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SECTION 1 PROJECT GEOLOGY

1.1 GEOLOGIC SETTING

Eagle Gorge Reservoir (later renamed Howard A. Hanson Darn) was authorized by the
Flood Control Act of 17 May 1950 (Public Law 516, 81st Congress, 2d Session), as a
flood control project. Construction began in 1958 and was completed in February 1962.
First water was impounded hi December 1961. The project provides for a normal
maximum reservoir capacity of 106,000 acre-feet of flood pool storage at elevation 1,206
feet which is in excess of the 100 year flood occurrence. During the summer a
conservation pool to augment natural low flows and to provide water for the City of
Tacoma is impounded at a maximum reservoir elevation of 1,141 (occasionally up to
1,145) feet.

Howard A. Hanson Dam is located on the Green River in western Washington. The dam
spans a narrow rock canyon located 5 miles inside the western Cascade margin. To the
east, the Cascade Range rises sharply to elevations over 7,000 feet. The Cascades are a
complex mountain system composed of sedimentary, metamorphic, and intrusive and
extrusive igneous rocks. The ancestral Green River was tributary to the Cedar River
drainage prior to the glaciation of the Puget Sound Lowland. Before the last glacial event
the river flowed out the North Fork Valley to the Cedar. During the Pleistocene, glacial ice
extended eastward up into the alpine valley headwaters. The ice and subsequent moraines
diverted the proto-Green River from its North Fork Valley exit to its present course where it
emerges from the Cascade Mountain front south of the North Fork Valley. The diverted
river flowed on a bedrock floor at elevation 1,000 feet in the river gorge. This gorge is
presently buried north of the damsite. The nearest (southwest) rim of the ancestral valley is
located several hundred feet northeast of the right abutment of Howard Hanson Dam.

During subsequent interglacial periods, the Green River cut its channel approximately 150
feet deeper resulting in oversteepened side slopes and collapse of the eastern valley side.
Several episodes of deposition, erosion, and landsliding may have followed. The present
gorge beneath the dam was cut as a result of river blockage by the last massive slide off the
northeast valley wall. Today this landslide is a major landform forming part of the right
abutment of Howard Hanson Dam, Plates E-l and E-2.

1.2 TECTONIC AND SEISMIC SETTING

The present North Cascade Range was uplifted during the Late Tertiary by a series of
complex folds and faults. One such fault was the Green River fault, see Plate E-l. The
fault is a west-northwest trending zone of indefinite width; its map trace is some 1,500 feet

HMD AWS ~ ifl DFR/EIS



APPENDIXE — GEOTECHNICAL CONSIDERATIONS

north of the dam. Active during the Miocene and/or Pliocene time the fault shows about
4,000 feet of horizontal right lateral movement through combination strike-slip and dip-slip
components. Between the area of the dam and mountain front, the Green River exploits the
fault zone and parallels its trace. The right abutment landslide obscures the fault trace at the
dam. The fault zone probably contributed to the landslide and may be one of its causes
(U.S. Army Corps of Engineers, 1983). In this area of the North Cascades, most major
faults strike northwest and dip southwest. An exception is a major fault striking northeast
across the damsite and dipping at high angle towards the northwest. This fault zone was
dominant in the foundation of the dam structure. The darn is located in Seismic Zone 3
which corresponds to a seismic coefficient of 0.10 for the lateral earthquake force. The dam
has a design earthquake analysis that identifies dynamic earthquake motions and response
(U.S. Army Corps of Engineers, 1983). This engineering seismology study together with
its update on page 27 in Position Paper on Seismic Hazard to Corps of Engineers Dams
from Cascadian Subduction Zone Earthquakes, June 1994, USAGE Seattle, Engineering
District is sufficient for new construction.

1.3 SITE GEOLOGY

1.3.1 Bedrock

The Howard Hanson Dam project lies within a series of Tertiary age volcanic rocks.
Locally, these rocks are known as the Eagle Gorge Andesite and regionally they correlate
with the Fifes Peak formation of early Miocene age. Regional dip of the bedrock is 35°
southeast. Bedrock at the project site is composed of andesitic and basaltic flows, tuffs, and
breccias with associated basic and acidic dikes and sills. The entire assemblage is so
faulted, sheared and hydrothermally altered that it has few mappable structures and
Stratigraphic patterns (U.S. Army Corps of Engineers, 1963). The Green River channel
beneath the dam has been eroded in bedrock to approximately elevation 1,000 feet. The
Howard Hanson Darn foundation report lists five distinct rock types found at the dam.
These rock types are shown on Plate E-3 and a brief description follows:

• Basalt: Hard to moderately hard, dense, blocky, black, generally not badly affected by
hydrothermal alteration or weathering, moderately fractured, occurring in the form of thin
flows, dikes and sills.

• Andesite: Moderately hard, dense, dark green to dark gray, irregular to blocky fractures,
sometimes massive, fine-grained to porphyritic, minor hydrothermal alteration.

• Basalt Pyroclastics (Tuff): Moderately hard to soft, with medium grained, dark gray
tuffaceous matrix with fragments of hard dense basalt. Highly susceptible to hydrothermal
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alteration and weathering. This rock has a general agglomeratic texture with seams of pure
tuff.

• Andesite Pyroclastics (Tuff): Soft, light gray, fine-grained matrix with moderately hard
fragments, granular to agglomeratic texture. Generally highly altered by hydrothermal
action, the rock deteriorates readily upon exposure to the atmosphere.

• Felsite: Hard, dense, light gray, occurs as dikes and sills.

(1) Left Abutment. The left abutment contains all of the above rock types. The bedrock is
hard to moderately hard, except in the hydrotheraially altered zones where the rock is
predominantly soft. Bedrock is moderately to intensely fractured. Several fault and shear
zones trending east-west and southeast-northwest were mapped in the canyon walls and
inside the diversion tunnel during project construction.

(2) Right Abutment. At the dam, the right abutment is a short, sharp, narrow rock ridge
dividing the present and ancestral Green River valleys. Bedrock rises steeply to elevation
1,150 feet, see Plate E-4, then drops away to elevation 850 feet into the ancestral valley.
Bedrock is predominantly andesitic pyroclastics interspersed with zones of pure tuffs and
intrusions of basaltic rocks. The rock is hydrothermally altered and weaker than most of the
rock forming the left abutment.

1.3.2 Overburden

The overburden overlying left abutment rock is composed of silty, sandy gravel slopewash.
On the right abutment overburden consists of landslide debris and both fluvial and
lacustrine sediments.

1.3.3 Eagle Gorge Landslide (Right Abutment)

Landslide materials rest on the right abutment bedrock surface as well as fluvial and
lacustrine deposits. Slide materials are composed of a heterogeneous assemblage of rock
blocks as much as 20 feet in diameter and varying amounts of interstitial fine-grained
material. Blocks are composed of volcanic tuffs and breccias. The slide surface rises
northeastward to elevation 1,300 feet.

1.3.4 Groundwater

Rock joints and faults of various spacing and orientations occur in both abutments.
Permeability within the rock depends on the width and interconnection of these features.
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Groundwater originating from the adjacent hillside above the upstream left abutment has
been found to be under moderate pressure. This condition was experienced in 1956 during
the initial dam exploration program, again in 1960 during the construction of the existing
diversion tunnel, and most recently in May, 1996, within a single exploration boring near
the proposed fish passage facility footprint. The latter boring penetrated a pressurized water
bearing unit at a depth of 143 feet and produced 40-gallon per minute flow at the surface.
The unit was grouted 6 days later and flow was shutoff. The project crew have diverted the
minor seepage draining from the overburden covered hillside south of the existing gate
tower to prevent erosion of the access road. Within 200 feet south of the gate tower, the
overburden covering the bedrock surface is as much as 75 feet thick.

Groundwater also occurs in the right abutment overburden materials, where at least two
distinct overburden aquifers have been identified, see Section 3. Aquifer recharge is by
precipitation runoff and by direct communication with the reservoir. Seepage through right
abutment sediments and landslide debris had been recognized before construction of the
dam. A 560-foot-long semi-impervious gravel/rock blanket was placed on the right
abutment as part of the original construction to control seepage through the 2,000-foot-long
ancient buried river channel (Galster, 1989).

1.4 RESERVOIR AREA

From the dam the reservoir area extends seven miles eastward up the Green River and four
miles northerly up the North Fork, Plate E-l. Most of the overburden slope materials are
glacial stream and lake deposits. Rocks bordering the reservoir are andesite flows,
andesitic tuffs, and breccias which are typically hydrothermally altered and deeply
weathered. Reservoir slope stability has not been a serious problem since water was first
impounded to the conservation pool at elevation 1,141 feet in December 1961. Since the
initial filling of the reservoir there have been four major flood pools that exceeded
elevation 1,160 feet. The first flood occurred on 5 December 1975 with a peak of 1,175.8
feet. The second flood peaked at 1,173.6 feet on 4 December 1977. The third flood
peaked at 1,167.2 feet on 1 December 1995. The fourth and maximum to date occurred
on 10 February 1996 with a peak of 1,183.2 feet.
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SECTION 2 RESERVOIR SLOPE STABILITY

2.1 GENERAL

Slope stability issues around the reservoir are not considered to be detrimental as there are
no developed lands or structures to be threatened other than a logging road and a railroad
line. Reservoir landslides of damaging magnitude are not anticipated. The entire reservoir
area was mapped by geologists during the early 1980s as part of a project seismic
evaluation. Their original field maps are in Geology Section files. Other available
information includes drill hole and test pit data completed in 1955 for the Northern
Pacific Railway relocation. This information is available in Design Memorandum No. 4
and Supplements. Project personnel routinely cruise the lake looking for new and
renewed slope movement and District geotechnical staff periodically check the reservoir
slopes every 5 years and document their findings by memorandum.

The reservoir rim between elevations 1,170 feet and 1,210 feet will be impacted by the
proposed additional water storage project. For this reason the Seattle District
geotechnical staff have made several boat trips during 1993 through 1995 to assess
potential for slope failure within the proposed pool raise area. They identified zones of
current and potential instability, but observed no unstable slopes that would negatively
impact project safety.

2.2 SLOPE FAILURE CRITERIA

The magnitude and type of slope failures vary with height, steepness, and composition of
the slopes. For glaciolacustrine materials, failure is dependent on the sand-silt-clay ratio
within the deposit, and on ground water conditions. Steep slopes in glaciolacustrine
deposits tend to fail by slumping, slump-earth flow landsliding and by calving. Slopes in
free draining materials such as sand and gravel erode by raveling and tend to achieve
stable slopes at IV on 3H.

2.3 PRE- AND EARLY RESERVOIR LANDSLIDES

In 1995 a literature search was made for reports documenting existing landslides in the
vicinity prior to filling of the reservoir. The only slide area documented is located on the
west bank of Charley Creek, and is briefly discussed in Design Memorandum 19,
Supplement No. 1. Although no as-built documents were found, office correspondence
suggests that the Charley Creek slide was buttressed at the toe. Slides have been occurring
at this site for many years and are independent of the reservoir's existence.
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Soon after initial reservoir filling, a large slide occurred along the east side of the North
Fork Green River. It was a quarter-mile-long slump failure of a terrace in glaciolacustrine
sediments. Numerous springs were observed at the base of the terrace at elevation 1,125
feet. The slide was in a remote area and caused no damage to the project or private
facilities (Galster, 1989).

2.4 RECENT LANDSLIDES

Wave erosion accounts for most of the numerous slip-off slides along the reservoir
shoreline. Only one massive rotational slide has been documented since the reservoir
filling. This slide occurred in early December 1995 following a period of intense rainfall.
The actual causal factor for the slide was man-induced. The crest had been loaded with
rock and soil debris trucked from an area further upstream. The rotational slide occurred
1.7 miles upstream of the dam at the downstream end of a rock canyon. The landslide is
located on the south bank of the reservoir in the SW1/4 of the SW1/4 of Section 35,
Township 21 North, Range 8 East, (W.M.) in King County, Washington. Vehicle access
to the slide area is by way of the mainline Weyerhaeuser log haul road. A turnout large
enough to park several pickup trucks is located near the mile post 16.5 marker.

During earlier site reconnaissance visits in 1993 and 1994 this landslide had been
considered active. It was reported that remnants of an arc failure were found at the
downstream end of the gorge, just upstream from the powerline crossing. Materials
exposed in the slide headwall did not show any form of bedding, but rather displayed a
heterogeneous mix of silt, sand and predominantly small "fist-size" angular rock
fragments, similar to materials seen hi a pyroclastic mudflow. The headwall materials
were noted as unconsolidated and could be easily excavated with a small hand shovel.
Project personnel reported that historically, this area was used as a waste site for landslide
debris which had slid onto the railroad tracks and log haul road at a point further
upstream. The materials were hauled to the site and end dumped. After the waste area
had been filled to capacity the area apparently was leveled. Hundreds of small trees had
grown on the surface. The waste pile was estimated to be 300 feet hi length, 200 feet in
width, and 30 feet thick. During 1994 it was concluded that renewed sliding would not
threaten the operation of the project.

The landslide may have renewed activity during a medium-sized rainfall between 28 and
30 November, 1995. The reservoir reached maximum elevation 1,167.98 feet at 2100
hours on 1 December 1995. For the 90 hours (flood event period of record) preceding the
high pool, the reservoir was above elevation 1,095 feet, and through the following 90
hours the reservoir was above elevation 1,138 feet. Folio whig the peak elevation, the
reservoir was lowered at an average rate of 0.05 feet per hour for the first 10 hours.
Through the next 10 hours the reservoir was lowered at an average of 0.15 feet per hour.
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Maximum rate of reservoir drop averaged 0.5 feet per hour between 70 and 90 hours after
the peak elevation. The rapid rate of reservoir drop may have been responsible for failure
of the already unstable slope. Turbidity levels increased sharply for 2 days and decreased
to normal levels 5 to 7 days following the slide. The Corps concluded that the landslide
mass which still partially blocked the Green River would not produce further adverse
turbidity in the reservoir. Early in 1996, the City of Tacoma reshaped the slope to avert
additional slippage.

2.5 ADDITIONAL WATER STORAGE EFFECT ON RESERVOER SLOPES

Data collected during the numerous reconnaissance boat trips have been summarized.
For descriptive purposes in this document the reservoir rim was divided into
topographical distinct segments A through L. See Figure E-2. Each segment is briefly
discussed below.

Segment A extends from the dam northward up the North Fork Valley. This segment is
characterized by steep relief. A thin veneer of glaciofluvial/lacustrine deposits consisting
of silt, sand, gravel, and occasional boulders overlie andesite and basalt rock. These
materials may experience minor raveling with increase pool height.

Segment B occupies the flood plain of the North Fork Green River. This area has low
relief, containing river deposited sand, gravel, cobbles and boulders. Bank calving should
be anticipated, but is of no threat to operation of the project.

Segment C extends from the North Fork floodplain southward to Piling Creek. Relief
varies from low to steep. Here, the terraces are composed of silt, clay, sand and gravel.
Multiple slumping episodes should be anticipated within the bedded silts and clays.
Movement in these materials should pose no threat to operation of the project!

Segment D extends from Piling Creek southward for approximately one mile. Relief
varies from low to moderate. Terraces and delta deposits are common. Paragraph 2.3
mentions slump features experienced in this area during the initial pool raise. This
segment has a high potential for renewed slumping activity, but as before does not
threaten operation of the project.

Segment E relief is predominantly steep. Alluvial sand fills low areas within the massive
rock outcrop. Fallout of small rock blocks may occur in the canyon wall. Significant
landsliding is not expected.

Segment F is generally low relief. Delta sands and gravels underlie the area. Minor toe
calving and slumping are anticipated. Potentially massive slide areas above elevation
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1,210 feet along the north side of the valley are considerable horizontal distances from the
river, and therefore, do threaten operation of the project.

Segment G extends upstream from the mouth of Gale Creek to the elevation 1,210-foot
contour crossing the Green River. Relief ranges from moderate to steep. Alluvial sand
and gravel deposits and laminated clay beds conceal much of the tuffaceous bedrock.
Even though the terrain is steep, landslides of significant magnitude are not anticipated.
Earth and rock slippage throughout this segment should pose no threat to operation of the
project.

Segment H extends from the elevation 1,210-foot contour crossing the Green River
downstream to the narrow gorge discussed in segment E. Relief ranges from low to
moderately steep. Alluvial sand and gravel and laminated lake beds mantle much of the
andesitic rock surface. Numerous scars from old slump failures are evident. A higher
pool may cause renewed slumps, but these should pose no threat to operation of the
project.

Segment I occupies the opposite (south) side of the gorge across from segment E. Relief
is very steep. The slope at the upstream end of the gorge is well protected with riprap. A
flume on the slope discharges a significant amount of water from the railroad grade
above. Further downstream the slope is predominantly rock and is not protected with
riprap. Continually raveling sand and gravel should be expected. At the end of the
gorge, near the powerline crossing, failure of the wasted materials should be anticipated.
Landsliding related to this waste pile can be expected well into the future, but should not
pose a threat to operation of the project.

Segment J extends downstream from the rock gorge to the mouth of Charley Creek.
Relief throughout this area is moderately steep to very steep. Generally, the reservoir
slopes are composed of alluvial sand and gravel deposits overlying laminated silt and clay
beds. Bare slopes caused by slip-off slides should be expected. Also, massive shoreline
slumping may occur in the initial phases of the pool raise. Both types of slide activity
should have no effect on operation of the project.

Segment K comprises Charley Creek and adjacent banks. Relief is steep. Banks are
composed of sand and gravel deposits and laminated silt and clay beds. The west side of
Charley Creek is characterized by numerous springs. Historically, the area has
experienced large slides and slumps resulting from soil saturation during rainstorms. At
the same time the sediment load entering the reservoir from the upstream area has been so
high that it has masked any turbidity originating in the Charley Creek slide area. As
such, sliding at Charley Creek has not impacted turbidity. With an increased pool
adjacent slopes will be affected. During initial inundation the temporary suspension of
materials is likely, however, the material will settle out and will be diluted as water is
exchanged. Charley Creek slopes are not expected to slide routinely during the dry season
when water is impounded.
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Segment L extends from the mouth of Charley Creek downstream to the left abutment of
the dam. Relief is steep. Sand, gravel and rock rubble partially obscure the numerous
outcroppings of basalt and andesite. Potential for landsliding appears low.

2.6 RAILROAD BRIDGE No. 1 (STATION 10602+47), UPPER CROSSING
OF GREEN RTVER NEAR HUMPHREY

The upper crossing is located approximately 1 mile from the beginning of the relocated
railroad near Humphrey. Preconstruction boring logs are shown on Plate E-5.

2.7 RAILROAD BRIDGE No. 2 (STATION 10757+40), CHARLEY CREEK
CROSSING

Supplement No. 2 to Design Memorandum No. 4 discusses preconstruction design of the
Charley Creek crossing. Preconstruction boring logs are shown on Plate E-6. The railroad
is located far enough away from the reservoir as to not be considered threatened by any
sloughing to occur from the proposed pool raise
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SECTION 3 EFFECT OF PROPOSED 1,177-Fooi
CONSERVATION POOL ON RIGHT ABUTMENT

3.1 GENERAL

The complex geologic conditions in the right abutment create a complicated reservoir
seepage problem which is not totally understood from the standpoint of hydrogeology.
Basically, at least two major aquifers are present with the possibility that others exist.
The lower aquifer with base elevation at approximately 1,000 feet is found within the
buried valley's alluvial materials. Pervious zones in the overlying glacial and slide
materials form the upper aquifer. Neither the lower boundary of, nor the material making
up the upper aquifer are as well defined as in the lower aquifer. This is particularly true
of the slope downstream of the abutment. The lower boundary of the upper aquifer is
estimated to be near elevation 1,065 feet.

Stability analyses during design for the upstream and downstream slopes were performed
using the slide circle analysis. These analyses showed a minimum factor of safety of 1.41
and 1.25 for two sections through the downstream slope. The upstream slope in the
blanketed area had a minimum factor of safety of 1.91 with a pool at elevation 1,080, and
a minimum factor of safety of 1.6 under assumed draw-down conditions. The upstream
slope in the random fill area had a minimum factor of safety of 1.67 with a pool at
elevation 1,120 and a minimum factor of safety under draw-down conditions of 1.30.

3.2 SEEPAGE OBSERVATIONS

Seepage through the right abutment of the dam and its effect on the stability of the
downstream right bank slope of the dam have been a basis for continued exploration and
studies since the dam became operational in December 1961 (see Exhibit A for logs of
wells, piezometers, and horizontal drains, and Plates E-2 and E-4 for locations). The last
formal document addressing these issues was a report titled "Right Abutment Seepage",
dated 15 June 1992. Initially, seepage in the right abutment was monitored using single
stage piezometers. Multiple staged piezometers were introduced in June 1966. Since that
time the following modifications and new installations have been completed:

• Multiple stages were installed in single staged piezometers 7, 8,14, 16, 17,20, 53,
and 54 in 1979.

• Four new wells, 38, 39, 40, and 41, each with 3 piezometers, were installed in 1979.
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• In 1986 two multi-stage piezometers (102 and 105) were installed in the right
abutment, three multi-stage piezometers (101, 103, and 104) were installed in the dam
embankment, and three single stage piezometers (107, 108, and 109) were installed in the
downstream toe of the embankment. In addition, an old seismic instrument hole (106) in
the dam embankment was converted into a single stage piezometer.

• Twelve new piezometers located in eight wells (110,111, 112, 113,114,115, 117,
and 118) were installed in 1993 to provide additional coverage of seepage and to replace
non-functional piezometers.

• All piezometers have been automated.

In February 1965, when the pool briefly reached elevation 1,161.8 feet, a spring appeared
460 feet downstream of the dam axis on the right abutment at elevation 1,134 feet. The
spring area was blanketed with gravel fill and a crib wall was constructed to support the
gravel. In 1968, a 640-foot-long concrete lined drainage tunnel (adit) was constructed
into the right abutment at elevation 1,100 feet to improve seepage control. The tunnel is
located 200 feet downstream of the dam axis.

i

During the flood events of December 1995 and February 1996 significant seepage was
observed along the downstream right abutment (reference Post Flood Report, Howard A.

| Hanson Dam Post Flood Report, dated 8 April 1997). During these events seepage was
observed further downstream and lower on the slope than reported in 1965. Seepage
occurred from a zone extending from weir 1 to 250 feet upstream, and from the slopes
behind the two gabion walls, see Plate E-2. Flow quantities were measured from five
individual locations for the February 1996 flood. Flows peaked from these locations
shortly after the initiation of data collection on 11 February. Weir 1 peaked at nearly
1,000 gallon per minute (gpm) on 9 and 10 February 1996. Based on visual observations
of flows running overland and seepage exiting the abutment slope, it is estimated that
about 80 percent of the flow through weir 1 was due to seepage and 20 percent due to
surface runoff. Weir 2, located farther downstream, peaked at about 550 gpm on 8 and 9
February 1996 with nearly 100 percent of the flow due to surface runoff.

Flows from the drainage tunnel peaked at about 1,150 gpm for the February 1996 flood.
Flows measured at well 37 were about 200 gpm, at well 25 were about 11 gpm, at well 34
were about 120 gpm, and at well 35 were about 60 gpm Approximately 800 gpm of the
total 1,150 gpm were transmitted through the tunnel gravel floor drain. Water was also
observed flowing from the concrete joint just upstream of the tunnel bend and well 25.
This water was carrying fines (classified as ML by NPD Laboratory) and had a turbidity
of 819 NTU. The data for well 25 exhibits a distinct double peak; the first occurring
midday on 10 February and the second at midday on 11 February. It is believed that the
first peak is a precipitation response due to infiltration along the rock slope just above the
tunnel, and that the second peak is a pool response.

HHDAWS E-11 DFR/EIS



APPENDIXE — GEOTECHNICAL CONSIDERATIONS

An area of special concern exists between well 25 (elbow of drainage tunnel) and the
right abutment/embankment contact. Monitoring of piezometers and wells in the upper
aquifer of this area during the February 1996 flood (peak pool elevation of 1,183.2 feet)
confirmed the assumption that initial flows through this portion of the abutment are
precipitation related. This assumption is validated by the fact that piezometers peak 14 to
18 hours before the flood pool peaks and well 25 peaked 10 hours and again 34.5 hours
after the pool peaked. These conclusions are based on the fact that the flows initially are
high during the rain storm and infiltration and then once the precipitation stops they
reverse direction and flow from the pool towards the drainage tunnel. Precipitation
appears to be infiltrating through the rock slope downstream of the administration
building parking lot.

3.3 SEEPAGE ANALYSES

Plate E-7 shows phreatic contours for 2 summer conservation pools (reservoirs filled to
1,141 feet), one prior to the installation of the drainage tunnel (6 July 1966) and the other
after the tunnel was constructed (19 May 1981). A comparison of these phreatic contours
readily shows the effect of the tunnel on the abutment groundwater table. This effect is
most evident when the 1,130 foot elevation contours are compared. In the outer
(riverward) 600 feet of the abutment, the 1,130 foot contour for the 6 July 1966 pool is
about 150 feet downstream of the present tunnel location while for the 19 May 1981 pool
this contour is about 250 feet upstream of the tunnel. In the inner (upslope) portion of the
abutment the 1,130 foot contour as drawn is very nearly at the same location for both
pools. For summer conservation pools to elevation 1,141 feet the tunnel is apparently
effective in lowering the groundwater table in the outer, more critical, portion of the
abutment but has little effect on the inner part of the abutment.

A summer conservation pool to maximum elevation 1,177 feet (elevation 1,180 feet was
used for this analysis) has been proposed. In order to assess the effect of storing this pool
on the abutment phreatic levels, the geotechnical staff reviewed the piezometer data for
previous summer pools and selected the 1987 and 1989 data as the base from which to
model a theoretical projection of the effect of an elevation 1,180 foot conservation pool
(reference report titled "Right Abutment Seepage" dated 15 June 1992). The phreatic
contours for the upper aquifer for an elevation 1,180 foot conservation pool are shown on
Plate E-8. These contours indicate that, at least, some of the pool related seepage will
actually pass around the end of the drainage tunnel and some may also pass over the
tunnel.

Phreatic contours of the lower aquifer for the February 1996 flood event (1,183.2 feet
peak elevation) exhibit no distinct channels. Groundwater flow from the lower aquifer
appears to exit into the river channel below elevation 1,025 feet, through the riprap bank
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or directly into the river. The groundwater flow through the lower aquifer is not
considered to be a concern for a conservation pool of 1,177 feet.

The effects of an elevation 1,206 feet flood pool were analyzed in 1992 and found to
present no apparent threat to this facility (reference report titled "Right Abutment
Seepage", dated 15 June 1992). The results of data analysis from the December 1995 and
February 1996 floods made no appreciable changes to this conclusion.

The quantity of water flowing through the abutment for the elevation 1,180 foot
conservation pool was calculated to be about 42.8 cubic feet per second (cfs) which is
equivalent to about 19,200 gpm; see Figure E-2.

Engineering Pamphlet, EP 1130-2-500 was reviewed to determine the appropriateness of
applying the contained criteria to this project for a Risk-based analysis. The following
Chapters and Appendixes referenced confirm that a Risk-based analysis for this project is
not appropriate.

a. Chapter 3: The proposed seepage control work for the right abutment should
not be considered rehabilitation because it would be unnecessary without the
additional water storage project. The dam and right abutment are reliable and
efficient in their present condition with the current conservation pool level.

b. Appendix B (B-3. d. (1) (d)): The proposed seepage control work is not due to
deterioration or degradation in service level.

c. Appendix B (B-3. e. (3) (a)): Alternatives have been developed, but are totally
dependent on the reaction of the right abutment to a sustained pool raise.

d. Appendix B (B-3. F. (1) (b)): Failure scenario for this project poses an
imminent threat to public safety with a complete dam failure being the worst
case.

e. Appendix H: This appendix refers specifically to Hydropower rehabilitation.
Howard Hanson dam is a flood control/water supply dam.

The test pool must be accomplished during construction for two reasons: (1) The test pool
will be preceded by grouting the area between the drainage tunnel and the embankment.
(2) The reservoir may need to be cleared. See paragraph 3.7 for test pool requirements.
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3.4 STABILITY ANALYSIS

Stability analyses were performed using the "UTEXAS3 Slope-Stability Program."
Parameters for the native slide/abutment materials were:

• Dry unit weight = 120 pounds per cubic foot (pcf)
• Moist unit weight = 134.9 pcf
• Saturated unit weight = 138.5 pcf
• Buoyant unit weight = 76.1 pcf
• Angle of internal friction = 38 degrees
• Cohesion = 0 pounds per square foot (psf)

Parameters for the upstream slope and slope treatment materials were:

• Dry unit weight =135 pcf
• Moist unit weight =145 pcf
• Saturated unit weight = 147.6 pcf
• Buoyant unit weight = 85.2 pcf
• Angle of internal friction = 38 degrees
• Cohesion = 0 psf

TABLE E-3-1. CRITICAL ARC FACTORS OF SAFETY

Slope

Downstream

Downstream

Upstream

Upstream

Upstream

Upstream

Upstream

Upstream

Pool Condition

1141 Conservation

1180 Projected Conservation

1141 Conservation

1180 Projected Conservation

1141 Conservation

1180 Projected Conservation

1206 Projected Flood Pool

1206 Projected Flood Pool

Seepage Condition

Steady State

Steady State

Steady State

Steady State

Rapid Drawdown

Rapid Drawdown

Steady State

Rapid Drawdown

Critical Arc Factor
of Safety

1.113

1.111

2.060

2.215

2.060

2.215

2.308

2.308

Note: The assumed angle of internal friction (Phi) of 38 degrees and cohesion (c ) = 0
are conservative strength parameters for the materials comprising the right abutment of
Howard Hanson Dam. These materials are predominately slide debris consisting of large
angular rock blocks, boulders, cobbles, and gravel with a matrix of silts, sands, and clays.
Historically, a small amount of cohesion has been recognized to be associated with this
material, however, because it is practically impossible to accurately sample and test in-
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situ or in a laboratory, the cohesion has been ignored. Instead the upper range of internal
friction for gravel has been chosen as the preferred strength parameter for analysis.

3.5 POSSIBLE CORRECTIVE ACTIONS TO DECREASE SEEPAGE AND
INCREASE STABILITY OF RIGHT ABUTMENT

As evidenced by the relatively low Factors of Safety derived from this study and the
previous seepage studies performed to date, it is apparent that some form of corrective
actions must be incorporated into the design of the Additional Storage contract. Several
alternatives have been developed and analyzed to address reduction of seepage through
the right abutment. The alternatives are briefly described in the following paragraphs.

3.5.1 Drainage Tunnel Extension

This alternative includes extending the existing tunnel approximately 200 lineal feet or
more beyond the current end of the tunnel and installing 5 additional relief wells (see
Figure E-3 and Plate E-9). Wells would be 10-inch-diameter perforated steel casings
spaced at about 40 feet, for a total length of casing of about 1,150 feet.

3.5.2 Additional Feeder Wells at End of Existing Tunnel

This alternative would involve installation of five additional wells at the end of the
existing drainage tunnel (see Figure E-4) for drawing down the abutment seepage
expected to pass around the end of the tunnel. These would be 10-inch-diameter
perforated wells drilled from the ground surface and connected within the drainage tunnel
through new feeder pipes and tee connections. Approximately 1,100 feet of drilling and
casing will be needed for this option.

3.5.3 Horizontal and Inclined Drains

This alternative would consist of a series of perforated pipes drilled into the abutment
from the end of the existing drainage tunnel (see Figure E-5) for an average length of
about 150 feet per drain. These drains would be arrayed at various angles from near
horizontal to as much as 50 degrees from horizontal. There may be as many as three
drain sets each with up to 10 drains.
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3.5.4 Cutoff Wall

A positive seepage cutoff wall would be constructed along the top of the impervious
blanket (see Figures E-6 and E-7) using a slurry trench method similar to the cutoff wall
constructed at Mud Mountain Dam. A temporary fill (approximately 230,000 cubic
yards) would be required to provide a working platform (see Figure E-8). Total wall area
would be about 250,000 square feet with a maximum depth of 285 feet. The wall would
extend to the right canyon wall about 1,400 lineal feet where it would tie into bedrock at
approximately elevation 1,190 feet. The bottom of the wall would need to extend at least
down to elevation 1,040 feet.

3.5.5 Injection Grouting

This alternative would consist of a series of borings (assumed to be on 3-foot centers and
two rows at this time) drilled approximately ten feet into bedrock for a total length of
drilling of about 25,500 feet to facilitate placement of grout tubes (see Figures E-9, E-10,
and E-l 1). Casings would be pulled and re-used once grout tubes are in place. Grouting
(estimated at about 7,420 cubic yards) would be performed under very low pressures to
reduce the chance of hydrofracturing the abutment materials. A work platform will
require a temporary fill of approximately 56,000 cubic yards (see Figure E-l 2).

3.6 RECOMMENDATIONS

It is recommended that the "Injection Grouting" option be incorporated as a work item in
the proposed pool raise contract. This option could be further refined during FED. The
grouting work would reduce known seepage problems through the abutment adjacent to
the dam embankment. If the abutment is left in its present condition serious slope
stability problems may occur.

The "Alternatives in paragraphs 3.5.1, 3.5.2, and 3.5.3" are recommended for inclusion as
options in the future construction contract. These options would be exercised only if
conditions warrant based on results of a test pool raise during the early construction
phase. Following test pool analyses it will be possible to determine whether the tunnel
extension or a lesser option such as "Horizontal and Inclined Drains" or "Additional
Feeder Wells" will be adequate to control additional seepage. It must be recognized that
because of the highly variable nature of the right abutment slide materials, an unsuspected
anomaly may occur during pool raise that will require development of other remedial
measures.

Two additional work items are essential to complete the upgrades to this facility: (1)
Three water pressure gauges are recommended, one at the elbow, one at the end, and one
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at mid point in the existing drainage tunnel. Multiple gauges will be needed for
comparison purposes; and (2) since the upstream rock blanket is deteriorating, new rock
is recommended to withstand increased erosion caused by a higher wave fetch.
Approximately 69,000 cubic yards of rock will be required for this work based on a 3-
foot-thick blanket placed directly on the existing rock surface.

3.7 TEST POOL REQUIREMENTS

The test pool is needed in order to monitor groundwater conditions in the right abutment
and to design and construct an appropriate modification to the seepage control measures
currently in existence, if necessary. Requirements for a test pool are as follows:

1) It is known that precipitation effects the groundwater regime of the upper aquifer,
therefore, the test pool will be conducted under conditions of a normal summer
conservation pool.

2) The test pool will be conducted in a staged manner; i.e. the pool will be raised in
approximately 10-foot increments, allowing time for instruments to stabilize before the
initiation step. It is estimated that the test pool will take about three months to
accomplish.

3) A complete analysis of the data will follow the completion of the test pool, which is
expected to take approximately two months to complete. The design of any new seepage
control feature or modification to the existing seepage control features will commence
after completion of the analysis.
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SECTION 4 INVESTIGATIONS

4.1 PRE-DAM EXPLORATIONS

Exploratory drilling for the damsite consisted of core and cable tool borings. Borings were
drilled in the spillway, intake channel, stilling basin, tunnel, right and left abutments, and
riverbed. A total of 65 borings were drilled between 1947 and 1958. In addition, five
observation wells, four test pits, and two adits, 38 and 55 feet in length, were completed on
the right abutment to determine foundation conditions. Exploratory boring locations are
shown on Plate E-4. A single core boring (56-DD-27) was drilled in February 1956 at the
downstream end of the spillway chute. The boring terminated in rock at elevation 1,068.7
feet. Boring DD-27 is located on/in a 50-foot-wide tabular body of poor rock quality. The
body trends northwest on the ground and shows a steep relative dip. Other zones of
decomposed rock are present below the spillway chute and in the left bank upstream of the
gate tower.

4.2 RECENT INVESTIGATIONS

During March and April 1994, five NQ wireline (3-inch-diameter) core borings numbered
94-DD-80 through 94-DD-84 were drilled to determine subsurface site conditions for the
unchosen alternative No. 1 intake tower and tunnel alignment discussed in Exhibit D.
Later, during the study, this alternative was redesignated as Alternative 9A7. Following
completion of the alternative investigations and after a tentative fish facility tower location
was selected in January 1995, the tower site and tunnel configuration were significantly
scaled back to reduce costs. The fish facility tower site was moved to the right side of the
existing gate tower. The right side of tower alternatives were designated Al, A2, A3, and
A4. In December 1995 the site was moved again to the left side of the existing gate tower
because of poor foundation conditions on the right side. A single HQ wireline (3.8-inch-
diameter) core boring, 96-DD-87, was drilled during May 1996 to affirm the feasibility of
the newest site. In late June 1996, the proposed tunnel transition alignment was changed
because the local geology indicated probable roof failure while excavating the left wall of
the existing diversion tunnel. Loss of the left sluiceway would be a serious dam safety
problem, therefore, the new tunnel conduit alignment was redesigned to enter the existing
left sluiceway at a higher angle. In January, 1998 the footprint was moved again this time
25 feet south to provide room for a cofferdam next to the existing outlet works. The
recommended site has been designated alternative 9A8.

Two core borings located immediately downstream of the existing gate tower, numbered
94-DD-85 and 94-DD-86, were drilled for the gate tower retrofit program. Laboratory test
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results on rock cores from these and DD-87 are available in Exhibit C. Summary drill logs
and hydraulic pressure test data are available in Exhibits A and B, respectively.

4.3 RECOMMENDED FUTURE INVESTIGATIONS

4.3.1 Right Abutment Drainage Tunnel

During feasibility a borehole camera was used to check condition of the perforations in
existing drainage tunnel wells. Most were found to be plugged. During FED each of the
10-inch diameter wells will be perforated between elevation 1,090 feet and 1,200 feet.
This work coupled with collection of field data during high flood pools will contribute to
a better understanding of ground water movement. Approximately 1,100 lineal feet of
perforating will be accomplished.

4.3.2 Cofferdam, Fish Passage Facility Footprint, and Entrance Channel

The contact zone between soft pyroclastic rock and a hard porphyritic meta-basalt dike is
schematically shown on plate E-3. (Plate 3 is a reproduction of Plate 12 which found in the
construction foundation report). The dike appears to be striking east west with a 75°
southward dip. Plate 3 illustrates the contact zone at about 25 feet upstream of the existing
gate tower. This contact may extend through the proposed wet well/fish lock excavation,
see Plate E-10. A important element during initial explorations will be to locate the contact
zone and collect representative cores for rock strength tests. The proposed cofferdam
appears to straddle the contact zone with one abutment in soft andesite pyroclastics and the
other in hard basalt. Recommended sites for exploration borings are shown on Plate E-l 1.
The borings will range in depth from 160 to 215 feet. Purpose of the borings will be to
determine overburden thickness, rock type, weathering, hardness, discontinuities, joint
spacing, groundwater, and other subsurface characteristics. Hydraulic pressure tests will be
conducted to measure joint tightness. Downhole photography will be employed to
determine joint condition and orientation. Representative rock cores will be sent to the
laboratory for rock strength testing. At least two exploratory relief wells will drilled in the
vicinity of the footprint and pumping tests will be accomplished.

4.3.3 Proposed Tunnels

Only a few of the existing exploratory borings are near, within 100 feet, of the proposed
tunnel alignment. None extend down to the proposed tunnel grade, therefore additional
field explorations are necessary prior to feature design work. A variety of igneous rock
types were encountered in 1960 during mining excavation of the present diversion tunnel,
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Plate E-12. The construction foundation report provides a brief description of each rock
type, but no rock strengths are given. Three of the five reported rock units extend into the
fish facility runnel alignment. One area of concern involves a 25-foot-wide zone of poor
quality andesitic pyroclastic rock bounded on both sides by basalt dike rock in the vicinity
of the transition to the existing diversion tunnel. This segment of diversion runnel was
strengthened using closely spaced steel supports on 4-foot centers and a collar grouting
program to stop build-up of high water pressures outside the concrete lining. An inventory
on the number of drain holes and flow from each within the first 200 linear feet of the
existing tunnel is planned during feature design.

A minimum of four vertical core borings, varying in depth from 160 to 190 feet, are
planned along the proposed tunnel alignment to determine condition of the rock located
within two tunnel diameters above the crown of the highest proposed tunnel grade and to
one diameter below the invert of the lowest proposed grade. Hydraulic pressure testing will
accompany drilling to determine the degree of fracturing. Downhole photography will be
used to determine joint orientation. Representative rock cores will be tested in the
laboratory to determine rock strengths.

4.3.4 Slope Stability Exploration for Charley Creek Slide

Two slope inclinometer borings, each 200 feet in depth, are proposed for the Charley Creek
landslide to evaluate slope stability. The Charley Creek Slide is mentioned in paragraphs
2.3 and 2.5.

4.4 LABORATORY TESTS

Laboratory testing was performed on rock core selected from the core borings referred to in
Paragraph 4.2. Most tests were run to obtain rock strengths, including direct tensile
strength, grout/rock biaxial direct shear strength and uniaxial (unconfmed) compressive
strength. Special tests to obtain rock properties particularly related to rock bolting were
performed on selected pieces of core from each of the borings; DD-85, DD-86, and DD-87.
The most recent test results, dated 22 August 1996, were performed on rock core from
boring DD-87. These tests include biaxial direct shear strength tests on 10 sawn rock-
grouted joints, 4 samples for dynamic modulus of elasticity, 4 samples for unconfined
compressive strength and rock density, and 3 samples for direct tensile strength. Rock
samples were tested at NPD Materials Laboratory in Troutdale, Oregon. No laboratory
testing was performed on overburden materials. See Exhibit C for laboratory test results on
selected rock cores.
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T SECTION 5 AS-BUILT FOUNDATION TREATMENT FOR
EXISTING APPURTENANCES RELEVANT To PROPOSED

FISH FACILITY

5.1 INTAKE CHANNEL

The 460-foot-long intake channel is an open rock cut, leading to the gate tower and
diversion tunnel. Rock surface on the high side of the cut ranges in elevation from 1,140
feet to 1,160 feet. At the gate tower the finished floor of the channel is at elevation 1,035
feet with a bottom width of 40 feet. The channel widens upstream. Rock slopes on the left
wall of the intake channel are 2 vertical (V) on 1 horizontal (H) while the right wall is IV
on 1H. The right side was revised during construction from 2V on 1H because of the poor
quality of the rock. Both slopes were systematically rock-bolted as the excavation
proceeded downward from the surface.

