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SECTION 1 PROJECT GEOLOGY

1.1 GEOLOGIC SETTING

Eagle Gorge Reservoir (later renamed Howard A. Hanson Dam) 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 in 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-1 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-1. The
fault is a west-northwest trending zone of indefinite width; its map trace is some 1,500 feet
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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 dam 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, USACE 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 Dam 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.

e 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 hydrothermally 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-1. 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 groundwater 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 1V 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 in 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 in 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. Following 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 RESERVOIR 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 RIVER 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-FooT
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:

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

e Four new wells, 38, 39, 40, and 41, each with 3 piezometers, were installed in 1979.
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e 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.

o 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.
e 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.

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.
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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 Pool Condition Seepage Condition | Critical Arc Factor
: of Safety
Downstream | 1141 Conservation Steady State 1.113
Downstream | 1180 Projected Conservation | Steady State 1.111
Upstream 1141 Conservation Steady State 2.060
Upstream 1180 Projected Conservation | Steady State 2.215
Upstream 1141 Conservation Rapid Drawdown 2.060
Upstream 1180 Projected Conservation | Rapid Drawdown 2.215
Upstream 1206 Projected Flood Pool Steady State 2.308
Upstream 1206 Projected Flood Pool Rapid Drawdown 2.308

Note: The assumed angle of internal friction (Phi) of 38 degrees and cohesion (¢ ) =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-11). 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-12).

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 PED. 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
contro] 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 A1, 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 9AS.

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 PED 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-11.
The borings will range in depth from 160 to 215 feet. Purpose of the borings will be to
determine overburden thickness, rock type, weatheﬁng, 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 tunnel 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 tunnel 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 (unconfined) 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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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 1V
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 channe] 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 in 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 tunnel collar was done after completion of the tunnel 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 FiISH 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-11. 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-11. 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:

e strengthen abutments for the cofferdam;

e 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;

o erect steel sets and excavate turn-under for the gate chamber;

e 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

e 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
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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 PED 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
PED 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) =10Von 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

Unconfined
Weathering Characteristic of Specific Compressive Modulus of
Rock Type Description Characteristic Shot Rock Gravity Strength in Elasticity in
Bulk Dry est. psi est. psi
Basalt Hard and dense, fine Very resistant Blocky and durable | 2.60 to 2.65 4,500 to 2,900,000 to
grained, concoidal 14,500 7,100,000
fracture, color black, no
alteration
Andesite Moderately hard and Resistant to Massive 2.50to 2.60
dense, medium to fine normal disintegrates
grained, irregular atmospheric adjacent to shot
fracture, color dark green | weathering
to dark gray, slight
hydrothermal alteration
Basalt Matrix. moderately hard Matrix, Breaks fine to 2.30t0 2.35
Pyroclastics | and dense, medium susceptible to granular particles
(Tuff) grained, color dark gray; | mechanic which weather to a
Nodules, hard and breakdown sandy gritty mass
dense, fine grained, color | Nodules,
black hydrothermally resistant
altered
Andesitic Matrix, soft, color light Very Breaks fine to sitty | 2.252.33 3,500 to 4,000 | 1,600,000 to
Pyroclastics | gray, uniform fine susceptible to clayey mass with 2,100,000
(Tuff) grained, and dense; atmospheric larger particles
Nodules, moderately weathering, weathering readily
hard, variable granular abrasion, and to silty clay.
texture, hydrothermally mechanical Breaks to plastic
altered. breakdown mud under
construction
equipment
Felsite Light gray, hard and Very resistant Durable and blocky | not tested

dense, fine grained,
irregular fracture, small
feldspar phenocrysts

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 | Rock Quality

0-25 Very Poor
26-50 Poor
51-75 . Fair
76-90 Good
91-100 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
IIT "Fair Rock."
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TABLE E-6-4. ROCK MASS RATING SUMMARY

RATING CATEGORY AN/BA* FLOW ROCK | PYROCLASTIC** ROCK
Strength of Intact Rock 7 7
RQD 17 13
Spacing of Joints 20 20
Condition of Joints 20 12
Groundwater 4 0
Rating adjustment for Orientation of Joints -5 -5
Total Rating 73 47
Class Il 1]
Average Standup Time (10-ft span) 6 months/12-ft span 1 week/10-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 tunnel 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 PED 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.
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AR5

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
Excavation
Element Excavation Support Dewatering Reference Design
Feasibility
Intake Channel 4V:1H Pattern Rock Necessary by Good
Bolts 5x2%2& rock drains
Drains, 10x10
Footprint 10V:1H Pattern Rock Necessary by Plate-E-17 Good
Bolts 6x6 rock drains,
Diagonal & pumping, and
Drains, 12x12 grouting
Gate Chamber Controlled Steel Sets 5' Necessary by Plate-E-18 Good
Portal Blasting or 0.C., Pattern rock drains,
Mechanical Rock Bolts 5x5 pumping, and
Means Diagonal, 4" grouting
Shotcrete
New Conduit Controlled Steel Sets 4’ Necessary by Plate-E-18 Good
Transition to Blasting by Light | O.C., Pattemn rock drains,
Existing Charges, Drilling | Rock Bolts 5x5, pumping, and
Diversion & Splitting or 4" Shotcrete, grouting
Mechanical Drains
New 48" Bypass | Controlled None Necessary by Plate-E-18 Good
Blasting & pumping
Mechanical
Lock Fish Horizontal Drill None None Plate-E-18 Very Good
Transport Tunnel | small dia. bore

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
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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  Fi1SH 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 1V 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-18. 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-12 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-18. 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 1V 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
Plates E-13 and E-14. 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 tunnel 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-1. 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-1), 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
tunnel 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
grave] 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.
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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 JONTZD ROCX MASSES

A. CLASSIFICATION PARAMETERS AND THER RATINGS

PARAMETER _ RANGES OF VALUES
i s.f;rqm ‘::“"qm“?::u )8 MPo ( 4-8 MR ! 2-4 MpPo l 1-2 MPa E%Ez:'_d
b ac e m?ggr ) 200 MP= l 100 - 200 MPa ! 0 - 100 WP ' B-soms |TE Y043
-Renng 15 i 2 l 7 [ 4 [ 2] 1] o
Orél core quotty RQO okl o s I %-90% | SC%-TM | 2%-50% | (25%
2 Ratirg 20 | T | ] | 8 | 3
Soocng of ey y3m | i-3m |  03-wm | s0-200mm | ( 50 mm
: Rating 30 | > 2 | 0 | s
Very rouh B | g gty rough aurfooes gy R — G;:m(d;:.:‘:: Fﬁ BRRE 3 S e
. Concition o joers o) e e Seperstion (| mm Seoacnen (imm | . ) Foy
Hord ot wall rocx | P Pt wat (o | Sott prt walf rocx | JOTYS doen ':“m Contruos o
Rating 25 i 20 12 | 6 | o]
igitesipee 10m  Nanme (25 Gtessmin | 26-125 dressmm | 3125 tires e
MED e R ~OR
2] Rerio 252t 0 o0-az | az-as 0.5
— xR R—— ~OR ‘ca .
| Eenmel oreitions e o (h:la:ﬁmlﬁ) |w'-rt~cm. - oo
Ratimg o 7 | 4 o
8. RATING ADWUSTMENT FOR JOINT ORIENTATIONS
on‘irrxmfddm;m Very favourcbie ‘ Fovourable Fowr Urf gvourgbie Very urdfovasrgbie
Tunness 0 l -2 | -5 { -0 -2
Rotings Foundatians Q l o =7 -15 | -25
Slaoes 0 -5 -2 -59 | -80
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 00— 8! BO— 6l 60— 4 40— 2! <20
Caozs No. . 1 i w v v
Oescrotion Very qood rack Good rock Fgir rock Poor rock Very poor (ocx
D. MEANING OF ROCK MASS CLASSES
Ciozs No. ! " ] v l v
Averoge sTond-up teme 10 yeors for Smspon (6 montts for 4 m 1oon | | week for 3 m 1000 [Shours for LSm soon |Omin for Q.5m son
Cohesmon of te rocx moss » 300 kPg 200-300 kPg 150 - 200 kPa 0C-180 *Ps | (100 kPo
|Frection ongie of #e rock mas Y45 40°-as° we-ar | e -8 | <30°

CSIR GEOMECHANICS CLASSIFICATION
OF JOINTED ROCK MASSES (1978) FIGURE E-13a




EM 1110-2-2901
30 May 97

e - A R R W S T T e e e el ol S .
Table 7-4

Geomechanics Classification of Jointed Rock Masses

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS

PARAMETER RANGES OF VALUES
1 Strength  Point-load >10 MPa 4-10 MPa 2-4 MPa 1-2 MPa For this low range - uniaxial
ofintact  strength index compressive test is preferred
ek >250 MPa 100-150 MPa  50-100 MPa  25-50 MPa 5-25 1-5MPa <1 MPa
material MPa
Rating 15 12 7 4 2 1 0
2 Drill core quality RQD 90-100% 75-90% 50-75% 25-50% < 25%
Rating 20 17 13 8 3
3 Spacing of discontinuities >2m 0.6-2m 200-600 mm  60-200 mm <60 mm
Rating 20 15 10 8 5
4 Condition of discontinuities  Very rough Slightly rough  Slightly rough  Slickensided ~ Soft gouge > 5§ mm thick
surfaces. surfaces. surfaces. surfaces OR
Not continu- Separation Separation < OR Separation > § mm.
ous. <1 mm. 1 mm. Gouge <5 Continuous.
No separation.  Slightly Highly mm thick.
Unweathered weathered weathered Separation
wall rock. walls. walls. 1-5 mm.
Continuous.
Rating 30 25 20 10 0
5 Ground-  Inflow per 10 m None <10 /min 10-25 UUmin  25-125 L/min  >125 L/min
water tunnel length
Ratio: OR OR OR OR OR
joint water
pressure 0 0.0-0.1 0.1-0.2 0.2-0.5 >0.5
major principal
stress
General OR OR OR OR OR
conditions Completely dry Damp Wet Dripping Flowing
Rating 15 10 7 4 0
B. RATING ADJUSTMENT FOR JOINT ORIENTATIONS
Strike and dip orientations and dips Very favorable Favorable Fair Unfavarable Very unfavarable
Ratings Tunnels 0 -2 -5 -10 -12
Foundations 0 -2 -7 -15 -25
Slopes 0 -5 -25 -50 -60
C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS
Rating 100 « 81 80 « 61 60 « 41 41 « 21 <20
Class No. | ] [} v v
Description Very good rock Good rock Fair rock Poor rock Very poor rock
D. MEANING OF ROCK MASS CLASSES
Class No. | Il 1} \ Vv
Average stand-up time 10 years for 6 months for 1 week for 10 hr for 30 min for
15-m span 8-m span 5-m span 2.5-m span 1-m span
Cohesion of the rock mass >400 kPa 300-400 kPa 200-300 kPa 100-200 kPa <100 kPa
Friction angle of the rock mass >45° 35-45° 25-45° 15-28° <15°

GEOMECHANICS CLASSIFICATION
OF JOINTED ROCK MASSES (1997)

FIGURE E-13b
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N 102,600

N 102,500

N 102,400

N 102,300

1 1o yine Rock BENCH

e

LEGEND

BASALT

ANDESITE

BASALT PYROCLASTICS

ANDESITE PYROCLASTICS

OOWEO

FELSITE

/ /6\0/9

APPROXIMATE BEDROCK CONTOUR

NOTES:

I. 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.

Wm0
(EEEENEEENE

Nk
8

4
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BEDROCK EXCAVATION
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E 1,763,300
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N 102.600+

LEGEND

() PROPOSED EXPLORATORY BORING
DD = DIAMOND DRILLED CORE BORING
RW-22  RD = ROTARY DRILLED SOILS BORING

A PROPOSED RELIEF WELL

COFFERDAM

0 50' 100
b ; =
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™® N~ 2z Q
°°\ o A
v 2
MONOLITH JOINTS a3 5

MAJOR FAULTS
WATER BEARING ' @

@

48 "BYPASS

A A R @

o
TYPICAL TUNNEL = N o /
SECTION = \ @ e
MONOLITH JONTS
LEGEND ’
BASALT BLACK, HARD AND DENSE APHANTIC TEXTURE
! CONCHOIDAL FRACTURE
> ANDESITE, LIGHT TO DARK GRAY, MODERATELY HARD
FINE GRAINED, IRREGULLAR FRACTURE.
ANDESITE PYROCLASTICS, (TUFF) SOFT, LIGHT GRAY FINE
5 GRAINED, IRREGULAR FRACTURE, BREAKS DOWN RAPIDLY
= FELSITE LIGHT GRAY, HARD DENSE. APHANTIC TEXTURE,
TRREGULAR FRACTURE .
"OQUTLET WORKS TUNNEL
GATE TOWER — MAJOR FAULT - | NO SCALE
T : MAJOR FAULT
o - WATER BEARING
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NOTES:

I. The potential slippage surfaces shown on the plan and sections
are overemphasized for purposes of illustration. These
surfaces , however, can be located by careful observation
of the excavation.

T - 2. Joints and faults are not diffaerentiated. .
— = = = 3. Joints are shown in approximate position and attitude of
1140 < D T — " | ~— joints is estimated from bottom of excavation.:

4. The numearouvs minar fractires and jonts are¢ not shown.

5. Rock bolts are placed on about five (5) foot centers. The bolts in the upper
20 fect of the face ar@ 3¢ feet long and the lower portion of the
face i1s secured by rock bolts 20 feet long.

lLEGEND

e __ Trace of Joint dipping into the excavation and
740 vertical angle from a horizontal plane.
Trace of Joint thot does not dip into the

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

excavation and vertical angle from a horizontal
8O Planv_. .

GEOLOGIC SECTIONS ALONG
LEFT ROCKWALL OF
EXISTING INTAKE CHANNEL

/ Rock Bolt

; HOWARD HANSON DAM WASHINGTON
-\ Assumed rock bolt location SIZE T WVITATION N0, [FRE KC. R
o B . | -
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ELEVS FEET
1200

1180 —

1160 —]

1140 —|

1120 4

1160 =1

1080 —

1060 —

1040 —

1020 —

1010 J

o

OVERBURDEN
BEDROCK
| 40 ]
I 1
S Eaee o B e ] EAhh
oo oo ooao
>
o
o o o o o o
{1l oo oo __ooao SENGH
o o o o o o
o
& oo oo ooo
o o o o o o
1 BENCH
LEGEND
DRAIN, 27, 25' TYPICAL 6X6 DIAGONAL ROCK BOLT
PATTERN ON 10v:IH SLOPE
ROCK_BOLT TYPICAL 12X12 DRAIN PATTERN
%8, 15’

TYPICAL ROCK BOLT AND DRAIN PATTERN

2” DRAIN ON

12’ %X12" PATTERN (TYP)

ROCKBOLT DN
6’X6" DIAGONAL
PATTERN (TYP)

MAXIMUM RESERVOIR LEVED

EL 1177

10° WIDE
BENCH

\
\

4B

o

\
\
|
I —

S \
=
i

MINIMUM RESERVOIR LEV

Jr:

’ \\— NEATLINES —\g\

EL 1070 __,,,_,———[}

WET-WELL FLOOR

96-DD-87
SEE_BORING LOG
IN EXHIBIT A

e

I

EL 1035

2” FOUNDATION DRAINS
7'X7' PATTERN

#8 ROCKBOLT ON
Nﬂ;k/////”//hs’xe' D TAGONAL
PATTERN (TYP)

= 2" DRAIN O

UE 20’ HIGH BENCHES
VERTICAL PRESPLIT HOLES

N
12'X12° PATTERN (TYP)

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 EXCAVATION.

2. SEE PLATE E-10 FOR PLAN.

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

FRACTURE AT 144° e EL 1023
PRODUCED 40 GPM ARTESIAN FLOW
AT SURFACE OF HOLE

BOTTOM DEPTH

R00.8 (EL 964.9)

FISH FACILITY
GEOLOGIC SECTION A

HOWARD HANSON DAM WASHINGTON

T PLATE

SIZE INVITATION NO. |FILE NO.
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ELSSET

1220

1200

1180

1160

1140

1120

1100

1080

1060

1040

1020

OVERBURDEN

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

SECTION
C
ROCK ANCHOR
EXISTING
ROADWAY ()
EL 1035
EXISTING
ROADWAY
ROCK BOLT AND
DRAIN HOLE PATTERNS
SHOWN ON PLATE E-I7
|
lof
[ PORTAL CUT #8 ROCK BOLTS
LENGTHS VARY
4 STEEL SETS
/ / TN XISTING
) i Ll UTLET
e CONCRETE JONCRETE J Y\ ] “
' 7 STEEL/ SETS |
i T — — EXISTING
@) 1 | | | | [ Byeas
/ ;A LEFT/ RIGHT BYPASS
/ 48" @ BYPASS 7 /
SEE PLATE E-10 FOR PLAN I~ /

207 10 0

207 ANDESITE

HEEHEHH

BASALT | PYROCLASTICS /(:) BASALT

FELSITE (2 )ANDESITE

1O

¢ TUNNEL

24” @ FISH
TRANSPORT PIPE

48" BYPASS PIPE

SECTION C
SEE PLATE E-10 FOR PLAN
5 0

OI

|
THH HHH n

- BASALT
- ANDESITE
- BASALT PYROCLASTICS

- ANDESITE PYROCLASTICS

OO0

= [FELSINE

NOTES:

Il 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.
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FISH FACILITY
GEOLOGIC SECTIONS B AND C

HOWARD HANSON DAM

WASHINGTON

SIZE | NVITATION NO. | FILE NO.
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EXHIBIT A

SUMMARY DRILL LOGS



DIVISION INSTALLATION SHEET
RILLING LOG | '
oRiLL s NPO N = OFD  SHEETS
i, PROJECT _ 5 [10. size a0 rvee of it NWC3 ANiraline
HHD Fisn Passcge Study ___[il. OATUM 70R ZLZVATION SHOWN(TBM or WSL
2. LOCATION (Coordinates or Station) NGVD 1929
=
N 102.291.016 £ . T63,T37.800 12. MANUFACTURER'S ODESIGNATION OF ORILL
XQ omu.mg AC|€NCY © _ Longyear 44
b n h ~ k
Lien Ocilliog ICIgric porik, igdhol (3. TOTAL NO. OF OVER- 1015 TURBED \UNOIS TURBED
4. HOLE NO. (As snown on drawing .‘Hég SUROEN SAMPLES TAKEN 4 - ) =
and flle numoer! +94-00-30 - ~
= . 4. TOTAL MUMBER CORE 3JOXES |2
. NAME OF ORILLER LYLE BALLI!NGER 1S. SLEVATION CROUNO ¥ATER 1153.3
8. OIRECTION OF HOLE 16. OATE WOLE ESTARTEO COMPLETED
X] vERTICAL (] INCLINED ———____ QEG. FROM VERT. 2 1/5/94 4/8/94
IT. SLEVATION TOP OF WOLE | |A4.7R7
7. THICKNESS OF OVERBUROEN 8.4 F T 18. TOTAL CORE RECOVERY 7OR 30RING 98.3% x
8. OEPTH ORILLED INTO'ROCX [156.6 FT. oI SIGNATURE OF | RSPECTOR
9. TOTAL DEPTH OF HOLE 165.0 FT.
z CORE | 80X OR AEMARKS
ZLEVATION | O0EPTH | LEGCENO CLASSIFICATION OF MATERIALS RECOV= | SAMPLE |(Orliling time, -ur:r loss, depth of
(Qescription ZRY Q. weathering, atc., It significant)
a a a a C .l100 ' 2
1164.8 ! GM, Silty Sanay GRAVEL =
j T with boulders. NWC3 - -
ST 00 = 2.980" C
— 10 = 1.87S5" o
=1 L RQD SPLIT INNER TUBE -
1156.4 2| || Tor oF ROCK @ 8.4 FT z 4/5/94 -
—— =] ANDESITE, soft, weatneread, - 4/6/94 =
10 === rusty-rad to gray in color. 5.0 |a ==
115378 I_'—:':i : -
>~ s
1149.3 30.3 §8 —
: TE===7 ANDESITE BRECCIA, moderareiy | ) ) =
——==X- hard, dense, wedtheread, ~40 psig/6.7 gpm/IS min [
=] rusty-red. 96.1 |C 40-21/5 sec —
20__: :::__: 21-7/120 sec. -
e 0 =
= 100 -
—_— — =
1139.7 e P = s =
=== Color change to gray-green € =
=== 8d.4 —
Bl . =
St =
30—_,-_-"":-:1— 2 40 psig/15.5 gpm/1S min [T
= —-: : e 40-17/5 sec =
== 98.4 I7-4/120 sec. =
= =
—_— i 100 |G L
::_‘-\_. : ] -
40 == 30.0 Iu —
——. v-‘.- h—
=== 40 psig/8.| gom/15 min |-
T 3 40-22/5 sec —
—£= = 34.4 || 22-8/120 sec. =
=2 from 47.4 to ST core is soft, —
SO0 — slicken sides on joints 47.4 to 64.5 Y — [
48.4 clay gouge. soft, gray 4/6/94
4/1/94 —
7.8 |K —
1107.7 / ——80 psig/8.0 gom/15 min [T
ANDESITE BRECCIA, moderately 88.3 L 80-58/5 sec -
60 hard, dense, dark gray to . 58-33/120 sec. —
black ; =
90.0 M -
97.0 |N - =
80 p0sig/9.7 gom/IS min |-
1091.9 (70 80-47/5 sec —
Color change to light 87.6 |0 AR S =
gray-green @ T71.0°, s -
with slickensides on joints: 36.1 |p [ —
75.0° to 76.0°, clayey 2 =
qouge. -
88.0 Q =
80 80 psig/I.5 gpm/1S min [
80-25/5 sec =
98.4 [R 25-0/120 sec. L
2.0 |s ° " =
90 ’ &=
98.4 (T =80 psig/0 gpm/1S min —
80-49/5 sec =
49-21/120 sec. —
90.0 [u C
‘l064.8 |00 :
cT HOLE NO.
ENG FORM (836 PreviOUS EDITIONS ARE OBSOLETE. s
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ORILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE
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1 154.7

Hole No. 94-DD-80

PROJECT

HHD £

INSTALLATION

ish Pgssage Stucv

SHEET 2
oF2

SHEETS

ELEVATION

QEPTH

LECEND

CLASSIFICATION OF MATERIALS
(Qescriotion

1

-

2 SoRE |
RECOV-
ZRY

30X

CR

SAMPLE

NO

©@riiling *ime.
wegrnering.

REMARKS

water loss, d.
If signiticc

erc.,
a

Lid

1064.3
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almm

|
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1

;

i

|

I
{
1

il
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I
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I
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{
1

|

ANDESITZ 3RECCIA, soft ro nard,
green to gray. slickensides on
joint surfaces.

65.3 |
|

| S—
—_—

30.0

4/7/94

93.2 30-4Q/S sec

40-19/120 sec.

100

[

—80 0sig/0 gpm/IS
30-43/5 sec
43-21/120 sec.

100

96. AA

|

100 |48

AC
91.2 ——30 psig/0 gpm/15
80-70/5 sec

70-50/120 sec.

NPO lapboratory test, conducted
on core 139.3 - 140.3".

Results reported 7/13/94:
Specitic Gravity 2.42

unit Weignt 150.3 pct
Absorption 8.37%

Unconfined Comoressive
Strength = 5,410 psi

100 AD

100

AE

»

[

lrlll

lllllllllllllllllllllllllllllllljlllllll_lj_lllllllllll

s
|

|

it
f
N}

|

I
{
1

j

W I(!
a!m

|

I
{
1

1

I
|

i

I
{
1

4

i

S| AF

—80 psig/S.3 gpm/
80-75/5 sec
75-80/120 sec.

ANDESITE 8RECCIA, clayey, soft,
qltered gray to green, slicken-

sides on joints. 82.5

AG

TT.1 |AH

——80 0sig/S.7 gom/
80-70/5 sec
70-51/120 sec.

4/8/94

86.2 |Al

hard © 163 ft

94.3 |aJ

30 2sig/0 gpm/IS mir

min

min

lllllllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIII IIIIII1I

8ottom of boring @ (85 ft

NOTE: Ruen Orilling Company is subcontractor to Andraw QOrilling
Co., Idaho Falls, Idano under contrat 0ACA 87-93-0-1012

Qelivery Crder No. 9

‘*NOTE
Water test data corresponds to interval shawn.

Abbreviagtions used:
80 psigr9.T gpm/ IS min
80-40/S sec
40-19/120 sec

80 psig = 30 pounds water pressurs per Inch measaured by a gauge at
ground level

9.7 gom/ 1S min = 9.7 Qallons of water per minute measured
with g flow meter for the stated period

80-40 /Ssec : water pressre drop in system from 80 to 40 psig in
S seconds.

40-19/120 sec = water pressure droo in system from 40 to
19 psig In 2 minutes

Al1l|Illlllllllllll|Illlllllllllllllllllllll Illlllllu
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ENG FORM I836-A PREVIOUS EDITIONS ARE OBSOLETE.
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OIVISION

ORILLING LQOG NPD

INSTALLATION SHEET |

NPS oF 2

SHEETS

PROJECT
HHD FISH PASSACE STUDY

10. SIZE AND TYPE CF 3T NWC3J (WIRELINE)

2. LOCATION (Caoralnates or Stattond
N 102,503,562 ¢ I,763,228.177

1. OATUM FOR ZLEVATION SHOWW 8N o WSU
NGVD 1929

[

. ORILLING AGENCY
RUEN DORILLING (CLARK FORK,JDAHO)

12. MANUF ACTURER'S DESICNATION OF ORLL
LONCYEAR 44

4. HOLE NOQ. (As srown on drowing e
and (lte rumoar) ' 94-00-31

13. TOTAL NO.OF QVER-

\0ISTURBED
BURDEN SAMPLES TAKEN ! -

IUNDISTURBED

w

. NAME OF ORMLLER
LYLE SALLINGER

14, TOTAL MUMBER CORE 3OXES 13

1S. ELEVATION CROUND WATER ||89.7

o

. OIRECTION OF HOLE
(] VERTICAL (] INCLINED

0€C. FROM VERT.

e lgAre hole .’srmrdegzvgd COMPLETED

4/234/94

7. THICKNESS OF OVERBURDEN 23.0Q FT.

17. ELEVATION TOP OF HOLE [220.307

@

. OEPTH ORILLED INTO ROCX |§7.0 FT.

18. TOTAL CORE RECQVERY FOR 30RING 39

©

. TOTAL OEPTH OF HOLE . 190.0 FT.

19. SIGNATURE OF NSPECTOR

ZLEVATION | O€EPTH

LEGEND

3 4

v

CLASSFICATION OF MATERIALS
(Cascriprion)

% CORE | 80X OR
RECOV=- [ SAMPLE (Crilling Mma, water iosX, deor of
ERY NO. weartering, arc. T sonificard)

. /£ 9

REMARKS

L
1220.3 Y CM. Silty sondy 3ravel

a

20

LlJJ-LJ-LJJJJ J.LLLLJ.,LLLU,
s | &

I

Top of rock @ 3.0 ft

197.3

Legend for [oint spocing:
widely > .5 ft
moderately 0.5 to | .5 ft
closely Q.1 to 0.5 ¢t
nigniy fractured:zorecciated

Tl
i

ANDESITE SRECCIA: Altered
dark green fo gray,
zones, oalcite

o
Bl

)
:

1189.7 FeQ

i
|

A
i

I
{

l
{

]
!

40

TRy
RIS

50

WG]
A

T\
i)

)
)

60

TR AN
Hh,

)
)

70

MRNANN
it

lllJJJLlJJLlJJJllllILIIJJIJ_IIJJJJLLIlJlJJlJlllJllJ_llllJl
{

!

il
o)

80

i
i

ey
it

90

‘.
i

Clayey Joints

87 A

91

97

i G

421794 §1‘-. bos

IlIIll[lIII'IlIIIIIIIIllrlllllIlﬂllllllllllllllllllllIllllff

A/22/94 7.1 bgs

)

1126.5

\
1

ANOESITE BRECCIA, altered Feo,
Pyrite, CaCo on [oints

g

J;‘i‘l Lol 1}])4{14 i
l

i il

|
|

1120.3

|
[

9 Q

8
é
g
;
R
5
A

PROJECT

]nou: NO.
HHD FISH PASSAGE

94-D00-81

(O Tllllll”lllll[llll'llllllllllllll[ll



DRILLING LQOG (Cont Sheet)

ELEVATION TOP OF HOLE

1220.307

Hole No. 94-00-81

PROJECT

HHO FISH PASSAGE

INSTALLATION
NPS

SHEET 2
OF 2 SHEETS

ZLEVATION

1

OEPTH | LEGENO

CLASSFICATION OF MATERIALS
(Cascrioffon)

30X QR RENARKS
( SAMPLE (Orllling rma. water ioss. death of
ZRY NO. wearher /g, ot (' signeficary}

Q0 .00l X

1120.3

1085.3

1054. 1

1030.3

T
H.

100

i

ANOESITE BREDCCIA, altered.
clayey zones, .FeQ, Pyrite,
Caicite, siickensices.

M
i

.(\
1 ){;‘f

\3' T
f
i

110

(
(

T
|

Bl

!
|

ll(lll ll;i‘l Illl 1
il

7]
I
|

i

s}}

l(lL
n{‘

d

120

i
1

,‘BE 2

l(l
|
i

i

i
1

@ 130
Slickensides on jalnt
surtaces

130

|

i
1

i

f}}: 2

{
1

Ly ]y
B

i

i

i
1

140

l,l 1L
fl

’Fﬂj;

l‘l
%f

i
}

I

ll‘i\l' .
Ul

i

)

150

:
1

T

e

b

N

s SEE NOTE ON SHEET 2
LG 34-00-30

94

30 psi/0 gom/IS min
30-81 0si/120 sec

89 y ¢

L1} z

80 0si/27.8 gom/13.5 min
[~ 80-0 0si/S sec

lllllllll_r[”r!rlllIllllllllrrr”lllllllllllllllII

v

ANOESITE 3RECCIA,
hignly aitered, lnroct

it

1)
i

|
l

~——

30 0si/30.7T gom/1S min
= 80-0 pai/$ sec

u

[
f\t

s
|

!

e

ANDESITE 3RECCIA,
altered - soft, droken.
discalored, local. clay,
FeQ, Calcite

170

i

l

180

LAl

T4

|20 psi/25.T gom/1S min
8Q=IT psi/S sec
IT = 0 psi /60 sec

T4 AG

At
80 pel /12.9 gom/1Smin

I~ 80~40 psi/S sec
40-130861/120 sec
9

it

190

i

Bottom of doring at 190.0°

g!}r

So. Gravity
Unit melont
Abeorpt lon
Uncon:

f 1
CompStr

2.61
162.6 paf
2.0z

8,790 ps!

Conduct ed
So. Gravit 2.65
Unit Welgn 165.1 pat
Absorpt [on .62
Unconf [ned

CowpStr 9.170 psl

Y3 -
aona'gto%' :-IA'%’C.I ﬁ%f!:us.r

on core I87.5 -~ 188.0

NOTES
End ot shift 4/22
cored ta I1T0.I
4
I

g;gd\l z:sh 1t
4/23 Sw, 30.6°

|

ENG FORM1836~A pREVIOUS EDMONS ARE OBSOLETE.

MAR T

HOLE NO.
94-00-81

PROJECT
HHD FISH PASSAGE
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OIVISION INSTALLATION SHEET
ORILLING LOG |
NPO NPS OF 2 SHEETS
I PROJECT - 10. SIZE ANO TYPE OF ;T NWC3  (NIRELINE)
HHO FISH PASSAGE 1. DATUM FOR SLEVATION SHOWR'GM or WSU
2. LOCATION (Caoralnaras or Statfon) NGVD, 1929
N 103,055.429 E 1.763.015.934 12. MANUFACTURER'S OESICNATION OF ORWL
3. _ORLLING AGENCY - LONGYEAR 44
| —
RUEN ORILLING (CLARK FORK. IDAHO) 13. TQTAL NO.OF OVER- |OISTURBED 'UNOISTURBED
4. HOLE NO. (As stown an drowing e | 94-00-82 BURDEN SAMPLES TAKEN ' '
and (Tle rumser)! ' = i
: 1s. TQTAL NUMBER CORE 30XES |6
. N F -
3. NAWE OF ORLLER | v E BALLINGER \S. ELEVATION GROUNO WATER | (70.8 FT
5. ORECTION OF HOLE e |STARTED COMPLETED
] vermicaL (J wecLiNeD DEG. FROM VERT. ol i . SLlas 4/20/94
17. ELEVATION ToP of moLe  [206.396 fr
LIATACKHE S S 10 OVERBURDEN I 4 2 18. TOTAL CORE RECOVERY FOR 3ORING o2
3. OEPTH ORLLED NTO Rocx 205.8 81 SICHATURE) OF | NSPECTOR
9. TOTAL OEPTH OF HOLE 210.0°
# CORE | 80X OR REMARKS
ELEVATION | OEPTH |LEGEND CLASSIFICATION OF MATERMALS RECOV- | SAMPLE (Oetillng Mme, warer Jass. Jecm of
(Caseriprtan Y NO. weattering, arc. 1 sionfTcont)
o » ¢ d o 1100 f '
£208:4 =0 l GM, Silty Sanay Gravel -
LY flroo of rock © 4.2 ft RQ0 —
1202.2 —-{;:-_{ ANDESITE BRECCIA, Altered, marcon to 21 A —
] green-gray, broken, clay In places, -
—=—=7|Fe0, CaCo, -
0 £=5 SR —
E——i’.—: | P
] -
— -
‘Ev:r.: AU =
ey Legend for Joint Spacing =
e 53 ] 0 ' =
= Widely >1.5 tt =
SR ¢
20 ‘-b?;'_—_-: 2 € Moderatel y 0.5 to 1.5 ft [
= — Closely Ol to 0.5 ft =
== Highly Fractured = brecclated [~
e 2 =
——]0.4'Loss —
_: —— ey p=
] G —
30 -ﬁ-E::'_’;‘ %0 =
Z = —
—l =
=== , -
1170.8 = 100 —
v | ZEES -
1168. 3
ANDESITE 8RECCIA, Highly “atter=d, =
40 clayey, Jouqe, dlscalaration. 80 ! =
slickensides, CaCOy, Fe0Q o
76 J ==
=) =
50 — a b =
= 1.3° loss
4
L =
0 C
60 —
Q M -
1143.5 : =
: ANDESITE BRECCIA, Altered but Intact, 14 N =
with zZones of heavy al teration, —
green to gray, calcite, and pyrite 3 r_'_'
minerallzation 85 -
70 < =
B —
9 —
Q [=
89 =
80 s —
R =
Slickensides on Joints 80 -
5 =
2.0 . -
90 89 | S —
7 =
1A, hord, 99 u —
-
1os.4 (100 3 o6 g =
—= _ HOLE NO.
ENG FORM 1836 PrEVIoUS EDITIONS ARE OBSOLETE. eaaeT
wR 7 HH FISH PASSAGE 94-00-82
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ORILLING LOG (Cont Sheet) |°

OF HOLE
96

LEVATION
C

12

ToP
.3

—

94-00-82

Hole No.

PROJECT

HHD FISH PASSAGE

[INSTALLATION

NPS

SHEET D

or 2

SLEVATION | QEPTH

8
8

CLASSIFICATION OF MATERIALS
(Ceserigtion)

% CORE
RECOV-
ZRY

B FEMARKS
(Cetlling rime, water lass, Jecth of
weartering, ae, It signiflcare)

_ |

SHEETS

}

|
/i

100

1106.4

|
l

i

{
1

1(\ (s
i

|

bl
)

T
{

i

{
1

10

L1141 l L1l I
'(W\” r(! 5(3
fisy

i

ki :jf
i

{
|

j

{
f
!

