORY
R1 2. BOX 124 23 April 1969
TROUTDALE. OREGON PETROGRAPHE K " w0 NO
N. B. Higgs 69-CPCh-802
SAMPLED BY PROJECT | SOURCE ’

Chunk samples from Wynoochee

K. Graybeal ! Wynoochee Dam

SUBMITTED BY (DIST OR AGENCY)

i

!

i Rprap Source.
Seattle District J

1. Samples and Tests

Chunk samples of rock from the Wynmoochee 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 1Is 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 pyroxeme phenocrysts is actually pyroxene in an ophitic
texture with plagioclase feldspar laths set in larger pyroxene crystals. The
pyroxene formed after the plagloclase in sample submitted, whereas, in porphy-
ritic rocks the pyroxeme 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 digbase. As far as engineering properties are concerned, it makes 1littl
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 mm 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
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PETROGRAPHIC REPORT 23 April 1969
PETROGRAFHER Tw/0 NO
(CONTINVED) N. B. Higgs 69-CPCh-8.12

b. Composition: The diapase contains about 35%-407% plagioclase fcldspar,
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 identifled 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 1s 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 18 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 catfon 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 containms
chlorite rather than montmorillonite and thus no breakdown should be evidenced
during the accelerated expamnsion 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 1s no montmorillomite, the
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PETROGRAPHIC REPORT 23 April 1969
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(CONTINUED) N. B, Higgs 69-CPCh-8.2 |

rock is appreciably altered and contains 2.%-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%-:.%
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 1in
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.

G e dirs 43 T 77
NELSON B, HIGG
Chief, Petrography Branch
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- -
_ _{YNOOGHEE DAM _ _ _PROJECT _ MILE 51.8, /. YNOQGHEE_ _ _RIVER
DEPTH OF HOLE_ _ _ _176.1_ _DIAMETER OF HOLE _ _ _ NX _ _ _ _ _ _ __
DEPTH OF O0B. _ _ _ _ _7..___ DATE STARTED . 10Qe.. 1964 _ _ _ _ _ _ _ _
ROCK DRILLEO. _ _ _ _ 169.1___ DATE COMPLETED. 13Dcc. 1964 _ _ _ _ _ .
% CORE RECOVERED_. 97 = CONTRACTOR_ _ U.5.A.E.D. Seottle _ _ __

N 761 291
SURFACE EL 756.0 HOLE NO s4-00-24 E 12 145
LEVA GRA €
ELENS] B [pic | % |DESCRIPTION OF MATERIALS REMARKS
| 756,0{ H LOG 3
3 Began dri ling w
¢ |
753. n Ll WLAQML__Rk—_J tricone rock bit. Sois
GC oyey , (Angular Roc logged by visual
] -
749.0 b :'QQRE%)—_ x clossification of wash
161 op Roch - . .. samp.es. NX casing
- BASALT, ‘inely ciystalline to aphanitic seated ot 8 &' depth
- | 4" feldspar phenoci ysts in local zonesy " Px ’
b= 4 A R egan coring w N
= Few zones of paiagonite with carbonate dia. bitat §.2'
- veinlets. Unweatheied joints show ' -
3 mirror porish on biack chlaritic coatings
204/ Few joints show striae . Weathering
3 along joints extends to depth 23’
e Smalr | 8", omygdules appearing at
2C' depth ond increosing in number,
30 1 up to 2% - of rock mass, at 7(' depth.
3
3
1 Rock is generolly
=} ¢ osely jointed ond
4 fractured. Core
L—-. lengths ronge from
= fragments 1o 0.6, with
rore longe: pieces to
1.2°. Average length
- of run approximately
Q . Lo 3.
Abundont .arhonate and po’agonits in
1" thick cuived planes foom 50" to 6(°
decreasing in frequency and ending at
73'depth .
Piltow zone at base of
60 - flow .
=
—
683 ¢ l 3 ase ot Flow
i Tap +f Flow
] BASA.T, o. i - dese ihed atove
-~ phenos: a4 are to T4 . a2
30_4 amygdules '+~ .- 9
3 inweathered
I
o0
iy
10!




SURFACE EL 754 ¢

HOLE NO 64-00-24

“ 763,251

€ 1231 145
LEVA- GRA [CORE
TIONS PHIC | % |DESCRIPTION OF MATERIALS REMARKS
M LOG ;
3
ke
—
|
110
> Below 110’ depth, curved planes appear
= and become more evident with depth.
e Interpreted as repre-
\2[)% senting o pillow zone
k—j near base of o flow.
n Hydrous glass and carbonate zones to
— 14" wide at periphery of piliows fiom
" 126.5 to 160.0.
130
3
-
-
140
3
-
1

20
160.0' - 176.1"

Hydrous glass and carbonate zones to 1" .

160 thick peripheral to pillows, phenocrysts | Inter p‘“°w_1°"°’ of
decreasing in size with depth, Soft softer materiol ore
material in interpillow zones . moderately etched by

- h drill water. Woter
- return approximately
95% for entire boring.
| |70_ »
579.9
3 Bottom 1 1726.1° Inflow Test, 8.6 -
180 176 .1'. Filled hole
= w ‘water, lost 5 gpm to
18', then W .L. remaing
static at 18’ depth.
=
3
=
p

C——— —~
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_ . WYNOOCHEEDAM _ _pROJECT _ _ MILE 518 WYNOOCHEE _RiveR
DEPTH OF HOLE_ __ 9.7 _ _DIAMETER OF HOLE__ 4-1/4" __ _ __ __
DEPTH OF 0.B. _ _ _88.7 _ _ DATE STARTED_ _15Julyé5 _ _ __ _ ___ _
ROCK DRILLED_____10' __ _ DATE COMPLETED. 27 Julyé5 ___ _ _ _ _ _
% CORE RECOVERED_ --_ _ __ CONTRACTOR _ _ KOR-TCO. INC. _ _ _ _
N 764,541
SURFACE EL  80%.7 HOLE NO s5+p-25 E 1230619
GRA ICORE
S PHIC % 1DESCRIPTION OF MATERIALS REMARKS
9.7 | n |LOGl, &
3 Interbedded Silty Sandy GRAVEL ond Drilling w '4-1/4"
3 Sandy GRAVEL, brown above 4' and tricone bit, bentonite
T om groy below . Loose in upper 10 feet and | mud % no casing.
1%, increosing compaction below Action rough
0 9cp Minor mud loss
] Overburden classifico-
o tion by drill action, mudl
e loss, & examination of
3 mud return
789.7 [20 7

764.2

735.7

721.0

7Mn.0

8]
©

Sandy GRAVEL, gay

llllllll ‘llllllll .llllJlll

40
Interbedded Silty Sandy GRAVEL and Open hole stands w
50 Sandy GRAVEL w/few 3" Silt and/br heavy mud. Action rouch
E Sand lenses, groy & penetcgtion slow
- except for common
- GM smooth fast advance of 3"
38
60 1GP
=
-y
70 3
-] interbedded Sandy GRAVEL and Silty Action rough
4GP Sandy GRAVEL, few Cobbles, gray Lost 50 gal. mud in
80 & 5' odvance
Jom
%0 TR f Rock = z Penetration 22 minutes/ft
= BASALT cuttings No cave or rough spots
] Tricone olls evenly
3 w 12" wrench
o
mad
100 No pressure test or

Action rough

Caves

Losing mud & only 70%
return at 35°

Bottom 77 98.7

NX core




— — _WYNOQOCHEE DAM __ PROJECT _ _ _MILE 51.8, WYNOOCHEE _RIVER
ODEPTH OF HOLE__ _ 1'3.7 _ _DIAMETER OF NOLE_ _ _4-). 4" _ _ _ _ _ __
DEPTH OF OB. _ _ _ 109.2 _ _ DATE STARTED_ _ 6Julyés ____ _ ___
ROCK DRILLED___ _ _ 4.5 ___DATE COMPLETED. 14 Wly6s_ _ . _ __ _
% CORE RECOVERED _ _ --__ __ CONTRACTOR_ _ KOR-TCO_ INC. _ _ __
N 764,141
SURFACE EL 4, , HOLE NO s5+«p-26 € 1,290,668
£V GRA |CORE
[REvAI B Pic | ™ |DESCRIPTION OF MATERIALS REMARKS
806.4 | 4 [LOG 8
p p_# Entire hole drilled w
Em Gravelly SILT, soft, tan 4-1/4" tricone bit,
802.4 - bentonite mud, uncased,
1om Silty Sandy GRAVEL w few Cobbles, Overburden classifica-
10 q loose, gray tion by drill action, muJ
- loss & examination of
]34,4 myd return .
341 3 4] 3l
G voandy GRAVEL, loose, gray e gal mug loss
20 1
-
e
-
-
3 No mud 'oss
30 1M Silty Sandy GRAVEL w Cobbles, compacH
gray
40 1
3
762 .4 3
? GM Interbedded Silty Sandy GRAVEL & Sandy
Y 3 GRAVEL, groy No mud loss
0 1cp
754 .4 ]
752 .4 1 GM Silty Sandy GRAVEL, very compact Penetration very slow
— r cemented)
Jor Sandy GRAVEL w Cobbles, gray Lost 100 ga! mud
70
4| 3
JGM Silty Sandy GRAVEL w Cobbles (5"), Ve y little mud loss
80 gray
724 .4
M Si'ty SAND, (fine) compact, gray w 2"
to 4" lenses of GP, Sandy Grovel ot
720.0 o = 12" 1o 18" intervols
Action smooth
3 Pc netration fast
3 Little o no mud loss
100 ]
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_ N 64,100
SURFACE EL g06.4 HOLE NQ 65D -26 £ 1730 ¢o8
LEVA: g GRA
TIONS PHIC | % [DESCRIPTION OF MATERIALS REMARKS
% |06 3
g sm
7054
J s Sandy Silty CLAY, stitf, blue -gray
-+ CL
- | Top of Rock + 109.2
697 .4 | 110 T BASALT cuttings 4-1/4" tricone in rock
3 No core
692.7 3
] Bottom v 113.7 No pressure test
3
3
-
3
3
.
3
-
-
=
~
L -4
BE
=
3
D-§




_ WYNOQCHEE_ DAM_ _

_ _PROJECT _ MILE 51.3, " NOQOCHEE RIVER

DEPTH OF HOLE_ 45.¢ DIAMETER OF HOLE

DEPTH OF 0.B. _ 14.5

ROCK DRILLED

.9

- — oo NX -
_____ DATE STARTED _ . 1'F-tL.09%3 . _ _____
_ _DATE COMPLETED '5fb 1965 _ _ _ _ _ _

% CORE RECOVERED % _ __ CONTRACTOR _ _ _U.S.A.E.D.Seottie_ _ _ _
N 7
SURFACE EL ... HOLE NO ¢5-00-27 E \ Juker
ﬁgxg E DESCRIPTION OF MATERIALS REMARKS

748.0{ M

744 .5

Clayey GRAVEL, vet, (Roadfili}

AllLlJl

Si ty Sandv GRAVE .

Oveiburden penct ated
w tricone rock bit and
NX chopping bit .

Soi s .ogged by visuat
classification o wish
sompes .

NX cosing seated at
1C 4' depth

Began coring w NX dic.
bit at 15.7".

Rock is ¢ user, ,.inted
and froctured

Core lengths range from
frogments 1o 0.9,
Loagth f core usuaiiy
less than C.3".

‘Wate' Level 9.7

L] oM™
733.5 3
3 Top of Rock ot 14.5°
=
201 BASALT, hard, gray to gray -black,
— unweathered, finely crystoliine to
3 aphanitic texture, phencciysts to 1 87,
= carbonate ond palagonite zones to | 2
. peripheral to pillows. Aimost all joints
1 show rirror po.ish on dak _hioiitic
3 ¢ c S .
su-foces. Some ioints show stiioe -
¥
-
40 4 {
1
2.6
3 B-'*om ot 45.4"

L
-}

lllllll

llAlLLLL UJlllll

llllllll .lllLLlll

Inflow Test:
masing w
water, iost 1 2 gpm till
W.L. dropped to 8.7".
Water loss into ove -
burden, ock conside: ed
tight since static

.1 .ot 8.7 and oil
rock was unweotheied.




DEPTH OF HOLE

DEPTH OF 0.8. _ _ _ 4. __
ROCK DRILLED. ... __C.0 __ DATE COMPLETED . _ _!9Feb. 1965 _ _ _
% CORE RECOVERED_ _ -_ __ CONTRACTOR _ _ _. U.5.A.E.D. Seottle _ _ _
N763, 115
SURFACE EL 744 3 HOLE NO (54p-23 E 1,272,051
GRA |[CORE
ELEVS] B |ic | * | DESCRIPTION OF MATERIALS REMARKS
7448 n [LOG e &
743.3] =< Sandy GRAVEL Began diiiling
3 w tricone rock bit
i oY ‘ Afjvon'ced ho:e b?/ )
h i tiiconing then driving
LS ¥t A ternate layers of Sandy GRAVEL casing and C[.eamr.\g out]
& Sitty Sandy GRAVEL w Cobbles w NX chopping bit .
q6Mm (6") & a few Boulders
726 .3 E A
726 .31 21T CT [T\__Si.ty SAND, biown Soils 1ogged by visua!
724 .8 GP ™\ CLAY, groy classificotion of 3"
722.3 Shelby tube and wosh
- cL Sondy CLAY, blue - gray sompres.
36
714 8
712.8 4 CL Sandy CLAY
3 I
3
40y CtL I CLAY, blue
1
=
T00.° 3 I,
69721 4 oc Clayey Said. GRAVEL w Cobbles
.C"' Ciayey SAND, coarse, w occosionol
693.2 2 SC Gravel
691 8 : GC Ciayey GRAVEL, compact
636 5 3 om Siity Sandy GRAVEL, brown
685.3 60 GRAVETD ~ Bouiders Drove NX casing to
’ - 72.7". Bottom U’
3 section of casing
-3 sp SAND {fine:, bluegray hecome unscrewed
3 and wo: "ost in the hold
1 Hoie obandnned .
7C
T2 3 Bottam . N~ wate: fronle
—-“ ccoded
3
-
30
=
-
9C
-y
3
-
100

—— — -



~ _ _ WYNOOCHEE DAM_ _PROJECT _ MILE 51 .8 WYNOOCHEE _ __RIVER
DEPTH OF HOLE_48.6_ _ _ _ _ DIAMETER OF HOLE_ _ NX_ _ _ _ _ _ _ __
DEPTH OF 0B. _ 18.6 _ _ _ _ DATE STARTED_ _ _ _ 18Dec. 194 __ __
ROCK ORILLED__30.C_ __ _ _ DATE COMPLETED _ _ 29 Jon 1965 _ _ _
% CORE RECOVERED _ _ioC_ _ . CONTRACTOR _ _ _U.S.A.E.D. Seattie  _ _ _
N 763 744
SUR’ACE EL 802.C HOLE NO 65-DD -29 E 1,230. 585
LEVar GRA |CORE
Hions| B |PHic | % |DESCRIPTION OF MATERIALS REMARKS
802.0 | W |LOG 8
B Overburden penetiated
3 NX chopping oit and
— GP Alternate laye:s of Sandy GRAVEL & :icone mcipbi?, en
3 Silty Sondy GRAVEL w a few Cobbles
0] & (9 Soiis logged by visual
3 classification of wash
3 GM sampies.
= NX casing seated ot
783 .4 3 18.¢" depth
01 Top of Rock ot 18.6'
3 BASALT, dark gray, aphanitic with
3 phenocrysts to 174" . Traces of car- Rock is closely jointed
- — bonate veinlets. Joints are weathered and fractured,core
3 brown to depth 47'. Joints show mirror | tengths ronge from
301 notish with some showing strice . fragments to 0.5,
40
E \ Curved crnroonate and hydrous gloss
] zones, 44.2 to 44.5, suggest nearness
e of flow base .
753.4
50_ Bottom at 48.6" Inflow Test:
- Filled hole with water,
- watet dropped to 14’ at
7 9 gpm rate, then rate of
3 outflow decreased and
W.L. stabilized ot 19"
3 depth .
3
4
=
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. . WYNOOCHEE Dai/_ __PROJECT _  MILE 51.8, WYNCOCHEE _RIVER
DEPTH OF HOLE_331.. _ _ _ _DIAMETER OFHOLE_ _ o _ _ _ _ _ _ _ __
DEPTH OF 0.B. _ 3t4.v _ _ _ _ DATE STARTED_ _4March 195 __ ___ _
ROCK DRILLED_ __27.C _ _ _ _DATE COMPLETED. 8April 1965 _ _ _ _
% CORE RECOVERED Chun __ CONTRACTOR _ _ _U.5.A.E.D. Seottle  _ _
) N 762,523
SURFACE EL 4;; 4 HOLE NO &s-co-1c E 1,231,659
LEV GRA |CORE
Ki6NS| B [Hic | * | DESCRIPTION OF MATERIALS REMARKS
937.8| W |LOG o &
935.8 3 f—allT . w, oiganic debriz, huwn ] Chuin drili hole, cosed
] to rock w 8" pipe .
1C1 :
= e Sandy GRAVEL w * ‘avers of ilt Driiling watet added
- Sendy GRAVEL, many Cobbles % from depth 1o 1G5', no
= Boulde . (24", compo-* ard o water inflow
P cemented, b own
. GV
- Scils ogged by visuai
3 classification of bailer
» and diive somp.es.
906 .3 -—Y e
5 GMm Cilty Sandy GRAVEL w man, Cobbles
9y & 4 Boulders , compact, brown
4G |
: |
s i
3 |
50 I
G*r Sand. GPAVEL w Casesor Silty Sandy
a GRAVEL, many Cobblas R Bouldr s
— 3 24") compact and or cementrd, biown
o] Om |
-
3
E
7{
3
-
859 8 3 -
30
3
3
5w
3 5P Silty  iavelly SAND w lense« 5 Sond.
904 TRAVEL % Siity Sandy; GRAVE
= oM rpUe . brown
=
100] x
D-9



N 2,523
SURFACE EL 937 5 HOLE NO ¢s5<p-30 £ 12432
ke ]cnn CORE
TIONS PHIC | % [OESCRIPTION OF MATERIALS REMARKS
M LOG
=
3 Depth 108.6',
110 X 6' of water in hole after
3 shift change .
3 om
1207 p Depth -”5‘?" troce
- Silty Gravelly Sand w ‘lenses of Sandy water in hole
3 = SRAVEL, & Silty Sandy GRAVE.,
i ompact browr
J GMm
i C Depth 128', diy
7
, 3 Depth 135, trace
- water in hole
3
t 140
; 3 Depth 142", dry
3 Depth 144, tace
— of water .
3
3
787.8 L150
i -
3
3
—
160] GM| T | Siity Sandy GRAVEL, compacted, dry,
3 x non-plastic, some clay, gray
769.8 3
1701 sm Silty Grovelly SAND, less compacted,
—
- I groy, domp
762.8) _T Losing drill water
~ f 7 79
- G*° Sendy GRAVEL w, Cobbles, gray rom 177 to 1
758.8 | 189
- I Silty Gravelly SAND, mostly medium, Depth 184", trace water
E SM gray in hole
3
=
19C 1
746 .8 Depth 192, dry after
J oM T | silty Sandy GRAVEL w/Cobbles weekend .
. w ‘minor dry sand, bive gray
200
735.8| 3 Depth 202-' to 205",
712 8 3 sp Gravelly SAND, brown water leve! 194’ boiled
] Vi gpm w )t drowdown
L J sm Silty Gravelly SAND, brown recovery in 15 minutes.
210 Inflow decreases below
205" w increase of sily
in soil .
Depth 209°, water
enough for drilling.