Intake channel rock is generally soft. The andesite stays mostly compositionally basic
having an agglomerate texture interspersed with tuff seams and dense basaltic sills and
dikes. Alteration of the rock is prominent; chloritization of the magnesium minerals and
kaolinization of the silicates has softened the entire rock mass. Jointing is prominent on the
rock surfaces while the degree of fracture varies from intensely shattered rock to moderately
fractured or blocky type rock. Major rock joints and faults are shown on Plates E-13 and E-
14. The foundation rock is highly variable, changing from soft, poorly indurated mass, to
hard, dense zones. The basalt dikes and sills exposed in open cut slopes are all dense, brittle
and sound and constitute the most durable rock found in the intake area.

All intake channel areas were shot in 20-foot lifts except when approaching design grade
then lifts were reduced to 5 feet high. Millisecond delays were used extensively in all blasts
to maintain neat lines and to control breakage. Powder factors used in the various types of
rock ranged from one-half pound in the dense hard rock to three quarters of a pound in the
softer rock per cubic yard of rock removal. The shots ranged from 4,000 to 10,000 cubic
yards of rock per blast on mass excavation, with minor shots of 100 to 500 cubic yards of
rock per blast to complete the required excavation. Five-inch-diameter drill holes on 6-foot
centers were drilled an average of 20 feet deep. Holes were generally loaded with ANFO.
All neat lines were drilled on 3-foot centers and shot with a light charge to keep overbreak
to a minimum. Satisfactory results were obtained in all areas of excavation.

Drain holes were drilled into the exposed rock walls to relieve seepage pressures in the
rock. The amount of seepage varied with season of the year. All holes were diamond
drilled 20 feet deep from a drilling cage as the excavation proceeded downslope. After the
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intake channel was essentially complete, holes were drilled to check rock condition in the
left wall. Five holes were drilled, 45 feet deep on a 10 percent upward slope at each of the
elevations: 1,045 feet, 1,070 feet, and 1,100 feet. The exploration holes were left open to
serve as drains. Rock in the left wall varied from hard brittle basalt to soft pyroclastics that
could be readily excavated with a shovel.

Rock bolts were used to reinforce the rock cut slopes. Slotted rock bolts of high strength
steel varied from 10 feet to 30 feet in length. Plate 14 in the 1963 Foundation Report shows
locations and orientations of more than 500 rock bolts installed in the left intake channel
wall. Bolts were installed in the direction of maximum compression to reduce fallout due to
slip planes, jointing, and shattered rock. Safety netting to alleviate danger from falling rock
covered the entire wall of the intake channel and were anchored to the rock bolts or with
anchor pins as required. Over the years the slope has held up well, except for minor fallout
zones. Most of the netting has deteriorated and has been removed by the project forces.

5.2 GATE TOWER

The gate tower is 40 feet by 50 feet in size with vertical rock slopes of 125 feet on the portal
face and left wall. According to the construction foundation report the right wall was to
have been vertical, but because of the presence of poor rock, the slope was laid back to a
stable angle (degrees not provided) and covered with safety netting to catch raveling from
the surface of the slope. In this case the redesign by slope layback allowed the wall rock to
stand without support. The right wall, one-half of the gate tower floor, and a section of
portal face were composed of soft andesite pyroclastic rock containing relatively hard
inclusions, enclosed in a fine, granular, altered matrix. The matrix deteriorated rapidly
when exposed to the atmosphere. The soft rock had to be covered with a thin layer of
concrete immediately upon excavation to limit air slaking deterioration of the foundation.
The zone varies from 20 to 30 feet wide, and is flanked upstream by a dike of dense black
basalt. Blocky andesite rock forms a cap over the exposed pyroclastic zone at higher
elevations of the gate tower.

The left wall of the portal within the gate tower excavation is firm, dense basalt, moderately
hard, with blocky structure. Weathering is very pronounced and the rock is somewhat
altered. The poor condition of the rock and excavation geometry made overbreak on the
outside corners difficult to avoid. Numerous fracture planes dip into the open cut at angles
45° to 80°. Some fractures were observed to carry groundwater the year round and a
definite zone of water seepage from the adjacent hillside was exposed on the left wall of the
gate tower. Gate tower excavation was completed in conjunction with the intake channel as
one operation.
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5.3 UPSTREAM DIVERSION TUNNEL PORTAL AND TRANSITION SECTION

The tunnel portal is 40 feet by 40 feet in size, with a flat roof section through the 35-foot-
long transition. This design required an elaborate support structure to hold the flat roof
consisting of 24-inch I-beams on 18-inch centers. The soft zone of pyroclastic andesite on
the right wall of the gate tower carries into the right side of the upstream transition section
and across the floor section of the tunnel, disappearing into the left wall at the downstream
end of the transition. The left wall hi the transition section, when opened, revealed water
bearing faults and three main joint sets all with steeply dipping angles ranging from 50° to
90° toward the east. During tunnel advancement considerable ground water seepage also
occurred on the left wall of the tunnel. After placing the concrete lining, seepage built-up
substantial pressure and the flow had to be sealed with a grout collar. Grouting for the
diversion runnel collar was done after completion of the runnel concrete work. The grout
collar extended into the foundation rock for a depth of 20 feet and was carried 90 feet
downstream from the upstream portal area. Holes were placed in a circular pattern around
each of the two water passages (sluices) on 10-foot centers. Grouting was done on a split
spacing method in two stages starting at the downstream edge of the collar and progressing
upstream to the gate tower. Grout takes ranged from part of a sack to a maximum of 2,046
sacks taken by one of the holes in the right waterway. That particular hole carried grout
across the back of the gate tower over the two waterways and up the rock contact on the
back side of the gate tower to the 1,141 feet elevation. The collar grouting program
successfully sealed the void behind the concrete liner. Drain holes, both upstream and
downstream of the grout collar, showed only minor seepage.

5.4 DIVERSION TUNNEL

Water passage is through a concrete-lined 19-foot-diameter tunnel, 900 feet in length in the
left abutment rock. A 4-foot-diameter low-flow by-pass tunnel is located beneath the
diversion tunnel. The tunnel was driven through volcanics composed of andesite, andesite
tuffs, pyroclastics, and dikes of hard, dense basalt and felsite. Extremely variable and
abrupt changes of rock types were very common in the exposed tunnel walls. The diversion
tunnel was driven full face by conventional drilling and blasting methods employing 10-
foot delayed rounds, utilizing a "standard pyramid cut." Progress rate was 10 feet per day.
Overbreak was minimal when using a powder factor of 1 pound per cubic yard. The
diversion tunnel has vertical sides and a horseshoe shaped crown. One-third of the tunnel
was self-supporting where it was driven through moderately hard, irregularly jointed
andesite. Two consequential and several minor faults were encountered during excavation
of the diversion tunnel. The faults had 2 to 12 inches of gouge and abundant slickensides
and almost all were water bearing. One significant fault trends northeast to southwest and
dips 75° to 85° northwest and the other strikes N10°E with near vertical dip. The latter was
mapped near the left wall of the stilling basin and was encountered in the existing diversion
tunnel about 200 feet downstream of the spillway weir. It produced considerable
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groundwater. Most minor faults were found to strike roughly east-west with dips varying
from 70° to 80° south. Nearly 100 feet of tunnel length near the upstream portal and 50 feet
near the downstream portal were supported with steel ribs on 4-foot centers. The majority
of rib supports were on 6-foot centers. Light loads were experienced, even though the
supported sections were in interstratified soft andesitic pyroclastic rock and denser basalt
and felsite (Galster, 1989).

Groundwater was encountered in the gate tower excavation, upstream transition section, and
at the mid point in the tunnel. Contact grouting was performed during August 1960
beginning at the downstream transition and working upstream through a distance of
approximately 800 feet. Embedded grout pipes through the concrete lining were located on
10-foot centers, five feet each side of the centerline, in the arch of the tunnel. The design of
the tunnel with no water stops at monolith joints and the use of embedded drain holes was
considered a detriment to grouting operations because leakage through the two areas
necessitated considerable extra expense to prevent grout loss.
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SECTION 6 ENGINEERING CONSIDERATIONS FOR
PROPOSED FISH PASSAGE FACILITY SITE

6.1 GENERAL

The recommended fish passage facility site (9A8) was opted late in the study (December,
1995), after several alternatives were evaluated, see Exhibit D. Approximately one month
after the drilling of boring 96-DD-87 (May, 1996), the fish passage facility footprint was
shifted again (late June, 1996) to accommodate a new tunnel transition angle with the
existing left sluiceway. In mid January, 1998 the footprint was moved 25 feet south to
provide sufficient room for siting the cofferdam within the existing rock slope bordering the
intake channel; see Plate E-l 1. Currently, no explorations are located within the latest fish
passage footprint or within footprints for proposed ancillary structures. Subsurface
conditions are unknown, except for some information in the 1963 construction foundation
report. The proposed facility is shown on Plates E-10 and E-l 1. Excavation for the tower
and tunnels will be accomplished by both surface and underground mining methods. In the
area of the fish passage facility footprint the predominant rock type could be brecciated,
porphyritic meta-basalt or could be a narrow lower strength meta-basalt dike. Rock types
will be determined during a comprehensive exploratory program intended in the early
stages of preconstruction engineering and design (PED). Various elements of work
necessary for foundation preparation include:

• strengthen abutments for the cofferdam;
• excavate overburden/rock to shape stable back and side slopes for the fish collector

entrance, wet well, fish lock, and tower excavations; install back-slope support
elements;

• erect steel sets and excavate turn-under for the gate chamber;
• perform mining excavation for the new conduit tunnel, for the 24-inch diameter fish

transport pipe, and for the 48-inch diameter bypass pipe; and
• excavate overburden/rock to widen the existing intake channel and install slope support

elements.

6.2 DESIGN CRITERIA

Designs for the surface excavations and tunnels were based on general design criteria
presented in Table E-6-1. This table was initially developed using empirical guidelines in
EM 1110-2-2901, dated 15 Sep 1978. As a result of recommendations made in the
Alternative Formulation Briefing (AFB) in September 1997, Section 6, including Table 6-1
were revised to reflect the new guidance in EM 1110-2-2901, dated 30 May 1997. New

HHD AWS E-25 DFR/EIS



APPENDIXE—GEOTECHNICAL CONSIDERATIONS

guidance emphasizes tunnel excavation by mechanical means in lieu of drill and blast
methods especially where existing concrete structures are in close proximity. Regarding the
fish passage facility neither method can be adequately designed for until the comprehensive
exploration program is underway. The alternative for tunnel excavation by mechanical
means such as roadheader was added to this appendix as a result of independent technical
review. This alternative will require further research during FED studies. The Rock Mass
Rating (RMR) system was used for cursory analysis for feasibility. The RMR system is
based on a set of case histories of relatively large tunnels excavated using blasting. Early in
FED emphasis will be placed on performing essential tests such as thin section analysis,
Schmidt hammer hardness tests, and density, porosity, compressive, and tensile strength
tests. These tests and others will be helpful in predicting mechanical excavator
performance.

Permanent rock cut slopes as steep as 10V on 1H may be attainable within the fish facility
footprint, but will not stand in the intake channel where the rock is much poorer quality.
Controlled blasting will be used to minimize overbreak and reduce the vibrations acting on
existing structures. Rock slopes will require controlled blasting to attain the excavation
neatline. Excavation lifts will be 20 feet or less in height. In no case will explosive
amount, pattern, or timing of explosive charge per delay be allowed to exceed blasting
criteria shown on Table E-6-1. After each excavation lift all hazardous loose rock and
debris will be removed by barring and wedging before installing slope treatment elements
such as rock bolts, shotcrete, backfill concrete, rock drains, and chain-link mesh. When
large fallout areas occur the resulting cavities will be backfilled with either shotcrete or cast-
in-place concrete depending on depth of the cavity. Shotcrete and concrete backfill will be
penetrated by inclined rock drains to enable equalization of water pressure during reservoir
fluctuations. All excavation slopes will be covered with temporary chain link mesh for
worker safety.
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TABLE E-6-1. ROCK EXCAVATION GEOTECHNICAL DESIGN CRITERIA

INTAKE CHANNEL SURFACE EXCAVATION
•Maximum rock cut slopes (>10 feet) = 4V on 1 H
•Five-foot bench for every 20 feet of slope height
•Rock bolts, permanent chain link mesh, and drains to provide slope stability and safety

FOOTPRINT EXCAVATION
• Minimize excavation quantities
• Maximum cut slopes (> 10 feet) = 10V on 1 H
• Shotcrete, backfill concrete as needed, tensioned rock bolts and drains
• Temporary and permanent chain link mesh

TUNNELS
• Use empirical design criteria in EM 1110-2-2901
• Tunnels driven by light load blasting and/or by mechanical means
• Pre-grouting and rock bolts to strengthen area of transition to existing diversion tunnel
• Pressure grout and drains to control groundwater
• Rock reinforcement by tensioned rock bolts and fiber reinforced shotcrete
• Steel sets, or steel liner construction in critical areas and in portals
• Use spiling as necessary

BLASTING CONTROLS
• Reduced charge weight per delay for low vibration level blasting
• Vibration level to be less than 4 inches per second on existing concrete
• Vibration level to be 2 inches or less per second on newly placed concrete

6.3 BEDROCK ENGINEERING PROPERTIES

The left abutment bedrock consists of a variety of igneous rock types (Plate E-3) with unit
weights ranging from 150 to 172 pounds per cubic foot. Table E-6-2 shows characteristics
of several rock varieties found at the Howard Hanson Dam Project. Many engineering
problems can be related to joints in the rock. Rock in the upstream left abutment has
closely and widely spaced fractures depending on location. Prehistoric movement occurred
on many secondary fractures as evidenced by gouge and slickensides in local rock
exposures.

Rock core from boring 96-DD-87 was field classified as andesite breccia. Actually, the
rock is porphyritic meta-basalt. In August 1996, the Corps' Missouri River Division
Laboratory in Omaha, Nebraska, completed a petrographic examination of a sample of core
from the depth interval 138.5 to 139 feet (elevation 1,027 feet) in boring 96-DD-87. Their
results indicate the rock is composed of well fractured (brecciated), altered meta-volcanic
rock identified as porphyritic meta-basalt with the majority of principal original volcanic
rock mineral constituents altered to chlorite, calcite and mica. The mineral alteration did
not appear to have adversely affected rock matrix density. Fractures associated with
brecciation were closely spaced, closed and appeared to be well cemented with secondary
minerals that included chlorite, carbonate, and microcrystalline silica. The iron ore
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identified in the sample was composed predominantly of iron sulfide (pyrite) and comprised
approximately 15 percent of the rock as determined by modal analysis. Chemical analysis
indicated the whole rock sulfate content as less than 0.1 percent and the iron sulfide
appeared to be chemically inert based on results from sodium and calcium hydroxide
immersion tests. Based on these results no chemical reactions are anticipated between the
iron sulfides and the constituents in concrete.

TABLE E-6-2. REPORTED AND OBSERVED ROCK CHARACTERISTICS

Rock Type

Basalt

Andesite

Basalt
Pyroclastics
(Tuff)

Andesitic
Pyroclastics
(Tuff)

Felsite

Description

Hard and dense, fine
grained, concoidal
fracture, color black, no
alteration
Moderately hard and
dense, medium to fine
grained, irregular
fracture, color dark green
to dark gray, slight
hydrothermal alteration
Matrix, moderately hard
and dense, medium
grained, color dark gray;
Nodules, hard and
dense, fine grained, color
black hydrothermally
altered
Matrix, soft, color light
gray, uniform fine
grained, and dense;
Nodules, moderately
hard, variable granular
texture, hydrothermally
altered.

Light gray, hard and
dense, fine grained,
irregular fracture, small
feldspar phenocrysts

Weathering
Characteristic

Very resistant

Resistant to
normal
atmospheric
weathering

Matrix,
susceptible to
mechanic
breakdown
Nodules,
resistant

Very
susceptible to
atmospheric
weathering,
abrasion, and
mechanical
breakdown

Very resistant

Characteristic of
Shot Rock

Blocky and durable

Massive
disintegrates
adjacent to shot

Breaks fine to
granular particles
which weather to a
sandy gritty mass

Breaks fine to silty
clayey mass with
larger particles
weathering readily
to silty clay.
Breaks to plastic
mud under
construction
equipment
Durable and blocky

Specific
Gravity

Bulk Dry
2.60 to 2.65

2.50 to 2.60

2.30 to 2.35

2.25 2.33

not tested

Unconfined
Compressive
Strength in

est. psi
4,500 to
14,500

3,500 to 4,000

Modulus of
Elasticity in

est. psi
2,900,000 to
7,100,000

1,600,00010
2,100,000

Table E-6-2 modified from Hart Crowser & Assoc., Inc, 1984

6.3.1 Rock Quality Designation (RQD)

The RQD is a modified core recovery logging technique developed at the University of
Illinois. This technique is more sensitive to the soundness and quality of rock than is the
procedure of simply logging the percentage of core recovery. RQD is useful for estimating
rock bolt spacing and lengths. The RQD is based indirectly on the number of fractures and
the amount of softening or alteration in the rock as observed in cores from 3-inch diameter
borings. RQD is expressed as a percentage of the aggregate length of the 4-inch or longer
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segments to the total length of the core run. When core is broken by handling or while
drilling, the fresh pieces are fitted together and counted as one piece. Table E-6-3 shows
RQD percentages used for determining rock quality.

TABLE E-6-3. ROCK QUALITY DESIGNATION

RQD Percentage

0-25
26-50
51-75
76-90
91-100

Rock Quality

Very Poor
Poor
Fair

Good
Excellent

The average RQD for boring 96-DD-87 indicates rock of good quality. Fracture spacing
ranges from a tenth of a foot to 18 feet. For feasibility the average RQD was used to
characterize the overall quality of rock in boring DD-87. Usually, RQD is used as a
measure of rock quality for a particular zone of interest such as a portal cut.

6.3.2 Rock Mass Rating (RMR)

RMR is a rock mass classification system used to evaluate ground conditions which a
tunnel could encounter and as a means to check initial estimates of tunnel support. This
applies to areas with adequate rock cover and strength to develop Terzaghi bridging. Two
times the tunnel diameter is needed as adequate cover to fully develop bridging action in
jointed rock.

For the fish facility tunnel, ground conditions include the following types of rock:
andesite/basalt flow rocks and, andesite pyroclastic rocks. A rating based on historical
geologic data, laboratory test results, and drill core logs (RQD, joint spacing and condition,
weathering) was developed for these volcanic rock types. Figure E-13 "CSIR
Geomechanics Classification of Jointed Rock Masses" was used in generating the values in
Table E-6-4. Flow rocks fall into Class II "Good Rock" and pyroclastic rocks are in Class
III "Fair Rock."
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TABLE E-6-4. ROCK MASS RATING SUMMARY

RATING CATEGORY

Strength of Intact Rock
RQD
Spacing of Joints
Condition of Joints
Groundwater
Rating adjustment for Orientation of Joints
Total Rating
Class
Average Standup Time (10-ft span)

AN/BA* FLOW ROCK

7
17
20
20
4
-5
73
II

6 months/1 2-ft span

PYROCLASTIC** ROCK

7

13
20
12
0
-5
47
III

1 week/1 0-ft span

*AN/BA = Andesite/Basalt
"Primary thickness of shotcrete applied after muck-out cycle will raise rock to class II.

6.4 DEWATERING

Groundwater under moderate pressure will be encountered during excavation of the fish
facility footprint and at runnel grade. In boring 96-DD-87, a significant water bearing
fracture, dipping 35° (dip direction and strike are unknown) was encountered at a depth of
143.4 feet (elevation 1,022 feet). For 6 days an estimated 40 gpm flowed from the boring at
ground surface (elevation 1,166 feet). In May, 1996, the temperature of the flowing artesian
water was 48° F., somewhat warmer than the 40° F. temperature at the reservoir surface. A
packer was placed in the boring just below elevation 1,030 feet and the boring was pressure
grouted, thereby sealing off the water bearing fracture. More exploration is required to
adequately design construction and permanent drainage systems. Two exploratory relief
wells are planned during FED to further evaluate water problems. For feasibility purposes
rock drains will be 2-inch diameter, inclined 5° above horizontal on 12-foot centers, except
within the lowermost 15 feet of the excavation, then drains will be more frequent. Field
conditions may dictate deviation of lengths, spacings, and orientations of drains. Seepage
dewatering will be maintained during the excavation and construction. Once foundation
grade has been achieved and mat placed, drain holes on 7-foot by 7 -foot pattern, drilled at
least 20 feet deep into the footprint foundation may be needed for uplift pressure relief.
Grouting may be necessary to control seepage, particularly if open or continuous joints are
present. In addition to the rock drains, systematic grout hole drilling and pressure grouting
may be needed around the bottom of the footprint excavation especially between elevations
1,015 and 1,035 feet.

HMD AWS E-30 DFR/EIS



APPENDIXE —GEOTECHNICAL CONSIDERATIONS

Numerous water bearing rock joints in the area of the proposed tunnels are anticipated.
This condition may be exacerbated by high reservoir pools. Therefore, two-inch diameter
drains, drilled 20 to 30 feet into the rock on 5-foot centers to relieve pressure. Following
tunnel lining installation, additional grouting will be done to restrict high water pressures
and seepage.

TABLE E-6-5. GEOTECHNICAL DESIGN FEASIBILITY

Element

Intake Channel

Footprint

Gate Chamber
Portal

New Conduit
Transition to
Existing
Diversion

New 48" Bypass

Lock Fish
Transport Tunnel

Excavation

4V:1H

10V:1H

Controlled
Blasting or
Mechanical
Means

Controlled
Blasting by Light
Charges, Drilling
& Splitting or
Mechanical

Controlled
Blasting &
Mechanical

Horizontal Drill
small dia. bore

Support

Pattern Rock
Bolts 5x21/2&
Drains, 10x10

Pattern Rock
Bolts 6x6
Diagonal &
Drains, 12x12
Steel Sets 5'
O.C., Pattern
Rock Bolts 5x5
Diagonal, 4"
Shotcrete

Steel Sets 4'
O.C., Pattern
Rock Bolts 5x5,
4" Shotcrete,
Drains

None

None

Dewatering

Necessary by
rock drains

Necessary by
rock drains,
pumping, and
grouting
Necessary by
rock drains,
pumping, and
grouting

Necessary by
rock drains,
pumping, and
grouting

Necessary by
pumping

None

Reference

Plate-E-17

Plate-E-18

Plate-E-18

Plate-E-18

Plate-E-18

Excavation
Design

Feasibility

Good

Good

Good

Good

Good

Very Good

6.5 SOUTH WALL REINFORCEMENT FOR COFFERDAM

The south rock wall of the existing intake channel extending from the gate structure to
approximately 100 feet upstream will compose part of the proposed cofferdam system. See
Appendix A, Design, for the planned cofferdam configuration and cofferdam abutment
reinforcement scheme. Also see Plates E-15 and E-16 for as-built reinforcement in the
existing south wall.. The cofferdam abutments will be reinforced with post-tensioned cable
tendons extending from the ground surface to approximately 35 feet beneath the base of the
cofferdam. The tendons will be installed within a series of closely spaced 6-inch diameter
vertical borings and grouted full length. In addition to the tendons the abutments will be
strengthened with heavy duty Dywidag bolts embedded in resin. The Dywidag bolts will be
installed normal to the rock face. Short rod extensometers or some other form of
geotechnical instrumentation will be used to measure rock deformation. The rock between

HHD AWS E-31 DFR/EIS



APPENDIX E —GEOTECHNICAL CONSIDERATIONS

the cofferdam abutments will also be left intact and will be grouted to ensure a water tight
condition. Construction for the cofferdam will involve access and logistics problems as
well as being complicated by a confined work area adjacent to the operating outlet works.
Also, the proposed cofferdam area is subject to submergence during flood storage.

6.6 FISH FACILITY FOOTPRINT EXCAVATION AND SLOPE TREATMENT

The fresh rock is anticipated to stand permanently on a 10V on 1H slope. Conventional
drill and blast methods can be used to excavate a deep cut or slot in the rock. For ease of
construction the near vertical slopes will have 24-inch setbacks for normal air track drills.
Since water conveyance channels require permanent protection against rock falls, all
exposed rock surfaces will be permanently covered with chain-link mesh. Concrete
retaining walls will contain weep holes on 10-foot centers to prevent buildup of water
pressure. Overburden on the up slope (south) side of the wet well/lock varies in thickness
from several feet to possibly 40 feet. Boring logs 94-DD-80 and DD-81 show overburden
consisting of silty, sandy gravel slopewash with numerous cobbles and boulders. No
laboratory tests were run on the overburden. An overburden cut slope of IV on 2H with toe
resting on a rock bench 5 to 10 feet from the neatline excavation should allow sufficient
room for construction of a temporary barrier fence to catch debris that might otherwise
slough into the excavation.

Bedrock fractures are spaced from a few inches to tens of feet. Occasional brecciated
zones, several feet thick, are likely to be encountered. Most fractures appear tight. Some
fractures contain clay fillings and some are partially or completely rehealed with secondary
mineralization. Water bearing fractures are known to occur at foundation grade, elevation
1,030 feet. Water under moderate artesian pressure was encountered in core boring 96-DD-
87 and in pre-dam exploratory boring 56-DD-37, see logs in Exhibit A.

The volcanic stratigraphy is very irregular with soft hydrothermally altered zones of
incompetent rock. Geotechnical exploration and laboratory testing during feature design
studies will be used to determine strength characteristics of some of the questionable rocks.
Hydrothermally altered materials destined for disposal will require testing for leachable
metals and other suspect specific compounds.

The following conditions could occur: a) joint planes paralleling the excavation cut slope
could result in planar sliding; and b) intersecting joint planes may form wedges capable of
sliding out of the slope. The following rock bolt-drain hole patterns were selected to
support the excavated rock slopes. Treatment will consist of tensioned and grouted rock
bolts in a 6-foot by 6-foot diagonal pattern. See Plate E-17 for typical bolt and drain hole
configurations. Bolts will be 1-inch diameter, 15 to 30 feet in length and will be installed
normal to the slope face. Actual field conditions may dictate deviation of lengths, spacings,
and orientations of bolts in order to achieve maximum compression against slip planes and
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jointing cracks. Rock drains will be 25 feet in length, on 12-foot centers, inclined 5° above
horizontal.

6.7 GATE CHAMBER EXCAVATION AND SUPPORT

Portals contain the most unpredictable rock conditions. Two tunnel diameters of sound
rock are available at the site for the development of a ground arch over the opening. Rock
removal in the portal area will be by the drilling and blasting method. Untensioned rock
bolts, shotcrete, and steel mesh will be installed as the excavation advances. Upon
achieving turnunder the cut slope will have been thoroughly protected with 30-foot-long
rock bolts (#12) on a 5-foot diagonal pattern between elevation 1,076 and 1,096 feet and 4-
to 6-inch thick fiber-reinforced shotcrete and welded wire mesh up to elevation 1,160 feet.
The gate chamber crown is located at approximately elevation 1,065 feet on the cutslope,
see Plate E-l 8. The portal will be strengthened with a steel set as mining advances. Three
more steel sets will be installed in the gate chamber. In addition the chamber crown will be
supported with 4-inch thick fiber reinforced shotcrete and embedded rock bolts, 5 feet on
center, angled to develop the arch. From the springline down to approximately elevation
1,040 feet the walls will be supported with 4-inches of shotcrete. Consolidation grouting
will be accomplished and drains drilled and installed as needed to control water pressure.

Deformation monitoring will be used to provide early warning of potential instability and as
a check on the adequacy of installed support. Instruments for this purpose are tape and
multiple position borehole extensometers (MPBX). They are effective, relatively low cost
and proven reliable. The instruments will be installed during the early stages of the work to
optimize their value.

6.8 MINING AND SUPPORT FOR NEW CONDUIT

See Plate E-l2 for the existing diversion tunnel geology. Rock quality and hardness vary
with rock type and location. Considerable local variation in degree of fracturing is
predicted. The rock is anticipated to vary from massive and intact at the proposed tower
portal to crushed and altered at the proposed transition. Excessively sheared and/or
chemically deteriorated rock could also be encountered. Since rock quality at the tunnel
transition is anticipated to be very poor, preconsolidation grouting, rock bolting, and
installation of spiling will be installed from within the existing diversion tunnel, between
station 16+35 and 16+65, before mining of the new conduit tunnel. The crown and left wall
of the existing diversion tunnel will be presupported by consolidation grouting for a
distance of 40 feet beyond the existing concrete liner to strengthen the rock. Pattern rock
bolts, on 4-foot centers will be drilled and embedded at least 25 feet into the tunnel crown.
Bolts will be recessed and holes patched to maintain smoothness of the existing concrete.
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Mining for the new conduit and new 48-inch bypass pipe will follow gate chamber
excavation and support. The new conduit will start at the rear of the approximately 20-foot-
long gate chamber, see Plate E-l 8. Dimensions of the proposed bore are 15 feet high by
13.5 feet wide with invert at elevation 1,032 feet and crown at approximately 1,047 feet.
Rock bolts on 5 feet spacing will be embedded 15 to 25 feet in the crown. Restrictive
blasting made up of light loads are necessary within 25 feet (approximately one tunnel
diameter) of the existing concrete-lined diversion tunnel. During construction of the
existing diversion tunnel the natural state of stress of the rock was affected which resulted in
redistribution of stresses and displacements within the surrounding rock. Coincidentally,
the 25-foot wide restrictive blasting zone is the reach of soft andesite pyroclastic rocks.
Rock load is predicted to change erratically from point to point within this reach, therefore 7
steel sets on 4-foot centers are planned.

6.9 MINING AND SUPPORT FOR 48-INCH DIAMETER BYPASS CONDUIT

The new 48-inch-diameter bypass excavation follows an alignment underneath the proposed
intake tower, gate chamber, new conduit tunnel, and beneath the existing sluiceways where
it transitions into the existing 48-inch bypass. Rock excavation beneath existing sluiceways
will require removal of portions of the concrete floor to gain entry for rock excavation.
Blasting will not be allowed beneath the sluiceways, so rock removal will be through
mechanical methods such as hydrohammer.

6.10 DRILLING FOR FISH TRANSPORT PIPE

An approximate 20-foot-long permanent 24-inch-diameter continuous steel lining will join
the new conduit tunnel approximately 20 feet downgradient from the fish facility radial
gate. A 30-inch-diameter micro bore should afford sufficient room for installation of the
fish transport pipe as well as construction of an impermeable grout seal.

6.11 INTAKE CHANNEL EXCAVATION AND TREATMENT

An overburden cut slope of IV on 2H with toe resting on a rock bench 10 feet distance from
the neatline will allow ample room for construction of a temporary debris fence. Actual
width of the bench will be dependent on the catch points selected during feature design and
rock elevations actually encountered during excavation. Overburden removal is planned
with common excavation equipment.

In the existing upstream intake channel, rock varies from intensely brecciated to moderately
fractured. There are three main joint sets which form the controlling structural feature, see 7
Plates E-l 3 and E-l4. The most critical joint set strikes northeast with easterly dip varying
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between 40° and 50°. Another set strikes north and dips 70° to 85° east. The third set is
nearly horizontal. Regarding stability of the cut, there appears to be no wedge failure
problems associated with these joints. These major joints have slickensides and gouge
material which varies from a thin veneer to more than 2 inches wide. Hydrothermal
alteration minerals have accumulated on some of the exposed joint faces.

Most of the channel widening excavation will be in rock. Systematic drilling and controlled
blasting procedures will be employed to prevent damage to final cut slopes and grades.
Rock slopes 2V on 1H or steeper will be presplit. The poor quality and fractured nature of
the rock dictated a design slope of 4V on 1H with 5-foot-wide horizontal benches every 20
feet in height. Slope treatment elements consisting of tensioned and grouted rock bolts,
chain link wire mesh, and drains will be installed in each lift before excavating the next
lower lift. Bolt size will be 1-inch diameter (No. 8), 10 to 30 feet in length, and will be
spaced in a pattern of 5-foot centers per row and 2-1/2 feet between rows. Chain link mesh
will be attached to the cut slope by anchor pins installed midway between each rock bolt.
Rock drains will be spaced on 10-foot centers, each a minimum of 30 feet in length and
inclined 5° above horizontal.

6.12 DISPOSAL OF EXCAVATED MATERIALS

Materials from excavated areas will be placed in designated areas for disposal or use as
borrow. Waste areas will be left reasonably smooth graded and sloped to drain. All of the
excavated rock from runnel mining and from the upstream intake channel widening should
be considered waste material.
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SECTION 7 CONSTRUCTION MATERIALS

7.1 AGGREGATE SOURCES

Sand and gravel materials for construction of the dam core were borrowed from the Bear
Creek Terrace, located one-half mile from the damsite on the left bank, Plate E-l. The Bear
Creek gravel was determined unsuitable for concrete aggregate because of the high
percentage of soft particles, therefore, concrete aggregate was shipped by railroad from the
Glacier Sand and Gravel pit at Steilacoom, WA. The use of existing ready-mix pits in
nearby vicinities will require investigation prior to final design.

7.2 ROCK SOURCES

During construction of Howard Hanson Dam Project the rocks produced from the
excavation of the spillway cut, tunnel, forebay, and intake channel were intended to be used
as rock fill for the embankment dam, but because the rock weathered so severely within the
stockpile, a new rock source had to be obtained. The rock at Bear Creek quarry, one mile
west of the dam (Plate E-l), was better quality and produced a sufficient supply of durable
rock for the entire project. The Bear Creek quarry, now private property, may not be
accessible for the Fish Facility construction Since rock need is minimal, several
commercial rock quarries within 20 road miles southwest of the project, may be available.
Rock testing will be required.
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SECTION 8 OTHER EVALUATED TOWER/TUNNEL SITES

8.1 GENERAL

Section 6 summarizes geotechnical studies and evaluations of three alternative tower
locations and five alternative tunnel alignments. Initially, tower design parameters included
a tower base at elevation 1,045 feet, and a 12-foot-diameter finished tunnel having an
upstream invert at elevation 1,060 feet, and downstream invert at river level, approximate
elevation of 1,005 feet yielding a gradient of 1.6°. A nearly unlimited number of
tower/tunnel configurations exist having the above design parameters. The following
alternatives sites were thought to be viable by the Seattle District staff and by outside
sources. Alternative tower sites Nos. 2 and 3 were studied using the above design
parameters. As the feasibility study progressed, design parameters were changed: the
upstream tunnel invert was lowered to elevation 1,035 feet; the gradient was flattened to
under one degree; and the downstream invert was raised to elevation 1,010 feet. Also, lined
18-foot- and 23-foot-diameter tunnels were considered in order to house multiple conduits
and provide for emergency reservoir discharge. For a time alternative tower site No. 1 (now
designated as Alternative 9A7) was considered the most suitable location and therefore,
minimal field drilling investigations were carried out for that site. Selection of site No. 1
was based on the following factors: favorable to fisheries criteria, favorable rock quality,
practicality of tunnel excavation, hydraulically acceptable alignment, favorable proximity to
the existing intake structure, availability of surrounding rock for tower stability, natural
cofferdam, and overall constructability. See Exhibit A for boring logs, Exhibit C for
laboratory test data and Exhibit D for relevant drawings.

8.2 LEFT ABUTMENT INTAKE TOWER SITE No. 1

Intake tower site No. 1 was sited 150 feet upstream (southeast) of the existing gate tower.
The intake structure was located to facilitate debris removal and maintain low risk to
equipment operators. Tower site No. 1 would require rock excavation in the left (south)
wall of the intake channel. In the immediate vicinity of site No. 1 the rock appeared
structurally sound with ample strength for the requirements of slope stability.

8.2.1 Tunnel Alignment No. 1 would be predominantly curved through its 2,000-foot
length. It would parallel the existing flood control tunnel at a great separation, therefore,
construction controls would be less restrictive than for any of the other alternative tunnel
alignment schemes. The formerly proposed 23-foot-diameter tunnel would have been
mined in andesitic and basaltic rock types and through a 50-foot-wide zone of very soft
pyroclastic rock. Bedrock cover ranges from 30 feet at the diversion portal to a maximum
of 150 feet over most of the alignment. The downstream portal and appurtenant structures
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were located far enough downstream to be protected from spillway discharge and still
provide the design tunnel gradient.

8.3 LEFT ABUTMENT INTAKE TOWER SITE No. 2

Left abutment intake tower site No. 2 (now designated Alternate 9A4) was sited 20 feet
northeast (right) of the existing gate tower. Tower site No. 2 would have required
excavation into soft pyroclastic rock composing the left abutment of the dam and the right
wall of the existing gate tower excavation. During excavation for the existing gate tower
special treatment was required due to discovery of a soft hydrothermally altered zone on
one side of the excavation. The soft rock had to be covered with a thin layer of concrete
immediately upon excavation to limit air slaking deterioration of the foundation. The slope
was laid back to a stable angle and covered with safety matting. Based on current
knowledge of the area Site No. 2 should be avoided. Should the site be reconsidered at a
later date, then an extensive core drilling program together with laboratory analyses will be
imperative in order that adequate controls for rock excavation can be instituted to preserve
the abutment of the dam. Two tunnel schemes exiting this site were studied and determined
to be less feasible than other schemes.

8.3.1 Tunnel Alignment No. 2L

Tunnel alignment No. 2L would be approximately 1,300 feet in length and would be driven
in rock. The upstream invert would be at elevation 1,060 feet and downstream invert would
exit rock at river level, approximately elevation 1,005 feet. The alignment crosses over the
existing diversion tunnel in the vicinity of the spillway weir. Mining along this alignment
would require special procedures such as consolidation grouting and/or installation of a
tunnel liner in order not jeopardize the existing tunnel operation. Also, the downstream
tunnel portal would be in soft hydrothermally altered rock. There is some concern about the
integrity of this rock. When the spillway chute passes water, extensive erosion is expected.
A tunnel located at the toe of the spillway chute, exiting within this rock mass, should be
avoided. Operation of the spillway would probably impact the downstream portal.

8.3.2 Tunnel Alignment No. 2R

Tunnel alignment No. 2R would be a 1,000-foot-long uniform curve into the left abutment
between the existing diversion tunnel and the canyon wall. Construction restrictions during
mining are recommended to prevent damage to the existing diversion tunnel. The upstream
runnel invert would be at elevation 1,060 feet and downstream invert would be at elevation
1,020 feet where it exits from rock. The tunnel would then transition to a surface flume
which would deliver fish downstream to elevation 1,005 feet. The downstream tunnel
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portal would exit within a few feet of the stilling basin making portal construction and
access difficult.

8.4 RIGHT ABUTMENT INTAKE TOWER SITE No. 3

Site No. 3 was sited about 200 feet upstream (south) of the project office building. This site
would require rock excavation into the right abutment of the dam and would require a
cofferdam. The intake tower and shaft would be founded in an outcrop of extensively
weathered tuff. Right abutment bedrock consists of basalt and andesite in the form of flow
deposits and intrusive dikes, and basaltic and andesitic pyroclastics in the form of tuffs.
Rock quality was not thoroughly explored during dam construction because the left
abutment rock proved best for all the ancillary structures. A major fault, striking E-W and
dipping 85° south, was mapped extending from the left abutment across the river canyon
into the large bedrock "notch" in the right abutment (Corps of Engineers, 1963). The notch
is situated immediately downstream of the dam axis and has since been covered by the dam
embankment. Two pre-dam core borings, D-7 and D-8, were drilled in the right bank notch
fault zone. Core recovery for the two borings ranged from 75 to 90 percent indicating rock
of fair quality. This E-W fault projected across the canyon to the left abutment was
encountered in the diversion tunnel and found to transmit considerable groundwater.
Groundwater could be a significant problem for tunnel alignments 3L and 3R since two
distinct aquifers are known to exist in the right abutment. Two tunnel schemes exiting
tower site no. 3 were evaluated. The first significant flood pool occurred in February, 1965
and attained a brief elevation of 1,161.8 feet. At that time a spring abruptly broke out at
elevation 1,134 feet, approximately 350 feet downstream from the downstream right
abutment toe. The spring flowed as much as 100 gpm and subsequently was controlled by a
gravel blanket supported by a crib wall. A drainage adit was constructed in 1968 at
elevation 1,100 feet to control abutment leakage through the landslide debris during flood
pools. The adit extends 650 feet into the abutment.

8. 4.1 Tunnel Alignment No. 3L

Tunnel Alignment No. 3L would be approximately 500 feet in length, bearing N40°W, and
would be driven through 300 feet of volcanic rock, 50 feet of landslide debris, and through
150 feet of rock fill located at the toe of the dam. The upstream tunnel invert would be at
elevation 1,060 feet and downstream invert would be at elevation 1,030 feet where it would
emerge from the rock fill. The tunnel would transition into a surface flume which would
extend downstream along the right bank until reaching river elevation 1,005 feet. Mixed
face tunneling is costly and slow. Tunneling into the unconsolidated landslide debris and
rockfill may jeopardize the dam and therefore, should be avoided.

HMD AWS E-39 DFR/EIS



APPENDIXE —GEOTECHNICAL CONSIDERATIONS

8.4.2 Tunnel Alignment No. 3R

Tunnel Alignment No. 3R would be a 600-foot-long straight tunnel, bearing N32°W, and
would be driven 500 feet through volcanic rock. The upstream tunnel invert would be at
elevation 1,060 feet and downstream invert would be at elevation 1,040 feet where it would
emerge from bedrock. Cut and cover would be required for a length of 100 feet through
slope treatment materials and bedrock. Upon emerging from the cut the invert would be
approximately elevation 1,030 feet, still 25 feet above the river. The tunnel would then
transition to a surface flume which would be founded along the right bank to the elevation
1,005 foot contour where it would intersect the river. Approximately midway along tunnel
alignment No. 3R, just downstream of the large bedrock notch, the rock cover thins over the
tunnel crown. Tunneling through unconsolidated landslide debris directly beneath the
embankment dam should be avoided.