?ﬁ: |

j

i

i

ic

i

ki
il

|

i

i

|

}l

H
i

i

{
1

it

I

.2

|

il

{
1

i

|

tt’\ {

ff
i

18

o~
——

i

i

:

L
|
}

i

©
?Jlll‘llll?l
T
{
1

|

—t——

j

Sp. Gravity
Zx—=—juUnit Weignt
Absorpt [on
Unconf Ined

ANDESITE/ANDESITE 3RECCIA, nara.
dark green, minor alteration FeQ
and slickensides aon [oints

NPD [ab results T7/13/94
conducted on core
179.9° - 180.7°

2.59
181 .4 pct
2.1%

CompStr 21,920 opsi

99

100

92

96

90

100

AA

SEE NOTE ON SHEET 2

100

96

100

AB

AC

AD

LOG 94-00-80

-

100

100

AE

AF

80 psig/Q gpm/IS min
80-46 psig/120 sec

AG

80 psig/0 gpm/I5 min
80 - 48 psig/S sec

100

100

Al

Ad

48 - 18 psi /120 sec

100

98

100

AK

AL

——80 psig/0 gpm/IS min
80-40 psIg/S sec
40 - 26 psig/120 sec

0 psig/0 gpm/1S min

91

AQ

AP

80-59 psig/120 sec

—

98

AQ

— 80 psig/0 gpm/I5 min
80-49 psIg/120 sec

96

100

AS g

AT

80 psig/0 gom/1S min
80-40 psig/S sec
40 - 30 psig/120 sec

996.4

Bottom of Boring @ 210°

Hole cemented
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ENG FORM 1836-A PREVIOUS EDITIONS ARE OBSOLETE.
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HHD FISH PASSAGE

HOLE NO.
94-00-82
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|orvision

ORILLING LOG NPD

INSTALLATION

SHEET |

1. 2R0JECT
HHD FISH PASSAGCE STUDY

NPS el
- SHEETS
SIZE w0 TYPE OF AT NWC3 (Wireline)

2. LOCATION (Cxordlnaras or Starfon)

N 103,494.837 = 1,763,093.729

NCVD

OATUM FOR ZLEVATICN SHOWNRGW or WSU
1929

3._ORILLING ACENCY
RUEN ORILLING (CLARK FOQORK. IDAHO)

. MANUFACTURER'S OESIGNATION COF ORLL

LONGYEAR 44

4. MOLE NO.(As sroen on drowing fitle ' A
and Tla rumoer) 7 ! 94-00-83

. TQTAL NQ. OF QOVER-
BURDEN SAMPLES TAKEN

:UM)IS TURBED

- i -

' OISTURBED

3. NAME QF ORLLER | y| & GA(LINGER

. TQTAL MABER CORE 3JQXES

|7

. SLEVATION GROUND WATER

1051.8

8. OIRECTION OF HOLE

O verRnica. ] NCLINED 20 OCWN

DEG. FROM VERT.

. DATE HOLE

COMPLETED

|STARTED3 /29/94 o aa

7. THCKNESS OF QVERBURDEN 0

17. ELEVATION TOP OF HOLE

1104.810

3. JDEPTH ORMLED NTO ROck 220 f+

|18, TQTAL CORE RECOVERY FOR 3ORING

~

96.6

£

|19,

o

. TOTAL DEPTH JF HOLE 220 rt

l

SICNATURE OF INSPECTOR

ELEVATION | OEPTH | LECENO

CLASSIFICATION OF MATERIALS
(Cascripriond

% _CORE
RECOV-

80X QR
SAMPLE

RENARKS
(Orfifing Nme. woter oss. deorn of

d

ERY
Q ei00

weathering. &, [t signiflcart)
9

1104.3

1101.0

1026.8

1017.9

1010.8

20

30

40

50

60

70

80

90

oo

I llllll

i

t
l

i
W

|

I

)

ANDESITE, hard, dlack

ANDESITE SRECCIA. clayey, altered,
soft, gray, closely to moderately
spaced joints

1

o

)31 5

J
!
&

{

\

il

|

{

J
?

i
n

|

i
il

Ligyy
{

|

1

d
)
I

llllllllllIlllJlillllllllllllllJLlJJJ

I
{
il

)
]

3

l
l

|

l
f
|

I
(
1

I

!

gl
il

I
{

il

{l
i
17741

|

il

!

(

i

l
'2
N

l(l ly‘
i

|
)

i

{
1

j

i
(
!

it

il

0.0 Q

6.7 1A
6§3.0 8

NWC3

Q0 = 2.980"

10 = 1.37S5°
SOLID INNER TUBE
TYPE WIRELINE 3ARREL

3729794

a7 ¢

84.8 H

311 I

24.8

J2.7 5

50.0

3s.0 N

15.0 0

79.2 R

80.0 S

19.2 1y

M‘
NRhi)

ANDESITE B8RECCIA, altered with

N
N

H
\

clayey gouge, FeQ at 86°-87°.

N

Joints closely spaced to highly

N

]

fractured.

Q.0

1l lJlll lIJ

e
i

— ]
—
——— ]
_— ]
—
o~

ANDESITE BRECCIA, dark green, dltered
highly fractured to closely spaced
Jaints

L]
3.5

44.4 I X

Legend for Joint Spacing:
Widely = .5 ft
Moderately = 0.5 - 1.5 ft
Closely = 0.1 -0.5 ft

Highly Fractured = Brecciated

llllllllllllll‘llll‘lﬂT]llllllllllllllllllllllll|l]ll|l_||||||llllll||ll|l|llll|llll| Ill‘lllllllll

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.
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IPROJECT

HHD FISH PASSAGE
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ELEVATION TOP OF HOLE
ORILLING LOG (Cont Sheet) |™% 04310 Hole No. 94-0D-83
PROJECT INSTALLATION 'S€er
HHD FISH PASSAGE NPS !OF 2 skeeTs
% CORE | 30X CR REMARKS
ELEVATI T £ CLASSFICATION OF MATERIALS RECOV-
LEVATION | OEPTH | LECENO adirtoion EagsY s»;g.LE (Ortifing flr:“w” %‘m doom of
4 .

3 3

L : i

1010.3 ||oQ === ANQESITE, hara, gray, closely X

——— —| ro moderately soaced jaoints 1.7 -

— 23.5 z
m—— SEE NOTE ON SHEET 2
N0 === 3 LOG 94-00-30

— S 3/30/94

e | 85.2 A8

E——s 60 - 30/120 sec

I
— 10 L 30 ig/12.5gm/15 min
— = AD psig/12.5gm mi
= B9 80-50/5 sec

a7.4 |AE

3
=
-
=== -
== 8.2 |aF =
—_—== -
- " —
-
- — 80 Dsig/0.9 gpm/iS min T
140 — -2 a6 30-50 /5 sec -
j SO0 - 0/120 sec =
970.4 == -
—_— ANDESITE BRECC!A, altered, light gray 76.2 |AH —
=" to green, soft, crumbles : 3/31/794 —
TR==="=|NP0 Iab results 7/13/94 on core — oy
= =—==1147.5 to 148.0 ft -
SO —E==_—=1S0. Gravity  2.42 s2.1 (A —
o o= UnitWgt 150.8 pctf =
St
:-.:" G::g;gﬂon s 12 L 80 psig/8.3 gpm/IS mi
= ¢ 51.0 80-80 /5 sec i
==z Comostr 13.510 psi AJ 80. = 0 /80 saG
== 50n cors i50.2 To I510.0 ft _
~ === so. Gravity  2.39 2.2 |4
160 <= unit wgt 148.9 pct
:1‘-—‘ Absaorption 8.5%
‘4:‘\"_’_ Uncanft. 47.8 |AL
949.3 === Comostr 3,900 osi
) b 80 psig/9.3 gom/1S min
:-. ANDESITE 8RECCA, hard, dark green, 13 80-7S /S sec
o some clcyey zones, moderately to ” 75 - 32 /120 sec
_-:- widely spaced |oints 96.5
170 g
1= 100.0 |AN
- b
—f
:: 78.3 |AC
L=
—1 & L 80 psig/3.0 gpm/IS min
o j 85.0 |4P ) 80-85 /S sec
- 65 - 12 /120 sec
= 93.0 | AQ
= 5
.
- 40.7
190 /2 b 471794
-4
—<= R i [ — 80 psig/Il.5gpm/1S min
= 6.9 |as IS ) 80-58/5 sec
7 58-34/120 sec
=
3 92.2 (AT
200—]
—= .
3 93.1 |au |___ 80 psig/S gpm/10 min
— - 80-60 /S sec
- 63- 187120 sec
_1:& 1 -
. 94.3 | AV
= %
210 =<
P e 88.T7 |AW
=
= L 80 psig/0.1 gom/S min
== 92.9 |AX T 80-83 /5 sec
—E_,__—--: 63- 9/120 sec
ey !
898.1 1990 == 92.0 |ar Hole Cemented
PROECT HOLE NO. ’

NG FORM 1836-A
Eug 7‘0 B36-A PREVIOUS EDITIONS ARE OBSOLETE. HHO FISH PASSAGE 94-00-83 =%



OIVISION

ORILLING LOG  [58

SreET |

iwsm.unou NPS
: OF | sweETS

PROJECT
HHO FISH PASSAGE STUDY

[10. siIzE a0 rvPE OF BT NWC3  (WIRELINE)

OATUN FOR ZLEVATION SHOWR AN o WSU

2. LOCATION (Caordinates or Statfon)

N 103,792.832 E 1,763,150.124

NGVD, 1929

SOLID INNER TUBE

. MANUFACTURER'S DESIGNATION OF ORNLL

3._DRLING_AGENCY
RUEN DRILLING (CLARK FORK. 'DAHQ)

LONGYEAR 44

4. HOLE NO. (As srown on drowing ifMie ' 94-D0D-34

. TOTAL NOQ.QF QVER-

'UNOISTURBED
BURDEN SAMPLES TAKEN A

'

:USTURBED

and (Tle rumoer)
5. NAME OF ORMLIR LYLE BALLENGCER

. TOTAL MABER CORE 30XES

3

. ELEVATION GROUND WATER 1026.0 FT

5. QRECTION OF HOLE

X VERTICAL (J NCLINED JEG. FROM VERT.

:STARTED4/3/94 COMPLETED

16. DATE HOLE

4/5/94
17. SLEVATION TOP OF HOLE 1035.044 FT

7. THICKNESS OF QVERBURDEN 0

. TOTAL CORE RECOVERY FOR BORING 97.8

4. DEPTH ORILLED NTO Rocx |00 FT

je]

Y4

. SICNATURE OF NSPECTOR

“

. TOTAL OEPTH OF HOLE 10C FT

L

ELEVATION | OEPTH

o 3

LESEND

CLASSIFICATION QF MATERIALS
(Dascriorion)

% CORE | 30X OR REMARKS
RECOV= | SAMPLE (Ortlfing !me, warer loss, dech o
o ERYOO Nf) weather/ng. ac. ' signiflcort)

o ! .

{.
L,,.

1035.0

/

.
(i

j

|

1026.0

!

il

f
(f

|

N
o

I

(i
i

|

e
MM’I

|

Q@30 ft joint spacing close
to moderate

[
o

|

J

}.

!

1i( "' I
‘Ji’!’lff@i‘\

x
!

N
(@]

I

!
I

i

!
i

FeQ on jt surtaces

|

[§))
(@)
¥
&}t

Brecciated

!l’

1
l

I
i

ll]ll llllllll]ll Jllll.l)lll‘lj_llLllllljlillllll
f
{

|
{

|

Brecciated, Fe0 on jts

{
|

!

|
|

l

7
!

)

A
It

ll'llll
I

i

!
l

I

z
l

Brecciated, FeQ on |t
surfaces

)
\

!
|

|

1
k\’!’l't‘.x‘\’

INPO Igb_results
on core 35-35.4

!
!

l
(

|

|

So. Gravity
Unit wgt
Absorption

..o S
'lohnqgg:re_cS R"—

2.72
189.5 pct
0.8%

e

3.3

2.78
IT1.9 pet
0.92
8,320 psi

So. Cravity
Unit Wgt

Absorption
Unconf. Comp. Str.

935.0

ANDESITE BRECC!A, gltered with

clayey gouqge on joint surtqaces.
soft, gray qreen, closely spaced
joints to nignly brecciatead (0-30 ft).

/13794

- 8o .

RQO Core 3ite = NWCJ]
54 00= 2.980 - incn
10 = 1.87S - incn

SEE NOTE ON SHEET 2

10.8 L0G 94-00-30

33

mo o o

33.7

m

40 PSIG/4.6 GPM/ IS MIN
— 40-19/5 SEC
19-8/120 SEC

48.7

48.1

25.4 |

=8

33.9 40 PSIG/T GPM/I5 MIN

l— 40-8/5 SEC
8-0/30 SEC

TT.T

48.7

Jo.s

| 30-10/5 SEC
10-0760 SEC

|
—

80 PSIG/1T.T GPM/IS MIN
— 80-0/ S SEC

39.2

|80 PSIG/20 GPM/IS MIN
80-0/5 SEC

94 1

89.8

) 94.0 |

St 80 PSIG/26 GPM/IT MIN

80-0/5 SEC

60.2 z 5

9.5 |

80-10/5 SEC

99.7 10-0/60 SEC

AB

88.7 |AC Hole Cemented

80 PSIG/23.T7 GPM/IS MIN

|80 PSIG/24.T GPM/IS MIN

lllllllllllllllllllllllllllllIllllllllllllllIIIIIIIHlll”llTlllIllllIllll|llll|Illllllllllllllllll

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.
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HOLE NO.
94-00084

IPROJECT
HH FISH PASSAGE STUD
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DIVISION INSTALLATION SHEET 1
DRILLING LOG NZD SEATLE DISTRICT ar] 5 sueers
1. PROJECT 10. SIZE AND TYPE OF 8IT O DIAMOND
HOWARD HANSEN DAM INTAXE TOWER 11. DATUM FOR ELEVATION SHOWN (TBM OR MSL)

7. LOCATION (Coordinates or Station) NGVD 1929

N102,508.19 E 1,7563,518.22 12. MANUFACTURER'S DESIGNATION OF DRILL 7

. DRILLING AGENCY MOBILZ 3-53
X=RR DRILLING CO. 13. TOTAL NO. OF QVER- OISTURBED UNDISTURBED
4. HOLE NO. (As shown on drawing title BURDEN SAMPLES TAKEN
and file number) 94-DD-85 Q 0

5. NAME OF ORILLER

RANDY PAINTER

14,

TOTAL NUMBER CORE BOXES &

15.

ZLEVATION GROUND WATER 1133

6. DIRECTION OF HOLE 18. DATE HOLE STARTED COMPLETED
VERTICAL @  INCLINED O OEG. FROM VERT 9. BRIR = 09-18-94 09-20-394
7. THICKNESS OF OVERBURDEN 2.0 12 T S r Oy ROLe 1140, 1
3. DEPTH ORILLED INTO ROCK 54 .0 18. TOTAL CORE RECOVERY FOR BORING 94§
19. SIGNATURE OF INSPECTQOR
9. TOTAL DEPTH OF HOLE 56 o C oanaalog, QO
ELEVATION | DEPTH |LEGEND CLASSIFICATION OF MATZRIALS % CORE | 80X OR ) REMARKS
(Description) RECOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a c d 8 f
1140.1 | ROCX FILL 63 b RUN A TO 4.0
D 4.0: C2.5: Li1.5 RQD -1
: 12. 5% L
1133.1 | 2.0 ANDESITE, breccia, gray,hard
broken w/gtz and pyrite e i
mineralization _
1137.1 high angle joint |
70 degree
3.5 to 4.9 £t broken zone RUN 3 TO 6.0 ‘ T
100 D 2.0: C2.0: L 0.0 RQD —
55 % Y -
83 5. 2
RUN C TO 11.0° w.B. |
100 D 5.0:C 5S.0:L 0 RQD 85% /—
S
50 degree -
45 degree f’ —
40 degree .
65 degree, pyrite P |
mineralizaton, some |
slickensides
4S5 degree . T
1130.1 | 10 | ANDESITE, breccia, hard *
I 70 degree, pyrite £ill BOX 1L Fm 0.0 to 11.0°' B
- — .. RUN D TO 15.0 L
B flat joint, fresh hard rock 100 2 DS5.0:C5.0:L0.0 RQD 96% B
= 10-degree -
— e ————
45 degree —_—
- g
~ 30 degree
J )
NS RS E
1124.1 ZLS.O_1 broken zone to 18 ft. ggNo?cZos?iéos RQD 63% |
20 degree group of 3 90 TR T
1123.1 17 KK Andesite lapallie tuff, .
T HOLE NO. ’
ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJ&E\mon TANSEN MAM TNTAXT THWFR [ 94-DD-85, .



. ELEVATION TOP OF HOLE
DRILLIKG LOG (Cont Sheet] |- e Hole No. 94-DD-85
1. PROJECT . INSTALLATION SHEET 2
HOWARD HANSEN DAM INTAKE TOWER SEATLE DISTRICT OF 3 SHEETS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS % CORE | BOX OR REMARKS
._ (Description) RECOV- | SAMPLZ (Drilling time, water loss, depth of
ERY NO. weathering, 2tc. if significant)
a b c d 2 ¢ ]
30 degree thin calcite crust
rock is crumbly 7
30 degree,calcite £ill T
lost return water, water
= - S exiting slope drain at ——
60 degree, calcite elev 1132 ft. |
7 . 35 degrae, Ehiclkicalcite 2 —
1120.1 _20 | ‘\infill, crumbly rock —_—
' Andesite, brecia, gray,hard |
----- 80X 2 Fm 11.0 TO 21 FT
= RON 7 TO 25.0' —
pa 1
iaecarRe 108 3 DS.0:C5.0:L0.0 RQD 60% |
70 degree
—= 22.4 to 24.0Q0 £, brzoken zone T
|
LAt goimc RUN G TO 31.0° —
26.3 to 26.8 fEt., broken zone| 100 D5.0:CS.0:L0.0 RQD 86% ——
S degree .
: 27.8 to 28.4 £t., broken zone =T
10 degree B
1S 30 degree, some slickensides -
1110.1 |30.00 Andesite, breccia, gray, hard 2 -
—
S degree, several close | = |-=--- BOX 3 TO 30.6" |
T fractures 4 RUN H TO 36.0'
— 35 degree DS5.0:CS.0:L0.0 RQD 96% ——
same 100 ——
I S degree
— 6 & 20 degree |
— S degree, minor calcite e
—1 ————
soft zone —_—
= 50-degree, soft infill 1
ﬂ 35.9.to 36.7 ft.,broken, RUN I TO 41.0°'
— crumbly rock, slicks present |— DS.0:C5.0:L0.0 RQD 80% —T—
— —_—
= . L
— S0 degree, pyrite, gtz infill| 100 4 —r
_ || S
_ L
N[ e BOX 4 Fm 30.6 To 39.6 |
1100.1 | 40.0 30 degree, soft S FT. -
ENG FORM 1922/ ocem/inris eniminNS ARF ORBSOLETE. PROJEET.--_\ AATETAT MAM TATTATT  TAWED HOLsng;DD-SS.,



DRILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE

Hole No. 94-DD-35

1140.1
1. PROJECT INSTALLATION e m SHEET 3
HOWARD HANSEN DAM INTAXE TOWER SEATLE DISTRICT OF 3 SHEETS
ELEVATION | DEPTH |LEGEND CLASSIFICATION OF MATERIALS % CORE | 30X OR REMARKS (
: (Description) RECOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a b c d 2 f
1099.8 | 40. 40.5 to 42.0 £t., broken
zone, rock is soft, crumbly RUN J TO 46.0°' i
with silickansides D5.0:C5.0:L0.0 RQD 90% —1—
1098.1 42 Andesite Lapallie tufZf,
hardcompetent rock 100 I
30 degree, Qtz, pyrite soft _
infill |
30 degree 5 T
100 |[=~=--- BOX S Fm 39.6 To 48.5 |
F e
1090.1 | 50 g |
30 degree =
; RUN L TO 56.0
= 40 dagree 100 D5.0:C5.0:L0.0 RQD 84%
shallow joint set
_ 30 & 35 degree conjugate set
S .
— S -
| 40 degree, slight broken zone oo
AN 20 degree 6 . 1
e al e T ] seeas 6 Fm 48.5 To 56.0
1084.1 | 56.0 | btm of hole@ 56 ft. _— ?_gx : —
-] ——
N E_
HOLE NO.

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.

PROJECT

TAWADN WANSEN DAM TNTAKE TOWER

94-DD-85 -



. DIVISION INSTALLATION SHEET 1
1 =
~ DRILLING LOG NP?D SEATLE DISTRICT OF 3 SHEETS
T PROJECT 10. SIZE AND TYPE OF BIT §" DIAMOND
HOWARD HANSEN DAM INTAXE TOWER 11. DATUM FOR ELEVATION SHOWN (T8M OR MSL)
TION (Coordinates or Station) NGVD 1929
N102,525.236 E1,763496.572 12. MANUFACTURER'S DESIGNATION OF DRILL
3., _.NG AGENCY MOBILE B-53
XERR DRILLING CO. 13. TOTAL NO. OF OVER- DISTURBED UNDISTURBED
4, HOLE NQ. (As shown on drawing title 3URDEN SAMPLES TAKEN
. . 94-DD-86 0 0
and file number)
5. NAME OF DRILLER 14. TOTAL NUMBER CORE S0OXES §
R. PAINTER 15. SLEVATION GROUND WATER 1146 .3
6. DIRECTION OF HOLE S GRTE HoLE STARTED COMPLETED
VERTICAL ®  INCLINED O DEG. FROM VERT : = 09/15/94 09/17/94
7. THICKNESS OF OVERBURDEN 2 .5 17. ELEVATION TOP OF HOLE 1153 .7
v
3. DEPTH DRILLED INTO ROCK 38 . 4 18. TOTAL CORE RECOVERY FOR 30RING 92
19. SKGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 41 .1 : @ AMWK\)\DY ‘ Q {
ZLEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS % CORE | 80X OR REMARKS
(Description) RECOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a b c d 2 f q
LS9 7 o] CONCRETE 686 1 RUN A TO 3.0°
D3.0:C2.0:L1.0:RQD N/A -
Initial advance w/EQ bit ——
1157.7 SUBGRADE, (1/4"-) gravels
L1571 ANDESITE, gray-green,Mod.hard . -
core highly broken, crumbly RON B3 TO 6.5
D3.5:C2.5:L1.0 RQD 0% —_—
crumbly 71 |
Return water leaking to —T—
pool in subsuxrface S
rock highly broken RUN C TO 8.0° B
S o . 2 D1.5:C1.5:L0 RQD 25% S
Zg-é;gziﬂgo-at w/slickensides| 100 reamed HQ pilot hole to
AR " 3 - -
20 degrees 6" dia for next run. B
. 70 degrees RUN D TO 13.0
72 D5.0:C3.6:L1.4 RQD 19 ==
%¥ water return 80% O- |
1 BOX 1 FM 0.0 TO 9.7 FT. -,
1149.7 10 0 ANDESITE, gray, hard ) |
calcite infill, soft, highly |
— X broken to 15.1 Ft.
—NX 0 degres e
— o ¥ ——
R RON E TO 18.0' el
— watertable 100 D5.0:C5.0:L0 RQD S4% 3
—X73 flat jointed T
2 5 L STe l_{ Andesite, gray,hard _
10 degree ' =
_ flat joint 2 e
= 45 degree joint | |e==== BOX 2 Fm 9.7'To 17.0'
TADMA oo mm [PROJECT | HOLE NO.



ELEVATION TQP OF HOLZ=

Hole No. 394-DD-86

DRILLING LOG (Cont Sheet) 1159.7
1. PROJECT INSTALLATION SHEET 2
HOWARD HANSEN DAM INTAXZ TOWER SEATLE DISTRICT OF 3 SHEETS
ELEVATION | DEPTH |LEGEND CLASSIFICATION OF MATERIALS % CORE | BOX OR REMARKS
- (Description) RECQOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a b c d 2 f q
4 3
1141.7 | 18.0 ANDESITE - RUN F TO 23.0'
BRECCIA, gray, amgdules D5.0:C5.0:10 RQD 64% —
pink/marocon 100 —
broken, crumbly,soft breccia. 3 —
1/8 to 4 " pieces. ?2Pyrite |
and calcite
11.38.7 highly breciated and broken |
: Ee 23 £E R
----- BOX 3 Fm 17.0' To 22.5'. |
4 RUN G TO 28.0 B
1136.7 | 23.0 40 degr e
SRR 100 D 5.0:CS.0:L0 RQD 86%  ———
— 70 degree _
rehealed fracture, gts -
£illing
70 degree -
dark coating — -
flat pocket of gtz B
S0 degree 4 —
» soft zone | lee-=- BOX 4 Fm 22.5' To 28.0° B
90 degrze, qts infill 100 S RUN H TO 34.5 P
W 30 degree, Qtz. and pyrite D 6§.5:C 6.5:LL 0 RQD 28% __ |
| mineralizaton
40 degree, thin gtz infill S
1123.7 30 ¢ ) x Andesite, breccia, hard .
s broken, crumbly, soft clayey
= grouge S
XXX X| high angle jointing e
— high angle jointing SRR
—
j {XXX] high angle jointing S
- ———e
—{ ) broken zone 1 to 2" pieces [ [----- BOX S To 34.5 FT.
— RUN I TO 41.0' -1
X _ D 6.5:C6.5:L0.0 RQD -
] high angle and flat jnt. 100 6 20%
1123.7 | 36.0 7 clay gouge zone, clay,. e
T grey, soft
v/ T
1122.2 | 37.5 ; Andesite breccia, hard % _—
200 - ’
121.3 | 38.4 | 60 degree, broken to 38.5 ft.
— PR S
Andesite, lapillie tuff |
. —_—
— —
N 70 degree 6 » -
. o. ;
ENG FORM PROJECT . HOLE N ,
1836 PREVIOUS EDITIONS ARE OBSOLETE. HOWARD HANSEN DAM INTAKE TOWER 94-DD-86
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: ELEVATION TOP OF HOLE .
DRILLING LOG (Cont Sheet) 1159.7 Hole No. 94-DD-86
1. PROJECT INSTALLATION ~ SHEET 3
- HOWARD HANS=ZN DAM INTAXE TOWER SEATLZ DISTRICT OF 3 SHEETS
'LEVATION ( DEPTH |LEGEND CLASSIFICATION QF MATERIALS % CORE | 80X OR REMARKS
: (Description) RECOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a b c | d 3 f
= = 40-41 £t. high angle joint | = |----- BOX 6 TO 41.0 £t.
1118.5 [41.1 | \ zone rock highly broken —
—| BTM of HOLE ik
_l ——
_ —t
5 _ L
pR— ——
=
e ]
_________ . IprROJBCT e e ‘HOLE.N,O";.;.‘ A




KRILLING LUL | e
e il | NPO ’ NPS JCF 2 smests
I. PRO.ECT 10. SIZZ ANQ TYPE QF 3T HQ WIRELINE
HHO FISH PASSACe STUOY . DATUM FOR ZLEVATION SHOWWSM o 4SU
2. LCCATICN (Cxordlnatas o Siation
NI102,462 £1,763.470 (TOPQ) [12. MANGF ACTURER'S JESIGNATION OF ORI
3. DRILLING ACENCY a I JOYy 22
JOHNSON ILLING for R DRILLIN i —
OHNSON DRIL G o &R ORIL c 113. TOTAL NQ. CF QVER- 'OISTURBED {UNOIS TURSE
s 2 NO. 1 . 5 SAMPLES TAKE) ! ! A
:Outh:o 45 sroen on arawing !itle : 96-00-837 ! SURCEN SAMPLIS TAKEN N/A . N/ _
14, TOTAL NMUMBER CORE 30XES 20
5. NAME OF JRILLER — - -
808 JOHNSCON ]xs_ ZLIVATICN CROUND WATER FLOWING ARTESIAN
5. OIRECTION OF =QLZ 6. QATT HOLT \STARTED COMPLETED
(X] vERTICAL [ NCLINED JEG. FROM VERT. 29 APR 96 3 MAY 96
: 17. SLIVATION 7CP CF mOLZ 1165.7
7. THICKNESS OF OVERBURDEN 1.0 [18. TOTAL CORE RECOVERY TR JORING 39.9 >
3. OEPTH JRILLID NTO 30CK 199.3 [19. SIGNATURE OF NSPECTCR R
3. TOTAL DEPTH GF mOLZ 200.8" ' RICHARD ECKERLIN
- = REMARKS
DEPTH | LIGEMO CLASSIFICATION OF MATZRIALS AN/ (Orliltrg e, water ass. decth of
. el “Cescriorion) 00 30x woorrerig, arc. f siqréficart)
a > B 1 . ' A
1.1 %4 - | CMe Silty Somdy Cravet 8 5 Drilled to 53 In ] runs, then reomea |
. — TOP OF ROCX 4%-1,0, (W) casing to 4.8°., Removed -
e I et AMOESITE 3RECCIA, mod Nord to Nord, dlack " 4" cosing ond took off dlomond L
10 Qreen !0 recdisn green CiCsely !0 widely reoming snoe, then set dock n nale
——— froctured 100 C (|30 that too (s 3° 5gs. oo s trreoced [
—_—_— s . for coo. —
e 4 NOTE; Petrogroonic Ixomingtion of corel
- 80°, vith calcite By WRD LoD - see |0 Oct 36 Vemoronaum
_Jﬁ 55° 35 z In Exnidit C =
10 — -
-{"“—‘——‘ TJ5°, Fe, 2.8-13.01 2 d C
*, Fed, (12.8-13. =
11529 _'____ PR vater course =
—*ﬁ TS®, FeQ, Calcite 2 —
at 16° vesicuies fllled with Zeolltes 7 G ~
j WA —
ce——— & § ® 1| preee 2T QOM/ 10 mirutes :
1145, 4 20 _7—{ s 15 = G psi/Instontonecus I
=t 75°, Dossibie vater course 20.1) _
Feq. silt ” H SN —
—_— L
h 70 ] —
s Fed 3 —_—
— o Green Couqge. oyrite vein, caicite | —
> a4 3 —
—— -
30 - 10 f—— 26.1 gom/10 minutes =
—_—— 20 - 2 0wi/30 sec -
- 100 X -
- 34-18° 5 ’ -
— Core s mottied red. green diock A p—
- with calcite. vesicuies fliled vitn
Zeolltes (1/37 fdd E
- at 7" =vorite on [b., foult gouge %0 L
40 i T3* traces, 50° __
' - Y Intensely fracrured 19.3-43.3° ] o == ?'zu- }‘6",’.'?/{':."."'" —
]
- I - —
) | ST LI -
e et | =
-f ~ =
pm——— g Lo
50— e 2% —
o jm— § [ Q19 gom/10 mirutes L
7 45° 50 - 20 osi/2 min _
44 4 4730 1730
— Q2 loss oy —— e
3 s s/1 Q100 |
SWL 18.5°>gs |
— 96 s s
i —— _J L
60— . =
- 2% 100 R T e QL Qqom/10 mirutes :
59.7-TQ.3° core sent to NPD LOO. 52 ~ 14 pal/? min -
— 55° 5%, 60° 100 s T :_
e L
a5 M -
Sum—|
No [oints 67.3-45.2 96 T -
G—} —
— =
j 8 | Q.85 gom/10 mirutes ~
100 u 45 - I8 pal/2 min —
- L -
— i —
] 0o, |y =
80 — L ==
- § [ 2.4 M/10 mirutes i
— - - 68 - 40 psl/2 min :
=3 - =t
— 9 - ___
1078.8 A ——d FeQ Toking Jt, Yater Course d -
. 98 x — T ’ —
90 — . =
) 4 [ 31 gom/10 mirutes =
30°, Fed. Clay E| &4~ 38 palsd mia -
Si——— e 98 =
q |
= 10 |
— 30°, Fed 3
6s° 96 z -
0es.7 | 100 15°
PROJECT Inmz ;
ENG FORMI1836 PREVIOUS EDITIONS ARE OBSOLETE. HH6 FISH PASSAGE STUDY 86_00—8’7‘




ELZIVATION TQP OF ~QLE
ORILLING LQG (Cont Sheet) I -0D-
65.7 Hole No. 206-00-87
PROECT INSTALLATION SHEET
HHD FISH PASSACE STUDY NPS .
OF 2 seeTs
o = - REMARKS
ZLEVATION | CEPTH | LEGENO CCASSECATIONIOR ATERIALD Rao | . BN/ (Oetitrg ime, warer iass. decrn of
weotrering, ec., If sigrificore)
. 2 (S £l . ! )
1085 1 100 uo::n: 3RECCIA. moderately Nord 'o . 4 =
— nord, Dlock g Qreen 'a reodisn green.
_L_____l,mcdlun 10 videly froctured o at ;'o‘ .’i;/:.‘ri N —
— —_ -
——
- " -
! 2 _J —
— a A8 5
110 — —r =,
T lI1l.1-111.5" core tested at MO Lo r-
- . — L qom/S mi. ~
= 5 <10 0al/2 min -
-t 100 AC — e
c——_—’_- = I
i i 2 C
= | £
4 — 96 A0 -
120 — — $/v 17130
]————-- sm. 9.0 aga_F—
e | 15° SWL 4.5 ogs
— $/2 ot0Q (-
— 96 AE =
1040.0 - P 1.1 qOM/S i, p—-
] et 35° 13 45 - 12 psl/2 min E
45°
3 v L E
130 — % —
L3 -
b 5
I3 —
w030.0 : (39, 1~139.7° 100 AC —
1 13 core tested at NPO Lao —— BASE OF PROPOSED EXCAVATION i
— =} At (37° Set Grout Pocker -
- 5 -
140 _J 1 100 AH :-_
1a22.9 1 LIS FeQ. Vater Course at 142.8 =
1022.0 — 30°, 15° FeQ Artesion lone (4Xd-i4LT mﬁ%"&?'wf:lﬁm' L—-
—— —
£ a Al QT Core from Imterval 138.5-139 —
classifled as porpryritic metcoasal? —
15 [@ee 10 Oct 96 wemoranoum In Exnidit ﬁ_
5 «Q* 18 A =
150 — 3% .
_-——-—----"0"s~ 18 ® -
= C
100%.4 —f" | 155,9-158.4 Fault —
T " '%&! o%en qage on 1. pyrite vein 92 T C
-
160 3 ; =
7 3 =
- 100 AM —
e ——las? =
—___L~ —
T—— —
j 13 L I~
o —
170 j pE——1 —
et 85 p—
5 T8 AQ —
| — 3% -
_1 0° ot 174.5' poasiDiy foult -
- - I
— 100 ws =
180 1 «°, 45° =
z —
— 45 =
— rr 5 -
4 LS 2 1730 —
= Artesion 40 gom [~
573 crgo irtesion el
. ot a A g Pool 40° F, Artesion 4& F |
5°
- 315° -
190 o 5
- e 94 AS F
— =
= s L Al _:
-~ 20 -
3 —
98 a —
secs [200—] : =
= Bottom of Hole af 200.8° F:
] ’ LEGING FOR JOINT SPACING b
== widel .8 1t =
= uoo.:anly : Q4 to LS (f t
j Closely « Qita QS I
HigMy Froctured « breccloted ™
=1 :
5 =
S -
] -
= =
- e

TR/ CADUIA TE L A nocinane TTHTIANS 49F na<or £TE

MOLE NO. »
PESECE 1<H PASSAGE STUDYI 96-0f

(0]
=y



T e e e e B

GRAVELS
WELL -GRADED GRAVELS, GRAVEL-SAND MIXTURES, LITTLZ QR NO

G
F INES.
- Cp POORLY GRADED GRAVELS OR GRAVEL-SANO MIXTURES. LITTLE OR
NO FINES.
GM SILTY GRAVELS. GRAVEL -SAND-SILT MIXTURE.
GC CLAYEY GRAVELS. GRAVEL -SANG-CLAY MIXTURES.
SANOS
S WELL -GRADED SANDS, GRAVELLY SANDS, LITTLZ OR NO FINES.
SP POORLY: GRAOED SANOS OR GRAVELLY SNADS, LITTLE OR NO
FINES.
SM SILTY SANDS, SANO-SILT MIXTURES.
SE CLAYEY SANDS, SAND-CLAY MIXTURES.
FINES
ML INORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SILTY
OR CLAYEY FINE SANDS QR CLAYZY SILTS WITH SLIGHT PLASTIC
PLASTICITY. ‘
cL INORGAN.IC CLAYS OF LOW TQ MEDIUM PLASTICITY. GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS, LEAN CLAYS.
gu CTI0T STLTS ANC ORGANIC SILTY CLAYS OF LOW PLASTICITY.
MH INORGAN[C SILTS, MICACEQUS OR OIATOMACEQUS FINE SANOY
" OR SILTY SOILS, ELASTIC SILTS.
CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS.
QH ORGANIC CLAYS OF MEOIUM TO HIGH PLASTICITY, QRGANIC
SILTS. ’
PT PEAT AND OTHER HIGHLY ORGANIC SOILS.

