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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 voleanic 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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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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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

HHD AWS E-7 DFR/EIS






APPENDIX E — GEOTECHNICAL CONSIDERATIONS

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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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.

e 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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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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at mid point in the existing drainage tunnel. Multiple gauges will be needed for
comparison purposes; and (2) since the upstream rock blanket is deteriorating, new rock
is recommended to withstand increased erosion caused by a higher wave fetch.
Approximately 69,000 cubic yards of rock will be required for this work based on a 3-
foot-thick blanket placed directly on the existing rock surface.

3.7 TEST POOL REQUIREMENTS

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

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

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

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

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;

e crect 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 aresult 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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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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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
III "Fair Rock."
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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., Pattem 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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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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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 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/tunne] 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 NoO. 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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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 fect. At that time a spring abruptly broke out at
elevation 1,134 feet, approximately 350 feet downstream from the downstream right
abutment toe. The spring flowed as much as 100 gpm and subsequently was controlled by a
gravel blanket supported by a crib wall. A drainage adit was constructed in 1968 at
elevation 1,100 feet to control abutment leakage through the landslide debris during flood
pools. The adit extends 650 feet into the abutment.

8.4.1 Tunnel Alignment No. 3L

Tunnel Alignment No. 3L would be approximately 500 feet in length, bearing N40°W, and
would be driven through 300 feet of volcanic rock, 50 feet of landslide debris, and through
150 feet of rock fill located at the toe of the dam. The upstream tunnel invert would be at
elevation 1,060 feet and downstream invert would be at elevation 1,030 feet where it would
emerge from the rock fill. The tunnel would transition into a surface flume which would
extend downstream along the right bank until reaching river elevation 1,005 feet. Mixed
face tunneling is costly and slow. Tunneling into the unconsolidated landslide debris and
rockfill may jeopardize the dam and therefore, should be avoided.
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26. U.S. Army Corps of Engineers, 1996, Project Operations - Partners and Support (Work
Management Guidance and Procedures) EP 1130-2-500.

27. U.S. Army Corps of engineers, 1997, Post Flood Report, Howard A. Hanson Dam, 8
April, 1997.
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U. S. ARMY ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEERS
SEATTLE, WASHINGTON
. BEDROCK EXCAVATION
102,200
_{E_ ﬁ _{—3 _E —’g HOWARD HANSON DAM WASHINGTON
s e e e § SIZE | INVITATION NO. FILE NO. PLATE
~ ~ - - = B E-I10
psen: ECKERLIN }cm; MANN ]snm

LEGEND

- BASALT
- ANDESITE

BASALT PYROCLASTICS

ANDESITE PYROCLASTICS

FELSITE

@OWEO

BN

/ /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.

PLATE E-/D
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() PROPOSED EXPLORATORY BORING
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50

DIAMOND DRILLED CORE BORING
ROTARY DRILLED SOILS BORING
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MAJOR JOINTS ON LEFT ROCKWALL

OF EXISTING INTAKE CHANNEL
HOWARD HANSON DAM WASHINGTON
SIZE INVITATION NO. FILE NO. PLATE
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ILEGEND

I Trace of Joint dipping into the excavation and
740 vertical ang'e from a horizontal plane.
Trace of Joint thot does not dip into the
excavation and vertical angle from a herizontal
BO Planno_- .

/ Rock Bolt

1 | ) NOTES:

I. The potential slippage surfaces
V - ' . are overemphasized for purposes

shown on the plan and sections

of llustration. These

surfaces , however, can be located by careful observation
of the excavat '
- \ 2. Joints and faults are not diffarentiated.
: - 3. Joints are shown in approximate position and attitude of
joints is estimated from bottom of excavation.
4. The numarouvs minar fractures and jonts are not shown.
5. Rock balts are placed on abaut five (5) foot centers. The bolts in the upper
20 fect of the face are 3¢ {fect long
face 15 secured by rock bolts 20 feet long.

and the lower portion of the

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

GEOLOGIC SECTIONS ALONG
LEFT ROCKWALL OF
EXISTING INTAKE CHANNEL

x HOWARD HANSON DaAM WASHINGTON
-\ Assumed rock bolt location SIE L WITATIGUNO. RS NG |
- 5 |
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ELEV. FEET
1200 ™

1180 —

1160 —

1140 —ﬁ

1120 —

1100 —

1080 —

1060 —

1040 —

1020 —

1010 J

o

OVERBURDEN

BEDROCK
| 40’ ]
I 1
TE O oo o o] BENCH
Qo oo wooao
I
o
o o o o o o
4l oo co.__ooo BENCH
o o o o o o
o
& oo oo wooao
o o o o o o
1 BENCH
LEGEND
DRALIN, 2", 25’ TYPICAL 6X6 DIAGONAL ROCK BOLT
PATTERN ON 10v:IH SLOPE
ROCK BOLT TYPICAL 12X12 DRAIN PATTERN
=8, 4

TYPICAL ROCK BOLT AND DRAIN PATTERN

2”7 DRAIN ON

12'%12" PATTERN (TYP)

ROCKBOLT ON
6’X6’ DIAGONAL
PATTERN (TYP)

MAXIMUM RESERVOIR LEVE

EL 1177 NG

10" WIDE
BENCH

MINIMUM RESERVOIR LEV

’ \\— NEATLINES —\4\

EL 1070

WET-WELL FLOOR

96-DD-87
SEE _BORING LOG
IN EXHIBIT A

/
I "’/
S
I R
| A
i — - A
i \L.—L\
[o’— |
—[H — =
J
l T ——
#8 ROCKBOLT ON
— L ﬁﬂskr/,//””—e'xs' DTAGONAL
‘r PATTERN (TYP)
HE—
N

T 2" DRAIN O

WE 20’ HIGH BENCHES
VERTICAL PRESPL!T HOLES

[~

EL 1035

2" FOUNDATION DRAINS
7'X7 PATTERN

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. 5. 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
£00.8 (EL 964.9)

FISH FACILITY
GEOLOGIC SECTION A

HOWARD HANSON DAM WASHINGTON
S2E | INVLTATON MO, TFICE N { PLATE
g ' JE-17
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1200 —
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1160

1140

20—

10O—

1080 —

1060—

1040 —

1020—

OVERBURDEN

ROCK BOLT AND
DRAIN HOLE PATTERNS
SHOWN ON PLATE E-I7

Q

1

SECTION B

SEE PLATE E-10 FOR PLAN

207 10 0

THHHEHH

SECTION
C
ROCK ANCHOR
EXISTING
ROADWAY (TYP)
EL 1035/
EXISTING
ROADWAY
ROCK BOLT AND
DRAIN HOLE PATTERNS
SHOWN ON PLATE E-17
PORTAL CUT #8 ROCK BOLTS
LENGTHS VARY
4 STEEL SETS
'l ‘/" : ’ ‘\\\
! " IN XISTING
s o o] UTLET
CONCRETE CONCRETE Y\ ‘
/‘/ . . : .
7 STEEL, SETS j |
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1
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@O0

NOTES:

l.. 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,

BASALT PYROCLASTICS

ANDESITE PYROCLASTICS

U. S. ARMY ENGINEER DISTRICT, SEATTLE
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SEATTLE, WASHINGTON
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EXHIBIT A

SUMMARY DRILL LOGS
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2. LOCATION (Coordinares aor Stationt NGVOD 1929
N _102.291.016 £ 1.763.737.800 12. NANUFACTURER'S OESICNATION OF ORILL
J. ORILLING sGENCY Lgngyec'— 44
; i X For!
Juen Driliing (Clork Fork, Idgnho) 1. TOTAL NO. OF QVER-  (QISTURGED 'UNOISTURBEQ
4. HOLE ¥0. (As snown on drawing m‘g BUROEN SAMPLES TAKEN R - ' ~
3ng flle mumoer) 124-00-30 L s
— ~ 14, TOTAL MUMBER CORE 3OXES |2
. AM| ~ -
€ OF ORILR | yLZ 3ALLINGER IS. ELEVATION CROLNO WATER | [§3 3
8. OIRECTION OF HOLE 16. OATE WOLE (STARTED CONPLETED
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I7. ZLEVATION TOP OF HOLE 134 TRT
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2 3 s ) Q Ll0C ¢ M
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=== b
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77.8 |K T
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———————————— 47- .
Color cnange to light 97.6 |0 7-137120 sec -
gray-qgreen © 71.0°, S =
with slickensides on joints; 36.1 |P L | —
75.0° to 18.0°, clayey - -
gouge. :
88.0 0 e
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80~49/5 sec -
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90 [y T -
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. N,
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Specific Gravity 2.42
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Absorption 8.8% 100
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8otrom of boring @ 185 fr

NOTE: Ruen Orilling Comoany is subcontractor to Andraw Orilling
Co.. idano Falis, idono under contrat 0ACA §T7-93-0-10(2
Qeiivery Crder No. 9

‘NOTE
Water test data corresponds to interval shown.

Abbraviations used:
80 psig/9.7 gpm/1S min
80-40/5 sec
40-19/120 sec

80 psig = 80 pounds water pressurs per inch measgured by Q gouge at
ground level

3.7 gom/1S min = 9.7 gatlons of water per minute measured
with @ flow meter for the stated period

80-40 /Ssec 3 water pressre drop In system from 80 to 40 psig In
5 seconds. -

40-19/120 sec 2 water pressure droo in system from 40 to
{9 psig in 2 minutes
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\ QIVISION INSTALLATION
ORILLING LOG SHEET
NPD NPS OF 2  smecTs
1. PROJECT 10. SIZE AND TYPE OF AT NWC3 (WIRELINE)
HHD ~ISH PASSACE STUDY 1. OATUM FOR SLEVATION SHOWW'EN o ¥SU
2. LOCATION (Coorainares or Stafion NGVD 1929
N 102,503,562 £ 1.763.228.777 12. MANUF ACTURER'S DESIGNATION OF DRRLL
1. JRILLING AGENCY LONGYEAR 44
RUEN_ORILLING (CLARK FORK, 104KG) O, Tt mO. OF OvER: p—— fpemp—
4. HOLE NO. (Ag sown an drowirg e 1 BURDEN SAMPLES TAKEN : - ' -
axt Tite rumoert ' 94-00-31 !
- 14, TOTA. MAMBER CORE 30XES {3
S. NAME OF ORLLER
LYLE 3ALLINGER 15. ELEVATION CROUND WATER (89,7
8. ORECTION OF HOLE 'STARTED COMPLETED
18. QATE HOLE T a/21/94 4/234/94
@0 VERTICAL (] INCLINED DEC. FROM VERT. "
17. ELEVATION TOP OF HWOLE 1220.307
7. TWICKNESS OF OVERGURCEN 23.0 FT. 8. TOTAL CORE RECQVERY ©OR 4ORING 33 <
3. OEPTH ORLLED NTO ROCK 167.0 FT. 19. SIGNATURE OF NSPECTOR
. TOTA, OEPTH OF HOLE . [90.0 FT.
% GORE | 30X OR RENARKS
TLEVATION ™ | & CLASSFICATION QF MATERIALS RECOV- | SAMPLE (Drilllng few, water BSS, dag o
SLEVATION | OEPTH | LECEND Baszrtettons Ry 0. wearnrirg, ac. ¥ dTica!
) [y & 4 ) ’ (]
1220.3 mEN M. Siity sanay sravel [
Sl e [~
q r r _—
Al -
o -
- -
10 Y 4 -
\ ] o
r ) =
-t :_
0 } 4 Legeng for Jalnt soosing: ™
widely >t .8 ft [
1 moderately 9.5 to | .3 ¢t -
cloaely 9.1 to 0.5 ?* =
20 4 R0 Nigniy’ frocruredsorecciat ed —
Top of rook @ 7.0 ft z —
1813 =
—== a7 A [—
L .
== ANDESITE SRECCIAs Altered =
=== sarx grven ro aray, sott —
—— e
—._._—-_ zoned, dolcite 29 8 [
30 —_—— 1 .
11897 - =3 Fe0 -
J== %N ¢ -
== -
__—"'-'—:.__‘-"‘ 97 a ~
== -y
-
=T —
0 === s e =
~ =
= : =
= ¢ —
—_—r 100
— -
—= .
= -
50 -—_::‘__: 9t G —
== -
=
ey P
.q—x 88 w3 —
— =
"_._ -—
= =
~P“—-L t :_
60 == : ” 4721794 §1'~. [ -
n . . —
— /22794 1.1 bgs :_—
— 0o |4 =
3 ‘ =
70 “1 9% X L
q [
— . —
- % T
100 —
80 — u -
- -
] ; -
—
q s N —
3 100 0 —
90 —1 |-
- —
~ L
; % P —
1n2e.5 — ._._
- [ —
1= o
1120.3 100 = i ;
PROECT MOLE NO.