S

ool

[smancs EL 937.8

HOLE NO s5<cp-30

N 762,523
E 1,231,659

ewa] B JGRA [CORE
TIONS PHIC | % |DESCRIPTION OF MATERIALS REMARKS
H LOG
,_Z! SM Silty Gravelly SAND, brown
717.8,2207 1 o
3 Clayey Silty SAND, w-minor fine Sand
3 ¢ beds, groy
709.81 o
| Clayey SILT w/ine Sond, gray
705.8] MLl o
| 71 cCuL Silty CLAY w:Sand, bluegray
) s '
698.8 | 240 x Depth 239, trace water
3
-
3 <L Silty CLAY, blue groy
3 x
3
260 Depth 260" no water
672.8; _o
3
270
qce
{ ML CLAY & SILT, gray
200
—
3
-y
_': Depth 289, overnite
3 water ievel, 274'w 1’
[ sand infiow; water
gzgg "290 I i inflow 2 gpm.
] 3 sp SAND (fine), Silty CLAY & GRAVEL, Depth 297, overnite
|- %L interbedded lenses | water level 282°
641 .8 3 CoTTT T T
30071 GC Ciayey, Silty, Sondy GRAVEL w
- $oulders, gray
634.8 344aH
633.8 3 XYy V'\ SILT, buff to groy - buff Depth 307 overnite
= Top of Bedrock at 304" water level 275"
310 1 Cuttings of basalt w. white carbonate
7
3
320 i
-

D-11




SURFACE EL 4y, g HOLE NO esco-3 2 124
LEVA GRA [CORE
TIONS PHIC | % |DESCRIPTION OF MATERIALS REMARKS
LOG
H $
]
3
—] I Cuttings of basalt w white corbonate Depth 331'
- | Nater inflow
606 .8 33(:-1 i Approx 2 gpm
3 i Botto~ 3t 331 0
| .
—a

T
.ll‘.L_LLLl_l ;

1
TSI

A1111<11 11{

Ull[

A

1111

1
tilerts

Y
1
ol aad

Lo
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NYNOOCHEE DAM __ PROJECT _ MILE 51.8, WYNOOCHE _ _ _RIVER
DEPTH OF HOLE_ _ 76,1 _ _ _DIAMETER OF HOLE _ _ NXx_ _ _ _ _ _ _ __
DEPTH OF OB. _ _ 46,4 _ _ _ DATE STARTED_ _ _ _ 1Feb. 193 _ __ _
ROCK DRILLED___ 3.1 _ __DATE COMPLETED. . !lfeb 1965
% CORE RECOVERED 93~ CONTRACTOR _ _ _U.5.A.£.D.Seattle B

N 7¢3,063
SURFACE ELI 30).4 HOLE NO 5003 E 1.2% 2
Vi GRA [CORE
ELEVAT B lowic | * | DESCRIPTION OF MATERIALS REMARKS
8c1.4| 4 [LOG | &
JGMm Silty Sandy GRAVEL w ‘uye:- of Overburden ‘?’”’ed
] ’_‘& Sands GRAVE , w Cobbles w NX chopping bit
- GP and tiicone rock bit.
3 NX diamond bit used
107 ’ on basalt blocks.
<4 ~
7v. 2] = sm Giovell, Siity SAND
-
201
1 GM™ Sitty Sandy GRAVEL, w Cobbies,brown! S2i'c lngged by visual
3 23.C -28.1, w numerous Basalt Biocks.] classitication of wash
— sompes.
mal 3
771v.4 |1 SP Graveily SAND, {coarse to fine} Lost dri i water,
. temporariiy at 30.9"
3 51ty Sandy GRAVEL w numerous
3 GM Bosalt Biocks. Neir cemented.
4C]
7579 3
7547 -] OGm Silty Sandy GRAVEL, cemented NX casing seated at
. 3 Top ot Rock at 46.5' 45" depth.
BASALT. piilowfiow, haid, giay to gia
- black , tinety o ystailine with pheno-
~ ceysts t- V8" .Corbonate and
poiagonite :ones peripheral 1) curved Rock is generally
4 piliow surfaces. Joints weatheied tan | close'y (sinted and
<19 to 56.3" depth. A.most a'l jsints show | fractured.
mirr. po ish on daik chloritic swface Core iengths 1ange
- with some showing steice . from fragments to 1.
7L Woter return
3( o> entire boring
25, ~
» Bottar gt A inttow Test
3C Fiiled hole with wate:,
I initial 4 3pe Toeg,
- graduat!y, deo casing
— to depth 31.3", whete
m . .L. remained static .
 S—




_WYNOOCHEE DAM _ PROJECT _ MILE 51.8, WYNOOGCHEE _ _RIVER

DEPTH OF HOLE_ _ 136.5 _ _ _ DIAMETER OF HOLE_ _ _ NX _ _ _ _ __ __
DEPTH OF OB. _ __ 43 _ _ _DATE STARTED_ _ 25ept 1965 _ _ __ _ __ _
ROCK DRILLED___ '32-2 _ _ _ DATE COMPLETED. !‘Sep' 1965 _ _ _ _ _ .
% CORE RECOVERED_96.3 _ __ CONTRACTOR. KOR-ITCO_ INC. __ _ __
_ ’ ’ N 7¢3,543
SURFACE EL 73 ; HOLE NO 65-DD -2 E 1,231,075
o GRA [CORE
[ELEYAT B |pmic | % | DESCRIPTION OF MATERIALS REMARKS
736.7] R |LOG 8
Jom Sandy Silty GRAVEL, brown Tricone 3-7. 9" w/
732.4 = Top Rock 4.3" water & no mud t>
3 BASALT. piliow structure, depth 12.5
" 3 o~ gdal d~ , gras t nea - b ol NX casing to 12.3
] ju cohard b b partial brown water
11' Jointed at 1 2" to 8" intervals from | return |
3 12.5 10 25.7, brown stains on some NX core bb!.
1 r joints to depth 16.6' 100% water return
1.
2 €
-
3 Jointed at 1 2" tc 9" intervols from
— 25.7" 10 63.5'
C-: Core loss of 1.7' w
highR.P .M. i- e’y
jointed rone .

g 3

-
3 Core lifter slipped &
-:i__/&/ no recovery .
=
60 y
3
5 Jointed at 1" to 12" intervals from
— 63.5' ta B5.0"
70 3
8C
3
-4
_-:S Jointed at 1" to A" intervals fram
3 7 85.C" 10 103.0*
4
9
- .
-
100




ﬁ—I(\‘l, 243

SURFACE EL 30, - HOLE NO 4003 € 1.23) 075

TGRA |CORE
el B G

TIONS| &
H

DESCRIPTION OF MATERIALS REMARKS

Jointed ot 1" to 24" intervals from
103.0' t0 136.5°

i, :
e

—i,&r/]
-4 H
-~ L

1N

<

ls

td g 7

600.2

Bottom 136.5 T [T TGP M. water |
inflow w casing full.
W, L. stabilized at
3C.0".

=
r=3
]

E

-
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WYNOCCHEE DAM

DEPTH OF HOLE

OEPTH OF 0.B. _ _ _ 142.0 _ _ DATE STARTED_ _'%Auqust 1965 __ _ _ __ _
ROCK ORILLED__ _ _ _ 10.0 _ _OATE COMPLETED. 3} August 1965 _
% CORE RECOVERED _ _-- _ _ _ CONTRACTOR _ _ KOR-ITCO. INC, __ __
N 764,097
SURFACE EL 79 4 HOLE NO ¢s<p-33 € 1,230,235
LEVi GRA [CORE
Fnon@ PHIC % DESCRIPTION OF MATERIALS REMARKS
796.4 | § |LOG 8
794 .6 ML Gravelly SILT, soft, brown Tricome, 4-1 4", «
3 mud & no casing to rock
-] Tricone 3-7 8" in rock
10 E Mud loss of 1 gpm from
3 2.01016.0°81 2' 10
j 1" of cave in hole afte:
—3 pulling tricone back 5°'.
20 § GP Interbedded Sandy GRAVEL and Silty
d s Sandy GRAVEL w Cobbles ond Boulde s
] (18", loose, tan to gray Estimated 10° mud loss
em fiom 16.0" 10 61.0"
n Overburden classifi-
10 3 cation by drill oction,
7 mud loss, & exomination
3] of mud return
=
40
3
=
-
-
30
60 ]
735.4
_E 1 210 1.0' of cave in
/Q-‘ Sandy Silty GRAVEL w many Boulders, hole after pulling
-1 GM groy tricone back 5.0°
3
|
—
-~
716 4 {80
3 1 Sandy CLAY w Cot les, blue qgiay
711.4 - No mud loss in cloys
90_ CcL Silty CLAY, blue gray
100

D-18
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“ 764,097

SURFACE EL 796.4 HOLE NO 65«0 -1 E 1240275
VA- GRA |CORE
ELEVA! B lowic | % |DESCRIPTION OF MATERIALS REMARKS
M LOG ]
695.4 3
] Clayey GRAVEL w many Boulders, gray
3 GC
110
682.4 |
Clayey Sandy GRAVEL w, many Cobbles,
q GC compact, groy
676.4 (120
f _a Sandy GRAVEL w.Cobbles & Boulders,
el gray
130
660.4 |
Clayey GRAVEL w Cobbles, blue gray
140 1 GC (il
454 .4 o S
ho B Top of Rock = 142.0
3 BASALT cuttings
150
644 .4 3
j Bottom « 152.0 No pressure test
En
160 !

L

llllllLJ

11

LL_LLLLLLLLLJ_Lthl
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WYNQOCHEE DAM _ _ PROJECTMIIE 31 8. WYNOQOCHEE _ _ .. - RIVER

DEPTH OF HOLE_ _ _ 66.0_ _ _DIAMETER OF MOLE _4-1/4 _ _ _ _ _ __ __
DEPTH OF 0.8 16.2_ _ _ DATE STARTED_ _'8June 1965 ____ ____
ROCK DRILLED . ‘9% _ DATE COMPLETED22 June 1voo_ _ _ _ _ _ _
% CORE RECOVERED__ 100°: __ CONTRACTOR _ _ KCR-TCQLINC. _ _ __
N 763.651
SURFACE EL  716.4 HOLE NO &5-00-34 E 1,231,521
GRA JCORE
| AN E PHIC | % |DESCRIPTION OF MATERIALS REMARKS
716.4 | H |LOG Tg 8\
] Overburden drilled w ’
p SAND (fine), loose, oyt .
b Y Yop 1.0' brown, gray below 4-1,/4" tricore bit &
- I bentonite mud in open
3 hole
;gg: 10 GP M £ RAVEL, 1/4" to l",(linle o no $and)
’ 7 il R
700 2 3 om ilty GRAVEL w/Boulders ,compact,gray NX cosing, seated af
= Top of Rock « 16.2 16.2
3 ‘\:\ Recrystallized SANDSTONE, gray, very | NX core w, d-illing
20 1 L hard. Joints at 0.1' to 1.1" intervals and| water
3 L two sets dip 452 - 50° w, ‘intersection
- plunging 10° to 159 Joints planar & not
- curved and not chlorite coated .*
30
] Reaction zone, sheared chloritic BASALT
e w."30°% multiple carbonate veinlets,
— joints ot 0.1 to 1.8" intervals & chloritid
3 coated, soft to mod. hard
40 1 Intrusion of BASALTIC composition, mod.
3 hard 1o hard. Joints at 0.1' t0 4.0’
> intervals,
3
50
. Recrystaltlized SANDSTONE as ot 20'
3 Joints at 0.1 to 1.6" intervals
_:': L}
J |
60 |
= L
E IO
650 4 — N
i Bottom 1 66.0° Pressure Test
Bottom of packe: at 19 .4
3 Pressure 307
7 Inflow 0.075 cfm
-4
-] | b Pressure 157
3 E""’""""‘ d e up-fouted binck of Inflow 0.025 cfm
D ‘ ocene metasediments Pressu:e drop slow
T )
]
] |
- !
3
m

D-18
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_ = V_V_Y_NQ_O_SHEE DAM _PROJECT _ __M_lli _f)_]_.ﬁ_, _V_I‘I’i()_O_(EF_; _RIVER
DEPTH OF HOLE_ _ _ 51.6_ _ _ DIAMETER OF HOLE_4-1.4" in O.8. N7 in Rock
DEPTH OF O.B. ___ _ 22.0_ _ _ DATE STARTED_ _FlJunc1%5 ____ ____
ROCK DRILLED___ _29.6¢ __ _DATE COMPLETEDI) Jung 1963 _ _ _ _ _ _ _
% CORE RECOVERED_ 100%__ _ _ CONTRACTOR _ _ KCR-ITCO_ INy. _ _ __
- _<n ¢, 459
SURFACE EL 7273 HOLE NO 4s.00.35 5_1;2:'!!5694
VA GRA JCORE
TIOENS PHIC % DESCRIPTION OF MATERIALS REMARKS
727.3] W |LO6 8
724 3 I Y 4 Gravely SAND, brown to gray Gperation, 4-1 4"
3 Tricone & mud in un-
— cased hole
10 Sandy GRAVEL w few Cobbles, loose, Qverburden classifi-
3 ~p gray cation by drill oction,
o mud loss & examingtion
—_{1 of mud retyrn
-
207
705.3 o Top of Rock ** 22.0' N7 casing seated at
7 BASALT dark ~gray, felsitic texture, 22.0°
3 amygdaloidal, mod . hard to hard. Joints| Operation, N« core

675.7

8
Al

8
A,l_lLl_lLlL

Lisy

jor
t=]
AL

curved ond coated w glossy near -black
chlorite . Core lengths 0.05' to 1.0" w.’
incipient joints ot closer intecvals.

Few minor curved corbonate veinlets.

drilling w water

lLlLL_lll

o
o

el

ll.lll.lll

.utluu

Wl

Bottom -+ 51.6

Pressure test

Base of packer ot 25'
Pressure 30/

Inflow 0.04 ¢fm
Water level 22.0'
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WYNOOCHEE DAM | PROJECT _ _ _MILE 51.7, WYNOCCHEE _RIVER
DEPTH OF HOLE_ __ ¢2.0_ _ _DIAMETER OF HOLE_4-1/4" in O.B., NY in Rog
DEPTH OF 0.8. _ __ 36.3 _ _ DATE STARTED_ _12 June 1965 _ _ _ _ _ _ _ _
ROCK DRILLED___ _ 2> __ _DATE COMPLETED _I'ZJunel%65__ _ _ _
% CORE RECOVERED_ */:2¢ __ CONTRACTOR _ _ KCRITCO. INC.

. N 763.315
SURFACE EL /157 HOLE NO 4s50p-3 € 1.291.888
Vi GRA [CORE
[FiGNS] B [wic | * |DESCRIPTION OF MATERIALS REMARKS
719.7 | H |LOG 8
] oM Silty Sandy GRAVEL w ‘nume:ous Operation, 4-1 4"
, 3 Cobbles, loose, brown tricone w deilling mud
714.7 n & open hole
7.7 1 sP SAND (medium to coarse)} gray
10 1 P Gravelly SAND , (medium to coarse), Overburden classifi-
] loose, gray cation by drill action,
704.7 3 mud loss & .-wamination
. of mud return
3
20 1 Sandy GRAVEL w ‘numeious Cobbles,
: loose, gray
J Ge
-
30
3 NX casing seated ot
683 .4 - Top of Rock = 36.3° 36.3'
3 BASALT, dork ~gray, felsitic texture to Operation, NX core
140 1 diabasic texture, mod. ha:d to hard, in rock
o stightly amygdaloidal . Core loss 0.7' t-om
3 37.0'-37.7
. Joints cu-ved and coated w near -black
50 chlorite No water loss
= Minor corbonate veinlets
hpe Core lengths 0.05' to 0.8'
60
657.7 T4
3 Bottom i 62.0" Pressure test
— Bottom of packe: at
3 3.7
70 Pressure 307
] Inflow 0.005 cfm
80
~
3
—
L_1
D-20
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WYNQOCHEE DAM _ __PROJECT _ _ _MILE 51.8, WYNQOCHEE _ RIVER
DEPTH OF HOLE_ _ _ 96.2_ _ _ DIAMETER OF HOLE_ 4 | 1. 0.B., NX in Rock
DEPTH OF 0.8. _ _ _ £0.0_ __ _ DATE STARTED_ _ 30 June 1965 _ _ _ _ _ _ _
ROCK DRILLED____ __1:2 _ _DATE COMPLETED 2%luly %5 _ ____ _
% CORE RECOVERED__ 100% __ CONTRAGCTOR _ _ _KOR-ITCO., INC. ___ _

N 763,104
SURFACE EL ;43 3 HOLE NO 45.00-3; E 1.232.058
var GRA [CORE
Rone| B [Pic | % [DESCRIPTION OF MATERIALS REMARKS
743.3 | B |LOG ﬂg gl
3 Interbedded Silty Sandy GRAVEL & Sand{ Drill w/tricone & mud
] GRAVEL increasingly compact w ‘depth | Action rough limited
-3 GM brown to 5' and gray below caving very little mud
3 & loss, Overburden
10 { GP classification by dril
3 action, mud loss, and
- examination of mud
726 .8 ] return,
20 3 Sand caves & runs into
= hole
3 sp SAND (medium to fine) groy
712.8 |30
Jct CLAY, stiff, bluegray
708.3 -
40
q CLAY, w-few pebbles, stiff, blue—gray | 4" casing to 37'
-
-
685.3 e
60 { c¢ Clayey GRAVEL w, BOULDER (12")
681.3 3
680.3 € A ~_ Clayey SAND s
3
70 :
GP Sandy GRAVEL w/Cobbles
3
-
663.3 | 80 3 Top of Pock 1 80.0 N” casing to 83.0"
3 BASALT, near -black  hard . .
= | Interpieted as middle of flow Triconed '0 83.0
~ NX core
q Full water teturn
70 4, Jointed at 0.1' 10 1.3" intervals w
3 joints chlorite coated & many slicken-
-~ sided
~4, 1 :
3 Bottom 1 96 .2 No oressure test
100




WYNOQCCHEE DAM PROJECT MILE 51.8, WYNOCCHEE _ RIVER

DEPTH OF HOLE_ _ _ 80.0_ _ _DIAMETER OF MOLE4-14" O B., NX inRogk_ _
DEPTH OF 0.8. _ _ _ 54.5_ _ _ DATE STARTED_ _ llJune 1%5__ __ _ ___
ROCK DRILLED___ _25.5_ __ _DATE COMPLETEDS June 1%5 _ __ _ _ _
% CORE RECOVERED _100°%_ _ _ CONTRACTOR _ _ _KOR-TCO. INC.
N 763,124
SURFACE EL 501.8 HOLE NO 4s5-00-38 E 1 231,552
Eval GRA |
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS
1.8] H {LOG
800 J ML Cperation, 4-1,4"
j Tricone w, ‘'mud in
n open hole to depth
e Silty Sandy GRAVEL w/few Cobbles, 54 .5'
10 1 GM compact, gray No recove:, cf drive
.. samples
— Over -burden classifi-
3 cation by drill action,
20 ] mud loss, and examina-
; tion of mud
;?gg _'/SP \ -6.AND, gray —\] tion of mud return
776:8 1 om Silty Sandy GRAVEL, compact, gray
30 :< Interbedded Silty Sondy GRAVEL and
dcm Sandy GRAVEL, compact, gray
4 &
-J 6e
40 3
759 8 b
JsPé& Gravelly SAND interbedded w "Sandy
755.6 | — GP | GRAVEL, compact, gray
JGe Interbedded Sandy GRAVEL, Silty Sandy
50 | GM GRAVEL, ond SAND, compact, gray.
j & (SAND in 4" to 12" beds) NX casing seated at
773 | _3F __TopRock 7 54.5' 54.7"
Pas.3 | 3 BASALT as below Operation. NX core w/’
743 . === i, H k . be. water .
60 ] '\l\r.lc ocse'?gsda( ALE, dark -gray, interbed A
- BASALT, dark -gray, felsitic texture,
3 omygdaloidal, mod. hard to hard,
e chloiite ~cooted joints w, mirror polish
3 surfaces forming curved planes at 0.1' to
70 0.7 intervals, trace clay & carbonate on|
b some joints.Interpreted os one or two
- pillow BASALT flows.
3
3 .
721.8 |80
3 Bottom + 80.0" No pressure test
-
m
3
3
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Ve r e MEE DA CPROJECT _  MIL ). VYN OUHIEE _ RIVER
DEPTH OF HOLE_ _ _ 4..0_ _ _DIAMETER OF HOLE4-1 4 O.B N inroch _ _
DEPTH OF 0.B. _ _ _ 4.2 _ _ DATE STARTED_ _ 24May1%> __ ____ _
ROCK DRILLED____ _32.6 _ __DATE COMPLETED 2t Moy VoS _
% CORE RECOVERED_ 100 _ _  CONTRACTOR_ _ _hOR-Tco., MNC.

N 763 26~
SURFACE EL -~ ; HOLE NO / ooy E 1231 44
k GRA [CORE
ELEVS1 B [ic | * | DESCRIPTION OF MATERIALS REMARKS
7745 | 4 |LOG 8
B AL Lﬁ-av A ILT, b own Jpeation,4-1 4" ond
bes - | A ¥ Cinterbedded i1 ond, GFALEL & Cand) 1ol q R nole
~ \qp’ \OR‘A\/EL, brown & jia, Overburder. classifizatio
3 Siltv fandv GRAVEL w few Cobbl -, by drill action, mud loss
10 1 Gm L0 . inceasing «ompaction w dept ;‘,,}‘Jr%'?'”(";“‘" of mud
3 4" cosing . ated at 142
760 ¢ 3 Jop o' Roek .« 140"
- BATALT, 4y, wa,yeen, mou ‘ua | Operation, N o
1 ro hord, amygdaloidal, pillow structur 4illed w wa*-
20 1 w urved < hlorite carbonate seams
2 V100" 1o 1 4" wide on 1 27 vo e
6—1 centers; core lenaths 0.C5" ta 4 .0° No wate: lov: i oo v
30
3
3
40 1
-
3
e 7 Bottom - 470" Fraggure oot
- Pa- ke hottam gt 15.0°
= Proessure 30
| Inflow 0 .04 cfm
i
3
3
.?
3 )
m l
4
=
—%
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DEPTH OF HOLE_ _ _ 100.0 _ _ DIAMETER OF HOLE _4-1 4" O.B. NX inRock _

DEPTH OF 0.B. _ __ _74C _ _DATE STARTED._ 23 June 1965 _ _ _ _ _ _ _ _
ROCK DRILLED. _ __ 260 _ _DATE COMPLETED. _'4 iy 1965
% CORE RECOVERED _ 100“_ _ _ CONTRACTOR _ _ KCR-ITCO.,INC. _ _ _ _
. N 702 75¢
SURFACE EL 74.o HOLE NO 45500 E 1.211,104
L E VA ]G A 1CORE
TIONS PHIC * DESCRIPTION OF MATERIALS REMARKS
764.6| W [LOG o 8
] Drili w tricone & mud
3 tilty GRAVEL, loose, brown
oM T 13.9%
1¢
752 .0 =
Jor “andy GRAVEL w Cobbles Lost oll mud
7476
20 4
3 Gm Silty Sandy GRAVEL ~ Cobbles, brown Jight ~ad lose
40 1 | _o
+H GC Cloyey GRAVEL, compact, g.ay
3T n
3C 7 Tty ondy GPALVEL w Cotbles,
1 om compact. gay
29 3
o I- 41.2%, LL 44
40 4 PL 19
3
3
= Gravelly CLAY, stiff, blue gray No mud 058
- I 16.4% (L 45
Jc VI6PCF PI 2C
5¢ §¢iob
- I 33.4%: LI 45
3 o1 2”
3
-
-
~
-y
764.8 |60
e et Sandy GRAVEL w Cobtles Lost all d itl mud
3
-
94 2 | C
+ Om <ilty GRAVEL. (possible 1111 NX cosing to 70"
3 Top o Pock 40 Qpen hole 70 to 74
690 & - S laciol *ill
— BASALT pillow wructu-c, omygdaloidal [ ldeils 20cio
: neo -black . Mod hard to 7/ .0" & hotd NX core below 75.0
80 retow Jointsat 0.1°10 0.2 intervals
3 rvom 74 010 79.0'and 0. 1" 10 1 R
e intervals f om 79 0' to 100 .0’ joints o e
— cklo ite <ooted
.
=
i hoo
Fartom 100 .0 No n essu e test




WeNOOCHEE _  PROJECT _  MILL 51.5, WYNOOCHEL _ RIVER
ODEPTH OF HOLE_ . _ >t."_ _ _DIAMETER OF HOLE_ _ N¥_ __ ___ _ _ __
DEPTH OF 0OB. . . _DATE STARTED . - ogust 1965 _ _ _ _ _ _ _
ROCK DRILLED._ 575 _ _DATE COMPLETED 1 -.gust 1065 . _ _
% CORE RECOVEREO _ 100:n__ _ CONTRACTOR _ _ KORAT (w0 [ INC,

N . &
SURFACE EL 47 3 HOLE NO 4500 4 E ik,
~ GRA [CORE
ELENS] B [Pic | ™ | DESCRIPTION OF MATERIALS REMARKS
6273 W |LOG |, 8
624 1 3 GP Sand, GRAVEL, gray,w Cobll s (¢ 4-1 4" ticorw
’ Top of Rock "7 3.7 N* core
] Geologic desciiption. BASALT, klack |
10 1 hard, nail just scratches, pillow-st:udty

locally 1 8" feldspars, frw ca'borat
omygdules, locally carbonate vi-ins and
lenses to 1" thick, up to 1 2"palagonitic
ind on some pillows. Jointe incipivnt

-
ey

- L
20 ~ ond closrd w no wiathering or staining.
P . .
1 Curtaces cu-ved and show mirro. -polisf
{ I on near -tlack chlotitoid cooting; trac:
3 slickensides attributed to rock swe ll and
- 4 - not to tectonics. Closed joints break open
= w.finge: pressure k'zul are discontinuous
30 4 and mass sheas strength is Righ if con-
b fined. Core lengths 1 4" to 2"
.
3
4
—
P
4
3]
40 1
3
-
.
3
3
3
50
=
3
o
-—
] .
568 .¢ :
60 S
- Bottom 58 .7 Prossure test
o Pack:+ bottom a* = . V"
e Water pressure 30°
E No inflow
-

(=]

111[1111

ol

223

=3
LLllllLLl

3

b
waliigg

E
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L oo t—ein

% CORE RECOVERED_. 100 .

e PROJEGT ML 1o, WXNCCLHEE_RIVER
DEPTH OF HOLE. _ _ ._.°_ _ _DIAMETER OF HOLE__ N _ ___ _ ___-
DEPTH OF 0.B. s b _DATE STARTED _ . /oows M5 L .~
ROCK ORILLED . _ _ _ .5.>.. . _ DATE COMPLETED. _. Awgus )y oL

_CONTRACTOR _ _ ‘.~ bonro INo

.lxllll

L

lll'llLl ;llllllll

2 ‘a
LLllll

lLllllJl all

o
(&l

573.3

4 1 LJJALJ

llllLlll

lLLIlLLL St laaat

parliis

—— =
|
|

|

1o} 2" nick on some pillows,

SURFACE EL 3. HOLE NO . op a2 v Vo
GRA [CORE
T'igx? E PHIC DESCRIPTION OF MATERIALS REMARKS
630.5 | H JLOG
£2h . o ~and, >RA.EL. loose, arav 4-1 4 ciicon. » casing
op Rork 2.0 N cor

Full water retv *

8a~4t T black . vord (noil just scratches
pillow stiucrure, focall. 1 =" feldspa s
frow - ‘»33um)gdufes, locally, 214

seinlersro 1" thick ness, palagonitic i d

Joints incinient and close 4 v~ wraths 4
ing o staining; su faces cu ved and show
~i ror spolish o chloiitoid coating;

voace slickensides attibuted to rock
swe i and not to rectonics. closed joints
k- eak open w finger pressuce but are
discontinuous ond moss shear strength is
high if confined.