JOUNDARY CLASSIFICATIONS: SQOILS POSSESSING CHARACTERISTICS OF TwO
JROUPS ARE' DESIGNATED BY: COMBINATIONS OF GROUP SYMBOLS. FOR EXAMPLE
3% -GC, WELL -GRADED GRAVEL -SAND MIXTURE WITH CLAY BINCER.

l* LOCATION OF PERFORATED ZONES IN WELL CASING.
WL WATER LEVEL AT COMPLETION OF HOLE

s | LOCAT-ION OF SEAL.

Tpf  LOCATION OF PIEZOMETER TIP.

e



HOLE NUMBER WELL |
SROJECT HANSON DAN
 SEEPAGE STUDSS j
LOCATION l
N 103,199 E1,764,0C !
OATE STARTED | DATE COvPLETED
18 November 96| 17 Jonuar, 962
ELEV- 8 2 STAGE PIEZ COM 75 MAY 66
ATION | 5 |DESCRIPTION OF wATERIALS
1227..3 rlq TOP OF CASING EL 229.23'

SAND AND GRA /gL FILL

COARSE, ANGULAR ROCK
FRAGMENYS ""/A\de,
gravel ond clay

LARGE, ANGULAR ROCK
BLOCKS w/30nd and clay

HOLE NUMBER WELL 2

3

LARGE, ANGUILAR ROCK
BLOCKS w/intentitial silt

« COARSE, ANGULAR ROCK
FRAGMENTS w/silt ond clay

COARSE, ANGULAR ROCK
* FRAGMENTS w/minor gravel §
water beqing

* Top of Bedrock S

200 ANOESITE: soft

PROJECT HANSON DAM
SEEPAGE STUDIES )
LOCATION
N 103,076 1,763,729
T, STARIEO | 98 GONRLETED
25 July 1963 F Aigus |563
ELEVW]| O
AT E_ DESCRIPTION OF MATERIALS
1228 2|~ H TOP OF CASING EL 1230.70
SAND AND GRAVEL FILL
1210.2
COARSE, ANGULAR ROCK
FRAGMENTS w/3and, gravel
and silt
1195.2
LARGE, ANGULAR ROCK
40 FRAGMENTS w/sand, grovel
and silt
1180.2
ANGULAR ROCK FRAGMENTS
w/interstitial sand, silt and
40 clay, minor gravel and inter-
calated lenticular sand and
e
11582 Wl Feb.|%62__
T
e &'J'
= /
a /| —
L 100
» /|
120
Bottom of boring, Feb. 1962
SANDY GRAVEL w/boulders
1091.2 zl'
SILTY SAND w/gravel
1Q77 .2
k076 CLAY <
| Top of bedrock
o i - c A
3 z| ANDESITE BRECCI

NOTE: Bottom perforation is
to pick up water in void be-
. tween 4" casing and 6" hole.

v



HOLE NUMBER WELL 3

PRAJECT HANSON DAM
h SEEPAGE STUDIES

3

HOLE NUMBER WELL 4

PROJECT HANSON DAM
SEEPAGE STUDIES

LuCATION

N 103,617 E1,763,606
PAJE START 0 (?:La,mswﬁo
8 July (963 24 July (962

ELEV- E 2 STAGE PIEZ COMP 24 MAY &5

ATION | 5 OESCRIPTION OF MATERIALS

v~ |- & | TCP OF casinG EL 1225.70

FILL MATERIAL

1Z213.3
20
1193.3
[0 BOULDER
Q
COARSE TO LARGE
ANGULAR ROCK FRAG-
MENTS w/interstitial u._ind,
silt, clay and minor gravel
60

LARGE ANGULAR ROCK
FRAGMENTS

VOLCANIC ASH, It. gray

LARGE, ANGULAR ROCK
FRAGMENTS

COARSE, ANGULAR ROCK
FRAGMENTS AND GRAVEL

COARSE, ANGULAR ROCK
FRAGMENTS w/minor sand,
gravel and silt

Bottom of boring, Mar. 1962

SILTY SANDY GRAVEL
SANDY GRAVEL, water

INE ANGU
ROCK FRAGMENTS dnd clay
SANDY GRAVEL,water

SILTY SANDY GRAVEL
Top of bedrock

mgé‘&x FRACTURED

BRECCIA .

LOCATION
N {03,878 £1,763,366
DATE STARTED | DATE COMPLETED
& February (962 9 February 1962
ELEV- g
ATION| 5 |DESCRIPTION OF MATERIALS
IOAA‘A ]1; TOP OF CASING EL 1047.70
COUOARSE, ANGULAR ROCK
1038 FRAGMENTS w/silt and sand
SAND AND GRAVEL w/trace
1031.7 J * el
SANDY SILTY GRAVEL
1022. 720
SILTY GRAVEL
30
| 1009.7 W l..Feblo62 |
{7005,7
[ lo02. * GRAVEL, water bearing
997.7 SILT w/grgvel
50 Top of bedrock
938%9.7 ANDESITE: soft, blue gray,
. pyrochastic
C
L,
C
C
C
—~ .
3
E
r
o3
LR




rlll]llrllllirllllr‘ll’ll[lltrlvllv‘l""

HOLE NUMBER WELLLSS
aenJECT HANSON DAM
SEEPAGE STUDIES
LuCcATION
N104,074 E 1,763,329
OATE STARTED DATE COMPLETED
18 January 1962 5 February 1962
ELEV- 8
ATION | B |0ESCRIPTION OF MATERIALS
1042 .6] W | TOP OF CASING EL 10¢6.38
SAND AND GRAVEL
w/minor clay , water
1030.6 bearing
“SILTY GRAVEL, fine
20 w/sand, compact, minor
rock fragments
jol.4 M. w. Fah 1962 __ __|
1000.6 40
SANDY GRAVEL, coarse,
w/cobbles and sand lenses,
water bearing
0
) J l -
964 .3 SILTY CLAY w/zrqval
| 962. SANDY CLAY
L " INTERBEDDED FINE SAND
15 AND SILT )
-948.6 | -
942.5 100  SAND
i l * SILT w/sand and gravel
) lenses
930.56
|
924.6 gnb'l'g\:wji:fomposed rock
922.6

BEODROCK

HOLE NUMBER  WELLS6

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,315 £1,763,265

DATE STARTED | OATE COMPLETED
2 February 1962 9 February 1962

ELEV-| O
aTion| & .
?_ DESCRIPTION QOF MATERIALS
1040.0] H TOP OF CAS»ING EL 1043.29
SANDY, CLAYEY SILT
w/rock fragments
1020.0 20
SANDY, STUTY, CTAVEY
GRAVEL w/rock fragments
1011.0
1005.0 BOULDER
40 SILTY, SANDY GRAVEL,
water bearing
994 .0

GRAVEL: water bearing

[ sss.off |

60 SAND AND GRAVEL w/silt
and clay lenses

965.0

[ o60.0 F |- CLEAN SAND AND GRAVEL

l SAND AND GRAVEL w/minor
= * silt

Lo o |
T INTERBEDDED SANDS, GRAV]
EL, SILT ANG ROCK FRAG -
MENTS
120
140
894.0




HOLE NUM

BER WELL 7

HOLE

NUMBER WELL 7

{PCTECT
|

HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,271

E1,763,636

OATz STA
26 August

RTED DATE COMPLETED
1963 |8 September (963

ELEY-
ATION

xzto.ci.

I oMy

2 STAGE PIEZ COMP 20 JUN 66

DESCRIPTION OF MATERIALS
TOP OF CASING EL 1213.10

20

ANGULAR ROCK
FRAGMENTS AND CLAY

ANGULAR ROCK
FRAGMENTS, occasional
boulders w/interstitial clay

SANDY CLAYEY -

MENTS w/occasional
boulders

o :F ANGULAR ROCK FRAG -

120 GRAVELLY CLAYEY SAND
1076 .
1075 CLEAN SAND
1072 SANDY CLAY
# GRAVEL AND BROKEN
ROCK, water bearing
1060.
1050. 60 ROCK FRAGMENTS .
1042. CLAYEY SANDY GRAVEL
e CLEAN GRAVEL, water
\CLAYEY SANDY GRAVEL
1024.6 CLEAN SAND

. SANDY GRAVEL
water bearing

l'l'lll'lllllllllmlilflelll]"

ELEV- g
ATION B | DESCRIPTION OF MATERIALS
100Q:6 ;- SANDY GRAVEL
100 .6
99%" : BROKEN ROCK & GRAVEL
]
990.6 @220 CLAY
9 CLEAN SAND
ROCK FRAGMENTS
w/interstitial clay
40
952.6
CLAY, SAND AND GRAVEL
930.5 B280
ClLaY
{9136
0
otk & SANDY CLAY
SANDY GRAVEL
w/culders
20
0
‘[a"a 6 L
lsssc B ¥ sanp, GraveL ano

ROCK FRAGMENTS




HOLE NUMBER WELL 8

HOLE NUMBER WELL 8

SCT

HANSON DAM
SEEPAGE STUDIES

}—U}CATION

N 104,022

E1,763,640

ELEV

ATION DESCRIPTION OF MATERWALS

pﬂvmo

DATE STARTED | OATE COMPLETED

SANDY GRAVEL w/cobbles ,
water beoring ot deptie 206 ft.

ol B

1225.4 |- 4 |TOP OF CASING EL 1227.59

1208.4

BROKEN ROCK AND CLAY

20 September 1963 | | Octooder 1963
CLEV-] O [2 STAGE PIEZ COMP 18 MAY 66 1000.0 SAND w/gravel ond =5t
ATION| B |0ESCRIPTION OF MATERIALS s

SANDY GRAVEL,
240  water beoring

975.4 *

40

CLAY AND BROKEN ROCK

BLOCKY ROCK W/CLAY

CLAY AND BROKEN ROCK

1139.4

3LOCKY RCCK W/CLAY

o
F

1126 .4

CLAY W/BROKEN ROCK

SANDY CLAYEY GRAVEL
AND ROCK FRAGMENTS

* .
SILTY SANDY GRAVEL AND

ROCK FRAGMENTS

BROKEN ROCK,
woter beoring

SAND, woter bearing

SANDY GRAVEL w/cobbles

r

CLAY ANO BROKEMN &OCK

I"I"IY|l]“'“‘fl111111']!'1'1_!'"]IIII‘IYYI']ITITII'IYTI'l‘l"lI]ll"]!l’]‘]"lll"‘

X =4



bOLE NUMBER WELL 9

HOLE NUMBER WELL 9

’ TOJECT HANSON DAM
SEEPAGE STUDIES
LOCATION
N 103,803 E 1,763,669

DATE STARTED DATE COMPLETED
2 August (963 -

23 August (963

ATION | 5
<
“H

1227.

ELEV-| B ‘!i STAGE PIEZ COMP 28 APR 68

DESCRIPTION OF MATERIALS
0P OF CASING EL 1230.0!

1197.5

ANGULAR ROCK
FRAGMENTS w/s0nd
and cfay

BROKEN ROCK w/cloy,
scattered lorge blocks

BROKEN ROCK

SANDY, BROKEN ROCK

BROKEN.ROCK w/sand ond
clay

GRAVELLY CLAY

GRAVEL, woter begring _J

CLAYEY GRAVEL

["Il"IVIIIﬁl'ITf']llll]‘lll]“l'llfr‘lill‘lll'lIIT1'|ITW'III!IIlll'lilllfl

ELEV- E R
ATION. B |DESCRIPTION OF MATERIALS
H
CLAYEY GRAVEL .
"
1005.5 £
- SANDY GRAVEL AND
997.5 | broken rock
9915 I . GRAVEL w/sand, water
240
987?6
982.5" CLAY
BEDROCK
Q
963.5




HOLE NUMBER WELL 10

HOLE NUMBER WELL 10

P =G HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,275 E 1,764,190

DATE STARTED | OCATE COMPLETED

15 October 961 14 November 196!
ZLEV-{ C
aTion | §
FTJ DESCRIPTION OF MATERIALS
228.6 | H | TOP OF CASING EL 1223.5]
BROKEN ROCK w/sand,
gravel and fines
210.6
BROKEN ROCK w/sand and
gravel
Q
1178,6
BLOCKY ROCK w/sand,
gravel and clay
115Q.&
BOULDERS in g sand, clay
and gravel matrix
100
Q
1099.6
i SILT, SAND AND GRAVEL
i w/broken rock
1074 .6
50 LARGE FRAGMENTS OF
BROKEN ROCK (clean)
1063 .6 W L., Nay, I19]
y COARSE SAND AND

GRAVEL w/broken rock

CLEAN COARSE SAND AND
GRAVEL :

,ITI"Y"'II""]V"""II"'Tl'r‘T'T""'l‘]"l'l’]r“]lI"l'[ll’l'll'l"l"'llllrf'lll’]ll","‘lj[r

ELEV-] O
aTiON| & -
B |DESCRIPTION OF MATERIALS
H
CLEAN COARSE SAND
AND GRAVEL
013.4 (Well screen)
220  SAND, GRAVEL, CLAY
AND SILT 4
1001.5
| 798.6 SILT AND CLAY
992.6 BEDROCK




HOLE NUMBER WELL [

HANSON DAM

| PROJECT
: SEEPAGE STUDIES
~<oCATION
N 103,748 £1,763,88l

HOLE NUMBER WELL (I

| ELE V-

ATION

DATE STARTED DATE . COMPLETED
29 August 1963 |7 September 1963

g 2 STAGE PIEZ COMP 2 JUN 66

OESCRIPTION OF MATERIALS
0P OF CASING EL 274,25

GRAYELLY SIITY SAND

ANGULAR BROKEN ROCK
w/sand, gravel & clay

20

1033.7

1026.7

1010.7
1006.7
100¢.7

00| 7
i897.7,

981.7

BROKEN ROCK
(warar seepage)

SANDY CLAYEY GRAVEL
w/occalonal boulder

:

r

H

DESCRIPTION OF MATERIALS

SANDY ClAYEY GRAVEL
w/occasional boulders

« CLEAN GRAVEL, water

269

SAND AND GRAVEL

CLEAN GRAVEL water

CLAYEY GRAVEL

CEMENTED GRAVEL

e

BROKEN ROCK w/clay

- s —— e p—_




HOLE NUMBER CD-I2

HOLE NUMBER CD-I2

®ROJECT HANSON DAM
' IEEPAGE STUDIES

LOCATION
N 104,184 €1,763,816
DATE STARTED | OATE COMPLETED
June 1953

ELEV-
DESCRIPTION OF MATERIALS
TOop OF CASING  1260.1

SANDY ORGANIC SILT

BROKEN ROCK and sandy
silt

BROKEN ROCK w/interstitial
sandy silt )

0 BROKEN ROCK, gravel size,
in matrix of sandy clay and

10856 ik

BROKEN ROCK

ELEV- E
{ATION P | DESCRIPTION OF MATERIALS
H
8ROKEN ROCK
220
1024 .6
1019.6 SANDY GRAVEL
10185 GRAVELLY SAND
SANDY GRAVEL
260
Cad N}
SANDY GRAVEL
w/boUIders
976 .6 I280
CLAYEY SANDY GRAVEL
w/boulders
9
CLAYEY SAND
? 300 . /boulders
931.6 W CLAYZY SANDY GRAVEL
t_ w/boulders
-
C 3
L

x-21



HOLE NUMBER WELL 13

HOLE NUMBER WELL (3

r ‘ECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,689 € 1,763,778

OATE STARTED DATE COMPLETED

14 September 1963 | 28 September 1963
ELEV- ~

wl DESCRIPTION OF MATERIALS
253.2 TOP OF CASING _1255.7

moy

BROKEN ROCK w/sand,

gravel and silt

40

40

80
1182.2
115512 BROKEN ROCK
# BROKEN ROCK w/sand
T and silt
S 120
1128.

B8ROKEN ROCK
*®

140

1102.

160

Ol SILTY SANDY GRAVEL
AND BROKEN ROCK,
water at 155 & 173-185 ft

lvnljlrll]Trll'lllillllllvllllllri—[llllllllrllllllllllllr'lll

[ELEV- g
ATION B | DESCRIPTION OF MATERIALS
H
SILTY SANDY GRAVEL
1047.2 AND BROKEN ROCK
1040.2 CLAY
10342 SILTY SANDY GRAVEL
{To32. SANDY GRAVEL WATER
1026 .2 SILTY SANDY GRAVEL
I SANDY GRAVEL
40
1009.2
SILTY SANDY GRAVEL
60
974.2
BEDROCK
958.2

.

A



[ HOLE NUMBER  WELL I4

COJECT HANSON DAM
SEEPAGE STUDIES

HOLE NUMBER WELL 14
ELEV- g
ATION 5 |DESCRIPTION OF MATERIALS
H
T »
SANDY CLAYEY GRAVEL
w/boulders
S 220
L3
T 240
1037.1
BROKEN ROCK
1020.1 40
10191 CLAY
BEDROCK
10091

LOCATION
N 103,462 E 1,763,965
DATE STARTED DATE COMPLETED
10 July 1963 31 July 1963
ELEV- g—
ATION 2 |DESCRIPTION OF MATERIALS
1284 .| H | TOP OF CASING 1286.8
SILTY CLAYEY GRAVEL
w/boulders and sand
20
f1253.1
40
BROKEN ROCK w/clay
50
20
100
120
40
T l*
1124 b
S SANDY CLAYEY GRAVEL,
water at 169 feat
'#-
g 8Q
1096. |
SANDY CLAYEY GRAVEL,
w/boulders. 2
|#

[||’U'Illllfﬁﬁ‘fl]1llr]llll]l‘l_llIIIYFI_Il!l]‘lll llllllllllllll]'lrf!l[ll
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HOLE NUMBER WELL IS >

HOLE NUMBER WELL IS

"~ "OJECT HANSON DAM
SEEPAGE STUDIES i
LOCATION
N 103,52! € 1,764,095
DATE STARTED DATE COMPLETED
24 June 1963 9 July 1963
ELEV-| D
£
ATION | 5 1pESCRIPTION OF MATERIALS
1287.4| W | TOP OF CASING 12900
SILTY SAND w/gravel
20
40
1237 .4
0
BRC KEN ROCK
w/clayey sand
0

ELEV-] O
ATION E DESCRIPTION OF MATERIALS
H
SANDY CLAYEY GRAVEL
220
S
240
1037.4
SANDY GRAVEL
240 bl
water dbearin
021« JE |= ¥
1017.4 GRAVELLY SANDY CLA
1014.4 * SANDY GRAVEL, water
T o BROKEN ROCK
w/clay
1002.4
BEDROCK
988 4

BROKEN ROtK
w/clay

BROKEN ROCK w/sand

BROKEN ROCK w/sandy
clay '

WL 10 July 1963

SILTY SANDY GRAVEL,
. water bearing

SANDY CLAYEY GRAVEL

-

ll-'I'lI'lllllTllll'llllll'l_lllllllIIFTIIIIITIIIIIIITIIII|11'
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HOLE NUMBER  WELLI6 ’ HOLE NUMBER e
ELEV-| D
JECT HANSON DAM ATION £ LALS
SEEPAGE STUDIES E | DESCRIBTIGNIOFMATER
H
LOCATION 1049 .0 CLAYTEY SANDY
: . BROEN ROCK
N 103,5I8 1,764,296 1046.0 B ] - SANDY _GRAVEL , water
DATE STARTED |DATE COMPLETED CLAYEY SANDY ANGULAR
5 June 1963 21 June 1963 1037 20 GRAa\/E!
ELEV- 8 T SANDY GRAVEL w/clay
ATION | 5 |0ESCRIPTION OF MATERIALS lecmest , ~ofer bearing
{
[257.0| H |TOP OF CASING  1259.3 |
ANGULAR ROCK FRAGMENTY
w/clay and sand (o1l
- e 2
995.0 =0
40 -
1212.0 E_
BROKEN ROCK w/clay
40| » -
s o
1177.4" F 30 8 C
BROKEN ROCK w/clay C
and sand -
1167.0 -
3 BROKEN ROCK w/clay, C
‘”57.0 100 silt and sand g
CLAYEY SANDY BROKEN —
ROCK C
T C
120 -
S :
l;. Water at 140 - 142 feet e
.
O Water at 162 - 163 feet E
C
N C
JL
I SHEz00




HOLE NUMBER WELL 17 j

| °PPQJECT HANSON DAM
' SEEPAGE STUDIES
v CATION
N 103,833 E 1,764,080

OATE STARTED DATE COMPLETED
5 August 1963 28 August 1963

DESCRIPTION OF MATERIALS
TOP OF CASING 1290.7

SANDY CLAYEY BROKEN
ROCK

BROKEN ROCK w/clay

HOLE NUMBER WELL 17
ELEV- g
ATION| B |DESCRIPTION OF MATERIALS
r :
-
S 220
CLAYEY GRAVEL
w/broken rock
240
0
11023.2
SANDY GRAVEL,
o water bearing
1000.2 l-
GRAVELLY SAND
T. 1300 water bearing
o8N 2
20 GRAVELLY SILTY SAND
956.2
951.2 GRAVELLY CLAY
0
BEDROCK
933.2

CLAYEY GRAVEL
w/broken rock

Water bearing at 168 feet

"l‘lllllllr[lllll"[lllllll'll'

C)j



HOLE NUMBER we(( 18

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION
N 103,314 E 1,763,675
DATE STARTED | DATE COMPLETED
11 May 1965 3 June 1965
ELEV-] D
aTion | &
Q’_ DESCRIPTION OF MATERIALS
1228.11 H | TOP OF CASING 1230.7
CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS
1210.
1206 . SILTY SANDY GRAVEL
CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS
1175.1

SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS

*
Lost drill water, 76 to 86"

1142.

CLAYEY SANDY GRAVEL

S
1137, SRioemcock
SILTY SANDY GRAVEL
w/broken rock
11121

120

SILTY SANDY GRAVEL
w/broken rock .
Water bearing zones at 133' -

4' and 139' - 140'.
14(1'4:.{w.°L". 130"

CLAY

wafer

ANDY GRAVEL,

E&D’JANDY GRAVEL &

CLAY

B8EDROCK
180  ANDESITE

X-22



HOLE NUMBER weLL 19

HOLE NUMBER WELL 19

¥ PROJECT  HANSON DAM
‘ SEEPAGE STUDIES

~QCATION

N 103,444 € 1,763,650

DATE STARTED | OATE COMPLETED
4 June 1965 16 July 1965

ELEV-
ATION

1226.

DESCRIPTION OF MATERIALS
TOP OF CASING 1229.5

IHOUMO

~TLL MATEXRTAL

CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS

1195

SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS

60 Lost drill water, 63 - 64'

BROKEN RCCK w/clay. Lost
80 drill water

SANDY SILTY GRAVEL AND
ROCK FRAGMENTS

1116.9

SANDY SILTY GRAVEL
120 w/cobbles, boulders and broken
rock

Lost drill water, 123 - 124'

Water bearing zones intermit -
140  tent between 133 and 153'.
S.w.L. 128"

. SANDY GRAVEL AND
SANDY SILTY GRAVEL,

interbedded, water bearing to
197.S.w.L. 182° g

ELEV-] D
ATION| §
ﬁ’_ DESCRIPTION OF MATERLIALS
H
SANDY GRAVEL w/
10169 broken rock
1011.9 SANDY SILTY GRAVEL
8EDROCK
1001.9
a2
o
E
o
*
C
C
- o
L




HOLE NUMBER  WweLL 20

HOLE

NUMBER WELL 20

“NJECT HANSON OAM
DRAINAGE TUNNEL

LOCATION

N 103,330 £ 1,763,854

DATE STARTED DATE COMPLETED
15 June 1965 2 Aug 1965

ELEV- E 2 Stage piez.comp. 25 Mar 1566
ATION: | i5 DESCRIPTION OF MATERIALS
1277 .4 ; Top of Casing £1.1280.0

27344 SILT

SANDY SILTY
ANGULAR GRAVEL

40 AND ROCK FRAGMENTS

80

100

~120

140

160

05 4

wo' B8ROKEN ROCK
SAND, 1' thick @ 176-7'

Water 172" - 188°
1089.4 cws.az. L. 148’

— SANDY SILTY GRAVEL

e Y

~ Y RAV

[1078.4 - ANU X BRORENROCH
; 9,0 AN

ELEV- g .
ALLON P [OESCRIPTION OF MATERIALS
H
1075.4 SANDY SILTY GRAVEL
BROKEN ROCK,
1064 J' water S
U TAND, warer, SW. T, Ta7"
1 SA 20 3ROKEN ROCK ,  water
1050 .4 8QULDER
1041.4 SILT
1037 .4 °S water, S W L 204"
4., 3
8ROKEN ROCK
{1027 4
] .4 CLAYEY GRAVELLY SAND
*GRAVELLY SAND,
Lio1s .4 water, S_W.L. 204’
1013.0
T CLAY w/sand lenses
280
987 .4
SANDY GRA Y N
979 .4 GRAVELLY ClLA
8EODRQOCK
967 .4
c
F320

'llllllrll'llITIITﬁIIIliliil]lII[IIIIIIIII[IIIIII




HOLE NUMBER  WELL 21

OROJECT  HANSON DAM
DRAINAGE TUNNEL

CLOCATION
N 103,215 E 1,763,786
DATE STARTED | DATE COMPLETED
16 July 1965 19 Aug 1965
Elﬂ%\: g 2 Stage piez.comp. 28 March 1966
P |DESCRIPTION OF MATERIALS
1228.0| 4 |Topaf Casing E1.1230.8
20
CLAYEY SANDY
40 ANGULAR GRAVEL AND
RCCK FRAGMENTS
60
{
1150.0
SILTY SANDY
ANGULAR GRAVEL AND
100 ROCK FRAGMENTS
9
, BROKEN ROCK w/
120 clayey sandy gravel
* Water bearing zone
J 131" ta 139"
4
S.W.LI 123 to 126
during.drilling to depth 216°
1069.0
Q
SILT
. 180
S SANDY GRAVELLY CLAY

1.1032.0

*_ BROKEN ROCK

o

Illll[er]llle'-Iltl|||I‘lllt’lllTrTlrli—IlIlrlﬁlllllllllllfllllilrlrl]1l]l'[ri]—l|||1l'r[1I,,,1~‘
~N
~

HOLE NUMBER wegLL 2]
ELEV-| D .
ATION| &
i;_ DESCRIPTION OF MATERIALS
H
‘ ‘ BEDROCK
VOLCANIC 8RECCIA
20
999 .0




HOLE

NUMBER WELL 22

HOLE

NUMBER  we(L 22

YJECT HANSON 0AM

ORAINAGE TUNNEL

ELEV- g
ATION B | OESCRIPTION OF MATERIALS
H
.4 GRAVELLY SAND, water
e S W [ 193"
(0154 8EDROCK
i ANDESITE
1006 . 20 Water in open

}_N.
LOCATION
N 103, 529 E 1,763,640
OATE STARTED DATE COMPLETED
11 May 1965 2 June 1965
ELEV- 2 2 Stage piez. comp. [Q May 1966
ATION } 5 |0ESCRIPTION OF MATERIALS
1225.¢| & |Top of Casing EL 1227.6
20
CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS
40
o,
9
O 5Lty SANDY ROCK
FRAGMENTS AND GRAVEL
- J*
1124 .4
BOULDERS AND BROKEN ROCK
w/sandy clay
1109.4
o1 1205, 1y SANDY GRAVEL
1091 « f SANDY GRAVELLY CLAY
SILTY SANDY GRAVEL,
1035.2 W14y warer bearing. S.V/. L, 124’
SILT & CLAY
160
1055 .4
S
Q0 SILT & FINE SAND
1036 .4
SILTY SANDY
1026 .4 . GRAVEL

joint at depth 219"
S.w.L. 189

Tr[—nﬁ[1Trr]||1|]—|11T]|Tﬁlrl|rl|||l|lllTl|Illr‘N




HOLE NUMBER  HORIZ. CRAIN A-I
TJECT - HANSON DAM
ODRAINAGE TUNNEL
LQCATION
N 103,360 g 1,763,510

DATE STARTED
16 August 1967

DATE COMPLETED
|7 Auqust 1967

ELEV- g
ATION P |DESCRIPTION OF MATERIALS
1107.2| w
20
8EDROCK
u0
60
1i3a 20
FINE SAND
1115.2 B 100
-
C
- NOTE: Material from 82
r to 100 feet depth
C caved and bound the
E_ drill bit, creating
C refusal to further
C oenetration.
C
C
o
5
F

HOLE NUMBER HORIZ. ORAIN A-2

- PROJECT HANSON CAM
ORAINAGE TUNNEL

LOCATION
N 103,360 E 1,763,510

DATE STARTED

OATE COMPLETED

I4 Augqust 1967

186 August 1967

ELEV-[ O
ATION| 5 |DESCRIPTION OF MATERIALS
1i07.9
Ol H
20
40
BEDROCK
60
80
100
120
113.3
_— SILTY FINE SAND

140

NOTE: Material from
125 to 133 feet
depth binds around
drill rods,
creating refusal
to further pene-
tratioa.

~

§ -3



HOLE NUMBER HORIZ. ORAIN A-3 HOLE NUMBER HORIZ. ORAIN A-U
~ROJECT HANSON DAM PROJECT  HANSON OAM
ORAINAGE TUNNEL ORAINAGE TUNNEL
LOCATION LOCATION
N 103, 360 € 1,763,510 N 103,360 £ 1,763,510
DATE STARTED | DATE COMPLETED DATE STARTED |DATE COMPLETED
[4 August [967 I4 August 1967 9 August 1967 I August (967
ELEV- EEJ ) ELEV- E
ATION 5 |DESCRIPTION OF MATERIALS Slen P |OESCRIPTION OF MATERIALS
1107.2| H (107.8] H
4
BROKEN ROCK
20 20
1108.0
uQ uo
BEDROCK :
Fraciu-2d w/clax
E seams
60 BEDROCK: Jointed 60
w/clay seams
v 80 30
' : 1120.9
[110.20F 100 100
BEDROCK: Sounc
" SAND & BROKEN ROCK e =
‘ L2
E [124.0 SILTY 3AMO
- 120 120
- BORING MADE 90 GPM SILTY SAMDY GRAVEL w’
. UPON COMPLETION WITH 11254 rock i-agments
[ RESERVOIR AT ELEV. _ -
C 1133 FT. ) BORING MADE 30 GPM
— UPON COMPLETION WITH
E RESERVIIR AT ELEV.
L 1133 F-. .
L iy A




HOLE

NUMBER HORIZ. DORAIN A-5S

HOLE NUMBER HORIZ. DRAIN A-6

—

€T HANSON 0DAM
DRAIMAGE TUNNEL

PROJECT HANSON DAM

DRAINAGE TUNNEL

LOCATION

N 103,360 E I,763;5i0

LOCATION

N 103, 360 E 1,763,510

DATE STARTED DATE COMPLETED
8 Auqust 1967

8 Auqust 1967

DATE STARTED
I7 August 1967

DATE COMPLETED
18 August 1967

ELEV-| D
aTion| §
P |DESCRIPTION OF MATERIALS
T
1107.0 | H
[107.4 BEDROCK: Sound
BPOKEM BEDROCK w/seams
of silty & clayey sand
20
1108.7
U0 SILTY SANDY FINE
GRAVEL w/ rock fragments
60
- BORING MAKING 1."2 GPM
FRPOM DE2TH NF 70 FT.
1127 39
SILTY SANDY COARSE
GRAVEL & BROKEN ROCK
100
gy

BORING MADE 60 GPM
UPON COMPLETION WITH
RESERVOIR AT ELEV.
1137 FT.

TTTT T

3

[T’1jllllll’l’l'T'T'l'lllY1lllj[l'lll‘l'l‘l

ELEV- E?
ATION | 5 |DESCRIPTION OF MATERIALS
1107.6 | H
3EDRNCK: Sound
20
loe.u
40
3ROKEN 3ECROCK w/
60 seams of silty and
clayey sand
80
100
1115.0
1115.3 FINE SAND
' SILTY SANDY GRAVEL.
1116.0 |p0 W/ rock fragmentsg

30RING MAGE 37 GPH
UPON COMPLETION WITH
RESFRVOIR AT

ELEV. 1130 FT.

-~



HOLE NUMBER HORIZ. DRAIN B-1A

YJECT HANSON DAM
DRAINAGE TUNNEL
LOCATION
N 103,425 E 1,763.u98
DATE STARTED | OATE COMPLETED
6 Seot. 1967 || Sept. 1967
ELEV-] D
ATHEN 2 |DESCRIPTION OF MATERIALS
1081.3} R
20
0CK
4 BEDROC
60
80
Liogu, u
| BORING MAKING WATER
BELOW DEPTH 82 FT.
100 CLAYEY SANDY GRAVEL

1099.8 | 120

BROKEN ROCK:
Weathered wiclay &
silt filled seams.

HARD BETWEEN ODEPTH
160 & 180 FT.

180

200

[HOLE NUMBER HORIZ. ORAIN B-1A

ELEV- E
ATION B | DESCRIPTION OF MATERIALS
H
220
BROKEN ROCK:
Weathered w/clay and
silt filled seams.
2u0
BORING MADc 60 GPM
UPON COMPLETION
_ WITH PRESERVOIR AT
1120.3 26Q ELEV. 1121 FT.
|
=
C
r_
r
— .
He




. HOLE NUMBER HORIZ. CRAIN &2

i p cT HANSON DAM
§ ORAINAGF TUNNEL
?—-—
LOCATION
N 103,125 g 1,763,498
DATE STARTED | DATE COMPLETED
|l Sept.- 1967 I3 Sept. 1967
ELEV-[ D
aTion | &
P |CESCRIPTION OF MATERIALS
1082.4] H

20

3EDROCK

60

80

CLAYEY SANCOY GRAVEL

[100.4- @120

CLAYEY SANDY GRAVEL
AND BROKEN ROCK w/
sand lenses

1105.7

HOLE NUMBER  HORIZ. DRAIN 3-3

PROJECT  HANSON 0AM
ORAINAGE TUNNEL

LOCATION'

N 103,425 E 1,763,u38

DATE STARTED | DATE COMPLETED
IS Sept. 1967 |7 Sept. 1967

1081.3

ELEV-

ol g DESCRIPTION OF MATERIALS

L=0oMO

20

BEDROCK

160

BROKEN ROCK w/inter-
stitial clay, silt
180 and sand

1110.9

CLAYEY & SILTY GRAVE
& ROCK. FRAGMENTS w/

200  sand lenses

BROKEN ROCK w/inter-—
stitial clayey and
silty sandy gravel
and occasional sand
“lenses

BORING MADE 90 GPM
UPON COMPLETION w/
RESERVOIR AT ELEV.
1120 FT. ¥

———BORING MADE 70 GPM UPON
-~ COMPLETION WITH RESERVOIR.

AT ELEV. 1121 FT. ]

\ \/\fd



I PROJECT Howard Fargn Oam

1979 Piezometer inerallation

<OCATION R;ghl Abu'rent

N 104,036.28 Z..763,956.34
DATE STARTED GeTE COMPLETED
23 Aug 1979 7. Oct 979

(L LEv-| D
ATION | S
& i_’ OESCRIPTICN COF MATERIALS

H

1308 Top of Cm..'ng 3113

Boufazers 4 Segken rock - all
angular - w/ilt & sand.

GM, Silty Sandy GRAVEL (ang.f
w ‘boulders (ong.) & minor clay
or decomposed rock, medium

w/dense zones, brown w/minor

gray .

BOQULDER
GM, Cimznred Sands & Gravels
w/silt, clcy & broken rock,
medium, b-gwnish grey .