Eﬁ _’I-:ORM1836 PREVIOUS EDITIONS ARE OBSOLETE. HHD FISH PASSAGE 94-0D0-81 -



DRILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE

1220.307

Hole Ng. 94-00-81

AROLECT
HHD FiSH PASSAGCE

INSTALLATION
NPS

SHEET 2
Of 2 SHExTTs

E
[

ZLEVATION | OEPTH

1

CLASSFICATION OF MATERIALS
(Cascriation)

REMARXS
(Orliiing rme. water loss, daarh of
waying, ot ¥ SonTicEy!

i

i
1

100 =

i

112Q.3

i
HAWE
(Rt

1){ ‘1’[’

1
1

|$\8l T
i
Ui

Ho

i
|

ﬁ'

l%‘i‘ll ll l Li
n! ‘f’}}i'

|
)

i

120

ol
(
l

I

i
1

)

il
]

)

l

@ (10

!

130

i

surtfoces

Db
b

i

140

i

T “'I
i"’}}“

by

150

;

il

TH
(0

ﬂ

11 llll ll‘ll lllL
I
|

ANCESITE BREDCCIA, aitered.
cigyey zones, .Fa0, Pyrite,
Calgite, slichensides.

Slickensiges on jaint

94

n

SEE NQTE OM SHEET 2
LOC 34-00-4Q

30 0st/0 gom/ (S min
30-4! 08i/120 sec

hit

1{3‘1‘!

)
It

1954, i

+
[
i

:;}'

ANDESITE 3RECCIA,
nighly altered, laroct

by
i

!
!

170
FeC, Calcite

il

i

180

1036.2

ANDESITE 3RECCIA,
gltered - 30ft, droken,
discaiored, loagi. cigy.

T4

T4

80 oal/27.8 gom/11.S min
— 8Q-Q 0si/S sec

lIlllTllllIlIlll!TllIIIIlllll]ﬁrnlrlllrlllllllml

v

40 08i/30.7 gom/1S min
- 80-Q psi/9 sec

90 osi/25.T gom/1S min
[T Q=T psisS sec
IT - 0 pei /6Q gec

At

80 pel /12.9 com/1Smin
™ 30~40 psi/S sec

40-13p6l/120 sea

190

00ndug
450. Gravity

Conduct

So. erlfz

Unit welgn:

Apsorpt lon

Uncont ined
CompStr

oy comuita, 713
ted on core

Bottom of doring at 190.0°

.8
1642.68 paf
2.0%

$.7190 osl

2.08
165.1 paf
|.6x

9.170 osl

Rrme ——— — 1

«d on core 187.5 - 188.0

llllllllll’lIIIIHII'Illllllllllllll]lllllrlllllllllfl

B ire
o
10

87?01 Shift
4/23 SW, 30.8°

4522
o

ENG FORM1836~A srEVIoUs EDMONS ARE OBSOLETE.
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PROJECT

HHD FISH PASSAGE

HOLE NO. .
94-00-81 "



DIVISION
NPO

ORILLING LQOG

INSTALLATION

SHEET |

NPS OF 2 SHEETS

1 PROJECT
HHO FISH PASSAGE

. SITE AN

TYPE OF ;T NWC] (MIRELINE}

2. LOCATION (Caorairafas or Slatfon
N 103,055.429 E 1,763,015.934

. OATUM FOR SLEVAMON SHOWR'SW o WSl

NGVD, 1929 .

3._ORRUNG AGENCY
RUEN ORILLING (CLARK FORK, I0AHQ)

. MANUFACTURER'S QESICNATION OF ORRL

LONGYEAR 44

.. :zL%“NOJN lynmmafavlfv-‘l‘ﬂl : 94_00_32

. TQTAL NO.OF OVER-
BURDEN

:WS TURBED

T\ OISTURBED
SAMPLES TAKEN

3. NAUE OF ORLLER | v|_£ BALLINGER

. TQTAL NUMBER CORE 30XES

'6

. ELEVATION GROQUND WATER

1170.8 FT

5. ORECTION OF HOLE
& vermica, (J NCLINEO

0EG. FROM VERT.

. DATE HOLE

:STMTEDd/|8/94 COMPLETED

7. THICKNESS OF OVERBURCEN 4,2’

. ELEVATION TOP OF HOLE

4/20/84
1206.396 fr

. JEPTH ORLLED T Rocx  205.8°

. TOTAL CORE RECOVERY FQR 3JORING

£

7.2

. TOTAL OEPTH OF HOLE  2(0.0’

. SICNATURE OF NSPECTCR

ELEVATION | DEPTH [“LE

¢

. L] d

CLASSFICATION OF MATERIALS
(Dascriprion

7z CORE | 80X QR REMARKS
RECOV- ! SAMPLE (Ortiing rime, water iots, Jeom of
el . wadttaring, ae. X sKrefiant)

g 2100 '

CM, Slity Songy Gravel

111

Top of mock © 4.2 ft

‘ | o——{0
e
L Y

RQO

T
|

|

ki
I

|
)

Fa0, CaCo,

l

t
)

i

I
!

|

(i

il

I
)

|

lllll IHJ,JIIL
i

{

ﬁi

4
)
)

b

20

!

[
}

{I
il

(b
i

(W1
L

0.4° Loss

i

\§1f
|

i

30

|
I

l
N

|
f

i{i

1170.8
1168.9

|
!

ANDESITE 3JRECC!A, Altered, margon fo
green-gray, broken, clay In places,

21

80

30
Legend for Joint Spacing

.5

Modgeratel y 0.5 to 1.5 ft
Closely Q.1 to Q.5 ft
Hignty Fractured 3 breccliated

wigely

|

1
|
}

|

ANOESITE 3RECCIA, HIgny

1)

LN
{t

}J {

slickensiges, CaCOy, FeO

'i

i
:
Ul

{
|

l

(11t

i

\]
il
1t

lJllJ
U

1.3° loss

2.0’ loss

2.1’ loss

‘atter=d,

ctayey, qouqe, <lscaloration,

80 !

78

1143.5

mineralizotion

Slickensides on joints

2.0

1108.4

100 ===

~_—_—‘§ ANDESITE BRECCIA, Altered but Intact,
with Zones of heavy oiteration,

green to gray. caicite, ond pyrite

1A, hard.

T4

89

80

89

99
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ELEVATION TOP OF MOLE )
ORILLING LOG (Cont Sheet) | 1206.396 Hale No. 24-00-82
PROJECT INSTALLATION SHEST D
HHD FISH PASSAGE NPS 2
oF SHEETS
% CORE | 30X CR EMARKS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS "
iCaserteriony R | G s ey 'Sek, oo o
[} 3 4 . ' |
e ot
voe.+ NOQ TES=3) snoesiTe/anpesiTe 3RECCIA, nara. -
T==—=] darx green. minor aliterarion Fed 99 v
_TF3Z+ ana silckensides on Joints
==
EF== 100 | w4
HO— =5
b 32 X
e
===
==
T 38 Y
===
——c=
=
IZO'—::,:'—_-g 90 [z°%
===
)
___f-. e 100
— ]
=== 22 SEE NOTE ON SHEET 2
—— LOG 94-00-80
T
30—L=3 100 | a8
=== 0
{‘E‘ 96 AC N
=T
AD
100
L‘-—eo psig/0 gom/IS min
30-46 psig/120 sec
100 AE
1
100 [AF
~80 psigs/0 gom/15 min
100__ |G 40 - 48 palg/S sec
48 - 18 psi /120 sec _
100 AN -
| [~
w00 Al 2 -
100 Ad e
=——30 psig/0 gpm/I5 min =
80-40 psig/S sec 'y
00 [4K 40 - 268 psSig/120 sec [
NPO [ab results 7/13/94 3 —
cenducted on core 98 |aL -
179.9° - 180.7° t—
100 |aM 40 0sic/0 gom/15 min -
Sp. Gravity 2.59 b 80-59 psig/120 sec -
Zx=—qUnit Weight 181 .4 pct 100 |-
= == =1 Absorpt fon 2.2 AN -
Unconf ined e
ConpStr 21,920 opsl! 14 .
100 A0 =
3 e =
— 80 Dsigs/Q gpm/IS min -
98 AQ 80-49 psig/120 sec .
1S -
e
96 AR -
=80 psig/0 gom/IS min -
80-40 psig/5 sec e
|
00 las g 40 - 30 psig/120 sec =
100 AT .
994.4
Bottom of Boring @ 210’
Hoie cemented
ENG FORM 1836-A PREVIOUS EDIMONS ARE 0BSOLETE. [pRO-ECT HOLE 1o
we 7 HHO FISH PASSAGE 94-00-82



QAVISION

DRILLING LOG 38

WSTALLANON

SHEET 1

L

2R0,46CT 0.

NPS
- oF 2 sweers
SIZE w0 TYPE OF T NWCJ (Nireline)

HHD FiSH PASSACE STUOY n.

2

. LOCATION (Caorafraras or Starton)

N

OATUM FOR SLEVATION SHOWNEN o WSU
GvD 1929

N 103,494.837 = 1,763.093.729 .y

3.

UANUF ACTURER'S DESIGNATION QF ORLL
LONGYEAR 44

SRLLING ACENCY
RUEN ORILLING (CLARK FORK. IDAHO)

4

. MOLE NO. (as 1 94-00-93

soen on drowing e
+

. TOTAL NQ. OF QVER-
BURDEN SAMPLES TAKEN

'UNDISTURBED

;usmnaeo
:

ad Ml ruwmcer

5.

. TOTA MAGER CORE 30XES

|7

NAME OF ORLLER | vy = QALLINGER

. SLEVATION CROUND WATER

1051.8

o

. ORECTION OF HOLE

20 DCWN  oec. 77om veAT.

. DATE w“OLE

COMPLETED

(STARTEDS /59,94 2 ,5/94

G v€’RncaL T NcumveD

~

. ELEVATION TQP OF HOLE

1104.810

. THCKNESS OF OVERBURDEN ()

. JEPTH ORMLED NTO ROCk 220

g‘w.

2e
Lo

TQTA, CORE RECOVERY FQR 30RING 96.6

£

9.

o

. TOTAL OEPTH JF HOLE

¢

220 ‘it

SICNATURE OF WNSPECTOR

LEVATION [ QEPTH

I3 CLASSFICATION QF WATERIALS
LEGENC O

[ > d

80x R
SAMPLE

% CORE
RECOV-

RENARKS
(Ortifing rMma. water joss. decrn of
wecthering. e, it signivTcart!
9

!

|

1104.3 ———_=1 ANDESITE, hard, black

|

"

f
?1

1101.0

{
|

It
!

ANDESITE 9RECC!A, cigyey, gitered,
soft, gray, closely to moderately
spaced joints

\
!

oo
I

)

i

20

|

\)
f

|

i\

[HEEEN I 11
N{}]
i

i

|

T

30

!0.; t

l
l

{
Jn

n
!

0

!

i
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i
)

|

:

i
‘i‘
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lN
,\

!

(
!

NI
H.
)\

{
1

}

B
)

50

HITA
{
‘.4:!!

|

I
{
1

il

|

|

it}
f
U}

|

[
{
1

|

I

60

il

I
{
1

i

i
|

{
!

N]
il
L)}

h
)

70

il

{
1

)

i

{

llllllllllllllllillllllllljll_l_ljjlllll
)
b

)

80

N
h

!

334
Q e100;
4
16,7
81,

A NWC3

Q0 = 2.980"

10 = 1.375"
SOLID INNER TUBE

TYPE WIRELINE 3ARREL

@

3729794

Legend for Joint Spacing:
Wigely = >L5 ft
Moderately = Q.5 - 1.5 1
Closely = O.i 0.5 fr

Highly Fractured = Breacciated

41.7

84.8

811 1

24.8

J2.7

50.0

35.0

15.0

lo.0

79.2

80.0

19.2

028.8

ANDESITE BRECCIA, gltered with
ciayey gouge, FeQ at 86°-87°.
Joints ctosely spaced to highly
fractured.