A similar alignment, but at a lower tunnel invert (inlet at elevation 1,030 feet) was studied
by Hart Crowser & Associates for Tudor Engineering Company in 1984, to supplement a
preliminary evaluation for hydroelectric development. They concluded that conditions
overall are suitable for construction of hydroelectric facilities. They were concerned that
there is the possibility of inadequate rock cover over the tunnel alignment since available
information indicates considerable variation in the top of bedrock. The height of rock cover
as well as condition of the rock could significantly impact design for a permanent tunnel
lining. They concluded that seepage in the abutment may affect design of a tunnel lining,
depending on the relative difference in hydraulic head inside and outside the tunnel.
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CSIR GEOMECHANICS CLASSIFICATION OF JOINTED ROCK WASS£S
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Table 7-4
Geomechanics Classification of Jointed Rock Masses

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

PARAMETER

1 Strength Point-load
of intact strength index
rock
material

Rating
2 Drill core quality ROD

Rating
3 Spacing of discontinuities
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B. RATING ADJUSTMENT FOR JOINT ORIENTATIONS
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S. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
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D. MEANING OF ROCK MASS CLASSES
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| SEATTLE, WASHINGTON
1

BRIDGE SITE NO. 1

PROFILE AND LOG OF BORINGS
HOWARD HANSON DAM WASHINGTON

SIZE ( INVITATION NO. I FILE NO, PLATE
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rj Sandy loam
_grave/-

1211.23 Ssse o: rsll- 0.00% SraotProfile grade El. 1210.02

^04 Sand 3nd siti. soil ndcobbles
tl{jndcia<ftsit! brtccia ~

breccia 0 i t i -Do nOfplacf roaring i
in fhis zone*..] breccia tiJFti'andsfi re \ *

1 - fraainertrs harder nsjr b. Sand-some sift sa.fl.-J !vj M angular jragmenrs
(||l Soft silfy s^nd

>- 'L I ' ''"~:mtnrzd grzvs!
Channel sscrionstd firm andesit

tt/7<y 5/7^ 7«/£ w/'Mye i ,., , - ,. i . , . , / ,;irmssadMdnlf suffered £M 5rsv ̂  ̂  9™tr*9 downward into silty sand
ks and boulders, grey F '• " 5»"M

G&Yclay -Ai<=f____Qonor phce footing
' r f " ~ -

>- <£ logging roadDo nor place footing \
in ibis zone - Soft multi-colored

L*4_. anofesih '(7e grav&llv
^ /cry sof/ l?/4'f-gfrey
4

 a* i 5brr mulH-colorfd
andsslh breccia

.
dcrs vib Mf art xrt chy matrix. .-Coarse grsvefly agghmeraie

Xrsrgd brown and

ive/ and token . l
rtnai) A nds s i !e 2 g g I o

/ yream gra'vils -snd sand,
and <&••& itt -P

Broken scitandtSite n
] in s.'liy-clay•-• ; A'i rock $o:i nh'n

| ••—rr 3irsreti andssire.
'." .

. • •A noe s i re or,t
_V-J frabznrragrvsnrs in

~* • 5?u /o'er j / o / n e -3 fe
qqlomerare w/M

— j-T-J... fr^amenrs-in -sandy "day marrix. - -

FJJ
D2

U. S. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEERS
SEATTLE, WASHINGTON•» ,N'.rr< j : .~/ ssn-dy cay

"P...R,-0 F-.I BRIDGE SITE NO. 2
PROFILE AND LOG OF BORINGS

HOWARD HANSON DAM WASHINGTON



f $ J~ ~-€XPOSE|»-BeOROCK

AJDJVT BORINGS, WELLS
——& P4EZOMET£RS (UNOIFFERENTIATED)

- 1O6 INSTALLED IN 1986
J?lEZOM£tERS 407 - 109 INSTALLED IN 1989

LINES (1991)

\ -x .;-, -•, -._^
- / jr •vnKmi.QE VISLLS AND ADIT

';J\ FLOOf|OF ADIT AT ELEVATION 1100 FEET

. ^, ARMY INOINfER DISTRICT, SEATTLE
CORPS Of INOINIIKS

KATUI. WAIK INCTOH

HOWARD HANSON DAM
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'EXPtQRAJOJVl'ljbRINGS. WELLS
~—T=°S (UNOIFFERENTIATEO)

J1 - 106 INSTALLED IN 1986
37 - 109 INSTALLED IN 1989

SEISMIC LINES

AND ADIT
ELEVATION 1100 FEET

200 300
3=

.CALE IN FEET

AKMY INOINIIK DIJTttCT,
CORPS Of INOINIIIt

SfAfVll. WASHtHCIOM
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(<," STO
V/ELDIUG M£CK FLAUGE-
8-7/& D/A. /-/OLeS - 7 YP/CAL

(
> -*

T

TEMPORARY PLUG

A "

FLAUGED
EfJO EL&Q*/ 45"
TOWARDS PORTAL

POLYE TUYL ENE MEMBRANE^-

TXicfctez. FlaoG,

i^A^^S^JlMJ^11-
sHsBHSOT^K^^^^^i-'r^'-'

.„••*••<.-. Ute^.-"<-r.\ ,', .•^y./i.'tiTv'V''-^'1'•^•. S^I^-j^SS^ '̂
rrv"'^?': '--';\-;_ :' .'_"-V^-.-i-;v- ^X-"-,' m- --.. •" • ' ' ; -'•*•-.£'' _'.u; "".- "'"' x- 'Tĵ  -• ' • " - r " .'5 _T:/V':. -'.'̂ .'_:'.



N 102.600

I N 102.500

I02.40O

I N 102.300

|K

Is
102.200

S

LEGEND

'0$.

- BASALT

- ANDESITE

- BASALT PYROCLASTICS

- ANDESITE PYROCLASTICS

- FELSITE

- APPROXIMATE BEDROCK CONTOUR

NOTES:

1. ROCK CONTACTS ARE ESTIMATED USING FOUNDATION
REPORT PLATES. THESE ESTIMATED CONTACTS ARE AT
THE ELEVATION OF THE DIVERSION TUNNEL.

2. ROCK TYPES FOR THE FISH PASSAGE FACILITY
EXCAVATION WILL BE EXPLORED DURING FUTURE
EXPLORATORY DRILLING CONTRACTS.

3. SECTION A-A SHOWN ON PLATE E-17 AND SECTIONS B-B
AND C-C ARE SHOWN ON PLATE E-18.

4. TUNNEL ALIGNMENT AND TRANSITION TO BE
REORIENTED DURING PED.

50' 25' 0

I H H h H \-\

50-

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

BEDROCK EXCAVATION

HOWARD HANSON DAM WASHINGTON
S I Z E

B
INVITATION NO.

DSGN: ECKERLIN CHK: MANN

PLATE

E- IO
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LEGEND

0 PROPOSED EXPLORATORY BORING
DD = DIAMOND DRILLED CORE BORING

RW-22 RD Z ROTARY DRILLED SOILS BORING

PROPOSED RELIEF WELL

50' 100' -

U. S. ARMY ENGNEER DISTRICT, SEATTLE
CORPS OF ENGINEERS
SEATTLE, WASHINGTON

PROPOSED EXPLORATION

HOWARD HANSON DAM WASHINGTON

B
INV ITATION NO.

E-ll

DSC* ECKERLlN CHK, MANN



GROUT HOLES

DRAIN HOLES

GATE TOWER

STEEL SUPPORTS 6' C-C,

MONOLITH JOINTS
MAJOR FAULTS
WATER BEARING

48 BYPASS

TYPICAL TUNNEL
SECTION

LEGEND

BASALT BLACK, HARD AND DENSE APHANTIC TEXTURE
CONCHOIDAL FRACTURE

ANDESITE, LIGHT TO DARK GRAY, MODERATELY HARD
FINE GRAINED, IRREGULAR FRACTURE.

ANDESITE PYROCLASTICS, (TUFF) SOFT, LIGHT GRAY FINE
GRAINED, IRREGULAR FRACTURE, BREAKS DOWN RAPIDLY

FELSITE LIGHT GRAY, HARD DENSE. APHANTIC TEXTURE,
tRREGULAR FRACTURE

MAJOR FAULT
OUTLET WORKS TUNNEL

NO SCALE

MONOLITH JOINTS

STILLING BASIN

MAJOR FAULT
WATER BEARING

U. S. ARMY ENGINEER DKTRICT, SEATTLE
CORPS OF ENGINEERS
SEATTLE, WASHINGTON

EXISTING OUTLET TUNNEL GEOLOGY

HOWARD HANSON DAM
SIZE INVITATION NO. |riL£ NO.

B

WASHINGTON
! : • ; » ! !

IE-12

DSCN: ECKERLIN CHK: MANN [SHter
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(

NIOTE5:

EGEND

of Joint dipping into the excavation andl
ang'.e from ex hor i zont a.1 plane.

ra.ce of Joirrt" thai <^oes no+ dip
excavation anc( vertical angle
pick. ne..

in-ro
a. horizonta.1

Assumed, rock bolt location

on the p/<^" and sectioos
illustration. These.
co r«. ̂ Tu I 0bs«rvarHon

I. The potential slippage, sur-faces shown
are over em p ho.s «zed -Tor purposes ot~

r L i _L I L.surfaces , hov^everj can be locatea t>j
o-f" the. ejcccx vcct ioo .

2- Joints <z.nd fVa.ult& are not d it~-T«rentia.t«cL
3. Joints are shou>n in appro**rr»<xte. position a.nd attitude of

joint* is e6"Vin^a.ted -Trom bottom of exca vat i o a»
.̂ The numerous minor fra6ti.!t"At an t̂ joints ar<s not shown.

S. Rock bolts ar* pUc«d on about -fiva (5) foot centers. Th< bolti in the upper
20 **ct ofthtf-fo.ee are So -fee* lorg and tV\c low«r portion of the

IS secured by rock bolt's ZO feet

U. S. ARMY ENGINEER DISTRICT, SEATUE
CORPS OF ENGWEEfS
SEATTLE, WASHINGTON

GEOLOGIC SECTIONS ALONG
LEFT ROCKWALL OF

EXISTING INTAKE CHANNEL
HOWARD HANSON DAM WASHINGTON

>NV|-AT!CN NO. irlLE NC.

B

DSGN: ECKERLIN |CH8: MANN
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AS-BUILT ROCK REINFORCEMENT
SOUTH WALL OF INTAKE CHANNEL

On



ELEV. FEET

1200 —I

1180 —i

1160 —

1140

1120 —

1100 —>

1080 —

1060

1040

1020 —

1010 —J

D O D D O D D O D

LEGEND

O DRAIN, 2", 25' TYPICAL 6X6 DIAGONAL ROCK BOLT
PATTERN ON lOvrlH SLOPE

ROCK BOLT
*8, 15'

TYPICAL I2XI2 DRAIN PATTERN

TYPICAL ROCK BOLT AND DRAIN PATTERN

96-DD-87
SEE BORING LOG
IN EXHIBIT A

MAXIMUM RESERVOIR LEVE

ROCKBOLT ON
6'X6' DIAGONAL
PATTERN (TYP)

2" DRAIN ON
1 2 ' X 1 2 ' PATTERN ( T Y P )

n u u a

D O D n o n a o c

n O Q P O P p o p
SJIIE 20' HIGH BENCHESMINIMUM RESERVOIR LEV

WET-WELL FLOOR

#8 ROCK80LT ON
6 ' X 6 ' DIAGONAL
PATTERN ( T Y P )

2" DRAIN ON
12'X12' PATTERN ( T Y P )

NOTES:

1. ACTUAL WIDTH OF BENCH AT TOP OF ROCK CUT SLOPE
WILL BE DEPENDENT ON THE CATCH POINTS
SELECTED DURING DESIGN AND ROCK ELEVATIONS
ACTUALLY ENCOUNTERED DURING E X C A V A T I O N .

2. SEE PLATE E-10 FOR PLAN.

VERTICAL PRESPLIT HOLES

I.O' 5"
l - l i-l U I

20'

2" FOUNDATION DRAINS-
7'X7' PATTERN

:RACTURE AT 144' a EL 1023
RODUCED 40 GPM ARTESIAN FLOW

AT SURFACE OF HOLE

30TTOM DEPTH
200.8 (EL 964.9)

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

FISH FACILITY
GEOLOGIC SECTION A

HOWARD HANSON DAM
SiZ£ I INVITATION NO. j FILE NO.

B i

WASHINGTON
PLATt

E-I7

SGN: ECKERLIN ]M, MANN
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EL FT 1220

1200

180

160

1140

1120

1100

1080

1060

1040

1020

OVERBURDEN

EXISTING
R O A D W A Y

EXISTING
R O A D W A Y

ROCK BOLT AND
DRAIN HOLE PATTERNS
SHOWN ON PLATE E-17

ROCK BOLT AND
DRAIN HOLE PATTERNS
SHOWN ON PLATE E-17

PORTAL CUT

A STEEL SETS

XIST ING
UTLET !

7 STEEL. SETS

SECTION B
48" 0 BYPASS

SEE PLATE E-10 FOR PLAN
20' 10' 0 20'

H H M
ANDESITE
PYROCLASTICS

-«8 ROCK BOLTS
LENGTHS V A R Y

1

LEFT'
SLUICE

RIGHT
SLUICE

: 7
ex

t TUNNEL

24" 0 FISH
L TRANSPORT PIPE

ROCK ANCHOR
(TYP)

EL 1035'

'T- EXISTING
AS" 0
BYPASS

BASALT F E L S I T E A N D E S I T E

48" BYPASS PIPE

SECTION C
SEE PLATE E-10 FOR PLAN

10' 5' 0 10'
I H H lH H l-l I

3v—'

0
::©

- BASALT

- ANDESITE

- BASALT PYROCLASTICS

- ANDESITE PYROCLASTICS

- FELSITE

NOTES:

1. ROCK CONTACTS ARE ESTIMATED USING
FOUNDATION REPORT PLATES.

2. ACTUAL WIDTH OF BENCH CUT AT TOP OF
ROCK CUTSLOPE WILL BE DEPENDENT ON
THE CATCH POINTS SELECTED DURING
DESIGN AND ROCK ELEVATIONS ACTUALLY
ENCOUNTERED DURING EXCAVATION.

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

FISH FACILITY
GEOLOGIC SECTIONS B AND C

HOWARD HANSON DAM WASHINGTON
SIZE j :NVITATtON NO.

B !
I FLATt

IE-is
DsoNi ECKERLIN MANN



EXHIBIT A

SUMMARY DRILL LOGS





OR,LL,NG LOC CCont Sheet, | 64 7g

HHO Fish Dcssaoe Sf-ud of?

ArioN OF
lOescnorlorti

1064.3 |00

105-

1020.4

999.3

I2C— '-^-^

125

130— '-^-Z

35

140—'SSS

145

155

60—~S=

iNOESlTc 3RECC1A. so f t ro rxira.
green ro gfcy. siicKensi<3es ori
joint surfaces.

sec 3v-
ta-r

50.0

(Qfl Illng *im«. vat er" fo*a deprr
««arnerirv3. *rc.. if jignlflcc

, L_

100

100

96.5

NPO laboratory test, conducted
on core 139.3 - 140.3'.
Results reported 7/13/94:
Specific Gravity 2.42
unit Weignt 150.3 oof
Absorption 6.3X
Unconflned Comoressive
Strength 3 5.410 DSI

ANOESITE 3RECCIA. clayey, soft,
altered gray to green. siicKen-
sides on joints.

hard O 163 f t

100

91.2

100

100

51

S2.S

77.1

36.2

91.3

AS

AC

AO

10

AC

4/7/94

30 3Sig/0 apm/15 min
aO-40/5 sec
40-19/120 sec.

3O osig/O gpm/IS mm
30-43/5 sec
43-21/120 sec.

-30 osig/0 gpm/IS min
30-70/S sec
70-50/120 sec.

—30 psig/5.3 gpm/
30-75/5 sec
75-60/120 sec.

30 PSig/5. 7 gpm/
30-70/5 seo
70-51/120 sac.

4/3/94

3oftom of Boring O 135 ft

NOTE: Ruen Orilltng Comoany is suocontractor ro Andrew Drilling
Co.. iddno Falls. Idano under contrat OACA S7-93-0-IOI2
Delivery Order No. 9

•NOTE

Water test data corresoonds to interval sfiown.

Aborevldtlons used:
80 osig/9. T gpm/IS mln
80-40/S sec
40-19/120 seo

80 oslg s 30 sounds water pressure per Inch measdured By a gauge at
ground level

9.7 gom/15 mln * 9.7 gallons of «ater per minute measured
with a flow m«ter for the stated period

30-40 /Ssec * water pressre drop n system from 30 to 40 psifl In
5 seconds.

40-19/120 sec » water pressure drop in system from 40 to
19 pslg 'n 2 minutes

ENG FORM 1836-A PREVIOUS EDITIONS ARC OBSOLETE.
UM n

HOLS NO.

FISH PASSAGE STUDY 94-OD-80



r
DRILLING LOG ™

i. PROJECT
HHO ?ISH PASSAGE STUDY

2. LOCATION (Caralant or SWcn/
N 102.503.562 I .763.223.777

J. ORILUNG AGENCY
RUEN DRILLING (CLARK FORK IDAHO)

*. HOLE NO. (At sre*n en 4fo*inj rttto >
am nt* rurwi '94-00-31

5. *AU£ OF DRILLS'
LTLE BALLINGcR

o. DIRECTION OF HOL.

S3 VERTICAL O »•

7. THICKNESS OF OVERBURDEN 33.3 FT.

3. OEPTH ORLLEO :NTO flOCX igT.O ?T.

!. TOTAL ' DEPTH OF HOLE 190.0 ?T.

ELEVATION

I220.J

II97.J

1199.7

lltf.3

II2O.J

DEPTH

:
,o -5

—

20 i

L£CENO

.1

m
• I .

.• '

• * ' 1 •
1

> ' 1 <

.» i

1 ' | 4

-r~^~d
-

30 ~2

-
2

—

40

—

-^

so —
_

_

_

so —

_ — 1

70 -^

80 —

IOO I

^^

S<^
•=̂ ="C:
i— .-̂ .j-

^^'̂ =-c~t,r

^~s=

•SS^

"^••w' !J

!"̂ _ "̂̂ "Z
r~*~- "^~"*"
f*"*i • i ̂ .
-•*- •— c^
^ -̂̂ JTT

S
s

^e îS
-cr̂ -i
~-̂

NPS OF 2 Ur^T5

10. SIZE AAO TYPE OF 3IT NWC3 (WIRELINE)

n. DATUM FOR ELEVATION SHOWITSI/ jr MSU

NCVO 1929

12. uAwjFAcruREjrs DESIGNATION OF OR«_L
LONCYEAR 44

13. TOTAL NO. OF OVER- 'DISTURBED 'OHOtSTbSaEO
3UROEN SAMPLES TAKEN ; |

K. TOTAL NLK8ER CORE 30XES 13

15. ELEVATION GROUND WATER 1189 .7

16. DATE HOLE :S^T,E/2,/94 C0^7T
2
E3°4/94

17. CLEVATION ro*8 OF HOLE 1220 307

ia. rorx CORE REcoveRr ^OR 30R1NC 99 /.
*. SO-ATL«E OF «SPCCTOR

CLASSIFICAHON OF MATERIALS
lOaalalcnl

CM. Sltfy sonoy grovel

Too of rook « 2J.O ft

AfOCSITE 3AECOAI Att*r*d
HOTK ar»««i to gray. «oft
ZOTMM. OCIOIt*

F<O

CIay«y Joints

ANOESITC BRECCIA, oltWM Frt.
Pyrlt*. CoCo orj Joint!

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.
UM 71

f COSE
RECOV-

ERY

ROD

X

JT

n

91

9T

M

IOO

91

M

«

IOO

M

M

IOO

«

IOO

99

91

30X OR

NO. "

A

9
1

C

0

s

2

a

M '

1

J
4

L

M

5

N

a

p

>

a

REMARKS
tOfllllnQ fink î fcr *Wi dtfftt &

t

Lto«nd for Joint sooclnoi
•la«ly >l .3 f t
fRM«rot«ly 0.5 to 1 .5 ft
clo««ly O.I to 0 .S ft
nigniy rroctur«d«ortcelot«d

4/21/94 S*'

4/22/94 T.I so«

- -

—

^~~

-

PROXCT HOLE NO.

HHO FISH PASSAGE 94-00-31 \- 5



DRILLING LOG (Cont Sheet) ^ ' "220.307 Hole No. 94-00-81

ORO-GCT INSTALLATION

HHO PISH PASSAGE NPS

«"*"

II20.J

1015.]

IOS4.I

I030.J

DEPTH

k

IOO

110 —

120 —

130 —

«_

140

ISO —

I
—

I"

ISO —
•1
_•

—

80 —

LtCENO

^™?

"• •C*' * • ••

SB

SB
=IS~r

""•"t̂ -"

.• — 1- Fl*1"

-rl̂ J. ̂ u
•• ••- '•

• ^* p^ '

-̂S

s~^ ^~*

S^

=̂^~
^s

K

i
ANOCSlTE 3REOCCU. altered.
cloy«y tones. .r«0. ^yrtts.
Cdtclft. jlicKensia«3,

« ao-

»urtac«»

uoEsiTE aaecciA.
Monly <nr*rt«. Imocr

ANoesiTE gftEcciA.
aittroo - soft. 3raK*n.
4!«color«o. local, ctoy.
f«0. Colclt*

Bottom of coring ot I9O.O*

oanduotvd on cor« I7S.2-I73.4~

So. Gravity 2.91
Unit ••font 92 .« oof
Ab«ort>t Ion 2 .OX
uneanf lo*d

ConoStr I.T90 Ml

Conduct «o on oor« 1 IT .5 - 1 •• .0
So. Gravity Z .95
Unit monf KS.I oat
AlMorpt Ion 1 .OX
UnoonflnM

ComStr 9.1 TO a*l

ENG FORM 1836- A WEVWUS canons /*£ OBSOLETE.
UAR 71

r. CORE
»£C3V.

£RY
0 .100

SCO
X

14

It

IOO

100

IOO

,4

n

19

H

IOO

^-H74

T4

M

N

91

IOO

30X OR
SAUPtE

"0.

S
T

r

u

V

s

1

X

T '

z

AA

10

A3

AC

AO

II

AC

if

AC

AH

Al

U

1]

AK

SHEET 2

OF 2 SHEETS

iDrinim in. *ov ii ««rn <^
-wafftar/ng; *e. /r stqrffraartl

SEE NOTE OH SHEET 2
LOO 94-00-90

30 9SI/0 aom/15 mln
MQ

10 3SI/2T.1 gpm/a.S mln
4O-0 sal/5 s«c

—1

JO Dal/10.7 gora/IS mln
— «O-0 o»i/S MO

SO OAI/2S.T opm/IS min
10-17 oj(/5 s*c

IT - 0 »l /«0 ««c

10 cut /I2.9 gpo/ISoln

4O-l3a«l/l20 <10

NOTES I
End'of miff 4/IZ
eor«d to ITO.I

aloon Sh i f t
4/J3 SW. ]0.»'

-

—

=

-

—

"

—

}

PROJECT ~[MOLE NO.

HHO FISH PASSAGE 94-00-81 ^ _ i\-



DRILLING LOG °^ -STATION Np S*CET ,
1Nr'J Of 7 SUCTT*

I. C90JEC*
HHO FISH P A S S A G E

2. LOCATION icaraiiaa <r Baton
N 103.055.429 t 1

j. OR«.LINC ACENCY
RUEN DRILLING (CLA

10. SIZE ANO TYPE or 31 T NWC3 (WIRELINE)
n 0*n,J1

; NGVC

./sJ.uib.yJo „ UM1I

RK hORK. IDAHO)
4. HOLE NO. fA» xrotn an aroetrq mt i Q . nn 30 3L1ROE
« m. wmi i »*~UU 0£

5. NAue OF DRILLER (_VL£

5. DIRECTION OF MOLE

S3 VERTICAL O *

t FOR ELEVATION SHOwwaw y USL1
, 1929 .

•ACTVJRER'S DESIGNATION OF DRILL

GYEAR 44
NO. OF OVER- 'DISTURBED '(JNOISITjRaEO

N SAMPLES TAKEN ; ;

: 1*. TOTAL NUMBER CORE 30XES |Q

3ALLINUER 1 15. o.£v»noN CROUNO WATER 1170 .3 ~T

m. OATS HOLE :sr>*rEVl8/94 C°UP"£TE4°/20/94
n rN*"n nrr rffnu vFTTT - • <-v y

n e, Fv»nnM rnp OF nn - l?qfi 1^̂  ft

'. IHLXNtib 0 OVUWJKUtN 4.^' W. TOTAL CORE RECOVERY FOR 30RINC 9 7 2 '•

,. DEPTH ORLU£0 INTO ROCK 205.3' ,„ arjJAnBC nr MDCrTnB

9. TOTAL OEPTH OF MOLE 210.0'

aEVATON

I2Q6. 4

1202.2

1 ITO.J'Y'

1168.9

IM3.S

II 12.0

noa.<

DEPTH

4

™"

—

10 —

J
-

20 ̂

I

30^
-
_

40 —
I

4
50 —

\
60^

70 ̂

80 —

90^

100 i

ENG FORM 1836
UAH 71

LECENO

c

•U

^g
p^ -— ~T-

*^.~r"

— i- r*
7" i*̂  "I™"™

- — T

£^S

g^

» ĵ"*~ ^~-

-u=r —
r-s<i-

£^5

P

Sii
^ l̂_ — "

"- ~ —

^5£2

?5 Î
t-1--— ~
pî s
^5^1
î 5

? ŝ:

£^=-=r̂ =-

p^S

CLASSFICAHON OF UArERIALS
(OaeeiaHH

d
CM, 5llt> Sonay Gravel

Too of rocK o 4.2 ft
ANOESITE 3RECCIA. lltered. maroon ro
green-gray. uroKen, clay In olaces.
FeO. CaCO,

0.4'UOM

ANO£SITE 3RECCU. manly alt»r-<3.
clayey. go«j<3e, alscoloratton.
sllcKansldas. CaCO,. F«0

1.2' 1033

2.0- 1033

2.1' loss

ANOESITE BRECCIA, Altered out Intact.
»ltn zones of heavy alteration,
green to gray, calclte. and oyrlte
mineralization

SllcKensldes on Joints

ANOCSITE/ANOeSITE 3RECCIA, hard.
dorR green

«SV10US EDmOHS ARE 08SOLETE.

f. CORE
RECOV-

ERY
0 « 100

ROD

21

30

ao

23

i]
90

100

90

76

47 1

oH

1

35

91

39

ao

99

99

100

aox OR
SAMPLE

NO.

A

a
1

c

0

:.
G

H

3

1

J

K

L

M

N

p

a

6

Ft

s

T
T

LT

REMARKS
(Onillnj rtir*. x*v uu. Mem &

•aonrlrii. *c. ,f aqHTIaxtl

Legend for Joint Soacing

Kiaeiy >i.s ft
uoaeratel y 0.5 fo i.S ft
Closely O.I to 0.5 ft
Highly Fracturea • orecclated

%

_

—

—

—

__

—

•

PROJECT IMOLE NO.

HH FISH PASSAGE 94-00-82 / ̂ ^



DRILLING LOG (Cont Sheet)
1206.396 Hole NO 94-00-82

JKO.tur INSTALLATION SUF-T T
HHO FISH P A S S A G E NPS Qf p _„

ELEVAHO

1106.4

99«.4

DEPTH

IOO

110-

I20--

I3CH

NO-7

150-r

l£C£NO CLASSlFlCAriON OF UAreRMLS
;Geacrlfftvu

Jr̂ Ergj ANoesi
-1— ^^Tj <3ar*
j3~Sr̂ l anrt *

33^=

^•—5

m
_~^r i_ —

=^=?=-
€£=S
=~s:

^ ••*• -^

ff^zrsi

»» —^ — —

^SHi

60^^
—

70-^

8C-^

—

—

90^

—

OCH

—

1U

—

7^^^±
^ «. — »

^ar=^=

•-r- —

isi
S«iS

§ss
C5ES
^^ r̂ii
*- *tf— ̂

Sĵ t̂ S

^ l£-!S.

^a***f 7^

— -^r—

r ^ i • -^

*- lor1— •

£jr^S

5^5

j

NPO lac
conduc
IT9.9' -

So . Grc
Unit »«
ASsorpt
Unconf 1

CanM

TE/ ANOESI TE 3RECCIA. nara.
3reen. ,-nlnor alteration FeO
Icxensldes on Joints

.

results 7/13/94
ted on cars

vl ty 2.59
Igfit 181 .4 pcf
Ion 2. IX

tr 21 .920 os i

Sottom of Boring a 210"

.

ENG FORM 18.36- A PREVIOUS EDITIONS ME OBSOLETE.
MAM 71

/ CORE
WCOV

99

IOO

92

96

90

IOO

IOO

96

IOO

IOO

IOO

IOO

IOO

IOO

IOO

IOO

98

IOO

IOO

IOO

91

98

96

IOO

IOO

30 X OB

•O. "

V

" 3

X

Y

;'

AA

A3

AC -

AO

AE
ii

AF

AC

AH

Al

AJ

AX

13

AL

AM

AN

14

AO

AP

AO

IS

Aft

AS |6

AT

REMARK]
lOrrtanj rttna, *orv /ojyt j«m <y

SEE NOTE ON SHEET 2
LOG 94-00-30

—80 oslg/0 gom/15 mln
80-46 oslg/120 sec

— 80 osig/0 apm/15 mln
3O - 48 oslg/5 IBC

48 - 18 osl /I20 sec

—
HO -J3K3/O gpm/IS mln

30-40 pslg/5 sec
40 - 26 osia/120 sec

— 90 oslg/0 gpm/15 mln
1 8O-S9 oslg/l2O sec

,

80-49 pslg/120 sec

—80 pslg/0 gpm/15 mln
30-40 psIg/S sec

40 - 30 oslg/120 sec

Hole cemented

[

—

..

•

»

•TOjeCT HOLE NO.

HHO FISH PASSAGE 94-00-32 v .. [f



r
DRILLING LOG °™»l «TA,LAPO, Np$ |»«T 7^~

i. 'ROJEC:
HHO PISH PASSAGE

Z. LOCATION tCxratrvtts or S/orron

N 103,494.83^ E
3. DRILLING ACENCY

FiUEN DRILLING (CLA

10. SI^E AND TYPE OF sir NWC3 (Wirehne)
^ ' LlU . ,, OAni

NGVC
I'S J.Oyj. !'i^ rj UANIJ(

4 FOR ELEVATION SMOWWS" ar HSU

1929

'ACTLRER-'S DESIGNATION OF ORt-L

„,. --p.. m.,,r, LONCYEAR 44
RK rORK. IDAHO) .,

V HOLE ."*0. .'A» vo*ft an arr^lnj mt« > q4_f ) f )_q^ SURGE

5. NAME OF DRILLER , vi r

4. DIRECTION OF xOL:

D ''ERT1CAL 2] N

NO. OF OVER- •DISTURBED 'UNOlSTURflEO
N SAMPLES TAKEN ; _ ; .

; i*. TOTJL ,-«>«ER COHE TOXES I 7

3ALLINGC.R 15. ELEVATION CROUNO WATER 1051.3

?O* OCWN lrc. -1O vrrar ' ^^ — ' 3/29/94 4/2/94

. , 17 î fVATxvg rnp OF HOI F 1 1 Q 4 8 1 0
/. .MItXNt.55 CF OVQfSWOtN U _____«, flJTAl Tf>!F OFCOVFRY FfM» SORINC rjg g /

3. JtHIM OS1U.EO 'NIO TOCX 220 1 i .„ 'orj^i

9. TOTAL DEPTH OF HOLE 220 T f

"VAOON

1104.3

IIOI.O

jr_
1051. a

1028.3

IOIT.9

1010.3

DEPTH LECENO CLASSIFCAnON OF MATERIALS

« d

1
m30 •_

_^

40 —
—i

50 4
:

60 —_

70 —

80 -^

90 —

100 I

ENG FORM 1836
UAH 71

SC^

S

^^^

CT

<^3

<?=3

^S

s

1
1̂ 5̂
• — -?-

~^~ ff^^~

ANOESITE. ,icrd, DiacK

ANOE3ITE 3RECCU. clayey, altered,
soft, gray, closely to moderately
soaced joints

ANOESITE BRECCIA, altered «itn
cldyey gouge. PeO of 38'-87'.
Joints closely xodced to highly
fractured.

ANOESITE SfiECCIA. aorK gre«n. altered
hlgnly fractured to closely sooced
Joints

PREVIOUS COITIONS ARC 06SOLCTC.

njRG OF MSPECTOR

/. CORE
RECOV-

ERY
0 «IOO

RODS
i fi^T
83.0

30.0

41.7

34.3

31.1

52.4 I

24.8

32.r

50.0

3S.O

15.0

23.3

0.0

79.2

30.0

19.2

0.0

25.0

31.5

44.4

aox OR
SAMPLE

'

r

L

K

L "

U

H

5

0

P

0

8

S

T T

U

V

a
*

X

REMARKS
tcriinnj n/m. w<nr tou. (Man (f

• marm injL *c. If stqrtflaartl

NWC3
00 = 2.960-
10 = 1.375-

SOLID INNER TUBE
TYPE WIRELINE BARREL

3/29/94

Leaend for Joint Spacing:
widely • >l.5 ft
Moderately = 0.5 - 1.5 ft
Closely = O.I -O.S ft
Hlgnly Fractured = areeciated

—

^~

-

—

~~-

-

PROJECT IHOLE NO.
HHO FISH PASSAGE '94-00-33 V - '



ELEVATION TOP OP HOC£
DRILLING LOG (Cont Sheet) M 0 4.3 iO Hole No. ^4-00-83

PROJECT INSTALLATION SHEET 2

HHO FISH P A S S A G E NPS oe "2 ,«.rT<.

ELEVATION

1010.3

970.4

949.3

396.1

DEPtH

100 ;

no —

120 -:

I30-;

140 —

ISO —

160 -£

170-3;
—

90 ~:

200 — '

210 -E;

220 -

LEGEND

^5—^=-=

S^?

t̂ î t̂ r

~^=

o -̂E3
J^""~ ' Z- ~

S^^

~*̂  -̂ -̂

:T-T rrr

•— ~ir _^* î

SI
-T -- ,ĵ .
"̂ r-̂ ĵ .

S^S

— uL' '-i*

r^^

:̂ ^
SE^
^55

^S

^^

^S

^^

Us?
^pi
î — ~^j

<?=3

— r-:-r

CLASSnCAflON OF MATERIALS
fOsscrfflfoV

ANOESITE. hora. gray, closely
ro moderately soaced joints

ANOESITE 3RECCIA. altered, llgnt gray
to green, soft, crumbles

147.5 to 148.0 ft
So. Gravity 2.42
UnltWgt 150.8 uof
Absorotlon S. (X
Unconf.

Comostr 13.510 osl

On cors 150.2 ro ISIO.O ft
So. Gravity 2.39
Unit »gt 148.9 oc-f
Absorotlon 3.5Z
.Unconf.

Comostr 3.900 osl

ANOESITE 8RECCA. hard, dcrx green,
some slcyey zones, moderately ro
widely socced Joints

FeO on Joint

ENG FORM 1836- A PREVIOUS EDITIONS «£ OBSOLETE.
UAK 71

/. CORE
«COV-

7.7

2J.3

56 .

35.2

76.2

33.0

47.4

78.2

91.2

78.2

62.1

51.0

22.2

47.5

96.5

100.0

78.3

35. 0

93.0

40.7

81.9

92.2

93.

94.8

38.7

92.9

92,0

30 X OR
SAUPtE

NO.

3
r

z

AA

AS

AC

AO

A£

Af

II

AC

AH

Al

12

AJ

AX

AC

13

AM

AN

AO

14

AP

AQ

AR '

AS 15

AT

AU

16

AV

AW

AX |T

AT

REMARKS
(Dnitlfltj fim. *&*• JOUL <Man &

SEE NOTE ON SHEET 2
LOG 94-00-30

J/30/94

— 30 osig/ !2.5gm/lS min
30-60/5 sec

60 - 30/120 sec

- 30 osig/0.9 gom/IS min
30-50 /5 sec

SO - 0/120 sec

3/31/94

30 osid/8.3 gpm/IS mi
30-60 /S sec

SO - 0 /SO sec

30- 7S /S sec
75 - 32 /I20 sec

30 psig/3.0 gpm/ IS min
30-85 /S sec

65 - 12 /I20 sec

4/1/94

- 30 oslg/ll.Sgpm/IS mln
30-53/5 sec

58-34/120 sec

80 D«!0/S gpm/ 10 mln
80-60 /S sec

S3- 18/120 sec

3O pslg/0. 1 gpm/S mln
80-63 /S sec

63- 9/120 sec

Hole Cemented

—

—

• —

—

-

—

—

_

—

PROJECT HOUC NO.
HHO FISH PASSAGE 94-00-83 ^ _



non i ikir- i r\r DIVISION INSTALLATION S^CET
DRILLING LOG NPQ NPS ^ , JPCT^

HHO FISH PASSAGE
2. LOCATION iCarmram or Slater

N 103,792.632 E
J. DRILLING «C£NCY

RUEN DRILLING (CLA

«. 3IZE >«O TVPr OF 31T NWC3 (WIRELINE)
J ULJ n nim

a NCVC

1 ON

A. HOLE NO. ^A» i/rvn on tfMlnj ffff« i Q4_r \n -^4 3UROE

5. NAME OF DRILLER yi £

S. OIRECTION OF Ha

E VERTICAL CH »

J FOR ELEVATION SHOWtrav ar HSU SOLID INNER TUBE

), 1929
'ACTuRER'S DESIGNATION OF ORILL

GYEAR 44

. NO. OF OVER- DISTURBED 'LHOSTURBED
N SAUPLES TAKEN | |

— IV TOTAl. r*ABEf! CORE 3OXES 3

dALLiNUtrt ,5. ELEVAHON GRODNO WATER 1026.0 FT

17 =•! rVilTOJ TOP OF HOIF I01S,0'14 FT

/. .m^wtii ui- uvtNBUKUtN U in TOTAI CVOF OfCOVfUf FOR HORINC r) 7 5 /

a. OEPTH OR«.L£D .NTO SOCK !00 FT ia ar>1A

9. TOTAL OEPTH OF HOLE | QC FT

ELEVATION

1035.0

1026.0

935.0

OCPTH LEOENO

m
I0 —

20 -^

E
30 '-5

-<
-i

V.H

— *

40 -^

so -E

60-^

70 ~

80-^

90-^

i oo r
ENG FORM 1836

MM

ii5
**« ^^--

Mnn
tE^Sr̂

E~S3-;

:-̂ ?=2
~"S^

''̂  f" <"rf

r̂ « ^i' ^*

&SS1

•T*-T^.

^^•^
grg ;̂

**" - -_'

••*•

•^ rtLT**

£S^

SBE?=SJ

CLASSIFICAHON OF UATERIALS
tOuaftfftam

ANO£SIT£ 3RECCU. altered «irn
clayey aouoe on joint surfaces,
soft, gray green, closely spaced

OJO ft joint soacing close
to moderate

FeO on jt surfaces

Brecciated. FeO on jta

Brecclated. FeO on jt
surfaces

NPO lao results 7/13/94
on core 35"- 15. 4~"

So. Gravity 2.72
Unit Hgt I69.S ocf
Absorption 0.3X

UPCPOJ. j;o™^s tr _ jajjig. .
on core 5J. 1 - 53.5

So. Gravity 2.78
Unit Wat 171.9 pcf
Absorption 0.9Z
Unconf. Como. Str. 8.320 psl

ntevaus EDITIONS ARE OBSOLETE.

TU* OF «SPECTO«

/. CORE
RECOV-

ERY
0 • 100

ROD

lo.al

- Q ,
33

33.7

48.7

48.1

25. 4

0

33.9

77.7

<8.7

30.$

31.7

42.7

91.2

82.S

39.2

89.8

94.0

Z)
60.2

94.5

99.7

88.7

3OX OR

NO."

;,

G

'* 2

1

J

X

L 3

M

N

0 *

P

a

R

s s

T

U

v

w s

X

~
I

AA

AS
3

AC

TOJARKS

Core Site = N«C3
00= 2.980 - incn
10 = I.87S - incn

SEE NOTE ON SHEET 2
LOG 94-00-SO

40 PSIC/4.S CPM/IS MIN
— 40-19/5 SEC

19-3/120 sec

40 PSIC/7 CPM/IS WIN

3-0/30 SEC

Ul

—

—

30 PSIC/23.7 CPM/IS MIN
30-10/5 SEC
io-Q/60 sec

.