GM, Cemenred Sands & Gravels k
w/silt, clay, broken rock & occ.
bouldecs (ang.), medium,
brownish gray.

_— = o e = — — e

Lost Drill Vuarer from =55 to -44

HOLE

NUMBER  79-CD-38

ELEV-
ATION

1208

oMo

DESCRIPTION OF MATERIALS

GM, Cemen-=d Sands &
Gravels ~ ‘clo /s, medium to

dense, gray .

Lost Drill V/ater
from =95 to -107

Vi -113.5 10 -l14

C BOULDER

L GM, Cemented Sands & Gravels
w/clay, beoken rock &
boulders (ang.), dense, gray

b

120

Boulders (nest of) w’/clay &minor
sand & silt between boulders &

1098

0 broken rock.

SP-SM, Gravelly SAND
w/silt, very dense, NP, moist,

| 4Q 9FOY -

GM, Clayey GRAVEL w/sand,
silt & broken rock, very dense,
moist, gray.

150
SM, Clayey Silty SAND (med.
to fine), dense, gray.

Rock Slab S
(Lost Orill Water from =152 to

-153.5)

/ GM, Silty Sandy GRAVEL "

& clay, dense, gray w/traces

170] of brown.
Less boulders w/depth.

*

1804

w.L.
(Hit Ground Water, Did Not
Seal Off Until Casing Reached
-320°)

(coarse to fine, ang.) w/bouldery’

— .
L ——9/24/79 p.m. : hole ¢
E190 187, w.L. w176
—9/25/79 a.m. : hole i
187*, v/.L., = |72
M, Broken rock w/silr, sond,
ravel (ang.) & minor clay,

200f dense, gray w/brown.

b
b
-
b

9/25/79 p.m. : hole !
193*, w.L. w(8I'
— 9/26/79 a.m. : hole
10 193, w.L. -+ I8I"
—9/26/79 p.m. : hole :¥
T 205%, W.L. t 1765
—9/27/79 a.m..: hole

205', w.L. T 176.5

=4



HOLE NUMBER 79-CD-38

HOLE NUMBER 79.cp-38
ELEV- 9
W 2 | DESCRIPTION OF MATERIALS
J98 H
—10/4/79 p.m. : hole
220°, w.L. 180
— 10/5,/79 a.m. : hole *:
1 220", w.L. - 18l
T 220(*
M, Broken Rock w/silt, sand,
ravel (ang.), decomposed rock
& boulders (ang.), dense, gray
w/brown.
230
S

988

NQTE: w. L. STATIC : -(8l"
E uatil 10/17/79
4

2

.

-~  SM, Silty SAND (med. o fine)
v Ew/'mn'nor gravel (fine) to -ZMJ g

medium to dense, grayish brown.

E GM, Beoken Rack w/silt, sand &
gravel (ang.), dense, gray w/
brown.

»~

ATIC WATER LEVEL

GM, Silty Sandy GRAVEL
(coarse to fine, ang.) w/

boulders & clay, dense, gray
/bfown.

2 S BATITE pams 8 babe

321.5', W.L.  295.5"
—>1(0/18/79 a.m. : hole w
321.5', W.L. «« 295.5"

ELEV-| O
ATION | § | DESCRIPTION OF MATERIALS
E
988 H
Less Boulders w/depth.
EJ:’IO, . . .
ir possible warer bearing zone
E 330" to -340-.
—[0/18/79 p.m. : nole u
340°, W.L. -+ 28C
240
E —10/19/79 a.m. : hole
340", W. L. + 320
——y Y A RE L
5iY, woL., - 320
224 8QULDER
— (024779 a.m. : hole :
331, VL - 288"
SP-GP, Gravelly (coarse to
fine) SAND (coarse to fine) w/
360 minor silt & num. boulders
(rounded), medium o dense,
beownish gray.
T GP-GM, Silty Sandy GRAVEL
C 7d~/boulders, medium to dense,
I orownish gray. )
L —=10/26/79 p.m. : hole u
9235 C J65', WL, v 202.8"
1"_3_80\
L Bottom @ =375'
L —1027/79 p.m. : hole
- 380", W L. ¢ 295.3"
L NOTE: Casing : =36l.5
B
C N
C
o
-
C
LE




HOLE NUMBER 79-CD-19

ﬁOLE NUMBER 79-cp-39
Id

7= = ELEV- E
OJEC tloward Hanson Dam ATION P |DESCRIPTION OF MATERIALS

1979 Piezomecer Installation W T

S H

LOCATION "ight Abutment
watecr level @ -10l.1 until

sealed 5y casing into clay
zone below.

*

ros v o

N 103,22Y.04 £ L.752,.2v.97

¢ =

§ OATE STARTED .| DATE COMPLETED
M 29 Aug. 1979 25 Sepc. 1979

—

Ill]lllll[[lllllfrr

JELEV-] O |
Al [N S = —_ ’ ' cL, CLAY, vecv stiff,
P |DESCRIPTION OF MATERIALS _ EE: e
1L76.4_ q Top of casing = 1178.9 molsSt, grav.
T
{k‘ [ CASING STICKUP = 2.5 £—=0
T BACKFILL MATERIAL PLACZD
F  AucusT 1981 S
fio

52, SAND (med. to fine,
clean) w/minoc gravel
(fine), medium to dense,

gray.

G4, Silty Sandy GRAVEL (ang.)

BROKEN ROCK-w/occ. boulders,
med. to loose w/dense zones,

94 DCOWN.

llllltl'l‘lllll
o

o

GP-GM, Silty Sandy (coar .z
to fine) GRAVEL (l%"-).
dense, orownish gray.

et T X By ke T R O

30010523

GM, Silty Sandy (coarcs.

to fine) GRAVEL (coars:

fine, ang.) w/num. bou. -

ders, dense, gray w/mir.
(*_btoun & ceddish gravel.

P B R pr
r—1g 3 G"l'| F(T_FZTW"FFTTﬂ'rTI:ﬂ”FFrTTﬂﬂ“
‘o

GM, Silcvy Sandy GRAVEL (a: :.,
w/occ. boulders, ocoken ¢

£ minorz ocqanic debecis, m- -
cdium, brown.

T L BN PN

GM, Silty Sandy GRAVEL
(ang.) to sub=-cound) w/0cg
bldcs., dense, brown. 1

DROKEN ROCK w/silt, sand »
Ccavel, med. to dense,
bcown to orownish gcay. |

TR

o
-

G?, 3andy GRAVEL (med. to
coacse, sub-cound) clean,
loose to medium, wet, gray

HIT WATER 2@ - 165.1

O \STATIC LEVEL @ - 152.1

BROKEN ROCK & ®dulders (anqg.
w/silt, sand, gravel & minoc
clay, dense, brownish grav g
tan.

¥

BROKEN ROCK s bouldecs
(ang.) w/silt, sand, clav
s qcavel, dense, gravish

ROCK - SOLID w/possible
fcactuce zones.

W“r:Tﬂ—rryzirrr

s

[*]

111111111"’

I‘!'l'lllkllllill'llETIIIIIIIE

80Y beown.
T_|[ [200
> 9731.1
L/ F . m
o / watec bearcing zone (com . N Bottom I - 203 in bedrock.
E‘ [0 / 90.1 co 9L.1 &
' L2130

BROKEN ROCK a boulders (ang.)
w/silt, cand, clay & decom-
cccd cock, dense, blue-gray

ll']lllll
'
i
1

gI=
i
%l
(=3
—
i



1

HQLE NUMBER 79-CD-40

HOLE NUMBER 79-CD-40

ELEV-] D

ATION | & | DESCRIPTION OF MATERIALS
86.4| N

~TAJECT Howard Hanson Dam
[979 Piezometer Installations
A
LUCATION Right Abutment
N 103,891.20 g 1,763,86!.25
DATE STARTED DATE COMPLETED
31 Aug 1979 27 Sep 1979
ELEV-| D
ation | §
? DESCRIPTION OF MATERIALS
1236.4 | H Top of Casing = 1289.4

10 Broken and decomposing ROCK
(engular) with GM, Silty Sandy
GRAVEL w/some clay, occ.
cobbles & boulders, NP, med to
very dense, moist, gray & tan

20 (londslide debris)

110 dense '+ 110"

med. 1 115"
/
, Broken ROCK w/SM,
120 ,’ Clayey SAND, dense,
~ 77 maist, gray.

med. ' 126
130

#*
40

dense 't |45

50 | med. - 150 - 200

f

40 '
{landslide debris)

|

180

* .
hit warer: hole : 191.0",
W._L. - 188.3' (918 79)

190

holg caved fiom 192" 10 187"

2000 minor sand - 200.0°

183.0" with hole

—wQler

208.5'

1076.4

210




HOLE NUMBER  79-CD-40

ELEY-| U
7 ATIQN ? OESCRIPTION OF MATERIALS
5.4/ H

——9/19/79 a.m. : hole :
208.5', W.L. :189.3

9.21/79 a.m. : hole =
o 226.5', wW.L. :189.3

L 3

very dense 225°

19 dense © 230°
——924/79 a.m. : hole
T 231.5°, w.L. : 188.8"

CL, CLAY, medium, moist

a
0 gray
GP, Sandy GRAVEL (rounded)
w/minor silt, NP, med. to
dense, mqist to wet, giay
(5] =
\ — - — - — — — —— -
GM, Silty Sandy GRAVEL
w~“some clay, NP, med. to
dense, wet, brown & gray.
240 (rounded gravels)
> ——G 24 79 1209 hrs » hole
i 70 242.0', W.L. ‘195.0°
1
—9.725779 a.m. : hole
251NV 92 85t
GP, Sandy GRAVEL v ‘occ.
0 coobles, N?, loose, saturated,
gray.
*
9 26.'79, o.m.: holc
PTAGSY N AR
—=9'27 79, a.m. : hole
T’ 285.0°, W.L. 264.3
—10 1779, a.m. : hole
9844 11500 300.0', Wi.L. - 264.5

Bortom of Hole ¢ 300.0°




HOLE NUMBER  79-CD-4| A

HOLE NUMBER 79-CD-<A

. -1 O
PROJECT  Howard Homso— Dam [E,E,—'IEOL E
1979 Piezomet=r —stallation e DESCRIPTION OF MATERIALS
- ATION Right. Aby—m=—" Lbc v 0.
5 GM, Clayey Sandy GRAVEL w/ |
N I silt, broken rock, occ. boulders
03.586.77 € |, 7c= .904.70 ‘ & cobbles, medium tg very dense,
OATE STARTED 07 COMPLETED maist, brown & gray w/reddish
4 Sep 1979 3 et 1979 119 brown in clayey material.
ELEV- g 5
A
Ten §_’ OESCRIPTIC N DOF MATERIALS |
1274.4 H Top of Casimg =—!277.0 ) !
G.\A, S:Ify :.ar—’ﬂy GRAVEL w/ - r

cobbles & z=¢ =ers (all ang.),

medium, dr=iw— .

0
LPST ORILL WATER FROM
-l e - 135",

GM, Silty Sandy GRAVEL w/clayf

ct. cobbles &/or boulders &
l:sq:

r

m

[ en rock, medium to dense,
NQTE: reddish brown material

st, gray & reddish brown.
|40 oPpears fo be decomposed rock.

GM, Silty Zi.am =y GRAVEL w/
clay & oce. z—=-_lders, medium

to dense, zm.

LOST DRIL. - =TER FROM -9
to -l & FRC ir.- =15 ro ~i7.

medium fq very dense
0 w/depth.

ICULDER s
GM, Silty 3=y GRAVEL w/

clay & occ. wee=-—liders, dense,
ten,

CM, Clayey I=—ndy GRAVEL
w/silt, occ. oe=-lders & cobbley

dense, tan.
S

N

Bottom & |76' Lost Bailer o

very dense w  ge=——=otls |




HOLE NUMBER 79-CD-4l

HOLE NUMBER 79-CD-4l

ELEV-

1174.2

PR YYEET Howard Hanson Oom
979 Piezometer Installation
[ LOCATION Right Abutment
N 103, 586.77 E1,763,904.70
DATE STARTED OATE COMPLETED
4 Sep 1979 3l Qetr 1979
ELEV=[ 1D
ATION £ =
P |DESCRIPTION OF MATERIALS
1274.24 1 | Top of Casing =(277.0
GM, Silry Sandy GRAVEL w/
cobbles & boulders (all ang.),
medium, brown.
GM, Silty Sandy GRAVEL w/
clay & occ. boulders, medium
to dense, tan.
20 LOST ORILL WATER FROM -9
to -ll & FROM -IS to -17.
30
L 8OULDER
GM, Silty Sandy GRAVEL w/
. 40 Clay & occ. boulders, dense,
tan.

GM, Clayey Sandy GRAVEL
w/silt, occ. boulders & cobbles]

dense, tan,

very dense w/depth.

o)
ATION E DESCRIPTION OF MATERIALS
H

GM, Clayey Sandy GRAVEL w/

silt, broken rock, occ. boulders

& cobbles, medium to very dense,

moist, brown & gray w/reddish
119 brown in clayey marerial.

1

I

£

Fi20
-121' o - 135".
GM, Silty Sandy GRAVEL w/cloyf

IJ(ECC. cobbles &/r boulders &

roken rack, medium 1o dense, t
moist, gray & reddish brown.

NQTE: reddish brown material
|40 9PPeoars to be decomposed rock.

medium to very dense

0 ./depth.

160

S 170

POSSIBLE SAND.SEAM
GM, Silty Sandy GRAVEL (ang.)

T 0 &/or broken rock w/clay,num.
boulders & cobbles, medium to
dense, grayish brown.

More cobbles & gravel & lgss
clay w/depth.

llll’l[rr

S

RCCK SLAB

Hit Ground Water - -205'
Static Water Level 1 -190".

1064.2]1[210

Bottom ' =2l0




HOLE NUMBER CD-52

HOLE NUMBER CD-54

PROJECT HANSON 0AM
SEEPAGE STUDIES

) °RQUECT HANSON DAAM
SEEPAGE STUDILS
~JCATION
N 104,180 £1,763,385
OATE STARTED DATE COMPLETEQ
1935
ELEV- g
4TION 2 |DESCRIPTION OF MATERIALS
1086.6 | H | TOP OF CASING _ 1087.5
SANDY SILT w/broken rock
1069 .6
SANDY SILTY CLAY
T "ﬂ» w /rock frqgmen!;
Jios2.
s /" SANDY CLAY w/rock
105Q. fragments
40 SANDY GRAVEL w/clay
and silt
1035.6

GRAVELLY SAND
w,/broken rock

40

LOCATION
N 104,029 £1,7483,414
DATE STARTED | DATE COMPLETED
1655
ELEV- E
oLy ® |OESCRIPTION OF MATERIALS
1093.3] H | TOF OF CASING 1094.6
BROKEN ROCK w/sandy silr
Q
=
1064 .3
7 80OULDER
; 1043, 40
104.55. CLAY
1045, 8QULDER
1038.3 SANOY SILTY GRAVEL

1032 .8 60 SAND

1026.8 SANDY SILTY GRAVEL

SILTY CLAY w.brok2n rock

SANOY SILTY GRAVEL
w,brokan rock

.. SAND w,rock fragnents.

80

loc{*. :
992.3 : GRAVE(L w biot en rock,
936 .3 sorme ¢and and silt
981.8 SANDY GRAVEL:
979.Y" SAND
974 . SILTY SANDY GRAVEL

SILTY SANDY GRAVEL

SAND

SAND, GRAVEL, SILT
AND CLAY, interbodded

SAND, SILT AND Ctay,
interbedded

BEDROCK

140 INTERBEDODED “ANDS,
GRAVELS, SILTY GRAVELS,
AND GRAVELLY SANDS
w occasional rock fragments

160
T =
15(:
903.3
700.3 WEATHERED ROCK

| 893.3 200 8eEDROCK

o amren— it



T W ‘

APD

NPS

>wni |

L PROCT

HOWARD HANSON DAM

(S LT MOITYEE (of Y, T O=IOMEBRIamIOES

o 3__sexrs |
3818%) _

e

2. LOCATION (Coordlnates ar Siatlory

MN02 795 _ELI63SI0 (JOPOY

==L OATUM FOR ELEVATION SHOWN (T&W o KSU

2. MANUFACTURER™S DESIGMATION OF ORLL
----BYCIBUS ERIE 22W CABLE TOOL ______|

@EZ& :

s

f‘-?ﬁv}%i‘- 0

1

14
.-e**-*.

20

43

30

GM GRAVEL LOOSE

GM, SILTY SANDY GRAVEL

WITH COBBLES (6. DENSE
SANDY AT 18’

GM. SILTY SANDY GRAVEL

WITH COBBLES, DENSE
BROWN WITH MQTTLED GRAY

-

40 s

L
50—
60

%
70 -

oS

o
80 ;
30

GM. SILTY SANDY GRAVEL
WITH COBBLES (6] CENSE

1 MOIST, BROWN

Y| LARGE COBBLE AT 62.5°

N=48,36,50

ORILLED WITH BUCYRUS ERIE

CABLE TOOL. 6* 8IT

4° D SAMPLER WITH 2,000 LB.NT
LS’ LONG

N=® BLOWS TO ORIVE SAMPLER &'
SAMPLE A REFUSAL, 0% REC.

707 REC.

- 10/30/86

. TOTAL MO.Of OVER-
4. NOLE NQ. (As sfown e arewicg o | BURDEN SAMPLES TAXEN f 2 :." “‘?5‘
'\ end flM manver’ i B86-CD~-{OI/101A S
= LSSSSSSmosoSooo W TOTAL MABER CREBOXES O o
_____ o:' ______ﬂ'ST GWIN e _____JSELEVATONCROMO WATER _
& DRECTION OF HOLE st ICOMPLETED
coumes  TBo/86 |
K] verTicaL [ waLsen DEC. FROM VERT. s N e e e
- . ELEVATON TOP OF WOLE -_1194_(T0PrQ)
LTeOCES b Svemmenen 13 B. TOTAL CORE RECOVERY FOR BoAMNG ___ x
& DEPTH DRILED NTO ROCX L/
_____ o 8. SIGNATURE OF ®GPECTOR
3. TOTAL DEPTH OF HOLE 198° T R. ECKERLIN .
X CORE | 80X OR REMARKS -
CLASSFICATION OF MA =
ELEVATION | OEPTH | LECEND ity TERULS Recov e (Oriting dam, weter ez, doctt of
- - - - - {2 L ]

1194 5

N=65,69,50

10/3/86

60% REC.

10/31/86

N=43,42.33

1/3/86

100% REC.

1/3/86

- N=49.28.28

- N=20.24.30

1/4/86

0% REC

1/4/86 |

N=63,67,75

N=3T,40,36

/5/86

1S4 REC.

507 REGS

b

Ke38,66,60

"

. 5% REC

R/5/86
1/6/86

Trrrprrreprerryerrrepeerrerpreni ll.ll S FErprrrryprr e T ey rerrp ey rrrTyrrTeprred
SRAREY BERRY RRLLY AR LR LALLM




L

o noig  NQ, YO LU iU/ IUIA

COBBLES, MOIST, BROWN

—— *STALLATION SEET 2.
______ HOWARD HANSON DAM . smeoe MOSEN-GT o 3__ sreETs
ELEVATION | 0EPTH | LEcEMO CLASSFICATION OF MATERULS ?,.:Eci%ﬁ ws,“':.:?g‘ m':umFEv‘:z‘g Mlar
. » o < . A4 2
iaratamn 5
094 | 00 =58 v SiLTY sanoy GRAVEL , M34238 00z REC.

Swi_105.7 n119/86

LOOSE GRAVELS [SOME X

§ CAVINGI, MOIST TO WET

SWL 104.9 L/20/86

N=34,40,63  100% REC.

AT 124 CASING BENT

llllll lIllllI llllllll

MOVE TO NEW LOCATION 5°
TOWARD LEFT ABUTMENT FROM 01
1/25/86 START NEW HOLE

86~CD-{OtA M

S

S GP-GM, SILTY SANDY
¥ ' GRAVEL, WITH COBBLES
'DENSE.MOIST,BROWN

IS0

SWL 104.9 1/20/86

SWL 104.9 1/21/86

SWL 120 1/21/86

SWL 185 1/24/86

12/18/86

N= 42,4339

SWL 129.6 2/18/86

SWL 1233 2/13/86

N= 42.43.47  100% REC.

llll'lllllllllll llllllIL
[o]e3

X7 COBBLE o 152

SWL 145.2 12/19/88
SWL 146.2 /6/87
N=45,45,REFUSAL

00%Z REC., 2 JARS

lllll[lllll

180 5 N= 245539  §0% REC. —
SWL 18l wv1/81 -
70 —ESEE5] GP-GM. LESS SILT THAN ==
o] PREVIOUS SAMPLE M sy C
Ao 1/T/87
vl SWL 163.6 /8/87 g
A0S : E
180 —BAEas3] M. SILTY SANDY GRAVEL . =
) J2EAR] WITH COBBLES, VERY Bl a8 s E
=226y DENSE.MOIST.BROWN /8/87
SWL 1655 /3/87 f—u
22l FINE GRNED. WITH COARSE S| BALER SAMPLE : -
190 —T%H SAND TO GM P e R W
1002° T so:r?:;nsOCK SWL 183.4 o /et
HARD :_
ANDESITE, BLACK =
996° = a -
200— TD 98CELV. 9967 —
- S 0 1o8° -
- CASING TO 192.5° (6'D] —
= =
- . [PROJECT NO,
Sk 50FM 1836-4 mrevous o AR, ' M 6 co-ow/10ia

HHD



| NED L NES ';G_J oeEETs
L PROJECT o szEwo TyeoF o ___ 6 QDEX T
HOWARD HANSON OAM________ {L DATLM FOR ELEVATION SHOWN (TBY o ASU
2. LOCATION (Coardlaares or Starin/ e e s e e
__NIO3,150 EI,763,305_(TOPO1 _____ S i AT RER< T DO O TOAL
- ORLLNG ACEMCY  jeNGEN DRILLING CO. _ f====o CP_650_ AR _RQTARY_QBLL _
""""""""""""""""""""" 0. TOTAL MO, OF OVER- DSTURSED JUNDS TURBED
i e R BURDEN SAMPLES TAKEN ¢ 7 (R 1Q_
Gt : -':-'D:LO-Z ------ TOTAL MABER CORE w:c4
Taer M TED MERYOMH o oo o
. OIRECTION OF HOLE . DATE HOLE ISTIRTED R En
(XIveRTICAL (I ™MD OFG FROM VERT. L=oaAN.2J QBT _ JAN. 23, 19RT 4
- 7. ELEvATON Toe oF KLE APPRQAYX. 1225 _[TOPOY___
T. Twouess oF oversuroen 208 8. TOTAL CORE RECOVERT FOR 8ORNG _ __x
L. DEPTH ORLLED NTO ROCK 12° R
L. TOTALOEFTHOF HLE . P2O° | o RICK_ ECKERLIN __________
ELEVATION | 0EPTH | LEcer0 CLASSFICATION OF WATERIALS m ;'2.‘.,&‘ (Ori8lng e, woter Kse. decth of
@escriptian) ERY [N weazaring, me, /¥ simillcart!
a ° . J . A q
(225 = // CLAYEY-SILTY CRUSHED ROCK. ORLLED WITH AR USING =
- WET, TAN-8ROWN (FILL71 QOEX HAMMER B
— : CASING CONCURRENT W(TH ORLG. :
=2 USED QVERHEAQ CASING ORIVE [T
10— THRU HAMMER TQ ORIVE SAMPLER E__
- E
— p—
= =
= / —
20—_] / ______________ 752 A ORIVE SAMPLE A E_
1223 ]w GM, SILTY SANOY GRAVEL WITH M 802 C
__1?‘ 5 COBBLES AND BOULDERS 5
g —
S -
30&@ %2/18377
] 152 LB DRIVE SAMPLE 8 -
3 N= 8,010 =
s 2 2 ==
l ANDES(TE BLOCK, HARD, LIGHT s
GREEN (34-4271 i
40 ¢ | cuP sawpLe :;.
SAT o
ANDESITE BLOCX, HARO, LIGHT I
GREEN (43-657 ‘ T =
50 D CHIP SAMPLE —
[
o 5
60 E .4 -CUP SAMPLE :,_
£
. F | o saee =
SLT AND COBBLES, LOOSE , =
B3 mom ¢ | ow smee S
70 0z [ H | ORIVE SAMPLE H L
ANDESITE BLOCK, HARD, GREEN N= 2072, REFUSAL ':'
T0-78° iy
e 1 O SAMPLE -~ =
80 ) J CHIP SAMPLE :_.
ANDESITE BLOCK, HARD GREEN =
T9-99 ) i
K | o sarLe oo
S0 " L | o saeree —
125 | 100 ‘ N_ | O SMPLE 22 m30 iest
ENG FORM I836. previous eomons ane [PROECT .. |weew
NG F 6. B st _ T




L

mmmcm == Hole No, 87-RD-10Z___
NETALLATION [SHEET ...l
_____ HOWARD HANSON OAM__________ | ______NPS ___ e oo Jor 3__ serts
80X OR
ELEVATION CLASSFCATION OF MATERIALS :rggﬁ SAMPLE Drtming rime, wser o
(Doseription) ERY NO. weaTArleQ, o, ) donfTicort)
o < . Ad 9 e
25 9%, SLTY SANDY ROCK FRAGMENTS 00X ] ORIVE SMPLE O vzt =
P~ LMED SOFT, MOIST, GREEN -
¥ ANDESITE BLOCK, HARD, GREEN -
i : P | cP SANPLE ==
108-0 3 =
112 L =
0 SLTY SAND AND ROCK FRAGMENTS ~
s -
o8 : =
—
12 ANDESITE BLOCK, I3-24 0 | CHP SAMPLE ==
1101 .
R CHIP SAMPLE —
100% S| ORIVE_SAMPLE S -
N= 4.6.6 p=:
ROCK FRAGMENTS IN SILTY SAND t
NATRIX, MOST ,GREEN T CHIP SAMPLE 1/23/8T ¢
(>4 - ORIVE SAMPLE U 27/87f
N= 10,8.3 C
V] CHIP SAMPLE o=
¥ | CHP SAMPLE =
[
E
v lrmpocaups =
MNAS | B = = = = = = = e m cmmom-o == - . —
T GG, CLAYEY SANDY GRAVEL, I00% Y | ORIVE SAMPLE Y ~
N= 10215 .
WITH COBBLES,, DENSE, MOIST , =
275! BROWN, OCCASIONAL 8GULOER =
BET ) -
[T0—Hr e ; i —
’ : CHARCOAL GRAY =
1053 PR S50 S oK P, o e o e =
“E—=—=] G SANDY CLAY, SOFT, MOIST, -
— CHARCOAL GRAY (VARVED] =3
- SM. SILTY SAND (FINED, WITH -
80— OCCASIONAL GRAVEL, SOFT, MOIST, 127/87 §=
1043 = BROWN ’ . 002 |7 |swiemLs v28/37 |-
355 DRIVE SAMPLE Z o
s Ne 2,40 -
I -
- o
19 AL | CHIP SAMPLE [~
AB | cHIP SAMPLE —
) .
- 100% (AL DRIVE SAMPLE AC -
Ne 22 -
SWL=18LO 1/28/87%
SwiL=1823 v29/874-
tor7f -
2 0% |—AQ——| ORIVE SAMPLE AD ol
. N=I5/3 REFUSAL -
.
CHIP SAMPLE B
1005 1229 AE /23/878
PROJECT ™Y ‘
HO 87-R0-02




e | = | =L, Jor _3 _sweETS
L PROECT 0. STE MO TYPE OF a1 _ B'-[24: 6°-(78" ___________
_______ Hq!éBQ_HéNSON DAM———-————————'—— L OATUM FOR ELEVATION SHOWN (T4 or WSU
Z LOCATON Cxordincees or Sarond . oo o |
__________________ N _.‘QZ’—s—C)—S———EL?Zéé'—S—O—S—— 2. MANUFACTURER'S OESICMATION OF DRLL
3--_03':‘-:“— ACENCY JENSE_N DR]':L_WQ__CQL____. _____ __-BUCIBU,S-EB!E..ZZ_W_.QA_B.L.E._T_O_QL ________
C WOLE M0, G coem :v:r:wu e = ;IT;ELN%LB TAKEN e 0] = 12
" and (lie cumter) + 8T-CD-103 = f—  — —  —  io——oooSooo r===oo= =
e S——{i. TOTAL MAGER CORE 8OXES __ __ _____ ___________
_____________ ART GWIN __ o _____|s eEvatowcRowo watR  ____________________
6 ORECTION OF HOLE 1. OATE HOLE ISTART icouPyET =
e I FIUJRN. 14, 1987I 0 TR, 31987
- : 0. ELEvaTON TP of me __l207°
T. THCKNESS OF OVERBURDEN __JIZ'_-_ _____ \8. TOTAL CORE RECOVERY FOR BORNG _ __ _ _ __ __ __ _____ x
LOPTHORLED WTORDX ___ 5" . SOUTURE OF MSPECTOR
s.totwoemor ol (78" __________ | _____________RICK ECKERLIN _________
ELEVATION | DEPTH | LECEMO W%WTM *n:f%ﬁ 2"%? m:::;:, Z: e Bas. gucth of
o 3 ] d . 1 q
1217 FILL FOR ORILLING PAD B0 PRERARED R =
(CRUSHED GRAVEL] ' ORILLED 8°AND SET 8' CASING [
> 2,000 L8. TOOL ¥T.FOR —
""""""""""""" SAMPUING; 4* ID- LS’ LONG —
1/14/87
GM. SILTY SANDY GRAVEL ] L1S/8T |-
WITH COBBLES, LOOSE TO N= * BLOWS TO DRIVE £
MEDIUM., MOIST BROWN SARELERRES =
1/1S/87 -
V16787
soz[ & Ne 144723 -
=
AY N= 20,2133 -
1/16/87 :
1720787 |-
=
0% ¢ N= 48,2332 (=
T (/20/3;' W
S0—P==234 - np- > ’ i 100% o 2UBT
: G, GP-GM _ N= 205 88 -
o " -
o =
3 E
ST ooz | € N= 20.20,32 [
BT = =
S g VraViyi m
70 ey /22/87 f—
A 0% _F__| M= 303048 =
2t z L ] -
B80—Fia =
; ’ 0z G N= 20,3036 —
X 2 [ H Nz 39.+50 REFUSAL 1/22/87 :_
0P o TR BT
7| 100 _F .
ENG FORM 836 PREVIOUS EDTIONS ARE OSSOLETE. ENOXCH i 2z
L o x igipienn seimac HHD - ] - 87-CO-03 y\;éé



.

T TmT RS pmecToem Hole No. 87-CD-103
PROECT PSTALLATION SHEET 2__
HOWABD_HANSON.OAM________ S e e OF 3 sixTs
o CLISSFICATION OF WATERULS fetars | Sax on SARRS
ELEVATION OEPTH D MECR%V- 5*£L£ la-'f:v ﬂ..:: nn.m)t
a » o « o ! °
00 s _ =
AL GP-GM, SILTY SANDY GRAVEL e 3450.53 =
LR WITH COBBLES, MEDUM, | FRR FenRR ve3se1 -
SEa MOIST, BROWN vereT
iy 5
DLyt  N= 35,46,71 n
TS 1007 RECOVERY —
s 21/87
o] SWL= 1L v28/8T -
Zxa i T X1 = 50.60. REFUSAL -
2,030 SWL: Gs.5 128,87 |
P ocas| SWL= 29.3 V2S/8T1
5 : T ™= 375357 -
oirns 90% RECOVERY [
2 05y Swi : 129787
paity] OP-GM, SILTY SANDY GRAVEL SWLT [ /30787
F305] WITH COBBLES, LIGHT 8RN, - -
Si=sd AND WET M_| 1007 ReCoveRy =
e [ SWL= BAILED ORY v3o/87f~
S N | sw-82 227871
%7 T M 1333 -
Sa s 60% RECOVERY :
e \ SWL= BALED DRY 22/81/
SISy SWL= ORY 2/3/87 ~
= 2
2302 BEDROCK 0 | N= 50/r REFuSAL =
1044 AR SAMPLE I
ANDESITE, GREEN, HARD -
039 0= s 2/3/87f
80— BOTTOM OF HOLE AT [78 TSR D e
- (ELV. 1039] 6° CASING TO [(T2.5° =
190— —
= : 3
— F o
200 ==
ENG FORM 1836-A rrevious eomoes ARE CESOLETE. [FROECT . M, -
ToMART e O __ 8I=C0=03 ____

Y-5



DRILLING LOG  ["pp

O | ALLATION . SHEET |
NPS o3 sierTs

L PROECT
HOWARD HANSON DAM

0 SZE 40 TYPE OF &T 6 CABLE TOOL

L OATUM FOR ELEVATION SHOWN (T8N or kSU

2. LOCATION (Coordinotes or Siagon)
N 102.750 E 1,763.470

Q. MAMUFACTURERS OESIGMATION OF ORLL

1 ORILLING AGENCY
JENSEN ORILLING CO.

"|BUCYRUS ERIE 22W

- . TOTAL WQ.Of OVER- DS TURBZD UNOISTURBED
4. HOLE NO. (AS SDwn an droaerp e | BLROSN SAMPLES TAREN ¢ () '8
il ' :87-CD-104 4. TOTAL MAGER CORE BOXES
V (SZ.LNE»‘;J‘E &?I‘HFT@E.LER S. ELEVATION CROUND v:ER '
& ORECTION OF HOLE 6. DATE HOLE STARTED \COMPLETED =
12/4/87 12/20/87
B verTicaL (J maLred DEC, FROM VERT. L L LT
I DCENESSof (YeRaLRDENIIZHE . TOTAL CORE RECOVERY FOR BORMNG 1
& OEPTH ORLLED NTO ROCK g’ AT T
4. TOTAL OEPTH OF HOLE (27 BILL GOSS
ELEVATION | DEPTH | LECEMNO “‘S‘U&‘:&“‘Tm‘ . ésip?s ;'i’:.ﬁ&“ (Drtang e, rorer e o geatn of
Y FILL (CRUSHED GRAVEL] ORILLED WITH BUCYRUS ERIE 22w [
FOR CRILLING PAD CABLE DRILL USING 2,000 L8.TooL
WEIGHT FOR ORIVE SAMPLING. =
e . SAMPLER= LS’ LONG, 4*' E
10—Eyvsany GP-GM: SANDY GRAVEL o
JEGE WTH ST AND COBBLES A Y ™
RS N= * OF BLOWS TO ORIVE o
ﬂf;-‘a:é SAMPLER &'. =
=
-J?g& :
20— “,_‘i‘i N= 44,34,50 [
' 'Qé 4| sex Recovery [
— e -
—1%%39‘ g; 2581
T 279787 |-
30— =
-—:'.)—.:-1. I~
B -
—*%—A& ____________ N= 8.6.6 _
ﬂgm@ GM: SILTY SANDY GRAVEL 81 0oz recavery =
JE=5d DENSE, BROWN, MOIST i
TIARSS 270787 |—
H iy _
W N= 40,29.29 o
oo ‘ € ! 80z RECOVERY ==
-.‘ " ’-
2 I
O 2/10/87 |-
SR 2/w/87 -
) ) N= 26.25.33 5
2o ® | 6% recovery E_
LT 2/w87
3 2/2/87 §-
70 —
S GM: SILTY SANDY GRAVEL . —
. e = .56, P
285! WITH COBBLES, DENSE, z :ozz‘agzoizw -~ £
=5 BROWN, MOIST &
ad ¥ 228t
/M7
[
30 — = 33550 :_
90% RECOVERY -
_2/T1/8T
2/8/871-
100 . -

ENC FORM 1836  mrCvIous [OMONS ARE 0BSOLETE.
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PRI Y PRI (O
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HOWARD - HANSON - DAM ~[.a“7£-co-«o4“ T



- ——= = 99 pacs (TOPO) Hole No. 87-CD-l04

22

PROECT lmsn-u.nm SeeT 2
HOWARD HANSON 0AM NPS OF 3 SKEETS
ELEVATION | cePTu | LEcha G-*SS“U&,:‘:“W‘LS Accoe- | St O/llng Do, waer £, daxs of
ERY NGO, wexnaring, ac, X siorffioa) .
L > . - . ! L]
- — 2,18/87
1085 | 100 FEZ5 GM: SILTY SANDY. GRAVEL -
e DENSE, BROWN, MOIST N= 20,3450 =
—f See S| 957 RECOVERY —
s E
P 2/18/87
10— /B/8T
:.:%,; “&?E SWL 10S -
"‘i‘}@ -
s s
O'..-O‘gf S . L
:z_.;g._ - N= 16,2430 -
:&359}5 704 RECOVERY -
O e
R20—gires BALER SAMPLE -
)'_"3_ - Swi 19.5 2/19/781
1064 o SWL 9.5 - 27207871~
ANDESITZ- GREEN, HARD SAMPLE 1= BAILER SAMPLE =
1053 {JAR ANDESITE AND GRAVEL C
TD —
130 T 27 E’
S’ OF 6 CASING £
% -
CASING SEATED IN BEDRQCK I
AT 123.5° .
—
HOLE DRY OURING ORILLING =
e
— i =9
- =
- -
— —
- =
3 C
] =
: 43 :
-ﬁ -
- =
- —
- =
= -
— =
] . e
_ i —
- =
3 -
o —
- =
ENG FORM I836-A PREVCUS EDITIONS ARE OBSOLETE. B e
A MRRE o SA S s IS ‘ 'HOWARD HANSON-DAM ' 87-CD-i04

1
“-



e

Sresd |

NBS

‘R 4. HOLE KO, (As #oen &) drocio T |
)

e S <3 TS
© PROECT 0. SCZ 40 TYPE 7 &M §* 00TY
) s < U T

HOWA2D _HANSON O8M_ _ __ __ . ___ R CaTU FOZ TLIVATICH SHOWM! (TEZ or 4SU
2. LOCATION Caorclnzas ar Slaften)
&,m_g‘as_'_s_;.zsa.ﬂo ________________ 2. UNEFALTURIR'S CISCHATION OF ORRLL
j:%%g; 65'5{'7 NE_CA C2_5520_42_POTaLy _nNou'l ___ =

L = TOTAL K2 ST OVER- DSTEeI MQ@ITURAD

BPIEN SULFLES TAGEN ’ .