N
A

A

]

\

N

"
bl

30

l
L

i

a9

17,9

h
!

]
|

i
n

highly fractured to closely spac
Joints

!
&

|

)

ol
|
d

0i0.8 {100

}
)

ANDESITE BRECCIA, dark green, gitered

3.5

44.4 I X
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ORILLING

LOG (Cont Sheet)

ELEVATION TOP OF ROLE

1104.310

Hole No.

94-D0-83

PROJECT
HHOD

FISH

INSTALLATION

PASSAGE NPS

isw:sr )

0F 2 srEeTS

SLEVATION

QEPTH

CLASSFICATION OF MATERIALS
LECEND y o

1

% CORE
RECQV-
Y
.

M

o~

(/1] K
ng fie, wofer iass. gaorh
wadttering, oc. ¥ ”m"d

i

1010.3

970.4

949.3

998.1

1QQ

(e]

140

llllll

1S0 —

I
|

4

7
)

!s

.

|

ANDESITE, hara. groy. ciosely
to moderateiy sogced joints

1.7

21.5

56 .1

z

AA

85.2

a8

LOG 94-00-30

3730794

SEE NOTE ON SHEET 2

AC

J4.0

AD

4a7.4

AE

91.2

AG

|

ANDESITE BRECC!A, aitered, iignt gray
to green, soft, crumbles

NPQ lad results T/13/94 on core
147.5 to 148.0 tt

So. Gravity 242

Unitwgt 150.8 pef

4’ l\u

i

|
!

)

|
|

{
l
1

(a

LlJ_Ll L

Absorotion 8.1Z
Unconf.
Comostr

{(
|

13.51Q osl

10N cars 150.2 To I1S10.0 ft
So. Gravity .39
Unit wgt 148.9 pect
Absarption 8.5%
Unconf.

Compstr 8,900 osi

f

f

78.2

so -

3731794

82,1

[Al

— 30 psig/12.3gm/18 min
80-50/5 sec
60 - 30/120 sec

— 30 Ds$ig/0.9 gpm/1S min
80-350 /9 sec
0/120 sec

8g -

=
o

@
o

o
o

200

[N)
o

¥

llll_llllllllllllilllllllllllllllllllj_LlLllillliLllHl

ANOESITE 8RECCA. hard, dark green.
some cicyey zones, moderately fo
wicely spgcad |oints

FeQ on Joint

220

-~
Panryy .

47.8

96.5

100.0

18.3

AQ

85.0

93.0

AQ

40.7

81.9

92.2

AT

4/1/94

tm— 80 Dpsig/8.3 gpmM/IS mi
80-80 /S sec
Q /80 sec

l— 80 psig/9.3 gOM/IS min
80-75 /S sec
75 - 32 /120 sec

L— 80 0sig/3.0 gpm/1S min
80-85 /5 sec
65 - 12 /7120 sec

9.1

94.8

AY

a8.7

AW

92.9

AX

92.0

AY

— 80 psig/!l.5gpm/ (5 min
80-58/9 sec
58-34/120 sec

80 psi¢/S gpm/10 min
80-60 /S sec
83- 187120 sec

l— 80 psig/0.! gom/S min
80-83 /S sec
83~ 9/120 sec

Hole Cemented

Wﬁr‘rmmmmﬂI‘lIll‘lﬂ1‘.lllI‘Illl'llTl‘Illllllllllllllllll[l(lﬁ

ENG FORM 1836~A previous
AR TV

EDTIONS ARE OBSOLETE.

IPROJECT

HHD FISH

PASSAGE

HOLE NO.
94-00-83
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DIVISION

ORILLING LOG (85

{INS TALLATION
[ NPS

SHEET
oF |

f
SHEETS

PROJECT
HHO FISH PASSAGE STUDY

| 0. SI2E a0 TYPE OF BT

NWCJ

(WIRELINE)

n

2. LOCATION (Caordinaras or Slatfond

N 103,792.832 1,763,150.124

<
<

NCVD, 1929

OATUN FOR SLEVATION SHOWREN o wSU

SOLID INNER TUBE

3._DRRLLING_ AGENCY
RUEN ORILLING (CLARK FCRK, !DAHQ}

LONGYEAR 44

12. VANUFACTURER'S OESIGNATION OF ORILL

4. HOLE NQ.(As srown on drowing e 94-00-34

13. TOTAL NG.OF QVER-
BURDEN SAMPLES TAKEN

OISTURBED UNDISTURBED

oy /lle rsroar!
3. NAME OF ORMLER |\ y| £ SALLENCER

. TOTAL MAMER CORE 3IOXES

3

. ELEVATION GROUND WATER

1026.0 FT

. QRECTION OF HOLE
T VERTICAL (] NCUNED

JES. FRCM VERT.

. DATE HOLE

ISTARTED, /3 /94

COMPLETED
4/5/94

17. ELEVATION TOP OF HMOLE

. THCKMESS OF QVERBURDEN Q)

1035.044 FT

100 FT

. DEPTH QRILLID NTQ ROCK

. TQTAL CORE RECQVERY FOR BORING

-~

[ 4

97.

. SICNATURE OF NSPECTOR

©

. TOTAL DEPTH OF HOLE 10C FT

ELEVATION

.

OEPTH

LESEND |
a

CLASSFICANION OF
(Qascricrfant

30X _OR
SAMPLE
NO.

[

Z CORE
RECOV-

ERY
Q__«!C0

MAFERIALS

REMARKS
(Ortiling o, warwr loss. deoth of
wecttwring. ae. 1 sigriflomv}
*

1035.¢

O —

|

l
l

—==TJANDESITE BRECCIA. alterad with

RQO
clayey Qouqge on joint surtaces. 54
soff. gray graen, closely spaced

joints to nignly brecciareq (0-30 f1.| 10.8

Core dite = NWCJ]
Q0= 2.98Q - incn
10 = 1,875 - incn

SEE NOTE ON SHEET 2
LOG 94-00-30

f——y

I
‘A

|

10

|

1026.0

‘!

!

R

l
|

x
!

(
(

|

|
|

|

!

i
4

!

(
(

|

20

|
I

(”(
1

!

(

,"i U
.i!\’!

r
l

l
(

|

30 -

|

!

to moderagte

!

}
I

i
!

e
I

|

40

m,
i

i

l
{

}

d
)

|

|

FeQ on jt surtfaces

|

I
{

50

'x}

8recclated

141
i

ll"]ll llll lIJlIL,lIJllll.llIIIJJIITIIIIIJLJIJLJIIllLlllllJ
i i
Y f

NE;

i
)

Brecciated, FeQ on jts

|

60

i

s
!

i

\

Brecclared, FeO on |t
surfaces

R
Iy

70

P 1t
0l

!
\

l
4

I l‘l
,JMM

{NPD 10D_resuits
on core 35-18.

!
!

80

|

|

So. Gravity
Unit wWgr
Absorption

L . Comp, Ste.
oncgaqf'e'cs i 33T

il
‘.

{
1

}

{
!

Jhl

Yo
O

So. Cravity
Unit wgt

Absorption
Unconf. Comp. Str.

RN
!
Ul

i

\
f
!

!
]

lllllll' lllllllljllllllllllll llllllll

)

il

3
I

935.0

@30 ft joint seqQcing close

2.18
[71.9 pct
Q.92
8,320 psi

33

mo O o

33.7

il

48.7

48,1

25.4

33.9

7.7

48.7

1

40 PSIG/4.8 GPM/ 15 MIN
l—— 40-19/5 SEC
19-3/120 SEC

40 PSIC/T CPM/IS MIN
l— 40-8/5 SEC
3-0/30 SEC

30.3

37

.7

11

91.2

82.5

80 PSIG/23.T GPM/IS MIN
| _30-10/5 SEC
10-0/60 SEC

80 PSIG/1T.T GPM/I5 MIN
— 80-0/ § SEC

(

39.2

89.49

94.0

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

St

§0.2

94.5

99.7 | 4g

88.7 | AC

80 PSIG/26 CPM/IT MIN
80-0/5 SEC

|80 PSIG/24.T GPM/I1S MIN
30-10/5 SEC
10-0/60 SEC
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DIVISION INSTALLATION SHEET 1
DRILLING LOG N2D SEATLE DISTRICT OF 3 SHEETS
1. PROJECT 10. SIZE AND TYPE OF 81T HO DIAMOND
HOWARD =ANSEZN DAM INTAXE TOWER 11. DATUM FOR ELEVATION SHOWN (T8M OR MSL}
7. LOCATION (Coordinates or Station) NGVD 1329
N102,508.19 E 1,7583,518.22 12. MANUFACTURER'S DESIGNATION OF DRILL R
. DRILLING AGENCY MOBILZ 3-53
XZRR DRILLING CO. 13. TOTAL NO. QF OVER- OISTURBED UNDISTURBED
4. HOLE NQ. {As shown an drawing title SBURDEN SAMPLES TAKEN
and file number} 94-DD-85 Q 0
5. NAME OF DRILLER 14, TOTAL NUMBER CORE BOXES 35
RANDY PAINTER 15. ELEVATION GROUND WATER 1133
6. DIRECTION QF HOLE 15 TE HOLE STARTED COMPLETED
VERTICAL &  INCLINED O DEG. FROM VERT 8. DATE = 09-13-24 09-20-34
7. THICKNESS OF OVEABURDEN 2 .0 17. SLEVATION TOP OF HOLZ 1140.1
3. 0EPTH ORILLZD INTO ROCK 54 .0 18. TOTAL CORE RECOVERY FOR BORING 9§
19. SIGNATURE OF INSPSCTOR
3. TOTAL DEPTH OF HOLE 56 Lu C o anaa g, Qn
ELEVATION | DEPTH |LEGEND CLASSIFICATION OF MATEZRIALS % CORE | 30X OR N REMARKS
(Description} RECQOV- | SAMPLE {Drilling time, water loss, depth of
ERY NOQ. weathering, etc. if significant)
a B c d 8 4 g
1140.1 a | ROCX FILL €3 1 RUN A TO 4.0
D 4.0: C2.5: L1.5 RQD -1
12. 5% —_
1138.1 ANDESITE, braccia, gray,hard
broken w/gtz and pyrite 1
mineralization _—
1137.1 high angle joinc -
70 degree
3.5 o 4.9 £t broken =zone RUN 3 TO 6.0° _ T
100 D 2.0: C2.0: L 0.0 RQD —
355 % 4
~133.2
RON C TO 11.0° w.z. |
100 D 5.0:C 5.0:L 0 RQD 85% /—
S
50 dagree NN
45 degree 19 T
40 degree -
65 degree, pyrite PR
mineralizaton, some
slickensides T
45 degree —_
1130.1 | 10 _| ANDESITE, breccia, hard 1 L
] 70 degree, pyrite fill BOX 1 Fm 0.0 to 11.0' B
- .. RUN D TC 15.0 -
R flat joint, fresh hard rock 100 2 DS5.0:C5.0:L0.0 RQD 96% |
— 10-degree I
-—1 —————
45 degree —_—
— g
~ 30 degree
— ("
N —
1124.1 | 16.0 broken zone to 18 ft. ggNOECZOSZtéoS ROD 63% |
20 degree group of 3 90 CTr T eEE Q
1123.1 | 17 KKK Andesite lapallie tuff, '
T HOLE NO. '
ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PRmﬁgmon TANSTN NAM TNTAKE TAWFER 94-DD-89, -



DRILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE
1140.1

Hole No. 94-DD-85

1. PROJECT . INSTALLATION SHEET p)
HOWARD HANSEN DAM INTAXKE TOWER SEATLE DISTRICT o] 3 SHEETS
ELEVATION | DEPTH |LEGEND CLASSIFICATION CF MATERIALS % CORE | BOX OR REMARKS
. {Description) RECQOV- | SAMPLZ (Drilling time, water lass, depth of
E]Y NO. weathering, etc. if significant)
a b [ d 2 1 q
30 degree thin calcite crust
rock is crumbly I
30 degree,calcite £ill SR -
lost return water, water
§0 degree, ite exiting slqpe drain at —~——
§0 cdegree, calc elev 1132 fc. |
7 ; 35 degree, thick calcite 2 -1
1120.1 ,20 — \infill, cumbly rock —_—
' Andesite, brecia, gray,hard -
----- 830X 2 Ffm 11.0 TO 21 7T
RON 7 TO 25.0" s
5 Tee 100
45 cegze 0 ® | DS.0:C5.0:00.0 RQD 60% |
70 degree
— 22.4 to 24.0 ft, broken zone 1
) ————
flac joint RUN G TO 31.0° —
26.3 to 26.8 ft., broken zone| 100 D5.0:C5.0:L0.0 RQD 86%
S degree B
: 27.8 to 23.4 £t., brokesn zone -
10 degree :
IN 30 degree, some slickensides L
1110.1 |30.00 Andesite, breccia, gray, hard 3 L
-
S degree, several close | = {----- BOX 3 TO 30.6! |
T fractures 4 RUN H# TO 36.0'
— 35 degree D5.0:CS.0:L0.0 RQD 96% ——
same 100 _—
] S degree
— 6§ & 20 degree 1
e ———————
— S degree, minor calcite e
—( e ———
soft zone —_—
= 50-degree, soft infill —
'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% —7—
—_— —_—
— I
— S0 degree, pyrite, gtz infill| 100 4 -1
— [
_ —
Nl e BOX 4 Fm 30.6 To 39.86 -
1100.1 | 40.0 K \30 degree, soft S FT. -
- o, -
ENG FORM 102a sam/iniie enminng aas AASOLETE. PROJEET.--_\ eaAtE I MAM  TATTA YT TAWTD HOLE9N4_DD-85',



ZVATION TOP 3
DRILLING LOG (Cont Sheet) | OFFOLE o Hole No. $4-DD-35
1. PROJECT INSTALLATION o SHEET 3
HOWARD HANSEN DAM INTAKE TOWER SEATLE DISTRICT OF 3 SHEETS!
ELEVATION [ DEPTH |LZGEND CLASSIFICATION OF MATERIALS % CORE | 80X OR AEMARKS (
) (Description} RECOV- | SAMPLZ {Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a o ¢ d 2 ! q
109%.58 40.5 to 42.0 £t., broken
zone, rock is soft, crumbly RUN J TO 46.0" -1
with silickansides D5.0:C5.0:L0.0 RQD 90% —1—
1098.1 Andesite Lapallie tuf?f,
hardcompetent rock 100
30 degr=e, Qtz, pyrite soft
infill 1
30 degree 5 -
100 |----- BOX 5 Tm 39.6 To 48.5 1
FT. _—
10s80.1 6 B
30 degree —
RUN L TO 56.0 :
T 40 dagree 120 95.0:C5.0:L0.0 RQD 84% —r—
N |
shallow joint sat
_ 30 & 35 degrse conjugate set
-
— —_—
! 40 degree, slight broken zone _—
AN 20 degree 6 . .
- n ]l e e v 1| eeeaa OX 6 Fm 48.5 To 56.0
1084.1 [ 55.0 | btm of hole@ 56 ft. —_ e , —
— —‘[_
HOLE NO.

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.

PROJECT
TAWRIDN WANSEN DAM TNTAKE TOWER

94-DD-85 -



|pROJECT

]HOLEAN_O. .

R DIVISION INSTALLATION SHEET 1
] -
_ DRILLING LOG N?D SEATLE DISTRICT OF 3 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT 6" DIAMOND
HOWARD HANSEN DAM INTAXE TOWER 11. DATUM FOR ELEVATION SHOWN (T8M OR MSL}
TION (Coordinates or Station) NGVD 193529
N102,525.236 E1,7563496.572 12. MANUFACTURER'S DESIGNATION OF DRILL
3. .. NG AGENCY MOBILE 3-53
XERR DRILLING CO. 13. TOTAL NG. OF OVER- DISTURBED UNDISTURBED
4, HOLE NQ. {As shown on drawing title 3URDEN SAMPLES TAKEN
. e 94-DD-86 0 0
and file number}
5. NAME OF DRILLER 14. TOTAL NUMBER CORE 3O0XES &
R. PAINTER 15. SLEVATION GROUND WATER 1146 .3
6. DIRECTION OF HOLE 16. DATE HOLE STARTED COMPLETED
VERTICAL 8  INCLINED O DEG. FROM VERT : = 09/15/94 09/17/94
7. THICKNESS OF OVERBURDEN 2 .6 17 ELEVATION TOP OF HOLE 11597
: v
8. OEPTH DRILLED INTO ROCK 38 . 4 18. TOTAL CORE RECOVERY FOR 30RING 92
19. SKGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 41.1 8 W ‘MW\\)\Q\ 5> 0 {
ZLEVATION | OEPTH | LEGEND CLASSIFICATION OF MATERIALS % CQRE | 80X QR REMARKS
{Oescription) RECOV- | SAMPLE (Drilling time, water loss, depth of
ERY NO. weathering, etc. if significant)
a b [ d H ¢ q
11583.7 o] CONCRETE 88 1 RUN A TO 3.0
D3.0:C2.0:L1.0:RQD N/A I
Initial advance w/EQ bit ——
1157.7 | 2.0 ﬁmmt SUBGRADE, (1/4"-) gravels
1157.1 | 2.5_[XXo ANDESITE, gray-green,Mod.hard .
core highly broken, crumbly RON 3 TO 6.5
D3.5:C2.5:L1.0 RQD 0% —_—
crumbly 71 |
Return water leaking to ——
pecol in subsurface N
rock highly broken RUN C TO 8.0 -
iy .y . : D1.5:C1.5:L0 RQD 25% —_
Zg-g;gziégo-nt w/slickensides| 100 ceamed #Q pilot hole to
- - " : -
20 degrees 6" dia for next run. |
. 70 degrees RON 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 2 L
calcite infill, soft, highly ' B
TKHXXXN brokenm to 15.1 Ft.
— ) 0 degres S
— o0 - I B
K RUN E TO 18.0' w.t
— watertable 100 DS.0:C5.0:L0 RQD S4% 9—/——
> flat jointed T
. 51 15. 1__{ Andesite, gray,hard —_—
10 degree ' |
"\ ] flat joint 2 —_
3 45 degree joint | |e-=-- BOX 2 Fm 9.7'To 17.0'



ELEVATION TOP QF HOLZ

[_JRILLING LOG (Cont Sheet) 1159.7

Hole No. 94-DD-85

1. PROJECT
HO

WARD HANSEN DAM INTAKE TOWER

INSTALLATION

SEATLE DISTRICT

SHEET 2
OF 3 SHEETS

ELEVATION

3

OEPTH

LEGEND

CLASSIFICATION OF MATERIALS
(Description)

d

% COAE
RECOV-
ERY

80X OR
SAMPLE
NO.
f

(Drilling time, water loss, depth of
weathering, etc. if significant}

REMARKS

g

1141.7

18.0

ANDESITE
BRECCIA,gray,amgdules
pink/mazoon

broken, crumbly,soft breccia.

1/8 to 4 " pieces. ?2yrite
and calcite

1138.7

highly breciated and broken

- to 23 ft.

40 degree

70 degree

rehealed fracture, gts
£illing

70 degree

dark coating

flat pocket of gtz

50 degree

soft zone

90 degrea, gts infill

30 degree, Qtz. and pyrite
mineralizaton

40 degree, thin gtz infill

1123.7

Andesite, breccia, hard
broken, crumbly, soft clayey
grouge

high angle jointing

high angle jointing

high angle jointing

broken zone 1 to 2" pieces

high angle and flat jnt.

1123.7

clay gouge zone, clay,.
grey, soft

1122.2

Andesite breccia, hard

121.3

N

60 degree, broken to 38.5 ft.

Andesite, lapillie tuff

70 degree

100

)
o
o

100

3

- --

RUN 7

TO 23.0°

D5.0:C5.0:10 RQD 64% —_—

30X 3 Fm 17.0°' To 22.5'.
RUN G TO 28.0

D 5.0:C5.0:L0 RQD 8s8% —_—r

BOX 4

Fm 22.5' To 28.0°
RUN H TO 34.5

D §.5:C 6§.5:L 0 RQD 28% |

BOX S To 34.S5 FT.
RUN I TO 41.0°
D 6.5:C6.5:L0.0 RQD

20%

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE.

a7

PROJECT

HOWARD HANSEN DAM INTAKE

HOLE NO.
TOWER 94-DD-86



. ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet!) 1159 .7 Hole No. 94-DD-86
1. PROJECT - INSTALLATION - SHEET 3
- HOWARD HANSEN DAM INTAXE TOWER SEATLZ DISTRICT QF 3 SHEETS
LEVATION | DEPTH |LEGEND CLASSIFICATION QF MATERIALS % CORE | 8OX CR REMARKS
: {Description) RECOV- | SAMPLE (Orilling time, water loss, depth of
ERY NQ. weathering, atc. if significant)
a b ¢ d 3 f 9
] — g? ;g 40-41 £¢. high angle joint | __ __ f----- 3OX 6§ TO 41.0 fc. 1
1118.5 [4l.1 ‘ zone rock highlv broken —_—
— BTM oL HOLE _—
— e
- —_1
ed ————
] —_—
. o p— —
] —_—
— —_—
- —_—
——t ————
—_—
_ —e
] —_—
— —_
—] ci———
———
. — e e T e e e - —— SR BRI S . PR

—atm em i omw

YPROJECT

]Hon.s _NQ..:_;.

o~
-~



URILLING LUG | ypp | NPS J;;"j ;ugr,—g
I PROLECT 10. SIZT WD TYPC OF Aif HO WIRELINE
HHD FISH PaSSACc STUDY I JATUM FOR ZLIVATION SHOWW SN o uSU
2. LCCATICN (Cxordinatas o Slotien)
NIO2, 462 £1.763.470 (TOPQ) {12 uanuF ACTURER'S JESIGNATION OF DRNLL
3. ORILLING aCENCY . i S0y 22
JOHNSON DRILLING for R&R ORILLING IV —— Y T— e -
: 7 . - |~ SAMPLE b ) 2
L ;OuLh::o' tAg 'yv-n an growirg tifle : 96-00-37 | JURDEN 3AMPLIS TAKEN N N/A N/ 2
114, TOTAL MUMBER CORE 30XES 20
5. NAME OF JRALIR
808 JOHNSON |15, sLzvaTIcN ZR0UND wATER  FLOWING ARTESIAN
5. QIRECTION OF =QLZ 6, JATI HOLZ \STARTED COMPLETED
(X] veaTICAL [ NCLINED 3JEC. FAOM VERT. ‘29 _APR 96 3 MAY 96
: 17. SLIVATION [CP CF mOLZ 1165.7
7. THCKNESS CF QVERBURDEN 1.0° [18. TOTAL CORE ECAVERY TOR FOAWG 39.9 p
3. 3€PTH JRLLID NTQ 0CK 199.3° |19, SICNATURE OF NSPECTOR
3. TQTa, JEPTH GF ~OLT 2¢0.8 ' RICHARD ECTKERLIN
- AENARKS
VATICN | DEPTH | LICENO CLASSIFICATION OF MATZRIALS 200 N/ (Ortitry rime, water ass. decrh of
] ‘Cescriorian 30x weatrering, sre. it sigriflcare)
1 3 - s . ] 1
111 %4 | I GMe Sitty Sangy ravet o R Drilied ' &3 In J runs, then reames |
. —_— 0P O ROCX 4°-1,0, (vW) cosing tg 4,8°. Removed -
et o= w0ESITE RECCIA, od nard o Rord. Slack 3 |4 casing ana ook oft dlamond C
10 green g reddish green. Closely to videiy reoming snoe, then se! 3ock (N Nale -
_—’-!Po:ured | 100 [ ' ?c that too s I° >g3. Too ls !rreoded —
o COo.
-
W d : NOTEA Petrograonic Ixowngtion of corel
80°, vitn caigire Loo - see 10 0C! 96 uemoraonaumi
0 _*____“. 35 B " ganibit C -
’@. — —
- brcs = 1] 3 L
1142.9 j"‘—‘— Isg... 'r'e% vater course (12.4-13.0 —
_*ﬁ 5%, FeQ, Caiclite 2 —
ar 16° vesicuies fllled with Zeoiltes 7" ¢ —
:j to /4" dla. =
et § 5 1 e 1T GOM/I0 mirnstes :
11484 20 _*—ﬁ 5 15 - 3 asi/instantonecus -
=t 75°, poasibie vGter cOurse 20.)) .
[ ——— rcd. site 44 " Lt —
—_— L
79 1 —
—_— — P20 3 —
- Creen Couge. oYrite vein, colcite | p—
= — a4 J —
3Q - 10 —— 26.1 qpe/10 minutes —
—_—— 20 - 2 0el/30 sec -
~ 100 14 -
] e ’ -
— Core |8 mottied rea. green Biock 4 —_—
- with caicite. vesicuies fllied vitm
Zvotites (/17 et E
- at 17 =vworite on [L., foult gouge %0 L
40 [ TS° traces, S0O° \ —_
' -~ } INtensely frocrursd $9.3-41.8° 2 o n— ?'zu- W/;:::" —
]
= —— —
5 -
3 l ST H N
— — —
- - —
o L
50— — ]« » il
i 4 = Q19 qom/10 mirutes -
i ag°® 50 - 20 o8i/2 min —
azt . r 4s30 1730 |-
O iy et t——————
3 ® s/1 aT00 [
SWL 18,57 508 |
- 98 s 8
il — _J L
60— . —
_ 25 100 R ? b Q.58 qpW/10 wirutes -
59.7-7Q.3° core seni to NP LaO. 42 » 14 oal/2 min L
— 5 43°, 60 100 3 - N
—l e -
a5°* 7 —
Sm—
No [oints 67.]-45.I° 98 T -
70— -
3 8 [—— Q.85 gowm/10 mirutes —
100 1] 45 - 1§ oal/2 min e
- by [—_
— s -
3 100, y -
80 — L —
- § —— 2.4 qom/10 mirutes .
: 96 v L1 65 - 40 0el/2 wmin -
40° .
- 9 . ___'
1078, 8 et F€Q TORING Jt, Yater Course | L
. 98 x — I ’ -
90 — . -
- 4 P 11 eom/1Q airutes —
30, Feo. Clay % - " 64 - 16 pai/2 min —
[y SSm— [, | g e
—
- 10 —
— 30°. FeQ 3
85° 96 4 :
woes.? | 100 3 15°
PRQJECT MOLE NQ.
ENG FORMI1836 PREVIOUS EDITIONS ARE OBSGLETE. H‘,’.,B FISH PASSAGE STUDYI "56_00-37
\’ i