80 PSIG/17.7 CPM/IS MIN
"80-0/ 5 SEC

30 PSIG/20 CPM/IS MIN
30-o/s sec

80 PSIC/26 GPM/17 MIN
"30-0/5 SEC

30 PSIC/24.T CPM/IS MIN
30-io/s sec
10-0/60 SEC

^
_

-

—

™«

r

PROJECT IHOLE NO.
HH FISH PASSAGE STUOr 94-00084. v J--



• DRILLING LOG
DIVISION

1. PROJECT

INSTALLATION SHE=T 1
N?D SSATLE DISTRICT OF _ 3" SHE=TS

10. SIZE AND TYPE OF 3IT HQ DIAMOND
HOWARD HANSEN DAM INTAKE TOWER 11. DATUM FOR ELEVATION SHOWN (T3M OR MSI]

"". LOCATION (Coordinates or Station! NGVD 1929
N T 0 2 , 5 0 8 . 1 9 E 1 ,753,513.22 1 2. MANUFACTURER'S DESIGNATION OF DRILL

. DRILLING AGENCY
XZRR DRILLING

4. HOLE NO. (As shown on drawing crcle

and f i le number)

5. NAME OF DRILLER

MOBILE 3-53
CO. 13. TOTAL NO. OF OVER. DISTURBED UNDISTURBED

3URDEN SAMPLES TAKEN
94-DD-35 Q o

14. TOTAL NUMBER CORE BOXES 5

RANDY PAINTER 1 5. ELEVATION G R O U N D WATER 1133

S. DIRECTION 01= HOLS

VERTICAL 3 INCLINED Q

7. THICKNESS OP OVERBURDEN 2 . 0

3. DEPTH DRILLED INTO ROCX 54 . 0

9. TOTAL DEPTH OF HOLE 56

ELEVATION

a

1140.1

1133 . 1

1137.1

_133 . 2

1130.1

1124 .1

1123 . 1

DEPTH

b

LEGEND

c

o 'XxX^lirs/Wv— ̂ vW&XX?2'"M3 .0 vyQty-_Jv%/-yx

HH
4. 9

10

«•

"

—

IS .0

17

\xXxSx

9
\S//)^r/

mŜ §S

B•m
VCOsXX

>^9fi<yVyV'WVxS
xVVV'VVv*-

^<

STARTED COMPLETED
OEG. FROM VERT HOL" 09-13-94 0 9 - 2 0 - 9 4

1 7. ELEVATION TOP OF HOLE 1140 . 1

13. TOTAL CORE RECOVERY FOR BORING 95

1 9. SIGNATURE OF INSPECTOR ^

Is-̂  . r .. ,^^JU , Q A )
CLASSIFICATION OF MATERIALS

(Oescnotionl

d

: ROCK FILL

> ANDES 11
; broken

\high an

'S,braccia, gray, hard
w/qcz and pyrite
ization
gla joint:

70 degree
3 . S co 4 . 9 ft broken, zone

50 dagraa
45 dagraa
40 degrsa
65 degree, pyrite
mineralizaton, some
slickensides

45 degree

ANDESITE, breccia, hard

70 degree, pyrite fill

flat joint, frash hard rock

10 -degree

.

45 degree

30 degree

broken zone to 18 ft.
20 degree group of 3

Andesite lapallie tuf f ,

% CORE
RECOV-

ERY
a

62

100

100

100

90

BOX OR
SAMPLE

NO.
f

1

T_

2

REMARKS
(Drilling time, water loss, death at

weathering, etc. if significant!
g

RUN A TO 4 . 0 '
L) 4 . 0 : C2 . b : LI . 5 RQD
12 5V

RUN 3 TO 6 . 0 '
D 2 . 0 : C 2 . 0 : L 0 . 0 RQD
55 *

RUN C TO 11.0 ' ' w c

D 5 . 0 : C S . O : L 0 RQD 8 5 % '-ll:-
9/
T3~

19

BOX 1 Fm 0 . 0 to 11 . 0 '
RUN D TO 1S.O
D5 . 0 :C5 . 0 :LO . 0 RQD 9S%

RUN E TO 21.0
D 5 . 0 : C 4 . 5 : L 0 . 5 RQD S3*

• i -

—

EN G FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. I PROJECT
TIBM

HOLE NO.



DRILLING LOG (Cont Sheet) a^*™,- .„-,„,, , , ^^ Hole No. 94-DD-35

l .PFtOJEC" INSTALLATION SHEET 2
HOWARD HANS EN DAM INTAKE TOWER SEATLE DISTRICT OF 3 SHEETS

ELEVATION

a

1120.1

1

1110.1

1100 . 1

DEPTH

b

LEGEND

e

Hi

1
3 0 . 0 0

^—

40 .0

11
1
1
1
1

\Xy-C\\X

%^<

CLASSIFICATION OF MATERIALS
(Description)

d

30 degree thin calcite crust
rock is crumbly
30 degree, calcite fill

50 degree, calcite

~ \ 3 5 degree, thick calcite
\infill, crumblv rock
Andesite, brecia, gray, hard

45 degree
70 degree
2 2 . 4 to 2 4 . 0 f t , broken zone

flat joint

2 6 . 3 to 25.3 f t . , broken zone

5 degree
2 7 . 3 to 2 3 . 4 f t . , broken zone

10 degree

30 degree, some slickensides
Andesite, breccia, gray, hard
5 degree, several close
fractures
35 degree
same
5 degree
6 & 20 degree

5 degree, minor calcite

soft zone

50-degree, soft infill
3 5 . 9 to 36.1 f t . , broken,
crumbly rock, slicks present

50 degree, pyrite, qtz infill

\30 degree, soft

% CORE
RECOV-

ERY
e

100

100

100

100

BOX OR
SAMPLE

NO.

2

3

3

4

4

S

REMARKS
(Dril l ing time, water loss, depth of

weathering, etc. if significant)
q

lost return water, water"
exiting slone drain at
elev 1132 ft.

3OX 2 rrn 11.0 TO 21 FT
X.LTN r TO 2 5 . 0
D S . O : C S . O : L O . O RQD 60%

RUN G TO 3 1 . 0 '
DS .0 :CS . 0 :LO . 0 RQD 36V

BOX 3 TO 3 0 . 6 '
RUN H TO 3 6 . 0 '
DS . 0 : CS . 0 :LO . 0 RQD 96%

RUN I TO 41.0 '
DS.O :CS .0 :LO .0 RQD 80%

• -

~

• • •

-

i • •

BOX 4 Fm 30. 6 To 39. 6 .
FT . ,-T :

PNG FORM to-7e oo=v,nu<; cnmnM<? AHP-ORSOLSTH. !PROJ.!5T --^Tr-rvr ™,w Tv"Tnr=- T-owi"3 94100-85,,



DRILLING LOG (Cent Sheet) ^LEVATION TOP OF HOLE ~ ̂  Hole No. 94-

1. PROJECT INSTALLATION
HOWARD HANS EN DAM INTAX2 TOWHR SEATLZ DISTRICT

ELEVATION

a

1099.5

1098 . 1

1090.1

»

*

1084 .1

DEPTH

b

LEGEND

c

4 0 . 5 f5$<$£
r/vvv*

Xxxy<42-fc
• •

50

55 . 0

I

1

CLASSIFICATION OP MATERIALS
(Description)

d

4 0 . 5 to 42 .0 f c . , broken
zone, rock is sof t , crumbly
with silickensides

Andesite Lapallie tu f f ,
hardcompetant rock
30 degree, Qtz , pyrite soft
infill

30 degree

30 degree

40 degree

shallow joint set

30 & 35 degree conjugate set

40 degree, slight broken zone

20 degree
bttn of hole® 56 ft.

% CORE
RECOV-

ERY
» •

100

100

100

30X OR
SAMPLE

NO.

5

S

S

DD-35

SHEET 3
OF 3 SHEETS

REMARKS
(Drilling ;ime, water loss, depth at

weathering, etc. if significant)
g

RUN J TO 4 S . 0 '
D 5 . 0 : C 5 . 0 : L O . O

BOX 5 ?m 39 .6 T<
FT.

RUN L TO So . 0
D5 . 0 :C5 . 0 :LO . 0

BOX S Fm 48.5 Tc
FT.

.•

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJJ£^raT5n ^^^ nRM INTAKE TOWKR

3 48 . 5

.7
_
_^_^

56 . U

—

7
—

HOLE NO.
94 -DD-35 ,.



DRILUNG LOG DIVISION

1 . PROJECT

INSTALLATION SHE=T 1
N?D SEATTLE DISTRICT OF 3~ SHEETS

10. SIZE AND TYPE OF 3IT S" DIAMOND
HOWARD HANSEN DAM INTAKE TOWER 1 1. DATUM FOR ELEVATION SHOWN (T3M OR MSU

T|ON (Coordinates or Station)
N102 , 525 .235 Zl , 76

3. u. -,NG AGENCY
KERR DRILLING

4. HOLE NO. (As shown on drawing title
and f i le number)

5. NAME OF DRILLER
R. PAINTER

S. DIRECTION OF HOLS
VERTICAL 3 INCLINED Q

7. THICKNESS OF OVERBURDEN 2.5

3. OEPTH DRILLED INTO ROCK 3 3 . 4

9. TOTAL OEPTH OF HOLS 41.1

ELEVATION

a

11.S9 . 7

1157.7

1157.1

1149.7

3

DEPTH LEGEND

b c

N'GVD 1929
349S . 572 12. MANUFACTURER'S DESIGNATION OF D R I L L

MOBILE 3-53
CO. 13. TOTAL NO. OF OVER- DISTURBED UNDISTURBED

3UROEN SAMPLES TAKEN
94-DD-86 o 0

14. TOTAL NUMBER CORE 3OXSS 5

15. HLHVATION GROUND WATHR H 4 6 . 3

STARTED COMPLETED
06G. FROM VERT 1 S. DATE HOL. 09/15/94 09/17/94

1 7. ELEVATION TOP OF HOLE 115 9 . 7

18. TOTAL CORE RECOVERY FOR 30RING 92

14-
CLASSIFICATION OF MATERIALS

(Description)

d
0 _^lll CONCRETE

idBJ2-s-|<5i§
— ixxxxn$w\

yOO\X
ivy^XjvXx
K29&

-iXX>S<

yOv(XjSySxS^S/
Kxv-s/v

"~ *"1 T f J C X X

—$$$&

Jo<x>i$/QOOv

— XX/vKSood<c yg X y<- ,:
(/r"v*Ni'1Vr^

10 X>^O<

xxxX
XXXX

15. l_^^^

SUBGRADE, (1 /4" - ) gravels

ANDES ITS, gray-green, Mod. hard
core highly broken, crumbly

crumbly

rock highly broken

vertical joint w/slickensides
40 degrees
20 degrees
70 degrees

ANDES ITE , gray, hard

calcite infill, soft, highly
broken to 15.1 Ft.
0 degres

watertable
flat jointed

Andes ite, gray, hard
10 degree

flat joint

45 degree joint

ATURE OF INSPECTOR
O V JL*S 0 0^_/~ v "^ — ̂ .̂ -v. v — ;̂ *{ V r

% CORE
RECOV-

ERY
a

O O

71

100

72

100

BOX OR
SAMPLE

NO.
f
1

1

2

2

REMARKS
(Drilling time, water loss, depth of

weathering, ate. if significant!
g

RUN A TO 3 . 0 '
D3 . 0 : C2 . 0 : LI . 0 : RQD N/A
Initial advance w/HQ bit

RUN 3 TO 5.S'

aool in subsurface

RUN C TO 8 . 0 '
D1.S:C1.5 :LO RQD 25*
reamed HQ oilot hole to
S" dia for next run.
RUN D TO 13 . 0
D5.0 :C3 .S :L1 .4 RQD 19
% water return 80* 0-

BOX 1 FM 0 . 0 TO 9 . 7 FT.

RUN E TO 18.0' w~~rT
D 5 . 0 : C S . O : L O RQD 54%

9/
TT

BOX 2 Fro 9. 7 'To 17.0'

I PROJECT | HOLE NO.



DRILLING LOG (Cont Sheet) ^EVATION ,OP OF HOLE ^ _ ^ ^ Hole No. 94-DD-8S

1 . PROJECT INSTALLATION SHEET 2
HOWARD HANSEN DAM INTAKE TOWER SEATLS DISTRICT OF 3 SHEETS

ELEVATION

a

1141.7

1133.7

i 13S . 7

»*

1123.7

1123.7

1122.2

.121.3

DEPTH

b

LEGEND

c

f^$$
18 . 0

P^^mz^^w&

2i fc£|*5<

S
23 . 0

•^—

—
_

30

_
__

J

—

-

36 .0

37.5

38 .4 <

;

ENG FORM 1836
M AP T1

II
<&$$Q\xX/
XxSx"xvSrv

vwvAjwvA

OvQCA/v\A

X>$<X

KXXX
>OO<X

^VS^<>ooo<1
><Xx\X
ij^Xy^vxNy

CLASSIFICATION OF MATERIALS
(Description)

d

ANDES ITS
BRECCIA, gray, amgdules
pink /maroon

broken, crumbly, sof t breccia.
1/8 to 4 " pieces. ?yri"e
and calcite

highly breciatsd and broken
• to 2 3 * f t .

40 degree

70 degree
rehealed fracture, qts
filling
70 degree
dark coating

flat pocket of qtz

SO degree

soft zone
90 degree, qts infill
30 degree, Qtz. and pyrite
mineralization

40 dearee, thin atz infill
Andesite, breccia, hard
broken, crumbly, soft clayey
grouge
high angle jointing

high angle jointing

high angle jointing

broken zone l to 2" pieces

high angle and flat jnt.

clay gouge zone, clay,.
grey, soft

Andesite breccia, hard

SO degree, broken to 38 .5 ft.
Andesite, lapillie tuff

70 degree

% CORE
RECOV-

ERY

100

100

100

100

SOX OR
SAMPLE

NO.
f

3

3

4

4

5

5

6

6

REMARKS
(Drilling time, water loss, deoth of

weathering, etc. if significant!
g

RUN ? TO 2 3 . 0 '
LO . U : (_i . U : 1U ei.(JU o-iiT

3OX 3 Fra 17. O 1 To 2 2 . 5 ' .

RUN G TO 2 3 . 0
D 5 . 0 : C S . O : L O RQD 86%

BOX 4 Fm 2 2 . 5 ' To 2 3 . 0 '
RUN K TO 34.5
D S . 5 : C 6.5-.L 0 RQD 2 8 %

, ,

BOX 5 To 34. S FT.
RUN I TO 41.0'
D S . 5 : C S . S : L O . O RQD
20*

*

. 1

PROJECT HOLE NO.
PREVIOUS EDITIONS ARE OBSOLETE. HOWARD HANSEN DAM INTAKE TOWER 94-DD-8S



n

[

DRILLING LOG (Cent Sheet) ELEVATION TOP OF HOLE ^^ . Hole No. 94-

1. PROJECT
HOWARD HANSZN DAM INTAXS TOHZR

1EVATION

a

. 1118 .0

DEPTH

b

LSGENO

e

INSTALLATION
SEATL2 DISTRICT

CLASSIFICATION OF MATERIALS
iDescnotion)

d

J^^
41. 1_

-

*u-<*j. i. i_ . aigu any-
zone rock highly bi

.a joint
roken

3TM of HOLE

% CORE
RECOV-

ERY
9

30X OR
SAMPLE

NO.
f

DD-S6

SHEET 3
OF 3 SHEETS

REMARKS
(Drilling time, water loss, depth of

weathering, stc. if significant)
a

BOX S TO 41.0 J_

. iPflOjeCT

MMÎ M

HOLE NO...



UKILLINO LUO NPO NFS o'r", ^rr..

HHO PISH PASSAGE

" N*I02. 162 £ 1 . 7

JOHNSON ORIL^'NC

*. *OL£ NO. fAj j/T>"» ott tfro
jnj fflt .tjmoefl

' 308 JOHNSON

6. 3IRECTION 3F -OL£

QS VERTICAL L~J -NCXINEC

jrt(

53

-frt

10. XK WO rrB? OF 3ir HO WIRELINE

STUDY |,, -,Ar,
"' 1
.«:u dUr-OI 1,, UAM,

JOY

'""* ; 96-00-37 31JRO

« FOR CLiivAriON SHOWITSW *• *su

FACTUHES'^ OESl&NAriON OF ORILL

22
L NO. •y OVER- 'OiSTuRsen 'UNOISTURSF

L VLW8ES CORE 30XES JO

:s. iLi-'AncN ^OUNO WA;CS PLOWING ARTESIAN

IS OAf=- HOL-- .STARTED COV-P1.ETEO
w. .-an,. vWr ! '29 APR 96 ^ MAr 96

• . ,. IT n .-vinon rnp ?F -01 -- MS1?./

'. iM^x^si a- UVWHUKUI.N i.u ,„ rn7jl r-,ar ^rnvFsr rnp sno^r qg g

3. 3EPI-H 3R«.Li3 NTO *OC

3. "OrAL 36? TH CF MOLi

a**.

HS2.9

1144.4

I078.J

IMS.;

DEPTH

!^-d |« «•-„.
2G0.3'

LiCtNO

-I

'' -

TURE CF NSPECTCR
RICHARD ECXESLIN

CLASSIFICATION OF UAIERIALS
datr/trtvi

CU« illt^ ionoy >OVffl

1

10 -jy-rj/r

-^4

-i

5= —

-̂igsg
;

50^

60—

;

ro —

30 —

90^

IOO -

-

__

^*o ore^fi to r#odlsn ore«o. cio*»iy to «lo«ty

- »0*. «irn coiclf*

-M*

1

735*. f«o. rater cou-w :i2.a-U.Ol

T. f«a. caicit«

"' to rr 3^"*
•M-

1 '*"
J 75*. OOMIOI* vaivf cowa* 9Q.J)

7

r«o

z*o«t*3 :i/i-l
01 ir aiiorlt. on |t.. loult aouo*

•n* tr-oc.au W

g- lnr«««ir fr«ca«--d J9.4-43.J-

1

Z=—

• -"

—

^•.

™* . •

3S*

W M*. to*

•Ha lolnn «7.J-«.r

F«0 Totting jr. wor«r Coif**

30*. F Ĵ. Cloy

30*. F«0

IJ'

iOO

i:

19

91

71

7T

84

iOO

90

J

57

«

44

M

iOO

M

IOO

100.

M

M

94

30X

A

3

C

3

=

e

2

H

' J

J

C

4

L

M

H S

0

p

3 1

R

s

r
T

u

a

¥

T

X

T

IO

z

(Oftlftntj rf/nfc worar <jux. Jaff/* ̂
foatrarln^ arc. ./ sf<jn/ffcart>

Drilled '0 S.J In J rww. 'f**n reon^d
4"-<.0. (MWI co«Jng ro *.V. 4««i9v«d
•*' coclno and rooM off diamond
rvamlnQ sro*. tr**o »-»t >ocx in not*
30 mof tc» l» 3" 90*. Too la rr«r«od«4J
for coo.

oy ««0 Loo • **•* iO Get M u^noronaxn
In £»nioif C

IO
2O - 2 Mi/50 ««c

•

U - JO wl/2 "iln

OLI9 oo»/'0 -.nu,.,

4/IO 1730

5/1 0700
SW. it.S-a<»

53 - (4 o^/7 "in

9

I

0.65 go«/'0 «trule*
ii - i« »»l/2 "I"

85 - 40 Ml/7 *in

7
*4 - 36 »•</? *in

-

-

—

_

-

—

ENC FORM 18^6 PRCVOUS EIXTIONS ARE
PH°HJ6cFiSH PASSAGE STUOt " '



DRILLING LOG (Con t Sheet) eLl"4n<> , ,55.7 Hole NO 96-00-87

'"''*" HHD FISH PASSAGE STUDY .NS.̂ TION ̂  SHE^ 2^^

lUVAflON

1030.0

IOH.9

1032.0

1001.4

944.)

DEPTH L£C£NO

IOO _1

J_

q
IIQ-j - __-

£— — — •-••> —
.2o4r=:

130 —

140 —

—

ISO —

160 -;

170 —
_

ISO —

-

90 — j

200 —

,,«,«.

pi
.

.•

^zr^sr
==

— '

.- ••

^s
• 1

•̂•— -

_—•——•——

•7-y-r?

A ™.,̂

— SSA—
"fxjrd. oioot fo gr»*n ro '••ofllsn <-jr«-*n.

•w

JIM. 7-111.5' cor» '««T»O at »*0 Lao

pw*
ri
•

:

J5" ?«O, voter Court* ar N?.i

4O-

30*
,30*

TO*

95*

'«•

.0' ot i74.y.»-Mibiy fault

u«

50'
•nr
is-
o-
20-

801

Botfon of Mol« of 200.9*

.« rr,T,n« «~ 0-̂ 0, -TT--

soo 30X

RCVIMKS

•wirrw/ng; *c. // itqrtflcorfl

i : i

IOO

91

IOO

M

94

IOO

IOO

IOO

a

">

r<

13

IOO

J]

n

IOO

7T1

M

94

11

9.

IHFli

*A

-

AO

I]

IS

AC

14

AH

Al

It

AJ

U

AU

AO

"• It

AS

AT
20

AU

<;H P4-;

SO • 10 0*1/2 "In

-1

<5 • 10 Ml/7 r»n

1 5/1 1730

Sin. u.S ixia
i/7 0700

l.J gom/4 <-tl.
^5 - IJ o»l/7 "tin

5*S£ Of M«-*OS£0 0-CWA.riON
,*. *

On t May. aroutvd nol« I5T-MO :
u*!oq 10 »OCK» caimnf grout.

wQTEj Car* front ln««r>«l IU.S-I39*
claMlf'« o» um'unyrlfle •xfimnanir
(-W* 10 Oef 94 mi<ort-r^xp» In Cjtnlolr C

Si-J IIJO
. u-tMtan 40 go-

S/3 OTOO Art««Jan
Pgal 40* f. M-i-Mlcn 4T f

LECtw ron JOWT wciM

»<MlT • >'•> "
ifcxMrotfflY • O.S fo 1.5 «
CIOMIT • 0.1 '0 U "
HK-mr Frge«r«-l • orwclofM

—

—

—
-

—

-

SAGE STUDY M(X '96-00-8



GRAVELS

GW

C.P

GM

GC

SANOS

SW

SP

CL

MH

CH

OH

PI

WELL -GRADED GRAVELS, GRAVEL -SAND MIXTURES. LITTLE OR NO

FINES.

POORLY- GRADED GRAVELS OR GRAVEL -SANO MIXTURES, LITTLE OR

NO F INES .

SILTY GRAVELS. GRAVEL-SAND -S I LT M I X T U R E .

CLAYEY GRAVELS. GRAVEL -SANO -CLAY MIXTURES.

WELL -GRADED SANOS, GRAVELLY SANOS, LITTLE OR NO FINES.

POORLY: GRADED SANOS OR GRAVELLY SNAOS , LITTLE OR NO

FINES.

SILTY SANOS, SAND-SILT MIXTURES.

CLAYEY SANOS, SANO-CLAY MIXTURES.

INORGANIC SILTS AND VERY FINE SANOS, ROCK FLOUR, SILTY

OR CLAYEY FINE SANOS OR CLAYEY SILTS WITH SLIGHT PLASTIC
PLASTICITY.

INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY. GRAVELLY
CLAY'S, SANDY CLAYS, SILTY CLAYS, LEAN CLAYS.

ORGANIC SILTY CLAYS OF LOW PLASTICITY.

INORGANIC SILTS, MICACEOUS OR OIATOMACEOUS FINE SANDY

OR SILTY SOILS, ELASTIC SILTS.

INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS.

ORGANIC CLAYS OF MEDIUM TO HIGH PLASTICITY, ORGANIC

SILTS.

PEAT AND OTHER HIGHLY ORGANIC SOILS.

BOUNDARY CLASSIFICATIONS: SOILS POSSESSING CHARACTERISTICS OF TWO

3ROUPS ARE- DESIGNATED BY COMBINATIONS OF GROUP SYMBOLS. FOR EXAMPLE
3W-GC. WELL -GRADED GRAVEL -SANO MIXTURE WITH CLAY BINDER.

ii

|

WL

S |

T

LOCATION OF PERFORATED ZONES !N WELL CASING

WATER LEVEL AT COMPLETION OF HOLE .

LOCATION OF SEAL.

LOCATION OF PIEZOMETER TIP.



MOLE NUM9CR

HANSON DA*

SEEPAGE

LOCATION

E 1,764, OC

OATE STARTED
18 NovemW 1961

DATE COMPLETED

17 Jonuar, 1962

2 STAGE P IEZ CO& 25 HAY 66

OCSCRIPTION Of MATERIALS

TOP OF C A S I N G EL 229-23 '

SAND AND FILL

COARSE, ANGLM.J? «OCK
FRAGMENTS -/land","

gravel or>d clay

60

LARGE, ANGL1U* ROCK
SLOCKS «/wnd and

LA*GE, ANGULAR ROCK

• LOCKS w/IntentitJol *i't

I* COARSE, ANGULAK ROCK
FRAGMgNTS w/silt ood cloy

P

COARSE, ANGOLA* ROCK
FfAGMfiNTS w/m.'oor gravel
water bearing

Top of

.3 flOO ANO€SITE: »of>

HOLE NUMBER WELL 2

PROJECT HANSON DAM

SEEPAGE STUDIES

LOCATION !

N 103,076 £1,763,729

WM?6E0 m~SSWTED

25 Joly 1963 1 Auguit 1963

ELEV-

ATION

1778 7

1210.2

lr95.2

1180. 2

1158.2

110? 2

IO9I.2

IO77.2
K)76.2\

W64.2

0

P DESCRIPTION OF MATERIALS
J TOP OF CASING EL 1230.70

I SANO AND GRAVEL f ILL

— COARSE, ANGULAR ROCK
i FRAGMENTS w/xirxJ, gravel
1 orvd tilt

LARGE, ANGULAR ROCK
_JQ FRAGMENTS w/sond, gravel

and si l t

ANGULAR ROCK FRAGMENT!
—/interstitial sand, silt and

- 6Q clay, minor gravel and inter-

calated lenticular sand and

silt
W. L. , Feb. 1962

7f

T

'/I*

100

T

J2Q
iortom of boring, Feb. 1962

SANDY GRAVEL w/boolden

>J*0 SILTY SAND w/gravel

r!/ CLAY •

Top of bedrock

— |* ANDESITE BRECCIA

_ NOTE: Bottom perforation is
to pick up water in void be-

. N»een <t" casing and 6" hole.



HOLE NUMBER WELL 3

P°1JECT HANSON DAM

SEEPAGE STUDIES

Lv^ATlON

N 103,617

DATE STARTED
if Morch l%2
8 Ju j- 1963

ELEV-
ATION

17-n ?

1213.3

1193.3
1190.3

!U1 .?.

112̂ 1

II23.3H

El, 763, 606

m«8m*™
24 July 1962

P 2 STAGE PIEZ COMP 24- MAY 56

P OESCRIPTION Of MATERIALS
- J TCP OF C A S I N G £L 1225.70

F!LL MATERIAL

-20

3OULOER

_JO
COARSE TO LARGE
ANGULAR ROCK FRAG-

- ME NTS w/mfersfifia! iand,
silt, cloy and minor gravel

_60

20
1 LARGE ANGULAR ROCK
[ \l FRAGMENTS

t^^-
pTOO VOLCANIC ASH, If . gray

1 i * LARGE, ANGULAR ROCK
f FRAGMENTS

1110.3 it
f COARSE. ANGULAR ROCK

H03.3 .W-/ ' FRAGMENTS AND GRAVEL

1071.3 1

1063.3 1
1060. 3X

1054.3
1052. 3,
!/•

V

1036.3

1028.3 f

D

:I30
COARSE, ANGULAR ROCK

I . FRAGMENTS w/minorsand,
1_ gravel and jilt

Bottom of borinq. Mar. 1962

J50

• SILTY SANDY GRAVEL:z
— "" SANDY GRAVEL, water

COARSE TO FINE ANGULA1
170 ROCK FRAGMENTS iod clay
=J SANDY GRAVEL, wafer
2^ SILTY SANDY GRAVEL
FBD lop ot bedrock

wgiax0^"*60

BRECCIA

~

HOLE NUMBER WELL*

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

NI03,878 £1,763,366

DATE STARTED DATE COMPLETED

6 February 1962 9 February 1962
ELEV-
ATION

1044. . 7

1038 7

1031 .7

1022.7

1009.7
IQQ5.7
1002.7

997.7

939,7

-

D

P OESCRIPTION OF MATERIALS
H TOP OF C A S I N G EL 104-7.70

LUArtbc. ANGULAR ROCK
FRAGMENTS wAilr and 5and

• 1 SAND AND GRAVEL wArace
. 1 * clay

SANDY SILTY GRAVEL
•_2Q

'• SILTY GRAVEL
" 30

I W. L. . F=b 196?

.^^=^T * GRAVEL, wafer bearino

SILT w/aravel
1 50 Top af bedrock

' ANDESITE: soft, bluo gray.
pyrochajfic

L

:

L

-
9

.

M

^

T



HOLE NUMBER WELL s
>QOJECT HANSON DAM

SEEPAGE STUDIES

N 104,074 E 1,763,329

DATE STARTED

18 January 1962
ELEV-
ATION

1042.6
P
T
H

1030.6I

DATE COMPLETED

5 February 1962

DESCRIPTION OF MATERIALS
TOP OF C A S I N G EL 10^6.38

1011.4

1000.6

SAND AND.GRAVEL
w/minor clay , wafer

bearing

SILTY GRAVEL, fine

• 20 w/sand , compact, minor

rock fragmenrs

VV. F-b. 196? __

I_40

SANDY GRAVEL, coarse,

w/cobbles and sand lenses,

water bearing

SILTY CLAY w/;rnv?l

SANDY CLAY
INTE.R8EODED FINE SAND
AND SILT

SAND
S I L T w/sand and gravel
lenses

SILT w/dexromposed rock
and gravel

BEDROCK

HOLE NUMBER WELL 6

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,315 £1,763,265

DATE STARTED DATE COMPLETED

2 February 1962 9 February 1962
ELEV-
ATION

1040. Q

1020.0

1011.0

1005.0

994.0

. 985.0

965,0
960.0

940.0

894.0

0
E
P DESCRIPTION OF MATERIALS
J TOP OF C A S I N G EL 1043.29

; SANDY, CLAYEY SILT
w/rock fragmenrs

: 20
iANDY, bl l lY, CLAYEY

; GRAVEL w/rock fragments

; 80ULDER
I 40 SILTY, SANDY GRAVEL,
" water bearing

GRAVEL water bearing

:\-
. oQ SAND AND GRAVEL w/iilr

and clay lenses

I • CLEAN SANO AND GRAVEL

; SAND AND GRAVEL w/minor
: I* ji'f

LJt
INTER8EDDED SANDS, GRAV
EL, SILT AND ROCK FRAG-

1 ME NTS

M20

;I40

— *



HOLE NUMBER WELL 7

: Pn~ 'ECT HANSON 0AM
SEEPAGE STUDIES

LOCATION

N 104,271

DATE STARTED

26 Auauit 1963
ELEV-
ATION

1210. d-

II6I.6E

J

1094. 6f

1076. 1

I075\S

JO^

1060.6

£-1,763,634

DATE COMPLETED

13 September 1963
2 2 STAGE PIEZ COMP 20 JUH.56

P DESCRIPTION OF MATERIALS
J TOP OF CASING EL 1213 . 10

ANGULAR ROCK
FRAGMENTS AND CLAY

_20

~

ANGULAR ROCK

FRAGMENTS, occasional

6( boulden w/!nfersfitial clay

30 SANDY CLAYEY

r ANGULAR ROCK FRAG-

MENTS w/occasi'ooal

boulders

UQ

h
10 GRAVELLY CLAYEY SAND

• _/
-x^ CLEAN SAND

T
SANDY CLAY

•r GRAVE LAND BROKEN

ROCK , water bearing

3
I050.WI60 ROCK

1042.6*

FRAGMENTS

CLAYEY SANDY GRAVEL

"^9^ =^^ CLEAN GRAVEL, water •

tf
r

1024.6

JjNvCLAYEY SANDY GRAVEL

CLEAN SAND

, SANDY GRAVEL,
water bearing

HOLE NUMBER WELL 7

ELEV-
ATION

100Q.-S
lOO'

9?0.6

952.6

DESCRIPTION OF MATERIALS

• SANDY GRAVEL

BROK.EN ROCK i GRAVEL
XUCK. i-KAGMENTS AND

•270 CLAY
CLEAN SAND

ROCK FRAGMENTS
w/inferstifial clay

CLAY, SAND AND GRAVEL

930.6

913.6

904.4

358.6

-280

CLAY

SANDY CLAY

320

3 0

SANDY GRAVEL

w/ccultien

SAND, GRAVE LAND

ROCK FRAGMENTS

I

1



HOLE NUM86R WELLS

TCT HANSON 0AM

SEEPAGE STUDIES

LOCATION

N 104,022 El,763,640

DATE STARTED

20 September
ELEV-

ATION

1225.4
T
H

1208.4L

DATE COMPLETED

I October 1963

2 STAGE PIEZ COMP 13 MAY 66

DESCRIPTION Of MATERIALS

TOP OF CASING EL 1227.59

MOKEN KOCK AND CLAY

'184.4

1175.4

CLAY AND WOKEN HOCK

40

BLOCKY ROCK W/CLAY

CLAY AND BROKEN HOCK

3LOCKY ROCK W/CLAY

1139.4
CLAY W/BROKSN KOCK

1126.4

SANDY CLAYEY GRAVEL
AND ROCK FRAGMENTS

1100.4

SILTY SANDY GRAVEL AND
ROCK FRAGMENTS

WOKEN ROCK,
• bearing

ttao 8HOKEN ROCK w

SANO, beorioq
1 SANDY GRAVEL w/cobbl«

2Bp

HOLE NUM66R WELL 8

ELEV-
ATKX

DESCRIPTION Of MATERIALS

SANDY GRAVEL
— or*«r beoriog at 206 ft.

oo<d

SANdY

240 —rater bearing

CLAY ANO MOKEf^i «OCK



f HOLE NUMBER WELL 9

*QJ€CT HANSON 0AM

SEEPAGE STUDIES

LOCATION

N 103,803 E 1,763,669

DATE STARTED

2 Auguit 1963

DATE COMPLETED

23 Augmt 1963
ELEV-
ATION

Pr 2 STAGE PIEZ COMP 28 APR 65

P DESCRIPTION OF MATERIALS

1227.5J-H (TOP OF CASING SL 1230.01

ANGOLA* ROCK
FRAGMENTS ~
and clay

1197.5

40
BROKEN ROCK w/clay,

scattered large blocks

80

f 1139.5
S«OK£N ROCK

1117.5

1102.5

8RO1CEN ROCK -/cloy
and tand

i • SAIMOY, BROKEN ROCK
MtOKEN.KOCK w/tond and

clay

GOVELLY CLAY

G«AVEL, woU«- b.arii>a

CLAYEY G«AVEL

HOLE NUMBER WELL 9

ELEV-
ATION

1005.5

997.5

99U5

987^0^
932.5"

963.5

P DESCRIPTION Of MATERIALS

H

I CLAYEY GRAVEL
S

:
^20'

SANOY GRAVEL AND•
; Sx'o'cen rock

" 1 *; . GRAVEL w/iand, water

•240
; CLAY

I BEDROCK
•

iz&o

*



HOLE NUMBER WELL 10

n - HANSON OAM
SEEPAGE STUDIES

LOCATION

N 103,275 |,764,l90

DATE STARTED

15 October 1961

DATE COMPLETED

U November 1961

DESCRIPTION OF MATERIALS

TOP OF CASING EL 1223.51
BROKEN ROCK ~/»and,
gravel and floes

BROKEN ROCK w/sand and
gravel

BLOCKY ROCK w
gravel and clay

BOULDERS In s land, clay
and gravel matrix

100

12P

SILT, SAND AND GRAVEL
w/oroken rock

IAD

160
LARGE FRAGMENTS OF

— BROKEN ROCK (cl.an)
W I . . Nov. I9ol

COARSE SAND AND
GRAVEL w/brok«n rock

ISP

CLEAN COARSE SAND AND
GRAVEL

200

HOLE NUMBER WELL 10

ELEV- o
ATION

DESCRIPTION OF MATERIALS

IOI3.6

IOOI.6

CLEAN COARSE SAND
AND GRAVEL

.(Well icreen)

-220 SAND, GRAVEL, CLAY
AND SILT

SILT AND CLAY

BEDROCK

N -'
A ^



HOLE NUMBER WELL II

PROJECT HANSON 0AM

SEEPAGE STUDIES

. -CATION

N 103,748 £ 1,763,881

DATE STARTED

29 August 1963
ELEV-

| AT ION

1271.7J

E
p
T
H

DATE . COMPLETED

17 September 1963
2 S T A G c ' P l E Z COMP 2 JUN 66

DESCRIPTION OF MATERIALS

TOP OF CASING £L I 274.26

JIIOI.7

GRAVELLY SILTY SAND

ANGULAR BROKEN ROCK
w/sand, gravel 4 clay

BROKEN ROCK
(wofor l««pog«)

?00

SANDY CLAYEY GRAVEL-
w/oecatlonol

HOL£ NUMBER WELL II

DESCRIPTION OF MATERIALS

SANDY CLAYEY GRAVEL
w/occaiional boulde

CLEAN GRAVEL, wafer

SAND AND GRAVEL

CLEAN GRAVEL
CLAYEY GRAVE I

C_EMeNTED GRAVE I

BROKEN ROCK w/clay

"D



WLE NUM8E3 CD-12

°ROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,184 El,763,816

DATE STARTED

ELEV-
ATION

0

P
T

DATE COMPLETED

June 1953

DESCRIPTION OF MATERIALS

FOP OF CASING 1260.1

1100.6

1085.6

SANDY ORGANIC SILT
3ROKEN ROCK and sandy

s i l t

BROKEN ROCK w/intersfifial
sandy s i l f

80

140

JO BROKEN ROCK, gravel size,

in matrix of sandy clay and

Silt

BROKEN ROCK

954.6

HOLE NUMBER CO-12

ELEV-
ATION

1024.6
1019.6

991 .6

976.6

963.6

951.6

DESCRIPTION OF MATERIALS

BROKEN ROCK

-220

SANDY GRAVEL
•^V GRAVELLY SAND

SANDY GRAVEL

SANDY GRAVEL

•280
CLAYEY SANDY GRAVEL

CLAYEY SAND

"JP° w/boulders

CLAYHY SANDY GRAVE L
w/boulders



HOLE NUMBER WELL 13

r 'ECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,689 E 1,763,778

DATE STARTED DATE COMPLETED

14 September 1963 28 September 1963

ELEV-
ATION

1253.2

1162.2

1155.2

1128.2 1

1102.2

4

0

P DESCRIPTION OF MATERIALS

H TOP OF CASING 1255.7
t BROKEN ROCK w/sand,
r grave and si If

i_2o

;_60

_80

BROKEN ROCK

1* BROKEN ROCK w/sond

t a n d s!lr

0

'- \ BROKEN ROCK

rI
140

1160

ISO I* SILTY SANDY GRAVEL
\ AND BROKEN ROCK,

water at 155 4 173-185 ft

;2PO

HOLE NUMBER

•ELEV-
ATION

1047.2

1040.2

1034.2
I032.fr
1026.2

1009.2

974.2

958.2

n
WELL 13 '

P DESCRIPTION OF MATERIALS
T
H

SILTY SANDY GRAVEL
1̂  AND BROKEN ROCK

7 CLAY

: SILTY SANDY GRAVEL
x7 SANDY GRAVEL WATER
: SILTY SANDY GRAVEL

1 SANDY GRAVEL

'

240

~7 S 1 LTY

•

SANDY GRAVEL

: BEDROCK

•
M

'

1



HOLE NUMBER WELL 14

10JECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,442 E 1,763,965

DATE STARTED

10 July 1963
ELEV-
ATION

1284.1

0

P
T
H

DATE COMPLETED

31 July 1963

DESCRIPTION OF MATERIALS

TOP OF CASING 1236.3

I
"

1253.1

SILTYCLAYcY GRAVEL
w/boulden and sand

L40

--60

80

MOO

BROKEN ROCK w/clay

"SANDY CLAYEY GRAVEL,
water at 169 fe<sf

80

1096.1

SANDY CLAYEY GRAVEL,
w/boulders

HOLE NUMBER WELL 14
ELEV-
ATION

D

DESCRIPTION OF MATERIALS

SANDY CLAYEY GRAVEL
w/boulders

1037.1

1009.1

-2

BROKEN ROCK

260

BEDROCK



1 HOLE NUMBER WELL 15

"'OJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,521 E 1,764,095

DATE STARTED DATE COMPLETED

24 June 1963 9 July 1963
ELEV-
ATION

1287.4

1237.4

•j

D

P DESCRIPTION OF MATERIALS
i
H TOP OF CA5ING 1290.0

SILTY SAND w/gravel

LJO

:
-

-o

r BROKEN JOCK
'. w/clayey sand

L30

-
1187.4 P-IOO

BROKEN ROCK
W/Ccloy

1157.4

BROKEN ROCK w/$and

137.4

123 x
160

BROKEN ROCK w/sandy
clay

i IQ Ju

I* SILTY SANDY GRAVEL,

H80-
wafer bearing

SANDY CLAYEY GRAVEL

1087.4

HOLE NUMBER WELL 15

ELEV-
ATION DESCRIPTION OF MATERIALS

SANDY CLAYEY GRAVEL

1037.4

1021.4
1017.4

988.4

SANDY GRAVEL

water bearing

GRAVELLY SANDY CLAY

SANDY GRAVEL,
250 BROKEN ROCK

w/clay

BEDROCK

r



cHOLE NUMBER WELL 16

JECT HANSON 0AM

SEEPAGE STUDIES

LOCATION

N 103,518 El,764,296

DATE STARTED

5 June 1963
ELEVTO
ATION I &

1257.0

DATE COMPLETED

21 June 1963

DESCRIPTION OF MATERIALS

rgP_OF CASING 1259.3

212.0

ANGULAR ROCK FRAGMENTS*
w/clay and sand

h20

1*0

BROKEN ROCK w/clay

1167.0

1157.0

1177. Cf- 30
BROKEN ROCK w/clay
and sand

8ROKEN ROCK w/clay,
silt and Sand

CLAYEY SANDY BROKEN
ROCK

20

t

_ ^ Water at 140 - 142 feet

Water at 162 - 163 feet

m- 200

HOLE NUMBER WELL 16

ELEV-I D
ATION DESCRIPTION OF MATERIALS

1049.0

1046.0

1037

SANDY
ROCK

H , SAfvtfPY GRAVEL, water

CLAYEY SANDY ANGULAR

"220 GR.-o-.v-3L!