1 L e e e
- < TCTAL MBI CORE 20ES
S MME OFOPRLER 0 ——— S OasossoasooososnsEs
TEO MY oo e 5. SLEYATNd QRQOMD WATIR
G. DRICTION OF HOLE e STARTZID 1COMP.ZTID
B, DATE HOLE 0 R
(O veRTICAL [ KNCOLNED DEC. FROU VERT. Jl B VAR VA :3£25£87 oo
7. ELEVATOU T0? OF Ml (2003 [
— - == o 10 O 2 05 GROUND . ooooeae
HCIESS . TOTAL CO3Z RECOVERY FOR BORNG _ _ _ _ _ _ _ _ ____ ____ z
8. DI>T4 ORLLED NTO ROCKX S4¢

L TOTAL OZPTH OF KOS (BG’

Q. SIGMATURS CF &EPTCTOR

BILL GOSS

=T €Gz| CLUSSTICATION OF WATIRIALS
CLEVATION | 0ZPTH | LEC2 WDasrigtion) 1

. o < a

Z Co3Z | 20X OR REMARKS

BICOV= | SAL2LZ (CoUNry M= = Ksoncxxn o
ERY XO. I rEr e, €2, & slliz=rd)

. . o

ZEEEA5 GM: SILTY SANDY GRAVE

4C 0 3QULDZR &-l0’

Ty A1 |3 ' 4KZAD OF CASING SWGE
CHIP SAMPLE A Ly
1 JAR
5 GM
‘ ] DRIVE SAMPLE 8
N= 5,5,8 °0%Z R=C
BOULDER 33-38’
S G SILTY SANDY GRAVEL e e
, == WET, ANCULAR,
ST 2UST SRIL-WTATHIRED
Tpy GRAYISH GRK.-FRESH | oavissewzoo
SOES1 SMALL AMOUNT OF WATIR || Ne 493 7CzAET
50—}5‘%1"5@ ENCOUNTERED [ D A

30ULDER 52'-55’

-5 DRIVE SAMPLE E
TS E K= 257 60% RSC
e GM
e - _ ORIVE SAMPLE F
1C—I=s LB 22 852 asc
T
— ‘7;_
S
—-Q’
—T
e ORIVE SAWPLE =
8¢ :Q.o > G K= IS5, REFUSAL  SO% REC
p’ 7%
0
—S
w' DRIVE SAMPLI *
S0—=nis K= 5/4', REFUSAL 30% REC
qg;q' . 3/m/87
—:1%,"’1% 25787
Ey:fs;'(,‘é‘i ORIVE SAMPLE '
100 ."Je'z‘y/ y

L DAILLID KITH AR USING
00EX HAMMER

CASING CONTURRINT WITH
DRILLING

USZID OVIRAWZAD CASING ORIVE
THAU HaMMI2 TO ORIVI SAMPLER

":’-RST LENGTH OF &' CASING
2r WITH SKCE AT 2L2°

3/83/87

lln‘l'ﬂ'l'llln||‘\rlll||l|r’\lnlH‘HIHH'lelcr\lll H“lllf[llllluulﬂl’l“

ENG FORM 1836 PREVIOUS EDMIHS ARE QBSOLETE.
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[procT = . MO. .
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1 1205_(1020) Holz No. 87-RD-105
PROECT INSTALLATION Sw==T 2.
I HOWACY _HANSOW DAY _ N e e el s s o i i e __ swIzls
s cowegmagures WS G emat e
ZR0ST G SANDY SILTY GRAVEL :
P DRIVE SAMPLE J -
J Y= 3,810 106% REC v
--4'---—<”"...;;_ :—
RS -
B i :
-ECeIAT ! dir AMPLE o
I2O——::-'5’__‘_:_“;(,%5 =
L -
_;ég:.# =
:Ev <51 - S6E L =
5t DRIVE SAMPLE L =
=y OM L= 43,5 T0% REC i
073 . N 3/23/81 .4
1 ANDESITE: BLACK, FRESH . 3724781 =
] SHARP ANGULAR DRILL —
CUTTINGS . i
‘ M| CHI® SAMPLE —
N_| CHIP SAMPLE —
0| CHIP SAMPLE -
i
4 E
3/24/81F
DRILLING ON GROUND 372578TI=
P__| CHIP SAMPLE —
WATER IN_HOLE = _ =
DRILLING ON_GRNDWATER [—
T| CHF SAMPLE —
2% = CHI® SAMPLE »u
TD=(86" =
1S > ' T
. =
1005 |20 —
=
ENG FORM 1826-A FREVIOUS EDTIONS ARE FROECT | . |MRE K.
wa v HOWARD_HANSON_DAM__ . 81=RD=I05 .-



OATE 40O TIM€ MOTTEDs 28-SEP- "] 16:07 HOle N°-92‘RD— I 'O I
DIVISION INSTALLATION SHECT |
ORILLING LOG CENPS-EN-GT HOWARD HANSON DAM o cerre
I PROECT 10. SIZE 40 TYPE OF 8IT 8~ O0EX
PIEZOMETER INSTALLATION 1. DATULM FOR ELEVATION SHOWN (TBM OR MSL)
2 LOCATION (COORDIMATES OR STATION)
12, MANUFACTURER'S DESICMATION OF OAILL
3. ORILLWIG ACEMCY - _
ANDREW WELL DRILLING TN T TS ToReED e
4. HOLE W), taL SHOwH QN TRl THTLE BURLEN SAMFLES Targn 5 .
4G FILE MUMBER) : 14, TOTaL MUMBER CORE SOXCS
5. HaAME OF ORILLER
ROBERT DEWILD IS. ELEVATION CROUNO WATER
6. OIRECTION OF MULE 16, OATE MOLE 1STARTED COMPLETED
(= veRTiCaL (] ncLined 0EC. FROM VERT. X -
IT, ELEVATION TOP OF WOLE
[ TIMCXMESS 10F1 OVERDURDE N 18. TOTAL CORE RECOVERY FOR BORING -
8. OEPTH DRILLED INTQ ROCK 15" 3% HALE M0 < IGATURE OF NePECTOR
9. TQTAL OEPTH OF MOLE 199"
= CORE | BOX OR ACUART S
ELEVATION | OEPTH | LEGEID CL‘$5“'C(-*T'°"R°‘”“I‘°‘;‘5"M$ RECOV~ | SAMPLE | ORILLING TIME, ATER L0$5. (L7 TH OF
CESCRI ] €RY O, WELTHERING, ETC.. IF Sickas 2t
. . < o 5 ) 5
=] ROCK SPALLS (371 W/GRAVEL =
n 4 SANOT CLAY, BROWN - -
—— -
3 = RIP RAP (371 AID L00SE =
— BOULOERS E
10— —
3 =
1S g SILTY SamO, FINE, ORY, $ NOV 92 i
=] BROWN il
3 e
Aol =
. o
=1 -
25— =
=3 .
— SILTY SAND, WED.- FINE. »
35— ORY. GRET. =
- SILTY SAO W/ OCC GRAVELS. =
— €D, ORY-UIST, =
35— BROWN —_
- SILTY San0 @/ OCC CRAVELS <
— ugD.. OAY. CREY -
40—:1 SILTY SANO, MED.-COARSE, .
» ORY. BROWNISH CREY
45-3 g
3 -
- SILTT SAND, FIIE, ORY, =
SO— BROWN __
m =
55— e
7 =
=) =
60— o
] SAND (COARSE. WED) W/ SOME -
65— SILT. GRY-MOIST, GRCY, e
(CRAMULES ARE UNIFORM W/ g
-. FRACTURED FACES. PROBABLY —
BOULDERS) =
70— | =
— SILTY SAND, FINE, ORY =
=) aROWN =
75— 7 =5
= ANCESITE BOULOERS W/ ) D (o
— INTERSTITIAL $4ND, SILT, -
=] AND CLAY WITH WINOR o
80— CRAVCL, ORY, CREEN ROCX
= FRAGMENTS W/ BROWN =
CLAY AND SWT. E
= (CONT.)
85— i
] ’ i =
90— - ==
395 — -
=1 —
100 " -
WOLE MO,
ENG--FORM .18368. Previous eniTions ARE OBSOLETE. v Imu:cr PIEZOMETER 92-RD- 110 X"t/(/

CMAR TE - ¢ =
SEP 90 WUODWIED FOR CADN AY (Fwe<

INSTAI| ATION



Sﬂ-nmmrucmorrms

ORILLING LOG (Cont Sheety | oo 107 & e
on e
Hole No. 92-RD-110
PROECT WSTALLATION Seer o
HOWA N DAM
OWARD HANSON O & 2 oers
REMARKS
ELEVATION | O€PTH | LEGEND O.ASSI‘ICASEM %:‘Jfr"‘-s 2?,‘,,02 ORRLING TIME, WATER LOSS, CEoTm -7
nQ, WEATHERING, ETC., SICHIF 12 2nt,
. . < <« - ‘ . |
100 4 \COnT. *--
“ ANOESITE BOULDERS ¥/ INTERSTITIAL SAnD. -
1 SILT, ANO CLAY WITM MMNOR CRAVEL, DAY, -
105 = CREEN ROCR FRAGMENTS W/ BRONN CLAY .
=1 a0 St —
m -
- -
1o — fs
= b—
15 — -
= 7 NOV 92 —
: -
20— il
- —
= —
- -
= b~
1295 — =
FRACTURED ANOESITE w/ INTERSTITIAL SiLT -
l}O—j § CLAY. GCROUMOWATER 4T 127" =
1535« -
] -
- L
140 — -
-t S OERT -
= DERT & WOV 83 -
145 — =
3 -
3 .
150— s
-t =
- 7]
. 5
c 1 : ‘
155 -
Y CLa1/S0ME $4ROS B
= -
" ] ANGESITE BRECCIA - SLUE/GRECH FLAKES ':.'\(‘A 24
60— * = bR A -
- CAARS - .
= P -
-y -
165 - 9 mov 92 s
- CUSRSE, ANGUL AR ROCA FRAGMENTS, -
= BLUE/CREEN CHIPS W/ GHOWM FLAAES _
- -
170 — s
- i
=i =
7 —
180 — 5
- ADESITE - SOFT -
- w2
185 - =
= =
= —
190 —] L
—
J =
4 -
195 — -
——
- .
] @ NOV 92 -
-
. 200_]4 =
- e
. :-_
= - - ,‘
=" = |
1 : -
. —
- e
: o - . ) i -
T ENG FORM 1836-A PREVIoUS £DATIONS ARE OBSOLETE. ¢ soe  |ROCEG-- - 5. l ; B
= e l -.,-m = . 92'RO “O \{‘ (‘7

R



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

19

rearr

—-
Froject PIEZOMETER INSTALLATION, HANSOM DAM WELL DETAIL (AS BU\LT)
Completion date 12-18-92 92-RD-110
ContraCtor ANDREW WELL ORILLING SERVICE NOT TO SCALE
Rig IR AIR ROTARY - T4w
Operatar ROBERT DEWILD
Imspectar BEW LAZO =
D=pth  39°  DQTum GROUMD. SURFACE =
HOLE DATA i
Size: "3 in. to 99 7t 7 e
in. to i // i
CASING '//// e
Type _ STEEL (SEE COMMENTS) g2 B
Mfr. - y
Ht. above gnd. surf. // ;= CEMENT/
Drive shoe 7z / §% BENTOMITE
. : - - s 2 CROUT
Size: 8'4, in.fo 19 ff. 8 METAL. oI
——— =—— CENTRALIZERS == |~
SCREEN S
Ty/pe SCH 80 MOMOFLEX — -0.020 IN. SLGT
Mfr. CAMPBELL /’,// . #
Composition PvC Dig. 2 1o —— 7
Fittings: Length Dia. /'4'/ i
Rizer — -
Tailpipe
ST - sTEEL cesinG
S i 9
FILTER » ,}// e
SourceBAGS (100 LBS) COLORADO SILICA SARMD, INC. R B P
Composition _CLEAN SILICA SAND ,r’/,//
Gradation 10-20 <)
Imst. method POUR DOWN HOLE 150 ——/" /| | .7 7
Volume used 4 FT’ il 2 s
Depth 162.5 to 181 i 'l Vi
to ft. o //
V4N
GROUT 5T BENTONITE
Composition CEMENT/BENTONITE (5% BENTONITE) e CHIPS (150 LBS!
Volume used ’
INnst. method TREMMIE 169 g e [ O
Depth 0.0 to 57 it e ||
183 fo 199 ft. S.W.L.= 58"B.G. |.". "L Lio-20 siLica
11720792 ~1°.°.7.7) SAND (400 LBS)
REMARKS: 40 FEET OF CASING (WITH DRIVE el e
SHOE) LEFT IN HOLE FROM (10 FEET TO 150 FEET. .
ALL OTHER CASING REMOVED FROM HOLE. -- . S
181’ ENTONITE
183 CHIPS
EMENT /5%
199° BENTONITE

L NOT TO SCALE GROUT- -~

LAl g b Ly,

Allh

(FE |

S R B R B

cwo hh

se.aAane "\|‘c'

< DESIGH FILE:



e

fw IS Twam

Hole No.92-RD- (1

ion INSTALLATION LT
ORILLING LOG CENPS-EN-GT HOWARD HANSON DAM o 2 :Ia«vs
& - 10, SIZE ANO TYPE OF 84T 8~ QDEX
PIEZOMETER INSTALLATION 1. DATLM FOR ELEVATION SHOWNM  (TBM OR WSy )
2. LOCATION (COOFOINATES OR STATION)
12, MAUFACTURER™S DCSICNATION OF DRILL
3. ORULLING aCENCTY
ANDREWN WELL DRILLING (3. TOTAL MO. OF OVER- 1015 TURBED WS TUREED
4. WAL HO. (AT SHMOWH ON ORaING! TITLE BURDEN SAMFLES TrEN F d
SO FILE MUMBER) '
14, TOTAL MUABER CORE 80XLS
S. WAME OF ORILLER
ROBERT DEWILD 1S. ELEVATION CROUMD WATER
6. OIRECTION OF HOLE - \6. DATE HOLE Es‘mm:n {COMFLLTED
VERTICAL (] iMCLINED DEC. FROM VERT, . C
17. ELEVATION TOP OF WOLE
T. THICKNESS OF GYERSURDEN 18, TOTAL CORE AECOVERY FOR SORING
T
8. DEPTH DRILLED mTO ROCK 19, NAME AMD SICNATURE OF INSPECTOR
9. TOTAL DEPTH OF WOLE  |50° :
= CoRj o) REWZRRS
ELEVATION | DEPTW | LECENO CLASSIFICATION orTu‘t“'M-S ngcovE ??.‘.o..g ORILLING TIME, wATER (0SS, CEPTH (¥
i (CESCRIPTIG) X 3 wE L THERING, £TC.. IF Si600ew atiTh
. » < . N . y
] ROCK SPAILS (37 W/CRAVEL e
S =] RIP RAP 1371 AND LOOSE -
- 8OULDERS =3
—4 —
= =
10 — —
3 C
s -
i‘ SILTY SAND. FINE. BROWN =
20— =
3 SILTY SAND. FING w/CRAVELS. Tzn =
254 =
— N
] BOULDERS 1-270 [‘_
3U_j =
35— -
] CLAYEY SanQ w/CRAVEL ¢4 mQ :
40— COBBLES 371 Tan —_
3 C
45— _
- L
50— -
) SILTY SAMD W/GRAVELS ¢/;"). EROWN =
ss?‘ ==
n 9
60—
- FRACTURED ROCK AMD GRAVELS. GREEM , -
- wsut -
-
-] -
651 -
— =
70— =
75— =
p= Pa =
— =
-J —_—
80— =
. -
85 — =
- -
— S —
90— . —
=1 - —
- b—
S 3
- =
1000 o~ . ;
HOLE MO <.
ENug I:ORM 1836, :PTEVIOUS EDITIONS ARC OBSOLETE. | PIEZOMETER | 92-RD- 111 61.
SEP 90 UCOWIED FOR. CADD &Y' CEMPS . INSTALLATION \(



SEP 90 UODIFIED FOR CADOD BY CENPS

CLEVATION TOP OF MOLE
ORILLING LOG (Cont Sheet)
Hole No. 92-RD-111
PROUECT INSTALLATION S€ET A ]
-
PIEZOMETER INSTALLATION HOWARD HANSON DAM b2 59 o
§ REMaRS
T T 80x OR
CLEVATION [ OEPTH | (EcCro Q‘“"'C(‘Oé‘;a"l‘;ﬁ‘“ﬂ"‘“ SawpLE | RILLING TU. WLTER (0S5, ({PTw cr
1o. MCATHERING, L1C. f ioweicant,
-« - e . . A s
e UCETITE FARLEET w-MTERSTITIAL SarQ, R
» SILT, MO CLAT, OCCASIONAL CRAVELS. L
: DRY, CREEN ROCK FRACMENTS WITH -
105 — CROWN-TAN SILT a0 CLAT =
- [=
- E
110 — e
= [=
—J P—
= E
115 —
- -
. -
= =
120 — e
- =
125 — —
= FRLCTURED ANGESITE W/INTERSTITIAL SILT —
130 — A0 CLAY LATERS, WATER CENERATEFD —
: AT (2T FEET :.
- -
= =
135 — =
-
140= FRACTURED AMOESITE ROCY FRAGMENTS —
- APPEAR UNIFORM IN SIZE =
— -
145—] B8
150 —
2 -
= -
— A
2 . =
= =
- =
= =
= =
— =
- o
- L
= =
- s :
S5 [
: 1=
3 =
_j -
. &
. 5
=
- [y :-
—1 - -
o = ’ Vo et
: . . .. ‘
ENG FORM [836-A PrRevious EDITIONS ARE 0BSALETE. 7 lmo.:cr 'um.:.nn. S ES
© MAR TH 02 = T & : 92-ROD- 111 v
\/\ = //,, %



U.>. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT

Project PIEZOMETER INSTALLATION, HANSOM DAM
Completion date 12/18/93

Confractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W

Operator ROBERT DEWILD

INspector BEN LAZO. CHARLES IFFT

WELL DETAIL (AS BUILT)

Depth 150° ‘Datum GROUND SURFACE

HOLE DATA )

Size: 8 in. TO 150° Tt
. o it s

CASING

Type  STEEL (REMOVED)

Mfr.

Ht. above gnd. surf.

Orive shoe

Size: 8 Y, in. to i50° ff.

SCREEM

Type SCH 80 MOMGFLEX  -0.020 IN. SLOT

Mfr. CAMPBELL

Composition Pve Dia. 2~

Fittings: Length Qia..

Riser -

Y Tai |[:'|Cle

FILTER

ComposSition CLEAN SILICA SARND

Gradation 10-20

INnst. methiod POUR DOWN HOLE

Valume used

Depth 90
125°

to
to

120
150°

1,

GROUT
Composition CEMENT/BENTONITE (5% BENTONITE)
Volume used

INnst. method TREMMIE
Deo‘rh 0.0

ft.
ft.

fo
to

85

REMARKS:

SourceBAGS (100 LBS) CALGRADO SILICA SAND, INC.

92-8D~111
NOT TO SCALE
—
=
/ Pl /
A U7 Ul ot 1o
il g ) CEMEMT 157
4 /| TBENTGHITE
’4 .’;.// ks GROUT
g ‘//",{,' 5
// ”/
s VA2 b
J , 1
% LA 7
A o /ﬁ
/1 s f
RUBBER HOSE 1 %
CENTRALIZERS [/ /7.7 [.-
EVERY 20" L el i
FROM 150° v [
ro e o1 | B ausser wose
A 22l 1] CENTRALIZERS
7 A | EVERY Z¢r
V0[] FROM 10
/./ // r"',« TO 20
. ,{// 7, ArO Qlig
I B Y S TS
" Vv 3 3
A
1 I 0 I
AR R
, 7 / vt
85 =T BENTOMTE
CHIPS
a0 cud Bu
o i BN St
cSl=b e 10-20 sica
; =i SAND
L' :.
Y
5 llpe, Et
15 R e X

BENTOMITE
CHIPS

120" e o 0o 4 oo
(23" sttt ,

se e e 4010-20 SILICA
T AN

.......

140’

[III]I1T

lsol..-.-“;. o A '. . '-"
NOT TO SCALE

SSEP- 1

i)
-\

A TAC o e

NAaTl

R AT

jects cw hhe gt

cCenps I

> DESIGN FILF



T

TWeJ& NNUTT 1L

OAVISION INSTALLATION SHEET
ORILLING LOG CENPS-EN-GT HOWARD HANSON DAM Rl
I - 10. SIZE AND TYPE OF BIT 8“ ODEX
P[EZOME L ER INSTALLATION 11, OATUM FOR ELEVATION SHOWM (TBM OR wSL )
2. LOCATION (COOROINATES OR STATION)
12. MANUFACTURER™S OESICNATION OF DRiLL
3. ORILWIG ACEWCY " IR AIR ROTAR'Y - Taw
AMDREW WELL DRILLING AT OO OrIOVER: OIS TLREED: S OTSTUARED
4, WL MO 1A Sk (e Dﬂ-wn-}:f_l_YLE BURDCH S LD TarCl : i
SDLEICER Sruehl L 92-RO-112 14. TOTAL MOMBER CORE BOXES
9. MAME OF ORILLER
ROBERT QEWILD 15. ELEVATION CROUND wATER
6. DIRECTION OF MOLE 16, DATE MOLE ST 7’E°OCT 92 1{COMPLETED
(3 verTicaL (J L €D 0€C. FROM VERT. L
IT. ELEVATION TOP OF WOLE
[-SUSCENE 331 0F TOYERBUAOEN N1 3 8 18. TOTAL CORE RECOVERY FOR BORING T
- MOLATHAORICLEDTINTORROCE IO 2 19. HAME AND SICNATURE OF INSPECTOR
9. TOT4L DEPTH OF WOLE 160
< CORE | 80X OR REMARYS
ELEVATION | 0€PTH | LEcEmO CLASSIFICATION OF WATERILLS RECOV- | SAMPLE | @RILLINC TIME, wATER LOSS. OCPTH GF
COESCRIPTION ERY ~O. WEATHERING, £TC.. IF SICIf ICANTS
3 » < . . L) 9
CRAVEL WEARING COURSE -
= (¥,° MINUS) E
3 SILTY SAND, ORY, TaM
10 — —
2 -
— T OCT 92 ~
15 — —
= -
20— =
25— r
= : SAIGT CLAY W/CRAVEL, WOIST, BROWN '-
30— —_—
— -
= =
35— —
. SAOT SILT. DRY, TaN E
JC)——~ ==
< SILTY SANO, ORY, TaN-LT GREY =
45 — ==
= T
m I
S0— —
» SILT /S0, ORY LT GHET (£Smet ED e
55— =
60— &
65— GRAVELLY SAND W/SILT, TaN-LT GREY, ORY =
. =
10— (=
75— ' =
=1 SILTY SAMD W/GRAVEL TAN-LT GREY, DRY : =
80— GRAVEL W/SILT, LT CREY, ORT, —
—] POSSIBLE BOULDER L:
85 — =
— % -
= . =
— e ® e
90— -. SILTY SAMD W/GRAVEL. DRY, TaM-LT GREY -
— : (CONT.) -
=
= 8 OCT 92 =
95 — —
~g -
3 -
= =
100 — ”
ENG FORM 1838 - erevious ENTIONS 4A€ OBSQLETE. 2 PIEZOMETER I

MAR T

(B S .
SEP 90 UODWIED FOR CAOD BY CENPS

INSTALLATION

92-RD-112 \/_ /"



"SEP 90 WODWICD FOR CACD BY CEMNPS

ELEYATION TOP OF WOLE
DRILLING LOG (Cont Sheet)
Hole No. 92-RD-12
PROJECT INSTALLATION SHEET 9
PIEZOMETER INSTALLA HANSON DA b
ZOMETE STALLATION SON DAM of 2 epts
cLevation | oeen | Lecero CLASSIFICATION OF MATERIALS S0tent | oRitLec mt_“fnm sm;;. Bent
L
(CESCRIRTION . VEATHERING, ETC.. & SICMIFIC et
o » 3 - - A <
106G 4 o w R -
: WCOoNT ) :‘. _.
3 SILTY $SaNO W/GRAVEL. ORY, TaN-(T- GREY '58522 -
(05 — - —
-
110 — LOSS OF CUTTINGS W THIS ZONE. LARCE =7 (==
= VOI0 OR FRACTLRE. CASING DROVE =
= EASILT. i
o . -
| |S ] 9 OCT 92 —
~ -
120; FRACTURED ANOESITE “ATER GENERATED: ;
~ BETWEEN IOMES L
- () CALLON/MINUTE) —
125 — =
—1 -
— C
130 —] SANOY CRAVEL W/SILT uIST. TaNeLT GREY . - r
= 18 OCT 92 :
135— LAY, WOIST, GREY . —
2 j CLAY 1T, CRE . (9 6CT 93 [
. =
140 —] e, il
(45— i =
3 BEDROCK ... -
3 (ANDESITE CUTTINCS BECAME UHIFORM 1M T L
L .
150 —] SIZE a0 COLORY . l_—-
=} LA =
ﬂ ~ . -
155 — ':,."’,{\’\ -
N A -
= "-Q&Y“A =
- SO =
i s PG 20 oct 93 -
160 i "
- =
P—  —
= -
7 =
3 =
3 -
- -
- -
3 o
. b
= E
) -
7 -
7 »
—] -
- : "
R -
— - -
" - L
. A o
] —
- ENG FORM |836-A PREVICUS EDITIONS ARE OBSOLETE. A oo , e vy
i Ly ) PIEZOMETER 92-RD-112

iy



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

3

WELL COMPLET

ON REPORT

Project PIEZOMETER INSTALLATION, HANSON DAM

Completion date 10/23/92

Contractor ANDREW WELL ORILLING SERVICE

Rig IR AIR ROTARY - T4W

Qpergtar ROBERT DEWILD

Inspector

Depth Datum GROUMD SURFACE

1607

HOLE DaTA ‘
Size: ) IR i@ 160°  ft.

in. o fr.

CASING

Type STEEL (REMOVED)

1

WELL DETAIL (AS BUILT)
92-RD-112
NOT TO SCALE

MANHOLE WATER METER COVER

(ZV‘ABOVE GRADE-\>

PCC SLAB

4'X4‘j

/’

Mfr.

Ht. above gnd. surf.

Drive shoe

Size: 8 'Y, in. to 160" ft.
SCREEN

Type SCH 8G MOMOFLEX
Mfr. CAMPBELL

Compaosition PvC

-0.020 IN. SLOT

Dig. 2~
Fittings: Dia.
Riger -
‘Tailpipe

Length

FILTER

Composition CLEAN SILICA SAND
Gradation  10-20

INnst. methiod POUR DOWN HOLE
Volume used 9 FT°
Depth 104.5

to 134.5 1

GROUT
Composition CEMENT/BENTONITE (5% BENTONITE)
Volume used

Imst. methiod TREMMIE
Depth 0.0 to 99.5 fit
1345 tO 154 T

REMARKS:

SourceBAGS (100 LBS) COLORADO SILICA SAND. INC

g7 \<!
\A

RS
,—-l KA
L ( K K

3 METAL
CENTRALIZERS

99,5

7 7
7 b7
7
/ A
oz 7z
/ i«
7
A/.
s
7
7l ,/
7 7
3 L
/

CEMENT / S

BENTONITE
GROUT

BENTOMITE
CHIPS
({125 -LBS)

10-20 SILICA
SAND

CEMENT /5%
BENTONITE
GROUT

104.5°
109. 5 e
S I
ik = L
e
et = f
T
129.5’ _——
i+ 1 o= e cn ol
134.5° /:/ .
L/ / 5
154°
&l e el
oo

NOT TQ SCALE

FILL

=cts Cw hﬁ/g

SSERSIac

28

DATE anD TIME PLOTTED:

ar

tach g,

/cenpssproj

~< DESIGN FILE:



OAT{ a0 Tin€ ADTT(D: KT (VT (2:46

Hole No.92-RD-(3

vision CSTALLATION SerT
DRILLINC LOC C(’.NPS‘EN'GT 92-RD‘| '3 5 | :‘(
£y
I PROUECT . " 10. SIZE ANO TYPE OF BIT 3~ QDEX
PIEZOMETER INSTALLATION 1. DATUM FOR ELEVATION SHOWN (TBM OR msL)
2. LOCATION (COOROINATES OR STATICN)
HOWARD HANSON 0AM 12. MANUF ACTURER™S DESIGNATION OF DRILL
3. ORILLING la"clNDREW WELL BRILLING IR AIR ROTARY - Taw
- LL LLING 13. TOTAL MO. OF OVER- 101STLR8ED UNGIS T
LML W (LS Sedn O DR Rt TTTLE = QURDEN SAMPLLS TarEM  © . vaaeo
5 -::: :‘-;W:O:ﬂ' 320R0- 10 t4. TOTAL MUMBER CORE BOXES
. nL
ROBERT DEWILD 1S. ELEVATION GROUND WATER
6. OWRECTION OF WOLE 16. DATE WOLE SSTMTED «COMPLETED
(3 veaticay (] imcLingd OEC. FROM VERT. i 26 OCT 92 . 4 NOV 92
IT. ELEVATION TOP OF HOLE
T. THICKMESS OF OVERBURDEN G 7 I8, TOTAL CORE RECOVERY FOR BORING :
%, OCPIRIORNLED NToiRock 10 19, MAME AND SICNATURE OF INSPECTOR
9. TOTAL CEPTH OF wOLE S7
CORE | 80X OR REMARES
CLEVATION | OEPTH | LLCENO C'-"*“"‘fgc“;‘afnj‘oﬁf"“ RECOV- | SAMPL ORILLING TIME, wATER LOSS. GERTH OF
. tRY ~O. WEATHERING, €1C.. I SICHUFICanTy
. & . & ¢ -y
CRAVEL WEARING COURSE FCR PARRING —
- LOT (¥ -
» SILTY SANOD, FINE, ORY, SROWN =
¥ —
10 — -
15 — C_
5 - 2§ 0CT 92 =
7 =
20 — =
=S I
26 <ol —
30— =
e !
35—
dl)j A
= =
- GaNOt CLAT W/CRAVEL, WGIST, BROWN
49—y —_
& — SAH0 W/GRAVELS (/3T) SHT 4D CLaT -
S0— (COURSC) MOIST -ORY, EROWN ==
- =
55— -
- .
GO — i S5 -
- 5855 -
- _)\ 5
85— 1=
. Al
703 —_— T
: -
. =
75 — 21 0C1 92 i
3 ) -
S =
- -
=1 ——
85 — 4 =
- SAMOY ST, ORY, REDOISH BROWN RUST) =
90 = - ) A
3 - SAND W/SILT G4ED-COURSE) DRY, TAN-LT -
- GREY QUMFORM, POSSIBLE BOULDER) -
- p——
95 —
2 MOV 92
SILTY SAND QUED-FINEL ORY LT-CREY TAN -
100 BOTTOM. OF WMOLE -
. ] HOLE NO. e
ENGM f'ORM 1836 previous eniTions ane OBSOLETE. - ... I PIEZOMETER ] ¥ opRD-tiE
SEP 90 MODIFIED FOR CADD 8Y CEMPS ’ INSTALLATION \(

sy 7



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLET

Project PIEZOMETER INSTALLATION, HANSON DAM

Completion date 11704/92

Contrgctor ANDREW WELL DRILLING SERVICE

RigQ IR AIR ROTARY - TdW

Operator ROBERT DEWILD

[Nspector BEH LAZN, STEVE MYERHOLTZ

Oepth o7 Datum GROUND SURFACE
HOLE DATA
Size: 8 in. to g7’ fit

in. to Tt.
CASING
Type STEEL (ALL BUT 10° REMOVED)
Mfrr.

Ht. above gnd. surf.

Orive shoe YES - LEFT IN HOLE

Size: g8 '/ .iN. tO S e

SCREEN _
T/pe SCH 80 MONOFLEX -0.020 IN. SLOT
Mfr. CAMPBELL

Composition PvC Dig. 2~
Fittings: Length Dia.
| Riger — =
'Tailpipes
EILTER

Composition CLEAN SILICA SAND
Grradation 10-20

INst. methhod POUR DOWN HOLE
Volume used
Depth 65 to 92 re

GROUT

Composition CEMENT/BENTONITE (5% BENTONITE)

Vaolume used

Inst. method TREMMIE :

Depth to ft.
to W

REMARKS: GROUT LOSS @ 30° STOPPED BY
ADDING SAND AND BENTONITE CHIIPS TO GROUT

Source BAGS (100 LBS) COLORADO SILICA SAND, INC.

WELL DETAIL (AS BUILT) T
92-RD-113 &
NOT TO SCALE o
~N
3
=
[ e <
| w
(&=}
] ¥ =
(o)
7 1 .| =
,- CEMENT / S% | 3

i i BENTONITE

GROUT
1 METAL -
CENTRALIZERS / .