. ELEVATION TOP OF ~QLE
ORILLING LOG (Cont Sheet) 1165.7 Hale No. 30-00-87
PROECT - INSTALLATION SHEET 2
HHD FISH PASSAGE STUQY NPS oF 2 sweers
REMARKS
2| £ CLASSIFICATION OF WATERIALS RQ0 b-id (Orfiftng Ame, warer iass. deon of
ELEvaATIOn | DEPTH | LECEND 10ascriotion - 30x wastrering, wc. (f sigriflcare!
. £ z 4 . 'r i
10851 180G 4 1 AOESITE SRTCCIA. mogerately nord to \ L.
: — |no'u. 0iocR ta green o recdlsn oreen. 2.8 gmsY mi. -
i mediium 10 vicely 'roctured SO - 10 peis2 min —
—y 100 Aa _T -
_3 1] =
n = _J -
- 8 A8 -
1 10—l et —
T (1L 1°111.5" core tesled at MPO (GO ol qoms —
j ’ 4 - 10 oals2 min ~
— 100 A — =
—p———— . I
= 12 -
et =
- LT a0 -
2 _4"'—"‘" — s/ (130 —
o— sm 9.0 jgu__‘t-
e SWL 14,5 Dgs
_j.‘ e /2 Q100 —
- 96 Ag ot
- e (.3 QOYR/Y . —
oaee ...___-1 s 3 45 - 12 pels2 min L
- e -
7 100 o .—J C
130 — [
L34 -
50° -
" -
-1 08 AG .
1038.0 — 139,1-134, 7 core tested ot NP0 L0 | QASE OF PROPOSED CXCAVATION ———i
: [ At 13T Set Grout Pocker =
] . —
M -
140 - . 100 a
a22.9 3 J5* FeQ. Vater Course at 1418 on § ¥oy, orouted hole 137-200 % l—
1G22.0 - [30°, 35¢ FeQ artesion lone 14%4-i4L7 m‘l%’ua- camant grout. [~
— -
a® a2 Al T Core from Imterval 138.5-139° e
cicasifled as oorvnyritic meraoasal? —
15 | aee 10 Oct 36 Yemoronaum In Exnibit [~ &4
* L ] e :
—
150 — > -
et 0* 8 '3 —
-1 45° -
I —
100%.4 — | 19591544 Fauit —
j ar 131 oreen qouge on [r. oyrite vein - w -
(] —
E =
160 | 1o -
i 100 A =
- ‘s' =3
— Los® -
= 1 o :
p —
170 —— -
L
b 18 Y] =
{) -
= e | 38° -
- 0° at 1745 pouniDly foult —
-— * —
— 100 " T L
“~ —
- «*, 48° =
I “° =
80 — ' =
3 ™ vz 130 -~
- Artesian 40 gom
5/3 0700 irtesian -
- - Poot 40° £, Mrtesion 4 F L
. s0* it t
-~ 5*
-~ 15 .
190 e 34 18 -
L -
1 -
s -
- Lo & Ar =
- 20 -
3 p- w C
oy [200—] : -
: : Sattom of Nole at 200.8° F
1 ’ LECEND FOR JOINT SPACING —
.5 11
] Uoder arety v aBroLst E_
-3 Closaly s Qite &5 N
‘* wignly Froctured o preccloted -
—t el
o =
] -
~O. -
s CADU IR TE - A nacuunie CRTIANG 10C NASN £TC ’Jgﬁ:c;mu PASSAGE STUDY [m 96-0 8 7




P el AR I R A

GRAVELS
WELL -GRADED GRAVELS, GRAVEL-SAND MIXTURES, LITTLI OR NO

GH
FINES.
- Cp POORLY. GRADED GRAVELS OR GRAVEL-SANO MIXTURES. LITTLE OR
NQ FINES.
GM SILTY GRAVELS, GRAVEL-SAND-SILT MIXTURZ.
e CLAYEY GRAVELS. GRAVEL -SANG-CLAY MIXTURES.
SANQOS
S WELL -GRADED SANDS, GRAVELLY SANOS, LITTLE QR NQ 7 INES.
SP POORLY. GRAOED SANOS OR GRAVELLY SNADS. LITTLE OR NQ
FINES.
SM SILTY SANOS, SANO-SILT MIXTURES.
SC CLAYEY SANDS, SAND-CLAY MIXTURES.
FINES
ML LNORGANIC SILTS AND VERY FINE SANDS, ROCK FLOUR, SILTY
OR CLAYEY FINE SANDS OR CLAYEY SILTS WITH SLIGHT PLASTIC
PLASTICITY. ‘
cL INORGAN.IC CLAYS OF LOW TO MEQIUM PLASTICITY. GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS, LEAN CLAYS.
oU STTWTT STLTS ANT JRGANIC SILTY CLAYS OF LOW PLASTICITY.
MH INORGANIC SILTS, MICACEOUS OR O1ATOMACEOUS 7INE SANOY
" OR SILTY SOILS, ELASTIC SILTS.
CH INORGANIC CLAYS OF HI{GH 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
3W-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 | LOCATION OF SEAL.

TPf  LOCATION OF PIEZOMETER TI(P.



MOLE

NUMBER WELL !

SROJECT

HANSON DAN
SEEPAGE STUDES

LOCATION

N 103,199

Ef,764,0C

DATE STARTED
18 November |96]

DATE COwPLETED
17 Joruae, 1962

ELEV-
ATION

1227 .3

2 STAGE PIEZ COm 25 MAY 66

DESCRIPTION OF waTERIALS
TOP OF CASING EL 729.21'

T~ 0mMC

1212.3

SAND AND GRa g FILL

COARSE, ANGURAR ROCK
FRAGMENTS w/.\a,d'
gravel ond clay

LARGE, ANGULAR ®OCXK
BLOCKS w/30nd and clay

LARGE, ANGULAR ROCK
BLOCKS w/intenstitial silt

&« COARSE, ANGULAR ROCK
FRAGMENTS w/silt ond clay

— — - — —

COARSE, ANGUILAR ROCK
* FRAGMENTS w/minor gravel
water bearing

* Top of Bedrock

HOLE NUMBER

WELL 2

PROJECT HANSON DAM
SEEPAGE STUDIES )
LOCATION
N 103,076 £1,763,729
QATE STARIED | 4R SOMRIETED
25 July 1963 | August 1963
ELEW] O
aTion | § DESCRIPTION OF MATERIALS
1998 > -,1.; 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, gravel
) and silt
1180.2
ANGULAR ROCK FRAGMENTY
w/interstitial sand, silt and
60 clay, minor gravel and inter-
calated lenticular sand and
it
1158.2 Wl Fewol%62
T
= 80
- /
B /| _—
_ 100
_ /1
120
Bortom of boring, Feb. 1962
SANDY GRAVEL w/boulders
0912 [e}-
SILTY SAND w/gravel
1077.2
076 . CLAY 3
) ) Top of bedrock
- . S 1A
10642 z| ANDESITE BRECC

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




HOLE NUMBER WELL 3

HOLE NUMBER WELL 4

ATION

>

1213.3

PONJECT HANSON DAM
+ - SEEPAGE STUOLES
Lo ATION
N 103,617 £1,753,606
QG RATIED | Q8T SAMA-ETED
8 July 1963 24 July 1962
ELEV- E 2 STAGE PIEZ COMP 24 MAY &5

=
T
- H

OESCRIPTION OF MATERIALS
TCP OF CASING E£L 1225.70

FILL MATERIAL

PRQJECT HANSON DAM
SEEPAGE STUODIES

LOCATION
N 103,878 £1,763,366

DATE STARTED | DaTE COMPLETED

4 February 1962 9 February (962
ELEV- g
ATION F;, OESCRIPTION OF MATERIALS
I044,7+ H TOP OF CASING EL (047,70

1193.3

[

40

8QULDER

COARSE TO LARGE
ANGUILAR ROCK FRAG -
MENTS w/interstitial sand,
silt, clay and minor grovel

1031.7 J

1028

COARDE, ANGULAK ROCK
FRAGMENTS w/silt and sand

SAND AND GRAVEL w/trace

clay

SANDY SILTY GRAVEL

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 baring, Mar. 1962

SILTY SANDY GRAVEL

SANDY GRAVEL, water
INE ANGU
ROCK FRAGMENTS énd clay

SANDY GRAVEL,water

SILTY SANDY GRAVEL

Top of bedrock
?A?&&‘X FRACTURED

8RECCIA .

i022.7 0
SILTY GRAVEL
30
 1009.7 W, L. Feb 962 ]
{7005,7
1002. * GRAVEL, water bearing
997.7 SILT w/qrgvel
50 Top of bedrock
999 .7 ANDESITE: soft, blue gray,
» pyrochastic
- .
C
E
C
C
-
o
- .
3
-
r
B




HOLE NUMBER WELL 5

Ao NJECT HANSON DAM
SEEPAGE STUDIES
LuCATION
NI104,074 E 1,763,329
OATE STARTED DATE COMPLETED
18 January (962 5 February 1962
ELEV- g
ATION B |OESCRIPTION OF MATERIALS
1042 .6] W | TOP OF CASING EL 10Y6.38
SAND AND GRAVEL
w/minor clay , water
1030.6 bearing
“SILTY GRAVEL, fine
20 w/sand, compact, minor
rock fragments
| 1Ol.4 - W. . Fah 942 __ ]
1000.6 40
SANDY GRAVEL, coarse,
w/cobbles and sand lenses,
water bearing
Q
. 4 L °
Péb4 .2 SILTY CLAY w//zrqual
| 962. SANDY CLAY
L © 7 INTERBEODED FINE SAND
. AND SILT )
F948.6 @ | -
942.6 SAND
i l * SILT w/sand and gravel
lenses
930.6
St
fats ang graeettomPeed rock