GRAVEL w/clay
wafer bearing

ion. o

JSD-^-OC <

995.0

r

i



HOLE NUMBER WELL 17

°°OJECT HANSON 0AM
SEEPAGE STUDIES

VACATION

N 103,833 E 1,764,080

DATE STARTED

5 Augusf 1963

DATE COMPLETED

23 Augusf 1963

DESCRIPTION OF MATERIALS

TOP OF CASING 1290.7

SANDY CLAYEY BROKEN
ROCK

1270.2

3ROKEN ROCK w/clay

40

—60

1161.21

CLAYEY GRAVEL
w/broken rock

Wafer bearing at 168 feet

HOLE NUMBER WELL 17

ELEV-
ATION

DESCRIPTION OF MATERIALS

•220

•740

CLAYEY GRAVEL
w/broken rock

1023.2

1000.2

SANDY GRAVEL,
C-o- wafer bearing

LL
300

GRAVELLY SAND
wafer bearing

20 GRAVELLY SILTY SAND

956.2

951.2 GRAVELLY CLAY

BEDROCK

933.2



HOLE NUMBER WELL I8

PROJECT HANSON 0AM
SEEPAGE STUDIES

LOCATION

N 103, 3H £ 1,763,675

DATE STARTED DATE COMPLETED

11 May 1965 3 June 1965

ELEV-
ATION

1228.1

1210.
1206.

1175.

1 U2 . 1

0

P DESCRIPTION OF MATERIALS

H TOP OF CASING 1230.7 i
^

I CLAYEY ANGULAR GRAVEL
1 AND ROCK FRAGMENTS

•̂  siLTY SANDY GRAVEL

CLAYEY ANGULAR GRAVEL
: AND ROCK FRAGMENTS

-IP

.60 SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS

~ *
Losr drill warer, 76 to 86'

_80

s i_ CLAYEY SANDY GRAVEL

113 f . if -^oken rock

1112.1

1083.1

1072.1
1071.1
1068.1

1062.1

1058.1

^• T

104] .1

uoo

• SILTY SANDY GRAVEL
— w/broken rock

1120 !

: SILTY SANDY GRAVEL
w/broken rock . ;
Water bearing zones at 133' ~

: 134' and 139' - HO1.
l£Q*b.W.L. 130'

- CLAY T

-^ANDYGRAVEL^TTns1

•16(1 CLAY

' ootlTa'erSANDY GRAVEL &

CLAY

BEDROCK
M80 ANOESITE

JL .



HOLE NUMBER WELL 19

PROJECT HANSON 0AM
SEEPAGE STUDIES

-OCATION

103,444

DATE STARTED

4, June 1965
ELEV-
ATION

1226.9

0

P
T
H

1195.'

1,763,650

DATE COMPLETED
16 July 1965

DESCRIPTION OF MATERIALS

TOP OF CASING 1229.5
FTtL MATtxTAL

CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS

40

SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS

~60 Losf drill writer, 63 -64'

3ROKEN ROCK w/cloy.

1116.9

SANDY SILTY GRAVEL AND
ROCK FRAGMENTS

!0o5.9

1060.9

SANDY SILTY GRAVEL
_!?0 w/cobbles, boulders and broken

rock

Losf drill water, 123 - 124.'

Wafer bearing zones inrermif-
140,tent befween 133 and 153'.

TS.W.L. 128'

<A(NUT (_LAYtT
w/broken rock

CLAY

. SANDY GRAVHLAND
SANDY SILTY GRAVEL,
mrerbedded, water bearing to
197'. S.W.L". 182'

HOLE NUMBER WELL 19

ELEV-
ATION

1016.9

1011 .9" I SANDY SILTY GRAVEL
I BEDROCK

1001 .9

DESCRIPTION OF MATERIALS

SANDY GRAVEL
broken rock



[HOLE NUMBER WELL 20

'OdECT H A N S O N 0AM

D R A I t l A G E TUNNEL

L O C A T I O N

N 103,330 1,763,35^

DATE STARTED

15 June 1965
ELEV-
ATION

1277.4

P
T
H

1275.

I1Q*-, . 4 1

1089.4

1083.4

1078.4

DATE COMPLETED

2 Aug 1965

2 Stage pietcomp. 25 Mar. 1966

DESCRIPTION of MATERIALS
Top of Casing El. 1280.0

SILT

-_ SANDY ;IL*Y
ANGULAR GRAVEL
AND ROCK FRAGMENTS

-80

100

•140

•160

-1801
BROKEN ROCK
SAND, I 1 rhlck @ 176-7*

Water 177' - 188'
S.W. L. 168'

SANDY SILTY GRAVEL

I *FrNE 5AND 4 8KUK6N~TOO
1 wqrer

GKAVtL

HOLE NUMBER WELL 20

ELEV-
ATION

T
H

DESCRIPTION OF MATERIALS

SANDY SILTY GRAVEL

BROKEN ROCK,

SAND, .W7L
20 3ROKEN ROCK.

3OULDER

SILT

'SAND, worer, S . W . L . 204'
TANDY GRAVEL

1027.4
BROKEN ROCK

CLAYEY GRAVELLY

1016.4

IOI3.O>
T

987.4

979.4

967.4

[-GRAVELLY SAND,
c, S . W . L . 204'

CLAY w/5and lenses

-280

SANDY GRAVELLY CLAY

3EOROCK



HOLE NUMBER WELL 2 1

°ROJECT HANSON 0AM

D R A I N A G E TUNNEL

LOCATION

N 103,215 1.763,786

DATE STARTED
16 July 1965

ELEV-
ATION

1223.0

£
P

DATE COMPLETED
19 Aug 1965

2 Stage piez. comp. 28 Marcn 1966
DESCRIPTION OF MATERIALS
Top of Casing El. 1230.8

1150.0

119.0

12P

CLAYEY SANDY
-40 ANGULAR GRAVEL AND

ROCK FRAGMENTS

60

]00

SILTY SANDY
ANGULAR GRAVEL AND
ROCK FRAGMENTS

1069.0

' . BROKEN ROCK w/
120 clayey sandy gravel

* Water bearing zone
131' to 139'

S.W.L.' 123 to 126'
du'inc- do 11 ing to depfh 216*

SILT

1032. O

SANDY GRAVELLY CLAY

BROKEN ROCK

HOLE NUMBER WELL 2 1

oeSCRlPTION OF MATERIALS

BEDROCK
VOLCANIC BRECCIA

*-



I HOLE NUMBER WELL 22
VJECT HANSON 0AM

D R A I N A G E TUNNEL

LOCATION

N 103,529 E 1.763,640

DATE STARTED DATE COMPLETED
1 May 1965 2 June 1965-

ELEV-
ATION

1225.4

.7

1 121.4 I

P 2Stage0iez.como. 10 May 1966
P DESCRIPTION OF MATERIALS
J Top of Casing El. 1227.6

[20
CLAYgY ANGULAR GRAVEL

- AND ROCK FRAGMENTS

1£C

12

— SILTY SANOY ROCK
[ FRAGMENTS AND GRAVEL

LJ-
E BOULDERS AND BROKEN ROCK
t. w/sandy clay

1109. 4 t

t^°SILTY SANOY GRAVEL

109, 4 E- SANDY GRAVELLY CLAY

1035. 4

1055.4

- J 'S iLTY SANDY GRAVEL
•|4q warer beorinq . S .V/. L 124'

1

~ S I L T & C L A Y

'•_\60

•

El 80 SILT 4 FINE SAND

1036. 4 E

.„, t SII-TY SANDY GRAVEL
IO2O - 4 ^ 1 .

* _.- r

ELEV-
ATION

HOLE NUMBER WELL 22

DESCRIPTION OF MATERIALS

GRAVELLY SAND, -arer
_ S . W . L . 193'

BEDROCK
ANOESITE
Wafer in open

joint at dep'n
S . W . L . 189'



HOLE NUMBER H O R I Z . D R A I N A-I

~>JECT ' HANSON 0AM
D R A I N A G E TUNNEL

LOCATION

N 103,360 E 1 , 7 6 3 , 5 1 0

DATE STARTED
15 A u g u s t 1967

ELEV-
ATION

1107.2

0

p
T
H

DATE COMPLETED
17 A u g u s t 1967

DESCRIPTION OF MATERIALS

7 3EOROCK

13.3

•60

30

FINE S A N O

1 1 1 5 . 2 F I Q O

NOTE: M a t e r i a l f r om 82

to 100 f e e t depth

caved and bound the

d r i l l b i t , c rea t i ng

r e f u s a l to f u r t h e r

p e n e t r a t i o n .

HOLE NUMBER HORI Z. D R A I N A-2

' PROJECT HANSON CAM
D R A I N A G E TUNNEL

LOCATION

N 103,360 E 1 , 7 6 3 , 5 1 0

DATE STARTED DATE COMPLETED
IU Augus.1 1967 .16 A u g u s t 1967

ELEV-
ATION

1 107.0

II 13.3

II 13.7

D

P DESCRIPTION OF MATERIALS

H

L.20

f BEDROCK

1_60

•

jjOO

•

'• 120

L SILTY FINE SAND

• IUO

NOTE: Mater ia l f rom

'. 125 to 133 feet
— depth bl.nds around

; dr i I 1 rods,
'_ c rea t ing re fusa l

to f u r t h e r pene-

trat io.i . 1



HOLE NUMBER H O R I Z . D R A I N A-3

"ROJECT HANSON 0AM

D R A I N A G E TUNNEL

LOCATION

N 103,360 E 1 , 7 6 3 , 5 1 0

DATE STARTED

IU A u g u s t 1967

ELEV-
ATION

1107.2
T
H

103. C

110.2

10.5

DATE COMPLETED

14 A u g u s t 1967

DESCRIPTION OF MATERIALS

BROKEN ROCK

-20

-40

|60 3EOROCK: J o i n t e d

! * / c lay seams

•80

•100

SAND & BROKEN ROCK

120

B O R I N G MADE 90 GPM

UPON COMPLETION WITH

R E S E R V O I R AT ELEV.

I 133 FT.

HOLE NUM8ER H O R | Z . ORA\H A-U

PROJECT HANSON 0AM

O R A I H A G c TUNNEL

LOCATION

N 103,360 £ 1 , 763 ,5 IQ

OATH STARTED DATE COMPLETED

9 A u g u s t 1967 IU A u g u s t 1967
ELEV-
ATION

1107.3

r
P DESCRIPTION OF MATERIALS

H

j_20

BEDROCK:

_ F rac tL ~ed w/ c l ay

seams

_60

f_30

II2D.9C

1122.9

II2U.O

1 125. U
••MMM

r\oo
; 8EDROC<: Soigne

1

: S I L T Y S A N D

: S I L T Y SANDY G R A V E L * '
rock f r a g m e n t s

I BORING MADE 30 GPM

— UPON COMPLETION W I T H
; R E S E R V O I R AT ELEV.

L 1 133 f. «



HOLE NUMBER H 0 R I ^ - ™AIN A - 5 -

! :CT HANSON 0AM

D R A I N A G E TUNNEL

LOCATION

N 103,360 E 1 , 7 6 3 , 5 1 0

DATE STARTED DATE COMPLETED

8 A u g u s t 1967 8 A u g u s t 1967
ELEV-
ATION

1107.0

1 107.4

'1108.7

f

1 1 12.7

III4.U

'-

D
E
P DESCRIPTION OF MATERIALS
T
H
I BEDROCK: Sound

BROKEN BEDROCK »/ seams
- o f s i 1 ty 5 c l ayey sand

-20
-

-
-
-UO S I L T Y SANDY F I N E

GRAVEL w/ r -ock fragments

r
lio
-
L - SORING M A K I N G l. '2 GPM

F.ROM DEPTH OF 70 FT.

•30

:. SILTY SANDY COARSE
r GRAVEL & BROKEN' ROCK
: ioo

S O R I N G MADE 60 GPM
: UPON COMPLETION W I T H

; R E S E R V O I R AT ELEV.

:,2o '137 FT.

• •*

-

—
-

HOLE NUMBER HORI Z. D R A I N A-6

PROJECT HANSON CAM

O R A ! NAGE TUNNEL

LOCATION

N 103 ,360 E 1 , 7 6 3 , 5 1 0

DATE STARTED DATE COMPLETED
17 A u g u s t 1967 18 A u g u s t 1967

ELEV-
ATION

1107.5

M09. U

1115.0
IMS. 3

II 16.0

0

P DESCRIPTION OF MATERIALS
i
H

BEDROCK: Sound

:20
-

.
-
mo

SPOKEN 3F.DP.OCK •»••'
60 seams o f s i 1 ty and

cl ay ey sand

_

80

!•• -;

100

F I N E SAND

SILTY SANDY GRAVEL.

120 w/roc 'c f r a g m e n t ^

30RING MADE 37 GPM
UPON COMPLETION W I T H

RFSFRVOI R AT
_ ELFV. 1 130 FT.

_ *



f HOLE NUMBER H O R I Z . D R A I N 3- 1 A

XIECT HANSON DAM

D R A I N A G E TUNNEL

LOCATION

N 103. U25 E 1 ,763.U98

DATE STARTED DATE COMPLETED
6 Sept . 1967 1 1 S e p t . 1967

ELEV-
ATION

1081.3

lOQUJi

I

1099.8

•

*_.

D
E
P DESCRIPTION OF MATERIALS

H

L20

iuo 8EOROCK

H50

•_QO

•_ 80RI NG M A K I N G W A T E R
: BELOW DEPTH 82 FT.

__IOO C L A Y E Y SANDY GRAVEL

: 120

*

: 140

BROKEN ROCK:

Weathered w / c l ay i
— s i l t f i l l e d searas.

HARD BETWEEN DEPTH
160 4 ISO FT.

J.80

200

IT,OLE NUMBER H O R I Z . D R A I N ' 8 -1A

ELEV-
ATION E

P
T
H

DESCRIPTION OF MATERIALS

r 220

2UO

BROKEN ROCK:

W e a t h e r e d * /c l ay and
s i l t f i l l e d seams.

1120.31

80RING MADE 60 GPM
UPON COMPLETION

. W I T H R E S E R V O I R AT
260 ELEV. 1 1 2 1 FT.



: HOLE NUMBER HORIZ. GRAIN 3-2

i P -CT

j

HANSON DAM
O R A I NAGF TUNNEL

LOCATION

N 103, U25 E 1 ,763,498

DATE STARTED DATE COMPLETED

1 1 S e p t . -
ELEV-
ATION

1082. U

*t

100. U-

1105.7

;

110.9

12.4

O
U

IO
.t-1

1967 13 S e p t . 1967

DESCRIPTION OF MATERIALS

• 20

BEDROCK

)

^50

- CLAYEY SANDY GRAVEL

JOO

:I20

_.

IUO

•

CLAYEY SANO-Y "GRAVEL
AND BROKEN ROCK */
sand 1 enses

1J60

BROKEN ROCK w/ in ter-
s t i t i a l c l a y , s i l t

• 180 and sand

:20(

CLAYEY & SILTY GRAVE1
& ROCK FRAGMENTS w/

' sand lenses ̂

HOLE NUMBER HORfZ. DRAIN 3-3

PROJECT HANSON 0AM

D R A I N A G E TUNNEL

LOCATION'

N 1 0 3 , U 2 5 E 1,753,U98

DATE STARTED

15 S e p t . 1967
ELEV-
ATION

1081.3 H

1085.9

1092.9

DATE COMPLETED

17 S e c t . 1967

DESCRIPTION OF MATERIALS

i- 20

BEDROCK

_UO

60

_8C

_IOO

BROKEN ROCK w / i n t e r -

s t i ti al c l a y e y and
si I ty sandy g r a v e l

_I20 and o c c a s i o n a l sand

I an ses

_J.HO B O R I N G MADE 90 GPM

UPON COMPLETION w/

RESERVOIR AT ELEV.
M 20 FT. *

160

180

•BORING MADE 70 GPM UPON
COMPLETION WITH RESERVOIR
AT ELEV. I 121 FT.

1

I

T



HOLE NUMBER 79.CD.38

°ROJ£CT Ho~ord hoivjn Com

1979 Piezometer i-i.r0lla'ion

PATE

23 Aug 1979
DUE COMPLETED

27 Ocr 1979
a Lhv-
ATlON

1308
DESCRIPTION Of MATERIALS

'op of Catmg 1311 . 3

Boufaers i broken rock - all

angular - w/j,'|i 4 sand.

GM, Sil ty Sondy GRAVEL (ang

fc w 'boulden (ong . ) 4 minor clay
1— or decomposed rock, medium

""/dense zones, brown w/minor

20 9r°y-

30ULDFR•20
GM, Ci-mmied Sands 4 Gravels

w/silr, clcy 4 broken rock,

medium, brownish 9fay .

GM, Cemenred Sands 4 Gravels

w/silf, cloy, bfo^en rock & occ.

boulders (ong,), medium,

brownish gray.

Lost Drill V.oter from -55 to -64

-60

-80

•90
GM, Cemen-^d Sands &

Gravels » 'c t "^ ? , medium

dense, gro>

HOLE NUMBER 79-CD-38

ELEV-
ATION

I20S

1098

DESCRIPTION OF MATERIALS

Los' Drill Wafer

from -95 to -107

^Waler Searing Zone from

/ -113.5 to -II*

8OULOER
GM, Cemented Sands & Grav-ls

120 w/clay, broken rock 4

boulders (ang.), dense, gray

Boulders (nesr of) w/c lay &minor

sand & s i l t between boulders 4

broken rock .

SP-SM, Gravelly SAND

»/si!r, very dense, NP, moist,

rj7Q gray .

'GM, Clayey GRAVEL w/sand,

silr 4 broken rock, very dense,

sf, gray.

•150
SM, Clayey S i l f y SAN-0 (med.

to fine), dense, gray.

Rock Slob

(Losf Drill Water from -152

-153.5)

'170'

GM, Silty Sandy GRAVEL

(coarse to fine, ong.) w/boulder

4 clay, dense, gray w/troces

of brow.

Less boulders w/depth.

*

I8CH
W.L.

(Hit Ground Wafer, Did Not

Seal Off Unril Casing Reached

-320?) .
»-9/2V79 p.m. : hole "

1ST1, W.L. "• I761

*-9/25/79 a.m. : hole - t

187', V/.L. • • 172'

5M, Broken rock w/silr, sand,

iravel (ang.) 4 minor clay,

• 200| dense, gray w/brown.

*
-»- 9/25/79 p.m. : hole '

193', W.L. '"• 181'

•*• 9/26/79 a.m. : hole • '

L-2J° I93\ W.L. • ' 181'

»-9/26/79 p.m. : hole -1

2Q5\ W.L. " I76-.51. '

*-9./77/79 a.m..:. hole •''

2051, W.L. '^176.5'



HOLE NUMBER- 79-CO-38

:L.£V-
"IQN

J98
T
H

DESCRIPTION OF MATERIALS

^-220

•*• 10/4/79 p.m. ; hole

220', W.L . ISO
*- 10/5/79 a . m . : hole

2201, W.L. •• 181

'M, 8roken Rock w/si lr, sond,

•avel (ang.), decomposed rock

boulders (ang.), dense, gray

240

NOTE: W.L. STATIC
until 10/17/79

-181'

_Z50

26C

SM, Sil'ry SAND (med. ,'o i'.ne)
Lw/'minof gravel (fine) 'o -264j
medium to dense, grayish bro^n.

-270

988

GM, Broken Rock w./silr, sand A

gravel (ang.), dense, gray w/
0 brown.

.

• 7iil ATlC WATER LEVEL

^00

, Si l ty Sondy GRAVEL
(coarse fo fine, ang.) w/

^boulders i cloy, dente, gray
v/brown.

321. 5', W.L./' 295.5'
*• 10/18/79 o.m. : hole -.<JJ
321. 5', W.L. "-295.5'

-

HOLE NUMBER 79-CD-38

ELEV-
ATION

988

DESCRIPTION OF MATERIALS

Hir po^ii'ble — ofer bearing zone

-330' to -340- .

- >- 10/13/77 p.m. : '

340', W.L. •: 2301

GP-GM, SMty Sandy GRAVEL
L__.w/boulders, medium to dense,

oro'-'nisn gray.
*-10/26/79 p.m. : hole "

365', W.L . •' 302.5'

Less Boulders w/depih.

-330

1- 10/19/79 a .m. : hole '•'•

340', W.L . • • 3201

*- 10/20/79 p.m. : hole -

351', W.L . ' 320'

5OULDER
•*- 10/24 '79 a.m. : hole

351'. W . L . 233'

T SP-GP, Gravelly (coarse fo

fme) SAND (coarse 'o rTne) w/

360 m»noc s i l r <i num. boulders

(rounded), medium fo dense,

brownish gray.

13_80
So'rom ' -375'

*-10/27/79 p.m. : hole
330',-XV. L. • 295.5'

1 NOTE: Casing : -361.5 .



HOLE NUMBER 79-00-39

->OJECT Howard Hanson Dan
1979 Piezometer Ins ta l la t ion

L O C A T I O N ~ i g h r Ahu orient

N 1 0 3 . i J 2 l i . o j £ 1. T C j , v ^ v .

STARTED
29 Aug. 1979

ELE.V-

1176 . 4

DATE COMPLETED
25 Sept. L 9 7 9

0
c
P IDESC3IPTION OF MATERIALS

Top of cas ing = 1178.9

h CASiNG 3TICXUP ' 2 . 0 '

f BACKFILL MATERIAL PLACED
t ALICUST 1981

i f
CM, S i l c y Sandy GRAVEL ( a n g . )

JT BROKEN ROCK-w/OCC. OOuldeCS,
L med. to loose w/dense zones,
-,- acoun.

3.0

CM. Silcy Sandy GRAVEL (a:
w/orc. boulders, ocoken ji
£. minor oceanic debcis, m-
Gium, ocown.

I .. /BROKEN SOCK w / s i l c , sand =.
e l , uied. co dense,

brown co b rownish g r a y . I

70

-Ifi.

BROKEN ROCK i. 'JDulders (an-j.)
w/silc, sand, ^raval i, ainor
clay, dense, brownish gray ;c
can.

/BROKEN ROCK i bouldocs
/ (ang.) w/silc, cone!, clay
' ^ qcavcl, dense, grayish
brown.

/ wacec bc-ariny zone Crom
/ 90.1 co 91.1

BUOKEN ROCK 4. boulders (an<j.)
w/silc, sand, clay t decom-
pocccl rocK, dense, blue-gray

HOLE NUMBER 79-CO-39

ELEV
ATlOt*

1C76.

P
T
H

DESCRIPTION OF MATERIALS

LSD

lie

12C

HBO

_L90

w a t e r level 9 -101.1 unt i l
sealed by casing into clay
zone below.

moisc. g r a y .

3?, SAND (med. to 6 ine,
clean) w/ninoc gravel
(fine), medium to dense,
gcay.

GP-GM, Silcy Sandy (c
to fine) GRAVEL (IV-)
dense, brownish gcay.

CM, Siicy Sandy (codes-,
to f ine) GRAVEL (coars.
f ine , a n g . ) w/nun. bou-
decs, dense, gcay w/mii
brown i reddish gravel.

CM, Silcy Sandy GRAVEL
(ang.) co sub-round) w/Occ
bides., dense, brown.

C?. Sandy GRAVEL (med. to
coacse, sub-round) clean,
loose co medium, vet. gra>

HIT WATER 3 - 165.1
iSTATIC LEVEL 9 - 152.1

ROCK - SOLID w/possible
f rac tu re zones.

Bottom j - 203" in bedrock.

LQJ.O



HOLE NUMBER 79-CO-40

<~~'")J£CT Ho~C'd Hanson Oam
1979 Piezometer Installations

LUCATION Right Abutment

N 103,891.20 f_ 1,763,861.25

DATE STARTED

31 Aug 1979
ELEV-
ATION

1236.4

DATE COMPLETED

27 Sep 1979

DESCRIPTION OF MATERIALS

Top of Casino - 1289.4

IP Broken and decomposing ROCK

(angular) with GM, S ' l ty Sandy

GRAVEL w/some clay, occ.

• cobbles & boulders, NP, med to

"cry dense, moisf, gray & tar.

-20 (landslide debris)

h30

•so

160

70

80

90

100-

HOLE NUMBER 79-CD-40

ELEV-
ATION

1186.4

DESCRIPTION OF MATERIALS

•110 dense " 110'

med. aJI5j_ _ _

, Broken ROCK ~/SM,

I|2Q ,' Clayey SAND, dense,

moist , gray .

neci. •'• 126'

140

dense • ' 145'

med. •' 150' - 200'

(landslide debris)

1-180

h\i wafer: hole •' 191 .0',
•W.L. • 188.5' (9"18 79)

hole caved from 192' 'a 187'

minor sond 200.0'

-,vai.jr 183.0' w i th iiole
208T3'

IQ76.4[D-2IO

1



HOL£ NUMBER 79-CO-40

ELEV-
ATION DESCRIPTION OF MATERIALS

-9/19/79 a.m. : hole ;

208.5' , w .L . • 189.3'

-9/21/79 a.m. : hole •

226.5 ' , w.L. •' 189.3'

*very dense 225'

•VJQ dense 230'

, -974/79 a.m. : hole

231.5 ' , w .L. • 188.3'

CL, CLAY, medium, mo"M

gray

G?. Sondy GRAVEL (founded)

w/minor sill, NP, med. ro

dense, mois' 'o "<ei, g'Oy

50 --

GM. Silly Sandy GRAVEL

w'iome clay, NP, med. to

dense, wet, brow" & 9r°y-

(rounded giavels)

^9 '2<t '79 1200 hrs :• liole

^70 242.0 ' , W.L. • 195.0'

—-9.'75/79 a.m. : hole

251.5' . W.L. 192.5'

T

I 986.4

t G?, Sandy GRAVEL -• 'occ .

{2flO. cabbies, NP, loose, saiura'eci

g ray .

j-f- ^-9 26-79, a.m. : hole

271.5', W.L. 191.5

' 9'27 79, a.m. : hole

285.0', w.L. 264.3'

F >-IO l'79, a.m. : hole

fc^ 300.0', W.L. 264.5'

Bottom of Hole ••' 300.0'



HOLE NUMBER
PROJECT Howard

l°79 PI

Dam

Right

N 103,586.77 E | _ 7,-^ .904.70

DATE STARTED

4 Sep 1979
0-T£ COMPLETED

31 Ocf 1979

ATION

1274.;

0

OESCRlPTlC N OF MATERIALS
Top of Cosi^.; -J277.Q

G.M, S.'lry ?.ar
cobbles & :-3<-'
medium, brz11*

GRAVEL-/
rs (all ong. ) ,

, S. ' l ry
clay 4 occ.
'o dense, ':

LOST ORIL.
to -II d

=y GRAVEL ~/
jlders, medium

.-. .ATES FROM -9
,.- -15 ,0 - |7_

-30

3CULDE*

GM, S i l f y 5c=r--=:y GRAVEL -'
clay d occ. -v—*—ilders, dense,
fan.

-50

GM, Clayey
-'Ai'lr, occ.
dense, tan.

rndy GRAVEL
—•Iderj i cobble:

•60

•80

-90

1-100

*<•• y

HOLE NUMBER 79-CD-4IA

ELEV-
ATI ON

1174.2

0

DESCRIPTION OF MATERIALS

GM, Clayey Sandy GRAVEL ~/
si l r , broken rock, occ. boulder?
& cobbles, medium TO very dense
moisf, brovn i gray w/reddiih
brown in clayey material.

20

LOST DRILL W A f t S FROM
I' fo - 135'.

Grf, S!!fy Sandy GRAVEL w/cla
;. cobbles d/br boulders d
ken rock, medium to dense,
sf, gray A reddish brovwn.

NOTE: reddish brown material
appears to be decomposed rock

medium TO very dense

Bottom 4. 176' Lost 8ai ler



EHOLE NUMBER 79-CD-4I

Howard Hanson Oom

1979 Piezometer Installation

LOCATION

N 103,586.77

Abutment

1,763,904.70

DATE STARTED

4 Sep 1979
ELEV-

ATION

1274.2

DATE COMPLETED

31 Oct 1979

DESCRIPTION OF MATERIALS

Top of Cosing =1277.0

GM, Silty Sandy GRAVEL ~/

cobbles & boulders (all ang.)

medium, brown.

GM, S i l t y Sandy GRAV£L w/

clay 4 occ. boulders, medium

to dense, tan.

:LO LOST DRILL WATER FROM -9
to -II 4 FROM -15 to -17.

-30

3OULDER

GM, Si l ty Sandy GRAVEL w/

clay 4 occ. boulders, dense,

'an.

SO

GM, Clayey Sandy GRAVEL

w/si l t , occ. boulders 4 cobbles,

"" dense, tan.

60

13

•jp

— very dense w/depth.

•90

100

HOLE

ELEV-
ATION

1174 .2

i
NUMBER 79-CO-4I

D

P DESCRIPTION OF

H

MATERIALS

GM, Clayey Sandy GRAVEL ~/

s i l t , broken rock, occ. boulders

4 cobbles, medium to very dense,

moist, brown 4 gray w/reddish

IIP brown in clayey material.

•
r

F 2 0

F LOST DRILL W A T E R

- -121- to - 135'.
FROM

I GM, Silly Sandy GRAVEL w/clay

^,-,,occ. Cobbles 4/or boulders 4

H Droken rock, medium to d«*ose,

r moist, gray 4 reddish brown.

r NOTE: reddish brow

L | 4Q appears to be deco

n material

mposed rock .

Fr medium IQ very dense

kf150 w/depth.

1

-J6Q

-170

^—'POSSIBLE SAND SEAM

• lit GM, Sil ty Sondy GRAVEL (oog.l

~ IrlSO 4/or broken rock w/cloy,num.

Ir boulders 4 cobbles, medium to

r dense, grayish brown.

I

' T"

1064. 2llh

ri»
- 7190

More cobbles 4 gravel 4 I$M

1. cloy w/depfh.

"" ROCK SLAB

/ Hit Ground Water '

~ Static Wafer Level •'

210

• -2051

-190'.

Bottom •• ' • -210



HOLE NUMBER CO-52

) °ROJECT HANSON DAM
SEEPAGE STUOIC5

^JCATION

N 104,180 £1,763.335

DATE STARTED DATE COMPLETED

1955
ELEV-
ATION

IO&S.6

1069.6

T

IQ52.Q*

s f̂
' 1050.61

1035.6

ICC6..6

939.6

975.6

961.1

T+
955.6

948.1

925.6

v

394.6

836.6

T"
P DESCRIPTION OF MATERIALS

H TOP OF CASING 1087.5

SANDY SILT ~,/broken rock

_ SANOY SILTY CLAY
J* w/rock fragm«nrs

-/ SANDY CLAY w/rock
\^ fraqmenfi

h_4o SANDY GRAVEL w/ciay
and silt

; GRAVELLY SAND
,.. w/brokcn rock

-

30 '-v. L.

F
_ SILTY CLAY w.-broi.-n rock

_... -. SAND w/rock fragnicnfj.

H20

SILTY SANOY GRAVEL

SAND

— SAND, GRAVEL. SILT
AND CLAY, intcrbc-ddcd

i6_0

' SAND. ^ILT AND CLAY,
' inferbeddcd

430

BEDROCK
200

ELEV-
ATION

1093.3

HOLE NUM9ER CO-54

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,029 £ I,763,4U

DATE STARTED DATE COMPLETED

1955

DESCRIPTION OF MATERIALS

TOP OF CASING 1094.6
3ROKHN *OCK w/sandy

3OULDER

CLAY

SOULDER

1032 .-3

1026.3

992.3

936.3

SANOY SILTY GRAVEL
- 60 SAND

SANDY SILTY GRAVEL
SANOY SILTY GRAVEL

981.8

903.3

•-WJ*-
I so^^c !

30

I « bioicn rock.

fond and ? ' l f

SANOY GRAVEL'

SAND
SILTY SANOY GRAVEL

J40 INTER8E006D '-ANOS,
GRAVEL?, SILTY GRAVELS,
AND GRAVELLY SANDS
w occasional rock

160

WEATHERED ROCK
200 BEDROCK

T

T



WED
nAll

2. LOCATION tCuralsac* «r SbftW

MQ2,I35_ELIS l̂Ll-LJJ?£Q]_ IZ. UANLFACTUREK-S OCSJCMATCN OF OftU.

^sEMSEOiLLWGCO.
c.m.,n, „«, ,

s. tuic of owxa ART«r,l

4. OHECTION of HOLI
a

T. TMOOCSS or nvoamcoi _J.22.'_
O^TH HTO MC ___&'

1. TOTAL OOTH Of MOLE . J2.8.'

ELCVATK9N 0€PTH UCCM)

NES

L OATUU FOR ELEYATBN SHOW (TOH arXSU

TOTAL MO.OFUVTO-

c TOTAL tuecR COSE
S. a£VATON OIOUO WATER

OXTEWXJ:
a. OEVATOH TOP of «x£ • 1124 Q.OPQ.L
ft TOTAL CORE KCOVCRT FOR BOAMC

. ----- - - — „-
R. ECKERLIN

a.ASSrOTDN Of UATtRUU
lOuarffltoil

20-

60—

GW GRAVEL LOOSE

GM. SILTY SANDY GRAVEL

WITH COBBLES CS1]. DENSE

SANDY AT 18'

GM. SILTY SANDY GRAVEL
WITH COBBLES. DENSE

BROWN WITH MOTTLED GRAY

GM. SILTY SANDY GRAVEL
WITH CC88LES CS'] OENSc
MOIST. BROWN

LARGE COBBLE AT 62.5"

ENG FORM 1836
IOK 71 ...

MtMomrnxms JAK casoccrc.

Z C0fi£
KCOV-

£HT

90X Oft RtUifbCS
fO-imn? »«. WVHT DQ. on cc

i •jraftng 1U J" tlvntfjcartl

DRILLED WITH SUCYRUS ERS

CiBLE TOOL. S' SIT

4' O SAWLER WITH 2.000 isi WT
15' LONG

N»« BLOWS TO DRIVE SAMPLER S'

SAMPLE A REF USAL. 07. REC.

X REC.

K3/3L/86

SOZ REC.

K30X REC.

0/7/86
1/-4/86

IOO% REC

.COX REC.

a/4/86
1/5/86

N-37.40J6 75X REC.

N=63.67.7S

Nz38.66.60 • 752 REC ...
v5'J' ... ' • . . ' . • '' 1/5/86



HOWARD HANSON 0AM

CM. SILTY SANDY GRAVEL
COBBLES, MOIST, 8ROWN

LOOSE GRAVELS [SOME

CAVING], MOIST TO WET

*T t24" CASING 3ENT

MOVE TO NEW LOCATION 5'

TOWARD l£FT ABUTMENT FROM 101

J/2S/8S STAflT NEW HOLE

86-COHOU

COBBLE o 152

GP-GM. LESS SILT THAN
PREVIOUS SAMPLE

CM. SILTY SANDY GRAVEL
WITH COBBLES, VERY
DENSE.MOIST.8ROWN

FINE GRNED. WITH COARSE
SANO TO GM

IOP ROCK
SOfT-MARO

HARD

ANDESITE. BLACK

TD 198'CELV. 996']

NO.

86-CO-IOI/IOIA



NfU

PTOJECT
HOWARD HANSON DAW

«x JOE wo Trrt OF arr 6' OOEX
= —

2. IOCATON /CartOnM or StttoV
NI03J50 £1,763,905

JENSEN DRILLING CO.

87-flDHCV
MERYO|TH

C. ORCCTCN OF WXC

C2 vtRTOU. O t<lKD .

208'
1. DEPTH OKLLfO FfTO |2'

». TOTTAI. oerm OF «x£

OCVATON

1225

1223

1191

30—3i

220'

ucao

NPS
aen __
OF _ SWOTS

f Oft OCVATION UCOT r73V <r iSU

ACixoem OCSOUTOM or OMLL

,1»«3STU<8Ei
JQ

U. TOTAL lUCBt a#£ 90IES
amTOM TATtJ)

TOP of iou :Qil.l225.ITOe01__.

C-ASSf'OTICN OF

OATTT-SILTY CI?US>tD ROCX.

WET. TAN-SflOWN CFH.L73

GW. SIUTY SANOY GftAVEu vnTH

CC8BLES AND BOULDERS

ANOESTTE 8LOCIC. HARD. LIGHT

H2S (00

ANOESITE 3LOCX. HAflO. LBHT

GREEN C-<3-S5T

iliaSLT AM3 C088LES, LOOS£ .

BROUN

ANOE2TE 8LOO. HAfiO. GREEN

70-78'

AM] COBBLES

AWeSITE BLOCK. HA«D G«£EN

L
ENC FORM 1836

KM Tl
ncwis rams MC oesatzrc.

Z CORE
sscov-

onr

7S2

7SX

OZ

MX Oft
"*l
•c.

F

G

REMARKS
IDrtaw n**. -aw an.

rvaartno. re. ,r st&fleaail

DRILLED WHH AJR USING

OOCX HAWKER

CASING CONCURRENT WfTH ORLG.

UScO 3VERHEAD CASING DRIVE

THRU HAMMER TO DRIVE SAMPLER

ORJVE SAMPLE A

DRIVE SAMPLE a
Kt a.icuo

CMP SAMPLE

CMP SAMPLE

£ .... CMP SAMPLE

OOP 'SAMPLE

CHf SAMPLE

crave SAMPLE H
M= 20/2. REFUSAL

CHP SAMPLE
CHP SAMPLE

CUP SAMPLE

CMP SAMPLE

,
HHD -

I/3/87
1/22/8 /

87-RDH02 V-5-
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— I •--- — ̂ -j- ]of_3._a*Frs
L CW*£CT 10, SEE WC TTPf. Of SfT R'-l?' • fi'-ITft'HOWARD HANSON DAM --fl-J^X-lIB

z. LOCATOH carwnMi «• ami
N 102,905 £1,763,905 — ,

1 mx£££2£ — SLesSiSsiS 1" uiu*<rTi,x-jK ftr5r^^TrH ^ y^j^
j. OMUNC ACOCT JENS£N pp|LL(Nfi rn BUCYBLJS S8IE..22W CAS.U5.JO-OJL
— = =* =-= — =•= =1 = = Q. TOTAL tO. OF OVCT- 'tXS7LRS£D 'UM3CTIJRSED ...
4. HOLE WJ. ou m»«i an onv«o m» ; pT_rn_,,~,-. ««»< 1AUPLES TAttM : 0 J§.

«f n* ,x«ttr; i O f tU I<J J • • ""

S. MAUE OF ORIXEP DT rw|.j ~ ~ ~~ — =
ART GWIN e. EL£V*TOM CROUK) IATEH

k. 00t£CTDN Of HOL

fflvtBTCU. D̂ KtfM(IYOlt in f̂ i"̂ NiKj98i;«'rtmim7
rr. n.EviTcu TOP of *n 1217'

1. IHCUtA .» UVtWSimN __JZi'_ _ .,. _„ M „__ _ ̂ ^
>. UtPIM DM 1 Ml «IU «XX 5 ^ oojn

S. TOTAL OQ'TH Of MOU 178'

OEVATON

•

1217

1 1117

OEPTM

•

LCCQO

•

*

=fS^

^^
lO^^J

m-5 "̂%
20-^^§

1̂ ^

*^
30~

50—

1 *

60—

_

——

70^

_

80—
—

_

—

_

^

100 -

B5fe^

^^g

«
^̂ss^
g^pp
8|M-*3̂li
ŝ
fe

T^Iw

^̂̂3Z?^: îsS
g£gp

isfi
^^ss

OjkSSnCATCN OF UATCRIALS
BMBMIM

4

= FILL FOR DRILLING PAD
i [CRUSHED GRAVEL:i
x

GM. SILTY SANDY GRAVEL
WITH COBBLES. LOOSE TO
MEDIUM., MOIST BROWN

GP-GM

t

ENC FORM 1836 nemn BXTOKS ARE oesarrt.
UAR 71

IRE Of KSKCTOI
RICK ECKERLIN

X CORE
RECOV-

£flT

SOX

1007.

100%

IOOX

1007.

IOOT:

302

752

PROJECT

SOX OR
SAUPM

Ma
f

A

8

c

0

1

F

C

H

HHD

KUAMS
t'Q-raJnj ,7flM. M7«r «<& atf/i <^
v«r̂ vin» *c. J* tiQrtflcanl

«

PAD PREPARED. RIC-LP
DRILLSD 3' AND SET 8' CASING

2.000 LB. TOOL WT. FOR
SAJJPLlNCi 4- 10- LS' LONG

l/M/87
I/fi/37

N= • SLOWS TO DRIVE
SAMPLER S-

1/6/87
I/I6/S7

N= HJ7^3

N= 20.2L33

1/16/87
1/20/87

N« «^3J3

l/?0/87

N» 20JS 88

N= 20.20,32

l/?1/87
1/22/87

M« 30JOJ8

*

N= 2OJOJS

N« 39.»50 REFUSAL l/?2/87
i/z5/57

—

•

—

—

—

—

—

—

. lrtX£"a87-CO-»3



ucoo cuisroTiON of UATERUI.S

-GW, SILTY SANDY
WITH COBBLES. MEDIUM
MOIST, BROWN

H= 35,46.71
1002 RECOVERY

I CP-CM, SILTY SANDY GRAVEL
WITH COBBLES, LIGHT 8RN.
AND WET

N» SO/T REFUSAL
i JAR SAMPLE

ANDESITE. GREEN. HARD

BOTTOM OF HOLE AT ITS
CELV. 1039]

HOLE DRY OUUNC OR1LUNC

S-CASING TO 172.5'

FORM B36-A ncwxx axnam ue. otstune.tun TI
UVO. '_



DRILLING LOG ' NPO

HOWARD HANSON DAW
1. LOCATION ICaratmM cr SUHnl
N 102.750 E ,753.470
i. OSU.LK; ACENCY
JENSEN DRILLING CO.
•<. H0l£ «J. (Ar j»Mt «i ar*i<iv ffit

MfH.^orl '87-CO-I04

5. KAUC Of ORLLER
CLEM WHITE

4. CW1CTIO* Of HCCh

3 VWTlCAL O

7. Imĵ îi of uxtRAJUEJ, |£|'

«. 0£J>TH OfttJ-ED KTO WXX g'

V TOTAL OEPTH Of MOLE )27'

EL£VATlON

•

OEPTH

10—

20

40—

•̂

—

••

60—

70~

_

^

80 —

_

—

.