— — SAMD i'
50" - - BENTONITE
) CHIPS =
€5’ S I
70 s : =
DEaL el L 5
n o __—: o ‘OS‘A(':\JE?|LI“A :1:;
=
s =5
= <
= 3
= !
90’ = @
92° BENTONITE o
CHIPS =
97" (150 LBS) s
£
NOT TO SCALE a
;:
"
4]
&
5
I3}
twd
s (=)

S
l



VViS WL Z9TTMUS ] | 4

DMVISION WSTALLATION SHELT |
ORILLING LOG I CENPS-EN-GT-CE HOWARD HANSON DAM oF 3 secrs
1. PROUECT 0. SIZE ANO TYPE OF 84T 8~ ODEX
PIEZOMETER INSTALLATION IL OATUM FOR CLCVATION SHOWN (TBM OR msL)
2. LOCATION (COORDINATES OR STATION)
12, MAMUF ACTURER'S ODESIGNATION OF ORILL
3. ORILLUG ACENCY s it R _AIR ROTARY-Taw
ANDREW WELL ORILLING T To1STURBED e
4. WOLE MO. (AS SHOWN OM ORAVING TITLE SURDEM SAMPLES TAKEN | 8 :
F NUMBE - -
SO FILE s 93-RO-114 4. "TOTAL MABER CORE BOXES -
S. MNAME OF ORILLER
ROBERT DEWILD 1S, ELEYATION CROUNO WATER -
6. DIRECTION OF WOLE 6. DATE HOLE 351““%”.7-93 :QM?ED
B vtrtica O mauwen CEC. FROM VERT. : -3-93
17, ELEVATION TOP OF HMOLE
T. TMICKMESS OF OVERBURDEN 3365 18, TOTAL CORE RECOVERY FOR SORING - P
4. DEPTH DRILLED INTO ROCK Q 9. MAME ArNO SICNATURE OF IMSPECTOR
9. TOTAL DEPTH OF MOLE 336.5 RICHARD E. SMITH
SAMPLE | 80X OR REWUARKS
ELEVATION | OEPTH | LECEND CLASSIFICATION OF WATERIALS (NTER- | SAMPLE | ORILLING TIME. VATER LOSS. CEPTW
(OESCRIPTION VAL NO. OF YEATHERING. ETC.IF SIGNIFICANT )
o . : 1 . B =
= SROWN CLAT/SILT ANO CLATEY CRAVEL ORILLED WITH 8= 00€X 81T COMCURRENT [~
= CONSISTING OF WEATHERED ANCLL AR WITH 8/,° 10 STEEL CASING 8T OOwN- [~
J ANOESITE PESBBLES AMO ROCK CUTTINGS: THE-OLE MAMUER -
—_ \LOOSE | woIST -
3 CREY/BROWN SILT/CLAT AND SILTY, CLATEY ORILLING FLUID RETURN SUMMAZT -
CRAVEL AS ABOVE: LOOSE am0 ORY 3509 FTi AR (AT :
o . 19-31 FTy NO RETURN s
Qi =y ANDESITE BOULDER e e i O | —
-1 37-42 FT: MO RETURN e
. 42-115 F1i 100X RETURN s
1195120 FT¢ NO RETURN o
LARGE COBBLES OF FRACTURED AMODESITE, 120-150 FT: 100Z RETURM b
f L00SE 150-159.5 FT: HO RETURN -
_ 159.3-(T0 FTy 100X RETURN ~
20 — (T0=1T2 FT: NO RETURN —
— 1T2-(93 FT: 100Z RETURN =
- 193-195 FT: NO RETURN e
2 195-260 FT: 100Z RETURN —
— 260-217 FT: (202 RETURN -
:1 277-336.5 FT: 100X RETURN -
30 — —
b | —
- L
- o
46 — =
] -
= o
- CUITINGS OF aNOESITC COBBLES, CRVELS =
- AND BOULDERS WITH GREY/BROWN 1Q BROWN e
=] SILT/CLAY, LOOSE TO OENSE =
S0 — —
j: © =
60 — =
—-: -.-_'
— -
. N
70 — —
_—: S.¥.L. - DAY §/7/93 (@77 F1) i
— 4
3 ) S.v.L. - OAT 6,8/93 (a7f 1) =
80 — —
= -
] -
3 ’ s
90— .
% .
-] CUTTINGS OF AMDESITE COBBLES ANO
= BOULDERS WITH SOME GREY CLAT/SILT, .
100 -1 DEISE ; @ -
HOLE NO.
ENG FORM 1836 erevious ED(Tions ARE OBSOLETE. . [P%=T p1EZOMETER :
& 90 INSTALLATION 33-RD-114

SEP 90 MOOIFIED FOR CADD 8Y CENPS

7T



R L.

Aar——
OATE 4@ Tied M OfTEDe

G (V3 1N

CLEVATION TOP OF HOLE
ORILLING LOG (Cont Sheet)
Hole No. S3-RD-]|4
PROECT INSTALLATION et 3
PIEZOMETER INSTALLATION HOWARD HANSON DAM A g
SAMPLE REMARK:
ELEVATION | OCPTM | LECENO CLASSIFICATION OF WATERIALS narere | STt | omiLine T, ST e
(ODESCRIPTIOM) SAMPY OSS. 0EPTH oF
vaL Na, VEATHERING, E£TC, If SIGMIFICANT)
- > . - - ‘ o
100 o =
= -
10— b
- CUTTINGS OF ANDESITE ¥/ NO SILT OR [
n CLAT. LOOSE —
120 [
3 BOULOER OR ROCK SL48 -
—] =
- E
5 -
130 e
=1 CUTTINCS OF LARCER AMDESITE COBBLES WITH -
3 VARYING AMOUNTS OF QLAY AMD SILT (GRET/ -
. BROWN); OCCASIONAL LOOSL OPEN IONES 2
— WHERE FLUID LOSS OCCURED: ALSO, SU8- S
3 ANGULAR, WEATHERED AMDESITE PEBBLES UP —
n 10 1° BELOW IST", DENSE. B
140— = T
— =
150—] ==
3 L
7 S.W.L. r DRT 6/9/9] (G ST -
] SeM.L. ¢ ORY 5/9/93 (@ (571 =
160 — —
WATER : -
LEVEL — ey
UPPER J S
STacE - =
(1-6-931 ~ =
¥ |[Y°= v
7L3° a.c. : -
=1 CUTTINGS OF LARGL AMOESITE COBBLES/ =
] BOULDERS AND SUB-ANGLLAR WEATHERED £
_ ANOESITE PEBBLES AS ABOVE WITH WORE =
CLATASILT AND THIN LENSES OF SANOT, -
- BROWN CLAT/SILT. DENSE E
180— AMOESITE BOULOCR =
= =
a =
- CONTINUED =
= 1
— b —
4 E
190—] -~
2 =
= 1L 2 =
J E
200— FORMATION WATER @ 2007-205.5° —
—
= =
= —
o : E
210 . FORMATION WATER @ 210.57-214.5° = . -
.- =
— =
- SKL«m0c e/e93w02es) _ [
220 N M S
ENG FORM (836-A prgvious E(TIONS ARE 0BSOLETE. . Im‘“: PIEZOMETER - - [MXEwW. . . —-——w
R : INSTALLATION 93-RO-11477 1.

SEP 90 UOOWIED FOR CaDN AY. CENPS

=



! CAIE M0 Ting AOTIED:  (6~4b- (VI 13e1)

BROLING Tog et Shaeti ELEVATION TOP OF MOLE :
LING L on ee
Hole No. 93-RD-114
PROECT INSTALLATION ser 3
PIEZOMETER INSTALLATION HOWARD HANSON DAM or 3 serts
SueLE o REMARKS
ELEvaTion | oepti | Lecem@ CLASSIFICATION OF WUATERIALS MTER- 90X £ | ORILL NG TIME WATER [
(DESCRIPTION) i i TEATE RN ETE § Loss,'cu‘::%.. of
- - .« E - . 9
9
220 FRACTUAED SLAB OR SOULCZRS GF CRCEN, I0HE 218-256 WAT R wat mot 8E |-
e Pl A0 WMITE AMOESITE. YCRY HARD - WATER BEARING P
- ANO OENSE. WITH COBBLES OF THE SAME ® -
— ROCX AT THE T0P AND BOTTOM OF THIS —
| IMNTERYAL, -
- -
230— —
- -
— -
240— =
n -
- -
— 6718793 —
— -
= -
250— —
3 =
- -
- CLAYEY, VERY SILTY BROWNI SANDY, ANCULAR 7 S.W.L. : DAY 6/18/93 (92587 -
=] GRAVEL (ANDESITE) ANO ROUNOED CRAVEL
P UXED VOLCANICS) WITH MUMEROUS BROWN ® il
=4 AND CREY SILT/CLAY BALLS -
J SLIGHTLY () SILTY BROWND WELL-ROUNOED [~
— CRAVELS OF WIXED ICMEOUS ORIGIN UP TO @ =
= 7" ACROSS, ANO CUTTINGS OF POSSISLY —
n LARGER CRAVELS. 4ND THIN LATERS OF [:
g MEDIUM SAND; MEDILM TO LOOSE, POSSIBLY -
— ORY TO 277°. ALSO SOME THIN SILT/CLAY —
270— LENSES. AN CLAYET CRAVEL NEAR BOTTOM. ==
WATER -
LEVEL | 7
LOWER — b
STACE =1 S.W.L. « ORY 6/18/93 (@ 27871 -
T/6/93) : -
1280 — —
780.85" B.C. - @ - -
3 ® i
290— —
: S.W.L. & 280.0° 6/18/93 (@ 295" ™=
g S.¥.L. 2 779.3° 6719793 (@ 2951 -
300—] [~
B —
] -
. L5
=] s
310— e
= v S.W.L. = 280.1° 6/19/93 (@ NUT? -
— L 4 3 =
320— =
330— . = § ’
- L.
3 -
= —
= 80TT e ’ i T S.N.L. = DRY 6/19/93 (ABOYE 3007 "=~ °
e ——————————————————————————————
e '3 ok oo N |- [Sal ez eonie 365 |- .
340 - = e . S
(ENG. FORM. 1836-A mrevious somons An€ cesoLrte. - - - - _:.ii [PPECT PIEZOMETER = - [WOLE M. == '—;52-‘——’1 5
I < R - INSTALLATION 3-RD-114 \_ 7¢s



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

R
Project PIEZOMETER INSTALLATION, HANSON DAM WELL DETAIL (AS BUILT)
Ccompletion dgte 1-3-93 - 93-RD-114
Contractor ANDREW WELL ORILLING SERVICE NOT TO SCALE
Rig IR _AIR ROTARY - T4w ‘
Opergtor ROBERT DEWILD
IMSpeCTQrRICHARD E£. SMITH S e
Qepth_336.5° Datum cROUND SURFACE j = =
L& "
HOLE DATA b oot |
Size: 8 in. to 335 ft. YR/
—_in. to f1 % / 7}
7.1 % / f
CASING %7 20
Type STEEL (REMOVED ALL BUT 107 5% / g
Mfr. % // 2
Ht. above gnd. surf. 4 7 /,f@?ﬁ?ﬁiu.’?féfs
Drive shoe YES (REMOVED DURING COMPLETION) AR AR
Size: 8', . 10 362 7T N7/ B
Haar - / ',’.
C - ;
SCREEN /,/; "/ GROUT: CEMENT/
Type SCH 80 MONQFLEX A A
MTr CAMPBELL ‘ o (s‘?p]gonS[‘)UacEmoruTE
Mir. _CAMP : - 7 || EuiPs “a00ED as
Composition PVC Dig. 2~ 2 Rl R .
e oAF // 7/ LOSSI
Fittings: Length Dic. /R
(= 3 — _ . 5
L /R
qHEpE 0.35" . o= 187.90" AN
: s o PR S % searome seaL
FILTER e ol =
] " Fiy 5 - Ica -0
Sourc28A6GS 100 LBS) COLORADO SILICA SAND, INC. 290.00 / : o1 el B S
Composition CLEAM SILICA SAND 205.60° j >
Gradation  10-20 L s !
S.W.L z (T1.30° 8.6. i (N, I
Inst. method POUR DOWN HOLE ' i 73793 } : = S
Volume used 20.5 FT'/ 18 FT' 215.40° =
Depth 200 o 229.9 e 222'333
: : % 1. : CEMENT
e © ‘ 2355 240.20° Chogh oM TE
245.00° BENTONITE CHIPS
(.;ROUT Y. 254.90° - CAVE IN MATERIAL
Composition CEMENT/BENTONITE (5% BENTONITE) - GENTONITE CHIPS
Volume used 600 GALLONS/50 GALLONS 2y
INst. method TREMMIE 269.90°
Depth _ 00 fo _ 79 Tt ) gl = METAL WIRE
229.9 10 __ 240.2 ft. & oy 20085 80T = CENTRALIEERS .,
ol = . . . 290 70 220°
REMARKS: PULLING CASING WAS VERY DIFFICULT = A
AND COULD NOT_ADD GROUT AT BOTTOM UNTIL = I 10-20 SILICA SAND
CASING PULLED, BUT FORMATION COLLAPSED INTQ ! B
THE HOLE AS FAST AS CASING WAS REMOVED.
270" OF WIRE LOST IN HOLE AT 257° AND WIRE NATURAL HEAVE
OURING CASING
BUNCHED AROUND STABILIZER AT 220°. 281.5° OF 2] REMOVAL
WIRE AND (.5’ OF REBAR LOST IN HOLE AT 271’ B.G. '

3O-JUL - 1967

DATE AND TIMEC PLOTTN:

I

aQtach WAl

/cenps/projecia/ow/nhs

DESIGN FIL~

|

3
<



OAN ~q Tism{ ALOTTOD

16-at- (Y3 (Jeal

Hole No.93-RD-|(5

DIVISION ~ INSTALLATION LT
ORILLING LOG CENPS-EN-CT-GE HOWARD HANSON DAM ® 4 gerrs
s - =
I PROKECT 10. SIZE AND TYPE OF 8 8~ ODEX/6 5% TRICONE
PIEZOMETER INSTALLATION I1. OATULM FOR ELEVATION SHOWNM (TBM OR msL)
2. LOCATION (COORDINATES OR STATION)
12. MANUFACTURER'S DESIGNATION OF DRILL
J. ORILLIMG ACENCY IR AIR ROTARY - Taw
ANOREW WELL ORILLING
13, TOTAL ™O. OF OVER- :DISTMD IUNOISTURBRLD
4. MGLE MO. (AS SHOWN ON CRAWING:T[TLE JLROCN SAMPLES TAKEN | 12 .
AnO FILE MABER) . 93-R0D-115 Ot N CoRElab RS
S. MAME OF ORILLER
ROBERT DEWILD 1S. ELEVATION CROUND VATER
6. OIRECTION OF WOLE 16. OATE WOLE ISTARTED : TED
(R VERTICAL (] ™CLIND C€G. FROM VERT. . 5-18-93 g 6-5-93
IT. ELEYATION TOP OF HOLE
T. THICKNESS OF OVERBLROEN 2§ [ 18. TOTAL CORE RECOVERY FOR BORING *
8. CEPTH ORWLED INTQ ROCX |43’ 19. MAME AND SIGNATURE OF INSPECTOR
9. TOTAL OEPTH OF WOLE 3947 |RICHARD E. SMITH
X CORE | 80X OR REMARKS,
ZLEVATION | OEPTM | LEGEMD CEASSIEICRTION of PUeTERIALS RECQV- | SAMPLE | (ORILLING TIME. VATER LOSS. OEPTM
{CE SCRIBTICRY ERY MC.  DF VEATHERING. ETC. [F SIGNIF[CANT 4
o . B a 5 ) %
— SILTY, SLICHTLY CLATEY, SLICHTLY S4amnOY ORILLED WITH OOEX SUTTOM BIT ORIVEN |—
_{ GRAVEL, MOIST TQ ORY, BECOMING ORY wiTH BY OOWN=THE -HOLE HAMMER -
CEPTH. LOOSE. BROWN TO TAN. OCCASIONAL CONCLURRENT WITH 8 '/, 10 STEEL CASING [
J0MES OF LARGE COBBLES. I~
DRILLING FLUID RETURN SURAURY =
10 0-48 FT¢ AIR CIRCULATION -
48-70 FTy 50-60X RETURN =
T0-21TFT: (00X RETURNM
217-230F Ty AIR CIRCULATION &
230-242FTi (100X RETURN _
242-248F Ty AR CIRCULATION =
248-394F T, (100X RETURN =
20 —
=
=
30 =%
__.1 -
CRAVEL VITH & LITTLL SAMD. SOME il T -
ANDO CLAT, ORY CHANCING TQ wOIST wiTk =
40 OEPTH, CREY-BROWN: WAT BE WET AT 487 -
CRAYEL ARL ANGULAR PLBBLES AMD CUTTIMGS 5
OF ANOESITE ANO CTHEAR VOLCAMIC ROCKS. o
SO =
= ANGULAR CRAVEL PEBBLES AND CUTTIGS -
= OF AMOESITE AND OTHER VOLCANICS) WITH -
= COARSE SAND AND SOME SILT, TaN. =
60 — =
=) =
=
= B
=1 POSSIBLE WEATHERED WORIZON —
= SILTY, SANOY CRAVEL AMO CLAY, ORANGE- E
70 —] BROWN, GRAVELS ARE WEATHERED ANGULAR By
= ANDESITE ANMO BASALT CUTTINGS AND -
. PEBBLES. LARGE COBBLES ARE PRESENT NEAR 3
= THE BASE OF THIS ULMIT. @ =
. by . !
80— 5
| SLIGHTLY SILTY/CLATEY CRAYEL (S ABOVE, —
— EXCEPT MUMEROUS SUB-ROUNDED PEBBLES =
90— - |LOCATED MEAR THE TOP OF TWiS LNIT). B
2 ORANCE-BROWN TQ BROWN. CLAY AMO SILT L
- CONTENT DECREASES OOWNWARD. 3 ) =
=] [
n 5
ENG FORM (836 PREVIOUS EDiTions 4RE OBSOLETE. ... | oie70METER ot
WR T SEP 90 UODIFIED FOR CAOO BY CENPS INSTALLATION 93-R0O-115



DATE MO TINE AOTTCD:  16-4UG- 17T 134

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet)
Hole No. 93-RD-1I15
PROKECT INSTALLATION SHEET 2
PIEZOMETER INSTALLATION HOWARD HANSON DAM " -
X CORE | gox OR REMARKS
CLASSIFICATION OF WMATERIALS
ELEVATION | OEPTH | LECEND (OESCRIPT1ON) REEC’?Y‘J- s e o;ﬂ:éx::::l;w. VATER L0SS. DEPTH
. . . . . ) v ETC. IF SIoMIFICANT
-
- SILTY, SUIGHTLY SAMOY GRAVEL AMO CLAT, ~
— SAOWN, CRAVEL COMSISTS OF AMGULAR —
e PEBBLES AMD CUTTINGS OF AMOESITE —
= AMD OTHER VOLCAMIC ROCKS. LATERS OF -
7 DARK BROWN TO BROWN CLAT/SILT ALSO =
» PRESENT, -
110 — -
] =
= -
- -
- -
20— C
~ i
o
= &) =
= —
- —
~ e
|30-5 —_
= =
- -
] S.¥.L : ORY $/26/93 (0 1311 —
140 — s
150 — —
-
2
- S.%.L & ORY $/76/9) 10 167 -~
- 0 ER
18Q SLICATLY SILTY anD SLICHTIY SLaYE? 0 —
CLATEY ANGLL AR GRAVEL AMD CUTTINCS OF o
CRAY-CREEN PYRITE-RICH ANOESITE. BROWN, =
% LARCER CRAYELS POSSIBLE 173°-228.5° -
WATER 170 — —
LEVEL — =
WPPER == o
STACE = e
o 4 - -—
175,457 8.G. _-j S.¥.L ¢ ORY $/26/93 (@ (111 e
- SLIGHTLY SILTY CUTTIMGS OF LARCER GRAVELS S.w.L s ORY $/27/93 (@ (111 -
= AS OTSCRIBED ABOVE. LICHT BROWN —
180 — -
—
~ CLAT AKD CUTTINGS OF CRAY-GREEN PTRITE- O o
- RICH AMOESITE COBBLES. GRAY 10 CRAY-SROWN o
190 — =
— SILT WITH MINOR CLAY AMD CUTTINGS OF —
VEATHERED GRAY-CREEN ANDESITE PTRITE- ' =
a RICH) COBBLES. CRAY TO CRAT-BROWN. -
- L . s
-1 E
200—:? —
- LESS SILT WITH DEPTH AND COLOR FORMA WATER AFTER 2027° -
- CHANCES TO BROWN AT 202° AND OCCASIONAL QK K [
-1 GRAY CLAY BALLS AFTER 202°. -
= DENSE ORILLING PAST 206° —
2 IO—- )
= COLOR OF SILT CHANGES BACK TO GRAY-BROWN
- AT 22" AND TO GRAY AT 215°
v
il
. - S.W.L = ITS°$/28/93 @ 2177

EN“‘G“ fORMIGJG-A PREYIOUS EDITIONS ARE OSSOLLTE. - .-

1
SFP AN UNMICICN Cro ~inn @V ~ouoe

|Pro£cT PiEZOMETER
INSTALLATION

HOLE NQ..

93-R0-115{f —



OLSION FiLL.

DA A0 TIC MOTTED.

/CDe /™G LT/ OO T Ouve

16-aG- (%7 1382

DRILLING LOG (Cont Sheet)

ELEVATION TOP OF WOLE

——

Hole No. 93-RD-I1(5
3

(CMEQUS AMOQ CUTTINGS OF SAME), WINOR
CRAY-BROWHM SILT, LOOSE.

~N
n
(@]

LARCE COBBLES OF DARK CREEN AMDESITE
AND RED-ORANCE CLAY/SILT BALLS. OENSE.

260

270

llJJ_lll.ll_Llllllllllllllllll lllll llllll

280—

llll

CUTTINCS OF DARK CREEN AMOESITE
BOWRDER/ROCK SLAB.

290

[%
Q
(@]

LLl_lllllIllllIIlJ_lllLL_llllJ_l_lLlLllH1

w
o

320

330

llllllll

340

MEDIUM TO YERY FINE CRAINED CREY. CREEN,
WHITE, ANO RED SAMND ANO CRAY SILT,
OCCASIONAL CUTTINGS OF OECOMPOSED GRAY
ROCK WITH OECATED RED AMD CREEM WINERALS.
VARYING AMOUNTS OF CLAY AMO ST WITH
OCCASIONAL THIN CLAT/SILT LATERS. ROCK IS
DENSE AMO CEMENTED. POSSIBLE CLACIAL TILL.

PROECT INSTALLATION SherT
PIEZOMETER INSTALLATION HOWARD HANSON 0AM o0 A sieris
X CORL | gox OR REMARXS
CLASSIFICATION OF WATERIALS 2
ELEVATION | OEPTH | LECEND (DESCRIPTION) f!e:ﬂq{v SAPLE | (ORILLING TINE. VATER L0SS. OgprTw
P . . . MO, |OF VEATHERIMG. ETC. IF SIGMIFICinT
. ¢ 5
TER
CEveL 7 .
R
Tl
Y
’.zzs.oo‘ 8.C. —J
230—] DENSE. DRY TO WOIST. SILT/CLAT, DARK CRAY. ) N0 Fomationwine
— CLAYT/SILT AS ASOVE AMO ROUNDED FINE TO
= COARSE PEBBLE CRAVEL OF MIXED IOMCOUS
= ORIGIN, ORT AND DENSE.
—_—
240 CLEAN RIVER CRAVELS (ROUNDED WIXED WATER 238°-24%°

NO FORMATION waTER

245°-294°

S.w.L * 220.4°

ORILLED WITH 6§ %~-TRICONC 51T 1&
NO CASING ADVAWCED PAST 257.5°

S.W.L « 225.5° 5/29/93 (@ 3341

$-29-93 (@

b0

|.lnll|l|il|||[n|l|lllllll1|llllillll llflTT]I1IIIIIII|II]T]III]]IIll,lrl7

1Il|‘ lll‘lllllllll‘IIIII||I|‘||ITT|AHInllul

ENG :"'QRM (836~A PREVIOUS EDITIONS ARE OBSOLETE.

MAR

IR AR LA cam aimm v Amee '

PROECT p(EZOMETER
INSTALLATION

lum.z O,

93-R0- 115 \('_“7



OCEIO FILEs

OAN 4O TIME MLOTTCDe

AP/ PG LECTE/CU AV ETTEOVNG
164G~ (¥ 13«53

ELEVATION TOP OF WOLE

ORILLING LOG (Cont Sheet)

Hole No. 93-RD-119

PROECT INSTALLATION SHEET 3
PIEZOMETER INSTALLATION HOWARD HANSON DAM o 4 serrs
z.¢ AR
ELEVATION | 0EPTH | LECEMO CURSSIFICATION OF LATERIALS ﬂtic.t?it- St | omiLLing m:.: var:n LOSS. 0EPTA
. . . = N K"L OF VEATHERING. gu-;_ IF SIGNIF 1Cvit
- CONTINUED L
] -
] -
— =
350—] -
= —
= ® :
360— C
- -
- -
3 C
-y -
370 [
- FINE TO WEDIUM SAND, CRAY ANO WWITE, L
= WITH VARYING AMCUTS OF CRAY SILT AND =
i CLAY AMD FLAT AMGULAR CUTTINGS OF -
_“ CRAY, BRITTLE SILTSTONE (21 WITH =
- OCCASIONAL $AMD SIZED CRAINS EWBEDOED -
] WITHIN L
380— -
3 -
—1 e
— -
= =
390—] —
] . -
— POSSIBLE AMGESITE BOULDER AT 292°-293.5° (12) 1
— 30TTOM OF MOLE ® 39«47 S.m.L o 225,77 £-30-93 (@ )94 -
] -
4 — —
E =
3 - =
- . =
- B
] v F_
] s
7 C
- -
. s . -
- -
— [
—_— y—
-1 . [
s s
3 ) =
ENG FORM 1838-A Previous WOLE HO.
o 1838-A EDITIONS ARE OBSOLET l PIEZOMETER I

SEP 90 UOOIFIED FOR CADO 8Y CEMNPS :

INSTALLATION

-RD-115 o
93-RD K

{

4

J



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT

Prcj=ct PIEZOMETER INSTALLATION, HANSON DAM
Completion date 6-5-93

Conirgctor ANDREW WELL ORILLING SERVICE
RigQ INGERSOL RAND T-4W

Operator ROBERT DEWILD

INSPEeCTOrRICHARD E. SMITH

Depth 394° Uatum BELOW GROUND
HOLE DATA
Size: 8 in. e 257.86 fit.
7 in. to 394,90 Tt.
CASING
Type STEEL
(e
Ht. above gnd. surf. 2.95°

Drive shoe YES (REMOVED DURING COMPLETION)

ComposSition CLEAN SILICA SAND
Gradation 10-20

In3t. method POUR DOWN HOLE
Volume used 12.5 FT3/ 5.5 FT°
Depth 200.4 to 226. 1

237.0 to 247.0

T
i

GROUT
Composition CEMENT/BENTONITE (5% BENTONITE)
Volume used 1000 GALLONS/250 GALLONS

INnst. method TREMMIE

Depth 0.0 to 195.0 1.
255.2 1o 394.0 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 ADODING
BENTONITE. GROUT LOSS AT 80, 55, AND 35’ WAS
STOPPED BY ADDING SAND AND BENTONITE CHIPS.

Size: g8 '/, Iin. tT0 2576 fTt.
SCREEN - 10° THREADED
Type SCH 80 MONOFLEX
Mfr. CAMPBELL
Compaosition PVC Dig. 2“ 10
Fittings: Length Dia.
| Riser - e
[ Tailpipe G.35" 2" 10
FILTER
SorceBAGS (100 LBS) COLORADO SILICA SAND, INC.

WELL DETAIL (AS BUILT)
"93-RD-115
NOT TO SCALE

=)

N\

RUBBER HOSE AND

L
AR

NN

WIRE OONUT-SHAPED
SPACERS EVERY 20°
STARTING AT 214°

195.00°

200.40°

203.40°

N

S.W.L.3175.45°
(6-3-93)

00°

255
238354

[SETN)

224.00°
226.10:
228.70°
233.00°

NN

234.00°

235.50°

S.¥.L.=225.00"
(6-3-93)

245.30°

245.65° P

247.00°
255.20°
257.60°

283.30°
294.70°

394.00°

.........

----------

GROUT

RUBBER HOSE aNO
WIRE OONUT-SHAPED
SPACERS EVERY 20
STARTING AT 204"

BENTOMITE CHIPS

10-20 SiLiCa 5260

) -| CENTRALIZER

| senTomiTE CHIPS

NATURAL SILT CLAY

/| HEAVE

) -| CENTRALIZER

10-20 SILICA SAND

‘

BENTONITE CHIPS

-\ GROUT

BENTONITE CHIPS

CEMENT/BENTONITE
GROUT (5% BENTONITE)

06-AUG-19%3

DATE AND TIME PLOTTED:

h hE gt s aa=

/cenps/projects/cw/hh/gacte

DESICN FILE:

=



- e e e e ] Hole No.93-RD-1((7 '

TorvIsion INSTALLATION SHeET
ORILLING LOG CENPS-EN-GT-GE HOWARD HANSON DAM o | 4 servs
) 10. STE 4%0 TYPE OF 81T 8~ ODEX/65,~
PIEZOMETER INSTALLATION S TRICONE

Il DATUM FOR ELEVATION SHOWN (TBH OR MSL)
2. LOCATION (COOROIMATES OR STATION)

12, MAMUFACTURER™S DESICMATION OF DRILL

3. ORILLING AGENCY IR_AIR ROTARY -Taw
i ANDREW WELL ORILLING 1. TOTAL WO. OF OVER- 10(STURSED OIS TIReCD .
. HOLE MO. (AS SHOWN ON ORAWING'TITLE BURDEN SAUPLES TAKEN | 13 4

O FILE MUMBER) 193-RO-117

14, ~TOTAL MUMBER CORE BOXES

S. NAME OF ORWLER
ROBERT 0OE WILD 1S. ELEVATION GROUMD WATER
6. ODWRECTION OF HOLL . 16. OATE HOLE |STARTED \COMPLETED
I veRTicAL (T incL €D 0EC. FROM VERT. 4-16~93 : S-17-93

1T. ELEVATION TOP OF HOLE
i8. TOTAL CORE RECOYERY FOR BORING -

T. THICKMESS OF OVERBURDEN  320°
8. OEPTH ORILLED INTO ROCK 19°

19. NAME AND SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF WOLE 349° RICHARD E. SMITH
X CORE | 30X OR REMURK S
ELEVATION | DEPTH | LECZMO CLASSIFICATION OF MATERIALS RECOV= | SAMPLE | (DRILL NG TIME, WATER PY
(CESCRIPTION) IRY MO. w:au(amg. E‘rc_E. l'i'ossxsbu%cnn:r?‘
. . < . . ' 3
CLAYEY SILT WITH OCCASIONAL PEBBLES. ORILLED WITH OOEX BUTTOM 81T ORIVEM
UOIST AND LOOSE. TAN/BROWN ’ BY OOWN-THE-HOLE HAMMER CONCURRENT

WITH 8%, 1D STEEL CASING. SAMPLES
SAVED WERE PLACED IN PLASTIC JARS.

SILTY SANOY, CLAYEY CRAVEL FINE 10
MEDNM ROUNDED PEBBLE CRAVEL: ORY @
AND LOOSE. TAN/LICHT BROWN

ORILLING FLUIO RETURN SULSJARY

O=(TFT¢ AIR CIRCULATION
1T-45 F11 100X RETURN
45-47 FT¢ NO RETURN

47-170 F1: 100Z RETURN
1T0=1TS FTt AIR CIRCLLATION
ITS=285 FT: 100X RETURM
285-349 FT: 4R CIRCLLATION

20

AS ABOVE CXCEPT GRAVELS 4RE ANGULAR
CUTTINGS OF LARCER CRAVELS (anOSITC).

30

SLICATLY CLAYEY. SLIGHTLY SILTY, SLICHTLT
3AMOY CRAYEL CONSISTIRG OF PCBBLLS ANO
CUTTINGS OF ANDESITE ANQ 3AS54LT.
OCCASICNAL THIN LENSES OF 3ROWN
CLAY/SILT PRESENT, AND OCCASION&L

IONES OF LARCE COBBLES.

40

S0

60

A

llllllllIITIl[TIllIllllllltl|I|Il||||||||||qu|||A|||]|||nilTlln-|||||-|T|llIIIIIHIIIIn]ITlllIIII

70

80

AS ABOVE EXCEPYT MANY ROCK FRAGMENTS ARE .
OXIDIZED AMD NUMEROUS ORANGISH BROWN POSSIBLE WEATHERED HORIZON O 85
CLAY/SHT BALLS ARE PRESENT.

lllllllIJ lLLLlLLLllllllllllllllll[lllllllll|ll_LLl_lllll_LLl_lv llllllllllll llllillLlllLllllll L

-1 SALE AS JS*~85° INTERVAL, SILT AND SAND
- CONTENT YARIES SLIGHTLY THROUGHOUT
4
100 —
ENG FORM (836 PREVIOUS EDITIONS ARE OBSOLETE. . [‘ ROLCT e

. NO. '
-RD-117 ~Go
R T on ca00 Y PIEZOMETER INSTALLATION 93-RD £



OLSIOM # ULs

AL IR0 LT BT RO VU YT

OATC 40 Yie M JTIED: O6-aD~ (VI [J=84

ELEVATION TOP OF MOLE

)
ORILLING LOG (Cont Sneet PIEZOMETER INSTALLATION Hole No. 93-RD-117
PROECT INSTALLATION W
PIEZOMETER INSTALLATION HOWARD HANSON DAM e
X CORE or REMARK S
CLEVATION | 0XPTH | LECDO s P Tiom R w““.o.“ iTeRue e S
100 . CoNTINUED =
= =
: =
1o — =
-1 =
__L: C
120 — =
130 =
3 -
140 j ® C_
150 3 =
159 —3 -
170 E__
e E
s/ ‘80 2
Y -
LIW 4 N8 i
o
[90 BECAN MAKING WATER © 190" E—
ap v B
2 —
S.W.L ¢ 181.8° S/1T/93 @ 21470 t—
- 210 -
gE e - =
Y ® -
mrea :—
= 1220 _ : _ B
ENG FORM [836-A rrevious EDITIONS ARL OBSOLETE. I""“‘“ £ NO. )
= PIEZOMETER INSTALLATIO 93-RD- 11T Y -4

P AN UNNITKEN €AD AN av

reuoe



OAI{ @@ T PLOTTED:

164G~ 17T 18«08

DRILLING LOG (Cont Sheet)

ELEYATION TOP OF WOLE

PIEZOMETER INSTALLATION

Hole No. 93-RD-1((7

PROECT

PIEZOMETER INSTALLATION

INSTALLATION

H

OWARD HANSON DAM 4 werm

LT 3

ELEVATION | DEPTH

LECEND

.

CLASSIFICATION OF WATERIALS
(DESCRIPTION)

-

§twv ¥ °'g'
- | saeL
ERY Q.

. .

REMARKS
ORILLING TIME, WATER
WEATERING,  ETC. 1 Sicher ot &

220

CONTINED

SILTY CRAVEL(SUB-ANCULAR TO SL8
ANOESITE AMD BASALT) AND CLAY, GRET.

230

lllll LLiailiel

CLATEY SET OR SHTY CLAY. DENSE. ORY TO
MOIST, DARK GREY

240—

CLEAN, ROUNDED GRAYELS OF WIXED INCEOUS
QRICIN AMO ANCULAR CUTTINGS OF S4AME.
MINOR SANO

250

SILTY, SLICHTLY CLAYEY, SANOY CRAVELS
(ANCIL AR CUTTINGS AND ROUNDED
PEBBLES OF MIXED IGNEOUS ORICINY

ANO BROWN CLAYEY SILT OR SILTY

CLAY

111 lllllll lllLlll

260—

SILTY SAMO. FINE SUB-ROUMDED CRAVELS OF
UIXCO (GNEQUS QRIGIN. BROSN

270

ALTERNATING LAYERS OF SLICHTLY SiLTY,
SLIGHTLY SANOY ROUMOED GRAVEL ANO
ANCULAR CRAVEL OF WIXED ICNEOUS
ORIGIN AND SLIGHTLY SILTY GRAVELLY
SAND, CREY.

ll_llll 11 llLllll 11

[N
@
o
l

29

CUTTINCS OF LARCER CRAY ICNEOUS R0CX
WESCRIBED AS 2EDROCX 2ELOW ) WITH
SOME CRET SILT: DENSE, A FEW ROUNDZD
PEBBLES OF WIXED IGNEOUS ORIGIN ARE
PRESENT THROUCHOUT. INCREASING IN
QUANTITY OOWNWAROD,

w
o
Tll lllLllTlLlllll_ll

w
)
uul_uuluulun

ALTERMATING LAYERS OF CREY CLAYET SILT.
CREY SILTY SAND ANO GREY SILTY CRAVEL
CONSISTING OF PEBBLES AND/OR CUTTINCS OF
CREY ICMEOUS ROCX OESCRIBED AS BEDROCK
BELOW: POSSIBLE CLACIAL TILL

l.-.n].llll.n|.|-l|Ip"IIIIIITTrlllIIITrrrlllIIlllIlllrl[llllllllllllllfllr]

e

320-

330

llllllllJ_lLJlllllLl

340

BEDROCKs CREY IGNEOUS ROCK (ANDESITED
WITH ELONGATE CREEN XTLS AND PYRITE IN A
GREY MATRIX

BECAN DRILLING WITH A 6% TRICONE
81T WITHOUT AQVANCING CASWG @ 320

WIIIIIIIW'IIIIIIII lllllllllllclllllll[nf[:

ENG FORM (836-A PREVIOUS EDITIONS ARE OBSOLETE.
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OAfl %0 THC AOTTID: 84- A0~V (3437

DRILLING LOG (Cont Sheeff"m“ ToP oF HOLE

Hole No.93-RD-1(17

.