Iilll]lilllrl'rliltt_lllrllllrrl'll'IIIII

BEDROCK

«©<w

HOLE NUMBER  WELLS

PRQUECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 104,315 £1,763,265

DATE STARTEQ | 0ATE COMPLETED
2 February 1962 § February 1962

ELEV-] O
ATION| 5 |oescripTi
iON QF MATERIALS
1040.0] 1 | TOP OF CASING EL 1043.29
SANDY, CLAYEY SILT
w/rock fragments
1020.0 20
SANDY, STLTY, CLAYEY
GRAVEL w/rock fragments
1011 .0
} 1005.0 BOULDER
40 SILTY, SANDY GRAVEL,
. water bearing
994.0

mAVEL: water bearing

[ sss.off |

60 SAND AND GRAVEL w/silt
and clay lenses

965.0 :
960.0 JF |+ CLEAN SAND AND GRAVEL
SAND AND GRAVEL w/minor
B l' sile
J oo |
- INTERBEDDED SANDS, GRAV
EL, SILT AND ROCK FRAG-
MENTS
120
140
894.0




“HOLE NUMBER WELL 7

cpr~gCT HANSON DAM
i SEEPAGE STUDIES
LOCATION
N 104,271 £1,763,636
DATc STARTED DATE COMPLETED
26 August 1963 18 September 1963
ELEV- iET 2 STAGE PIEZ COMP 20 JUN 66
ATION | 5 |DESCRIPTION OF MATERIALS
210, & [T0P OF CASING EL 121310
" ANGULAR ROCK
FRAGMENTS AND CLAY
20
S
40
I#
161.6
ANGULAR ROCK
FRAGMENTS, occasional
boulders w/interstitial clay
.6
' 80 SANDY CLAYEY -
7 F I ANGULAR ROCK FRAG-
 MENTS w/cccasional
. bouiders
S
1094, !’
{20 GRAVELLY CLAYEY SAND
1076. -
1075 CLEAN SAND
1073 SANDY CLAY
# GRAVEL AND BROKEN
ROCK, water bearing
1060.
1055.20H60 ROCK FRAGMENTS.
1042. CLAYEY SANDY GRAVEL
‘9 CLEAN GRAVEL, woter -}
CLAYEY SANDY GRAVEL
1024..6 CLEAN SAND
. SANDY GRAVEL,
- water bearing

HOLE NUMBER WELL 7
ELEV- g
ATION B |DESCRIPTION OF MATERIALS
-y H ]
100Q: 6 ;~ SANDY GRAVEL
100+ . §
BROKEN ROCK & GRAVEL
]
| 770.6 720 Clay
) CLEAN SAND
ROCK FRAGMENTS
w/interstitial clay
40
952.4
CLAY, SAND AND GRAVEL
930.5 280
cLay
913.6
0
901 s SANDY CLAY
SANDY GRAVEL
w/tculders
20
0
"a"a 4 L

SAND, GRAVEL AND
ROCK FRAGMENTS




HOLE NUMBER WELL 8

HOLE NUMBER WELL 8

CT HANSON DAM
SEEPAGE STUDIES

L
LOCATIONM

N 104,022 E1,763,640

DESCRIPTION OF MATERIALS

DATE STARTED | OATE COMPLETED
20 September (963 | | October 1963

CLEV-| O 12 STAGE °1EZ COMP {8 MAY 66

ATION DESCRIPTION OF MATERIALS

T
1225.4 |- w4 JTOP OF CASING EL 1227.59

BROKEN ROCK AND ClLAY

SANDOY GRAVEL w/cobbles,
water beoring at deges 206 ft.

SAND w/gravel ond 3+

SANDY GRAVEL,
240  woter beoring

l.

1208.4
CLAY AND BROKEN ROCK
[ 84 4 4’0
BLOCKY ROCK W/CLAY
1175.4
CLAY ANDO BROKEN ROCK
o )
t'ljc.-
] 3LOCKY ROCK W/CLAY
r w
139.4 E
ClLAY W/BROKEN ROCK
1126 .4
SANDY CLAYEY GRAVEL
T AND ROCK FRAGMENTS
S ;
100.4
& .
SILTY SANDY GRAVEL AND
.0 ROCK FRAGMENTS
T
’ 0
04
BMOKEN ROCK,
water bearing
Lll.__' ) 80 MOXEN ROCK
1039.4 SAND . woter beoring
SANDY GRAVEL w/cobbles

>

>

CLAY ANO BROKEMN &0OCK

ITT'T“l‘l‘l’]I'1']1_"71"ITj]'Tl'TT"Y]I‘T'T‘_"I'1""‘IIU.IIIIIIIIVY'

l'T“I" '1]1"17|"

\A‘ -

[

N



LﬁOLE NUMBER WELL ?

14 T~OJECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,803 € 1,763,669
OATE STARTED |DATE COMPLETED
2 August 963 23 August (943

ELEV-] 0 1o STAGE PIEZ COMP 28 APR 65
ATION | 5 |DESCRIPTION OF MATERIALS
1227.5 - IToP oF CASING EL 1230.01

ANGULAR ROCK
FRAGMENTS w/sand
and clay

..1

1197.5

H BROKEN ROCK w/clay,
40  scattered lorge blocks

BROKEN ROCK

BROKEN ROCK w/clay
and sond

SANDY, BROKEN ROCK

BROKEN.ROCK w/sand ond
clay

GRAVELLY CLAY

GRAVEL, woter beoring '}

CLAYEY GRAVEL

HOLE NUMBER WELL ¢
ELEV- g .
ATION. B |DESCRIPTION OF MATERIALS
H
CLAYEY GRAVEL .
(o}
1005.5 22
- SANDY GRAVEL AND
997.5 | broken rock
?91-.5 I . GRAVEL w/iond, water
240
987?6
982.5" CLAY
BEDROCK
Q
963.5




HOLE NUMBER

WELL 10

F o CT HANSON DAM
SEEPAGE STUDIES
LOCATION
N 103,275 E 1,764,190
DATE STARTED OCATE COMPLETED
{5 QOctober 961 (4 Navember 96!
ILEV-| C
ATION E
ﬁ’_ DESCRIPTION OF MATERIALS
228.6| H | TOP OF CASING EL 1223.5)
ZROKEN ROCK w/sand,
gravel and fines
210.4
BROKEN ROCK w/3and ond
.gravel
0
1178,4
BLOCKY ROCK w/sand,
gravel and clay
115Q.4
BQULDERS in s sond, clay
and gravel matrix
100
Q
1099.6
. SILT, SAND ANO GRAVEL
l w/broken rock
1074.6
60 LARGE FRAGMENTS OF
BROKEN ROCK (clean)
1063 .6
: COARSE SAND AND
’ GRAVEL w/broken rock
y .
I;Gu.é

CLEAN COARSE SAND AND
GRAVEL

HOLE NUMBER WELL 10
ELEV-1 O
ATION| § -
?_ DESCRIPTION OF MATERIALS
H
CLEAN COARSE SAND
AND GRAVEL
1013.6 (Well screen)
220 SAND, GRAVEL, ClAY
AND SILT .
1001.4
{ 998.¢ SILT AND CLAY
992.6 8EOROCK




HOLE MNUMBER WELL I

HOLE NUMBER WELL I

HANSON DAM

PRQJUECT
’ SEEPAGE STUDIES

o CATION

N 103,748 £1,743,881

DATE STARTED |} DATE . COMPLETED
29 August 1963 |7 September (963

ELEV- 2 STAGE PIEZ COMP 2 JUN 66

ATION OESCRIPTION OF MATERIALS
171 7 70P OF CASING EL 1274.26

mQ

Ir—70

J GRAVELLY SILTY SAND

ANGULAR 8ROKEN ROCK
w/sand, gravel & clay

40

ELEV- g
ATION | B |DESCRIPTION OF MATERIALS
H
SANDY CLAYEY GRAVEL
w/occasional bouiders
L 0
1033.7 ,
1026 .7 L- CLEAN GRAVEL, water
SAND AND GRAVEL
1010.7 260
1006.7 §  CLEAN GRAVEL qater
T00%.7 CLAYEY GRAVEL
1001 71 CEMENTED GRAVEL
i997.7
BROKEN ROCK w/clay
981.7

BROKEN ROCK
(water seepage)

SANDY CLAYEY GRAVEL:
w/occalonal boulders

- e et ore m—— i ———




HOLE NUMBER CD-I12

OROJECT HANSON DAM
' :EEPAGE STUDIES

LOCATION
N 104,184 £1,763,816
DATE STARTED | OATE COMPLETED

June 1953

DESCRIPTION OF MATERIALS
TOp OF CASING  1260.1

I+HoUmo

SANDY ORGANIC SILT

BROKEN ROCK and sandy
silt

BROKEN ROCK w/interstirial
sandy silr )

1100.6

1085.6

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

BROKEN ROCK

HOLE NUMBER CD-I2

ELEV-] D
jation| E
q_ DESCRIPTION OF MATERIALS
H
8ROKEN RQCK
220
1024.6
1019.4 SANDY GRAVEL
1018.5 GRAVELLY SAND
SANDY GRAVEL
240
CadIN-)
SANDY GRAVEL
w/boulders
| 976.6 80
CLAYEY SANDY GRAVEL
w/boulders
26
CLAYEY SAND
2 300 w/boulders
9sl1.6

CLAYSY SANDY GRAVEL
w/boulders

(-2



HOLE NUMBER WELL 13

HOLE NUMBER wWEeLL (3

r ‘ECT HANSON DAM
SEEPAGE STUDIES

LOCATION

N 103,689 € 1,763,778

145

QATE STARTED | DATE COMPLETEO

ELEV-
ATION

1253.2

eptember 1963 | 28 September 1943

OESCRIPTION OF MATERIALS
TOP OF CASING 1253.7

T ~omo

1162.2

B8ROKEN ROCK w/sand,

gravel and silt

40

60

8c

BROKEN ROCK

1102.2

and silt

l., BROXEN ROCK w/sand

8ROKEN ROCK
*

140

04 SILTY SANDY GRAVEL
AND BROKEN ROCK,
water ot 155 & 173-185 ft

FELEV- g
ATION B | DESCRIPTION OF MATERIALS
H
. SILTY SANDY GRAVEL
1047.2 AND BROKEN ROCK
1040.2 CLAY
1034.2 SILTY SANDY GRAVEL
{T032. SANDY GRAVEL WATER
1026 .2 SILTY SANDY GRAVEL
I SANDY GRAVEL
40
1009.2
SILTY SANDY GRAVEL
60
974.2
BEDROCK
958.2
}.

ol

T



r HOLE NUMBER WELL 14

HOLE NUMBER WELL 14

I0JECT HANSON DAM
SEEPAGE STUDIES

LQOCATION

N 103,462 £ 1,763,965

DATE STARTED | DATE COMPLETED
10 July 1963 3 July 1943

ECEV-
ATION DESCRIPTION OF MATERIALS

TOP QF CASING 1286.8

IT~HOMO

1284 .1

SILTY CLAYEY GRAVEL
w/baulders and sand

20

$1253.1

BROKEN ROCK w/clay

80

100

Al
LIJ24. b

ELEV- g
ATION 5 |oEscRIPTION OF MATERIALS
H
T ¥
SANDY CLAYEY GRAVEL
w/boulders
S 220
R
T 240
1037.1
BROKEN ROCK
1020.1 260
10191 CLAY
BEDROCK
(0091

SANOY CLAYEY GRAVEL,
water ot 149 feet

liﬁ-
8Q

1096. 1

SANDY CLAYEY GRAVEL,
w/bouldeﬁ. -

ll*

l|l|T‘|lT‘[7|llll‘Il‘lﬁ'llTlllllllllll'ﬁllIIlTlI]II’Tr]'II—rlllll

[fl"l'lll"ll'




HOLE NUMBER WELL IS -

- "OJECT HANSON DAM
SEEPAGE STUDIES
LOCATION
N 103, 52! £ 1,764,095
DATE STARTED DATE COMPLETED
24 June 1963 ? July 1963
ELEV- IET
ATION ) 5 |DESCRIPTION OF MATERIALS
1287 .4 )-'1 TOP OF CASING 1290.0
SILTY SAND w/grcve‘
20
40
1237 .4
Q
BRCKEN ROCK
w/clayey sand
’ s}

1187.4

BROKEN RO(:'.K
w/clay

1157.4

BROKEN ROCK w/sand

1137.4

8ROKEN ROCK w/sandy
clay '

SILTY SANDY GRAVEL,
. water bearing

SANDY CLAYEY GRAVEL

g

HOLE NUMBER WELL 15

=

ELEV- g ]
ATION B | DESCRIPTION OF MATERIALS
H
SANDY CLAYEY GRAVEL
220
S
240
1037 .4
SANDY GRAVEL
0 i
water bearing
1021 .4 |
1017.4 . GRAVELLY SANDY CLAY.
1014.4 1* S ANDY GRAVEL, water
T o BROKEN ROCK
w/clay
1002.4
BEDROCK
988 4