“ore benaths 1 4" 1o 47

Bottom 2.2 Pressure test
Bottom of pocks at 5.0°
Waotar pressure =5 ’
No inflow




- e e
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_ _ _WYNQOCHEE DAM _ _PROJECT _ _ _MILE 51.8, WYNOQCHEE_RIVER
DEPTH OF HOLE_ _ _ 36.8 _ _DIAMETER OF HOLE _ _ _NXx_ __ _ _ __ __
DEPTH OF 0.B. _ __ _1.8 _ _ DATE STARTED_ _'SAvgust 1965 _ _ _ _ _ _
ROCK DRILLED_ . _ _35.0 __ _ DATE COMPLETED!/ August 1965 _ _ _ _ _ _
% CORE RECOVERED_ 100 _ _ CONTRACTOR _ _ KOP-TCO.,INC. _ _ _ _
N 761,512
SURFACE EL 231.2 HOLE NO 65-DD-43 E 1,271,151
IGFA CORE
[BiSVal B |PHic | * |DESCRIPTION OF MATERIALS REMARKS
631. W [LOG s B
6294 G Sandy GRAVEL, loose, gray /] Teicone 1o 19"
. Top of Rock LN
.
I BALALT black , ha d (just se atches
10 1 w nail), pillow structure w
= palogonitic ind and few co bonote
3 amygdules, locally 1 8" feld spars,
-7 CO3 veins to 17 thick
20 1
— Joints closed & incipient w no
3 staining o: weathering; curved jcit
30 b surfaces show mi-ror -polish on
- chlotitoid coatings; trace slickensides
: attributed to ‘ock swelland not to
= tectonics, ciosed joints brcar oprn w/
1 finge: pressure but are discontinuous
. & shear strength is high if confined .
40 1
3
-
3
B
-
3
| 50 1 Core lengths range from 1 4" tn 127
3 ~ 1 2 5f coe pieces ‘anging from
- 4 1o 12
2744 3 R — e
60 Bottom & Pressure Test
. Bottom of packe:
3 at 7.8
-3 Water pressu-e 307
> No inflow
»
7
-




B Voot o HEE T an o PROJECT 0 MUE ST.e, WYNGC

DEPTH OF HOLE. - _ _ _DIAMETER OF HOLE _ _ 3¢ _ _ _ _ _ _ _ __
DEPTH OF 0.8. _4 .0 DATE STARTED _ 2\ Voo .
ROCK DRILLED . 1L . __ _DATE GOMPLETED ' . oowstles
% CORE RECOVERED . - _ _ CONTRACTOR_  _ ' . .A.L.0. ottt

N .y,
SURFACE EL (4 | HOLE NO  s:-s: £ 1250 5
GRA [CORE

| T34 E % |DESCRIPTION OF MATERIALS REMARKS

s | A 8

0% 1 el Cla o, TRAVEL, sofs, g own

» 7 and. RAVEL compat L a. w mar
q i obeloweo Yo" & vgee sl teoades _‘l‘
r‘" i
{J—L—-—-i "o WAL, & nar wet (B VL8
: Pmpact, wet, L e i 1
« Cw
= <
:‘lcb‘
3 .
o 4 Lo s
3 Moo2
= } Y
e j SRS
v ] |
] | : e
ol j . - TAE Wt w ~CT. b

Toe o~ Q6 s 4 : - ! o3 st © W ]

BT 3\’\!‘ ity fondy GPA EL, raid icementd) | yore. seepiv, i

V Grovell, i, TAND w Boulaers, rord

111
e

A ——]

!

,_Al,Ll 1114

-

.LLLLLLL

il

P Y

ol

BT T




WYNQOCHEE DAM _ _PROJECT _ _ MU 5l.6, WYNQOCHSE _ RIVER
DEPTH OF HOLE_ __10.0_ _DIAMETER OF HOLE_ _ _ _=-_ __ _ _ _ __
DEPTH OF 0.8. . _ _ 10.0_ . _DATE STARTED_ 2y )92 _ . _ _ ___ _
ROCK DRILLED .. _ __--_ _ _ _DATE COMPLETED. 2 lui 19> _  _ _ _ _
% CORE RECOVERED_ --_ _ ___ CONTRACTOR _ _ U.“.A.E.D. wattle __ _

N /s 1
SURFACE EL 59 5 HOLE NO ¢5-8r-5¢ E 12 %s
GRA [CORE
[5i6nsl B |pic | * |DESCRIPTION OF MATERIALS REMARKS
796.3 | W _|LOG o 81
J oM g Stlty “and, SRAVEL, loose, brown
{Lab
792.3 — cn < <ilt, Sandy GRAEL, in interbedded
790.3 :\('J ’4 lenses {4” to 12", loose, brown &/
786.3 10 1 °M compact, 9rdy.
e N o Silty Sondy GRAVEL, compact,gray /
3 Bottom = 10,0
7
-
-
-
e
L3

D-29




WYNQCCHEE DAM

DEPTH OF HOLE_ _ _ 12.0_ _ _ DIAMETER OF HOLE s

DEPTH OF 0.B. . __ 12.0_ _ _ DATE STARTED_ 28 Jyly 1965 _ _ _ _ _ _ _ _
ROCK DRILLED._ . _ _--_ _ _ _DATE COMPLETED.25 July1%65_ _ _ _
% CORE RECOVERED _ --_ _ _ _ CONTRACTOR_ _ U, .AE.D., Seghtle _ _ _
N 63.160
SURFACE EL ,5; 4 HOLE NO .s.gx-s¢ £ 121,194
GRA [CORE
EBisva B |pric | ™ [DESCRIPTION OF MATERIALS REMARKS
787.8 | W4 [LOG |, §
3 @
: v ST S nd, SRAVEL w Cohr ¢ (4™
780 8 a0 |a < mented, brews
Ie
778.8 [ 10 1= ,G'c"e”’ SA,’E (coarse , yo, *Laborotory classification
775.8 ’;‘ N \_(Qggﬂwo /] sample i< 2, Sandy

Inte bedded Gravelly SAND & Sand,
GRAVEL, gray (openwork) /\Grove‘
Bottom = 12.0

|1|111“ .11111111 .11111111 Allll“ i

lll[llll

llllllll

11111111

lLllllll

Lol

f
|
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DEPTH OF HOLE_ _ _ 15.0_ _ _DIAMETER OF HOLE 3¢ _ _ _ _ _ _ _ _ __
OEPTH OF 0.8. _ __ 15.0_ _ _ DATE STARTED _ 'Z-Avqust1%65 _ _ _ __ _
ROCK DRILLED_ _ _ _ - _ ___ DATE COMPLETED. _ '3 August 1965 _ _ _ _ _
% CORE RECOVERED_ --__ _ _ CONTRACTOR _ _ U.5.A.E.D., Seottle  _ _ _
N 764,083
SURFACE EL ;, , HOLE NO ¢s5-8a-s7 E 121,048
A
L SNe E PHIC DESCRIPTION OF MATERIALS REMARKS
7711 | w4 |LOG
769 .6 ML A Gravelly .andy SILT, Soft, wet, brown
4 GM Silty Sandy GRAVEL w./numerous C obbley w lewel 40"
_— (117, loose, wet, brown | g level 4.
%11 :/EP L\Sandy' GRAVEL, loose (wates beaiing) 4
761.1 LU0 1 5™ S|i|fy SANP (ficne‘ dezse, groi w trin
CL C LAY, stiff, multi~olored layer of G¥, GPA JEL
757.1 T y - - (wate- bearing)
7361 et vy oy D Bouldes from deptt 11.3 10 11.8
Refusal « 15.0 in "lacial Titl

llllllll .llllllll 411,LJ_llll .llll 11l

llllllll

lAJlllll

llllllll

llllllll
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_ S ¥YNOOCHEt DAM  PROJECT M 518, WYNOOCHEE  RIVER
DEPTH OF HOLE_ _ _  33.0 _ _DIAMETER OF HOLE_ _ _3¢'"_ _ __ _ _ _ _ .
DEPTH OF 0.8. _ _ _ _ 320 _ _DATE STARTED_ i ugust1%65 __ _ __ _ _
ROCK DRILLED. .. __:=-_ __ _DATE COMPLETED 'ZAvgust 1965 _ _ __ _
% CORE RECOVERED_ _-- _ ___CONTRACTOR _ _ U, A ED. Seottle_ _ _ _
SURFACE EL g3.0 HOLE NO +~-8a~2 L P2 e
GRA |CORE
[5:5N&] B [pwic | % [DESCRIPTION OF MATERIALS REMARKS
783.0 W |LOG
782.0 _;\ML/‘ Travelly “layey SILT, soft, wer,
3 brown J |(Composite Sample is
J_‘ ~ : Alternate laye:s of ilty andy P LT
1M SRAYVEL ond “andy GRA “EL, w man,
10 P ‘& “obtles (8"}, louse, moist, brown
- P
772.0
= or Sandy TRAVEL, loose, wet, brown 7.2, 125 pcf
Jitaby
20
761.0 »
— Sh- Sandy GRAVEL w.Clay, many Cobbles
.:-]' C (6"), w loyers .+ “andy GRAVEL,
30 ,& e foose, wet 5.5 , 133 pct
W .
. L 46
- (iab) S . . L P20
749 0 GC Clayey GRAYVEL, | :. hrow,
748.0 j"meﬁ'_ Bed'ock ighly frachvsd
T4T " q offom 71 i
3
o
=
-
]
=
]
3
-
-
-
:
-




SYNC Cibe o PROJECT _ _ MILE 518, WYNCQGHEE_ _RIVER
DEPTH OF HOLE_ _ 30.0 _ _ _DIAMETER OF NOLE_ _ _3¢°'_ _ __ __ _ __
DEPTH OF 0.B. _. . 50.¢ . _ DATE STARTED_ __ _23 Avgust 1965 _ _ _ _ _
ROCK DRILLED. .. : _.DATE COMPLETED _2%-wgust 1965
% CORE RECOVERED_. - _. . _ CONTRACTOR. _ . .AL.D., Segttle_ _ _ _

N .6
SURFACE EL o5 ¢ HOLE NO 65823 £, 33(1”3&1
LEVAT shA £
TIONS PHIC % DESCRIPTION OF MATERIALS REMARKS
769.6( 4 [LOG 8
6.0 .58 Clave, “FA.EL. w afew Cobbles
3 {(~"1 loose, we', trowt /
— G4, 140 pot
h Aitcinate layes o iy send, OGP ALY L 2
104 58 ord Sandy OFAVEL w a0 tew M
3 g ¢« obbles (671, loos. to compact . gray,
3 {lay=rs dip & slope in all dirvctions
i I nteipn fea v pe wash ot N2 oo
] 12
- .
~ ympusite somples e
i~ R
N <
. e 2
oY
h <p “andy GKAVE! w a few Cobliles (117,
"4 - 3 very luose, we!, brown cater e 36,0
~SP M Al'crnate thin layers ot SAND 4
IS ol \ ¢ -
991 | 50 -:&SMb\ ana ilty SAND (fine), wet, gray N.i 26.2° "9 pef
. o . .
3
.i ML Cloye, UWT, compact, wet, blue gia. .24
j C (bedding distoited) N
toab) A
“17 - - ttor = 30.C
A
b
-3
~
-~y
] —
3 i
oy
3
~ !
. i
4
4
4 - !
b3
-
\4
o
L .JL —a




WYNOOCHEL DAM  PROJECT MILE 51.8, WYNOOCHEE  RIVER

DEPTH OF HOLE_ _  5°.C_ _ _DIAMETER OF HOLE _ _ _3¢'_ _ __ _ __ __
DEPTH OF 0.8. _ _ __ 39.C_ __ DATE STARTED_ _ _30QAugust 19¢5__
ROCK DRILLED. __ _ _-_ _.__ _DATE COMPLETED. _- eptember 1965
% CORE RECOVERED _ - _ _ __ CONTRACTOR_ _ . .AE.D. Seattle _ _
. N 762,652
SURFACE EL ., |, HOLE NO ¢s 8a-64 E | a1 oo
L E VA GRA E
EUONS PHIC % |DESCRIPTION OF MATERIALS REMARKS
762.5] W |LOG |o 8
“ilvw Crganic Debiis, sott, wet,
758.5 J M browr
3 SM Silty Sandy GRAVEL w,/few Cobbles(éy
754.5 1 & trace of Organic Debris, loose, wet. .
0 brow: 14.27, 111 pet
=4 ~w “and, GRAEL w a few Cobbles (6",
5 N loose, wet, brown w pockets of SP,
— ~m ] “AND & layers of Silty, Sondy 1.5, 124 pef (G0
] ~PAS L & Cla,e. Tund, GRAVE! tr 62
20 7] Pl 24
. {Cumposite Sampies are
3 CP-"M & "W-"C
E 2.0 128 pet
20 3 ‘ L4
7213 S i “RAVE . cse wer Lo
727.0 = brown (water bearing)
3 " 24.0%, 10 34,
40 -1‘ CLAY, stiff, moist, brown to gra, . %.9%, 11 38, b
- C (in thinly bedded horizontal lavers
:'icb) < above 48" 33,2%, 11 40, Pl V¢
7
30 3926, 0 w4, 2
p
3
703.5 ] Bottom 11 59.0
3
3
3
3




_ WYNOOCHEE DAM ___PROJECT MILE 51.8, WYNCOCHEF_ _RIVER

DEPTH OF HOLE_ __ 116.7 _ _ODIAMETER OF HOLE _3¢" & NX_ _ _ _ _ _ _ _
DEPTH OF 08. _ __ 0.2 _ DATE STARTED _ _ _'3Sept 1965_ __ _ _ _ _
ROCK DRILLED___ _ _ 8.5 _ __DATE COMPLETED. 60Ot 19S5 _ _ _ _ _ _
% CORE RECOVERED_. "% _ _ CONTRACTOR _ _ U.5.A.E.D. beattle_ _ _ _
N 782,725
SURFACE EL 797.7 HOLE NO cssapp<s  E 1.231,266
GRA |CORE
[EiEva1 B pHic | * |DESCRIPTION OF MATERIALS REMARKS
797.7 W |LOG | B
7947 J ML Gravelly SILT, soft, wet, brown
E GM L Alternate layers of Silty Sandy GRAVEL,| LL - 32, 7 5
104 & compact, gray, & Sandy GRAVEL, loose 6.1%, 135 pcf(GM)
d Gp (openwork), brown, w’Cobbles & a few (Loyers dip down
- N .
o Boulders (14") slope)
—4: (Composite Samples are
3 3P-CM)
- K}
20 1 4.7 130 peHGF
.3 LL-48, ‘1 15
768.7 130 Jow|® Sandy GRAVEL w/Silt, loose, wet, 6.3%, 127 pef
4 GM brown w ‘lenses of openwork (Fines ate in small
762.7 iab) pockets & sticking
3 cp Sandy GRAVEL, loose, wet, brown, to coarse fraction)
758.7 | 40 - cj)penwork) ‘
3] GM Silty Sandy GRAVEL, compact, wel, {Layers dip down-
J & w layers of Sandy GRAVEL, loose slape)
TGP |« (openwork), wet w a few layers of SP, 7 .V%, 124 pcf
':‘ SAND (ng\:pgslu)e Sample is
50 Water seeping into
] hole below 56' but
3 runs out through
i loose GM in bottom
3 of hole .
738.7 60 p P vaoJeii??AND(coovse),com&ogf, \J
736:7 q((sob) < saturated, gray & brown (stratified) Lensgs di gownslope
3 om Silty Sandy GRAVEL, loose, saturated, 20 to25
_3 Py brew « (some openwork) w. lenses of L— —53.‘:—“9' ayge:
3 SAND (fine) Tricone
70
kL 30, P9
726.7 3 (L 30 ». 1
3 23.4%, 107 pcf
3 L3714
n { ?4.;%, 104 pcf
80 { CL CLAY . stiff, blue groy Lt 40, PI- 20
J(Lab) 27.7%, 99 pef
- [' Lo 48, PL 17
A (L 40; ;1 -9
3 14.0% ., 90 pc-
3 { 1035 P15
90 29.2%, 99 pef
3 fu 48, Pl 2]
3] 32.7%, 91 pef
- 1L 49 7 2
3 31.2%, 92 pef
—_
w oo 6C TTayey GRAVEL




prrw v v ~———
9= - N 762,7
SURFACE EL ™. HOLE NO c:sa op<s 205
E 1,231,266
Eew E GRA [CORE
TIONS PHIC | % [DESCRIPTION OF MATERIALS REMARKS
5 |Lo6
694 . 3s 5
5 SC C layey \iRiVFL Top of Rock : 103.2
—] P BASALT, dark -gray, hord; pillow Fui water return G.8°
3 i structure w interstitic carbonate; joints core toss by grinding
\ ] ot 1 2" to 2" intervais in ¢ osely jointed rock,
686 .0 I Nc pressure test.
3 Bottom + 111.7 T
-3 |
i —i ’ NOTL: 2 plastic pipe left in hole &
r— —- perforated ot 33.0' to "3.0' & 94.0°
3 | to 1.4.00
v 3 ]
1 !
-_— I
; ‘
X = :
' - ;
I
R
EE
! j ‘
?——_: )
; - |
l —
.=
L

| istiaud
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DEPTH OF HOLE_ _ _ 73.5  _ _DIAMETER OF HOLE_ _ _Nx_ __ __ __ _ _
DEPTH OF 0.B. _ _ _ 62.5 _ _ DATE STARTED_ _20September 1965 _ _ _ _ _
ROCK DRILLED___ _11.0_ _ _ DATE COMPLETED. 28 September 1965_ _ _ _ _
% CORE RECOVERED_100% _ _ CONTRACTOR _ _ U.S.A.E.D., Seattle _ _ _
W 363,0M
SURFACE EL 757.9 HOLE NO cs-009 E 1,231 895
GRA |[CORE
FGiEN&l B [ic | ™ | DESCRIPTION OF MATERIALS REMARKS
757.9{ § |LOG 72 8!
E ML SILT w/Gravel, brown Drilling w ‘N> tricone
753.9] o bit
103 om Sandy Silty GRAVEL w.’ o few
- & Boulders & w, thin layers of SAND
J sp
20
735.4f oMM I~ ATternate loyers of Sandy Silty ™~
3 & GRAVEL & Sandy GRAVEL w/a few
728.9 d P Boulders
727.9| 30 +5P = SAND (fine) ™
3 Clay bedding dips
: I ‘/ w ;ﬂ 3--
- 23.3%, tL=33,Pl=]
. 27.6%, LL= 35, FI < 1
40 1 CL CLAY, stiff, blue gray 16.7%, LL = 34, Pl =1
:(Lob) 25.8%, LL=29,Pt- 8
3 25.7%, LL=32, Pt- 1
= < 25.8%, LL =33, Pl - )
3 < 25.8%, (L =32, Pl =1
707.9 <
3 RAV
704.4 GC Clayey G EL
702.9 - SAND {fine), compact, black
60 B GP Sandy GRAVEL w/ a few Boulders
695.4 3 Top of Rock @ 62.5
_.1 BASALT, dark -groy, hard; jointed 100% water return
: at 12" to 8" intervals
20
684 .4 _
-3 Bottom @ 73.5 No pressure test.
R NOT: . 2" plastic pipe left in hole &
B perforated + 23.0' to0 30.0' & 50.0' ro
3 63.0




_ _ _WYNQOCHEE DAM _ _PROJECT _ _ _MILE 51.8, WYNQOCHEE _ RIVER
DEPTH OF HOLE_ __ 54.2_ _ _DIAMETER OF HOLE__ _%"_ _ __ _ __ __
DEPTH OF 0.8. _ __ 54.2_ _ _ DATE STARTED_ 24Sept1%5 ___ _ ____
ROCK DRILLZD____ =~ _ _ _DATE GOMPLETED.30Sept19%65_ _ __ _ _ _
% CORE RECOVERED_ --_ _ __ CONTRACTOR _ _ U.S.AE.D.. Seattle  _ __
N 762,940
SURFACE EL  758.4 HOLE NO s5-8a-70 € 1.231.023
IGTA CORE
RLEVS] B |pic | % |DESCRIPTION OF MATERIALS REMARKS

58,4/ 1 [LOS o &
NML A Sandy SILT w/organic Debris, soft wet,
EP rown / Sand Is in highly