PROJECT INSTALLATION seer 4
PIEZOMETER INSTALLATION HOWARD HANSON DAM e A tieers
X CORE REMARK'S
ELEVATION | DEPT O CLASSIFICATION OF WATERIALS Recov- | 89X OR | oaiiiMG TINE, WATER
HAIRLECE (DESCRIPTION ERY | SOLE | TreaTieRinG., e Tl e

340

w
'y
Yol

SCDROCX CONTIMXED

SWL s 213" $5/6/9] (@ 3499

lllllllllllllllIllllllllllllll[lllllllllllllllilll]_LLlllLl_Ll_l_Lllllllllll[llllIlLLLJllllIllll_lJllllllll[J_llll llllllll

BOTTOM « 349” BELOW CROUND

SWL 2 212" S/7/93 (@ 349

-Tt.lnnu\lxnnilllillil‘ilI}Ill‘H‘.]!lllI\TTT]HII] lll)lllr
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U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT
—
WELL DETAIL (AS BUILT)
] HOWARD HANSON DAM . - =
Project PIEZOMETER INSTALLATION 93-RD-117
Completion dgte 5/17/93
Contractor ANDREW WELL DRILLING SERVICE
Rig IR AIR ROTARY - T4W, 8~ ODEX & 6%~ TRICONE -
Operator ROBERT DEWILD
(NSPeCtOrRICHARD £. SMITH:CENPS-EN-GT-GE - \
Depth 349’ ~DATUM GROUND SURFACE 2-'*{! 34 | —2.2
/ 5
HOLE DATA .
Size: 8.5 in. to 320 4. L™ ///”
i in. to 349 £t ////
/” Gams. o216 s a0
CASING 3 AARRCE S A R
T — o swa
Type STEEL o // ;
Mfr / sc:aggmoml(/auw
Ht. above gnd. surf. 3.0 / %
Drive shoe YES - REMOVED WETAL / /
. . : CENTRALIZERS /
Size: 8Y.10 in. to 3200  fT1. o ai /// /]
in. to ft, 3T / /
in. to f //// /A
7 / %
SCREEN R Z IR
Type MONOFLEX, SCHEDULE 80 e B B
M¥r. CAMPSELL == P B fontours ot g s
Composition Pve Diag. 27 D 195, s wi
. ) | ety 0
Fittings: Length Dia. i97.9 . 5
E’Ccker NONE . i 4.{_,3.:“ ;_ﬁ: BEMTONITE (HIPS
xiser - 201.8° —
TOi'DiD‘E 0.557/0Q.35" 2" - =
FILTER Sihaaves = B BN e
Source BAGS (100 LBS.) COLORADO SILICA SAND INCL —
Composition _CLEAN SILICA SAND . =
Gradation _10-20 “ v
INst. method _POURED DOWN HOLE 221.5" x T
Volume used _35 FT(197-2271/29 FT(233-252) [222.054— -
Depth 197.2 to 297 1. T : & Eﬁ§$?”
233 252 229. 20 o b
GROUT 233‘ e (6.5-50LB. 8aCH
Composition _5% BENTONITE CEMENT 20 suics w0
Volume used 1200 GAL (0-191)/210 GAL (256-347)[237.1\= K" .
INst. method TREMMIE N AN pu
DeD'fh 0 to 191 i 2.46.9' E
256 to 347 ft. 247.25" ,
REMARKS: ALL STEEL CASING REMOVED DURING WeLL | 252 BSOS e s s
COMPLETION. LARGE CAVITY SUSPECTED AROUND 8 =
LOWER SCREEN F%?M ﬁAS(INQ RE;‘OVA# ANQ)‘ W er—
CENTRALIZERS INSTALLED ON LOWER STAGE 320°
EVERY 40’ BEGINNING AT I97‘. 10.5’ OF STEEL /455
CASING ADDED DURING SURFACE COMPLETION il 2L s serrien omou waten counm

AS WELL PROTECTION.

.. NOT DRAWN TO SCALE

19-AUG- 1993

DATLC AKND TIME PLOTTED:
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Hole No.92-RD-118

IVISION INSTALLATION SHCET i
DRILLING LOG CENPS-EN-GT HOWARD HANSON DAM % Setic
I PROKECT 10. SIZE AMD TYPE OF B4T 8~ ODEX
PIEZOMETER INSTALLATION T AT fon BeieTiee Seaw. LUMCBR TG0
2 LOCATION (COORDIMATES OR STATION)
12, MAMUFACTURER™S DESICHATION OF ORILL
L ORILLIMG ACENCY AIR ROTARY
ANDREW WELL ORILLING RToTAll T e N o TOISTURSED e
4. WOLE MO. (4S SHOWM OM DRAVING'TITLE BURDEN SAMPLES TAKEN | !
) FILE tUMGER ) ! 92-R0D-118
14. TOTAL MUAJBER CORE BOXES
S. MALE OF ORILLER
ROBERT DEWILD 1S. ELEVATION GROUNO WATER
5. DIRECTION OF WOLE 16. 0ATE HOLE ISTARTED {COUPLETED
. 12/3/92 ¢
X verTicaL [J incLineD OEC. FROM VERT. .
17, ELEVATION TOP OF mOLE 227
I IHCHIRSS OF QvRiUROSh |6, TOTAL CORE RECOVERT FOR BORING 2
b kit 00 CAl) fae IS¢ 19. NAWE AMO SIGNATURE OF INSPECTOR
9. TOTAL OEPTH OF MOLE 218"
X CORE 80X OR REMARKS
CLEVATION | OEPTH | LECEMD CL‘SS“‘C(‘"“uT"“”"'“S RECOV- | SAMPLE | (ORILLING TIME, WATER LOSS. OEPTH OF
Cesc 10N ERY NO. VEATHERING, CTC.. IF SICHIFIC ANT)
3 > < . . ’ 9
j SILTY S4n0, COARSE. ORY. 3ROWN 12/3/92 SET-uP i
— 1274792 0Q-59° i
g (=2
e
10 =
|5 pa— ——
— —
20— -
- -
3 z
25— ==
- SAKOY GRAVELS (271, ORY, GRCY =
30-1 =
BOULDER 7. GREY/CREEN =
35 =
= SANOY CR2VELS (27, ORY. GAEY -
~ =
a0— E
3 =z
45 — It MRS, ORILL Tl —_—
. 1274792 (1O =
S0— =
: 1279792 START -
- 2
*3 =
60— o
)] o =
65 — SILTY $AND, MED.. DRY, LT. BROWN —
. =
70—_ SILTY SAMO. MED. COARSL, DAY, L1. GREY 5
— R i
= v —
75‘—_‘_ k 4 MRS, DRILL TIME =
= 3y & HRS. DOWH TiMg (3PM) -
— BROKE HYDRAULIC LINE =
80— =
5\ i
I~
55 2] 12/5/92 €M0 —
. 12/6/92 START (2 P E
90— SLOW ORILLING BIT LOCKS UP =
95 —] [
— e
2 =,
100 s e -
ENG FORM 1836 PREVIOUS EDITIONS ARE 0BSOLETE. EAGKECE ]"‘M "
MAR T1 f PIEZOMETER 92-RD-118

SEP 90 WMODIFIED FOR CADD B8Y CENPS

INSTALLATION

Aff



- e———

s:rnuno‘tm roncacoavctn’s

) ELEVATION TOP OF WOLL
ORILLING LOG (Cont Sheet Bote N, S an s
PROECT (NSTALLATION SHET D
PIEZOMETER INSTALLATION HOWARD HANSON DAM e 7
i REMARKS T
OoR
CLEVATION | DEPTH | LECEMD QUASSIFICATION OF WATERIALS sox ORILLING THE. WATER (0SS, OEPTH OF
HOESERIETIONS - VEATHERING, €TC.. # SICHIFICANT) \
v . < ‘ . ¥ a
100 (CONT.) =
= SIX MRS, ORMLL Tiug -
. THREE HRS. 0OWN Tihg —
~ =
105 — SILTY $4NO, MED. -COARSE. ORT. CREY W/ 1278092 B0 -
_.
NTERMITTENT LARCER ROCK FRAGMENTS
2 1 TaR -
— LATERS (MOICATING L0, ~ARGE BOULOERS WEROAEE S AR -
{1Q j:] -
- -
= —
1S — .
3 =
S =
120 — —
5 -
125 — ;_
o -
- -
3 .
-
130— =
— —
3 C
135 — —
(40—-:1. SILTY SAND INOICATES WOISTURE ==
= (VERY LITTLE) =
e =
145 — SILTY SANO BECOMES ORY aGAin w/ =
3 INTERMITTENT ROCK FRAGMENT LATERS 127192 €80 5
- BOULDERS)
ISO._.J-‘ 127892 STaRI T
55— -
3 »
reo—% ¢
165 ‘3\ =
F[™ S P e ensest SRS SV Sl & s 7 s
170 — —
175 — =
- 1278792 (NO )
: 12/9/92 START O 180 i
. CLAYEY SAMO w/ CRAVCL SLOW ORILLING 4 CL&T A
180 — —
- SAMOY CRAVEL
s e A e T ) R o iy e ]
-
‘ —y
8s 3
=
e SILTY, SANOY GRAVEL
e 12/9/92 ENOD
- ORILL OOWN 11:30 - BROVLM
- MYDRAULIC LINE
195 ‘j N ]
- -~
=1 CLAYEY SAND W/ GRAVEL AND ROCK
1 FRAGMENTS (™1 .
200—:_ i S SR e e v e == 2017-216° DRILLED WITH 67 TRI-CONE.
- 8E0ROCE * g7 CASING RESTS @ 201" (10F OF
F = h 8€0ROCK!
7 P
—
] D WATER WAS PROOUCED @ 2107
2|0—: BEDROCK (YERY FRACTURED) @ 210" ROCE. BRILLS
il WATER SOUNDED IN AM ON 12/12/92
3 o 200 FT.
2|5—' | BOTTOM OF m;;l( _J
4. N s e R Raalid Sl B ’
s, b1 o S e e P o A N
e = e - EMO. =
ENG FORM 1836-A_ revious- mmcus Afe oBSOLETES ™"~ T - |PROXCT o 1e 7 ONETER i b6
- S © TINSTALLATION 92-RD-118



Ue Da ANV

LURFS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT

Project PIEZOMETER INSTALLATION, HANSON DAM

Completion date 12/16/92

Contractfor ANDREW WELL DRILLING SERVICE

Rig IR AIR ROTARY - T4W

Qperator ROBERT DEWILD

Inspectar 8en LAZD, STEVE MEYERHOLTZ

WELL DETAIL (AS BUILT)

Depth 216° Uatum GROUNMD SURFACE
HOLE DATA
Size: 8 in. to 201 Tt.
7 N, to 216 o

CASING
Type _ STEEL (ALL REMOVED BUT 10
Mfr.
Ht. above gnd. surf.
Drrive shoe
Size: 8 ' in. to oo fit,
SCREEN
Type SCHEDULE 80 MONOFLEX -0.020 IN. SLOT
Mfr. CAMPBELL
Composition pvc Dig. 2~
Eittings: Lengtn Dia.
Riser -

A Tailpipe
FILTER

Composition CLEAN SILICA SAND
Gradation  10-20

INst. method POUR DOWN HOLE
Volume used
Depth 181 to

TC)

200 Tt
: f1.

GROUT

Composition CEMENT /5% BENTONITE
Volume used

Inst. mettiod TREMMIE

Depth 0 to 176 it
to fit .

REMARKS: GROUT LOSS AT BOTTOME OF HOLE
STOPPED BY ADOING SAND AND BENTONITE CHIPS.
VOLUMINOUS GROUT LOSS IN UPPER ZONES STOPPED
3Y MIXING IN 20 BAGS OF SAND STARTING AT (05’
\ND INCREASING THE PERCENTAGE BENTONITE IN
THE GROUT

Source BAGS (100L8) COLORADD SILICA SAND, IMC.

92-RD-118
NOT TO SCALE
=
(O
— 7
e —— ’ g d P ~" /
. 7 i L
A Nl
il . ’/
7 7 ceEMENT/
G 57 BENTOMITE
' GROUT
© METAL o -
CENTRALIZERS
A
s
i BENTONITE
CHIPS
iRl
186" =t
Fe - |-
_|--:-L10-20 SiLICA
-{ SAND
196° 2i _sLa{TsE e e
20088 === m-CENTONITE
201" — CHIPS
205" —— —SAND AND
216 BENTONITE CHIPS

NOT TO SCALE

‘cenps/prajects. cw.hnzg2otach/nhat 1. dgn

DESION FILE:

28-SEP-1991

DATE AND TIME PLOTTED:
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EXHIBIT B

WATER PRESSURE TESTING
DATA



REPORT OF WATER PRESSURE TESTING
Project HHD___Fisw FPASSACE  STUDY
Hole No. 2‘/‘01)*80 Angle (from Horiz.) 20° /Z‘LY‘L ',__C“Z)__ Surface Elevation [/G’ L/" 7é / Date 6/ /?j
Locali.on o Bearing h— Bedrock Elevation /L 5&- Y lnspector /4/7/74— CTQIND!?C //
Coordinates N Casing Size """"“"_"’ Meter Type Sheet / =
E 0 Static Water Level (1) A//fl" (bys) [753.8°
'I;::\ T :‘M::‘l P':cskr w.:’.;“Mnu Time g-solo r,..uuk.umpuli Teat h:ul ((Z)ulnu Supply| Rate | Columnl Net COMMENTS
' N i B (o Gred e e e s
lters Totat Sasance @ lgem. (n
Top | Bim |Lng Sun End Total Stn End Min 6 | 1w |5 | 50 |so |120] F+ | Ft (6)
Ja |25 [35.) 128|395 (208912 21093 /101 | yo [ 7155115 [ 40 |20 /9113 /7ol 7 113 2.4 6.1 Pump IS gpm
b 112528, 375 |2ovue 20955 | 94 [1205])220] 15[ 20 43| /3] /0 l41:3]2¢ 3 nt o SUT Ty,
alzy BNt [evee|wries 2232 [jgoo|iS| ys | YO ez 17 1231421 9 | & |2s] 2.y 15-5 TS .
24 [29 [38.2],421 375 [2et13n]09eqe [ 164 [ 1y3y s /2] g0 | 20[ /9] 17| 7019 | 7 [ry.51 84 2/.9 1" 295 o
3a [2.5]st6 150|375 (20193 [noozy |12t [1620oleys |15 | Yo |22l 19 19 lygi2]€ |37 |4 4. “ ASZ g
1Bb Be.ssi6ls 375 [ se [110ne] 70 | 1bgolizes]| 5~ |80 13930 [22]/91 7 4 1372124 Y7 4 24.3 "
4o 150 o4 4lmyl325 (210100 lucias | 95 loBaglossey ys |40 2l 119 17| L9l Y 15048« ¢.3 i (3.3~ 4
UL 150 (. xyl225 [z1e110 [2i0399] 120 | 0357]0912d (5 |go 58| sol v8l¥¥#139133 s sl 'S ‘ 13 ,.
L3576t 13.1(225 [2i0ms [uovs2| 57 [[I1HolusE |15 (40 [2olyp/3] T 17 |4 ] éY%|a. 3.2 " A &
sh (35Dt .3l 320 [eswolziot00] 10 | 1200] 1215115 (v [47036 128109 1elt 3] 6 #]B.4 7.7 ‘" e 4"
bo |75 199550325 |ziotu |zomg | 7 [1355liie | 1s |40 2]z | 21| 2[00 | 8 [90]|2.f 0.5 1 (5.2
LG 175 [€1.5151325 [zioma 2| 22 | 1420|134 15 (@0 l2sli9]i51 213 |0 20(R,H (5 I /s &
Ha 13751103 A [is.e]350 Tnome BiolYel © /610|625 ts~ 140 140|372 137302/ |d0lag (0. ¢ o it /5. &6 I
7h 1225l st e laorl o [/é3siesol 1| do14ql43 v |38[27 |2 2R ([R.Y o) " /5, & i
¢a_lious (17 (uslzce [uersifzaisi | ©  logyslopol is (4o 131 (2712421 18]¢5 ho3 |2 ¢ o
T s {7 [14s[300 (notst (1ot & (0915109301 15 120 4o l3 713412 9122]19]:16312. o
Galinslzoglma3eo |05 i1t © 030 l/0ys] 15 4o |27y 02|32 1Tz 038 Yy 0
- TYPICAL EQUIPMENT SKETCH ' NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer
waler level during testing. is changed. This data will be used later in the office
0 calculate supply line pressure.
{2) Test each interval at two different gage pressures.
FUEPLXEIREIEES : {6) Gallon = 112 +7.48 = liwr x 3.79
{3) Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy. (6) Column Pressure (P.S.1) = Vertical dist. from gage o
e the smaller of packer or static water level x (0.433
SU"L'Y LINE PIPE T S} Y P RS TAIVE {4) Connect packer ta supply line r_nose on hur'iz.sur(ac& P.S.1./)
3 . Record gage pressure (or ll&')w in 8g. p.m.increments ) i
l - I PIPE DIAMETER 2 Lf""CL\ to 30 g.p.m. on back of this form. Repeat each time (7) Net Prcssvun: (PS1) = (‘iage Press. 1-Column Press. -
Supply Line Press. (This is the actual internal pressure.)

NPS FORM 140 (EM 1110-1-1801)
JUNF 18R

=
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gt

A



REPORT OF WATER PRESSURE TESTING
Project H/HD Fish Passese S‘fu(&/

SUPPLY LINE HOSE
\

SUPPLY LINE PIPE

—

GROUND

SURFACE

s .
«—ﬁ.. PIPE DIAMETER_M

water level during testing.

(2

Test each interval at two different gage pressures.

(3)

Give accumulative total length of supply line pipe
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.nincrements

[ ] avpass vaLVE

(5)

(6)

1o 30 g.p.m. on back of this form. Repeat each time (7

Hole No. 94 —DD -gO Angle (from Horiz.) go0° (\(-/““h"“ l) Surface Elevation //62/‘ /& Date ?’/ /7?/
" Location Bearl vati /156, nspecto Canpl
Coordinates N (e]] C::Irn:gSize Z-inch fA:(:::?c:yil: o : % lsh:?.c( l rzﬂ?—d 0;‘ 1@(,/7-
E 00 Static Water Level (1) A/]‘ f=<et 12?.5
Test nterval Packer Water Meter Time Gage . Pressure Deopult Test Total | Casing | Supply | Aste | Column| Net COMMENTS
No. ft_m(2) PS.L K ::;n .S u-.s...'u....f Q(Iap'o Depth :'lr:. H.;rw p‘,:,_., ::::'.
iers Toral peceion 4 |arm n
Top 8um ann Sun End Total Swnt End Min 3 10 16 40 | 60 | 120 (6)
9), {165 130.8/11.3] 300 |20078¢ |20075¢]  © | )100 |15 | IS | Q0 |¥313R I35 20 |20 |21 |2172]8Y o
o li2z.5lg.q]u.9]300 |210957|210157] © 1217 1222 15" 4o |3S]3) |31 |31 BeBol|ng|2)y )
o7l gl 300 [2ozeo|uowe| o 1228112331, go 1o lé71e3co|57lsolizglg/]l ~ | O
le i35 157.9]0.¥[ 300 ot 90]2tenui| 21 [i430 M4ST] 15" [wo [3)[30[30]27 (28R 6] 1vY] 8. Iy
N (asliszgli.d 300 fross 7 |vosse| 79 sz |1St2|is” | %0 157|757 7257 72 |6 7|6 oyt Zg s.3 :
12a it | 1L5]9 |30 [2e9e7|2orir | 24 |ozp|om2s| i | Yo ot |2z |21 |2/ |20]/8 152478 A Elwclusbran dnde  16-00sg] cosap
ﬁb' "[,S'é 14519 [3e0 |2nost|rnze | 25 lo135 o250 IS” 8o |7olcegle']l2]59S7 l1st.sl B¢ 5.7 3 1 7
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer

is changed. This data will be used later in the oflice
10 calculate supply line pressure.

Gallon = 11 +7.48 = liter x 3.79
Column Pressure (P.S.1) = Vertical dist. from gage 1o
the smaller of packer or static water level x (0433

PSS/

Net Pressure (P.S.1) = Gage Press. + Columin Press. -
Supply Line Press. (This is the actual internal pressure.)

NPS FORM 140 (EM 1110-1-1801)
JUNE 1881

4
W




Hole No. 9"{" DD - 8(

REPORT OF WATER PRESSURE TESTING
Project 44D _Fish Passege S‘{‘ud’;,

SUPPLY LINE HOSE

SUPPLY LINE PIPE

m v

GROUND SURFACE

l?mﬂw 3/ 1
PIPE DIAMETER __ZL/__

BYPASS VALVE

(2)

(3)

(4)

waler level during testing.
Test each interval at two dilferent gage pressures.

Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy.

Connect packer 10 supply line hose on horiz. surface.
Record gage pressure for flow in Sq. paninciements
10 30 g.p./n. on back of this form. Repeat each time

(5)

(6)

(7)

Angle (lrom Horiz.) 9O° CVQ"{"CGL[ﬁL Surface Elevation quj/:?_— Date 232 A["" 7 (l‘
Location LerT AB“MT- Bearlng T Bedrock Elevation 1[97: SPT' inspector 40[\@:41 'N_ﬂéf’d
Coordinates N _/ﬁ%‘z%_ Casing Size ¥- '.’\Q"\ I D Meter Type y Shect / of V7
E 1, 3" 228,77 Static Water Level (1) 43024’ 897
Test Test interval Packer Water Meter Time Gege Pressure Orupoll Test Touwsl Culnﬁ Supply| Hate |Column] Net COMMENIS
tio —f_mi2) PS.). ctm PS.. (F.S.1. Gage) Plee 1 Depth | Line ot PSS | Press
:-ll." ‘ cocoudll (3) P(l:)u. Flow (6) PSS
Top B8im |Lng Suant End Total Stary End TN‘:I‘r:’ 6 10 5 30 60 120 * FT G(’:)‘Ml v
[aARLS[143.4/.11325 |20107Y |2007¢ | © |3ap |/23s7| /5|40 | 37(3a[30|2P| 27|29 ]/30] 23 b [ s5¢ 76526 Puno G LA
(b 1129.9)143.6|4.|325 | 2005|1015 © |45 [13c0] 15 [ 801220 72|74t |20 Cb|61]130] 23 a | 56 /b -3 /‘k,’.{# GAPA
a | /%43.d)S6,413.2] 32S |anyoo | 2(15] AT | 130 |IS8) IS | Yo o #3423 R2le2 Fresl fecminaked at /2.5 min becowsy
2b | M3.dise.2fi3.2325 ansas |2nso| 375 | 4E5 |i508.5)/3.5|80 | © 143513 174} 62 pusp cant mect demang)
3a |I655170.(l1¢] 325 [n2t2o212¢83] 203 |ES|ITI0] /15 [Y4O]O 15|23 1257
b [155:5]r20.1]4-4325 [21a30d239Ld 4eo [ons |o730] /S g0 |o 15623 Jo.71 7
g k35]178.3] 73[325 [213925|2M20d 175 |e855|0di0 | 1S |40 o 170123 18,3173
b 17295117881 9.3] 325 [amacs [2y150] 385 [0d20]0dss] 15 |80 i7l0 |2 ¢ | o 110|123 5172
S5al172.5[190 |2.s5]32s 211781 [2M4800] 19 | Io40 |joss| 75 |40 B¢ 137 130|262/ 12 17823 /.3177
shblinsl /90 [n.d 326 [24855] uig 193 e [112s] /5 |20 |% 9 36137/ /13178]23 LY Z7
= % Esfulod 7/28/79
3 TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space il changes occur in the static (4) Cont. - the supply hine diameter or length, or packer

15 changed. 1his data will be used later in the olhice

W calculate supply line pressuce,
Gallon = 112 +7.48 = liter x 3.79
Column Pressure (P.S 1) = Verucal dist. from gage to
the smaller of packer or static water level x (0433

P.S.1/h)

Net Pressure (P.S1) = Gage Press. + Column Press. -
Supply Line Press (This is the actual interndl pressure )

NPS FOAM 140 (EM 1110 1-1801)
JUNE 1981

%

N

|



REPORT OF WATER PRESSURE TESTING
Project HHD FisH PASSACE STuby

SUPPLY LINE PIPE

W&WW

SUPPLY LINE HOSE
\

GROUND SURFACE

2
v—ﬁ PIPE DIAMETER 2 inch

[ ] BypPAss VALVE

water level during testing.

(2) Test each interval at two dillerent gage pressures,

{3} Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy.

(4) Connect packer to supply line hosg on horiz. surface.
Record gage pressure for flow in
to 30 g.p.m. on back of this form. Repeat each time

g. p.m.increments

Hole Na. 9‘-/— DD—?Z Angle (from Horlz.) 900 /‘/e ‘;r"*‘) Surface Elevation /‘206" 5 ‘](P Date YAC’ //7 (/

Location Bearing = Bedrock Elevation Z;LOQ -2 lnspector Aana ?“"‘13 LP//

Coordinates N %: Casing Size g © Meter Type Sheet / of T

E 2 Static Water Level (1) 35.6 // Z0 g87
1;;- r-n:‘nnwr:‘:n r;;u.- i w.cll.r'nM.‘- Time ?;or r:-.:.;. Diopoll Test n‘n.l Caulng | Supply | Rate | Column| et COMMENTS
- i B i P-4 e PR b oy
lvers — tscondy W |gem. n
Tap 8w {Lag Sun End Total Sn Ead Mia s 10 16 30 | 60 | 120 {5)
Ja_ |10 lis2.5li3.5] 270 |zm3s 2035 | © koo | s | 75 | yo P8 [BY 3¢ 132 07 € |15y ] ¢ @ Pump 1S apm
b g0 1s3.slias| 290 oS |zuas| o |pas|nyo [1S| golb3|el |60 s@le3]92 |isy] ¢ 9} el I E
1a_[;s2]1b6. 1 |14 [200 Jamud | amay | © o735 |0R10]1 75 | ¥0 |32 (32|30 |17 22| 251645 ¥ o a /4.3 L
2b |52 /b4 {0300 [2mud J20yy | © [og2ologas] /o | go |48142 2R3 27127 s2.4 4 O lr A i
3o [165.511794]3.9] 300 |ansd |uuyq| o lioio |102s7]| 15 |yo BR|3E|37 BY[3) [23|4C] Y o - i) Y
3} k5501794 113.9 300 Jtnkq [2wt9] © iz 5 |j050] 45 |Bo |40[3€ (3¢ ]|3) (3026 [ 20 4 o e 7N .
Ya |n1.51192.5)15.d300 |2nss [wuss] © 122 0]r235] 5 | yvo BL [32]22|20[2030 28] ¥ (@) L 2.7 4
4 1172.8]192.5li5.0|300 |2S5 | Lings] © 124511300115 |0 [ 1621026716/ 159|128 & o n 135" o
5a_|/88.5|20t.M13.9|300 fanee o | o [i4iST|30] 15 Yo Bol2 2523|2222 | /87| & o A 2.5 M
sb /gf.5]eeaq 139|300 Jawuo Jzneo | o |yyyo|iyss] S | 8o |59 159 159185]82]v9]/89] 4 o i (2.3
Leljansfrie fizs|z7s”|2nue |2nee| © {1610 i 15 | Yo |2¥ |22 21| 20| /9] /7 /98] 4 o <] 1.0
Lhlii7s| 210 J2s[275 (2w |ame7 ] o [/eYolnss] 15| Go |40|39]|38 |3 7]|37]021178] v ] & 3.8
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer

is changed. This data will be used later in the ollice
10 calculate supply line pressure.
(5) Gallon = f1* +7.48 = liter x 3.79

(6

Column Pressure (P.S.1.) = Vertical dist, from gage to
the smaller of packer or static water level x (0,433
P.S.1./M)

(7

Net Pressure (P.S.1) = Gage Press. + Column Press. -
Supply Line Press. (This s the actual internal pressure )

o)

S
t
b

NPS FOAM 140 (EM 1110-1-1801)
JUNF 1981




REPORT OF WATER PRESSURE TESTING
Project _[1HD FisH Passace <Tuby
Hole No. _jf{-DD = S”S Angle (from Horiz.) 700 Surface Elevation /I Q (/‘ 5/0 Date 3/3//7‘/
Location SPhLwAay Bearing Due w‘fﬂ— Bedrock Elevation oY, §/O Inspector /}nna Z:rntpé;//
Coordinates N 13_2—13 :: Casing Size 4-inch . Meter Type Sheet Vi of . /
E 2 Static Water Lavel (1) wmbnlﬁ_‘_&'v‘_dw &L /o05/. 67
‘IN-n Tes :‘nlonll P':csniu wu'-: Meter Time ) f;w- Pisssure Dropotl Tess Tqtal | Casing | Supply ] Rate | Column| Net COMMENTS
o. —m(2) SN clm S (P.5.1. Gage) ipe | Depin ne o S, 1ot
ROTI‘— DQP-}P‘ z e ucon:; F;:) ’ ::-‘ Hu'" r‘:)' :.Sl.
lters Total (4) GPM (&)
TYop Bwim |Lng Sun Ena Touwl Sun End Min [ 10 16 30 60 120 FI’ Fr 6)
la 120 [133.713.7] 225 | 19 &4 45 1103 | \Hi8 | 1S |Ho fyolyo |40 |29|24125 | st |35 3 |23 Pinwe /6 5pm
b |120 |133.7]13.2] 225 | % 23| 185 N2z 1437 | 15 | 80 leo|solys |yol3el30] 51 |3.5 12.5 | 23 W' s T
2a 1133 [M2.545]215 | 6o ey Yy LYo ] @ l4o [zolzoig |5 |Ol0 |5y [3.5 o. |23 W16
28 [133 | wzslisl 275 | 89 |1oas | /3.5 |o1ae |a135] 15 |80 |so]t0 |38 |20| @ |O [/ ]3.€ 0.9 |23 “ e
a6 lastivslzis | 4 .- | 55 0135 |logse| /S |40 lo |0 |0 |0 |O|o |5/ |35 3.7 |23 - 3
3b [14¢ livo.sli48] 275 | 49 181 1132 logss |rore | 15 180 lbo]| 30le | slo e |5/13.5 2.8 B3 W /3w
o |1&0 |113.3]/33] 300 | SS 18 | 129 1230245 | 45 | Y0 (g 1¢ |isliolrelst |35 B.b]23 " 2
Yb 11011133133 300 | 43.5 183 | 139.5 |1250 [/1305 | (5 |80 7S] ¢o| wl37132]22] c/ [3.3 3323 “ A 0
S+ 14131826141 325 | 24 so |29 lisse|msvs] ;57140 lrolig lis|io]l glo |51 13.5 + |23 “ (3
sk 11 73ligz6litb]325 | &9 il 2. l1550 (1405 |1S” | & lesleo]sc]vzlzoltz]s( 3.5 3 (23 : 7 EET
a 1972091137275 | 79 1525 | 73.5|o%50 |oges] 15~ %o |30| 252222 | 19|14 |5/ |25 s |23 “ T
6b| /g7 134275 | 972 | 270 | 113 oS [0930] 15 |80 |sg|s2|s2|ye|42]|2Y[S) |3.5 15| 23 L 2]
Ja|200|205he.51275 | 77 | .S 1SS [ing Iney lo (4o lz2{Z{ 19 izliol o ls, 13.5 ¢.5| 23 Y It .
b [2eofueglos]276 L 4 1 9o 105" [029 1039 110 190 jbol4z30 27122 (glsr 3.5 5 123 “ e "
% to7 220o|3 [3385] g9 [ 845 o [i347izsa]5 4o h7l|a [20l/f 217 |51 la.8 o |23 E
gb (207 |20 (13 [325| 90 | 908 (0.5 [i3sg|ie21 6 |80 1631 R3¢ |ar [y#]1 9 151 5™ 9. {23 3 "
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer
water level during testing. is changed. Thjs data will be used later in the office
10 calculate supply line pressure,
bl Rods (2) Test each interval at two dil‘lefe'nl gage pressures.
SURRLYLINEHOSE  _ 1k-2 TR a5 : * (5) Gallon = 11° + 7.48 = liter x 3.79
(3) Give accumulative total length of supply line pipe
s exclusive of supply line hose and packer assy. (6) Column Pressure (P.S.1)) = Vertical dist. from gage to
the smaller of packer or static water level x (0.433
SUPPLY LINE PIPE T T (s £ ws Res AT (4) ‘Connect packer 10 supply line l.\ose on hor.iz.surlucg:, S/
Record gage pressure for flow in 8g. p.mincrements
| | E 3/‘{ " 1o 30 g.p.m. on back of this form. Repeat each time (7) Not Pressure (P.S1) = Gage Press. + Column Press. -
PIPE DIAMETER —— — ‘
Supply Line Press. (This is the actudl internal pressure )

NPS FORM 140 (EM 1110-1-1801)
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REPORT OF WATER PRESSURE TESTING
. Project _#4#D__Fish Passepe Strdy
Hole No. 94-pb—84 Angle (from Horlz.) ?0 L I/ev‘fldd[i Surface Elevation 1123; OL/Lé Date 1/3/9‘4
Location - Bearing Bedrock Elevation [0 3Ge © ‘[7 Inspector A 14'» "‘Pze/f
Coordinates N } Casing Size . Meter Type i Sheet of v
E : Static Water Level (1) L B b;j ‘12" below ?g}; EL 1026
'!N-\ Teat Interval Packer Water Meter Time Gage Pressure Diopall Test Toual [ Casing | Supply H.u. Column] Net COMMENTS
o. FORES ) e PS.. clm . PS.. ? age Ipe o ne o 5 (wss.
w .- - 7 s ool 1 bl By
lters Total raconds 4 |cem. 8]
Top Bim |Lng o Sun End Total Sun Ena Min 6 10 16 60 | 120 (8)
|o-1,5 |48 |/83200 le3sms |aozasy| &9 11515 lis3o|1s [ 4o (9118113 ]//[IO 720 4,¢112-¢ PL.“[L 7.5 gpas
1h 1¢.8 19F 83200 |2cort f20noee| © [543 |iss8] !5 |20 /gl 12| G | ¢ [H o ]20 o | 1& mp [0 9pm
24 P4 |32/ |15-1]2co Boy(12 |z042a7] 105 |08 o33 15 |40 8|3 |/ |O 24.5 7 |52 wop (3 O«
2b (24 [37.1 151|200 |2o320s|20vui 2| 97.5 ety s |15 |20 |9 | 4 | O 14.5 6.1 | 5.2 P“,_p g ‘“
34 |32.5]51.2-]14.71 325 |asiszs [eeB | 143 |0950]100S| 16 |4O | O g 9.5 |5 2 Prcwp) 12 i
7. [s1. 2| /9.71325 [204324 es174[ 355 [10012-|1022] 16 |80 10| 9 |6 | { ]oO 33 23.7| 5.~ Y £3 0
#9.5163.7 |11 300 205313 |rossot] /32 |2215 1z30] 15 |40 © S50 1|5, 2 'Pq.la -
425 |E3.7|1#2} 300 [ros7eoharas| 247 |1245[1300] 16 [BO | O So 127l s, 2 wnyp 23
2 1794 [£.1]325 lweia= o397 204 155 | (5701 45 |40 | O 63.5 13.71¢6.2 ngL 12.57 v
3 [79.1 |£-(|325 [20e410]2007¢8] 2 98 | 1520lis35] 165 |80 | © ¢3.5] 20 |5.2 (nypy 22
o | 7€ 281 161|300 [20m00 feo13i2| 212 [0707 0722 ] 1€ |40 | © 78 5.2 bol ~ Packer npl Sewlesd
b [ 78 [89.0 V10.1|2pp |20 (|20130d 39Y | 0730|0747] 15 | Bol O 28. 2L | 5.2 '
37Zslloo 12.5|300 20741\ |208299|25Y |s020 |1035| 1S | YO | O 88| — /6.9]s.2 Al 22l gpm
blgz51 /00 125|300 |208460] 1088301370 | 70¥s (1o |25 Qo /0|7 |3 |O 88| — .71 5.2 H(,{/) 30 ;q'gh
7
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer
l waler level during testing. is changed. Tius data will be used later in the office
1o calcutate supply line pressure.
’ (2) Test each interval at two different gage pressures.
SIEY LINE BUSE (5) Gallon = 1% £ 748 - liter x 3.79
(3) Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy. (6) Column Pressure (P S 1) = Vertical dist. from gage to
. the simaller of packer or stauc water level x (0.433
SUPPLY LINE PIPE R GUNGSUREACE | SR T e {4) Connect packer 1o supply line hose on l\or?z. surface. PSI/)
Record gage pressure for flow in Sg. p.onincrements
I I PI:E e 10 30 g.p.m. on back of this form. Repeat each time (7)) Net Pn:ss.m: (P.S 1) = Gage Press. + Column Press. -
Supply Line Press. (This is the actual internal pressure.)