HOLE NUMBER WELL 16

HOLE NUMBER WELL 16

JECT HANSON DAM
SEEPAGE STUDIES

LOCATION
N 103,518 E1,764,296
DATE STARTED | 0OATE COMPLETED
5 June 1943 2! June 1963
ELEV-] O

E
ATION P |DESCRIPTION OF MATERIALS

1257.0} 1 |TOP OF CASING 12593
ANGULAR ROCK FRAGMENTYH
w/¢lay and sand

20
40

1212.0

BROKEN ROCK w/clay
50 e
5

1177.0' § 30
BROKEN ROCK w/Elcy
and sand

1167.0

3 | (BROKEN ROCK w/clay,

‘”57‘0 100 silt and sand
CLAYEY SANDY BROKEN
ROCK

T K2
S
l'. Water at 140 - 142 feet
0 Water at 182 - 183 feet
Sk z00

ELEV- g
ATION F |oESCRIPTION OF MAT ERIALS
H
CLAYTY SANDY
1049.0 @  grOwEN ROCK
1046.0 « SANIDY GRAVEL , worer
CLAYEY SANDY ANGULAR
1037 0 _GRAaNE!
T SANIDY GRAVEL w/clay
ierses , =~ater bearing
Liot
IED=TDC K
9950 0




HOLE NUMBER WELL 17

HOLE NUMBER

WELL 17

| PRQJECT HANSON DAM
' SEEPAGE STUDIES
v CATION
N 103,833 £1,754,080

DATE COMPLETED
28 August 1963

DATE STARTED
5 August 1963

ELEV- IET
ATION B |OESCRIPTION OF MATERIALS
1288.2] 4 | tOP OF CASING 1290.7
SANDY CLAYEY BROKEN
ROCK
127024
o\
BROKEN ROCK w/clay
40
0 s
20
1 =
S
0
1161.2 1
¥*
CLAYEY GRAVEL
T ’0 w/broken rock
S
0"

|' Water bearing at 168 feet

ELEV- g
ATION| B |DESCRIPTION OF MATERIALS
T .
T
S 220
CLAYEY GRAVEL
w/broken rock
240
0
1023.2
SANDY GRAVEL,
0 water bearing
1000.2. l -
GRAVELLY SAND
T‘ 300 water bearing
98N 2
20 GRAVELLY SILTY SAND
955.2
951.2 GRAVELLY CLAY
0
BEDROCK
?33.2

(})



HOLE NUMBER WELL 18

PROJECT HANSON DAM
SEEPAGE STUDIES

LOCATION
N_ 103,314 E 1,783,475

DATE STARTED | DATE COMPLETED
11 May 1965 3 June 1965
ELEV-1 O
ATION P |DESCRIPTION OF MATERIALS

[1228.1] H [ TOP OF CASING 1230.7

CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS

SILTY SANDY GRAVEL

CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS

SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS

#*
Lost drill water, 76 to 88°

CLAYEY SANDY GRAVEL
w/broken rock

SILTY SANDY GRAVEL
w/broken rock

120

SILTY SANDY GRAVEL
w/broken rock .
Water bearing zones at 133' -
1 434‘ and 139' - 140°.

*S.w. L. 130

wcf;r
ANDY GRAVEL,S W 1. 135"
CLAY

ggl;‘me'éANOY GRAVEL &

CLAY

8EOROCK
180  ANOESITE

X -22



HOLE NUMBER weLL 19
¥y PROJECT HANSON DAM
B SEEPAGE STUDIES
~QOCATION
N 103,444 € 1,763,650
DATE STARTED DATE COMPLETED
4 June 1945 16 July 1965
ELEV-] D
aTion| &
[[’_ DESCRIPTION QF MATERIALS
1226.9] H | TOP OF CASING  [229.5
FTLC MATERTAL
CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS
0
1195.
40
SILTY SANDY ANGULAR
GRAVEL AND ROCK
FRAGMENTS
50 Lost deill water, 63 -6.4'
9
BROKEN RCCK w/clay. Lost
s 80 drill water
*
1128.9 A-
SANDY SILTY GRAVEL AND
11169 ROCK FRAGMENTS
SANDY SILTY GRAVEL
120 «/cobbles, boulders and broken
rock
Lost drill water, 123 ~ 124’
Water bearing zones intermit~
140 _tent between 133 and 153°.
S.w.L. 128
1065 .9 160
1060.9 w/broken roc
S CLAY
180
9
. SANDY GRAVEL AND
T |” SANDY SILTY GRAVEL,
interbedded, water bearing to
102679 197.5.w.L. 182" g

vy

HOLE NUMBER WELL 19
ELEV- E
ATION 2 |DESCRIPTION OF MATERIALS
H
SANDY GRAVEL w/
1016 .9 broken rock
1011.9 SANDY SILTY GRAVEL
BEDROCK
1001.9




HOLE NUMBER  wetllL 20

HOLE

NUMBER WELL 20

"IJECT HANSON DAM
ORAINAGE TUNNEL

LOCATION
N 103,330 £ 1,763,854

QATE STARTED DATE COMPLETED
15 June 1965 2 Aug 1945

ELEV- E 2 Stage piez.comp. 25 Mar 1566
ATION | 5 |DESCRIPTION OF MATERIALS
1277 .4 ; Top of Casing £1.1280.0

273 .4 SILT

20

SANDY SILTY
ANGULAR GRAVEL

40 AND ROCK FRAGMENTS

100

-120

140

160

Q45 4

]80' 8ROKEN RQCK
P‘ SAND, 1' thick @ 176-7"
w 172" - 188°
1089.4 arets

5.W.L._ 188"
10834 SANDY SILTY GRAVEL

e bt

DY > 9 A

Liors. < ] ANU X BROKEN ROCTR
) A .

ELEV- g .
ATION P |OESCRIPTION OF MATERIALS
H

1075.3 SANDY SILTY GRAVEL

BROKEN RQCK,
1064 4[' wagter .

U CAND, warer, 5. W. L. ToY"
1 4 20 BROKEN ROCK, water
S
1050 .4 8QULDER
1041.4 SILT
1037 .4 M water, S W, L 204"
4., 3
AROKEN ROCK
1027 .4
] CLAYEY GRAVELLY SAND
*GRAVELLY SAND,
1016 .4 B26Q warer, S w.L. 204
1013.0
T CLAY w/sand lenses
280

987 .4

SANDY GRAVELLY CLAY
979 .4

BEOROCK
967 .4

£

K ~3<



HOLE NUMBER WELLZ2I

HOLE

NUMBER  wegLL 21

OROQJECT HANSON 0aM

DRAINAGE TUNNEL

LOCATION
N 103,215 £ 1,783,786
DATE STARTED | DATE COMPLETED
16 July 1965 19 Aug 1965
ELEV- g 2 Slage piez. camp. 28 March 1966
ATION | 5 |0ESCRIPTION OF MATERIALS
1228.0| 4 |Topof Casing E1.1230.8
20
CLAYEY SANDY
40 ANGULAR GRAVEL AND
RCCK FRAGMENTS
40
{
1150.0
SILTY SANDY

1069.0

ANGULAR GRAVEL AND
ROCK FRAGMENTS

,  BROKEN ROCK w/
120 clayey sandy gravel

* Water bearing zone
J 131" ta 139"
4

S.W.LH 123 to 126!
during drilling to depth 216°

Li032.0

SILT

180

SANDY GRAVELLY CLAY

*_ BROKEN ROCK

ﬁllllt!lllllrllllilrlfvlll]llir!‘rllilllrrI‘l‘_FPIj
Y

ELEV- E .
ATION g OESCRIPTION OF MATERIALS
H
BEDROCK
VOLCANIC BRECCIA
20
999 .0

<




HQLE

NUMBER  well 22

WECT HANSON 0AM

DRAINAGE TUNNEL

LbCATION

N 103, 529 € 1,763,640
DATE STARTED DATE COMPLETED
11 May 1965 2 June 1965 -
ELEV- E 2 Stage piez. comp. |Q May 1366
ATION | 5 10ESCRIPTION OF MATERIALS
1225.4| 1 |Top of Casing EL1227.6
20
CLAYEY ANGULAR GRAVEL
AND ROCK FRAGMENTS
4C
C
9
O 5Lty sanOY ROCK
FRAGMENTS AND GRAVEL
- J*
1124 .4
BOULDERS AND BROKEN ROCK
w/sandy clay
11094
120,
ot - SILTY. SANDY GRAVEL
1091 .« |~ SANDY GRAVELLY ClAY
“SILTY SANOY GRAVEL,
1035.4 W14} warer bearing. $.V/ L. 124"
SILT & ClLAY
160
1055 .4
S
. 0" SILT & FIINE SAND
1036.4
SILTY SANDY GRA
fi02s .« . GRAVEL

ELEV- E
ATION B | DESCRIPTION OF MATERIALS
H
4 GRAVELLY SAND, warer
_— S W. 1 193
0154 BEDROCK
T ANDESITE
1006 . 220 Water in open

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

4 - 27



HOLE NUMBER

HORIZ. CRAIN A-I

HOLE NUMBER

HORIZ. ORAIN A-2

* PROJECT HAN

SCN CAM

ORAINAGE TUNNEL

LOCATION

N 103,360

£ 1,763,510

DATE STARTED
14 August 1967

OATE COMPLETED
16 August 1967

WECT - HANSON DAM
DRAINAGE TUNNEL
LOCATION
N 103,360 £ 1,763,510
OATE STARTED [DATE COMPLETED
16 Auqust 1967 17 August 1967
ELEV- g
ATION 2 |DESCRIPTION OF MATERIALS
1107.21 H
20
BEDROCK
0
60
llliia 80
FINE SAND
1115.2 100

to 100 feet depth
caved and‘bound the
drill bit, creating
refusal to further
oenetration.

l“!l'lliillifﬁltﬁ—!lllllv]r‘lﬁT'lrvTvlﬁlllllllllr

NOTE: Material from 82}

ELEV-T O
ATION] 5 |DESCRIPTION OF MATERIALS
hy

1107.0] K

20

Lo

BEDROCK

60

80

100

120
1113.3

AN

13,7 SILTY FINE SAND

140

NOTE: Material from
125 to 133 feet
depth binds around
dril| rods,
creating refusal

| to further pene-

tration.




HOLE NUMBER HORIZ. ORAIN A-3 HOLE NUMBER HORIZ. ORAIN A-U
~ROJECT HANSON DAM PROJECT  HANSON 0AM
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 Il August 1967
ELEV-| D ) ELEV-| D
aTion| § : ation | § -
E[’_ DESCRIPTION OF MATERIALS . f; DESCRIPTION OF MATERIALS
1107.2] H (107.8] H
4
BROKEN ROCK
20 20
1108.0
5te] uo
BEDROCK :
Fraciv-ed w/clay
. seams
60 BEQRQCK: Jointed 60
w/clay seams
. 80 30
: ) 1120.9
1110.20 100 100
»: S
o SAND & BROKEN ROCK BEOROCK: Souac
2.9
(20 Liizuoff o0 SILTY SAHO
BORING MADE 90 GPM SILTY SAMDY GRAVEL w'
UPON COMPLETION WITH 1125.4 rock i-agments
RESERVOIR AT ELEV.
’ 1133 FT. |40 BORING t4ADE 30 GPM
UPON COMPLETION WITH
RESERVII R AT ELEV.
1133 F~. :




HOLE NUMBER HORIZ. ORAIN A-5

- TT HANSON DAM
DRAIMAGE TUNNEL

HOLE NUMBER HORIZ. DRAIN A-6

PROJECT HANSON DAM
ORAINAGE TUNMEL

LOCATION

N 103,360 g 1,763,510

LOCATION

N 103,360 g 1,763,510

DATE STARTED DATE COMPLETED
8 Auqust 1967 8 Auqust 1967

DATE STARTED DATE COMPLETED
|7 August 1967 18 August 1967

ELEV-] D
aTion| §
P |DESCRIPTION QF MATERIALS
T
HO07.0 | H .
1107.4 BEDROCK: Sound
BRPOKEM BEDROCK w/seams
of silty & clayey sand
20
1108.7
U0 SILTY SANDY FINE
GRAVEL w/ rock fragments
60
- BORING MAKING 1.2 GPM
N FAOM DE3TH OF 70 FT.
1112.7 30
SILTY SANDY COARSE
GRAVEL & BROKEN ROCK
100
thiu.y BORING MADE 60 GPM
UPON COMPLETION WITH
RESERVOIR AT ELEV.
(oo 137 FT.