753.4 Gravelly SAND w/a few Cobbles (71/4 distorted lenses

lllll

Bottom a 54,2 Top Rock

p GP oose, wet, gray
10 P Sandy GRAVEL w,a few Cobbles (7"),
747 .4 compact, moist, brown {some openwork}
= .
= % Sandy Silty GRAVEL «Boulders & w. Lenses dip to the
— lenses of SILT h
741 .4 - southwest
201 cm Sandy Silty GRAVEL w/Cobbles (8") & a
1 & few lenses of SAND (fine) brown Seep at 24.0'
J sp
734.4 3 » i 50,72 20
3
30 1
3
5 CL CLAY, moist to dry, brown to blue gray
—J(tab) |4 LL 53, P 25
3
4
40 1 Lense of SP, SAND (coarse), dry,
3 43.6't0 43.9"
712.8 3 < LL 32, P1=1
704l 00| SAND , mediym, moist
0 Clayey Sandy GRAVEL, very compact
] GC w ‘Cobbles & Boulders {till)
704 .2 e

llllllll

llLlllLi

lllilll’

llllllll
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_ _WYNOOCHEEDAM _ _ _ PROJECT _ MILE 51.8, WYNOOCHEE  _ _ RIVER
DEPTH OF HOLE_ _ _6.0' _ _ _DIAMETER OF HOLE_ _ _3. _ __ _ __ __
DEPTH OF 0.8. __ _6:0'__ _DATE STARTED_ _ 89Q<t1965__ __ __ _ _
ROCK DRILLED___ _ - __ __ _DATE COMPLETED 8Qctl%5_
% CORE RECOVERED _ - _ _ __ CONTRACTOR _ U.S.A.E.D., Seattle
N
SURFACE EL ;5 0 HOLE NO ssea-77 £ 121870
GRA |CORE
[ELEY&T B [pwic | % |DESCRIPTION OF MATERIALS REMARKS
756.0] W jLOG g
3 Ge-
Jom [« Water Level, 2.5
750.0 | — Sandy Gravel w/Silt & few Cobbles
3 Bottom @ 6.0
10 1
3
-
=
.
E
3
I
3
3
-
3
3
e
=

D-38




_WYNOQOCHEE DAM _ PROJECT _ MILE 51.8, WYNOOCHEE _ _RIVER
DEPTH OF HOLE_ _ _ 133.2 _ _DIAMETER OF HOLE _ _ _ NX _ __ __ _ __
DEPTH OF 0.B. __ _ _ 128.2 _ DATE STARYED_ '3Qct1965 _ ___ ___ _
ROCK DRILLED. __ _ 5C _ _DATE COMPLETED. 5Nev1%5__ _ _ _ _ .
% GORE RECOVERED - - _ . _ CONTRACTOR U.S.A.E.D. Seattle
N 762,499
SURFACE EL ;5 HOLE NO 540 8 E 1,230,978
v GRA |CORE
ELENS] B [Piic | * | DESCRIPTION OF MATERIALS REMARKS
W [LOG 3
7 Tricone 3~7 8" w
e woter in NX casin
qAGom Aiternote Loyers of Sondy GRAVEL & 9
4 & Silty Sandy GRAVEL w Cobbles (10™)
Jop
104
e Voriable water ioss to
3 30
o
20 ]
o
| s
4 3
725.1 | 3¢ ———
5 GP Sandy GRAVEL 80% waoter loss from
726 1 3 30 to 35'
’ ! - T Water leve! at 720.1
e ;(} 26.3%, LL - 34, P11
40 4 ! 27 .2%, LL 37, P1=15
_Zi ) 26.2%, LL 37, PI=15
% 1
- CL CLAY, stiff, blue groy
j {Labi
~
] 3
60
E 30.4%, LL 41 Pi 19
3
1 4 p
I 35.3%, LU 37, PI=12
3 I 12.9%
"3 ' 32.6%, LL - 49, PI-23
‘ 675 6 | gc ]
N SP Gravelly SAND {fine Voriable water loss
L g;g; T | Sandy Cloyey GRAVEL T below 79
3
90 ML Sandy SILT. stiff, brown
FA
e 52 interbedded SAND & Sandy GRAVEL | Casing parted : 35'
~4 Drilling below B5' w
el ; : 4
-~ tricane o yncase
100 hole .
D-40
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N 762,499
SURFACE EL 755 HOLE NO 65-RD -78 € 1,230,978
T B GRa [coRE
ELEVA' B iomic | % [DESCRIPTION OF MATERIALS REMARKS
H LOG ;
ps
Jse Interbedded SAND & Sondy GRAVEL
3
3
JGp
110
oV | T '
- & : Silty SAND w Lenses of SILT
i ML
633.6 HE2
63111 JGP Sandy GRAVEL
Joc Sandy Clayey GRAVEL (+ill)
626.9° 7 ondy ~layey '
l1ag 7T Top of Rock a 128.2 Triconed to 133.2"
- BASALT BASALT cuttings from
219} 1 1287210133 %3
—a Bottom @ 133.2 No pressure test
R
T3
=
3
.|
3|
3 |
F— |
3
| % !
! |
’ {
El
3
| ~
E
1
-
I3
o
.
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«:NQGCHEE DA PROJECT _MiLE 51.8 “ YNOQGHEE_RIVER
DEPTN OF HOLE_ 0.5 _DIAMETER OF HOLE_ _ _ - . _ . _ _ .. __
DEPTH OF 0.8. . __ It.> _ _ DATE STARTED_ _ 190Qcr 1965  _ _ _ _ .
ROCK DRILLED. _ _ - __ . _ _DATE COMPLETED 190c1 195 _ _ _  _
% CORE RECOVERED - _ _ _ _ CONTRACTOR _ U.S.AE.D. Seartle

N~ ¢3,203
SURFACE EL g5 HOLE NO ¢s5-8n-82 E 1,230,410
kLEVA GRA {CORE
TIONS PHIC | % |DESCRIPTION OF MATERIALS REMARKS
7851 W |LOG |y 8
78%. 5 SILT w Grovei P —
6w Sandy GRAVEL
j iLat:
c 1 AR e i 1 -
774.6 q
j Bottomn -+ 1C.5
- {
3 :
3
—
3
3
-t
=
3
3
hn
-
-
1
3
3
»
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| WYNQOCHEEDAM _ PROJECT _ MILE 51.8, WYNOQGHEE_ _ _ RIVER
DEPTH OF HOLE___ 130 _ _ODIAMETER OF HOLE_ _ _-- ___ __ _ __
DEPTH OF 0.8. . __ 13.0_ _ _DATE STARTED_15Qct1965
ROCK ORILLED_ . __ "> _ __DATE COMPLETED. 15Qct 1965 _ _ _ _ _ _
%CORE RECOVERED_ - _ _ _ CONTRACTOR _ _ _ U.S.A.E.D. Seattle _ _
N 7 7
SURFACE EL 7377 HOLE NO ¢s-gn-83 £ 550 %7
GRA 3
i6ns) B [PMic | % |DESCRIPTION OF MATERIALS REMARKS
737.7 | W |LOG 8
735.7 irm!' ) L. Silty Gravelly SAND, brown
= &X(,\ Sandy GRAVEL w few Cobbles (8™
103 <
725.7 3 .
- — Water Level , 12.5
224.7 | TYlob Sandy GRAVEL B
-3 Bottom @ 13.0°
“~
3
-
]
3
3
]
B
3
=
D-43
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DEPTH OF MOLE_ _ _ 13.0"__ _DIAMETER OF HOLE _ _ _ - - _ __ __ _ __
DEPTH OF O8. _ _ _ 13.0° _ _DATE STARTED_ _ 15Qct 1965 _ _ _ _ _ _ _
ROCK DRILLED_ __ _ -~ _ _ _DATE COMPLETED. !5Qct 195 _ _ _ _ _ _
% CORE RECOVERED - - _ _ _ CONTRACTOR_ U.S.A.E.D., Seattle
— N 763,127
SURFACE EL 739.7 HOLE NO 65-BH-88 € 1,230,7%
LEVA 6
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS
739.7 | B |LOG
JGmM Sandy Silty GRAVEL
735.7 ]
- _qlb\ < Silty CLAY, moist, browe 66, L33
731.7 b
707 [0 FEP H EGRAVEL, (openwork; N
726.7 3§{V‘ 9 | Gravelly SAND w ‘Clay (L 80, Pl 19
. Lot
—:u Bottom @ 130"
—
:: .
3
3
-t
3
=
i
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DEPTH OF HOLE_ . _12.0__ _DIAMETER OF HOLE _ _ _ -~ - _ _ _ __ . _.
DEPTH OF 0.B8. _ _ _ 12.0  _ DATE STARTED _ _ '19O0.'1%5
ROCK DRILLED._ __. _ _-_ _ . _ DATE COMPLETED. .19Qc 1%y _ _ . _
% CORE RECOVERED_ - ___ . _ CONTRACTOR _ {1 S.AED._ Sewttle _ . _
N -
SURFACE EL ;95 5 HOLE NO  ¢5-5:i-89 E 150 st
LE VA
HIONS E DESCRIPTION OF MATERIALS REMARKS
798.5| W
795.5 o =1V Il IS Sandy GRAVE' w Sit
lan R e
1 Sandy GRAVED w Cobbles /3"
‘C_' { _ob!
786 5[ (:
a-‘ Bottom « 12.0°
E
3
]
-
3
pu—
-
o
-
=
]
-4
-
=
3
3
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DEPTH OF MOLE_ _ _ 12.0_ _ _DIAMETER OF HWOLE_ _ _ -~ _ __ _ __ __
OEPTH OF 0B. _ __ 120 _ _ _DATE STARTED_ _ 90Qct 195 _ _ _ __ _
ROCK DRILLED___ _--__ _ _DATE COMPLETED. 190Qct 1%5 _ _ __ _ _
% CORE RECOVERED __ _--__ CONTRACTOR_ U.S.A.E.D., Seottle _ _ _ _
N 7641
SURFACE EL 801.6 HOLE NO s5-8-90 E 123 320
GRA [CORE
Ri6ns] B |pic | % |DESCRIPTION OF MATERIALS REMARKS
801.6 |y |LOG L 8I
JGMm Sandy Silty GRAVEL w, ‘Cobbles
797.6 7] (10"
=GP |« Sondy GRAVEL w,/mony Cobbles 3
q {Lab) < Boulders (14"
789.6 L
3 I
é Bottom 1 12.0'
]
-
3
E
-
n
D-46




______ WYNOOCHEE DAM _ _PROJECT _ MILE 51.8, WYNOOCHEE_ _ _RIVER

DEPTH OF HOLE_ _ 65.0 _ _ _DIAMETER OF HOLE _ _ _NX _ __ ___ _ _
DEPTH OF 0.B. _ _ 53.5_ _ _ _DATE STARTED_ _ 16Nov1%5 _ _ _ __ __
ROCK DRILLED___ 1.5 _ __ _DATE COMPLETED 24Novi1%s _ _ __ _ _

- A —
SURFACE EL ;706 HOLE NO 4500-94 E U onSs

" GRA [CORE
2PA ic| * |DESCRIPTION OF MATERIALS REMARKS
H |LOG 8
769.6 :"GM{‘ [\ Sondy Silty GRAVEL w/Cobbles (6") Woter level @ 1,0*
Jor Sandy GRAVEL w,/Cobbles & Boulders | Tricone 3-7/8" w./
764.1 - {14 water in NX cosing
0: g‘ﬁ % Sandy GRAVEL w/Lenses of SAND &
759 6 5 Silty SAND, brown to black
pn Sp & SAND (medium! w ‘Lenses of Sandy
s | Jor | GRAVEL
J MH < 46 . 9%, LL = 65, P1=32
2018 19 32.5%, LL = 41, PI=15
+CtL CLAY, stiff, blue-gray 35.3%, LL = 47, P1=20
J(Lab)
744 .6 '-_' 14 19.8%, LL = 38, PI=18
30
GC Sandy Clayey GRAVEL, w/Cobbles
(8"), compact
731.6
SM Silty SAND (fine) w,/CLAY Seoms @
40.0' and 43.0'
723.6
GC Sandy Clayey GRAVEL w/Cobbles
770 (6"), compact (till)
Top Rock 53.5
BASALT, neor-black, mod. hord to  |_Triconed to 57,0 |
hard . Jointed at 1/4" to 12" NX core
intervals.
705.6
Bottom '@ 65.0 No pressure test.

NOTE: 2" plastic pipe left in hole &
perforated at 9.0’ to 16.0' & 40.0' to
47.0'

Illlll .lllllll_L llllllll 111 llllgllllllli 8l Illlllkllllllll




WYNOOCHEE DA/ PROJECT _ MILE 5.8, WYNOOCHEE_ _ _ RIVER

DEPTH OF MOLE_57.0" _ _ __ODIAMETER OF MOLE_ _ _NX _ __ __ _ __
DEPTH OF O.B. _ 40.0_ _ _ _ _ DATE STARTED_ _ 30Nov19%5 _ _
ROCK DRILLED_ _1).0' _ __ _ DATE COMPLETED. 2Dec1965_ __ _

—— e
N 753,893

SURFACE EL 7758 HOLE NO  ¢500-95 E 1,230,881
Eva GRA [CORE
TIONS PHIC % DESCRIPTION OF MATERIALS REMARKS
H |LOG 8
777.8 hm g U1 Sandy SILT Tricone 3-7 8"
774.8 GM Sondy Silty GRAVEL w, Cobbles w water in NX casing
- l-Vé"), brown
jere Sandy GRAVEL w. Lenses of SAND
103 sp (medium) & few Cobbles (8"
q
766.8 - Overburden classifi-
= cation by drill oction,
- woter loss, ond
20': examination of water
= return
—1
3
— GC Sandy Clayey GRAVEL w/o few
3 Cobbles (6™)
30
i
3
40 3
736.8 -
732.8 Jsep Sand (medium to coarse)
— Rock 46,0
s BASALT, pillow structure, dark -gray
50 to near block, mod. hard to hard, Triconed 1o 49.4
- jointed at 1/2" to 6" intervals NX core to 57.0
3
3 Full woter return
e 4
- Bottom 4@ 57.0 No pressure test
3 NOTE; 2" plastic pipe left in hole,
j perforated  4).0' to 47.0°
3
-
3
3
3
-
—
p
3
=
-

D-48
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WYNQOCHEE DAM PROJECT _ MILE 51.8, WYNOOCHEE RIVER

714.9

GM Sandy Silty GRAVEL, compact,
(til)

fss .o

Top Rock 59.2

Jﬁ?é.é

BASALT, dark -groy to near-black,
mod . hard to hard, jointed ot 1" to 7

/:: §‘ intervals .

r

DEPTH OF HOLE_ _ _ _ 69.3_ _DIAMETER OF HOLE _ _ _Nx _ _ __ __ __
DEPTH OF OB. _ _ _ _ 59.2_ _ DATE STARTED_ _ 7Dec1%5__ _ _ _ __ _
ROCK DRILLED___ __10.! ___ DATE COMPLETED. 9Dec 1965 _ _ _ _ _ _ _
% CORE RECOVERED . _100% CONTRACTOR _ _ _ U.5S.A.E.D., Seattle
N 7631
SURFACE EL 745.9 HOLE NO 6500-% E 1 23, 280
|GFA CORE
EVE B (Puic | * |OESCRIPTION OF MATERIALS REMARKS
745.9 | 4 |LOG 8
Jom Sandy Silty GRAVEL w/Cobbles (6") Tricone 3~7,8"
741 .9 3 w 'water in NX casing
738.9 e el Sandy GRAVEL
107
j Overburden Clossiiiccﬁoq
Jcu CLAY, stiff, blue-gray by drill action water loss
20’_‘ & examination of water

return

Triconed to 61.2'

NX core to 69.3

Bottom T 69.3

g 3 ]
lllll_ll llllllll llllllll llllllll llllllll;llkl_l_li B.lllllll,l

llllllll

No pressure test
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A rNQOCHEE DAM . . PROJECT _ MmiLt 51.8 WYNQQQHE. . _RIVER

DEPTH OF HOLE
DEPTH OF 0.B. _
ROCK DRILLED . __ _

_ 04,1 _DIAMETER OF MOLE
_49.8 _ DATE STARTEL

% CORE RECOVERED_ _ 100 _ _ CONTRACTOR _ _ _U.5.A.E.D. Seattle _ _ _
SURFACE EL Ju4,578
812.6 HOLE NO 66-00-100 E 123 420
LEVA lGRA CORE
Fnous PHIC % |DESCRIPTION OF MATERIALS REMARKS
812.6 | n [LOG |, 8
811.6 AGMy SANDY SILTY GRAVEL, brown __ r1 Standpiped ond triconed
3 to 49.8
7 Overburden classifica-
1 tion by drill action,
1C 9 waoter loss ond examino-
- tion of water return
3
—
— 1 “ANDY GRAVEL w few cobbles, & 0 to 40% water return,
4 CF [ layers of opan wark clear, caves
20 4
{ -4 Water level 22.6°
"4 30 7
o
7776 3
1 M Sitty SAND, {fine to medium!, brown 40% woter return,
“71.6 pAC brown
7711 RGCA . Clayey GRAVEL A
3 Ct CLAY, compact, blue —groy 90% waoter return, groy
764 .6 5 L
762.8 GC Sandy Clayey GRAVEL, Compoct (Till) ]
b . '[r4 Top rock 49.8
3 LVA Basic igneous rock, groy, hard: N < core
"__'_‘y{) intergrowth of 1 8" to 3 4" white
b 3 'A' plagioclose plotes and pyroxenes w
40 planer crystal orientation in almost
] vertical plone giving pseudo-gneissic
748,5 : _ . appearance
-3 Jointed at 0.1 to 2.Q0" intervals _/
» Bottom hole 64.1
70
3 NOTE- 2" plostic pipe left in hole,
e perforated  0.0' to 41.0’
| t
™ s
-
b —
D-50




WYNOOCHEE DAM _ PROJECT _ MILE 51.8 WYNQOQCHEE_ _RIVER
DEPTH OF HOLE_ _ _84.2_ _ _DIAMETER OF HOLE _ _ Nx_ __ _ __ __
DEPTH OF OB. _ _ _ 73.0_ _ _ DATE STARTED. _ . _ FMorch1966 _ __ _
ROCK DRILLED__ __11.2__ _ DATE COMPLETED. _ _ _18 March 1966 _
% CORE RECOVERED _ 100%_ __ CONTRACTOR _ _ _U.S.A.t.D. Seattle  __ _

764,185
SURFACE EL 5 ; HOLE NO ss-00-100 E )220 840
Ev ]cﬁ CORE
TION? PHIC % DESCRIPTION OF MATERIALS REMARKS
787.7 | W |LOG |o 31
3 SP Gravelly SAND, (coarse) w lenses of 50% water return, clear
7827 open work
’ — Ctandpiped & triconed
3 to depth 75.2
10 1
jor Sondy GRAVEL w cobbles (6”1 w ‘lenses | 500, water return, clegr
- of open work
=
I Water level 9.9
767.7 | 20 1 ]
7 SM Silty SAND, medium to fine, brown 80% water return, brown
762.7 )
I Overburden classifico-
7 tion by drill action,
] water loss ond examina-
- tion of water return
3
4
3 Silty Sandy GRAVEL w.few cobbles w 90% water return,
1 layers of Sandy GRAVEL, compact, brown w . few short clear
40 ] brown intervols
1 Gm
&
—:14 GP
50}
729 :l
29:0 | 6o
3 Clayey GRAVEL w/few cobbles, clay
1 GC content increases w ‘depth. (Till)
3
70
714.7 —
3 Top of rock gt 73.0
. BASALT, medium to dark groy, hard, Rock triconed to 75.2
3 fine ~grained; intrusive or middie portion  NX core
80-‘ of flow; jointed at 0.1' to 1.0" intervals.
3
703.5
] Bottom at 84.2
90 NOTE: 2" plastic pipe left in hole,
3 perforated  1.0'to 25.0*
3
—]
]




i NOOCH'E DAM  PROJECT _ MiLt_51.8_AYNOQCHE_ _ _RIVER
DEPTH OF WOLE_ _ /.2 _ _DIAMETER OF HOLE _ = _N~»_ _ __ _ __ __
DEPTH OF 0.B. _ _ _ 4.3 _DATE STARTED . _ _ _ 28 Morch 1966 _ __ _
ROCK ORILLED. _ __ 16.9_ _ _DATE COMPLETED. . . _31Morch1%6
% CORE RECOVERED. [00%_ _ _ CONTRACTOR __ _Y.5.A.t.D. Seattle

N 764,380
SURFACE EL 4, , HOLE NO w6 -00-102 E_ 1,231,004
GRA [CORE
L E VAr %
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS
796.4 | W [LOGl, 8
3 Stondpiped ond triconed
] to 56.3
3
10 3 ! “andy SRAVEL w few cobbles (8} w
d oF ! lenses of open work 50% woter return
- i
-
26 7 Woter level 18.4°
3 Overburden classifica-
= tion from dritl action,
3 water loss, ond examing|
T52.4 3 \ tion of water return
w101 3 TrGC JC'oyey GRAVEL, brown \'1 100% woter le?uv\:\
Ti9.4 +_GCA *\Qg;g GRAVEL, blue-groy. /] 100% water return
E GM “andy Silty GRAVEL, compact 100°-> water return

40 1

748 .4 »
—_—— e — e e
=
3
50.1 GP ‘T wandy GRAVEL w few cobbles &0% water return

: I
7361 _:: L Top rock 54.3

+ Basic coarse -grained intrusive rock,

p ~ dark -gray, hord, vatiable reaction zone 1 N« core

60 (haracterized by unoriented cumulophyric

3 oggregate of pytoxenes to 1 diometer,
» jointed at 0.1 tc 2.2" intervals
7192 L 2

~ S Bottom hole 7.2

=
3 NOTE 2" gplastic pipe lett in hole,

80 1 perforated  42.0"to 54.3'

3
-




. WYNOOCHEEDAM  PROJECT _ MILF 51.8, W(NOOCHEE __RIVER

DEPTH OF HOLE_ 12.0

e e o e

J S A

DEPTH OF 0.8. _ 12.0 _ _ __ DATE STARTED_ _ _ _June1966
ROCK DRILLED___ - _ .. _ _ _ DATE COMPLETED. _ _ _June 1%66
% CORE RECOVERED - _ _ __ CONTRACTOR_ _U.C.A.E.D., Seottle
N .
SURFACE EL 773.0 HOLE NO s-oc-i10 £ 15504
v GRA JCORE
ELENS] B lpic | % |DESCRIPTION OF MATERIALS REMARKS
7720 4 |LOG 8
3 GM Silty Sondy GRAVEL w layers of Sandy
1 s GRAVEL
766 .0 — GP
764.0 4 CL CLAY
10 1 GM Silty Sandy GRAVEL, compact (Tili»
760.0 = I Top of Rock « 12.0
I - Bosalt, dark gray, hard, jointed
B Log of existing c st slope * Coordingtes scoled
j from plon sheet
3 i
e i
~ i
3
e |
-
1
3
e
=
.