NPS FOAM 140 (EM 1110:1-1801)
JUNE 1981
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L~re

PI'O](:‘CI MMb - Vewwe R Srudy
Hole No. q::~ W-B S Anul_e (from Horiz.) a0 " (yetnin ( L Surface Elevation WMo 095 Date 9 l‘ Q l a4 - 91> ‘_L s
Location \\o;- = Bea'nng ‘ 1o = Bediock Elevation nyy.ors specior _Nravge S ayrvE v g
Coordinates N ] > Casing Size D = : Meter Type DX Ty MY U Ve Ve VoA cShieet \ of b
E - Static Water Level (1) MS 2.0 Ly
Test T et Interval Packer CPNaLG Meter Timae Gage Fisnsure Diopoll Test Towl | Caslog | Supply| Hase | Culunn] Net COMMEN IS
Na. Kt _m) PS.L. ctm €5 (F.5.1. Gaye) vioe | Owpin | Line of | psi | Pies
— 7 cond ARk Prosa | Flow | (8) (O,
Neers Totsl - g (4) G.PM n
Top Bim |Lng Start End Tosl Suant End Min 6 10} 16 30 | 60 120 s)
—
loo | U A\ 1191\ 0 JoaareahQnaord o 1\OMY |\Qen [\ O s D] a b4 o | 2.y
\o | oo A Jyol s Poweaufopeiael O R RIS as | O 11— 1 \y (ST
3
2.1\ | 2o M0 Poemnsooanegt o \deg (W o S O — =1 \qQ | v © }132.q NdeFnd @ TN Nagn
o : = =
2o [ | ac W | \Se paazosfoiaicsy 0 Jiqaxn|\H32]| ‘oo | o - — v | D ] 3.0
2. |25 |36 | W] \S0 [P0y oovicaeddt o |Waa |[Wug o |2 JO | > 25 | &> [N BEI
Y 12e |39 YN 6o Ponyaourfeinneny] O JWess [Vies) Ve | M0 140D - 23 | 2 o3
He |25 [HC Ju VR bewaagay [Oowaye 0 oaq<foags]| \o | 22 |\o| O- —4 | 2¢ | B3 o lv.a salu Ny @ AN\ e ¢
Hul 3% [ 4C i | vEn |eaqasd{boray Q AS< hoow \Q Ho |\ o —»| e 2, ] 1.
S [Bes [ae | \c, D |0°M35H] g0 yar 0 Vi [ o |20 [l O | — — |Hq |4 5 i
Sy lus S M \S o |ooia¥soloownsy @ 1y \™uel MO iy | ) ya |4 o
ot
7
i
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer
’ water level during testing. is changed, This data will be used later in the office
w calculate supply line pressure.
(2) Test each interval at two different gage pressures.
UP| 10! ) 5 . y
SUPPLY LINE } :E o 3 (5) Gallon = f1* + 7.48 = liter x 3.79
{3) Give accumulative toial length of supply line pipe
PUMP exclusive of supply line hose and packer assy. (6) Column Pressure (P.S1) = Vertical dist. from yage to
' e smallec of packer o static water level x (0.433
SUPPLY LINE PIPE ] - . i :
GROUND SURFACE BV PASSVALVE {1) Connect packer 10 supply line ',lose on ,"O‘Fl‘ surface. PSS/ /
- Record gage pressure for flow in Sg. pim increments
| T ey 10 30. g.p.m. on back of this form. Hepeat each time (7) ttiel Pressure (PS.1) 5 C_Edue Press. '_COlu""' Press. -
Supply Line Press. (This is the actual internal pressure )
NPS FORM 140 (EM 1110-1-1801) ; . ! = (7
JUNE 198 ’ < P . L
3" 2 SIS 2, R e -
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REPORT OF WATER PRESSURE TESTING

Project

WD Voo R Ssyoony

Q- DN~ g # 7 ‘/) -
Hole No, = ek Angle {from Horiz.) 10 (i Surfyce Elevation _HS59-T Date alvdad
Locaufm L nllad Towvign Bearing - Bedrock Elevation [k lspector A v gyasn S Ko D%y v
Coordinates N o Casing Size ,(4 Meter Type Kovwowoe o \WwYER e wii AL Sheet \ at |
e _! . {3 Static Water Level (1) ‘o, W
Test ;lsu Interval Packer Water Metec Time Qage Presaure Dropolf Test Totel | Casing | Supply | Rate | Cutumnl| Net COMMENTS
No. i __m(2) PS.1. PR ::n P"SJ. (F.S.1. Gage) plps |0vpin | Line ot PSS Prus,
i i ancbiids {3) Pruss. Flow (6) PSS
Toul (4 G.PM (n
Top Bun |Lng Suan Endg Total St End Min 5 10 16 30 | 60 120 (8)
\a |22 ™7 e vao foovaygosanig] © founs Jogac | to [ 'S ] o] © 7 23 |25 O Jua sianst ad v0 ong
Vo 20 |31 |29 1%0 powdd|oaay o) Qaro) Owsiag Mol WSl o] —F—T T |2~ ™S O | 8.1 3
»
X \4 19 |\ ket S0VAHLI00 \a R Oaag| oandg o | V= — WG (®] O Bk L e A RS TA YR T A R \“.|
1y [ fag [0 lveo Py oavanl O | qaug]oeaes] 1o |20l o] it lw] o o 5o Wan  sotMaiot Can gp e ewng
e -
A.ls \RA |ro | 150 \S S o bt | T e Xewn r«\;_u;?ih}'
; E ¢ Nl T g 02 S vQupeangy 1o MOk w
OF Yoy e s
\
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, o packer
Y
water level during testing. is changed. This data will be used later in the office
, to calculate supply line pressure.
| (2) Test each interval at two different yage pressures.
SUPPLY LINE HOSE 4 .
Y o v - ' " {8) Gatton = 194 7.48 = fiter x 3.79
VALVE (3) Give accumulative total length of supply line pipe
b ip exclusive of supply line hose and packer assy. (6) Column Pressure (P.S.1)) = Vertical dist. from gage to
y the simaller of packer or static water level x (0.433
SUPPLY LINE PIPE GHOUND SURFAGE P, ie (4) Connect packer 1o supply line hose on horiz. surface. PS.1/M)
. Record gage pressure for tlow in Sg. pim increments
5 | PIPE DIAMETER 10 30. g.p.m. on back of this form. Repeat each time (7) Net Pressure (P S.1.) = Gage Press. + Column Press. -
Supply Line Press. (This is the actual internal pressure.)
NPS FORM 140 (EM 1110-1-1801) s
JUNE 1981 ;
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REPORT OF WATER PRESSURE TESTING

3yt -
PIPE DIAMETER _L'f_é . )

BYPASS VALVE . G
Record gage pressure for flow in Sg. pim increments

10 30. g.p.m. on back of this form. Repeat each time

P(OjBC[ Fish F“C'/‘J[‘I Tower/ wane |
Hole No. qé -DO—R 7 Angle (from Horiz.) f/’f\ Surface Elevation 1es.7 Date 5/‘1/?6
Location toward [lawsen D an Bearlng N/"A Bediock Elevajion 1He4.7 s pector EcKeclia
Coordinates N Casing Size l/ P 3 Meter Type 1‘1 X "f Mﬂz[\‘ ne. Ty A Tras é‘*Q Sheet | of 7L
E Static Water Lovel (1) U8 L-}S ? bip}:’igmiz_ez okl )
TN-u ’(-u:mm-l r;;n: Water Meter Thine Gaye Pressurs Deopoll Test Total | Casing | Supply| Rate | Column| e COMMENTS
. t_m L ctm PSS S.1. Gagel . wpth ne o 1
ol % oal Pt u(':)pl fuet ::m Flu'w "‘-:.-I- :sn 5‘0(..
iisex Tow scendy 4 |aem | Mbeve B Ressuce £-d 7]
Top | Bim |Lng Sun Ena Toul Sun Ena Min 6 10 b 30 | 60 | 120 (8) G.S'. S‘f’ ,L‘sé’._") P.‘h;sl’,c
Uiyl haqalisiel 1o 1810 [/920.4 | &4 |15 -edsvest o | 45 |32 128 |2¢ |22 |18 )12 |/i8. /3 Ju=4.7 lhp ~—  — =
2 Jjof.4]120.0li5.4] "0 | 182s.0|1330.¢] 5. ¢ [pozmlieizn] 5 | 4532129 26 |21 [is]io g /-1 s/u=14.3 =17 = =
34 |9£3 /6 lise] o |[342.0]1855.2.18. 2 |Rangfk3za| S |50 (37|34 |30 |25 |11 |10 ]98.7 2.6 =Y.y = = LY
38 |9%.3|loo¢ise] 110 |Rsb.o | 1862.4] 6.4 |k35:0cluwoe| S a5 |20 18 |16 |13 |10] 6 |98.7 /.3 T - Y
A (&9 | 937|166 [B10.0 | gep0[30.7 |wsz3frousd o €Y |2 |S9 50 [s2[4e [3< [88.¢ T e V5~  — = 8:7
4B 14719175t e [1vo. o] 19287])3.7 e gimzyy] 10 |32 |3o|27 |28 |2¢]z5 21 BR: /.y Elyay — = —
SA 4.1 | 8%. 7|5 t1o |j930.0 |/253. 7] 23. 7 [n30rdeid o |5 ket |Colsg | S5T]|4T |40 [182 4 2 Syq.5 8.7 /2.6 =
58 [74.1|82.7|se] 110 V2537 |58 42 |apudizszd 5 |30 |30[30 29|27 |25]|20 [16.6 0.¢ TS = Pl —
TYPICAL EQUIPMENT SKETCH 7op facker /141‘/& = -? 2 NOTES (1) Use comments space if changes occur in the static (4) Cont. - the supply line diameter or length, or packer
e DY) °. Z{ 5“1/{“) Ltu water level during testing. is changed. This data will be used later in the office
f‘“f ZZ; /%l Wi 10 calculate supply line pressure.
v 5@ ”' 55.00 (3¢ (2) Test each interval at two different gage pressuces.
BURFLLNE eSS Ppe 3 - Bean Ruyst 3L (6) Gallon = 1¢* + 7.48 = lites x 3.79
(3) Give accumulative total length of supply line pi}n:
exclusive of supply line hose and packer assy. (6) Coluinn Pressure (P.S 1) = Vertical dist. from gage 10
the smaller of packer or static water level x (0.433
SUPPLY LINE PPE RoWlio SUREACE (4) Connect packer to supply line hose on horiz. surface. P.S.1/H)

(7) Net Pressure (PS1.) = Gage Press. + Column Press. -

Supply Line Press. (This Is the actual internal pressure )

NPS FORM 140 (EM 1110-1-1801)

JUNE 1881




REPORT OF WATER PRESSURE TESTING

SUPPLY LINE HO:E

S

SUPPLY LINE PIPE

-

GROUND SURFACE

*ﬁ PIPE DIAMETER ——

(2) Test each interval at two different gage pressures.

(3) Give accumulative total length of supply line pipe
exclusive ol supply line hose and packer assy.

—

PUMP

(4) Connect packer to supply line hose on horiz. surface.
Record gage pressure for flow in increments
10 30. g.p.m. on back ot this form. Repeat each time

BYPASS VALVE

Project _Fish Facf/nfy Ze wer/ e aa e/
Hole No. = -8 Angle (from Horiz.) N/A Surlace Elevation (Les 7 Date —S_LF‘L&M ] ( ! )
Location s Owl on Qmy/  Bearing N, Bediock Elevajion (G- 7 lnsp‘.uu( er. //I
Coordinates N Casing Size ¥"zp fo 3’ Meter Type MLLMLME/ Sheel
E Static Water Level (1) JTA?) 625 Bean sSkff o130
Test Teay Intesval Packar Water Meter Tlhine Gage Pressure Diopoll Teat Tutel | Casing | Supply| Hate Coluinn | Nt COMMENTS
No. h__m(2) PSS clm PSS (.5.1. Guge) plpe | Depn | Line ol PSS Proas S“ a
| 3 s | Flow 5 3 = -
:.‘"' Toual suconds “ P"‘) (:IV M “ r‘;‘ ALOV( Deyn fm by oy
Top | Bun |Lng Swn End Towl | Swa | Ena | mia | 6 |0 |5 | 30 |60 |20 () G.s. 7'/;f Fedkar Tnflal o
A 43 [7229 |iselito [ 1aco olrée.5 | ¢.5 |oiredonzied 10 |55 [48|44 |40 |33 [av i 1685 acs Sy = /.o /3.3 /Y
8 [e4.3129.9 bse|iio [1967.0]1470.8 | 3.8 |osewne w|lmo |35 |ve|zg ezl (/2128 sT o 38 =42 — /5.3 /5
A |ss.olt0.Cist| foo |/412.3 [1178.0 [ 5.3 Jegynugleason] 10 [s2 |4d]37|35]22 o log ¢ o.58 ;/y =3¢ lo.o /%zZ 75 1
18 |S50 |To-Llisy| oo | 11189 11810 | (. |ote3rr|ovewi] ¢ | 3¢ |29 |2 [2S |20 | 4L |10 |58 Y o> 13 -&>3’.‘/ e 15 7 7./
20 o I IS joo 111809 119928 19 |atzegeleotas ] (o | So Jugluz |29 ] 3y ] 2¢ o124 19 e=3Y 1.0 /B P /Y.
is |59k vsi] 00 | 1227.d 192451 0-5 [otsdusforroys] & |25 |25|n |23 [z [ g ]ic Jezy o.10 =7 Y - /5.2 /55"
94 |32.8 |48 Mlisp /o= (12253 |/957L | 2-3 logsdioc|icesica| 10 |SZ [HEHS 43¢ [28]20(3¢.3 ©-273 =35 /b.% /3.7 %Y
9@ 323 |y lisy| /o2 |1982.0 | 9923] O-¢ |ieomed jonee]| & |26 |23 |12 22|22 9]/4 |33 ©-10 =25 — /4.8 /5.2
B4 [229] 37 5h54] 50 | 2090 |recmealtod lpzmwe| — | —|25 |2 —1= 3 i Yy=2Y Mo  Suspecled /e.[:«//
08|29 [32.5 [isg] 100 (2200 [z4ctS [zt S [pp3us|oys:sj o [0 [Z T[S |2 |lo | —s53 22, ’ =24 /O /7, 7
/‘/“m ééi—t/.‘(— 5Y¥<
1o slze 4|15d &° |25100[ 278210 |iestss|osys] 10 | S| | — .1 =La Fe=37 _— 4s s
HIS:e0 Paikars o7 Stac /2.3 4 255
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the sistic (4) Cont. - the supply line dhu el:r o (en_;li/ur puc !
walter level during testing. is changed. This data will be used later in the office
.S«.& S\‘\ ee ] [ 10 calculate supply line pressure.

(5) Gullon = f1®+7.48 - liter x 3.79

(6) Column Pressuie (P.S.1) = Vertical dist. from gage 10
the smdller of packer o static waler fevel x (0.433
P.S.1./0)

(7) Net Pressuie (P.S1) = Gage Press. t Column Press. -
Supply Line Piess. (This is the actual internal pressure )

NPS FORM 140 (EM 1110-1-1801)
JUNE 1981




EXHIBIT C

LABORATORY RESULTS



DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION LABORATORY
CORPS OF ENGINEERS
1491 N.W. GRAHAM ROAD
TROUTDALE, OREGON 97060-9508

AEPLY TO
ATTENTICN OF:

CENPP-PE-L (1110-1-8100c) 10-Oct-96
MEMORANDUM FOR: Commander, Seattle District ATTN: CENPS-EN-GT-GE (Eckerlin)
SUBJECT: W.O.# 86-245, Report of Tests cn 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-D0D-87
Submitted by: CENPS-EN-GT-GE
Date Sampled: - Date Received: 28 May 96
Method of Test or Specification: ASTM, CRD, RTH
Reference: a) DD Form 448, MIPR No. £86-96-3105 dated 30 May 96.
b) Our 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
Cistrict 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.

JAMES K. HINDS, P '—42\———

Deputy Director

Enclosure
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DEPARTMENT OF THE ARMY Sheet 1 of 1
VIISSO RI RIVER LABORATORY
. CORPS OF ENGINEERS 13 SEP 9B

OMAHA, NEBRASKA 68102

Subject:___Petrographic Analysis of Rock Core - Final

Project:__ Howard Hanson Dam Fish Facility Feasibilitv Studv

Intended Use: Investigation
Source of Material: 2. 3 inch Diameter Rock Core

Submitted by:___Chief. CENPDL

Date Sampled: , Date Received: 27 June, 1996

Method of Test or Specification:__See “Test Method”

References: North Pacific Division Lab MIPR 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 Fish_Facility 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:
Douglas B. Taggart
Director, MR Laboratory
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MR LAB No. 4116
Sheet 1 of 1

APPENDIX 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 sﬁbsamples 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 (IMethod after Dolar-Mantuani).

7X=R



MR LAB No. 4116
Sheet 1 of 2

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.). 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.%).

Ay ~2L



DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS

OMAHA, NEBRASKA 68102

Figure No. 1
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ample 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
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mple N _ #5547, Profile view of surface cut parallel to the core axis

detaxlmg variable textural nature of the rock due to brecciation. Core Dia. 2.3 inches.

Plate No. 1
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MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS
OMAHA. NEBRASKA 68102
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Figure No. 3
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ng texture of rock

Core Sample No. CENPDL # 5547. Thin section photomicrograph detaili
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.
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igurs No. + ¥

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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DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS

OMAHA. NEBRASKA 638102

Figure No. 3
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Core Sample No. CENPDU # 5347. Thin section photomicrograph detailing fractures (arrows)
healed with chlorite and carbonate (calcite-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
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DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY

CORPS OF ENGINEERS
ONMAHA, NEBRASKA 68102
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Figure No.

Light colored, elongated crystals

Thin section photomicrograph detailing the distribution of

ENPDI # 5547.

No.
opaque iron ore particles (black particles) in the rock matrix.

are plagioclase microlites. Magnification 190 X

ore Sampl

Plate No. 4

X<



MR LAB No. 4116
Sheet 2 of 2

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.
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DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION LABORATORY
CORPS OF ENGINEZRS
1491 N.W. GRAHAM AVENUE
TROUTDALE, CREGON §7060-95C3

CENPP-PE-L (1110-1-8100c) 22 Aug 96

MEMORANDUM FOR: Commander, Seattle District ATTN: CENPS-EN-GT-GE (Eckertin)
SUBJECT: W.O.# 96-245, Report 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: 9o DD-87
Submitted by: CENPS-EN-GT-GE
Date Sampled: ~ Date Received: 28 May S6
Method of Test or Specification: ASTM, CRD, RTH
Reference: a) DD 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 S6 with Mr. Rick Eckerhn
wherein test program and costs were discussed.
d) Facsimile report of preliminary data dated 3 Aug 96, wherein rasults 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 Hanscn Dam. Inciuded ars:

a) Enclosure 1, Table |, Report of Unconfined Cempressive and Dirsct Tensile Strength Tasts
on Andesite Braccia Rock Cores.

b) Enclosura 2, Table [, Report of Specific Gravity, Absorption, Unit Weight, and Dynamic
Modulus of Elasticity Tests on Andesite Breccia Rock Cores.

c) Enclosure 3, Table Ill, Report of Bi-Axial Direct Shear Strength Tests on Sawn Rock-
Grouted Joints.

d) Encfosure 4, Figure |, Graphical Report of Bi-Axial Direct Shear Strength Tests on Sawn
Rock-Grouted Joints.

2. Approximately 20 linear feét of andesite breccia HQ rock core was received on 28 May 96 for

compressive strength, direct tensile strength, unit weigfit, 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.

- _
JAMES K. HIND ,PE_//

Enclosures
Deputy Director

nY =1



CENPP-PE-L (96-245)
Howard Hanson ODam Fish Facility Feasibility Study
Table |

Report of Unconfined Compressive and Direct Tensile Strength Tests
on Andesite Breccia Rock Cores ¥, Drill Hole No. $6-DD-87

1. Comprassive Strength Test Data

Moisture  Comprassive Modulus of

Sample Content ¥, Strength, Elasticity,¥  Poisson’s
No. Depth, . Diameter, in. Height, in. % psi Ecx10°psi Ratio, u¥

. 512622 2.39 5.13 2.1 4010 4.55 0.172

2 113%- 1132 2.40 438 0.8 8670 3.73 0.152

2 113%- 114 239 - 497 1.3 7200 1.44 0.155

3 1362 - 1362 2.39 4.50 0.7 11190 4.06 0.167

2. Direct Tensile Stranath Data

Sample Direct Tensile
No. Depth, . Diameter, in. Height, in.  Strength, psi
242 a43 =¥
1 gil=r-16il= 2.39 4382 45~
2 1122 113! 2.40 4.85 200
3 137%. 1377 2.39 4,93 740

/ Tasted in accerdance with Rock Testing Handbook, RTH Methods 111 and 112.

2/ Maisture content of sample at time of test.

3/ Medulus of Elasticity and Poisson's Ratio tests made using glue-on electrical resistance strain
gauges. :

4/ Examination of Sample No. 1 after test indicates failure occurred along an existing slicken-sided

seam comprising approximately 50% of the total failure plane.

Nctes:

| —

CENPDL No. 5547; samples received 28 May 96.
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CENPP-PE-L (96-245)
Howard Hanson Dam Fish Facility Feasibility Study
Table Il

Report of Specific Gravity, Absarption, Unit Weight, and Sonic Tasts on Andesite Breccia Coras™,
Drill Hole No. 96-DD-87

Longitudinal Dynamic

Sample Soecific  Absorption, Unit Weight, Modulus of Elasticity, Scnic Velocity, V, fi/sec.
No. Depth, ft.  Gravity % lb/ft® E x 10° psi Longitudinal  Transverse
1 sef-702 288 1.7 165.7 - - =
2 11131172 2,50 5.3 155.8 - - -
3 135%-13¢¢  2.54 3.8 158.2 - o -
3 1374 - 138 - - - 0.513 3960 2540

* Tested in accordance with Rock Tasting Handbook, RTH Methods 107 and 110Q.

CENPDL No. 5547; samples received 28 May 96.
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'CENPP-PE-L (96-245)
Howard Hanson Oam Fish Facility Feasibility Study
Table IlI

Summary of 8i-Axial Direct Shear Strength Tasts
on Sawn Rock-Grout Jaints, Drill Hole No. 96-0D-87

1. Bi-Axial Direct Shear Stranath. Grout-Rock Sond £

Shear Strength, psi

Sample Confining Pressure, psi Angle of Internal Caohesion,

No. Depth, ft 5 50 100 Friction, ®, degrees psi
2 1111 75 = - . - =
2 1112 — 440 = = -
2 1187 = = 365 — =
2 1152 230 - = = | =
2 1152 - 435" = - -
2 1172 - 77390 - = -
2 117 - - 505 = -

Average: 155 420 435 71.0 187

7 1352 85 = = = =
3 1372 = 240 = - -
3 1383 = - 390 = =
Average: 85 Z40 390 72.7 73

2. Comoressive Stranath of Neat Cement Grout Cubes

Test Age, days Compressive Strength, psi

a o 3340
7 4710
10 5120
28 6260

Notes: 1/ 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 |l cement (CENPDL No. 4959) at a water:cement ratio of
0.49 with 20.0 seconds flow.

CENPDL No. 5547; samples received 28 May 96.
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CENPP-PE-L (96-245)

Howard Hanson Dam Fish Facility Feasibility Study

Bi-Axial Direct Shear Strength versus Confining Pressure,
Sawn Rock-Grout Joints
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DEPARTMENT OF THE ARMY
NCRTH PACIFIC OIVISION LASQRATCARY
CORPS OF SNGINEZRS
1491 N.W. GRAHAM AVENUZ
TROUTOALZ, OREGON 37080-35C3

CENPD-ET-P-L (1110-1-8100c) _ April 10, 1995
'MEMORANDUM FOR Commander, Searie Distict, ATTN: CENPS-EN-GT (Hancock)
" SUBJECT: W.0O. #93-099, Report of Tests on Foundation Rock Cores

Project: HOWARD HANSEN DAM INTAKE TOWER RETROFIT

[ntended Use:  Stabilization of intake tower buttress

Source of Material: - [ntake tower vicinity foundation >
Submitted by: CENPS-EN-GT (Hancock)
Date Sampled: 16-20 Sep 94 Date Reczived: 21 Nov 94

Method of Test or Specification: CRD, ASTM, RTH

Reference: a) DD Form 448, MIPR No. E86-93-3065, dated 14 Nov 94

b) NPD Form 300, Transmittal of Materials Samples, dated 15 Nov 94

c) Telephone conversations 22 Nov 94 - {2 Jan 93 with Mr. Bill Hancock, wherein

test program and costs were discussed

d) Facsimile report dated 29 Dec 94, wherein results to date were reported

[. Enclosed is report of t2sts made on foundation rock cores taken from the vicinity of the
intake tower of the Howard Hansen Dam. [nciuded are: ‘

a) Enclosurz |, Taole [, Report of Unconfined Comoressive and Direct Tensile Strength
Tests on Andasite Rock Corcs

b) Enclosure 2, Table II, Report of Point Load Strength Tests on Andesite Rock Cores

c) Enclosure 3, Table [II, Summary of Bi-Axial Direct Shear Strength Tests on Rock
Cores and Sawn Rock-Grouted Joints

d) Enclosure 4 a-d, Figures [ through [V, 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 temsile strength, point load, and bi-axial
direct shear strength tests. The cores were teceived in an air-dry, unsealed condition, and werc

tested in accordance with Rock Testing Handbook Methods 111, 112, 203 and _325.

aAx~)5



CENPD-ET-P-L (93-099)

3. Several tests were requested to be made within the section of core at depth 13’ to 20’ in Drill
Hole No. 95-CC-85. In general, the core within this zone was heavily fractured, and tests were
rescheduled to be performed as closely as possible :n adjacenc areas.

"4, This completes all work requestzd.

W
James K. Hinds, PE

Enclosures

Copy Furnished: CENPD-ET-P

Ax-



CENPD-ET-P-L (95-099)

HOWARD HANSEN DAM INTAKE TOW=R
Table |
Report of Unconfined Compressive and Direct Tensile

Strength Tests on Andesite Rock Cores'

. Conmoressive Strength Test Data

Unconfined
Compressive Strength
Dnlil Moismure? ~ Ultmate ) <i0® pst
Haole Depth, Diameter, Height, Content, Load, Corrected’ Modulus of
No. feet inches inches % lbs. pst psi Elastcity
94-DD-85  6.5-6.8 2.38 4.87 L7 16,300 3,660 3,670 0.67
13.6-13.9 2.39 53147 2.0 20,600 4,590 4,630° 2.11
15.0-15.4 2.40 3.15 23 59,200 3,670 3,740 —-
19.0-19.4 2.40 4.87 0.9 122,500 27,080 27,150 —--
24.7-25.0 2.59 4.67 1.8 56,000 12,480 12,440 3.26
25.0-255. 2.38 4.72 3 53,700 12,070 12,060 5.42
94-DD-36  24.0-24.7 3.97 .16 [.8 84,000 6,790 6,830 - -
59.353-+C.2 2338 F=9 2.3 53,2C0 7,520 7,870 —
2. Dirzct Tensile Strength Data
Direct Tensile Strength
Dall , Ultimate
Hole Depth, Diameter, . Height,  Load,
No. feet inches inches Ibs. psi
94-DD-85 ©  10.1-10.5 . 240 433 2,260 - 500°
10.5-10.8 - 2.39 4.32 1,960 440
11.7-12.0 2.38 © 4.63 480 110’

Notes: |/ Tested in accordance with Rock Testing Handbook, RTH Methods 111, 112, and 201.
2/-Moisture content of sample at time of test.
53/ Corrected for length-to-diameter ratio.
4/ Specimen had hairline crack before test
3/ Specimen had hyperbolic open seam before test.

CENPDL No. 5087, Received 21 Nov 94 | ' ax-11



CENPD-ET-P-L (95-099)

o —

HOWARD HANSEN DAM INTAKE TOWER
Table I

Report of Point Load Strength Tests
; [
on Andesite Rock Corss

Dnll . Ulamate Point
Hole Depth, Diamctcr,z Length, Load, Load
No. fest - inches mches ibs Index, psi
83 153 2.36 3.00 2530 460
18.8 2.24 3.00 5030 1005°
20.4 2.38 3.00 530 95°
. 25.7 1.97 3.00 2450 630
30.3 2.22 3.00 2730 533
55.1 1.87 3.00 1600 460’
399 2.16 3.00 1630 360
455 2.20 3.00 1070 220°
453 1.76 3.00 2440 . 790°
48.7 2.13 3.00 2150 463
$0.3 2.10 3.00 3990 905°
85 10.0 3.95 5.00 1300 « 115
: 153 3.92 4.00 2020 130°
16.2 3.92 4.00 2090 135%
16.4 3.82 4.00 2700 185°
19.5 3.96 400 1430 90°
24.7 3.97 4.00 2040 130°
235 3.79 4.00 1520 105°
258 3.42 4.00 4320 370°
29.5. 3.97 4.00 950 60°
29.7. 3.97 400 - 1350 85"
38.0 3.60 5.00 200 15

Notes: 1/ Specimens tested diametrically, in accordance with RTH-3235 requirements
2/ 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/seams

CENPDL No. 5087, Received 21 Nov 94 AvelB



CENPD-ET-P-L (95-099)

HOWARD HANSEN DAM INTAXE TOWER
Tabie [II

Summary of 3i-Axjal Direct Shear Szength Tests
[ntact Rock Cores and Sawn Rock-Crout joints

. [ntact Rock Core

Angle of
Drll Shear Stength, osi [nternal
Hole Depth, Uldmate Area Conining Load, psi Frction, Cohesion,
No. Feet . Load, Ibs.  Inches’ 10 50 100 degraes psi
S6 243 12020 12.379 970 - == - -
S6 28.4 7700 12.316 625 -- - - =
S8 23.3 13300 12.130 -- 1093 - <as =
86 19.0 11560 12.316 - = 940 = -
S6 274 9700 12,516 -- -- 79 - . =
Average 800 1093 365 33.0 887
2. Grout-Rock Bond*
Angle of
Drlt Shear Suength, osi Intemal
Hole Dopth,  Ultimate Area Confining Lead, pst Fricuon,  Cohesion,
No. et Load, lbs inches” {0] 23 30 160 degrees psi
83 10.8 T 840 4.486 183 - - - - -
S35 11975 1160 4.449 -- 260 -- -- -- -
S5 26.1 900 486 - 200 = = --
36 27.8 3250 12,629 - - - -- -- --
$6 16.1 2050 12.629 255 160 - - T = =
86 15.7 3220 12.629 - - 255 - - - --
85 15.0 - 820 4.524 -- -- 1S0 - - -
35 . 12.0 1320 4.524 -- - - 285 - -
Average 220 - 210 210 235 38.2 195

*Groutrock 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 4530-
i ' 5490
28 9140

Grout batched with laboratory blend Type II cement at a water:cement ratio of 0.42, and 22.4 second flow.

~

CENPDL Na. 5087, Reczived 21 Nov 94
Nny-14



CENF -L (95-099) HOWARD HANSE INTAKE TOWER
Figure |
Unconlined Compressive Slrenglh versus Slrain

Nominal 2-inch Diameler Rock Core
Drill Hole No. 94-DD-85, Deplh 6.5'-6.8'
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CENE ~-L (195-099) ) HOWARD HANSEN 4 INTAKE TOWER
Figure 1l
Unconfined Compressive Slrenglh versus Slrain

Nominal 2-inch Diameler Rpck Core
Drill Hole No. 95-DD-95, Deplh 13.6'-13.9°
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CENP. _.--L (95-099 ) .
HOWARD HANSEN DAM INTAKE TOWER

Figure I
Unconlined Compressive Slrenglh versus Slrain
Nominal 2-inch Diarneler Rock Core

Drill Hole No. 94-DD-85, Deplh 24.7°-25.0°
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CEN 1 (95-099) .
HOWARD HANSEN . ..t INTAKE TOWER

Figure IV
Unconlined Compressive Slrenglh versus Slrain

Nominal 2-inch Diaineler Rock Core
Drill Hole No. 95-DD-85, Depth 25.0'-25.3'
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DEPARTMENT OF THE ARMY
NQRTH PACIFIC DIVISION LABORATORY
CCRPS OF ENGINEERS
1481 N.W. GRAHAM AVENUE
TROUTDALE, OREGON 97060-9503

CENPD-PE-GE-L (1110- [ -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: Howard Hanson Dam Fish Passage Study

Intended Use: Foundation Investigation

Source of Material: Left abutment of Howard Hanson Dam

Submitted by: CENPS-EN-GT-GE

Date Sampled: — Date Received: 4 May 94
Method of Test or Specification: ASTM, Rock Testing Handbook (WES)

Reference: a) MIPR No. E86-94-3101 dated 4 May 94

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 ail work requested.

A

Enclosures TIMOTHY V. MAN

Director

Copy Fumished: CENPD-PE-GE

= — e ————— i e s



CENPD-PE-GE-L (94-314)

HOWARD HANSON DAM FISH PASSAGE STUDY
Report of Tests on Foundation Rock Cores

Moisture 2/ Unit  Unconfined 3/

CENPS Depth I/ Content, Specific Absorption ~ Weight ~ Compressive

Sample No. Rock Type fr. % Gravity % pcf Strength, psi
94-DD-80 Andesite Breccia 139.3 1.1 242 6.6 150.8 5410
94-DD-81A Andesite Breceiz 1752 0.9 2.61 2.0 162.6 8790
94-DD-81B  Andesite 187.5 2.0 2.65 1.6 165.1 9170
94-DD-82A Andesite Breccia 179.9 0.5 2.59 2.1 161.4 21920
94-DD-83A  Andesite Breccia 1475 . 0.5 2.42 6.1 150.8 13510
94-DD-83B  Andesite Breccia 150.2 0.5 2.39 6.5 148.9 8900
94-DD-84A  Andesitc Breceia 35.0 0.4 2712 0.8 169.5 18010
94-DD-84B  Andesite Breccia 53.1 0.3 2.76 0.9 171.9 8320

1/ Depth to top of core.

2/ Moisture content at ume of unconfined compressive strength test.
3/ 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

fiy=2



EXHIBIT D

EVALUATED ALTERNATIVE SITES
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