_

•

100 -

IOIAUAICN • ucn |
NPS (^3 S»«ITS

o. SCE wo nre or at g- CABLE TOOL
L OATUU f OR ELEVAIOM SHOWN (TSU or HSU

Z. UAMfACTUSR-5 OCSCMATIOH Of ORU.

BUCYRUS ERIE 22W
0. TOTAL MO. Of OVER- ;WSTURa£a HJOST.UR8ED

suu£N SAî c£S TAJC£N « 0 • 8
M. TOTAL XJUSER CORE SOUS

6. ELEVATOM CROUMD IfATER

t OATF K»f 'STARTED ;COU>LrrEDit. DATE HOU 12/4/87 :2/20/87
(7. ELEVATOM TOP Of HOCE ||85 CTOP03

B. TOTAL CORE R£COVERT fM BORWC Z

13. 9QUTUC Of KSKCtOK

SILL GOSS

LECOO O.ASS/ CATCH Of UATERALS

• 4

£f3|$ FILL [CRUSHED GRAVEL]
~f$j¥^. FOR DRILLING PAD

"K^O^

rfjiS?teP
:C'-«^T

•O r̂r̂ "

JĴ CK*

B
8
^x^fe
rS'McOrt
^o7|'<

iqj
ii
8

fim
C*A* C^

^^S

'GP-GM: SANDY GRAVEL

WITH SILT AND COBBLES

GM: SILTY SANDY GRAVEL

DENSE. BROWN. WOIST

-

GM: SILTY SANDY GRAVEL
WITH COBBLES, DENSE,

BROWN, MOIST

ENC FORM I83S previous ovraa A*C oasoterc.

Z CORE
RECOV-

aox OR
MX

A

3

c

D

E

F

ROOMS
lOrtltinj HOL *onr loo. autn of

^eano'tfa. <fc. f Oynffloertl

DRILLED KITH 3LICYRLIS ERE 22W
CABLE DRILL USING 2.000 LB.TOOL
WEIGHT FOR DRIVE SAUPLINC.
S*UPL£R= LS' LONG, •<• Q.

2/V87
N= • OF SLOWS TO DRIVE

SAMPLER 6'.

N= 4-4J4.SO

S6/: RECOVERY

2/5/87

2/9/87

N= 3.6.16

IOOX RECOVERY

2/3/87

2/10/37

N= 40,29,29

802 RECOVERY

2/K3/87
2/V87

N= 26JSJ3

S6X RECOVERY
2/T/87

2^T2/87

N= 24.56. &2

80% RECOVERY •»

2yT2/«7
2^7/87

N= 3UWO

902 RECOVERY

2/T7/8T
2/18/87

—

I—

—

—

3-

-

[

—

I

E
|P«OJKT ^ . _ JHOLC NO.

HOWARD HANSON -DAM- " 87-CO-iCM
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Ho(e No.92-RD-l in
non i iwr t rv "VISKX INSIALI.ATK*
ORILUNC LOG CENPS-EN-CT HOWARD HANSON DAW

I. PHOJtCT
PiEZOMETE

10. sizt »>« Trrt of an 3- QOEX
R INSTALLATION M ntr

2. LOCATION (COOROINaTES OR STATION)

iKCI |
of 2 st«rn.

» fOR CLCVATIOH SK)m (IBM OR MSI. >

ANDREW WELL DRILLING '" "C'-L ,""'11-" '" ij. T01U. HO. Of 0«tB- ;0(S'Ufc6£D

5. UAAC of DRILLER
ROBERT OEWILO IS- ELEVATION «OUK) «ATER

4. DIRECT NX Of I«J

13 VCR-TICM C3 '

c n TT LJ/W f ISTARTCO 'COfc

jri i*^n nfr can»J "far ^ _'.
. „ 17- n f ViTinx TOP « HOI r

0-<»SlL-UC,

"•UTEB

T. TWOU453 Of OVtBOU«O€M ~ TOTA1 CMV RfcavfRY fofl Rn«l*«: ^ " ^~

1. LXPTH IJRIUEO IMTQ SOCr. 13- „ Miu,

?. roiH OCPIH of «x£ 199-

EUV.,0,, OtPTM

5 —

10 —

15 —

20 ~E

30 —

35^

-

40

-•S —

50—

55—

60—

^

70 —

-
75 —

80—

as—

90 —

95 —

100 Z

LECtlO
Cl*SSiflCiTion Of kurE»iM.S

IC€SCRIPTIO«I

SOCH SP«tLS (3-1 »/CRAVCL
i SA«)r cur. asowN

s
RIP RIP 13-1 «l« LOOSf

StLTr s***0. HN£. OHi',

SILlr SAHO. wCD.- Fl«t.

S1LTT SAIO H/ XC CAAVf.LS.
uCO. ORT-UOI$T.
BffOHN

Sil" Si«0 «' XC CRAvtLS
u<o.. 0«r. W€T

Sitrr SANO. u£0. -COARSE.

SH.iv SAMO. riK. OUT.
QffOWl

SANO iCOACrSC. utoi »/ SOX
SILT. WT-UOISI. CR(r.

1CRANUUS ARC UMrORU ».'
fRACTlKCD fAtZS. PROOABir

1 soaocRSi

\1
\SHT7 SAM). FINE, our
\8ROW

ANOESITE 80U.Of.HS »/

iNtEBSTniiL SAM). SU.I.
AM) CLAT WITH UINOR

CTAVCL. OAT. CBUtt ROCK
fRACUCNTS I/ gROWN

a*r AW SK.T.
(COMT.)

AM) SiCiuTLME Of INVSCTOR

; COKE
R£COV-

ERT

aox OR
NO.

1

AEuARrs

J «3V 97

S NOV <r2

•̂  —

•

—

ENG -FORM 1836 raevMus EOITKWS ««c OBSOLETE.
• - • -

»o uotxrm »o» cton *r rr«r>!
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U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT
Pro jec t PIEZOMETER INSTALLATION. HANSON DAM
Complet ion date 12-18-92
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T 4 W

Operator ROBERT OEWILO
Inspector BEN L A Z O
Depth 199' Datum GROUND, SURFACE

HOLE D A T A
Size: a in. to 199 ft.

in. to ft.

C A S I N G
Type STEEL (SEE COMMENTS)
Mfr.
Ht. above gnd. surf.
Drive shoe
Size: 8 7, in. to 199 ft.

SCREEN
Type SCH 80 MONOFLEX -0.020 IN. SLOT
Mfr. CAMPBELL
Composition PVC Dia. 2"

Fitt ings; Length Dia.
Riser
Tailpipe

FILTER
SourceBAGS MOO L8S) COLORADO SILICA SANO. INC.
Composition CLEAN SIL ICA SAND
Gradation 10-20
Inst. method POUR DOWN HOLE
Volume used 4 FT1

Depth 162.5 to 181 ft.

to ft.

GROUT
Composition CEMENT/SENTONITE <sx BENTQNITEI
Volume used
Inst. method TREMMIE
Depth o.o to 157 f t -

183 to 199 ft.

REMARKS: 40 FEET OF CASING (WITH DRIVE

SHOE) LEFT IN HOLE FROM 110 FEET TO 150 FEET.

ALL OTHER CASING REMOVED FROM HOLE. ••
- -

— -

WELL DETAIL (AS BUILT)
92-RD-110

NOT TO SCALE

c

8 METAL
i.ENTRALIZERS —

1 1 r\'i nj - . - - - -

ic/y

,s,
162.5'

169

S.W.L.= 58' 8.G.
11/20/92

1 1 y

181'
183'

199'

C

//,

'' /

'"//
'/,
'//
/' .'

/

/ /

/ /

f' /
/

/ /

s

/ /
s /

r'' /

//
/ /

•' /
//.
/ /

I•* ' •
*

.

. . .

. . .

^ ^

.

1—

]

, ' /'

, ' /

/ ,•'

^ ,y

/ •'

/

/'

/

r/

/

/ .-

/' .

/

/ /

' '/ /

''//

^. . •

....

. . .

. . •

wft

3—a

— CEMENT/
e,:: SENT UNITE
GROUT

-STEEL CiSiNC

-BENTONITE
CHIPS M50 L8S)

-10-20 SILICA
SAND (400 LBS)

L8ENTONITE
CHIPS

KEMENT/5X
\ BENTONITE

NOT TO SCALE OKUU '

I"
LJ
O



DRILLING LOG CENPS-EN-CT HOWARD HANSON OAM |« , '
1. ">OJ£CT 10. SIZt ANO TTPt Of ill 3" OOEX

PIEZOMETER INSTALLATION - — ,,,,,„ ̂  „,„ T r^ — . ,̂  ̂  — .
2. LOCATION (COORDINATES OK STATION)

J. ORIUINC *CO<r
ANDREW WELL DRILLING

5. HAUf Of OfHlltf

R06
». oixfCTioN or MX

13 vtRTICit. Q '

u. TOTii tw«CR C0«e SOXES

[RT OEWILO IS- O-EVAT.OM WOUM) .AtE"

iciMfn ivc FROU »TOT . — I

1. n-vj- îS 0* U»I~M<WH • 1M TQTil rORf. vcaKir, cnn va,»c

>. UtftH OMlLliO nilO »OC'. To~~Zr

•>. 'DTK. OCPTH Of MX£ 150'

acv«,c« =C«H

10 —

20 —

70—

35 —

40—

45—

SO ~

55—

60 —

70 —

75 —

80—

85 —

90 —

95 —

100 -

ENG FORM I83e
UAB Tl ' '•••• •'- •••
StP M UOOITtCD FOR

UCENO

i

r«evious
CADO 8V

a.A«*,e ?̂HB*TTo.|e.̂ j

HOC, SPAUS ,r,.-au«.

KIP RAP (3T At<J LOOS£

smr SAND. FINE. SHOW*

coascfs 13-1 TAH

sitrr s*f« «/c»Avtt.s (*/j'i. e"<*««*

FftACTUttO «OCC 'I-O COAVCLS. CfttM .

OHTIOHS A«t OUOLETE. • -.

AMD SiOAlLRS Of IKVECTOR

= COB£

IPMUCCT

SOI OK

^ ;̂,̂ -̂ V ,̂̂ -

'

-

—

|«X£ NO. • -

PIEZOMETER 1 92-RO-ili
INSTALLATION



DRILLING LOC (Cont Sheet)

«OJCCI
Hole NO. 92-Rn-m

PIEZOMETER INSTALLATION

CIEVA7IOU

.
DEPTH

.

I.ECCIO

4

ir.u j

105 —

HO-;

115 —

120 —

125 —
-1
-1

130—

135 ~I

140

145 —

—

d.SSiriC .̂ON of w

.

INSTALLATION

HOWARD HANSON DAM

uTcauis

jur. ua cur. «CiSiOH«. WUV^LS.
OAT. CRCEN ROCK FR<UCN7S <ITH

8*0**"

l̂ 'a
At 13?

UN SILT U10 CLtr

At LATtRS. >ATCR C£
FEET

STIIUL SILT

ifi>£iS UNIFOAU IN SI2C

.. .. ;

.

aoi on

uo.

•

RCUA«

<iTKRINC. E'C..

ven 2
Of 2 >rrTt
«s

f StCMflClfit,

• • - • • • • -

-

—

—

—

—

••

-
_

_^

-

—

—

^-

ENC FORM 1836-A mevtous GXTNNI we oejcuic.
' UM TI • • - - • ...

isr «a uootf «ED rod cioo BT

PROJECT IHOU.MO.

92-RD-lll



U.b. AKMT LORPS OF ENGINEERS. SEATTLE DISTRICT

WELL COMPLETION REPORT
Pl-OJeOt PIEZOMETER INSTALLATION. HANSON QAM

Complet ion dote 12/13/93
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W
Operator ROBERT OEWILD
Inspector SEN L A Z O . CHARLES IFFT
Oeptn i50' Datum GROUND SURFACE

HOLE D A T A
Size: 3 m. to

in. to
150' T T .

CASING
Type StEEL (REMOVED)
Mfr.
Ht. above gnd. surf.
Drive shoe
Size: 3 '/j in. to 150' T T .

SCREEN
Type SCH 80 MQNOF'LEX -O.Q20 IN. SLOT
Mfr. CAMPBELL
Composi t ion PVC Dia.

Fitt ings:
Riser "

• Tai lpipe

Length

FILTER
S o LI r c e
Composition CLEAN S IL ICA SAND
Gradation 10-20

OOP LBS> COLORADO SILICA SAND. IMC .

Inst. method POUR DOWN HOLE
Volume used"
Depth 90

125'
to
'to

120

150'

f t .

"ft.

GROUT
Composition CEMENT/BENTONITE
Volume used

BENTONITE)
_

Inst. method TREMMIE
Depth 0.0 to

to
85 ft.

' f t.

REMARKS:

WELL DETAIL (AS BUILT)
92-RD-TI1

NOT TO SCALE

RUBBER HOSE
CENTRALIZERS
EVFRY 20'
FROM 150'
to 30'

85'

140'

150'.

CEMENT i5/C
NTO(Ji"£
GROUT

RU88E"

EVERY 20'
FROM 1 00'
to 20'
AMD Oi.;£
.AT I If

CHiPT

lO-iO SILICA
SAND

BENTCiHiTE
CHIPS

• 10-20 SILICA
•. SAND

NOT TO SCALE



nou i iui- i nr <*»«iflN INSTALLATION SHEET ,
UKILLINO LOO CENPS-EN-GT HOWARD HANSON DAM w 0 J^^

1. "XXJECT 10. SI2£ AM) TTP£ Of SIT 3" OOEX
PIEZOMETER INSTALLATION - — — — ... — — •

7. LOCATION ICOOKOlNorCS W STATIOMl

S. OAV.LM4C ACCMCT
ANOREtv WELL DRILLING

fACTUOCHI OCJJOIA7ION Of OBH.L
IR AIR ROTARY - T J W

i. ***i v DRILLER W6

o. OlfctCIKM Of XXJ

13 »E/>TICU. CD 1

1-= — — M. TOTAI loetx CORE BOXES

ERT OEWILO l5' ELtVATKXCTOOMJ.ATER

£ i*. O*TE MO.C |S"*TEI> _ ;coupvnco
ao ̂ n rvr. rnou ««T , ! — !r!i=J Z± 1

. 17 nrVATIOM TOO Of HOU

-. .»..*.«.« OF rcmimii |J8 „ TOTAI rrw «vn«»Y t«. anaiNT.

S. «PTM DOMED !KTO SOO: 22 „ Miu(

•i. 107 »l OCP7H or K«.t |(JO

CUVU-CH 0€PTH

10 —

25 —

30 —

35 —

40 —

4
50—

55 —

60 —

65-f

70 —

75 —

80-^

85 —

90-^

IOO -

ENC FORK 1836
UM TC.

itcrx)

-.

CLASSIFICATION Of UATCRIU.S
I06SCRIPTIOIII

CSivtl. «£AHNC COUOSE

SILTT SAMJ. O**T. TAN

SA/CI CLAT W/CAAVCL. UOIS7. eROMN

iAl-Ol 5ILT. OUT. TAN

SILK SAMJ. ORT. T»N-lT C«£>

SILT "'SilJO. ORT LT e*t» USH-lWtl

CRAVCLLT SAM) */^U.T, TAM-LT GACT. OflY

SII.TT SAK) 0/CRAVCL TA«-i.T CR£T. 0«t

CB»»tL »/S«.T. LT WET. ORT.
"ossieic souLocra

sim SAM) w/ouvtL. oxr. TAMH.T cner
ICOMT.)

nCVMWS CDITMKS ABt OBOLOI. • • .

»MO SICMATUDt Of IHSPECTOft

ascov-

nujccr

ElOX OR

1

StUARTS
<ORILLi"C Tint. «AIER LOTS. «PTM of

T OCT 92

V

1 OCT 97

-

-

^

- •

-

PIEZOMETER >* "" 92-RO-ll2
I f c K T T A I 1 ATI/Ml 7* W

! CAOO 8T GCHT4



DRILLING LOG (Cont Sheet)

«*JJ£CT
PIEZOMETER INSTALLATION

CLEVATION

.

OtPIH

.

ICO -

LECEMO

c

105 — ̂

110 —

IIS ~
J

120 —

125 —

130—

135 —

140 —

145 —

ISO—

155 —
-

-j
160 ' ^_

~
-I

— :

(CONT.I

CLASSIFICATION V 1.

j

Hole No. 92-RD-M2

HANSON 0AM

IAICRIU.S

3H.TT S*K3 "/CHAvtl. 0«T. TAJ«-t T- WtT

LOSS Of CUTTINGS « THIS ZO€. LA««
VQIO OA

EiSltr.

f RACTl

f»ACTU»t C1SIX OOOVC

8ETH6EM ZO><S
II CAILOO/-INUT

«•**»'»• •
SANOY CJ»AV€L w/Si tT uaiST. TAN-I.T CRCY

a«.-..«

IAMOC
gcaoocK

"i CUTTINCS 6ECUC miifonu •"
SI^E U-O COLO«I

.• ,

m

• . .

n

BOX CM

HO.

1

SKET ->

of 2 5> ,̂,

WIU^CT^CM^KS.^,.
VCATH(RlMC. CTC..

9 XT 9:

* siCNiricu<i,

19 OCT <t:

:o oci 9;

•

_

-

I

—

-

-

-

:

-

-

—

ENG FORM 1 8 36- A HWKUS BWTIOHS ue cesoifTE.
- - v •" *• •" '- UM- Tlv •

vr to uaofito fax ctoo or

IMOUCCT

PieZOMETER

JMOU l

92-RO-II2
^ ____
''



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT
Pro |PCt PIEZOMETER INSTALLATION. HANSON DAM

Complet ion date 10/23/92
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T 4 W

Operator ROBERT DEWILD
Inspector
Depth i60' Da Turn GROUND SURFACE

HOLE D A T A
Size: 8 in. to 160' ft.

in. to f t .

CASING
Type STEEL (REMOVED)
Mfr.
Ht. above gnd. surf.
Drive shoe
Size: 3 '/4 in. to iso' ft.

SCREEN
Type SCH 80 MONOFLEx -0.020 IN. SLOT
Mfr. CAMPBELL
Composition PVC Oia. 2"

Fittings: Length Qia.
Kiser

'Toi Ipipe

FILTER
Source BAGS noo LBS) COLORADO SILICA SAND. INC.
Composition CLEAN SILICA SANO
Gradation 10-20
lost, method POUR DOWN HOLE
Volume used 9 FT3

Depth 104.5 tO 134.5 ft.

GROUT
Composition CEMENT/BENTONITE (sz BENTONITE)
Volume used
Inst. method TREMMIE
Depth o.o to 99.5 ft.

134.5 to |54 ft.

REMARKS:

-

- --

WELL DETAIL (AS BUILT)
92-RD-112

NOT TO SCALE
MANHOLE W A T E R METER COVER

s~r ABOVE GRADE--. r' P^X4
S-LAB

/ /
x ' V \ls A /'W-
^£\Ll

CENTRALIZERS

99.5' '

104.5'

109. 5^

|OQ C-

134.5'

154'

n n
c

/

/
r

/

/

/'

-» . • • • < >
• / * ' • •
' '• ' '•?
. '. °- •'

» •;•. '»

. '^* • .

9 '.•'• 0'

• \o. .'

t, • • • «

_

—

-

=
-

o' '.'.• f- '.'

—^ /

/
y

/

/
S

/

/

/

/

-• !* *•

• "

. . ' *.

' >

?'

• ° v

| V
^>-

." ° " '-'."

/ //
",*!• • "." ~.O. . '.' '.&• . '.

~p\ \
-H .-\/A<s :* •<

CEMENT / 5/:
BENTONITE

GROUT

BENTnMlTE
CHIPS

(125 IBS)

10-20 SILICA
SAND

CEMENT /5X
8ENTONITE

GROUT

! FILL

NOT TO SCALE

ci



MX -o UK >U>1HD> •*•«'• I
Hole No.92-Rn-ii7

DRILL INC LOG CEMPS-EN-CT 9 2 - R O - l 1 3
SKIT

"OJCCT

PIEZOMETER INSTALLATION
10. vie. u*> rrpt of ait 3- 00£X

2. LOCATION iCOOXOlNaTES OR STATICMI
HOWARD HANSON 0AM

II. OAIUU FOB UeVATICN SHOWN ( I B M OK

1. 0«IUINC 1CCKT

ANQRE* WELL PRILL INC

17. u»NurACTUR(rs oesiOATioH or
IR AIR R O T A R Y - T<JW

'. >*XC "V (-1

.' jl'-ftO- 1 1 3
14. T O T A L MUU6CR COA£ 30XES

ROBERT OEwiLD IS. £L£V4TION CSOUK)

&. OCRfCTlOU Of r»X£

S vt«Tic«. Q
MXC 26 OCT 92 4 NO V

17. ELEViTIOH TO* Of HOLE

r. TMICTK3S or avt«8u«oci> 97
«. TOT«. CO«I FOX 3OHIHC

«. OC.TM OWUED '"TO «OCI 0
SICXATURC Of

1. 10 Til. &CP1M Of

r cons
R£COV-

CR-r

5 —

10 -

30 —

3 5 -

l j— H

15-

50—

55 —

60 —

70 ~

75 —

80 —

SS—

90-

95 —

IOO -

CAAVtL WEARING COUAS£ TOA

\ LOT <>.- I

S U T r SANO. TINE. OHT. 9KOVH

icou«ci UOISI-ORT.

SAM)" SU.T. OAT. KCDOISM IWCWN KUSI1

SAKJ »/S4LI «*O-<OU«Stl Of«r. TAN-LI
cocr uoroAU. POUW.C aomocm

S«.TT SAM) OO-fltO. OHT LT-CKCT T*H

80TTOU Of MIXC

2T OC1

ENG FORM Ifl36' ncvious DXTWHS of
MM 71
SCP «o uootrwo rax cux) ar

I PROJECT
PIEZOMETER
INSTALLATION

HOLt HO.



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT
Project PIEZOMETER INSTALLATION. HANSOM DAM
Complet ion dote 11/04/92
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W

Operator ROBERT DEWILD
inspector BEN L A Z O . STEVE MYERHOLTZ
Depth 97- ' Datum GROUND SURFACE

HOLE D A T A
Size: 3 in. to

in. to
97' ft .

f t .

CASING
Type STEEL (ALL BUt 10'REMOVED)

Mfr. ~ ~
Ht. above gnd. surf.
Drive shoe TES - LEFT IN HOLE
Size: s 'A in. to

SCREEN
Type SCH 80 MONOFLEX
Mfr. CAMPBELL

97' f t .

-0.02Q IN. SLQt

Composition PVC Dia. 2"

Fi 11 ings:
Riser

'Tai lp ipe

Length Die.

FILTER
S o u r c eBAGS t ioo LBS) COLORADO SIL ICA SAND. IN <:
Composit ion CLEAN SILICA SAND _
Gradation 10-20
Inst. method
Volume used
Depth ss"

POUR DOWN HOLE

to 92 f t .

GROUT

Composition CEMENT/BENTONITE (5% SENTONITE)
Volume used
Inst. method TREMMIE
Depth to

to
f t .
' f t .

REMARKS: GROUT LOSS O 30' STOPPED BY

ADDING SAND AND B£NTONIT£ CHI IPS TO GROUT

WELL DETAIL (AS BUILT)
92-RD-113

NOT TO SCALE

-1 METAL
CENTRALlZERS

CEMENT / 5:
SENTONITE

GROUT

SAND

BENTONITE
CHIPS

10-20 SILICA
SAND

BENTONITE
CHIPS

(ISO LBS)

NOT TO SCALE



DRILLING LOG """'""CENPS-EN-GT-CE "'"'"'^"'HOWARD HANSON DAM ^ -5 ^£T.

1. PROJECT 10. SiZE AM3 ITPt Of 911 8" OOEX

2. LOCATION < COORDINATES OH STATION)

3. DRILLING ACENCT R AIR ROTARY-T-iW
ANDREW WELL DRILLING — rrr; •

= • ^ — 11. I01AI NO. Of OVER- 'OI5IL»(BtO 'UNOISTLDftrn
«. WOLC *O. (AS SHOWN 0*1 OWAWMJC T lTL i 3UHOCN SALJN.CS TAAt> . 3 '

aMl Fi t f ..oiaFa, ai-an-ll.d

5. HAUC Of ORI4.LER

«06f
6. QMCCTIOH Of UOU

(3 vtRTKAC Q If

— M. 101 li. NUHiMR CO«E BOXES

:RT OEWILO '*• EtXVATION 0>OUMO «A1ER

MJ. OATt «X£ '.STA«TCD ;COUIN.CTEO
«»«rn .vr. nK»j >^=T . tJ-l-yj . f '3-93

._, 17 E1EVATION TOP OF MOu:

'- ""<•"*" * *•«•«*" J36.5 u I.TA, r«r ^r^« M .

fl. CtPTH OWILLED IMTO SOCK Q ^ M^.g'

9. TOTM. XPTH of KX£ 336.5 RlCHAf

g

0£PTH

-

1

10 — •

20 ~

30 -^

-10 —

-

50 —

60 —

80 -^

90 —

100 -

u«« O.ASSIf ICillON Of WUIERIALS

9ftOWN (X*1/SILT AND O.ATF.Y CflAVEI.
CONSISTING Of «E»1HERED 1MCU.AJ!

ANOCSI1E J>C9ei.CS ANO ROCK CLTTTINCSt
LOO^C , UOIST

SHSTUS^ow^w a 'TET

ANOESITE aOU.OCR

LAACC caaeLCi Of FRACTIKCD ANOCSIIC.

LOOSE

CJMWCS Of AM3ESITC C0881E5. C«i»El.S

AI4) 90O1.0CRS "IIH CRCT/8ROWN TO SAOWM

SlU/CUT. 1005E 10 OEWSC

CUTTIHCS or AMcesne coeeus AM]
BOULOeRS "ITH SOX CREY aAT/Slc.r.

DOM

AHO SICHATURt Of NSPtCTOR

»0 £. SMITH

INTER*
aox o«

NO.

©

©

OfllLLJNC line, vaiea LOSS. OEPlu
OF ^alwSRiMG. ETC. IF SIGNIFICANT)

DRILLED «ltH S- OOCX SIT CO«URH£HT

•ITH «'/,- 10 STtEL CASING 8T 00«N-

TK— OLE HAAIUfR

ORItLINC fl.UIO RfTUBN SUJUA.-r

0-19 FT, AIR OM.r

19-31 FT, NO UtTUtat
31-n FT, 2S-4OZ »£TL«N

37-J2 fl, HO UtlUBN
42- IIS fl, IOOZ RtTUHN

IIS-CJO fT, NO RETURN
(TO- ,40 TT, IOOZ «£TURH

l5O-li9.i fT: HO RETURN

159.1- I7O fT, IOOZ RETURN

(TO- 172 FT, MO RETURN

IT7-I93 FT, IOOZ RE1URN

193-195 fT, HO RETURN

I95-2SO fT, 1001 RE1URN

2SO-277 fT, C20Z RETURN

2"-3JS.S fl: IOOZ RtltBN

S.x.v. • Oflf S/7/-13 1077 til

S.w.L. • ORT S/8/93 (g7f r1 '

.

^.- —

—

.

"

-

ENC FORM 1836 rwvious COITIONS «£ oesatrt
UAK Tl
VT «0 MXXXFICO.FOK CAOO 8T CCHPS

KCieMO-F"*" PIEZOMETER
INSTALLATION 93-RO-II4



r>

OR.LLINC LOG (Coot Sheet. HQ|(J NQ_ 93_Rn_ ( ̂

WOfCI IHSTALUIIOH IsKEI 5

PIEZOMETER INSTALLATION HOWARD HANSON DAM L, 7

aww

L£V?L

'T '

OCPTM

100 -

110-3

-

-

140 —

4
160 —

—

170 —

—

180-jJ

—

190—

200-^

210-3"

220 -

LECEKO

-.

CXASSIftCiTIOM Of UATEHUI.S

(OeSCHIPTICW)

CUTTIXCS Of A*CeSITE «/ «3 SILT OR

a «T. LOOSE

CUI1INCS Of L*«Cf» ««OE5ITE C08B1.CS »ITM
VARTIHC AMOUNTS Of O.AT AMO SILT ICA£T/
9HOWNI! OCCiSIOHAi LOOSC Cff.H 20>CS

»<f>t FLUID LOSS OCCLRC.O; ALSO. SLB-

ANCULAR. *tAT><RCO A»CCSITC PEBBLES u**

TO r BCLOW 1ST-. 0£MS£.

CUIT.NCS Of LA«CC UOCSITt C06SLES/
80U.OCW A«0 SU8-A*U.« ¥£iri€R£0

AMXS.ITC /tOflLES IS AOOVt «nu uORt

CLAT/-SILI AM) TMN LEKStS or SWOT.

AMXSItt 9OU.KK

COMtlHOtO

IHTC*-

4

90« oil

"0. ""nA* iSTnc" 'sSrSS1, *•

S.K.L. • 0«T S/«/93 10 ISM

S.H.L. • 0«1 i/9/IJ 10 H7-I

••.

roAUATION WATCR • JOO'»205.S'

FOmuTMN (ATCR • 2KJLS'-2M.5'

i.«J_ • 174.0* VIS/95 (02K.S1

-

-
~"

-

^_

-

—

—

—

_

•~

1_

-

—

ENC FORU 1836-A nwiaus CMTNKS MC MSOUTC.

ro« TJDO

PIEZOMETER

INSTALLATION 93-RO-IMT «./ — /



•>!€ ~0 MM •««•• r»0 IJ-ll

DRILLING LOG (Cent Sh««t) - _

PD&JCCr IWSTAJJ.ATION

PIEZOMETER INSTALLATION HOWARD

««„«

»»TEB

Sties

V
2so. av j.c.

OtrTH

220 -

230—

240—

250-3"

-

270-^

280— -i

300—

310-3

320-^

340 -

«

<«scmrtiON>

l»1*« *XI V4MTC U43CSJTC. VCHT n*»*O

"0 OtNSf. WITH C068US Of TK SU<
TOOC »T TME TOT iM> BOT7OU Of THIS
MTEKVU.

cuitT. von SIITT artoww luor. IMCU.I*
UUV^L U«Of,SITtl AM) KOUrOCO ("AtvCl.
!UlltD HXUNICSJ WITH MUUtnOUS 3flOwv

\A»« C*ET SHT/O.AT &AU.S

y.lC^ll.r r?l SH.TT ISffOWM WCLL-AOUK7CO
CAAVCLS Of UIX£O ICNCOUS ORIGIN IJP TO
r iCROSS. 1M) CU1TIMCS Of '051181. r
(.»««« OUVfiS. AM) TRIM LATtRS Of
utDIUU SAND, uSDIUJ TO LOOSE. POSSIS.T
0«r TO JTT. AISO SOU£ TWM SUT/ClAr
UHS£S. KG CLArcr ouvtL <*H SOTTOU.

BOTTOM • JJSJS-a-C.

U4TCR-
YAt

4

HANSON 0AM (o, -, ̂ ^

tun OR

HO.

©

0

CD

®

©

0

;

•C1UMKS

:0« 2l«-25« UAT (M ii»T „,), „
«*lt» 3OKIMC

S-«.l_ = 0"T S/18/95 I02S4T

1-W.L. . OBT S/ll/93 10 JTfl

S.w.t. • 260.0*6/14/93 <O ?S '̂V
S.w.L. • ?'*}. 3" 4/ 19/93 to ?9Vi

iK.t.. • 3«0.r S/M/91 <« 3I7T

s.»j.. • OKT «vn/n uao« IOOT~I
S.»̂ . 282.r «^<V»J » J34J1 .._-
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U.S. ARMY CORPS OF ENGINEERS. SEATTLE DISTRICT

WELL COMPLETION REPORT
Pro jec t PIEZOMETER INSTALLATION. HANSON DAM
Completion dote 7-3-93
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W

Operator ROBERT OEWILO
inspectormcHARO E. SMITH
Depth 336.5 ' Datum GROUND SURFACE

HOLE D A T A
Size: 8 in. to 336.5 ft.

in. to ft.

CASING
Type STEEL (REMOVED ALL BUT lO'l
Mfr.
Ht. above gnd. surf.
Drive shoe YES (REMOVED DURING COMPLETION)
j ize: 8 V, in. to 336.2 ft.

SCREEN
Type SCH 30 MONOFLEx
Mfr. CAMPBELL
Composi t ion PVC Did. 2"

Fittings: Length Die.
Riser ,..
Tailpipe 0.:=.. 2..

FILTER
Source 3Af~'S noo LBSJ COLORADO SILICA SAND. INC.
Composit ion CLEAN SIL ICA SAND
Gradation 10-20
Inst. method POUR DOWN HOLE
volume used 20.5 FT1/ is FT'
Depth 200 to 229.9 ft.

259 to 295.5 ft.

GROUT
Composition CEMENT/BENTONITE (S'/. BENTONITE)
Volume used eoo GALLONS/SO GALLONS
Inst. method TREMMIE
Depth 0.0 tO IA7 Q ft.

229.9 to 240.2 ft-

REMARKS: PULLING CASING WAS VERY DIFFICULT

AND COULD NOT ADO GROUT AT BOTTOM UNTIL

CASING PULLED, BUT FORMATION COLLAPSED INTO

THE HOLE AS FAST AS CASING WAS REMOVED.

270' OF WIRE LOST IN HOLE AT 257' AND WIRE

BUNCHED AROUND STABILIZER AT 220'. 281. 5' OF

WIRE AND 1.5' OF REBAR LOST IN HOLE AT 271' B.C.
*

WELL DETAIL (AS BUILT)
93-RD-114

NOT TO SCALE
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No. 93-RD- I

DRILLING LOG C£NPS-£N-GT-G£ HOWARD HANSON DAW
SXET |

'• ««X£CT 10. SIZE AND Tim or an a" OOtX/6 V.' TRirnwr
PIEZOMETER INSTALLATION J7J HATI^ roo rirvATicM SHOW < T»i at **., y££

2. LOCATION (COORDINATES OR STATION!

3. DRILLING ACENCT
ANDREW WELL DRILLING

f ACnjH£R"S OESICHATION Of 0«IU

IR AIR ROTARY - T4W

«. »GLE NO. (AS SHOWN ON CRJ¥lsC-;[ U.E 3UROCN SAWICS T A A £ N ', 12

S. MAU£ Of OfllLUR
Roet

s. OIRECIIOW or HOL

(S VERTICAL. 1 1 t»

1ST OEWILO I1*- aEVAi.oN CROUKO «ATTR

^X£ lSTAJ(TED 'CO*
ta INTO «c_ fRou VTBT — ! 5-18-93

. IT nfvATion TO» iy x^£

UKHSTLR8EO

•TETEO
6-5-93

9. TOTAL DEPTH Of HOLE 394' RICHA

Jl£VA,,OH OCPTH

\

10 —

20 —

30 ~

40 —

50 —

60 ~

70 —

-

80 —

90^

• —

u«» CLASSIf IC*TION Of UATERIH.S
'C6 SCRIPT ION I

SILTT. SLICHTLT O.ATET. SLICHTLT SANOT
CRAVtL. UOIST TO ORT. BECOuiNC OflT *|TH
DEPTH. LOOSE. 8ROWN TO TAN. OCCASIONAL
!ON£S Of LAflCE C06BLCS.

CRAVEl. vl TH A uITLt SAHO. 50»-t iiLI
ANO C^AT. ORT CHANCING TO uOl S T »'TM

C3AVEL *RE ANCU.AR PFB6LES *MO CUHiNGS
V ANOCS'IE ANO OIK" VOLCANIC ROC«S.

ANCU-Afl CRAVEL <PE86LES ANO CUTTII*CS
Of ANOESITE ANO OTHER VCX.CANICSIWITH
COARSE SANO ANO s<*C SILT. TAH.

POSSIBLE WEATHERED HORIZON

SIITT. SANOr CBAVEL ANO (XAT. ORANCE-
BRCWN. GRAVELS ARE KEATKEREO ANCUI.AR
AMXSITE ANO 3ASALT CUTTINGS ANO
PEBBLES. LABCS COBBLES ARE PRESENT NEAR
THE SASE Of THIS UNIT.

SLICHTLr SILTT/CLATtT GRAVEL US ABOVE.
EXaPT NtXTOCB SLO-flOUNOEO PEBBLES
LOCATED NEAR THE TOP Of THIS UNIT).
OftuKX-aKmN TO worn. O.AT IHO SILT
COKTEHT OCCKCASCS OOWNWAKO.

ANO SIOATURS Of INSPECTOR

RO E. SMITH

S CORE

ERr

SO« OR

HO.

0
t

©

REUA/US
IOBIU.ING Tl»£. VOTER LOSS. DEPTH

f vE«TKRING. ETC. If SICNIFICiNT,

ORIUEO WITH OOEX BUTTON SIT DRIVEN
BT OOWN-TME-HOLE HAULER
CONCURRENT «ITH > '/.- IO STEEL CASINC

DfilLLIHC flUlO RETLBN SOUUAHT

0-A] f T AIR CiROXiHOH
-• -TO fT SO-6CX RETWN
TO-2ITTT IOOI RETURN

2I7-23OTT AIR CIRCU.AIION
J!0-2«2TT IOOT RETL«N
2<?-2<»fT AIR CIRCULATION
2««-J9-«rT IOOJ RETURN

'

-

—

-

—

ENC FORM 1836 PREVIOUS COITMHS us. OBSOLETE. . .. |W««CT P|EZOMETER JHOLE HO.

u« 74 SD» x> UOCMFIED FOR c»oo BY eo« . INSTALLATION 93-RD- IIS



TIM dOITCDi i*--tc-i-»Tj 13.^4

DRILLING LOG (Cont Sheet) , _-.
Hole No. 9J-RD- 1 |^

PIEZOMETER INSTALLATION

ELEVATION

WATER
LEVEL

STACS

T
I7i.<5- 8.C.

OCTTH

no —

120 —

130-^

iso -q
-

•«•

160 —

170 —

180 —

—

190 —

—

200—

-

-

210—

—

UCCWJ

.

HOWARD HANSON DAW a t

ICCSCKIPT10WI

5«0«K. CRAVQ. CONSISTS OF UCU.AR
PfMLES U« CUTT1NCS OF AMXSITE
*«0 OTMtR VCLCAMC KOCH. LATtRS Of
0«M 3ROON TO BROWN aAT/^ILT 1LSO
P«£SEMT.

CL*T£T »NCU.AB OAVEL «« CUTTINCS OF

lADCfR CRAVELS POSSIOLt iTT-m.i'

ILICXILT SILTT CUTTINCS Of LlRCCR CRA«EJLS
is CKscnieeo ABOVC. ucxr BROWN

CLAT iKO CUTTINGS OF CRAr-CREEN PTRnt-
RlOi XNOESI1E C068US. CHAT 10 OUT-8ROVN

SILT WITH UINOR a*T AND CUTTIHCS Of
• 01KRCO CRAT-COCCH tHOCSlTC IPTRI1C-
RICM COeBLtS. CHAT TO OUT-eAOWN.

LESS SILT WITH DCPTH AM) COLOR
CHANCES TO BROWN AT MT AM) OCCASIONAL
our CLAY BALLS Jfiv> yar.

'•

COLOR OF SILT CHANCES OACK TO CRAT-OROVN
AT 212- AMI TO OUT AT 215'

ENG FORM 1836-A PRCVIOUS OMTIONS ARC OBSOLETE.
UAff Tl

RtCOV-
ERT

4

8O> OR

MO.

®

0

' ^^ ILi. J ̂ *C T IMC, v^Tfr* LOSS fWTij
OF ^.THERINC. ETC. ,F StC-IFTcW

S.».L = ORT 5/2S/9I co UTT

S.«.L . ORT 5/7S/OJ -0 11?"

•

S.w.L " ORT 5/?'/1! l« I'T'l

fORUATION WATER AfTER JOr

OCNSE ORK.LINC PAST 7O«'

S.».L « n5*S/Si/<l <* 2"''

I

_

1

r
—
—
—

~

—
—
—
-

i.
—
-

|pncv«a PIEZOMETER HOL£ HO. ... - TI

INSTALLATION 93-RD- 115^- /



OR.LUNC LOC CCoor S^t, — — Hole No. 93-RH- M<

wwjECT INSIAU.AIIOM ucrr 3
PIEZOMETER INSTALLATION HOWARD HANSON 0AM „ a ,„„.

U.£*ATION

•ATM
Uvtu
ffiSz

225. OO' B.C.

OC'TH

-

230^

—

2*0—

—

2->0

—

260— j;

-

270-^

280—

J

2<30 —

-

300—

310^

320—

330-^

31Q ~

L£«K CLASSIFICATION Of UATERI4LS
lOtSCBIPTIONl

ocwsc O«T TO UO4S7. yi.T/cLJ.r. OAflt our.

a-if/rii iS iflovt »hO ntxitcto f»t TO
coiffa: ptsstc CR*VCI of unto icxous
OKICIN. OUT INC KHSC.

a£"< »"VtR MivaS cBCUMJEO UIIED
ICKOUS »w CUITIHCS of sup. UIXM
OT*T-eftOwrJ SILT. UOOSE.

L^« coeaits of omt CWEN ioesirt
»»o «£o-oB»«ec ciAT/sur a*u.s. OCNSE.

CUTTIHCS Of 0»PH OHEH i«3£SIT£
aomotii/Bo« SL»«.