DEPTH OF HOLE_ _ _ _¢8.6. _ _OIAMETER OF HOLE_ _ _ _ _Nx __ __ __
DEPTH OF 0.8. _ _ _ _'1.2 _ _ DATE STARTED_ _ _ 18October 196 _ _ _ _
ROCK DRILLED__ _ _ _ 56.7 _ _ DATE COMPLETED__ 2) October 1966 _ _
% CORE RECOVERED_ _100% _ _ CONTRACTOR _ _ _ _ USAED Seattle __ _ __
7 157
SURFACE EL 7374 HOLE NO es-00-115 N 1,930,999
w;rc A [CORE

A E PHiC | % |DESCRIPTION OF MATERIALS REMARKS
73741 K

725.5

668.8

LOG#L_j%

Silty sandy GRAVEL w ‘cobbles

(FiLD

<

4C

Illlllll .llllljll Lljllllll .llllllll ‘llllljll

BASALT, hard, finely crystaltine,
fresh, dork groy, with numerous closely
spaced joints stoined brown, joint

spacing 0.05°.9"
Very closely spaced joints

BASALT, (os above) joint spocing mostly|
0.4-0.6 most joints stained

b~ Jt B0 degree dip, slickensides and gougd

BASALT, (as above) few joints stained,
joint spacing mostly 0.4-0.6
47.0-47 5 Closely jointed

Jts 65 degree-vert dip,FeO stained,
trace silt

49.5-50.0, 53.7-54.4, 55.7-56.7
Closely jointed

2 Jts 45 60 degree dip FeO stained,
trace silt

61.0-62.0 Closely jointed

FeO stained

2 Jts FeO stain, trace silt

]

llllllll

lllllLll LlllllllL

Tricone to 12.6'
Overburden ¢lassifice-

tion by drill action &
observation of water re ~
turn

Top of rock 11.9

Woter level 7.3°

Bottom i 68.6

D-54




 _ _WYNQOCHEE DAM _ _PROJECT _ _ _MILE 51.8 WYNOOQCHFE _ RIVER
DEPTH OF HOLE_ _ _ _83.3 _ _DIAMETER OF HMOLE_ Nx _ _ _ ___ _ ___
DEPTH OF 0B. _ _ _ _ 18.9 __ DATE STARTED_ _ _ 24 October 1966 _ _ _ _
ROCK DRILLED___ __ 64.4 ___ DATE COMPLETED. _ 27 October 1966 _ _ _ _
% CORE RECOVERED _ _100% __ CONTRACTOR _ _ _ _ USAED Seattle _ _ _ _
SURFACE EL 7349 HOLE NO s-00-116 "N 763,141
. € 1,230,981
N lcT'A [CORE]
S PHIC % |DESCRIPTION OF MATERIALS REMARKS
736.91 4 |LOG
m Silty GRAVEL w/cobbles Tricone to 18.9'
j Overburden classifica-
4 om tion by drill action,
3 (EILY) water loss ond observo-
10 tion of water return
-
B Btm. casing ¢ 18.2
] Top of rock 18.9
718.0120 BT Closely jointed and weathered brown Dry
—_\ k 2 Jts 45 degree, open 1/8-1/4" *
b BASALT, hard, finely crystalline,
30 1 partly weathered, with numerous
2 closely spaced brown stained joints
] and numerous irregular thin calcite
-] ond gypsum veinlets "
1 ] 3 Jis 25-55 degrees open 1/8 - 1/4" *
40 1
3 .y - Jt 20° open 1/8" *
] BASALT, (as above) fresh with numerous|
- joints, iev’e stoined ton, [oint spacing
0.1 -0.5.
50
3
60
- BASALT, {os above) many stained joints
-3 ] Jts 5 - 10 degree dip, trace cloy
70 3

653.6

yaydl

[ Jt 50 degree dip troce clay
BASALT, (as above) joint spacing
mostly 0.5 - 1.0, no stained joints.

ﬂ 2 Jts 25 - 45 degree dip trace clay

3
lulllll lull ul lulull

Bottom  83.3

* Joints dip north to northwest 28 Oct 66
(riverward) Water level 40.0
3 Nov 66

Water level 30.0

D-66




_ _ _WYNQOCHEEDAM _ _PROJECT _ _ _MILE 51.8 WYNOOCHEE _ RIVER
DEPTH OF HOLE_ __ _4C.5 _ _DIAMETER OF MOLE_ NX _ _ _ __ _ _ . __
DEPTH OF 0.8. _ ___ _21.4 __ DATE STARTED_ _ _ ! November 1966 _ _ _ _
ROCK DRILLED._ _ _ _ _ 19.1 _ __ DATE COMPLETED. _ 2 November 1966 _ _ _
% CORE RECOVERED _ _100% _ _ CONTRACTOR _ _ _ _ USAED Seattle _ _ _ _
SURFACE EL 737 3 HOLE NO ss-0p-117 1& 1,230 999
EVAr [G“‘ CORE
[ELEv&1 b [pic | * |ESCRiPTION OF MATERIALS REMARKS
737.3] W |LOG 8
3 Silty GRAVEL Tricone to 22.0'
3 GM F Overburden classifico-
- it tion by drill action, ond
10 ::' observation ¢f waoter
return
]
724.8  Jogr Too oridinal around
723.8( A F——_Organic SILT, black “’P‘;"sgl“'m groun:
Im SILT, tan '
718.3 120 om S Top of rock 21.4
715.9 - Silty GRAVEL, tan
T Closely spaced stained joints, Water level 8.0
e 0.1 - 6.50;\0"
-~ I Jt 50 degree dip open 1 16" *
»
30 3 Most joints 0.3 apart
:\ ! 2 Jts 35 - 45 degree dip open 1 16" **
:\ L Jt 60 degree dip, 1.16" gray gouge
40 7
696.8 . Bottom 1 40
= BASALT, hard, finely crystalline, fresh,
e dark gray, with some joints stained
I brown
E ¢ Joint dips southeast {away from
- river)
=
3 **  Joints dip north to northwest
{riverward)
=
3
-
—
3
=
-
-4
D-86




~WYNOOCHEEDAM _ _ _ _ PROJECT _MILE 51.8 WYNOOCHEE _ _ _RIVER
DEPTH OF HOLE__ 47.1 _ _ _DOIAMETER OF HOLE__ _ _ NX -
DEPTH OF 0.B. _ _ _3.3 _ _ _ DATE STARTED_ _ _ 8 Noyember 1966 _ _ _ _
ROCK DRILLED___43.6 _ ___ DATE COMPLETED. _ 16 November 1966 _ _ _
% CORE RECOVERED 89% _ _ _ _ CONTRACTOR _ _ _ _ USAED Seattle _ _ _ _ _
SURFACE EL 746.4 HOLE NO ss-bp-ns N 1 763'22”
o~ GRA E
SI B [pmc | % |oESCRIPTION OF MATERIALS REMARKS
746.4 | 4 |LOG F gN
3 GM Silty Sandy GRAVEL, brown Tricone to 4.9°
742.9 - BASALT, hord, fine grained, weathered Top of rock. 3.5
B joints every 0.05 - 0.4’ Bottom casing 7 4 9
738.4 [y P NX core below 4.9
/._/" Pillow BASALT, mod hard, dork gray,
:/ joints 0.05 - 1.0 ,
3 Jt dip 40 degrees, open 1" a1 7'
3 Jts open 1/8" - 1,16" 0 7.98& 10.7
0 1 Jt trace clay - 12.9
:/\ -Jt dip 45 degrees, open 1.8" 1 26,2 °" | Core losses all due to
e grinding
e (.
bt el Its slightly stained @ 19.9
I 34.6, 35.1, 35.3, 35.6, 35 9
40 7
- .
_-:l‘fl'l
R R Joints 0.05 ~ 0.1, stained brown
699.3 - Bottom  47.1
Water level
] * Joint dips riverward (southeast) @ 28.0 w/water enter-
3 ing hole @ 4 9
- ** Joint dips toword and away from river 17 Nov 66
2 (southeast and northwest) Hole bailed to 46.1 &
water level rose 2' hr
- Hole examined with light and mirror to 19 Nov 66
3 44.0'
p Al pillow basalt core pieces flawed by
E minor incipient cooling cracks ot 172" to
- 1" intervols
-
-
3
3
o
<
S
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— — WYNOOCHEE DAM _ _ PROJECT ILE 5.8 WIiNQQCHEE_ _ RIVER
DEPTH OF HOLE_ __62.1 _ _ _DIAMETER OF HOLE__ NX_ _ __ __ _ __
DEPTH OF 0.B. _ __ 8.0 _ _DATE STARTED_ _ _ _ 17 November 196 _ _
ROCK DRILLED.___34.0___ _ DATE COMPLETED. _ _ 18 November 1966 _ _
% CORE RECOVERED _100% _ _ _ CONTRACTOR _ _ _USAED Segttle _ _ _ __ _
S ——
SURFACE EL 7,9.5 HOLE NO ss-00-119 £ 1.230 8%
3
m g !mc % | DESCRIPTION OF MATERIALS REMARKS
749.5 | 4 |LOG
748.5 L SILT, brown Tricone to 8.0
GPa Sandy GRAVEL and Silty verburden clowifico-
on 43 oction
: GM Sandy GRAVEL observayﬂon of water ?:llni
741.5 Top of rock 8.0

B 735.5

o
EYETE JUTTY ITITY

[
<

Pillow BASALY, mod hord, dork gray,
joints, stoined brown, 0.05 - 1.1

spacing.

NX core below 8.0

BASALT, hord, fine-groined, dork gray,
joints 0.05-1.2 opart, oll stained brown

(%

=3
1111”11 .LL[LLI

&

llllllll

3

lllllUj

2

687.4

NN

Jt B0 degree dip, open 1/8", weathered
" a13.2*

Jt open 1/8", w/clay ¢ 13.8

Jts 20-25 degree dip, open 1/8"
19.0 ond 32.0 *

it 40 degree dip open 1/2" *

BASALT, (os above)
joints 0.1 - 0.9 spacing with most
stoined brown from 24.5' 10 62.1'

Bottom casing + 12.4

llllll 1

JllLllll

.llllllll

welii

* Joints dip riverward {southeast)

Hole examined with light and mirror to

3%.2

Bottom t 62.)

Water level 35.7"
19 Nov 66

Hole bailed to 36.2
Wates pouring into hole
from jt ‘@ 36.2
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gl e e e

r;_ WYNQOCHEE DAM_ _ _ _ PROJECT MILE 51.8 WYNOOCHEE .. — — _RIVER
DEPTH OF HOLE_ _ _ 92,2 _ _ _DIAMETER OF HOLE _ _NX__ _ __ ___ __
DEPTH OF OB. _ _ _ _|.5_ _ _ OATE STARTED_ _ _ _!4 Noyember 1960 _ _
ROCK ORILLED____%.7__ _DATE COMPLETED _ _28 November 1966 _ _
% CORE RECOVERED_ '00%__ _ _ CONTRACTOR _ _ _ __ US.A.E.D. Seattle ..

N 763,598
SURFACE EL 7240 HOLE NO s-0p-120 E 1231126
GRA[CORE ‘
2 E piic | * |DESCRIPTION OF MATERIALS REMARKS
724.0 | H_|LOG r 8}
722.5 J L .—\SllT, soft, brown /— Triconed to 5.4'
700 Tor of Rock @ n cosed to 2.0'
53 op of Rec 1.5 NX core below 5.4
hrea\ BASALT, gray, hard w/feldspor and
10 1.5 mafic phenocrysts, CO; veinlets
20N Stained joints at 0.1' to 0.6’ intervals
:’: \ to depth 19.0°
—-‘ - Y
705.0 120 3415 Grodationgl contget 19 Traces of clay on some
5. - BASALT, dark —gray, hard w/mafic {oints to depth 36'
- phenocrysts, curved CO4 veinlets
= suggestive of pitlow structure . Mafic
— phenocrysts decrease in size and abun-
3 dance to depth 40°.
30_1 Stained joints at 0.1' to 0.8" intervals With surface water
. to depth 44.0' running into the hole
j below casing, the lowest]
=] measured water level
-4 was 20.0'
684.0 140 1 Grodational contact @ 40'
:k BASALT, dark -groy, moderate hard
] w/curved CO, veinlets and oltered giass
= rinds indicative of pillow basalt flow
3
0
-
-
n Unstained joints at 0.05' to 1.2" intervolsf
- joints coated with chloritoid film showing
3 o mirror polish. Incipient cooling
60 cracks at 0.05't0 0.1" intervals.
3
20 ]
80 ]
00 3
631.8 1
= Bottom @ 92.2"
u 100
D-59




- WYNOOCHEE DAM  _ __PROJECT MILE 51.8 WYNQQGHEE. . —RIVER
DEPTH OF HOLE_ _ 112.2_ _DIAMETER OF HOLE_ _ NX_ _ ___ __ __
DEPTH OF 0B. .  _12.5 __ DATE STARTED_ _ _ _ 23 Janyory 1%7_ . . _
ROCK DRILLED. .. %97 __DATE COMPLETED 26 Jonuary 1967
% CORE RECOVERED_. _99.0%_ _ CONTRACTOR _ _ = _ U,S,AED. Seattle _

N 763,307
SURFACE EL 758.3 HOLE NO ¢7-00-123 €1.231 184
GRA [CORE
ELENel B [Pic | ™ |DESCRIPTION OF MATERIALS REMARKS
758.3 | H LOG42___8F L
3 GM l Silty sandy GRAVEL w. lenses of sond
10 ]
745.8 B Top of Rock 12.5
= " BASALT, omygdoloidal with pillow Triconed to 13.5'
B | structure and minor palagonitic zones, NX core below 13.5'
3 dork ~gray, moderately hord.
20 1 Core loss 1.1'from 17.6'
3 to 20.7'by drill grinding
7 Jointed at 0.02"to 0.5' intervals with in closely jointed rock .
— all joints stained from 12.5' to 22.0"
307; At o hole depth of 32.0"
- Trace clay in few joints from 26,0 to water level was ot a
s 320 depth of 24.8' & remaims
_ at this depth untii the
3 hole was deepened to
E 48.4"
40 1 Jointed at 0.05' to 1.5" intervals w
7 mostly smoll pieces, mony weathered,
- depth 22.0' to 48.0'
3 Trace cloy in few joints from 46.0' to At hole depth 48.4'
50 1 47 0' and from 52.0'to 53.0' water leve) was ot depth
. 26 2"
-
3
=
-
3
60 Jointed ot 0.1' to 0,8’ intervals with o
= few joints stained from 48.0'to 55.0'
=
|
3 Unstained {oints coated with chlaritoid
70 film showing @ mirror polish
3 Jointed ot 0.1" to 1.6 intervals and no
80 staining from 55.0'o 112.2'
3 At a hole depth of 80.0',
= the water level was ot o
—3 depth of 27.0'
90
—
100

D-80




SURFACE EL 758.3

HO LE NO ¢7-DD-123

N 763,307
€ 1,231,184

b

TIONS

[ELEVA

B GRA [CORE
PHIC | %

T
M LOG

DESCRIPTION OF MATERIALS

REMARKS

646.1

SNl

Rock as above

Woter level 24,8

|

=
=]
NS TSN

—
~
=}

SrladliLe

arnsbeomboobossdb o cosb e

1
1

STISICERINETS!

t

Liiba

|
i

Lll L

1

Bottom 112.2'

D-61
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_WYNOOCHEE DAM _PROJECT MILE 51.8 WYNOOCHEE _ _ _ _RIVER
DEPTH OF HOLE_ _ _72.2 _ _ _DIAMETER OF HOLE_ _ NX _ _ _ _ _ _ __._
DEPTH OF OB. _ _ _67.0 _ . DATE STARTED _ _ _ _ )6 Febryory 1967 _ _ _
ROCK DRILLED _ 5.2 DATE COMPLETED. . _3Moarch 1967

% CORE RECOVERED __ 85

_ CONTRACTOR

U,S.A.E.D Seattle

SURFACE EL

HOLE NO ¢700-122

N N 763,483

708.0 3 1,232,150 °
H GRA [CORE
ELENS] B [pwic | * |DESCRIPTION OF MATERIALS REMARKS
708.0 | W [LOG |, 8
P Sandy GRAVEL w cobbles to 10" Tricone to 53.0°
d e | compact, wet, brown
702.0 b QOverburden classification
o 10 {1 CL Sandy CLAY very stiff, moist, brown by drill action, water
698. 4 loss and examingtion of
j ! water return
I
-3 CcL . CLAY very stiff | wet, blve-groy
3 I
20 4
687.0 3 WL remains 1.0 below
3 | top of casing. Hole stays
— GC Clﬂyey GRAVEL compoct, blue -gray open 20 oheod of casing.
- (il
680.0 | 30 Hole coves at 32' casing
9 oM to 15'
3 Gk I Siiry Sandy GRAVEL w lenses of Sondy | level 8.0°
j GRAVEL, compact Vvoter level 3.
3°¢°
40 3 Bottom casing ot 40.0
E L
3.0 I/ I Water leve! 8.0°
? { Hard drilfing
3 GM ! Silty sandy GRAVEL compact, gray (till)
: ’ NX core below 53.0'
3 |
3 i
-
60
45.0 3 100% water retyrn to
643. 3 Silty Sandy GRAVEL w lenses of sandy | 63.0"
6410 4 GP grovel, compact, gray Viater level 8.0'
R BASALT, Joints ot 0.05' t60.5' Top of Rock 67.0°
- intervais. Water level 15.0'
635.8 = T 7220 Core loss due to
] , Bottom - 72 " blocking & drill
3 arinding
- % *Scaled coordinates
E
3
3
3
-
~
3
D-62




DEPTH OF HOLE_ _ _ 13.0_ _ _DIAMETER OF HOLE _ _ _ _ _ T e e
DEPTH OF 08. _ _ _ 13.0 _ _ DATE STARTED_ _. _7 Jonvary 1967 _ _ _ _ _
ROCK DRILLED_ ___._. _- _ _. _ DATE COMPLETED. _17 Jonuary 19%7_ _ _ _ _
% CORE RECOVERED _ _-__ __ CONTRACTOR _ _ _ U.5.A.E.D. Seattle _ _
— N
SURFACE EL  750.4 HOLE NO 67-81-127 E 1,2510%
GRA [CORE
ﬁ',-g,‘,’@ PHIC | * |DESCRIPTION OF MATERIALS REMARKS
750.4| 0 [LOG o &
3 GP Sandy GRAVEL w/occasional cobbles Road fill
—_1:%\ and boulders (18") Compact, Moist, Tan Layers apparently dip to
- West
10 '\ Silty CLAY Moist, Tan W, p
-1 [Water seeping at t
574 et CLAY Hord, Dry, Tan cloy ping af top o
3
] Trench 6’ long
20 ] Bearing approximately
= N 20 degrees W
4{ 3
-
3
1
3
-y
J -
3
’ -

Llllllll

llllllll

—lam
llllljll

A
7
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DEPTH OF HOLE_ _ 14.0 DIAMETER OF HOLE Z

DEPTH OF 0B. _ _ _ 4.0 _ _ DATE STARTED_ __ _17Jonuary 1967 _ _ _
ROCK DRILLED_. _ _ _ - _ _ _DATE COMPLETED. _17 Jonuary 1967 _ _ _ _
% CORE RECOVERED_ __- _ __ CONTRACTOR__ _ _ _ U.5.A.E.D., Seattle _ _
~ N 763,063
SURFACE EL 749.2 HOLE NO ¢7-gh-128 E 1,231,029
LEVar IGﬁA CORE
Fnous PHIC | * |DESCRIPTION OF MATERIALS REMARKS
749.2] 4 |LOG 3
Jc CLAY Very soft w ‘roots, brush and
b debris
— Layers opprently dip *o
3 G6m Silty GRAVEL Loose, Dry, Reddish West
10 7 Brown
M Gravelly Sandy SILT
3 ravelly Sandy
5| S ,
. — \CLAY Hord, Dry, Ton /1Water seeping ot top of
7 clay
20 A Trench ' long
3 Bearing opproximotely N
] 65 degrees W
3
3
3
3
-
3
-
-
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JUYNQOCHEE DAM PROJECT MILE 51.8, WYNQQCHEE_ _ _ _ RIVER
DEPTH OF HOLE_ _93.C__ _ __ _DIAMETER OF HOLE _ _ NX _ _ _ _ _ _ _ __
DEPTH OF 0B. __ 7.3_ _ _ _DATE STARTED . . _ _8Febrpary 197 _ . _
ROCK DRILLED__ _83.7__ . _DATE COMPLETED. _ _ 14 Febroory 1967
% CORE RECOVERED 97.5__ _ _ _ CONTRACTOR _ _ _ _ _ U.S.A.E.D. Seattle
N 763,518
SURFACE EL 737.0 HOLE NO 67-00-121 E 1,231 249
n GRA |[CORE
ELENS] B |pic | * |DESCRIPTION OF MATERIALS REMARKS
737.0 | 4 [LOG 3
3 Silty SAND, loase, moist, tan, bosalt
= Y fragments up to 10" diameter
7297 7 Top of Rock 7.3' Tricone to 7.3"
10 1 DIORITE, hard, dork gray intesgrowth of |N ¥ core below 7.3’
- V8" to 1 2" feldspar and mofic minera's Core losses-
3 v.5' from 7.310 8.8
= 0.2' 12310 15.6
_?. 0.9 15.6 t0 19.8
3 . ' 7 .
:4 J::igt;g.i .uf' O.,O5| to 0.9 intervals w most gg, ié 2 :: g} (5)
m o1 V.4 intervals Losses by grinding in the
i closely jointed rock .
-
30 3 Joints stained to depth of 56°
3 Traces of ctay on some joints to depth
40 b 56.5" Lowest water level
- measured between runs
j was 47 2"
50
e
-
j A few joints stained from depth of 56" to
60 1 75
-3 Joints show a chioritoid coating w minor
3 polish below 75'
70
3
80 B Trace cloy ot 78’
3
%
3
644 0 -
] Bottom ~ 93.0'
3
1007
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WYNOQQCHEE DAM

__PROJECT _ MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLE_ _107.5 _ _ _

DEPTH OF 08. _ _ _3.5 __ _ DATE STARTED
ROCK DRILLED

DIAMETER OF HOLE

104.0.  __ DATE COMPLETED . 7February 1967

% CORE RECOVERED_ __ 100°%_ _ CONTRACTOR __

Weathered joint ot $3.0"

Jointed ot 0.110 0.6 from 69.0" to
75.0' w trace clay on o few joints

Jointy not stained below 69.0'

Jointed ot 0.1" to 1.0’ from 75.0' *»
107.5'

N 763,395
SURFACE EL 760.0 HOLE NO 67-op-122 E 1,231,199
EVA‘J GRA [CORE
Fr‘fons PHIC % | DESCRIPTION OF MATERIALS REMARKS
760.0 | 4 {LOG 8
756.5 JGm Silty Sandy GRAVEL w boulders
— Top of Rock 3.5 Triconed to 5.0'
7 DIORITE, medium-grained, groy, Casing to 5.0°
10 3 hotd; veined w carbonate NX core below 5.0
Jointed ot 0.1 10 0.5' intervols w oll
3 joints stained to depth 16°
4
5 No water return below
20 1 16.0'
j Tiace cloy on joints from 22.0°~ 28.0°
-
—~
30 Most joints stained from depths 11.0°
3 40.0°
_E At depth 37" woter level
3 at 32.4°
ag 3 & Jointed at 0.1 to 1.5 intervals from
3 | 16.010 57
Trace clay on (gints from 47.0" to
3 | 570
50 t Few joints stained from depths 40.0' 'q
3 ' 69.0°
s |
| — | Aimast all unstained joints show a
! :J* I soft platy chloritaid coating
i

At depth 669, water
level ot 62.0°

D-66




~ HFACE EL  740.0 HOLE NQe7-0p-122 2 763,395

ELEVS| B |pHIC | % |DESCRIPTION OF MATERIALS REMARKS
LOG

F—.

