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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
r