UCOIUU TO v£HT Fl»« W»I«D CKtT. C«£EH.
«H|T[. 1M3 RED UX) »NO CRAT SILT.
XCiSIOKM. CUTTINCS Of 0€COt*>OS£D CBAT
ROW «ITH 0£C*rtO RED 4K) CRSEM UINf»>LS.
vuriNC lucuMTS or a" AMI SK.T KITH
OCCASIONAL 1MIM (X^r/SILT LATCRS. ROCX IS
XWW AX) CE"CMTCO. POSSIIK.C ClACIAL TILL.

: CORC
RECOX-

ERT

a

SOX OR
SAA*>UF;

NO.

0

©

0

CO

0

©

RCUAJtts
IMIU.INC !!•«. VATER LOSS. CEPTM

Of ^ATKRINO. 6TC. ir SIO«ir^L,7

HO FOfOAATICM VATCR
23>.s--2Jr

«AT£R ?]«--?«S'

HO fOAUATION «>ICfl
3«'-29<-

S.».L > I3O.<- !•«•« 10 Jin

ORIUCD «ITH 5 y,--TRICON{ 31' "C
»O CASINO AOv«»CIO I>»SI JS1.V

•

*

S.».l_ • 2I4.S' S/J9/93 (« 35<n

J-

:

—

_.

£NG FO«M (836-A mevwus ojrriow i« oasotnt PIEZOMETER
INSTALLATION

*• , on , ,.93-RO-M5 _



I oni<x flu:.
i»K ma Tin i «-****-1 ̂ 3 13*31

DRILLING LOG (Coot Sheet)
Hole No.

PIEZOMETER INSTALLATION

aev«H» KPT*

350 -£

360-^

380 —

390-^

—

400—

«.

93-RO-II5
INSTALLATION

HOWARD HANSON DAW
a4s^^?crii$

CONTiNUCO

nne TO uconju 5110. our ANO "Hire.
IlTH VJLATIMC AJJOUTS Of CAAT SO. 1 1MO
a. A T IKO FLAT <LMCU.JJ* O/TTINCS or
CHAT. 8«177(.£ SILTSTOK (71 wtM
OCOSiOAi. SJM) SIZED CHAINS CuSCOOCO
•IT HIM

POSSlflt£ WOCS1TE 90U.X* *T 29?'-?93.S*

307 TOU Of HOL£ l 194*

ENC FORM 1836-A WEVWUS awiioto ME OBSOLETE,
UW Tl ' '

I co«t
necov-

£"T

....-

SOX OR

MO.

©

5*5

SK££T 4

OF 4 •UfCit

IOBILLIM: TI><. V«TE« LOSS. OCPT-
0= Kt«T«BlMi. ETC. IF JI&Nl'lCill"

.

"**" PIEZOMETER

--

(O )*?•* !

—

HOLE MO.

93-RO-H5
> uoo<rie>



U S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT
Pro jeo t PIEZOMETER INSTALLATION. HANSON DAM
Complet ion dote 6-5-93
Contractor ANDREW WELL DRILLING SERVICE
Rig INCERSOL RAND T - 4 W

Operator ROBERT DEWILD
InspectorpiCHARO E. SMITH
Depth 394- Datum BELOW GROUND

HOLE D A T A
Size: 8 in. to 257.6 ft.

7 in. to 394.0 ft.

C A S I N G
Type STEEL
Mfr.
Ht. above gnd. surf. 2.95'
Drive shoe YES (REMOVED DURING COMPLETION)
Size: 8 '/4 in. to 257.6 ft.

SCREEN - IO' THREADED
Type SCH 80 MONQFLEX
Mfr. CAMPBELL
Composit ion PVC Dia. 2" ID

Fi t t inas : Length Dia.

0.35" 2" iO

F ILTER
SouroeBAGS (I00 L8S) COLORADO SILICA SAND. INC.
Composi t ion CLEAN SIL ICA SAND
Gradation 10-20
Inst. method POUR DOWN HOLE
Volume used 12.5 F T 3 / 5.5 FT3

Depth 200.4 to 226.1 ft.
233.0 to 247.0 f t .

GROUT
Composit ion CEMENT/BENTONITE (5% BENTONITEI
Volume used 1000 GALLONS/250 GALLONS
Inst. method TREMMIE
Depth o.o to 195.0 f t -

255.2 to 394.0 f t -

REMARKS: THE NATURAL SEAL AT 228.5' TO 231.0'

(SILT/CLAY) EXPANDED AND FILLED THE VOID LEFT

DURING CASING REMOVAL. BENTONITE CHIPS WERE

FORCED INTO AND ON TOP OF THIS LAYER BY

ADDING 400 GALLONS OF WATER WHILE ADDING

BENTONITE. GROUT LOSS AT 80', 55', AND 35' WAS

STOPPED BY ADDING SAND AND BENTONITE CHIPS.

WELL DETAIL (AS BUILT)
93-RD-115

NOT TO SCALE

2.95'

7.05'

RUBBER HOSE AND
WIRE OONUT-SHAPE
SPACERS EVERY 2
STARTING A T 2(4'

195.00'

200 40'

.

0
3'

(6-3-93!

223.35'

224.00'

226. IO:

226.70"

233.00'

234.00'

235.50'

S.W.L.=225.00'-
(5-3-93)

245.30'
245.65'

247.00"

255.20'

257.60'

283.30'

?94.TO'

394.00-

x
-
\
\
\
.
\
\
1
x
^
X

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
l

:—>

(

I

mi•'"."'."'
.

• ^
ĴjnPr

\

S"
•s.

^
^
-^

• ".

. •

=

i»_

—

—

-

,C

2.45' |
t

n&$^
• •
• •

•̂̂ •v

-

—

—

3§

\
/
/
/

/

/t
/
s*
f'

s'

"vz
;T

^

W///M

I1,
I
1\

KSjSiiSHBlSjQ
HmnMiWrnrTi
BHIBH9HMMI

^^

LJ

f
GROUT

RUBBER HOSE AND
WIRE OONUT-SHAPEO
SPACERS EVERY iO'
STARTING AT W

8ENTONITC CHIP%

o-:o SILICA si"C

CENTRALIZER

BENTOHITE CHIPS

NATURAL SILT C L A T
HEAVE

CENTRALIZER

IO-2O SILICA SANO

BENTONITE CHIPS

^ GROUT

H BCNTONITE CHIPS

^

/A CEUENT/BEMTONITE
VJ GROUT <£>* BENTONITE)
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_ _ -, . -- — .'

noil i tur i nr WWONDRILLING LOG CENPS-EN-CT-CE
1. PROJECT

PIEZOMETER INSTALLATION
2. LOCATION ICOOROIHATES OS S7OTIONI

3. ORIU.IMC UfXCi
ANDREW WELL DRILLING

». HOLE NO. (AS SWVM ON OBOKINC'TITLE
*a FILE Nuneefl* : 93 -RD-n7

5. «Ai« of OR«.LER
ROBERT OE WILD

«. DIRECTION Of HOLf

(3 VERTICAL O 1*n ««n nrr. runti vr»T.

7. TKIOUCSS of ovErauwx 320'
I. DEPTH DRILLED IKTO ROOC 19'

9. TOTAL DEPTH Of HOL£ 3^9'

"';"""
DEPTH 1-ECiMO

d
i

10 —_

20 -^

30 —_

.o-j

60 -^

70 -^

80 —

__

90 -^

100 -

' -

Hole N0.93-RD-II7

HOWARD HANSON DAM « j ' ^
10. SHE A« rfFt of SIT 8- ODEX/sV,- TRirnNP

IR AIR ROTARY -T4W
11. TOTAL NO. Of OVER- ;OISTL««ED 'UfOISTififlrn

8UR1XN SAMPLES TAA:£N , 1 3 |

li. tL£VATION CftCXjKD WATER

16. DATE «xc ; 4-16-93 L___^J^23

17. FJ.£VAIK» TOP Of HOLE

II. TOTAL COR£ REGOVERT FOR SORING " T

19. NALC AM) SJCNATUBE Of INSPECTOR

RICHARD E. SMITH

CLASSIFICATION Of UATCRIAL5
lascsiPTioNi

CLAT£r SILT WITH OCCASIONAL Pta8L£S.
HOIST A«0 LOOSE. TAN/BROUN

SILTT SANOT. aATEr CRAVCL ITIME TO
uCQHJM AOUNOCO P£SBL£ CRAvCL'. ORT
AND LOOSE. TAN/LIGHT SHOWN

CUTTINGS of LARGER WAVELS UHOSUCL

iAKJT GRAVEL COHSISTINC Of PfMLlS -̂ O
CUTT1HCS Of ANOESITE ANQ JASALI.
OCCASIONAL THIM L£NS£S Of 3ROWN

:ONES OF LARGE coeSLCs.

AS ABOVC EXCEPT UAMT ROCX FR>CACNTS ARC
OXIOIZU AND HUtCROUS G4UNCIJH BROWN
axr/s«.r BALLS ARE PRESENT.

SA11E AS 33--JI- INTERVAL. SILT AMD SAW
COKTEKT VARIES S1.ICKILT THROUCHOirr

I CO«E
necov-

•RT

901 OR

MO.

O

©

O

DEUARKS
lOfllLL«C TIUE. WATER LOSS, 0{PTM Of

WEATKE3INC. CTC. IF SliHIFICANTI

(WILLED »ITH 00€X BUTTON 31 T DRIVEN
9r OOWN-THC-HOLE WAiJUER CONCURRENT
WITH f/,~ 10 STCEL CASING. SAUPLES
SAVED WERE PLACED IN PLASTIC JARS.

0- ITFTt AIR CIRCULATION
IT-IS FTi IOOI RETURN
45-47 FTi NO RETURN
'7-170 FT: IOOI RETURN
I7O-I7S FT, AIR CIRCULATION
ITV:»S FT, IOOI RETURN
JBS-V49 FTs AIM CIRCULATION

•

POSSIBLE WEATHERED HORIZON » >$'

—

—

—

-

_

-

ENC FORM 1836 PREVIOUS eomae ARE OBSOLCTC.
"AH 71
5£P »0 UOOIFieO FOR <UOO BY

PBXV^CT . H0l£ MO.

PIEZOMETER INSTALLATION 93-RO-M7



DRILLING LOG (Cont Sheet)
PIEZOMETER INSTALLATION Hole No. 91-RO- | | 7

PIEZOMETER INSTALLATION

CICVATIOH

»•'*« U"fL
url* \\t£&

4i.rt.Gi

iM.ru.

OCPTM

100 —

110 —

120 —

130 —
-

140 —

ISO —_

160 —

—

170 —

180 —

190 —

210—

220 -

LtCOC

MSTAU^TIOH

HOWARD HANSON DAM

CL'iSSirtCATtON Of UATCKIM.S
IOCSCR1ITIONI

1

i com
«£COV-

ERT

4

BOX cm

N(X

0

©

SKET 2

MKMMRS

9£CAN UAAINC WATCf l 0 C90-

*

—

—

—

—

^~

—

—

j
ENG FORM 1836-A rwvious QKTIOHS API aesoLCTC.

; Tl
<w-i urxMrirn

IpwojEa " IHOLE
PIEZOMETER INSTALLATION 93-RD- 1 17"



OR.LLING LOG (Cent Sheet, P1E20METER .NSTALLAT.ON Ho.e No. 93-RD- 1 17
«MjecT INSTALLATION

PIEZOMETER INSTALLATION HOWARD HANSON 0AM

ELEVATION OCFTH

•

220 -

-

210 —

I

=i
250 —

260—

270^

-^

230—

290-^

300-^

Tin

-

-

7*>ru

330-^

340 -

LCCENO CLASSIFICATION of UATCRIALS
(oescniPTiONj«

COHTIMUCO

SIUT CRAVtllSLa-lNCULA* 10 SLO «X»C£D
U4XSJTE *M3 USALTI AM) 'CUT. CR£T.

a*TET $1.1 OB SH.PT atr. OEMSE. OUT TO
UOIS1. OMC CS£T

atu<. HOUKOCD auvas of UIXED IKJOUS
OHICIM IM3 1MCU.AR CUTTIMCS Of S^»<.
MINOR SA<O

SH.TT. siicxTur aiTtr. s^or CKIVCLS
itNCu.'A am INC s ifO SOOOED
ceS8t.CS Of UIXJD IGNEOUS QAICIN)
*K3 aRO^N O-Attt S(l 7 o« SILTY
an

S I L T T JAM), nut sua-wxjMoco CKivEti or
UIXCO IOCOUS OAIC1N. 9DO«K

itlEBHiTlNC LiTEHS Of SLICHTIT SII.1Y.
SLICMTUT SAKOT aooeto CTAVEI. uc
UCU.AR OUVCL or UIXEH ic»eou$
OHICIM iNO SLICXUT SUIT WAVtUT
SAMO. CRTX

CUTTINGS Of LABCEB CRAT ICNCOUS ^OCK
<O£Scm«o is JEiwocs SELOW i »ct«
>X< 0«£T SJ(.T! OCNS£. » fE» dOUM3£0
CE681.ES Of UIXEO IGNEOUS 0«ICJH iR£
PRESENT THROUGHOUT. INCREASING IN
OUAHTI7T OOKNWiRO.

AI.TERMATIHC LATtRS Of C«£r (XArCT SILT.
«ET SltTT JANO AK> «CT SUTT OIAVEI.
CONSISTING Of PtMUS ANO/0« CUTHNCS Of
GRET lOtOUS ROCK OUCRI8EO AS BfCWOCX
BELOWt TOSSiatt CLACIAt TILL

aCDKOCt. C3«£T ICNCOUS ROCX UWDCSfTETl
WITH ELONGATE CKEEN X1LS AND PTRITE IN A
CRET UAIRIJ

z coat
RCCOV-

vrr

4

aoz oo
SAi*T.E

HO.

G

o

®

®

<9

©
@

0

SXET 3

Of 4 SK-rr*

ACUARU

°^ALi»lR^C-rTVTC^'-<"s- OEFTMorWEAlMERINC, HC_ K SiCNB-ICuo,

-•

^

BEGAN DRILLING «"H A &H" TRICONE
SIT WITHOUT AOVAKINS CASlX « ^<r

—

;

_

ENC FORM IS36-A mcvias EDITIOHS AKE OBSOLETE. HOLE NO.

PIEZOMETER INSTALLATION 93-RO-II7



DRILLING LOG (Cent Sheet)

PTOJECT

ELCVATION TOP Of HOU
Hole No. 93-RD- 1 17

PIEZOMETER INSTALLATION

EUvtruH

•

DEPTH

»

340 -

319 -

—

—

l£«K)

*

aissifioiicw or i
<oesc«if»T

4

IKSIALIJTIOH
HOWARD HANSON 0AM

UTCRI1I.S
10NI

3£D«OCJC CONTIMXO

-q

j

—

90TTOU < HT 3CICW OKXMI

Z COKE
RJCOV-

£«r

sox an
$*«*<.£

HO.

k

Si«£T 4

or 4 swm

flBIUIHC Tll<. wlrtR'toSS DEPTH or
•MTMT.RINC. CTC. l»5aWig3t,Cr

SM. • 213' i/6/^1 i« J«'l

S«V > 217' 5/1/^3 i» 5J9-1

—

—

—

ENG FORM I836-A PREVIOUS EDITIONS jft oasotcre.
UM Tl
SEP to uoortnj FOR cux> BY

. I HOLE HO.
'PIEZOMETER iNSTALLATioNi93-RO-ii7



U.S. ARMY CORPS OF ENGINEERS. SEATTLE DISTRICT

WELL COMPLETION REPORT
WELL DETAIL (AS BUILT)

HOWARD HANSON DAM
Pro jec t PIEZOMETER INSTALLATION
Completion date 5/17/93
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W. 8" OOEX & 65/8' TRICONE

Operator ROBERT OEWILO
InspectorRiCHARD £. SMITH:CENPS-EN-G~-GE
Depth 349- DaTum GROUND SURFACE

HOLE D A T A
Size: 8.5 in. to 320 ft.

7 in. to 349 ft.

C A S I N G

Type STEEL
Mfr.
Ht. above gnd. surf. 3.0-
Drive shoe res - REMOVED
Size: s% 10 in. to 320' ft.

in. to ft.
in. to ft.

SCREEN
Type MCNOFLE*. SCHEDULE 30
Mfr. CAMPBELL
Composi t ion PVC Dia. 2" 10

Fitt ings: Length Dia.

p^rkpr NONE '
Riser
Tai lp ipe 0.55V0.35" 2"

FILTER
Source BAGS tioo IBS. ) COLORADO SILICA SANO INC
Composit ion CLEAN SILICA SANO
Gradation 10-20
Inst. method POURED DOWN HOLE
Volume USed 35 FT J ( l97-227)/29 FT : (233-252)

Depth 197.2 tO 227 ft.

233 252

GROUT
Composit ion sz BENTONITE CEMENT
Volume used 1200 GAL (0-1911/210 GAL (256-347)
Inst. method TREMMIE
Depth o to i9i ft.

256 to 347 ft.
REMARKS: ALL STEEL CASING REMOVED DURING WELL
COMPLETION. LARGE CAVITY SUSPECTED AROUND
LOWER SCREEN FROM CASING REMOVAL AND :
SUBSEQUENT REDRILLING (SEE DRILLING LOG).
CENTRALIZERS INSTALLED ON LOWER STAGE
EVERY 40' BEGINNING AT 197'. 10.5' OF STEEL
CASING ADDED DURING SURFACE COMPLETION
AS WELL PROTECTION.
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j. Mruvi i OF ENGINEERS. SEATTLE DISTRICT

WELL COMPLETION REPORT
Project PIEZOMETER INSTALLATION, HANSON 0AM

Completion date 12/15/92
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T 4 W
Operator ROBERT DEWILD
Inspector SEN LAZO. STEVE MEYERHOITZ
Depth 2i6' Datum GROUND SURFACE

HOLE D A T A
Size: 3 in. to 201 ft.

7 in. to 216 f t -

CASING
Type STEEL (ALL REMOVED BUT 10')

Mfr.
Ht. above gnd. surf.
Drive shoe
Size: 8 '/, in. to :oi ft.

SCREEN
Type SCHEDULE 80 MONOFLEX -0.020 IN. SLOT
Mfr. CAMPBELL
Composition pvc Dia. 2"

Fittings: Length Dia.
Riser
Tailpipe

FILTER
Source BAGS" MOOLSJ COLORADO SILICA SAND. INC.
Composition CLEAN SILICA SAND
Gradation 10-20
Inst. method POUR DOWN HOLE
Volume used
Depth 181 to 200 ft.

to • ft.

GROUT
Composition CEMENT /$•/. BENTONITE
Volume used
Inst. method TREMMIE
Depth o to 176 f t -

to ft.

REMARKS: GROUT LOSS AT BOTTOME OF HOLE

STOPPED BY ADDING SAND AND BENTONITE CHIPS.
VOLUMINOUS GROUT LOSS IN UPPER ZONES STOPPED

TY MIXING IN 20 BAGS OF SAND STARTING AT 105'

>NO INCREASING THE PERCENTAGE BENTONITE IN

THE GROUT

-

WELL DETAIL (AS BUILT)
92-RD-TI8

NOT TO SCALE

i *-

10" 1

5 METAL
CENTRALiZERS -

176' —

191'

186'

196'

200'
901'

C
1

.. ' •

1
•*•*• •

• •

—
—

—
—

• • —

/

r.. . .
- •
• •

• •

•f

— CEMENT/
S:: BENTONITE
GROUT

-BENTONITE
CHIPS

-10-20 SILICA
SAND

I-8ENTONITE
1 CHIPS
— iAINU «P<U

RFNTONITF CHIPS
216

NOT TO SCALE



1

«^TH

0.0

u.>

7* i

C L C V .

U3li .3

«

«j». J

*7».O

« U . t

OM'LL,
LOS

»*
TO

ux*
-ion
*-<«
1O04

Hi
laoo*
?^^

-" w»<
- t*<
_ «i

•oo»
7^<
151

CLA«tf I C A T I O "

ro^ or *ocx

•A4IC »"0f 1 r TC

M»ociirr

Tur r »MCI

AMOtJ i rc

CD-I I

S T l T t A i t̂ JiQT HLf

0-2

CL

CD-12

OC^TK

t:3

'1.0

1».0

171.0

111.0
'T?.»

1M.O

1M.O

is-s

Cltv.

liU:3

1110.0

ujn.o

10*4.0

1011.0
IOH.O
1017:0

nt.a

m.a

SJ-S

OHILL
LO*

_

GP

OP

GP

GC

sc

ct*4*iridTfON

|*0«I> k«£LO«<*ATIC

MOCKTC k tfOf
SILT

WMKtft 1«CCO«<*ATIC
AflQCSITC * / i»T(»-
j i f i fM. UMOr 4ILT

»**-r* tutOMOATlC

SMOV CLAf. CL A«O
HLf

••••CM *acio**x*«T,c
—««ilt

1*-CT

SAMWV v/Mv\OK*«

U»OT */MM.OC>*

V/90WJCM

•»(«••« T."itmcg~i

0-3

BTB

n.»

k4. 1

*J.O

lit. }

l*J.*

ITk.O

1W. 0

lOk 0
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- «rr-£LCV. °Ĵ L CLAJS.r.CiriOM

,- TTT'nOTTT

•*o«CN AHOCSITC
•KCCCIA r*AC<llTS

TO fc' 11 .̂
A***OJI 71* tU««t«

tiJl ttlJ 7

POTTO* or >«U

iMCLC >4LC • MI* •4LO* HOflltOorAC

0-I8B
PiLLCO 10 MC. l^SS-1 JAM. m*

«>•»« CL(V. "itt1" CUAMlflCATlM

1.0 UOL.I
-. - MOICM ANOClin

ucccu r»*cwc»T»
T« k* iirc

MrnH or MOU

'•

C"f-
Iw

™G
"7""

!-

"si

Ac n • «<ll «*ioC9 a»*»~CU. OHMCI'UMO "iinMCI.

w • nonr^oioto «»«cn. u*vci'u«o •iinoti
LITTU OH W rilKl

U4MCIS. eMMCL'tANO-CLAr "HTWttl

IAOCO iAMM. MAVtitr SMM, LttTLC

1» • XMKir -WlMD I
OK « riMl.

v . nirr turn. UIWMII.T »nfw(i
ULtt k »*«Mic sarr CLAM**' L«V
cirr
e curt or LIT* r» <o. *LA*neirr
C curl *r MIW n»ricirr

Mtreii or -*u

GREEN RIVER, WASHINGTON..
HOWARD A. HANSON DAM

DRILL LOGS

Sheef of Scale as shown
U5. Army E nor. District, Seottlay/osh.

Des:RMW
Own:RMW
Chk'd:

Oat* -
FileNo.E-56-6-6r

v -



(

<

o-ao

«rn.

£(

14.0
K.O

i*. a
?4 1
J2~ (

54.0

JflLJ

CLEV.

.Jctt::

1197.0

LOC

1 ''^

li4).Qf-'"'t->'

1145 olSHV'''
1141.1
1177 1

1 L.

CL.

iSP
i H-T n|

.111 0

too*

»i»

ciu.,r,Ui,o.

UM0T

'WlUlCDOtO
WCJ»*vC!. k ii*0
aomocxs

^ir*."?.'*,""-
fo* or "ocx

G*«r-c*<r.M » Hue-
"-»*r iMOtll T k

AMCC urc r"»*c*cwfJ

«U..«

0-21

OtPTM

1.0

(1£V.

117J.7

Ull.O

oniLU
LOG

SP

. ID*

100*

"'

ci>..,r,c.i,o.

ro. or «cx

utacnt(

0-35
i* - 10 octooc*

10.' 7| 1211*9
15.5 L3 i* .1

| JD.4( H4«. 7
! J5.4J 114].7

• 9t.uC "1 4**0v« *l •»

•o^ or aocx
9*QVH ^CArXHTO
•OCX »tTC»CO

.pi 1144.4J

0-36
4 - 1 5 OCTOM* 1955

»:8

liU:
•12.
-W.7*

•̂ n.o*
•*•)•. 44

1««O* k CO»»*CT

ro» or -v
•*rr. «co
*LTC*CB *

0-23
O«ILLCO i) xc. I'm

SM

U.3

55.0
t*.o

t4f I

1149. J

tlloij

to«2 tr

SM

iff
:oo*

ClAMlMCATlON

"-1,3""

••OK CM «00

SOU*0. M.UC-CI
AMCtt l 'C

0-37

:«nJ aev. 5ffl

nrr. ;L
117V. H.

it 17. i _2S_
il»

001.

*" .1 CO*

"•"BUT m"

C»IM H.OWIM
GDHCTUlHr

i«ttl... OOUKCO
'100

uocxinc rurr

rurr

M'tM or >ta
'•€ rfttliM «.rt> i. S-J7 •«• « irt.«
10 C.I.KS .,.. OQ MM i. . ir.M.iK K ti
•••< '* «••!« KXIW CWIllIM ..r,. ,,
•"««• '• « COIM nw IK i IOKI U«M i.
IM.

0-24
0*lUtO k - 1) «OV(M«C* I'm

loOTH (LEV.

UT4.S

hJ.O

12. ij 11*1.7

0*111.
t.00

» k iitnr
» our

KHJLOO • k*'
ID* or *oc*
*«!.&*» ATE

0-49

n:odz

M*rw**i. i-*^-o •̂.••cd
atwCLtr ,

-CK - J4»OT

J4.0J 1145.0

1119.Oi
11*5.0!
115i.J|

M.rC«0 (M-9*C» "DC*

or

CO-Z5

111.0

121.0

144.0

171.0'

%T<J. r r « « . -flMi
k SOX CUT

147.0

11*1.0
sc

CL

•OCJi '"iOCTJ *0
COMLC im v/SAMO
k JH.T C U T I C L E S

'.OB.J1.C. ".'ft

lAHOT * WC*

ro» or ««
0. WAIIO.W.UC-

CO-53

Dt...

0.0

17. a

it-

It. o

71.0

7*.
00.0

T7.0

111.0

l 71 n

i it. a

IM.I

1*11

20Q a

Cl(V.

10«4. 1

UM«. T

Toi

ML

CU
i 1

LO15. 7

toil. 7

1410.
too*! 7

*•*.'

»H.l

^1.7

JJJ.I

•»«.!

"-' 7

**k.7

IM 7

Si.

5P

SP
...

SP

CL

^^_
JP

GM

5P

4».

"I
:CL

SP.

CL.'
(.L

•»rr~

<x>«i,r,wi,«

1MOT v/COOOld k

•ocx rvACNtnr*

«OCX /VMIOT1

tA^T* VZfOCI r^AG-^*rj

»«C «Ca rvMiCNrs

oxnciir »/•«««

»<rci TMIC

— «"•' "— «•

Jlirr V/IOCX *••**-
•r«Ti k ia«<
CAOH.C4 4 MM. %•<

<0. TO COUIK k

>AMOV

-10. t0 CdANtt

tul1

!Z!f """"" '
..c-

•VM.

-i'" ";
.̂ f:,?{ *"

:l. «•«•• »» CO^ nc»f» Kil" '
'. '< ncnweci ••« o»iulo •• C

0-26
Zt Jl)« '(!•«««' HI*

OCVW

u.»

*V 1

ifli.o

"». r.cl
I ' UJ . 3

11O4. ?

105V )

10)2.1

99 A 1

100*

too*

n*
"SO*

100*

»!*.
LOO*

. '5*
100*

:^>ilin C i r i o -

TOP or «ocx

WAT w O O l T t

-J»r MOCI i r t
MCCCI*

OAT AflCO'TC

CHAT k no IMDCSITC
MCCCI A

SOTTO* or HOLE

CO-54
0*ti.Ua II M1CM - 17 t«*rt. 1954

K>~

',

W.O

1

V*.

« 0 .

ti. a
nQ. '

•*.

101. a
IO7.0
ui.i
114.0

114.0

140.0
14). fl

£10.

I1O49.
1

W}.»
U3j f . '

W)4).

W17. *

U»l. *

447 t

•41.1

'«. *
4*4.1

974.!

*OV v

191 l

L O S

GM

IP
GM

GU

r.w
Gw

^L

a«*,r.«UT.o«

«OULOC*3, COUt.CS 0
SW^UR >ocx r»*c-
MCMTi «/H\. 1MOT

..otlirt ^o«

i ^>*ft-" . "?r* VU> TTB

*«OT. GO--4CI

c*** wjl01-^** ro "*c

MO*. C9«*»er

SMIOT * /C04tKC3 4

•ocx r*ic*ors

w/COMiCS, MX iA-r>
» iur. LOOM
tAMcrr . loose

»»-<<0(VB». MAf

VMds'k OiAvClir

•OCX r»*GJC«rj

** * ' U!f ?e tl**1 ' '^
M*O 4Mlsirt wccci

««( •ouxu.

t. uu-ct «r OMWO «4rt. MM » o«iu. IM< wu ml K c«w
"•" » "'«• «l l l K CKWITtMt ,. UMTWCTIM **••

0-17
O.IUCS 17 '(»u««r .

ocprxjcttv.
0.0

14 S

1J.J

t.f.0

(4.0

99,

111). •

11)4, 4

O.II.L
1.00

SM

-/ =

KM
-1
«<

ui9. j(_22*_

1112. J 15*

0*
!•

. »*

»>»u»
3>*-«!n?

U64 7! »*

ci>»rr,»T,o.

,„„ .,„,.„ W{,

"o» or »ir.
AMOtllTt MCCCI1.
lti»r.J«lit« loci

««•<> uiocurc

WOCIIT( HCCCIA

MOCtiric rurr »

UOClirc IXCCIi

9OTTOM Of ~o\.C

0-56
1951

0-57
4 • 12 ItprtMCI

CUCr.
•5T3

U.2

lan.i.
"».*

rn.

rot* or aooi
CL04CLT JOinrco.

0-58

0-52
"1.LCO 7 - 21 MM04 D*

l f c > .1 1 U1 ^

TO* Of IBCJI
— UJK GHAT

0-60

ISft-TO*

0-51
3»UUO 24, - n OCTOtCl 1955

(in.

111*.!
1111.k

«a^C

ion*

Ci.AiS! rs torsos

,'lrcUlI 4 M4XC1i #IC«

0-33
t • 4 OCCfmt*

OCFTV

V )

cuv.

»2i). *

•wOa

i*l«
7I«

1001

<!«

704

ICC*

•I»

100*

cuumc.r.0.

"ilitoSSiTc

IOU*0. CJtAT * SlUC-
WCOI >CU.OM>1IC

0-34
OHU.IO » • )l OCtOtt"

3TS?

nrru «r«t"JSci"
OH - surr

r aftwCLI.MJWd-UMO^LAr Nil

UM04. lANO-CLAr ftli
IC H«,rs » vC" 'tNC

ai - oitOAMic t iLft v anemic turr cur> •
1.9* KAJf ICI rv

01" "W'iiri1""5 " "'*" ""*
C Sii.ri. a-o*nc
conrcir

A2-

D-59
II iCMCMC* 1955

euv.

Wl '»-tVw.) -

«LJ. I
.70*

GREEN RIVEB,. WASHINGTON
HOWARD A. HANSON 0AM

DRILL LOGS

Sheef of Scale as shown
ULS. Army En ox Pis trid.SeoMeWosh.

Oes:RMW
Dwn-.RMW
Chk'dr

Date:

FileNaE-56-6-61



0-52. 0-64
OtlLLIO 11 • 1) J«u»«» !«•

OC'TW

0.3

IJ.k

)•.'

1217 1
1332. 1

tlQh. .

1 :«1. 4

' (^M^

v.'.tr

100«

1001

^*«(7» V*«0«t« «OCX

•oc-.^-oti.rc

tior ut»»is*r-
W.yE *ocx

lOM.Ld
:rX»Tn r^ry^ t L Qc] ci.*33L fJC*f'0'*

•-*.: UdQ.n

D-55
ICO t« - !) J»-u»" l«»

iOt»TM :CL£v. I LOfi I <

0-63
o t - 21 -ovewit

I I . J
(7.1

GM

^TTl
^HjwiOCI/TC .3*01*'«0«

D -69
0*ILLCO I) OCC. 1417 - I J". -''H

I 0»IUJ
'Dt^H [CLO^ j _uaaj_:L*j»»' ' iCjr iOA

O.OO 1206.1 -^-0*«*»OC» i&**vCL.

0 - 7 1
WH.U3 k • i -O1*. 1917

L12f.4—3U>*A*IC ' "Cf i i r r

•OTTO* ar ..«.£

O -63
OMILLCO 6 - 1 9 XC. 1917

sorro- or *«.£

W-l
WELL

OtrfJeUV. ("JocM

«). i I lOkJ.
u.olMua.

.
•4*4
'1.0

1O11 1
IQOV I
UJ07. I
1001. 1
1001.I
1OOO. 1

SW

OC

COMU1 »
aout.or.*s or a»cea
S*€CCl* '• » SMO*
Hi..' « * I » f i

C.SAHOT
CUP—»CT ,i*wi/t «/

-« ' ( • 4 Tl. V

•CArioiCl koci
C* i*»OT « - - t V « i.it !*••>» _ . L L I . - ;

D-56
tO 17 - L«

D*IU|
CiCv. LOG [cussiriCAMo**

u.i :m::iiS^-»
Mi r 'it -*«o .

•errow or -ou

0-3
C8SEPVATION WELL

«...
n

it. 0

M.O

iflc n

ElE».

IWCT

1079.9

;;;

V.OC

sc

GC

CL
GM

GP

GP

"oS"

ci.«,,,»..~

OQUlOCtS. COOM.1I «/
MX "OCX '"CJ. *

1IITT Cl.*'

Sllfv ./MX CO Ml. C 1

CiA'CT.

"'«»* "•« ' «"•'

•MMT*

. .
LI rrvc o* >•) "-•' *

PQO«t.f-««*OCO W-KL
ti m.c o« *• rmct

Lirn.1 M —

SO.O

[0>.l

GM

*oeiirt WKCCI
»(.rc«o

KOIUM HMO. OCC.
CCKtarCO WCCCii
*>oe»«rr.Lr .OI-KO

L' . Oltr,
I00ilpr-ip»»»»ttic, SOV»M>

0-5
OBSERVATION WELL

C-Kl

&C
. S(.0*»* k COHM.ES •*/

CH
C« - */"OC« ni*d

• LX-0*(C*" «/
IMoTllLf » So-«

w/COMACS » so— <

117k-. J ^jj (OvtMWtOtx ritUS

c»ed nNC

'i. t ill07.k

0 - 7 2
0*iLL(0 2i • » OCT

O -70

00'-
c.a

»'.*

)> .o
W.I

tlt«.
1112. k

1121.0

1117. i
1111.1.

WHL
L<K

GM

^
-ilU.''

6UMm{4LUU
OVfKm^OCN HAIU4
k n LJ» UNO)

Tar or •OCR
•AHOCSIIC. Hue . mo.
AMocsirt. <a. MTT,
I*RF «tmt« ^

""•'Up
tl*J *i

UTT.t
117).

i;]? p

H^

•W/SAMO v»fl«t» aoo

MO«(N iMCKSiTC

iNQCSirc 5*fc:i* k
»»o»«.,'«ri <o. >«j»o,

0-5

08SESVAT10N WELL

O*IIL£« it ace. ins-t) -*«.

Q-l
QUARRY HOL£

1OO.O

GM

GC

CL

JL.

«B
0.0

)O.S

etc*.
1123. »

109 J.I

«l. '*t lO*0.i

107.2 -lOlk.k
1

Ilk 1 10O9 1

a»iujr H I, ICAf t M

,„

100*

100*

100*

100*

0«C*MM*OCl«.rM.US k

ro* or »oc*

SSiil"™ »-,"•

•«*Mr»inc tKOCIlTC

•cectCNrco HCCCIA
(IN rtWlD

oue i «f . i >c«cwc» nil

1 t.o
1179,9

lllt.O

lilJ.O.^
1119.0

ttoz.t

0 - 7 5

3.3

u. t

till. 4

liu.h

OMILL

GM

3W=--

fK

wuvoe»«. s**xt k

TaS î,
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EXHIBIT B

WATER PRESSURE TESTING
DATA



REPORT OF WATER PRESSURE TESTING
Project XWP

Hole No.
Location
Coordinates N u^-

Angle (from Horn.)
Bearing
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TYPICAL EQUIPMENT SKETCH

SUPPLY LINE HOSE

NOTES (1) Use comments space if changes occur in the static
water level during lesliny.

(2) Test each interval Ji two different pressures.

SUPPLY LINE PIPE

Give accumulative total length ol supply line pifxt
exclusive of supply line hose and packer assy.

Connect packer to supply line hose onhorii. surface.
Record gaoe pressure for flow in 5g. p. nv increments
to 30 (j p in. on back of this furrn. Repeat each lime

(•I) Com. • the supply line iliameli:' or lenyth, or packer
is changed. This data will be used later in the off ice
to calculate supply line pressure.

(6) Gallon- It3! 7.4U =• liter x 3 79

(C) Column Pressure {P.S.I I - Vertical dist. frorngaije to
the smaller of packer or static water level x (0 433
PS I /h|

(71 Net Pressure ( P S I) - Gage Press i Column Preis. ••
Supply Line Press (This is (he actual internal pressure.)

HfS FORM HO (EM l l l O - l - l l i O l l
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NOTES (1) Die comments spac« if changes occur in the static (4) Com (he supply line diameler or length, or packer
water leve during testing. is changed. 1 his ddia will be used Idler in the othcc
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VALVE

(2) T e s t each interval at two different gage pressures
(

(3) Give accumulative total length of supply line pi|)e
exclusive of supply line hose and packer assy. (

(4| Connect packer to supply line hose on horiz. surface.
Record gage pressure for flow in Sg. p. m. increments
lo 30 g.p m. on back of this form. He|ieai each lime 1

5) Gallon - II3 « 7.48 " liter * 3 79

6) Culumn Pressure |P S 1 ) - Vert ical diil. lium ijj.jc lo
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7) Net PreisiJfe (P.S.I.) - Gage Press. I Column Press -
Supply Line Piess. (This is the actual internal pressure.)
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/£. 3
ar./

/, 3
P-t

P.S.I.

161

5"£
St>

&>2,
t*1-

O7
6> 7

73
73

77
77

N.t

fl««l

P.S .1.

IJI

COMMtNIS

/^. 6 P^.j/a <^/°^\

/I, . 3 P<s.,r/j g/^/H

f«it -7-€f^.<v^-<></' a "̂ /J'.-S~~.~ Lcrc\KS<

pu^p^ra^i rr,?<-t~ ffl?<n<l>\<~]

^ tTsf^^v^ V/Z-fl/^y

NOTES (1) Use comments space if changes occur in the s ta t ic I'll Com Hie supply line diameter or length, or packer

water level during testing. is changed. 1 his d^ia will be used Idler in the off ice
lo calculate supply line pressure.

(2) Test each interval at two di f ferent gage pressures.
(5) Gallon - h5 » MU - liter x 3 79

(3) Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy (b) Column 1'iessure II' S 1 ) - Vert ical Jisl. from gaye to

the smalk-f of packer or s t d t r c water level x (0.433

(4) Connect packet to supply line hose on horii. surface. P.S 1 /It)
Record gage pressure tor flow in Sy. p. iiv increments
to 30 g p rn. on back of this form He|>ea< each lime (7) Net Pressure (I'. S.I I - Gaye Press I Column Press. ••

Supply Line Press 1 Iliu is the actual internal pressure )

NPS FORM 140 |£M 1 110 I- 180 II
JUNE 198 1



Hole No.

Location

—5 Angle
Beari

(from H

<9

REPC

nil; )

roordina.M N (O 3 OSS. 12.1 r îng Si,. V"

No.

/<*-

/&
.<i_

zb
1 A.

?i

y*
5̂«-
sb
u-<^
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r"iO

yfo
;J-J_

/rz.
/^5-S
iS.S"
H7-*

/«*.?

l<n.s
/!?.$

E A 7d>3
' • V

rt m

9tm

S/.f

ffS.f
U./
/U.f
/7f,V

7?,^
/«-5
IV-S

z«».H
no
lio

2)

Lng

I'̂ i

*5
V-/

M

s.t
J.o

!»••}
111

I2.5
I2.f

ois.f^y *,*,•„

P.S.I.

Z70

^70
•3,00

3oo

300

3oo

3oo
3oo
?«>(-)
3oo
^75-

i75*

IzT'"
Sun

Z///3^

^Jiu-i^
1MI4M

2lliu^

»i» H 1

J-mfl
lu\s~5"
2mS"£
l<\vto
zv\vuo
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i-iliU]

_

End

in 3r
^uriS"
2JU44-

2IUMM

•uum
T-Ill tl

-wtt^5'
J-tti.S'i'
ItULO

xmbo

ZU\U(o

^lll(.7

TYPICAL EQUIPMENT SKETCH

SUPPLY LINE HOSE

. ]( \b^_^/PHESS\_

SUPPLY LINE PIPE -^

'?S^V<W^
*+-

\ GAGE /

GROUND SURFACE

| PIPE DIAMETER

r

Total

O

O

O

0

O

O

<3
a
o
o
o
o

_/FLO»/
^METER

\ >

Water Lavel (1)

Sun

/ f c O D

i>z<r
073S*
o8^£>
/o /o
/p^5"
/27.O
11^5
I V'-S"
/4^o
/fr'0

II* HO

£nd

lilf

IttlO

G%lO

°tt$
loif
10^0

/z-Ji'
13oo
H20

iLiS"
IL$£

)RTOF
Projec
?o°(

/t/e

WATER PRESSURE TESTING

rt,c^0

=L5.& // 70 .fi '

Ton
Mln

i

Iff

<S*

/£
j^
/£

is
'5

1 5

/^
1^

. VALVE
\ (-)

/ U

II
G BYPASS

P^.l.

t/o
go
v^

V<9
%o
ifD

80
YO

l{0

Bo

PUMP

VALVE

6

3$
^2
31
1$

3%
^o

^
.9?

Vo

t*f **4U

(P

10

3V
t/
30-

38"
3#*
32.
62-

2"3L

3"?