- - .
j Rock as obove
3 At depth 107.5' water
- level was 58.4

| 1,231,199
IB GRA |CORE

K

L H

!

i

652.5 !

L 10 . Bottom at 107.5

crrtlentd it el aaey, .

11‘111.11111L11;

1
i

Alltingallatyy

,__.-__,._.,A.‘_.A
|
'
i
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Hole No.P-144

DtV 10N INSTALLATION SHEET |
DRILLING LOG l NPD NPS - Sets
__sweers |
L PROJECT i0. 526 aND TYPE OF BT 5* CABLE TOOL BIT
WYNOOCHEE DAM I il DATUM FOR ELEVATION SHOWN (TBW or ¥SU
2. LOCATION (Coordinates o Staffons
N 763,120 € 1,230,520 (2. MANUFACTURER'S DESIGNATION OF CRILL
3. DRLLING AGENC Y CABLE TOOL
P 5E £
SOIL_SAMPLING SERVICE tC 13. 10TAL NC. OF OVER- "NSTURRED TUNLISTURBED
4. HOLE NO. (As shown on drow'y e | BURDEN SAMPLES TAKEN : L
ard thie rumber) L68-CD-144
i4. TOTAL NUMBER (DRE BOXES
5. NAME OF DRILLER
15. ELEVATION GROUND WATER
6. DIRECTION OF WOLE STARTED ‘COMPLETED
16. DATE HOLE ' et
B vERTKAL [T] NCUNED DEC. FROM VERT. 14-15-68 4-18-68
t7. ELEVATION TOP OF HOLE TSO‘T‘
7. THOKNESS OF OVERBLRCEN §3.5 6. TOTAL CORE RECOVERY FOP BORWNG %
8. DEPTH DRRLEC W15 ROCk 2.5 19. SONATURE OF WoPECTOR
5. 10TAL DEPTH 6 WOLE 6.0
80X OR MARKS
ELEVATION | DEPTw | LEGEND CLASSF(CATION OF MATERIALS €7, et (DrTiilrg time, woter ioks. gegth of
Onses ipthon NO. weatrerIng. et M siprificort)
o . . A . M
g - [
7.7 T GM | STy SANDY SRAVEL. MOIST, BROWN = I CHURN OPILL USING 6 CASwG [
247.7 - te) ANO WATER ONLY o
- r
_—l L I OVERBURDEN CLASSIFICATION BY |
-1 GP- > DRiLL ACTION aND visuat [
4" SANDY GRAVEL WITH ST, MOIST,GRAY wy INSPECTION OF BA:XLER SAMPLES |
1 om of AND ORIVE SAMPLEL( X 5, [
it a -
m 2 ENCOUNTERED SMALL AMOUNT 0F -
. h WA AT i3 0 LS THAN -
7311 . — S B w R I o
— o
7 o I t:_
- mf o
3 e I O =
>0 [
SO L [ suTy cLav STRFOMOST, GRAY To -
- BLUE -CRAY oo —4——BERTONTE CiAY o
., N
| - - . [
" - . 1 SaND s
- o _{g L‘% [
R et It _— 0 . . =
i 31__{ L1 anDY ST, MOIST, BROWN A Lo AVEL BACKFILL -
78.7 — . o
8 3 ?7 -
= : -
! [ D o =
i j o GRAVELLY TLAYET SAND, STIHF.MOST, Oa I -
a0 -3 77 somwTor PLASTIS, GRaY | °. -
- 9 ho -
: 92k -
] Pelo o’ [
D’ — .5 [
1047 [ G —— e — e Lo L0 ] -
B 0:8 -
] sl 2 5
e FojoP.g o
R PA< R -
TSP | craveit e sand wiTn SO and el2ar A TS =
1 SM SICAL THN LATERG P SANDY GRAVEL 26 I o
. X -
18 s;,.}j T :
1oep )~ -
] o, I
883.7) bl . BOTIOM OF CASING £3.5° o
&€ | GRAVELLY fLAYEY SAND [TRLI GRavy O] o
667.2 - - ——— 3a | CaSiNs PIPFORATED =
_j 1 BASaLT Witk CALCITE vEmS X —
Ra LS P e fa [
- CORDTTOM @ 66D -
76— =
:
gn— b
an E*
] -
00 3 g
ENG FORM 1836  PREVIOUS EDITIONG ARE OBSOLETE. 0seCT HOLE MO
WAR 1 WYNOODCHEE P 144
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Hole No.P-145

DRILLING LOG NPD

[NSTALLATION SHEET |
NPS P2 SwEETs

I PROJECT
WYNQOCHEE DAM

0. size aND TYPE OF 8T & CABLE TOOL

L OATUM FOR ELEVATION SHOWN /T8 or ¥SU

2. LOCATION (Coordinales o Stion)
N 762,640 E 1,231,090

MANUFACTURER'S DESIGNATION OF DRLL

3. DRLLING AGENCY
SOIL_SAMPLING SERVICE, INC,

CHURN _DRILL

3. TOTAL NO.OF OVER- "DISTLRBED TUNDISTURBED
4, HOLE NO. (As $mown on orawing thic 1 BURDEN SAMPLES TAKEN H ’
ong lie rursber) 168-CD-145 *
4. TOTAL NUMBER CORE BOXES
5. NANE OF DRLLER
5. ELEVATION CROUND WATER
6. DIRECTION OF MOLE 'SYARTED 1COMPLETED
6. DATE HOLE ;
B<) veaTicaL [ meLmeD DEG. FROM VERT, 4-3-68 14-10-68
. 7. ELEVATION TOP OF MOLE 763,3' [GRND.]
7. THCKNESS OF OVERBURDEN §35,0° . TOTAL CORE RECOVERY FOR BORNG %
8. DEPTH DRLLED INTO ROCK 2 5 o SOATURE O INSPECTOR
9. TOTAL DEPTH OF KOLE |37 5°
BOX OR REMARKS
CLASSIFICATION OF MATERIALS
ELEVATON | DEPTH [ LEGEND ATIN OF a. | Saec lmmvtlnm"mzn"d
L] [ 3 a hd
—4 K 3 -
763.3 ML | SANDI ST MOIST. SUGHTLY SN cuumn DRLL UG 6" caswe
_ PLASTIC, BROWN V=R AND WATER ON. o
759.3 = oq 22 . o
— 33> la] ovERBuRDEN CLASSIFICATION BY [T
4z K ORLL ACTION ARD VISUAL o
. | = 13 ron O Baw ER S aupies |
T GP | sanbDy GRAVEL, LOOSE, MOIST, BROWN ; b L
10— 4 Dt DRLLING ¢ 2° AHEAD OF CASING
3 1S fe -
750.3) ; 1:% s
71 SP- | GRAVELLY SAND [ COARSE 1 WITH 4D o -
B sP SILT. MOIST, BROWN st 1 At
SM $ -
745.3] -
20~ SM | sitTr SAND [ FINE 1 MOIST. BROWN -
740.8 .
7] SP- [ GRAVELLY SAND [ COARSE I wWiTH -
m ST, GRAY o
— SM =
13830 3 C
30—:‘ SM | SILTY SAND WITH GRAVEL.BROWN -
ENCOUNTERED WATER AT 32° s
730.3! -
SANDY GRAVEL [ COARSE 1 BROWN TO AILING TEST, [
'a GP GRAY {WATER[ eammé BRo BAILING TES -
1253 7 16 GPM FOR 15 MIN. -
o2 7 I DRANDDOWN IN CASING [
40— —
3 o
= -
7 s
50— -
SILTY CLAY, STIFF. WET, GRaY T0 n
j BLUE-GRAY -
3 o
—j__ BENTONITE CLAY t—
3 SAND E
60— T t—
n bQ GRAVEL BACKFILL E
. &
] é -
70 : 2 :
692.3 2 2
= sP- R
GRAVELLY AND mm ST, MEDI
% op | ~OENsITY. BLUE-CRAY o -4 F
9 o] =
686.3] R -
80— ;:é [~
E ¥ :
= su .2 —
B0 ‘b%s s
__ SILT, SAND WITH LAYERS GF SLT R : v
30— ¢p Lid SAND T R Shar K DRILLING + 5 AHEAD OF CASIN F_
_j p. E:_
—~ A, L
] 2 :
663.3] 100 % -
ENG FORM 1836  PREvIUs CDITKNS ARE OBSOLETE. c Mo wo.
WAR B WYNOOCHEE DAM P-145
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IDRILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE
763.3' [ GRND. ]

Hole No. P-14%

llll’lllAllItILLlllllllIlillLJ_LllllllllIllllllllllliil|lllllllllllll(llllllllll

PROJECT INSTALLATION SHEET 2
WYNOQCHEE DAM NPS OF 2 SHEETS
BOX OR REMARKS
CLASSIFICATION OF MATERIALS
ELEVATION | DEPTH | LECEND Doscr 1507000 PIEZ. SA:OP}K 10riiiing ’rl;m mmf
3 Ob [ o 1 [ ]
[ = o4
~ SM kS
T ML | SLTY SAND WITH LAYERS OF _SiT b
. AND CRAVELLY SAND, MOIST, GRAY o
- SP % o
655.3 ] —poR
. = o MATERIAL IS MORE_DENSE OR
110 — o SLIGHTLY CEMENTED
1 SM | SILTY SAND WITH GRAVEL, GRAY v
650.3 = BOTTOM OF CASING AT 114.5
-
. CLAYEY SAND [ TiLL J, VERY COMPACT, h
20 SC GRAY TO BLUE-GRAY
| —
= SLOTTED PVC PIPE
3
638.3
130 —1 SP | GRAVELLY SAND WITH CLAY, COMPACT
= sc { TILL), ANGUL AR, BLUE-GRAY
= TOP OF ROCK AT 135
628.2 N%suo'é;“mcoumsa:o BELOW
c . BASALT WITH VEINS OF CALCITE
625.8 =
. CTTOM AT 37.5°
140 7 8ot s

CASING PERFORATED:

llllllI|Illlllll"lllIIV[TTIIIITYIIIITT[TTI||IlIl!VIll]ll|YIIIII]TI]|‘TI||l|I]IITIllIIllll||ll|‘IIY||IIIIIY|I]T’III|||1

ENC FORM I836~A PrREvioUs EDITIONS ARE OBSOLETE.

MAR TE

b-70

PROJECT

]nou: NO.

WYNOOCHEE DAM P-145




Hole No.P-146

oIVISIoN INSTALLATION SHEET |
DRILLING LOG NPD NPS OF 2 SKETS
L PROJECT 0. SIZE ANO TYPE oF 81T §* CABLE TOOL
WYNOOCHEE DAM k. DATUM FOR ELEVATION SHOWN (TEW o MSU
2, LOCATION (Cocrctrames o STatton
N 763,020 E 1,232,240 12, MANUFACTURER'S DESIGNATION OF DAL
3. DRI_LING AGENCY CHURN DRILL
SOIL_SAMPLING SERVICE, INC. 3. TOTAL MO. OF OVER- "BSTURBED TNDSTURBED
4. HOLE NO. (As shown on drowirg fitle BURDEN SAMPLES TaxEN ! .
ang 11 runoer) ' 6B8-CD-146 4. TOTAL MUMBER CORE BOXES
5 NAME OF DRuLER 5. ELEVATION SROUND WATER  738.6°
6. DRECTION OF MOLE %. DATE HCLE STARTED (COMPLETED
[} VERTKAL [ INCLINED DEG. FROM VERT. i4-23-68 5-2768
17. ELEVATION TOP OF WOLE RO5.6
T. TRCKNESS OF OVERBUROEN  (B2,5¢ 8. TOTAL CORE RECOVERY FOR BORWG %
8. DEPTH DRLLED WTO ROCK () 5. SINATURE OF WSPECTCA
9. TOTAL DEPTH OF WOLE  |B2.5'
80X _OR REMARKS
CLASSKFICATION OF MATERIA! 5 !
ELEVATION | DEPTH | LEGEND LA Toaserigtion) > sn'zu /armmm ma‘;:;i
e (3 L] a - L4 9
BO5.6 - - o4 : =
T ML | GRAVELLY 51T, MOIST. BROWN 1= B CHURN DRI USING 67 CASING »
803.I oP-Gw| T2 CRAVEL WITH LAVERS OF 215 ko AN ont -
- SAND, MO WN AY fo ‘ [
800.6 &—“—‘b—g, 3 h'. OVERBURDEN cussmcmm [
. " I BY DRILL ACTION AND visual T
= Nz R INSPECTIoN OF BALER saupLes |
_ = b-_é AND DRIVE SAMPLES (=1 [
10— 1o e} -
= q< R =
-1 SR
— SQ -
- 40 £ -
- 170 Ia i L
7 WM % r
20— : -
7 -
- GRAVEL BACKFILL —
30— ot
=3 F
3 ko, -
- he. ‘ -
Jop-cv LG L, B =
40—0P-GM|  ['BEBBLES MAVE CLAY COATWG % o [
3 S :
— I g —
- 53 04 -
3 S| b L
50— 4 SE 3
E g
— b5 E -
1 b N —
3 3 o -
. bs 2 -
60— b 3 —
n b b% o
] ko] P o
- P fed —
— * ] . o
738.6 o R WATER LEVEL 67 [
3 b3 B2 -
70—] AN —
_ SANDY GRAVEL [ WATER BEARING ) S‘I o
— GP GRAY ([ vERY LITTLE SAND, )ou 2 -
- MOSTLY GRAVEL ) S =
; o -
= A u
827.6 3 ‘g :\Q BALING TEST: -
80— By fes 24 GeM FOR 15 M. WiTH —
T GRS NO oRAwoow NG C
] SP | SAND [ MEDIUM 1, BROWN TO GRAY 23 b HEAVED o
- sl Py -
= f' 9, [
718.6 - q B -
_ SAND WiTH SILT AND FINE GRAVEL Eg p:s [
90—SP-SM| BROWN P4 LS —
— ke ! ® L
713.6 . 9 R »
. - G % X -
—] SM | SLTY SAND [ FE I GRAY ?.: o3 —
7. b i% -
70761 09 CL | saNDY CLAY, MOIST, DARK GRAY bS. EJ -
ENG FORM 1836  PREVIOUS EDITIONS ARE OBSOLETE. PROECT MOLE WO,
MAR Tt WYNDOCHEE DAM P-146

D-71




ELEVATION TOP OF WOLE
DRILLIN { t 1) .
LING LOG (Cont Sheet) 5056 [ GRND. ) Hole No. P-146
PROJECT ,msmunm SHEET 2
WYNOOCHEE DAM NPS [or 2 suers
B0x OR REMARXS
ELEVATION | DEPTH | LEGEND A ey L ALS PIEZ. | SAMALE i0xliiog fiem it foss gt of
e ° ° o hd ]
00 5 C
- o = (7c -
. o 2 e I~
— N -
- . AEL :
T CL | SANDY CLAY. STHF, MDIST, BLUE-GRAY  fool = ES)] I o
— 0 b° o
3 2 -
1o — 2] ,'é —
— ael -
3 3 =
. m D€ -
690.6 & —
] S -
I DDO s
120 e F
] q B s
- I -
— S -
] R u
— *9 D‘é =
30— CL | qurv cLav. sTFE mOST, BLUE-CRay [ [0 —
. ' B o
3 bsl b -
T Fof o -
- & é o
140— & -
. o
3 B a
— 3.( -
660.6| - 1S —
3 Po C
- S [
50— 9 —
- . -
— v -
— — -
oL | ceav. sTHE moisT, BLLE S BENTONITE LAY [~
— - 4 ‘_—'1_‘ - -
= 1ol SAND =
— 0@ 4 -
ie0— L ope -
. ~d=<I9 GRAVEL BACKFILL -
5 118 -
-1 Fel s -
] hid =2 hid -—
- 1 Do n
3 mE o
£37.6 pdl | (2 -
- bS) | b
70— Bd]lag
— ;' ] -
O -
. bel— bDo I »
- . SANDY CLATEY GRAVEL,{ Tle ) £ot |- -
-4 60 COMPACT, MOIST, BLUE-GRAY 0 =
3 a o
— ’Q -
180 ¥ -
— ; -
623. Z :
3 BOTTOM AT 182.5° o
190 —! -
— BOTIOM OF CASING AT 182,0° -
. CASING PERFORATED -
3 510 -
Z i5:-20" u
m 2530 o
3 35--20° o
m 550" F
. 55'-0" [
] £5'- 70" o
J 1583 u
3 85--30 o
3 152°-157 "
- 162'-182 -
3 "
— -
ENG FORM 1B36-A +ufvious EOITIONS ARE OBSOLETE. PROJCT Inm[ NO-
MAR T WYNOOCHEE DAM P-146




PR S

PR

Hole No.P-150
DIVISION INSTALLATION SHEET |
DRILLING LOG NPD NPS OF2  SHEETS

L PROJECT
WYNOOCHEE

0. SIZE ANO TYPE OF BIT §¢ CABLE TOOL

. DATUM FOR ELEVATION SHOWN (T8M or 4SL

2. LOCATION (Coordinates of Siationt
N 763,000 E L234,880

12. WANUFACTURER'S DESICNATION OF DRILL

3. DRILLING AGENCY
SOIL_SAMPLING SEXVICE, INC,

CHURN DRILL

4, HOLE NO. 1As sfown on arowing s
and {le ramber) : 71-CD-150

(3. TOTAL NO. OF DVER

-~ ‘DISTURRED TUNDISTURBED
BURDEN SAMPLES TAKEN :

5. NAME OF DRILLER

i4. TOTAL NUMBER CORE BOXES

5. ELEVATION GROUND WATER 2 743 2

6. DIREL 1ION OF HOLE

VERTCAL I mcumed — OEG.FROM VERT.

7. THCKNESS OF OVERBURDEN 85.5"

. oaTE voe isatey, iCOMPLETED
7. ELEVATION TOP OF MOLE 808 TOP OF CASING
18. TOTAL CORE RECOVERY FOR BORNG X

8. DEPTH DRLLED WNTO ROCK ()

19. SIGNATURE OF INSPECTOR

9. TOTAL DEPTH OF MOLE 85,5/

BOX OR REMARKS
EvaTion | DEPT EGEND CLASSIFICATION OF MATERIALS AGPLE ori o
ELEVA H | L {Duscriptiont PIEZ, | S m.l. toviiing ':',:.‘ﬂ md:l;’
a [ LY L] 1 2
] - CHURN DRILL USING 6 CASING C
3 Jos] o
— I OVERBURDEN CLASSIFICATION BY J
— > DRILL ACTION AND VISUAL u
7 z INSPECTION OF BAKLER SAMPLES J_
10— 2 —
7 COMPACTED SEMI-IMPERVIOUS FiLL o o
3 - n
. n »
. ™ I
20— -
30 . .
3 151 EXISTING GROUND SURFACE WHEN [
] 3 HOLE WAS DRILLED, DEFTHS o
] b4 GIVEN REFER 10 TOP OF CASINGIC
s 2 CELV. 808.0° 1 [
- 3 -
— D -
J >’°§ o
10 5 -
3 Ri 5
— )- -
] o -
7 3 3
50— 'é
n o -
T GM | SLTY SANDY GRAVEL, HARD, BROWN P% -
= o —
E :
60— 5 -
3 N o
7 ¥ C
= 0. -
] R :
703 5 -
] % -
= J o
4 b u
80— % 2
— g -
. ' BENTONITE CLAY -
3 SAND -
go—] CL | surr cuaveuue GRAVEL BACKFILL —
4 :
3 -
-
100 C

ENG FORM 1B36 Previous EDITIONS ARE 0BSO.ETE.

MAR T

'mm ]uomz NO,
WYNOOCHEE DaMm P-150

D~72




o g

ELEVATION TOP OF HOLE

ORILLING LOG (Cont S"””’ 808.0 [ TOP OF CASING 3 Hole No. P-I5
PROJECT lusmmm SHEET 2
WYNOOCHEE DAM NPS OF 2 SHEETS
CLASSFICATION OF MATERMLS K EORE | BOx R i
ELEVATION | DEPTH | LEGENO oa mlM AL m:ec'gv S%P'LE rawmz r’r':::.”r mm)w
8 [ < (] . 1 2
100 H .
1 CL | sute ceay,mLue -
10 - »
10— GM | SETY SANDY GRAVEL, HARD, SRAY -
J . o
3 BOTTOM AT 65.5° o
3 CASING PERFORATED
120 — @ -2
— (g
. o |7’—232‘ L
2 2732 o
j Bl 3742 o
o 47-52° —
. - 57°-82° "
J 2 £7-17 C
- 79'-84" o
-] 2 106°-m’
] b E-
. —
] E.
é -
- -
= »
] a2
3 o
E 2
- -
3 o
= -
3 n
- -
a o
- L
E g
i -
o -
3 o
| g
ENG FORM IB36-A PREvIOUS EDITONS ARE OBSOLETE. PROJECT [more wo.
HAR T4 WYNDOCHEE DAM P 150

D-73




Hole No.P-15]
DISION NSTALLATION SHEET |
ORILLING LOG  [™"Rip NPS T etrs
L PROJECT 0. SIZE AND TYPE OF T 6 CABLE TOOL
WYNOOCHEE DAM L. DATUN FOR LLEVATION SHOWN (TN or WSL/
2. LOCATION fCoorainates ar Stotiony
N 763,50 E 1,231,500 2. MANUFACTURER'S QESIGNATION OF DREL
3. DRILLING AGENCY CHURN DRILL
SOIL_SAMPLING SERVICE, INC. AT oS ToRaE TRDSTAT
4 MOLE M. (8 s o0 a0 T BURDEN SAMPLES TAKEN :
- il ';_ : :70-CD-15/ . TOTAL MUMBER CORE BOXES
NAME OF DRLLER 15. ELEVATION GROUND WATER
& OIRECTION OF MOLE 16. DATE HOLE ISTARTED icoweLETED
) veRTIEAL [ NCLINED DEC. FROM VERT, 1-20-70 i1-22-70
T, ELEVATIN T0P OF WLE 786.2 [GRND. 1
7. THICKNESS OF OVERBURDEN 30 ' 6. TOTAL CORE RECOVERY FOR BORNG %
8. DEPTH DRILLED WNTO ROCK (3,57 19. SIGNATURE OF INSPECTOR
S, TOTAL DEPTH OF MOLE 30,5
BOX OR REMARKS
CLASSFICATION OF MATERALS
ELEVATION | DEPTH | LEGEND TOnacr T5tion) SA";.LE {Oriting r’: m oss. weHh f'
a 1y ° ] 1 Y
786.2] - -
J oM | sutv cRaveL. srown CHURN DRILL USING 6° CASING s
781.2 7 OVERBURDEN CLASSIFICATION BY £
e ] DRILL ACTION AND VISUAL [
. INSPECTION OF BAWER SAMPLES I
10— r
- [
3 GM | STy SANDY GRAVEL, HARD, GRAY o
20— -
1.2 B T s CASING TO 30,5 -
756.2{ 30 T BOUL WITH SILT IN_LAYERS, BLX. PERFORATED —
755.7 J T sascc eeous Rrock 2 :, 3:5" u
3 BOTTOM AT 30.5° 10.5-18.5" -
40—5 -
50— -
50 —
- ul
— -
3 o
76— —
3 -
80— —
3 [
3 o
90— -
3 -
- o
100 -
ENG FORM (836 PREVIOUS EDITIONS ARE OBSOLETE. [PROECT HOLE NO.
MAR Tt WYNOOCHEE DAM P-151

D-74




SURFACE EL %" 57%-"HO) £ NO p-152

N 762,830
E 1,231,080

E VA
TIONS

763.8

H

e

LOG

DESCRIPTION OF MATERIALS

REMARKS

o

nllllllll .llllJ._Lll

N
o

o«
o

729.3

GM

Silty, Sandy GRAVEL, gray to brown

-Piezometer tuba

=

'y
o

llllllll Allllllll .llllllll

8

708.3

CLAY &SILT, Blue

llllllll

698.8

694.8

1111

l: Sandy, Silty GRAVEL, hard, brown to
29| gray

111

GM

":: 'E: Silty GRAVEL, dry, gray to brown
Lol Top of Rock

~
[+

llllllll

llllllll

llllllll

Bottom 769’

Churn drill using 6"
casing

Overburden classifica-
tion by drill action ond
visual inspection of
bailer end drive samples

6" casing to 69*
perforated:

5'- 10"

15'- 20

25'- 35
42.5'-47.5'
56'- 69’

Placed 1* ID plastic pipa
to 685, bottom 10'
perforated .

Backfilled with pea
grave! 49.5-69'sand
47.5249 .5'bentonite
seal 42.5-47.5'sand
34.542.5°

Tried to fill piezometer
tube ond casing with
water, but both drained
out.




el oonn

WYNOOCHEEDAM PROJECT MILE 51.8 WYNOOCHEE _ _ __RIVER
DEPTH OF HOLE_79.0 _ _ _ _ _ OIAMETER OF HOLE _ 6" _ _ _ _ _ _ _ _ __
DEPTH OF 0.8. _799_ _ _ _ _ DATE STARTED3VAuvgust1971_ _ _ __ _ _ _ _
ROCK DRILLED__ _ _ - - —_ _DATE COMPLETED. 7 September 1971 _
% CORE RECOVERED_ ____ _ _ CONTRACTOR _ Soil Sampling Service, Inc.  _ _
Cosing 730.78 N 762,650
SURFACE EL 7797 5" HOLE NO r-153 € 1,230,942
GRA
HENS| B (Pric DESCRIPTION OF MATERIALS REMARKS
727.8 | B [LOG
3 ROCK FILL Churn Drill Using 6"
3 Casing.
722.8
4sm Silty SAND & ROCK
10
n Overburden Classifico-
712.8 3 tion by drill action &
acL CLAY, biuve visual inspection of bcil-ﬁ
20 er samples.
30 7]
697.8 ~
pleny Silty Sandy GRAVEL, hard, w,/rocks,
3 brown, gray below 75' depth.
3
3 |
40 7
EI
R
3
-y J
50 L
~ ( i
-t ] |
=l (
3 H [}
60 ] | [
- 1 ]
~ | [l
3 {
70 7 fi h
1
~ !
= b
3 ! t
! [}
9
80 ] L‘ Y
648 .8 Bottom . 79.0' Bottom of casing at
3 78’
- Casing Perforated
-3 38' - 43"
3 48' - 54
] 58' - 83"
B 68' - 78
—

D-76




DEPTH OF HOLE_11S_ _ _ _ _DIAMETER OF HOLE_ 6" _ _ _ __ _ __ __
DEPTH OF OB, _ _'14_ _ _ _ _ DATE STARTED 2Jonwory 1970_ _ _ _ __ __
ROCK ORILLEOD___!'_ ___ _ DATE COMPLETED 'Y Janwery 1970
% CORE RECOVERED_ _ _ 7 _ _ CONTRACTOR Soil Sampling Service, Inc. _ _ _
Casing - 802.4 N~ 762,660
SURFACE Eh_g"fé"_g'. 7956 HOLE NO r-ss E1,231.26
EVAd GRA
ONS PHIC DESCRIPTION OF MATERIALS REMARKS
799.6] W {LOG
g M Silty GRAVEL, soft, brown Churn drill ysing 6"
3 casing
794 .6 - .
3 GM Silty, Sandy GRAVEL, hard, gray Qverburden classifica-
10 7 tion by drill oction ond
- ; visual inspection of
7 II p drive and bailer samples
- |
782.6| 3
20 ] GP Sandy GRAVEL, dry, brown
- | !
3 | !
4 )
774 .6
3 GM Silty Sandy GRAVEL, hord
30
— | |
3 ! |
= SR
40 7
- [ !
] t
1 4
- i
50 3
< | )
3 | |
1 | I
60 i (Woter beoring 263" hit enough woter to drill
: | | with
3 1 !
o 1 t
3 ] !
3 i ]
729.6 |70 !
5 CcL :0 Sandy, Silty, CLAY, dry, gray
= o
1 [
80 B
3 |
3 ¢
>
= =
90 ] P
oo
= .
3 o
i
.. e
-y f'
1007 K

D-77




SURFACE EL HOLE NO r-is4 N

GRA

F&gxg E PHIC DESCRIPTION OF MATERIALS REMARKS
LOG

H

CctL |E;-E Sendy, Silty, CLAY, dry, gray

Gm b Silty, Sondy GRAVEL, hord, dry, blue
gray

Basalt Cobbles & Silt

696 .6

692.1

S8 S 3O
Leat2en"O
js?ms

685.6

’ Top of Rock
684.6

' JT Basic Tgneous Rock — Casing to 115°
, Perforated:
Bottom a 115 10° - 15
20' - 25*
30' - 35
40' - 45°
50* - 55°
60 - 70"
80’ - 85'
95' - 100"
¥05' - 115

L)
X,

L ]51
d11 11t TR EENE]

Illllllll IIAlllll

Placed 1" ID plostic pipd
to 114.5', Bottom 1C'
perforated .

Backfilled:

pea gravel 87' - 115’
Sand 85' - 87'
bentonite seal 80' - 85'
sand 78' -~ 80'

pea gravel 70' - 78'

111]1111

AIIILllL

lulluL.uxlnn

LILILUj

Uil




WYNOOCHEE DAM PROJECT MILE 51.8 WYNOOCHEE RIVER

DEPTH OF HOLE_186 _ _ _ _ _ DIAMETER OF HOLE __ & _ _ __ _ _ _ __
DEPTH OF 08._ 18 _ DATE STARTED 9 December 1969_ _ _ _ _  _
ROCK DRILLED__ _ _ -_ _ __ _ DATE COMPLETED. 23 December 1969
% CORE RECOVERED_ _~_ _ _ _ CONTRACTOR _Soil Sampling Service, Inc. _ _ _
SURFACE EL 409 " 7772 HOLE NO 155 £ 230 08
GRA [CORE
F-',-&‘{g' E PHIC | * [DESCRIPTION OF MATERIALS REMARKS

774.6] B |LOG _%

9]
Z

Silty, Sandy GRAVEL, hard, brown

1 20

.llllllll Allllllll .llllllll .jlllllll

{
1
h '
. l f
1 30 1 )
f )rPiezumeter tube
]
40 ! :
h
3
— y
- | |
3 [ !
50 | !
721 _gmL Sandy SiTt w.clay, dry, blue
3 b
] 60 ] R
e ! |
3 A
3 I
p
-y
70

- INNN L

80

yealian
H153 N\
Snal

v
llllllll

3

lllll

et
g
111
2
pive

Churn drill using 6"
cosing

Overburden classifica-
tion by drill action ond
visual inspection of bail
er and drive somples.

D-79




PSP |
oy

PR

N
SURFACE EL HOLE NO r-155 E
Evar GRA
TILONS PHIC DESCRIPTION OF MATERIALS REMARKS
H LOG
3 GP  lee Sandy GRAVEL, dry
669 .6
SM | I| Silty SAND w/gravel, brown
- !
EO ) :
j ]
] . v
3 1 !
1120 | | )| (water bearing ot 118°) Hit enough water to
3 ] drill with
3 I I
64811 TR i ! SILT & SAND, interbedded, dry, brown
1301 & {
s
642.1 JspP Gravelly SAND
- h I} {water bearing)
n { !
140 RN
3 |
632.1| - -
629.6 - SM Silty SAND, dr
<4 5P | ND w/grave
]50: ! l (woter bearing)
i U
3 ]
614.6 (160 1 R
- M Silty SAND w/gravel, dry 8" Casing to 186
n Perforated:
609.6 T 5'-10'
JML | : SILT w/sand, dry R 15'-20"
. BN 25'-30"
1707 A 35'-40*
. 45'-50"
600.6 GM ! Silty, Sondy, GRAVEL, hard, gray ;g.jg.
- , : ! ! (water bearing 74" to 75') 105'-110"
180 e 115'-120"
= RN 125'-130'
. Bl 135'-140"
— o ‘ag' Top of Rock 145'-150"
588.6 1 - Boffom 17 185 155'-160'
P 165'-170"
= 176'-186"
3 Placed 1" ID plastic
. pipe to 185.6', bottom
. 10’ perforated
p Backfilled with pea
» gravel 77'-186' sond
] 75'-77" bentonite seal
= 70'-7 5' sand 68'-70"

D-80




WYNQOCHEEDAM _ _ _ _ _ PROJECT MILE 51.8 WYNOOCHEE ____ RIVER
DEPTH OF HOLE_%0.0_ _ _ _ _ DIAMETER OF HOLE_&"_ _ _ _ __ _ _ _ __
DEPTH OF 0.8. _ %00 _ _ _ _ DATE STARTED_ 9 September 197} _ _ _
ROCK DRILLED_ __-_ _ _ _ _ DATE COMPLETED_!4September 1971
% CORE RECOVERED_ _ - _ _ _ CONTRACTOR Soil Sampling Seryice. Joc. _ _ _

Casing 703.77 "N 762,320

SURFACE EL (979377 HOLE NO P-15 E 1,230'780

GRA
Bt Ene] B [pmic DESCRIPTION OF MATERIALS REMARKS
698.8| W |LOG ,
GM || : Silty Sandy GRAVEL w,rocks, brown, Churn Drill Using 6"
i 1} hard casing
10 ] { Overburden classifica~

X | tion by drill oction &
] 1 visual inspection of

] [ bailer samples.

20

.llllllll ;Llj_lllll .llllllll

'}
30 ] l-i
)
3 | !
: ] |’
El
3
659.8 140
ML | : Sandy Silt w/some gravel, brown.
- I
3 i !
| |.
3 ! i
3 ' {
—] | |
3 : !
638.8 |60 ' Bottom 1 60.0' Bottom of Casing 60°
; Casing Perforoted
= -4
3 9 - u
3 19' - 24°
29 - 34°
- 39 - 44°
4 49' - 59°
E ! 14 Sept. 1971
W.L, 45.8' end of
5 shift .
=
3

llllllll

D-81
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WYNOOCHEE DAM PROJECT _MILE 51.8 WYNQOCHEE __ _ _RIVER
DEPTHM OF HOLE_45.5' _ _ _ _DIAMETER OF HOLES" _ _ _ _ _ _ _ _ ___
DEPTH OF 08._ 43:5 _ _ _ _DATE STARTED_ !SSept. 1971 _ _ __ __ _ _
ROCK DRILLED_ _ _ 7_ ___ _ DATE COMPLETED !73ept. 1971 _ _
% CORE RECOVERED__~ __ __ _ _ CONTRACTOR Soil Sampling Service, Inc, _ _ _
ing 670. N~ 762,000
SURFACE EL §ine.870.0  HOLE NO r-157 E 1,230/654
GRA
ELEYS| B [PHic DESCRIPTION OF MATERIALS REMARKS
667.0] W _|LOG
Jcom Silty Sondy GRAVEL w/rocks, hord, Chuen Drill Using 6*
3 | brown, gray below 37' depth casing .
3
!
0 \ Overburden
= classification by drill
= action & visual inspec-
— ) | tion of bailer samples
3 | !
20 7 j '
= [
3 ! !
30 }' '[
=
3] | 1
- 1 1
40 7 o
3 P!
621.5 - Top of Rock
5 Bottom 45,5’ Bottom of Cosing 45.3'
50 Casing Perforated
4 -9
3 14" - 19
— 24 - 29"
3 34" - 44’
b
= 17 Sept. 1971
3 W.L. 16.0" at end of
i shift .
3
E
7
3

D-82
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WYNOQOCHEE DAM

DEPTH OF HOLE_ 55 _ _ _ _ _ DIAMETER OF HOLE _&" _ _ _ _ _ _ _ _ __ __
DEPTH OF 0B. _ _55_ _ _ _ _ DATE STARTED 3 November 1969
ROCK DRILLED___- _ __ __ DATE COMPLETED_ 7 November 1%9
% CORE RECOVERED_ - ___ __ CONTRACTOR Soil Sampling Service, Inc, _ _ _
Casing 813.6 N 764,580
SURFACE EL *'09 5.5'0 HOLE NO p-158 E 1,231,380
N ]sﬁ
RSl B [pric DESCRIPTION OF MATERIALS REMARKS
810.9 | W [LOG
4 GC Cloyey GRAVEL (angulor and round), Churn Drill using 6"
-4 brown casing
3
10 :: Overburden classifica-
tion by drill action and
3 visual inspection of
3 bailer and drive sample .
]
20 7 J [
= i ]
3 | |
- ] 1
784.9 |
46C Clayey Sandy GRAVEL, brown
30 ]
-t 1 ]
3 ! |
- ] '
o
768.9 3 : Bail 42'-9" of
767.9 J.GP L Sandy GRAVEL (water bear: iling test ot 42'-9' o
_:'\__f: : \ aney water bearing) water in hole, bailed +
762.9 | Joc |, |Clayey Sandy GRAVEL, brown 1/2be. ot 53.p.m, drew
50 L h ifCLAY, gray to brown down &', recovered 4
3 in1/2hr.
755.9 3 Top of Rock
. Bottom @ 55°
3
Casing perforated:
] 1 row of 16’
3 20" - 25
— 30 - 35
3 Q' - 50°
i
3
=
=
D-83




WYNOOCHEZ CAM _ PROJECT MILE 51.8 WYNOOCHEE_ _ __RIVER
DEPTH OF HOLE_100 _ _ __ _ _ DIAMETER OF HOLE _ _ _ _ _ _ __ _ _ _ __
DEPTH OF 08._ 75 _ _ _ _ _ DATE STARTED_'0September 1969
ROCK DRILLED__25 _ __ __ _ DATE COMPLETED_!?September 1969
% CORE RECOVERED_ __ - _ __ CONTRACTOR _5oil Sampling Service, Inc.
ing 812, N 764,510
SURFACE EL G 8122 HOLE NO r-159 € 1,230'710
GRA
g‘ E PHIC DESCRIPTION OF MATERIALS REMARKS
809.4 | 1 {LOG
s6.4 | IM Silty SAND w/gravel Churn Drill Using 8"
GP GRAVEL (basaltic), weathered, hard casing
p Overburden classificatior
10 7 . made by drill action ong
7] visval inspection of
o bailer samples.
791.9] 3
4GM Sandy Silty GRAVEL (basaltic)
50
-
3 ARE
4
40 : \ |
3] h
50 | '{\-Piezomﬂer tube Ploced 1" ID
] | [ Plostic pipe to 100,
o bottom 10' perforated .
= Back filled with pea
3 ' grovel 67'-100" sand
749.4 ko }-‘- t 65'-67" be: tonite seal
- "'y 60!_6 . nd l_wl
748 .4 I PT= Silty CLAY, blve gra 3" sand 58
EM - Silty w/gravel, plastic, gray
Jc1 7
741.9 3 B
o 18 [ Cloyey GRAVEL & Silty GRAVEL, hord,
4 GMm | groy
3 "
734 .4 - ! 1 Top of Rock Encountered water @ 75'
J - JI_J rl Boslic Igneous Rock w/clay fault gouge at :":.{:;::“5'50 ;;.,/2
80 80", gray stopped water in flow
3 Cosing perforated:
= 36" - 41"
g 46'-51"
54 - 41"
3 P 66" - 76
- ] |
— (]
: tni I’O%
po9.4 | Bottom < 100’

D-84




Casing 805.5 N 764,035
SURFACE EL ="95°> HOLE NO r-160 £ 1,230'585
[Eh
S PHIC DESCRIPTION OF MATERIALS REMARKS
803.3 | ¥ [LOG
JGP- GRAVEL (basaltic) w/silt, Churn Drill using 6"
I6M hard, brown Casing
5 QOverburden clossificaﬁw\
10 by drill action and visual
- inspection of bailer
788.3 3 samples.
3 g;" GRAVEL (fine) w/silt, light brown
20 ]
-
30
40 ]
758.3 3
4GP .
5 GRAVEL (angular) hard (water bearing
753.3 |50 at 46")
4GP || | | ![Sandy GRAVEL
3 1 |
= ! I Hole at 98.2, casing at
745.3 | 3 M E 94.4, bailed sand from
743.3 &_60 SILY w/gravel, soft, brown bottom 18' of casing and
741.8 5 -{"Y Clay, blue placed 1" plastic pipe
e 4| GRAVEL (angular) w/silty clay, hard '908'98 . perforated 88'-
3 Backfilled with pea gra -
70 vel 66'-98' sand 64'-66'
- i | bentonite seal 59'-64'
3 ([ sand 57'-59"
- 1]
- | |
723.3 |80 7 1]
Jsp | | | TSAND (fine) w/grave! (Fine)
3 I )| (water bearing)
= | |
3 BN
713.3 |90 4 L1y
JMC-) ) STy CTIAY w/Fine grovel, hord, groy
Jct '::‘ "y 6" casing to 94 .4'
I st Perforated 49" - 944"
705 " - . Top of Rock (sand filled bottom 18"
100 Bottom @98.2° after perforated)
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i e m pm

—fan

WYNOOCHEEDAM __ _ _ . PROJECT MILE 51.8 WYNOOCHEE _ _ _Rmiver
DEPTH OF HOLE_128' _ __ _ _ _ DIAMETER OF HOLE_ _ 6" _ _ _ _ _ _ _ __
DEPTH OF 0.B. _128'_ _ _ _ _ DATE STARTED 7 October 1969
ROCK DRILLED. _ _ - ___ _ DATE COMPLETED, 9 October 1969
% CORE RECOVERED_ _~_ _ __ CONTRACTOR _S0il Sampling Service, Inc.
Casing 800.9 N 763,950
SURFACE EL =9 007 HOLE NO r.6 E 1,230,239
GRA
[FSNs] B [pric DESCRIPTION OF MATERIALS REMARKS
798.3| 4 |LOG
96.8 7 [ Wood chips Churn Drill using 6"
794.3 1GM Silty Sandy GRAVEL, brown casing
10 GM Silty GRAVEL, hard, gray Overburden classifica-
. tion by drill action and
- visual inspection of
_3 bailer and drive samples
-
E
=
3
-~
30 4
__5 ‘uppiezometer tube
757.8 H0]
756 .3 aAGP GRAVEL, ongu_lgr_,_flufg ] Some water encountered
dom Silty GRAVEL, hord, gray
- h
50 ] f
2 i
= it
: o
738.3 |60 Ol
JGm ; : Silty, Sandy, GRAVEL, hard, gray Water bearing
- i
1383 ML G TTT, brown
170 9
ML- Silty CLAY, blue
3 CL t.3)
80 !
%0
3
—1
=
1007 b B




N
SURFACE EL HOLE NO ra161 €
GRA
A g PHIC DESCRIPTION OF MATERIALS REMARKS
IONS T
M LOG
- ML- 1 Silty CLAY, blue
] - [l
33| 4|
. 1
- C&L } i| CLAY & SILT loyers w/scattered gravels,
10 { ML i | | 9oy
] Y
3 tlf!
684.3 i |
—_j GP | i GRAVEL (fine to coarse) Some water encountered
678.3 | 1201 B!
JGM : 1 ; SiTty GRAVEL, hard, gray
3 It
= Py
660.3 3 g_a Top of Rock
Bottom 7 128"
3 Casing perforated:
3 56 < 72"
= 100" - 128"
7 1" 1D plastic piezometer
B tube installed to 128",
- Tube perforated 118' -
3 128,
= Casing backfilled:
3 Pea gravel 74' - 128’
sand 72° - 74' Bentonite
3 seal 67' - 72' sond 65'-
7 67"
»
3
4
3
D-87
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_ WYNOOCHEE DAM _ PROJECT MILE 51.8 WYNOOCHEE __ __RIVER
DEPTH OF HOLE 144 _ _ _ _ DIAMETER OF HOLE_ _ _%"_
DEPTH OF 08.. '** _ _ . _DATE sTamtep 'ONovember 1969
ROCK DRILLED. _. ~.__ ___ DATE COMPLETED. 2! November 1969
% CORE RECOVERED_ _ ___ __ CONTRAGTOQR _Soi! Sampling Service, Inc.
Casi 753.2 N 762,730
SURFACE EL =" 3 "HOLE NO »-162 E 1,230,130
GRA
EiSvs] B lewic DESCRIPTION OF MATERIALS REMARKS
750.3| W [LOG
Joc ] l ‘[ Cloyey GRAVEL Churn drill using 6"
j JI ! '-1 casing
743.3 | 3 RN
0 GC || | Clayey Sandy GRAVEL gray to brown Overburden classifico-
| i tion by drilf action and
3 [ , visual inspection
] ! [ of bailer and drive
E Yo samples
732.3 |50 3 bl »
Jcu | U CLAY, brown
729.3 Sy U P —_ 4
JMmL- o3| Silty CLAY w occosionol gravels, gray
cCL
30 3 I’
1 P
— |
- [ |
» ' i
40 L!l ‘ !
3 P
n F D r?ie; >meter Tube
= LA
3 e
50 o
23;2 :’_SC—M; . r_C\ovy’f'] S_A_‘N:l‘) w gla\;élvwv‘-.A T Woter Beoring at 52'
S CL |} i | {ICLAY . ccosional silt and gravel, brow
— H |L
3 1 )
60 [
t [a]
= }
3 ﬂ L
P | i
3 ' I
70 Voo
- { "
ERIN
ER AR
671.8 |y 3 o S e
— GC 'i : HC‘oyey GRAVEL (ongulart, brown
666.3 | 3 '
665.8 - 4 "' A\ Sondy, GRAVEL. brown Water Bearing ot 84’
- 1
660.3 190 JGC |1 | | {]Clayey GRAVEL, brown
657.3 <p J l Gvcvelly SAND (water bearing) Bailed 59. p.m. ot 92°,
6543 G6C Cloyey GRAVEL gray to brown no drawdown
R ) f
652.3 -4 sP o Gravelly SAND {water begring)
100 {GC Cloyey GRAVEL, hard