(• Oio
S.I. G.

• •CUf

16

? ̂

^O

^O
3g

37
3V

^2.
2-S"

5?

321

poll T

30

32-
6$
1.7
3V

?/
30
uW

7.3
^g"
Z.O

?7

Surface Eleva
Bedrock Elevc
Mater Type

6O

1?
^"3
iX
17
j/
$0

3°
<p/
az
rz
n2?

I2O

l£

V<r
/•J"
/r
i.3
'<ti.
?o
5?
Z-Z-

V?

J<?

PI

/^"/

VY

ifr.s
ILlf
tiff.
lift
Of
/tf?
/fj
I1&
Ittf

ion /al.O(e *

D«plh

Y
V
V

ŷ
Y
V
'/
V

y

Lln«

(4)

t>l

G.P.M.

0
o
o
o
o
o
o
<±)
o
<±>
o
^3

P.S.I.
16)

NOTES (1) Use comments space if changes occur in the staiic
water level during testing.

(2) Test each interval at two diflerent gage pressures

(3) Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy.

(4) Connect packer lo supply line hose on horii. surface
Record gage pressure for flow in/fig. p. nx increment
to 30 g.p.rn. on back of this form. Repeat each tirn

PlM*.

P.S.I.
I/I

COMMENIS

PuKp /S" ^pm

ll If 1-

/V.3

/' /y a '/

^' /I O "
11 / 3 *7 ii
/' t3'5~ •'
1' /3 .5" •'
ii t ~? . 3 "
'/ / *-/. O a

" 1 3 , & 'l

(4) Com • the supply line diameter or length, or packer
is changed. This ddta will be used later in the off ice
lo calculate supply line pressure.

15) Gallon •- It1 » 7 4U -- liter x 3.79

(6) Column Pressure (P i l l - Vertical Uiil. from gage to
the smaller of packer or static water level x (0.433
P.S 1 /It)

(7) Net Pressure (P. S.I.I - Gage Press t Column Press ••
Supply Line Press (This is the actual internal pressure )

NPS FOHM 140 IEM 1110 1 18011
JlINf 19fll



Hole No.
Location SPlULUlf

P^rrtin.IM N ie>3t *j

No.

/*.
•S

2i»
3^

M̂fc
v'4'-

£<l_
4»b

7*

ffr

T°P

\10

IT-O

/35
J33

/V£

/(y^

/^,e>
IL-O
i~l3
I 73

/?7

Zoo
2 eo
7.0-7
Xt>7

e /. 7&£
S

.|ni«rva

fi __/n

^ De
Btm

133.1

/i3 7
/*/7 5
/V7.5
wxr
/to.£"
73-3
(73-3
/*7'fe

teo.f
Aco,1)
zio.r
lu.S"
M.O

1.1*0

LOB

3-7

y.s

V-5

/3.3
/J;3

/v.t
(3,?
/,?.'
ie.s

lo,S

II
I3

—5 .. . Angle
"lY Baari

(from H
10

REPORT OF
Project

WATER PRESSURE TESTING

!buj_ ui< sT"
^Ji37 P^nnSi,. 4i.^*K

j/^.ra<?
P»ck«f

P.S.I.

i75
J*5
2-75
2-75

275
275
3oo
300
\i5
3?-5

1751

2-751

J-lf
T>lf

3^5"
3^5'

TYPICAL EQUIPMEf

SUPPLY LINE HC

SUPPLY LINE PIPE-*-

"3*.V<»\V^

J T S

SE

-*—

W.t*f M.IM

""'

Sun

/ 7

v^
<,o
2<7

^fl
Hi

55

45-5"
Z-!

7?

77

V

<)0

End

6f
2-31
L'i

("-?. 5

^6-

/SI
iif
if?3
50

III
IS 2.5

2.70

30 •£
ll-f

°\0.<3

KETCH

,tV r, K-i

> .̂_ /PHESsNj[

\CAGE/^

GROUND SURFACE

P5fl?S -̂W"
PIPE DIAMETER

Toul

vs
l$£
V

55

133
lit

/3?-5"
At
¥•3-
73. S
/?3
Uî *
-Ji,.̂

£?
tf.S"

Water Level (1)

Sun

/Vo3
fJ2-

/(.ffD

071-«

0135

ofS?
I230

I2.5O
(530

0?SD

<5')'i>
HI 4

IIZ*)

lltj

5

Kg>fe

3h"

Tim*

End

>Hco
H3T
^41
0735-

0-5^0

IDlo
IH 5

I3o5
/JVf
l^oS"
ofo^
0130
\\-L^

II S1

(i<«»3

/

5-C.?VUr,K0« - 53'^r

Tot«l

Mln

J5

'59
/5
/5

'f

/5"
/3~~

/5"

/i"

/5^

10
/O

5
5

I- .S.I.

^0
ga
MO

Js-O
^0

$0
sto
g'O
yd
&>
'to
%0

40
tfo
y<p
$£>

v* 1?- r
II 1

PUMP

LJ BYPASS VALVE

e

40

6C>
?,£?

ScO

O

fco
T^

l£-
-U3

^^"

3^

12-

£o

VI
t>3

Plk.lu

II-
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vo
So
T~a
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0

3o
/ff

/ f?
to

£t-
ZJ

V2-
*-/
ty

it Ofopoll T

S.I. G.g.)

t.conui

16 30

Vo
tj£

|g

3?

0

1-0

itf
Y£>

ytT"

sc.
-UZ-
f-L.

11

?"

31

^?
y<y
5
i*>
o
/<?
15
37
IO

Y2-

Vr
17
3-7

/#

Surface Elova
Bedrock Elevt
Moler Typ«

••i

60

"^Vj

To
£>

O

O

o
10

n
i

-u>
11
10

^^-
n-
1$

I2O

Z£"

3 o
o
o
CD
O

IO

J?2-
d
<i
/Y

^?
/^
7
V

pip*
131

Ff

?/

SI
$[

$ (

51
% I
sl
£/
£1
5 f
$f
SI
$l
S/
s\
SI

lion f 1 O*J. % / O lospcciof /T'1/14 C« r\\f} b* 1 1

Sheei / ot ' /

Fr-

3 r
3.5
3-5"
3 ̂
1-5"

3-^
1.$
3-i^
?-5

3<£*
3.^
3.$^
?••>
i-i
1-̂ *"

L....

l«l OC M

161

3
<2'J'

o. Y
0,1

3.7
fl.1?
^/4>
7,3
T_-

J<

jr
y.i'
.̂5^
5"
O

<0./

PS 1.

•2-3

2-3

23

i3
2-3

'L3
i^
7-3

X3

2-J

2-3
2-3
?3
2-?
i.3
•2-3

p,~.

I'l

Plou/J /& jt>^

" iS~
1C,
13

'' 13
13
i^, "

" ld> ''
a / j * *
" / ? "

/3
/ /

" 1C. s

//,
'' / ^ ''

/5

NOTES (1) Use comments space if changes occur in Ihe slalic (4) Com. ihe supply line diameter or length, or packer
water level during testing. is clianyud This data will be used later in Ihe ollice

lo calculate supply line pfL-ssuru,

(2) Test each interval at two different gage piessme*.
15) Gallon •= li3 * 748 - liter « 3.79

(3) Give accumulative total length of supply line pi|>«
exclusive of supply line hose and packer assy. 16) Column Pressure (P.S.I ) " Venical disl. from yage lo

ihe smaller of packer or slalic water level x (0433
(4) Connect packer to supply line fiose on hori2. surface. 1' S i /III

Record gaga pressure for flow in Sg. p. m. increments
10 30 g.p.m. on back ol this form. Hepeal each time (7) Nel Pressure (P.S 1 ) - Gaiju Press t Column Press. ••

Supply Line Press (This is the actual internal pressure )

NrS f OHM HO (EM 1110 1-1801)



Hole No.
Location
Coordina

T—1
No.

H-

o
2.4
2-t

3<t

iu_

d£

5~«v
-5k
9 ^f

(t\>
7*

T~

Top

6,5
i"£
pi
i4

37-r
V?5"
(rf

7*
If

t« N (Qt^}-

*
n—^

w.?
yj.<%
37. /
3%l
5A2-
51. z-
"•7
71' 1
7?. /
zt.t
ft.f
loo
IDG
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/&3

/£-3
/*•/
/£/

f'7

r^-7
/•M
V.i
/t. 1
^Y
/^ /
A>J

/?.?

?T . Angla

Bear!
(from H

19

REPC

orir.)

7 -̂2. - ^» 5 3 Pjiinfl Sljn

J ySTDfl /3,// Stallr

"•l-

loo

2.00

7.0/O

-Loo

32.̂ "
3ir
3 oo
3.
32-

O

S1

3oo
?tf>O
3*0
3(50

TYPICAL EQUIPMEh
1

SUPPLY LINE HC

SUPPLY LINE PIPE-.-

\

W.t.r M*l«r

Sun

^3«*5"

?^/ott,

^o^ ( ̂  3-

>^}Z0S

ĵ 57.s
l°^1i-\

2oS3\<\
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lo«.i«\-i
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207100
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/
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•^oMVIT

2o-<Hf».

lt,44tg

2oS"n1

toSS»(

•Zcer"»t"7
2x>».3«?T

^oi.̂ t8

7-oTT05

l&'iil'}
10W30

IT SKETCH

SE
X

Tout

<fc<?
c>

/<5^"

^/.s
/H3
355-
/?2-
7J.-J

~Lf8
•z.i-2-
39V
"7-51/
370

Water Lovel (1)

Sun

|S"|S"

15^3
o~t i*3
o7yo

cTJS-O

toi-i-

/2.I5
lt-^5
/V5"5"
ISt.0
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O73o
/Ot.0

IMS'

Tim.

End

IS3Q
\6SB
07^3
67SS-
loo?

102.7
1130
f3oo

ISlf
alii.

07V7
/03S"

1100

V

)RTOF

Projec

*>-£»

WATER PRESSURE TESTING

n -ft "*i ' f *- c^- io^O & & &t

•' ' ? '

Toul

Mln

/if*

if

J^S~

if

If

IS-
IS*
/£""
IS"
/5*
lS"

l£>
IS"

/ s

P.S.I.

I/O

1*>
i{O
fjQ

ho
go
¥0

4to
So
HO
?Jo

go

6

(t

1%

$

1

to
&
O
o
0
o
o
o
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(P
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3
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7

i. Oiu

S.I. O.

• •cor

16
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/
O
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3

MO" T

U-l
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_//_

6
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V

O

Surface Eleva
Bedrock Elev
Meter Type

f. El. ie&(;

••t

60

10

y

o
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ff

O

pip.

7.0
7.0

tH. 5
I1/. 5
py
H2
So
5<o

43.5
43.5
7?^"
n.f
ee>
8R

s

s^oyLj- n... y/j/^y
ition X^ ^3^i« <^ T / Inspector nrtf]4- {-*&-'*•£*&& /f

Sheet / of /

O«pth

—

—

Lin.

(4)

ol

G.P.M.

H.L.
o
7
6. /
^. s

2-3.7
/a-
i?.~)

13.7
Z°
/V
24

it>.1
3-H.l

C.S I.
le)

/- 6

r * U

5- z
f.z
S. 2.

ff.l-

_5- 2-
5,7,

^. 7-
?.7
•5". Z.

6-i~
s. z.
5.2-

ff M«.
P.S.I.

in

Plf*ft f-STap^.

PU^P / 3 ^ ' ''
PH -,o ?r
Pt<^/) /~2- ''
fyja 2-% "

Pt</0 /5~ "
Puny) Z-3 "
Pî A<b /7.£~ "
fit^f) 2-2- "

^^ ' /?^<' *fe^ tio f :S-fx f-*"^

Pluty* J3.,ir «/Ott\

A/w73 3<9 ^x><^-
/ ar

NOTES (II Use comments space il changes occur in the s ta t i c |1| Cunt the supply line diameter or lenijlli, ur packer

water level during testing. is changed. Tins daia will be used later in the o f f i ce

/ \ /^~A /MOW\ VALVE
V-., /PR6SS\ /FLOW^ ^

GROUND SURF ACE

KSEMĴ W'
-»-| PIPE DIAMETER

B
D BYPASS

PUMP

VALVE

(2) Test each interval al two Uifftijenl yaye pret>^ures.

(
(3) Give accumulative total lenyili of supply ine pipe

exclusive of supply line hose and packer assy. 1

(4) Connect packer 10 supply line hose on horu. su r face .
Record gage pressure for flow in Sg. p. in. increments
to 30 9 p in. on back of this form. Repeat each time i

b| Ciullun - It3 -• MU - liter x 3.79

6) Column Pressure (P S I I - Vert ical disl. from gaye to
the smaller of pacKer or static water level x (0.433
P b I ./II)

VI Net Pressure (P.S II ' Gage Press i Column I'revs. ••
Supply I inu Pi ess. (This is the actual internal pressure I

r I
NPS FORM 140 16M 1 110 I 1801)
JUNE 1981



Hole No.
Location

,

V. V V . V-,

-i Angle (from H
10

REPORT OF
Projec

WATER PRESSURE TESTING
\ \ \v x> ^v o ̂ ^t it "^"v-xjXiv/

A'-iJ^)
.

Cooidinjlel N /»*j5°0. IS 1 rjxino Sim "VAv."
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N.Q.
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\t

^2. ̂
T V

3,^
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SUPPLY LINE HOSE

SUPPLY LINE PIPE-*-
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NOTES (1) Use cornmenu space if changes occur in t ie static (4) Cunt, the supply line diameter or lerujth. or packet

water level during testing. is changed. This data will U* used later in the ullice
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DEPARTMENT OFTHE ARMY
NORTH PACIFIC DIVISION LABORATORY

CORPS OF ENGINEERS
1491 N.W. GRAHAM ROAD

TROUTDALE. OREGON 37060-9508

CENPP-PE-L (1110-1-SIOOc) 10-Oct-96

MEMORANDUM FOR: Commander, Seattle District ATTN: CENPS-EN-GT-GE (Eckerlin)

SUBJECT: W.0.# S6-245, Report of Tests en Rock Cores

Project: Howard Hanson Dam Fish Facility Feasibility Study
Intended Use: Stabilization of turn under at tunnel portal
Source of Material: Rock slope above tunnel portal, Drill Hole No. 96-DD-87
Submitted by: CENPS-EN-GT-GE
Date Sampled: ___- Date Received: 28 May 96
Method of Test or Specification: ASTM, CRD, RTH
Reference: a) DO Form 448, MIPR No. ES6-96-3105 dated 30 May 96.

b) Qur report, this subject, dated 22 Aug 96.

1. Enclosed is report of Petrographic Examination made on a portion of rock core sample No.
3. The petrographic examination was performed by the Corps of Engineers, Missouri River
District Laboratory, Omaha, Nebraska.

2. Results indicate the rock is composed of well fractured altered meta-volcanic porphyritic
meta-basalt.

3. This completes all work requested.

Enclosure JAMES K. HINDS,
Deputy Director



SB3 2 6 1996
DtiPjAGRTMENT OF THE ARMY

MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS

MR LAB NO. 4116

Sheet 1 of 1

t 3 SEP

Subject:_
Project:_

OMAHA, NEBRASKA 63102

Petrographic Analysis of Rock Core - Final
Howard Hanson Dam Fish Facility Feasibility Studv

Intended Use: Investigation
Source of Material: 2. 3 inch Diameter Rock Core
Submitted bv: Chief. CENTDL
Date Sampled:
Method of Test or Specification: See "Test Method"

, Date Received: 27 June. 1996

References: North Pacific Division Lab MTPR No. 96-0245 dated 06/19/96

SUMMARY

1. Sample identification and test methods are provided in Appendix A. Test results and
discussion are presented in Appendix B. Documentation photographs and photomicrographs
are presented in Figure Nos. 1 through 7.

2. Petrographic analysis to determine bulk rock mineralogy and to determine sulfate and
sulfide mineral content was performed on a 2.3 in. dia. rock core from the Howard Hanson
Dam FishJFacility Feasibility Study Project submitted by North Pacific Division Lab. Test
results indicate the rock is composed of well fractured (brecciated), altered meta-volcanic rock
identified as porphyritic meta-basalt with the majority of principal original volcanic rock
mineral constituents altered to chlorite, calcite and mica. The fractures associated with
brecciation are closely spaced, closed and healed with secondary minerals that include
chlorite, carbonate and microcrystalline silica. Iron ore identified in the sample is composed
predominately of iron sulfide (pyrite) and comprises approximately 15 % of the rock as
determined by modal analysis. Chemical analysis indicates whole rock sulfate content is less
than 0.1 % and the iron sulfide appears to be chemically inert based on results from sodium
and calcium hydroxide immersion tests.

Submitted by:

fc.

Douglas B. Taggart
Director, MR Laboratory 1
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APPEND DC A

SAMPLE IDENTIFICATION

1. One rock core from the Howard Hanson Dam - Fish Facility Feasibility Study Project
was submitted by North Pacific Division for petrographic and chemical analysis. The core is
identified as CENPDL # 5547 (138.5 - 139.0 ft.) based on sample identification information
provided in the sample transmittal document submitted with the core sample.

TEST METHOD

2. The analysis was conducted in accordance with the following test methodology:

The subject rock core sample was examined with stereo- and polarized light microscope
(PLM) instrumentation using powder mounts and thin section techniques in accordance
with CRD-C 57 (ASTM -856-83), -C 127 (ASTM C 295-85), -C 139 (ASTM C 294-86) to
determine gross composition, general condition, to select zones for further analysis and to
document the as-received condition of the sample. Specimen dimensional measurements were
taken and unique features recorded. Thin section modal analysis was performed to determine
iron sulfide mineral distribution. Whole rock representative subsamples were obtained and
comminuted to produce samples for chemical analysis (sulfate test) in accordance with CRD-
C 403-71 "Method of Test for Determination of Sulfate Ions in Water and Soil" and to
provide powder mounts for x-ray diffraction analysis. Both random and oriented powder
mounts were used to determine bulk mineralogy and were scanned with a GE 500 x-ray
diffractometer interfaced with a Siemens D-500 automation system using monochro-
matic CuK alpha x-radiation with an Ni filter at a stepping rate of 2 degrees/two-theta per
minute. All external instrumental variables were not altered to increase precision and
reduce experimental error. Selected rock polished sections were immersed in 1 N sodium
hydroxide and saturated calcium hydroxide solutions for 2 weeks to assess sulfide mineral
chemical stability (Method after Dolar-Mantuani).

T
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APPENDIX B

TEST RESULTS

1. Petrographic analysis to determine rock type and sample condition reveals the
following information;

Sample No. CENPDL # 5547 (138.5 - 139.0 ft.l. This core sample measures
approximately 7.0 inches in length by 2.3 inches in diameter (Figure No. 1) and is composed
of dense, dark greenish black (5G 4/1, Munsell Color Classification-wet) rock containing
grayish olive green (5 GY 3/2) brecciated zones. The fractures associated with brecciation
are closely spaced, closed and healed with secondary minerals that include chlorite,
carbonate and microcrystalline silica (Figure No. 5). Thin section analysis indicates the rock
type is classified as a dense, porphyritic meta-volcanic rock (porphyritic meta-basalt) with
coarse, well-formed, occasionally oscillatory-zoned feldspar phenocrysts of andesite /
labradorite composition in a fine grain matrix of fine plagioclase feldspar microlites
(showing flow structure), devitrified volcanic glass and abundant black, opaque iron ore
(pyrite - iron sulfide dominant, See Figure No. 7)). The majority of plagioclase phenocrysts
are corroded, having been replaced with mica and calcite which complicated the determin-
ation of the original composition of plagioclase and the rock classification. The original
matrix (especially in the brecciated zones) is partially to extensively altered or replaced by
secondary minerals such as chlorite, quartz and calcite. Granulation of the parent rock is
visible both on a macro and microscopic scale and voids created by the brecciation (Figure
No. 3) are partially to completely in-filled with similar secondary minerals (Figure Nos. 4
and 6). Bulk x-ray diffraction analysis confirms the presence of plagioclase feldspar, quartz,
calcite, ferromagnesian minerals, mica and chlorite group minerals and iron ore (magnetite
and pyrite) minerals but did not detect significant quantities of expansive clay minerals
present in the rock that would have been derived from the weathering of glassy, volcanic
matrices. Thin section modal analysis indicate iron sulfide minerals (predominantly pyrite).
comprises approximately 15.4 % of the rock. Selected rock polished sections were immersed
in a 1 N sodium hydroxide and saturated calcium hydroxide solutions for 2 weeks (Method
after Dolar-Mantuani) to visually assess sulfide mineral chemical stability. The sulfide
minerals showed only minor tarnishing after the immersion tests, with no conversion to
ferrous sulfate (bluish-green gelatinous precipitate). Bulk chemical analysis indicated
sulfate content of the rock is 0.07 % (normally reported as less than 0.1"-%).



DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
OMAHA, NEBRASKA 68102

Figure No. 1

Core Sample No. CENPDL # 5547. Profile view of the subject core showing condition and
identification information (core top - left side of photo). Core Dia. 2.3 inches.

Figure No. 2

Core Sample No. CENPDL # 5547. Profile view of surface cut parallel to the core axis
detailing variable textural nature of the rock due to brecciation. Core Dia. 2.3 inches.

Plate No. 1



DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
OMAHA. NEBRASKA 68102

Figure No. 3

Core Sample No. CENPDL 3 5547. Thin section photomicrograph detailing texture of rock
classified as a porphyritic meta-basalt. Note the elongate greenish structure (arrow) in center
of photo representing void in-filled with radially fibrous chlorite crystals. Magnification 63 X.

iM2Ur8 No. 4

Core Sample No. CENPDL # 5547. Further magnification of previous view showing radially
fibrous nature of chlorite (arrow) filling void. Gold-colored zone (same arrow) is secondary
carbonate (calcite) precipitate lining same void. Crossed polarized light. 115 X Mag.

Plate No. 2
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OMAHA. NEBRASKA 68102

Figure No. 5

Core Sample No. CENTDL ~ 5547. Thin section photomicrograph detailing fractures (arrows)
healed with chlorite and carbonate (caJcite-gold-colored) secondary precipitate. Crossed
polarized iignt. 63 X Magnification.

Figure No. 6

Core Sample No. CENPDL # 5547. Thin section photomicrograph detailing void in-filled with
radially fibrous chlorite secondary precipitate. Crossed polarized light. 115 X Mag.

Plate No. 3



DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
OMAHA, NEBRASKA 68102

Figure No. 7

Core Sample No. CENPDL # 5547. Thin section photomicrograph detailing the distribution of
opaque iron ore particles (black particles) in the rock matrix. Light colored, elongated crystals

are plagioclase microlites. Magnification 190 X.

Plate No. 4
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APPENDIX B

DISCUSSION

2. Petrographic analysis performed on the subject core sample from Howard Hanson Dam
Fish Facility Feasibility Study Project submitted by North Pacific Division Laboratory
indicates the sample represents rock classified as a brecciated, porphyritic meta-basalt,
with the original mineral constituents extensively altered to secondary minerals such as
chlorite, microcrystalline silica and calcite. The fractures associated with the brecciation
appear to be well cemented and the mineral alteration does not appear to have adversely
affected rock matrix density. The bulk rock sulfate content is 0.07 % and sulfide minerals
common in the matrix appear chemically stabile as these minerals did not produce
significant reaction or alteration to ferrous sulfate during immersion in sodium or calcium
hydroxide (saturated lime) solutions.



DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION LABORATORY

CORPS OF ENGINEERS
U91 N.W. GRAHAM AVENUE

=, OREGON 97060-9SC3

CENPP-PE-L (1110-1-8100C) 22 Aug SS

MEMORANDUM FOR: Commander, Seattle District ATTN: CENPS-EN-GT-GE (Eckerlin)

SUBJECT: W.O.2 96-245, Raport of Tests on Rock Cores

Project: Howard Hanson Dam Fish Facility Feasibility Study
Intended Use: Stabilization of turn under at tunnel portal
Source of Material: Rock slope above tunnel portal, Drill Hole No*. 96-DD-87
Submitted by: CENPS-EN-GT-GE
Date Sampled: - Date Received: 23 May 96
Method of Test or Specification: ASTM, CRD, RTH
Reference: a) DP Form 448, MIFR No. E86-96-3105 dated 30 May 96.

b) NPD Form 300, Transmittal of Materials Samples, dated 28 May 96.
c) Telephone conversations 22 May through 7 Aug 96 with Mr. Rick Eckerlin,

wherein test program and costs were discussed.
d) Facsimile report of preliminary data dated 9 Aug 96, wherein results to date

were reported.

1. Enclosed is report of tests made on rock cores taken from the vicinity of the tunnel portal of the
Howard Hanson Dam. Included are:

a) Enclosure 1, Table I, Report of Unconfined Ccmpressive and Direct Tensile Strength Tests
on Andesite Breccia Rock Cores.

b) Enclosure 2, Table II, Report of Specific Gravity, Absorption, Unit Weight, and Dynamic
Modulus of Elasticity Tests on Andesite Breccia Rock Cores.

c) Enclosure 3, Table 111, Report of Bi-Axial Direct Shear Strength Tests on Sawn Rock-
Grouted Joints.

d) Enclosure 4, Figure I, Graphical Report of Bi-Axial Direct Shear Strength Tests on Sawn
Rock-Grouted Joints.

2. Approximately 20 linear feet of andesite breccia HQ rock core was received on 28 May 96 for
compressiye strength, direct tensile strength, unit weight, sonic tests, and bi-axial direct shear tests
on sawn rock-grouted joints.

3. A petrographic examination is currently being performed on a portion of Sample No. 3. Results
will be forwarded when available.

Enclosures JAMES K. HINof PE f
Deputy Directory



CENPP-PE-L (96-245)

Howard Hanson Dam ,-ish Facility Feasibility Study

Table I
Report of Unconfined Compressive and Direct Tensile Strength Tests

on Andesite Breccia Rock Cores -, Drill Hole No. 9S-DD-37

1 . Compressive Strsnath Test Data

Sample
No.

1
2
2
3

Depth, ft.

61--62-
1132- 1132

1131- 1142

1361- 136-

Diameter, in.

2.39
2.40
2.39 •
2.39

Height, in.

5.13
4.98
4.97
4.90

Moisture
Content -',

%

2.1
0.3
1.3
0.7

Compressive Modulus of
Strength,

psi

4010
8670
7200
11190

Elasticity,-'
Ecx 10° psi

4.55
3.73
1.44
4.06

Poisson's
Ratio, <j.-

0.172
0.152
0.155
0.167

2. Direct Tensile Strenath Data

Sample
No. Depth, ft.

Direct Tensile
Diameter, in. Height, in. Strength, psi

1
2
3

51!

1122.
13?i-

613
113*
1374-

2.39
2.40
2.39

4.32
4.35
4.93

45-
200
740

N'ctes: ]_/' i ested in accordance with Rock Testing Handbook, RTH Methods 111 and 112.
2/ Moisture content of sample at time of test.
3/ Modulus of Elasticity and Poisson's Ratio tests made using glue-on electrical resistance strain

gauges.
4/ Examination of Sample No. t after test indicates failure occurred along an existing slicken-sided

seam comprising approximately 50% of the total failure plane.

CENPDL No. 5547; samples received 28 May 96.



CENPP-PE-L (96-245)

Howard Hanson Dam Fish Facility Feasibility Study

Table II
Report of Specific Gravity, Absorption, Unit Weight, and Sonic Tests on Andesite Breccia Cores",

Drill Hole No. 96-DD-37

Longitudinal Dynamic
Sample Specific Absorption, Unit Weight, Modulus of Elasticity, Sonic Velocity, V, ft/sec.

No. Depth, ft. Gravity % Ib/ft3 Ex10°ps i Longitudinal Transverse

1 59^-70- 2.55 1.7 165.7
2 Hl—m- 2.50 5.3 155.3
3 1351-139Z 2.54 3.8 153.2
3 137I-1381 - -- 0.513 3960 2540

* Tested in accordance wfth Rock Testing Handbook, RTH Methods 107 and 110.

CENPDL No. 5547; samples received 28 May 96.



"CENPP-PE-L (96-245)

Howard Hanson Dam Fish Facility Feasibility Study

Table III
Summary of Si-Axial Direct Shear Strength Tests

on Sawn Rock-Grout Joints, Drill Hole No. 96-00-37

1. 3i-Axial Direct Shear Strength. Grout-Rock Bond -

Shear Strength, psi
Sample

No. Depth, ft

2
2
2
2
2
2
2

3.
3
3

2. Comoressive

111*
111-
115-

115*
1172
1174

Average:

135-
137^
i3a-
Average:

Confining Pressure, psi Angle of Internal
5

75
-
-

230

155

85

85

Strencth of Neat Cement Grout

Test Age, days

3
7
10
28

50

_

440
-

435'
390 '

420

240
-

240

Cubes -

100 Friction, cD, degrees

..
_

365

505

435 71.0

„

390

390 72.7

Cohesion,
psi

—
—

-

187

-

.--

73

Compressive Strength, psi

3340
4710
5120
6260

Notes: I/ Grout/rock bi-axial direct shear tests made at grout age 10 days. All tests performed in accordance
with Rock Testing Handbook Method 203

2/ Grout batched with laboratory blend Type II cement (CENPDL No. 4959) at a watercement ratio of
0.49 with 20.0 seconds flow.

T
CENPDL No. 5547; samples received 28 May 96.



CENPP-PE-L (96-245)

Howard Hanson Dam Fish Facility Feasibility Study
Figure I

Bi-Axial Direct Shear Strength versus Confining Pressure,
Sawn Rock-Grout Joints
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DEPARTMENT Or THE ARMY
NORTH PACIFIC OMSiON LABORATORY

CORPS OP ENGINEERS
U91 N.W. GSAMA/M AV^NUH

TRCUTOAi.5. OREGON 3T060-3SC3

CENPD-ET-P-L ( l l l O - 1 - S l O O c ) April 10, 1995

'MEMORANDUM FOR Commander, Seattle District, ATTN: C5NPS-EN-GT (Hancock)

SUBJECT: W.O. s 95- 099, Report of Tests on Foundation Rock Cores

Project: HOWARJD HANSEN DAM INTAKE TOWER RETROFIT
Intended Use: Stabilization of intake tower buttress
Source of Material: • Intake tower vicinity foundation 7
Submitted by: CENPS-EN-GT (Hancock)
Date Sampled: 16-20 Sep 94 Date Received: 21 Nov 94
Method of Test or Specification: CRD, ASTM, RTH
Reference: a) DD Form 44S, MTPR No. £86-95-3065, dated 14 Nov 94

b) NPD Form 300, Transmittal of Materials Samples, dated 15 Nov 94
c) Telephone conversations 22 Nov 94 - 12 Jan 95 with Mr. B i l l Hancock, wherein

test program and costs were discussed
d) Facsimile report dated 29 Dec 94, wherein results to date were reported

1. Enclosed is report of tests made on foundation rock cores taken from the v ic in i ty of the
intake tower of the Howard Hansen Dam. Included are:

a) Enclosure I , Table 1, Report of Unconfmed Comprsssive and Direct Tensile Strength
Tests on Andesice Rock Cores

b) Enclosure 2, Table II, Report of Point Load Strength Tests on Andesite Rock Cores

c) Enclosure 3, Table III, Summary of Bi-Axial Direct Shear Strength Tests on Rock
Cores and Sawn Rock-Grouted Joints

d) Enclosure 4 a-d, Figures I through IV, Graphical Report of Compressive Strength
versus strain, one for each of four cores tested.

2. Approximately 90 lineal feet of andesite HQ and 4-inch diameter rock core was received 21
Nov 94 for unconfined compressive strength, direct tsnsils strength, point load, and bi-axial
direct shear strength tests. The cores were received in an air-dry, unsealed condition, and were
tested in accordance with Rock Testing Handbook Methods 1 1 1 , 112, 203 and 325.



CENPD-ET-P-L (95-099) •

3. Several tests were requested to be made within the section of core at depth 15' to 20' in Dnll
Hole No. 95-CC-35. In general, the core within this zone was heavily fractured, and tests were
rescheduled to be performed as closely as possible in adjacent areas.

"4. This completes all work requested.

Enclosures

Copy Furnished: CENPD-ET-P

James K. Hindi P!
Deputy Director



CENPD-ET-P-L (95-099)

HOWARD HANSEN DAM INTAKE TWER.

Table I

Rsport of Unconfined Compressive and Direc: Tensile
Strength Tests on Andesite Rock Cores'

Corrrnrsssivg Strength Test Data

Unconnned
Comprcssive Strength

Drill
Hole
No.

94-DD-S5

94-DD-36

Moisture" Ultimate
Depth,

feet

6.5-6.3
13.6-13.9
15.0-15.4
19.0-19.4
24.7-25.0
25.0-25.3 .

24.0-24.7
39.3-4C.O

Diameter,
inches

2.33
2.39
2.40
2.40
2.39
2.3S

3.97
3. 33

Height,
inches

4.87
5.17
5.15
4.37
4.67
4.72

S . 1 6
7.59

Content,
%

1.7
2.0
2.2
0.9
1.8
1.3

1.3
— . J

Load,
Ibs.

16,300
20,600
39,200

122,500
56,000
53,700

84,000
95,500

psi

3,660
4,590
3,670

27,080
12,430
12,070

6,790
7,913

Corrected"1

psi

3,6704

4,630"
8,740

27,130
12,440
12.060

6,830 •
7,370

<\a psi

Modulus of
Elasticity

0.57
2.11

—
—

3.26
3.42

— -

2. Direct Tensile Strength Data

Direct Tensile Strength
Dr i l l
Hole
No.

94-DD-35 '

Depth,
feet

10. I - I0 .5
10.5-I0.8
IU-I2.0

Diameter,
inches

. 2.40
• 2.39

2.33

. Height,
inches

4.83
4.82

' 4.63

Ultimate
Load,

Ibs.

2,260
1,960

480

psi

5005

440
no5

Notes: I/ Tested in accordance with Rock Testing Handbook, RTH Methods 111, 112, and 201.
I I ' Moisture content of sample at time of test.
3/ Corrected for length-to-diameter ratio.
4/ Specimen had hairline crack before test
5/ Specimen had hyperbolic open' seam before test.

CENPDL No. 5087, Received 21 Nov 94



CENPD-ET-P-L (95-099)

HOWARD HANS EN DAM INTAKE TOWER

Table II

Report of Point Load Strength Tests
on Andesite Rock Cores

Notes: I/ Specimens tested diametrically, in accordance with RTH-32.5 requirements
21 Diameter used for calculation of Point Load Index, based on distance

between points of point load apparatus at the time of failure.
3/ Specimen did not break through both points of point load apparatus

• 4/ Specimen tested with points parallel to weak planes/seams
5/ Specimen tested with points normal to weak planes/scams

Drill
Hole
No.

35

So

•*

Depth,
feet

15.3
I S . S
20.4

• 25.7
30.3
35.1
39.9
45.5
45.3
4S.7
50.3

10.0
15.3
16.2
16.4
19.5
24.7
25.5
25.3
29.5-
29.7.
38.0

Diameter,
inches

2.36
2.24
2.3S
1.97
2.22
1.S7
2.16
2.20
1.76
2.15
2.10

3.95
3.92
3.92
3.32
3.96
3.97
3.79
3.42
3.97
3.97
3.60

Length,
inches

3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00
3.00

5.00
4.00
4.00
4.00
4'. 00
4.00
4.00
4.00
4.00
4.00
5.00

Ultimate
Load,

ibs

2550
5050

530
2450
2730
1600
1630
1070
2440
2150
3990

1SOO
2020
2090
2700
1430
2040
1520
4320

950
1350
200

Point
Load

Index, psi

460
10053

95^
630
555
4603

360
220J

• 790j

465
905J

. [13

130J

135J'5

1S53

903

130J

1053

370J

60s

35'
15

1

CENPDL No. 5087, Received 21 Nov 94 /7V -



CENPD-ET-P-L (95-099)

HOWARD HANS EN DAM fNT.AKZ TOWER

Table III

Summary of 3i-Axial Direct Shear Strength Tests
Intact Rock Cores and Sawn Rock-Grout Joints

Intact Rock Core

Drill
Hole

No.

S6
S6
S6
S6
S6

Depth,
F;st

24.3
23.4
23.3
19.0
27.4

Ultimate
Load, Ibs.

12020
7700
13300
11560
9700

Shear Strength, psi
Area

Inches"

12.379
12.316
12.130
12.316
12.316
Average

10

970
625

—
—
-

soo

Confining Load,

50

—
1095

—
--

1095

psi
100

—
—

940
790
365

.Angle of
Internal
Friction,

degrees
Cohesion,

psi

33.0 SS7

2. Groui-Rock Bond'

Hole
No.

Depth.
Feet

10.S
1 9.5
26.1
27.S
16.1
[5.1
13.0
12.0

Ultimate
Load, Ibs

- S40
1160
900

3250
2050
3220

• S20
1320

Angle of
Shear Strength, psi internal

.Area
^

Inches"

4.4S6
4.449
4.4S6
12.629
12.629
12.629
4J24
4.524

Average

10

1S5

—

—--
255

—
—
--

220

Confining
25

260

—
—

160

—
—
—

210

Load, psi Friction, Cohesion,
50 !00 degrees psi

..
200
..
— — _ _

255 -
ISO

285
210 235 ,35.2 195

S5
S5
35
S6
S6
86
35
35.

*Grout/rock biaxial direct shear tests made at grout age 7-days. All tests made in accordance with Rock Testing Handbook
Method 203. Compressive Strength of Neat Cement Grout Cubes as follows:

Test Age, days Compressive Strength, psi
4
7

2S

4530-

5490
9140

Grout batched with laboratory blend Type II cement at a water.cement ratio of 0.42, and 22.4 second flow.

CENPDL No. 5087, Received 21 Nov 94
V -



CENF -L ( 95-099 ) HOWARD HANSEIv .NTAKE TOWER

Figure I

Unconlined Cornpressive Strenglh versus Strain
Nominal 2-inch Diameter Rock Core

Drill Hole No. 94-DD-B5. Deplh 6.5l-6.B'
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CENF r>-L ( 95-099 ) HOWARD IIAN-SEK .. INTAKE TOWER

Unconfined Compressive Strength versus Strain
Nominal 2-inch Diameter Rock Core

Drill Hole No. 95-DD-95. Depth 13.6--13.91
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CENP, V-L ( 95-099 )
IIOWARD 1IANSEN DAM INTAKE TOWER

l-iyure III

Uncontined Compressive Slrenglh versus Strain
Nominal 2-inch Diarneler Rock Core

Drill Hole No. 9-I-DD-U5, Depth 24.7'-25.0'
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CEN ( 95-099 )
HOWARD i IANSE'N L. ... INTAKE TOWER

Figure IV

Unconlined Compressive Glrenglh versus Strain
Nominal 2-inch Diameter Rock Core

Drill Hole No. 95-DD-U!>. Deplh 25.0'-25.3'
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HOWARD HANSEN DAM INTAKE TOWER
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DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION LABORATORY

CORPS OF ENGINEERS
U9t N.W. GRAHAM AVENUE

TaOUTOALE, OREGON 87060-9503

CENPD-PE-GE-L(1I10- 1 -8100c) July 13, 1994

MEMORANDUM FOR Commander, Seattle District, ATTN: CENPS-EN-GT-GE (Eckerlin)

SUBJECT: W.O. #94-314 , Report of Tests on Foundation Rock Cores.

Project:
Intended Use:
Source of Material:

Howard Hanson Dam Fish Passage Study
Foundation Investigation
Left abutment of Howard Hanson Dam

CENPS.-EN-GT-GESubmitted by:
Date Sampled:
Method of Test or Specification:
Reference: a) MIPR No. £86-94-3101 dated 4 May 94

Date Received: 4 May 94
ASTM, Rock Testing Handbook (WES)

b) NPD Form 300, Transmittal of Rock Cores, dated 18 Apr 94
c) Telecon 14 Apr 94 with Mr. Rick Eckerlin wherein test program was discussed.

1. Attached is report of tests on foundation rock cores from the above source.

2. This completes all work requested.

Enclosures TIMOTHY
Director

Copy Furnished: CENPD-PE-GE



CENPD-PE-G

CENPS
Sample No.
94-DD-80
94-DD-81A
94-DD-81B
94-DD-82A
94-DD-83A
94-DD-83B
94-DD-84A
94-DD-84B

E-L (94-314)

HOWARD HANSON DAM F
Report of Tests on Four

Moisture 2.'
Depth I/ Content,

Rock Type ft- _ _ ^
Andcsitc Breccia

Andesilc Breccia

Andesiie

Andesilc Breccia

Andesile Breccia

Andcsiic Breccia

Andesiic Breccia

Andcsiie Breccia

1JV.J
175.2
t O1 C1S7.5
179.9
147.5 .
150.2
35.0
53.1

0.9
7 n~.u
0.5
O f.5
O e.5

0 4A
O n.3

•ISH PASSAGE STUDY
.dation Rock Cores

F

Specific Absorption
Gravity %

2.42
2.61
2.65
2J9
i &.">^,H ji

~> "59«.J 7

"I 1">
«* / —

*) 7A_. / VJ

6.6
2.0
1.6
2.1
6.1
6.5
O.S
0.9

Uni t Unconfmed I/
Weight Compressive

pcf Strength, psi
150.8
162.6
165.1
161.4

150.8
148.9
169.5
171.9

5410
8790
9170

21920
13510
8900
18010
8320

I/ Depth to top of core.
2/ Moisture content at t ime of unconfmed compressive strength test.
I/ Compressive Strength corrected in accordance with ASTM D-2938 for cores with length to diameter

ratio of less than 2.

CENPDL No. 4936 Received 4 May 94
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EVALUATED ALTERNATIVE SITES



LEGEND

'•950,9----. ROCK CONTOUR

94-DD-83
0 CORE BORING

PRE-DAM EXPLORATIONS WITH
TOP OF ROCK ELEVATION

FISH PASSAGE FACILITY
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