D-88
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Lo

SURFACE EL HOLE NQ er-162 E
GRA —
[LEva E PHIC DESCRIPTION OF MATERIALS REMARKS
5 |Lo6
% GC E’ﬁ Clayey GRAVEL, hord
=k
- 1 \ Water bearing ot 112’
642.3 11103GP | | | 1f Sandy GRAVEL
- 1 |
631.3 120: : |
. |
mie [ Graovelly Cloyey SAND Heaving when casing is
= driven-
6273 4 ¢C ] Cloyey GRAVEL (angular and round) Bailed 59. p. m,
1 i : hole bailed dry
3 |
130 { i
619.3
4 6C Sandy Cloyey GRAVEL, gray
3 1
< Vo
3 [N
140 I(,g !
- 2
3 d b2 Top of Rock Casing to 143" Perforat -
606.3 i Bottom o 144" ed bottom 10' and every
3 other 5' to within 5' of
~ ground surface .
3 Placed 1" 1D plastic pipd
j to U4’ Perforated
- bottom 10°.
3 Backfilled w/pea g!ovem
30'-144 ' sand 28' - 30’
3 bentonite seal 23' -~ 28'
- sand 21' - 23’
]
-
-4
-
3
3
7]
-
-—
—
o
D-89
——t— e —————— sm—




aal

N 762,580

SURFACE EL C°j'5"_971<;5-32 HOLE NO pPn-164 E 1,231 08!
GRA
enal B [Pric DESCRIPTION OF MATERIALS REMARKS
762.3| H |LOG
=3 GM i = —|| Silty Sandy GRAVEL, brown Churn drill using 6"
3 o= casing
ERNEE)
10 :——— Casing Overburden classifica-
] —= tion by drill oction ond
- - visual inspection of
] et drive and bgiler samples
3 — —}AM-9 Chemicol Grout
0y ==
3 -
30 :—-E Water bearina at 30'
7722:33 PMLA= —F<5il, brown
3 C&L —__| CLAY w/s0nd leanses, biye No water below 34*
0 P [T
a 18 Cell No. 854 47"
50 - Sand
| 60 ] — Bentonite seal
- =] Cell No. 845 461"
693.3 70 :
692.3 | Fom oraver
= } Sandy SILT, brown j
873 | 3 2 Bottom 1 75"
: 3 Cell No. 679 - 73" i

D-90
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WYNOOCHEE DAM PROJECT _MILE 51.8 WYNOOCHEE _ __ RIVER
DEPTH OF HOLE_ _'02 _ _ _ _ DIAMETER OF HOLE _ _ 6" _ _ __ _ _ _ __
DEPTH OF 08._ _192_ _ __ _ DATE STARTED S Jonuary 1970 _ __ _ _ _ _ _
ROCK ORILLED____ ~_ _ _ _DATE COMPLETED_ ?Jonuary 1970 _ _ _
% CORE RECOVERED_ _~__ _ _ _ CONTRACTOR Soil Sampling Service, Inc. _ _ _
Casing = 777.4 N 762,236
SURFACE EL <28~ 7774 HOLE NO pn-165 E 1,230,930
L EVAY GRA
TIONS PHIC DESCRIPTION OF MATERIALS REMARKS
774.6 | i |LOG
T GP- || =|| Sondy GRAVEL w silt, hord Churn drill using 6"
E L) o R
3 - Overburden classifica-
10 - tion by drill oction ond
. i visual inspection of
3 i bailer samples.
20 7 -—
30 —=
. —2=1AM-9 Chemical Grout
] |=
1 ==
50 -
B —
721.1 - fnpenliod
I ML- || silty CLAY, bive
JCL (==
60 -
70 Z4 Cell No. 869 " 70"
3 - Sand
.E |
0
E “1‘Bentonite seal
7] Cell No. 872 83"
90
3
675.6 100 =] Cell No. 857 102"
R
672.6 [~ 1 HOHEBRVE oy

D-981




Hole No.87-PA-20!

DRILLING LOG I""‘""“

NSTALLATION SHEET |
oF! __ srEEYs

+ PROJECT

0. SZE AND TYPE OF 84T 8 HOLLOW STEM

WYNOOCHEE LAKE PROJECT

. DATUM FOR ELEVATION SHOWN (TOW o WSU

2. LOCATION (Coordinae

RT EMBANKMENT DAM CREST

2. MANUFACTURER'S DESIGNATION OF DRLL

MOBILE B-80 AUGER

ON _CRUSHED BASE COURSE

LOVERNMENT 3. TOTAL Mo OF OVER- DS TURBED TNOSTURBED
4 HRLE ND. (43 ot ot arawk e fa7-p BURDEN SAMPLES TAKEN | I :
- a";: o : A-201 WM. TOTAL MUMBER CORE BOXES ()
STAN BALEg 5. ELEVATION GROUND WATER N/A
6. DRECTON OF NOLE P ISTARTED TCOMPLETED
00 vERTCAL [ McLeED DEG. FROM VERT. 13/6/87 1376787
. ELEVATION T0P OF HOLE 5’
7. THCKNESS OF OVERBURDEN |3° 8. TOTAL CORE RECOVERY FOR BORWG () %
%, OEPTH DRILLED WTO ROCK 3 SGRATORE OF BSPECTOR
9. TOTAL DEPTH OF HLE |G’ KAISER
gox on REMARKS
CLASSIFICATION OF WATERIALS
ELEVATION | DEPTH | LEGEND Ao o rez. | Suete (orimp tm st m o
a B ° a 1
BOS ASPHALT CONCRETE (2-1/4")

4L/—--coﬁa MATERIAL

8%), DENSE, MOIST, BROWN

oM |SILTY SANDY GRAVE. w/COBBLES | ] | /4" BENTONITE PELLETS

-

|

/{,1-1/2" SOLID PVC PIPE

N= NUMBER OF BLOWS TO
DRIVE SAMPLER (2

2-1/2" SPLIT SPOON SAMPLER
ORIVEN BY 400% HA!

HA N=65

BOTTOM @ 18 IN BEDROCK

E
5
- >
: -
10 ©
;
= i
892 n BASALT BEDROCK - SOFT \d
] Nz
15—] o
883 ] \

' F-3 w w ~ n
w o n o w o
ll_l[lIlLIlllllllLllLlll}llllllllllLl(i'lJ(LJlLIll(llllllll

o
=4

[ 1-172°) PERFORATED PVC PIPE

rTrTIlI'lflIm[’TY—TII—IV’['1"]'77’1'77!7’(11!!']1ll[f1l7lﬂlr]lIlllrIW_FFTYT—’lIIIIIITIITIITIIIIIT1ITI

ENG FORM IB36  PRevious CDHIONS ARE OBSOLETE.
L TUIR )

D-92

PROJECT Ium( NO.
WYNOOCHEE (AKE PROJ  B7-PA-201




Hole No.

87-PA-202

DRLLING LOG —[“""""‘

S TALLATION

SHEET |
oF|  SHEETS

L PROVECT
WYNOOCHEE LAKE PROJECT

0. SZE AND TYPE OF BIT B° HOLLOW STEM

2. LOCATION (Coorofnates o
‘RT EMBANKMENT DAM CREST

& DATUM FOR ELEVATION SHOWN (TBM o WSU

2, MANUF ACTURER'S DESIGRATION OF DRLL

GOVERNMENT

MOBILE B-80 AUGER

ENG FORM 1836  Previous Eoimows
wn

ARE OBSOLETE.

0-03

4. HOLE NO. (A7 shwem on rerty e | Rl msmw [;Uv' AKEN iosTineED ILNDISTURBED
- Ld H BURDEN . .
i 4 :87-PA-202 TOTAL MUMBER CORE BOXES ()
5. MAME OF OMLLER
STAN BALES 5. ELEVATION CROUND WATER N/A
6. DIRECTION OF MOLE 6. DATE HOLE anm ECNPLETED
[X] vERTICAL [ nCLINED DEC. FROM VERT. i3/5/87 3/5/81
17, ELEVATION TOP OF #OLE 805’
T. TMCKNESS OF OVERBUROEN 23" . TOTAL CORE RECOVERY FOR BORMG () Pl
. DEPTH DRLLED WTO ROCK 4,5 PR TP ——
S TOTAL OEPTH OF WORE 275 KAISER
BOX_OR REMARXS
CLASSFICATION OF MATERIALS
ELEVATION | DEPTH | LEGEND Pl g¥ sn&t (Ocltng 7,:::!” mﬂf
. [ 3 < a . t )
805 m ASPHALT CONCRETE (2-1/4") —
N CRUSHED BASE COURSE > [
] oM [SILTY SANDY GRAVEL w/COBBLES 3 -
] 6), DENSE, MOIST, BROWN W [
- 8 [
5 5 —
. g o
— 3
- S o
- (%] -
= e |E C
3 : |z -
10— HE N= NUMBER OF BLOows To [
] 2 | ORIVE SAMPLER 12~ L
3 o o
- c1= 2-1/2 SPLIT SPOON SAMPLER J__
e DRIVEN BY 400° HAMMER -
3 A -
m N u
15— _—' ) ':—
3 § T[» |w3e —
- i} -
3 v =
20— \‘5 —
. S n
3 NS -
s \% HB N=50+ (REFUSAL} ol
782 3 BASALT BEDROCK - SOFT s -
-
3 - o
25— S —
- «{ -
3 N g
7715 —
— -
BOTT 7.5 X
3 OM © 27.5" IN BEDROC "ti-1/2710 PERFORATED PvC PIPE |
30—: —
E F
- -
- -
— -
3 -
333 =
3 o
3 o
40— -
3 r
= =
= -
-y -
-
PROJECT WOLE NOD.

WYNOOCHEE LAKE PROJ 87-PA-202
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Hole No.87-PA-203

ORLLIG LOG [

PSTALLATION SHEET |
oF SHEETS

L PROKCT
WYNOOCHEE L AKE PROJECT

0. SZE AND TYPE OF BT §° HOLLOW STEM

A OATUM FOR ELEVATION SHOWN (TBM or MSL)

2. LOCATION (Cowratrses o

2. MANUFACTURER'S DESGNATION OF DRLL

1RT EMBANKMENT DAM CREST
GOVERNMENT

MOBILE B-80 AUGER

L 00 v T B gy wesTie
A srown on H H o
o] 187-PA-203 . TOTAL MABER CORE BOXES ()
S _KAME OF DRLLER
STAN BALES 5. ELEVATON GROWND WATER N/A
6. DRECTION OF MOLE %. DATE MOLE ISTARTED “CoMm ETED
[0 verTica. [0 cLien DEG. FROM VERT. i3/4/87 3757817
7. ELEVATION 0P OF WOLE 805’
7. THCKESS Of 27! 8. TOTAL CORE RECOVERY FOR BORIG () X
& OEPTH DRRLLED NTO ROCK () . SIGNATURE OF INSPECTOR
9. TOTa DEPTH OF WOLE 27 KAISER
80X OR
CLASSFICATION DF MATERWLS
ELEVATION DEPTH LEGEND m g% SA”A?‘L[ /4 'lla -s—!)d
s » o L]
805 - ASPHALT CDNCRETE (2-1/4%) =
1 ON CRUSHED BASE COURSE = -
— GM  [SILTY SANDY GRAVEL W/OCCASIONAL W -
- COBBLES (6™), DENSE, MOIST, BROWN S [
7 N N
3 x -
5— 3 —
. 3 n
- @ N
3 e C
= o
— E —
3 2 o
3 § o
:04 w{ E—
3 5 -
E | E :
— [ -
3 o o
- =+1-1/27]1D SOLID PVC PIPE o
- '2[ E
— et
15— - -
E : ]
n NG [
3 Neg -
20—] \3 —
. Q [
3 - -
J 2 o
— « —
- \i3 :
3 . E—
- -
- o)
25— Y
— « -
— o« =
3 S [
8| o BOTYOM & 27 -
3 W\'H/?" 1D PERFORATED. pvC PIPE |
30— -
3 [
— -
35— .
-4 :
. -
3 o
40— =
E -
- -
45— -
3 -
- -
- -
- -
50 o

ENG FORM I836 PREvioUS EOITONS ARE DBSOLETE.
W

PROJECT HOLE NO.
WYNOOCHEE LAKE PROJ 87-PA-203

D-04




Hole No.87-PA-204

DRILLING LOG Inmsm WS TALLATION z:lu |“Hs
L PROJECT 0. STE AND TYPE OF BT 8° HOLLOW STEM
WYNOOCHEE LAKE PROJECT L OATUM FOR ELEVATION SHOWN (TW o #SU
2. LOCATION Caratname o Siorion
RT. EMBANKMENT DAM CREST o wr ACTURER'S DESINATION OF DRt
3 DRLLNG AGENCY MOBILE 8-80 AUGER
GOVERNMENT 3. TOTAL NO. OF OVER- IS TURBED INDIS TURBED
4 WLE 0. (s o on wrartrg e BURDEN SAMPLES TAKEN & I
187-PA-204 4. TOTAL NUMBER CORE BOXES ()
S, NAME OF DRLLER
STAN BALES 5. ELEVATION CROUND WATER  765°
& DIRECTION OF MOLE 6. OATE HoLE TSTARTED OMPLETED
0 vERTICAL [] mCLnED DEC. FROM VERT. i3/4/817 ;374787
1. ELEVATION TOP OF WOLE BO5’
7. THOUNESS OF OVERBURDEN 47 8. TOTAL CORE RECOVERY FOR BORWG () %
8. DEPTH DRLLED NTO ROCK () PP —————
3, TOTAL DEPTH OF WOLE 477 KAISER
ELEVATION | DEPTH | LEGEND CLASSFICATION OF WATERIALS PE2. et toriing Pty :umr
(ascriprion) wsT. | w0 wecthering, ac, W storiTiooee!
[y » ] [ L] 1 L ]
805 - ASPHALT CONCRETE (2-1/4") [
- ON CRUSHED BASE COURSE t
803 T C
J oM [SILTY SANDY GRAVEL W/OCCASICNAL] -
= COBBLES (6”), DENSE, MOIST, o
5 BROWN o
7 w o
— o -
——d =2 —
2
7 £ -
7 b3 o
7 5 o
10— = —
3 3 -
- ) =
- - -
= 3 -
— w =
- m g -
] |9 [
] (9 o
153 WH N: NUMBER OF BLOWS TO  |—
3 EE DRIVE SAMPLER 12" o
» NE 2-1/2” SPLIT SPOCN SAMPLER |
— = | DRIVEN BY 400% HAMMER —
=
7 3|2 o
3 "1z -
— N -
20— N -
7 £ o -
] " o
4 w -
— - -
- w -
o
] = o
g g -
25—, " -
i M -
. bt "
— g -
-3 I ﬂ}. N=53 —
— b -
— @ =
30 i ’;.__
. HB N=39 o
35— [~
E :
—:1 N\ HC N:42 E_
— a -
I g o
- WATER @ 40, 3/4.87, x -
o 4 -
165 | ° 3 WHILE DRILLING ‘Sg -
j Ao -
a :Z}’ ol
] © . =
J Zl» D |N:z38 o
3 > C
— | =
45— g3 —
E £2 :
» 2| | II¢ {N:50+ REFUSALY s
757.8 — -
» BOTTOM O 47.2 N -
— ON BASALT BEDROCK > -
n ;
50 -
ENG FORM 1836  PREVIOUS £DMIONS ARE OBSOLETE. FROECT [Hae v,
MAR TN WYNOOCHEE L AKE PROJ 87-PA-2"4

D-08
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Hole No.B7-PA-205

DRLLING LOG  |™™

s TaLLATON SHEET |
OF| _ SHeETS

L PROJECY

0. SIZE AMD TYPE OF B 8* HOLLOW STEM

WYNOOCHEE L AKE PROJECT

L DATUM FOR ELEVATION SHOWN (TBW o WSU

2. MANLFACTURER'S DESIGNATION OF ORLL

2. LOCATION (Coarcfirases or Siofwy

ﬁLT. EMBANKMENT DAM_CREST
3 DRLLING AGENCY
GOVERNMENT

MOBILE B-80 AUGER

CRUSHED BASE COURSE

- 5. TOTAL NO.0F OVER- TS TURBED rme—ry
f«.mzﬂ;n. Yepmnmamio e 1o L o0s BURDEN SAMPLES TAKEN ! 4
— ‘:‘ nr“o: m 187-PA- 4. TOTAL MMDER CORE BOXES O
STAN BALES 5. CLEVATION GROWO WATER 768/
6. DRECTION OF WLE 6. DATE HOLE TSTARTED eI
) vERTICAL ) MCLWED DEG. FROM VERT, {3/6/817 13/6/81
7. ELEVATON TOP OF HOLE BO5’
L o 45 8. TOTAL CORE RECOVERY FOR BORSG () P’
& DEPTH DRLLED NTO ROCK () e SeuTIE O NCTR
9 TOTAL DEPTH OF MLE  45° KAISER
CLASSFICATION OF MATERIALS ez | St Drinng e o
ELEvATION | DEPTH | LEGEND AN of ¥ (e g o o s, o
. » . - . 2
804.5 ASPHALT CONCRETE (2°) ON

(2]
z

(8"), DENSE, MOIST, BROWN

w

S

bl

[
L3

~n
u

1Y
(=]

SILTY SANDY GRAVEL W/ COBBLES

N= NUMBER OF BLOWS TO
DRIVE SAMPLER 12~

2-1/2" SPLIT SPOON SAMPLER
DRIVEN BY 400® HAMMER

HA N=30

1-1/2* 1D SOLID PVC PIPE

[ BENTONITE SLURRY/CORE MATERIAL MIX

1
_

lLLl llIlLJlllLl_LlllLlllllllllJ_LlllLll_l_llJLlllll‘lJlllllllIllllllIl

w
E 4

sP- | GRAVELLY SAND (FINE TO COARSE) HB N=51
W/SILT, DENSE, WET, BROWN

Hc N:=60
Tp {wso

50

3C
= N\
3 Y WATER © 37, 3/6/87
768 —~ WHILE DRILLING
-] M [SILTY SANDY GRAVEL (37, N
- DENSE, SATURATED, BROWN N
40— SOFT FROM 40° TO 42 Q'ﬂj
- b
3 N3
s t=
- &
o b
] ¢/
< - o | O
160 | 45— G0TT0M © 45" ON BEOROCK "
3 &
i .
- ~
3 S
L

‘ffflﬁ_'l]llf]ll_rlilllITIVT_TTIT_T_TITI_'TWTIIII[IIIT]llrllrf‘lr]llﬂlﬂI‘rTTr]jY[_TIIﬁ1I—TTIT‘[IIT_I|T_TII

ENG FORM IB36 previous EDITIONS ARE DBSOLETE.
MAR T

D-06
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Hole No.87-PA-206

DRLLING LOG  [™™

PETALLATION SEET |
oF) __ SHEETS

L

IIYNOOCHEE LAKE PROJECT
2. LOCATION (Conrtinghs o

LT. EMBANKMENT DAM CREST

SIZE AND TYPE OF BIT 8* HOLLOW STEM

L DATUM FOR ELEVATION SHOWN (TBW ar WSL)

2. MANUF ACTURER'S DESIGNATION OF DRLL

MOBILE B-80 AUGER

ENG FORM (836 PREVIOUS EDIMIONS ARE OBSILETE.
MAR T

GOVERNMENT . TOTAL NO, OF OVER- DISTURBED T NDSTURBED
4, HOLE NO. (Ag shme® an drowing #t0 | BURDEN SAMPLES TAKEN ! [I
1R ) 187-PA-206 4. TOTAL MAMBER CORE BOXES ()
S NME OF OMLLER
STAN BALES s, ELEVATION GROUND WATER  N/A
. OMECTION OF NOLE 6. DATE HOLE TSTARYED icoumETED
) verrca [ moLveD DEG. FROM VERT. 13/1/81 ;377787
7. ELEVATION TOP OF WOLE BSOS’
7. THCKNESS OF OVERBURDEN 26" 8. TOTAL CORE RECOVERY FOR BORWG () P’
8. OEPTH DRLLED 210 POCK O SKNATURE OF BSPECTOR
8, TOTAL DEPTH OF WLE 26’ KAISER
aox R
TLASSHICATION OF MATERIALS
ELEVATON | DEPTH | LEGEND A Moy ik g; SA"‘L( :mm-n'r' mm;f
[] ) 3 [ ] L] 1
804.5 ASPHALT CONCRETE (2*) L3 -
- ON CRUSHED BASE COURSE Wiz -
= : -
7 6M  [SILTY SANDY GRAVEL W/COBBLES 4 -
3 & OCCASIONAL BOULDERS (14%), a[> -
. DENSE,MOIST, BROWN o :
5— e ol
- o2 -
7 2 -
] 2] -
= " -
] I3 F
3 SE :
10— " -
7 174" | BENTONITE PELLETS o
_;' 4 -
3 | | o
|5—;1 B é‘
= \ 2
3 NE -
WO [
ZOj 5] o
7 o
: N 3
s -
- -
1 g i
25— P =
e BOTTOM © 26 .
3 N i-172+ [ip PERFORATED PVE PIPE E_
3 o
3 o
30? -
35— -
;1 o
40-5 E—
3 o
] o
E E
45 —
50 - o
PRO.£CT WOLE NO.

WYNOOCHEE LAKE PROJ 87-Pa-206

0-97




Hole No.87-PA-207

DIVISION s TaLLATION SE€ET |
DRLLNG LOG | T s
© PROECT 0. S2E A0 TYPE OF BT B* HOLLOW STEM
| WYNOOCHEE LAKE PROJECT s, DATUM FOR ELEVATION SHOWN (T8 or MSU
2. LOCATION fOmvafinstes or Sherlon)
LT EMBANKMENT DAM CREST 2. MANUFACTURER'S DESIGNATION OF DRALL
MG AGENCY MOBILE B-80 AUGER
| GOVERNMENT 3. TOTAL NO. OF OVER- 1S TURBED TUNDIS TURBED
A.m.c':o. {48 soon @ aroiey 8. 1 2 BURDEN SAMPLES TAKEN ¢ 0
i u_":m 187-PA-207 4. TOTAL MMBER CORE BOXES ()
31':;,‘ BALES 15, ELEVATION GROUND WATER
6. DRECTION OF HOLE 6. DATE woLE ISTARTED 1COMPLETED
X vervcar [ mcimen DEG, FROM VERT. i3/13/87 i3/14/87
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