ELEV- TET
ATION | 5 |DESCRIPTION OF MATERIALS
1107.5 | H
8EQORNCK: Sound
20
1109.4
U0
3ROKEN SFECROCK w/
60 seams of silty and
clayey sand
80
100
fiiis.0

1115.3 FINE SAND

SILTY SANDY GRAVEL.
1116.0 {20 W/ rock fragments

30RING MADE 37 GPM
UPON COMPLETION WITH
RESFRVOIR AT

ELFV. 1130 FT.

-~



HOLE NUMBER HORIZ. ORAIN B-I4A

“OLE NUMBER HORIZ. DRAIN B-1lA

ELEV-
ATION

[ylw,

DESCRIPTION OF MATERIALS

Tr—0

1120.3

YJECT HANSON DAM
DRAINAGE TUNMEL
LOCATION
N 103,425 € 1,763.u98
DATE STARTED |DOATE COMPLETED
6 Sept. 1967 |i Sept. 1967
ELEV-] O
ATION > |ESCRIPTION OF MATERIALS
1081.3} H
20
uo BEOROCK
60
£ 80
109k, U
! BORING MAKING WATER
'BELOW DEPTH 82 FT.
100 CLAYEY SANDY GRAVEL
1099.8 JF 120
140

BROKEN ROCK:
Weathered w'clay &
silt filled seams.

HARD BETWEEN DEPTH
i60 & 180 FT.

180

. 200

Ry

220
BROKEN ROCK:
Weathered w/clay and
sitt filled seams.

2u0
BORING MAQZ 60 GPM
UPON COMPLETION

. WITH RESERVOIR AT
260 ELEV. 1121 FT,




NUMBER  HORIZ. CRAIN 3-2

. HOLE

P eT HANSON NAM

3 DRAINAGF TUNNEL

LOCATION

N 103,125 £ 1,763,498
DATE STARTED | DATE COMPLETED
Il Sept.. 1967 I3 Sept. 1967
ELEV-] D

ation | §

P |DESCRIPTION OF MATERIALS

1082.4| #

20

SEDROCK

60

CLAYEY SANGY GRAVEL

CLAYEY SANDY GRAVEL
AND BROKEN ROCK w/
sand lenses

HOLE NUMBER  HORIZ. DRAIN 3-3

PROJECT  HANSON 0AM
ORAINAGE TUNNEL

LOCATION'
N 103,425 E 1,763,498

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

1081.3

ELEV-
ATION

mo

DESCRIPTION OF MATZRIALS

I~

BROKFEN ROCK w/inter-
stitial clay, silt
and sand

& ROCK. FRAGMENTS w/

CLAYEY & SILTY GRAVEY-
— 1| - COMPLETLON WITH RESERVOIR

sand lenses

20

BEDROCK

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

BORING MADE SO GPM
UPON COMPLETION w/
RESERVOIR AT ELEV.
1120 FT. *

_—BORING MADE 70 GPM UPON

AT ELEV. 1121 FT. ]

N



HOLE NUMBER j9.cp 1

DROJECT Howard kovogn Oom

1979 Piezometer inerallotion
uOCATlON R;gh! Abyrmant

HOLE NUMBER 79-CD-38

ELEV-
ATION

1208

0
OESCRIPTION OF MATERIALS

T —om

N 104,036.29 I :6],956.34
(ATE STARTED geTE COMPLETED
23 Aug 1979 7 Oct 1979

LLEV-| O
c
aTioN | 5
T
H

DESCRIPTICN CF MATZRIALS

1208 Top of Casing -1311.3

Bmﬁ;rs 4 Segken rock - all
angular - w/silt & sand.

w ‘boulders (cng.) & minor clay
or decomposed rock, medium
«~/dense zanes, brown w/minor

gray.

GM, S;Ify Sqndy GRAVEL (cng,){

8OULDER

GM, Cimznred Sonds & Gravels
w/silr, cley & broken rock,
medium, brgwnish grey.

GM, Cemented Sonds & Gravels

bouldecs (ang,), medium,
brawnish‘ grqr'

Lost Drill V.arer from =55 1o -44

w/silt, clay, broken rock & occ.

[ T —

GM, Cemen-=d Sands &
Gravels ~ cl=,, medium tg
dense, gray .

1098

Lost Drill Viagter
feom =95 to -107

1o "Water Be;ing Zaone from
/ -i13.5 to -ll4

C 8QULDER

T GM, Cemented Sands & Grovels

[ 120 w/cloy, beoken rock &
boulders {ang.), dense, gray

8oulders (nest of) w/clay &minor
sond & silt between boulders &
g broken rock.

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

140 gray .

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

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

Rock Slab .
(Lost Orill Water from =152 to {

-153.5)
/ GM, Silty Sandy GRAVEL
(coarse to fine, ang.) w/bouldery’
& cloy, dense, gray w/troces
1701 of brown.
Less boulders w/depth.

2

w.L.

(Hit Ground Water, Did Not

Seal Off Until Casing Reached

-320%) .

——-9/24/79 p.m. : hole ©

190 187, w.L. 176

[ —=9/25/79 o.m. : hole t

o 187*, v/ L. = 172

o M, Broken rock w/silr, sond,
ravel (ang.) & minor cloy,

200) dense, gray w/brown.

L LB |

9/25/79 p.m. : hele !
193¢, w.L. «w l8l’
— 9/26/79 a.m. : hole
10 193, w.L. - I81*
—~9/26/79 p.m.: hole :¥
7208, WL, 178,50
—9727/79 a.m..: hole

205", w.L. 7178.5



HOLE NUMBER 79-CD-38

ELEV-] O

ATION| & | DESCRIPTION OF MATERIALS
2

988 H

HOLE NUMBER 79.cp-38
ECEV-| D
ION P |DESCRIPTION OF MATERIALS
J98 H
— 10/4/79 p.m. : hole
220", W.L. 180
— 10/5,/79 a.m. ;. hole *
T, W e
T g 2200%
M, Broken Rock w/sile, sand,
ravel (ang.), decomposed rack
& boulders (ang.), dense, gray
w/Brown .
230
S

988

NQTE: w. L. STATIC : ~{8t’

uatil 10717/79
240

50

L
g—; SM, Silty SAND (med. to fine)
[w/minor gravel (fine) 1o =264,

medium to dense, grayish brown.

Less Boulders w/depth.

TYv T

330

it possiole warer bear: zone
P =}

-330° to -340-<.

— [Q/18/79 p.m. : nole
34Q°, W L. -+ 28C

i

140

- {0/19/79 a.m. : hale '
340, WL, ¢ 320

—— 10720779 p.m. : hale =
s, woL, - 320

TrT

330 ~SOULDER
— 1024779 a.m, : hole
3310, VL - 288"

SP-GP, Gravelly (coarse to
fine) SAND (caarse to fine) w/
360 minor silt & num. boulders
{rounded), medium ta dense,
brownish gray.

T

GP-GM, Silty Sandy GRAVEL
w/boulders, medium to dense,

Q )

orcwnlsh ray.

—[0/28/79 p.m. : hole ¢
365, wW.L. r 202.5

Ty
~

|

E GM, Broken Rock 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
/Brown.

2 o 10/17/79 p.m. : hole
32,5, W.L.  295.5°
—=10/18/79 a.m. : hole w
320.5°, W.L. ¢ 295.5'

~0

()

(W}
ARSI AR

zao\

Botrom < =375
——10.27/79 p.m. : hole *

7380, W L., ¢ 293.5

NQTE: Casing ¢ =361.3




ﬂ HOLE NUMBER 79-cp-39
L4
i)
QueCT Howard Hanson Dam
1979 Piezomecer Installation
E LOCATION "ight Abucment
i
b
| N 103,825,094 £ L.732,.2v.97
DATE STARTED | DATE CCMPLETED
29 Aug. 1979 25 Sape. 1979
JELEV-} @ [
ATION| §
] B IDESCRIPTION OF MATERIALS
11764} jTo_n Of casing = 1178.9
: s
; F casing sTICKUP = 2.5°
. T BACKFILL MATERIAL 2LACZD
L (+  aucustT 1981
§ <10
£ | F
IE G4, Silcy Sandy GRAVEL {ang.)
" BROKEN ROCK-w/oCC. osouldecs.
é !t med. to loose w/dense iones,
i-, Scown.
1 !E
4 i
"
i |
1 g
I
z " T  GM, Silcy Sandy GRAVEL fa: :..}
3 M
£ 1=  w/oecc. boulders. ocoken ¢
a ', XC‘D ¢ minoz organic debris, m -
; S aium, brown. :
[ F i
! ' ;
: e ;
l i :
. ! ;
g

TRV

DROKEN ROCK w/silt, sand »
Ccavel, med. to deanse,
brown to dcownish geay.

SAEAIN
3

= ki

HOLE NUMBER  79-¢D-19
ELEV-
ATION| 5 |DESCRIPTION OF MATERIALS
1276 .4

BROKEN ROCK a %dulders (anqg.
w/sile, sand, gcavel s ainor
clay, densc, brownish gray g
can.

¥

m'r' &T‘[‘f‘

TS

~
o

BROKEN ROCK 1 boulders
tang.) w/silc, sand, clay

2 s gcavel, dense, gravish
brown. :
T’
/
/ watec beacing zone from
P‘ 9 / 90.1 to 9Ll.1

BROKEN ROCK a bouldecs (ang.
w/silt, cand, clay & decom-
pozed ctock, dense, dDlue-gray

water level 3 -101l.1 until
sealed by casing into clay
zone below.

*

lllll“'rlllrl TT V1V ¥
- T-omc

r

CL, CLAY, vecy Sti
moistc, grav.

o S }

[ og
C
SEF
b
[130 S?., SAND (med. to fine,
C clean) w/minor gravel
C (Eine), medium to dense,
. gcay.
£140
F GP-CM, Silty Sandy (co2s .2
- co fine) CRAVEL (l%"-).
- dense, odcownish gray.
130
'y aquraea
C GM, Siley Sandy (coarcs.
Iy to fine) GRAVEL (coars:
b fine, ang.) w/num. bou.-
; ders, dense, gray w/mir ]
:‘ﬂ\_*_ brown & ceddish gravel.
C - GM, Silty Sandy GRAVEL
r (ang.) to sub-cound) w/Ocqg
g bldrs., dense, brown. !
T E G?. Sandy GRAVEL (med. to
. ’ C coarse, sub-round) clean,
- C loose to medium, wet, gra
- HIT WATER 2 - 163.1
F180 \ gTaTIiC LEVEL @ - 1S2.1
L
o ROCK - SOLLID w/possible
- fracture zones.
C .
L1950
C .
-
C
(200
-
973.3 1L
r {
- Bottom I - 2037 in bedrock.
L
210




HOLE NUMBER 79-CD-40

CTNJECT Howord Honson Dom
[979 Piezometer Installations
¥
LUCATION Right Aburment
N 103,891.20 £ i,763,88!.25
DATE STARTED DATE COMPLETED
3l Aug 979 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 cloy, occ.
cobbles & boulders, NP, med to
very dense, moist, gray & tan

20 (londslide debris)

HOLE NUMBER 79-CD-40
ELEV-] O
ATION | & | 0escRIPTION OF MATERIALS
gs.4| N

|-

110 dense '+ 11Q*

med. "__HS_'______<
/
; Broken ROCK w/SM,
20 /’Cloyey SAND, dense,
- maist, gray.

med. " 128
130

*
40

dense 1 145"

50 med. 1 ISO' - 200'

f

60 !
{landslide debris)

|

180

* .
hit water: hole : 191.0",
—4\W. L.  188.3 (918 Y9

hole caved figm 192° to 187°

2001 minar sand - 200.0°

183.0° with hole

—waler

98.5




HOLE NUMBER  79-CD-40

ELEV- E
T ATION 2 |DESCRIPTION OF MATERIALS
5.4 H
—9/19/79 a.m. : hole :
208.5', w.L. : 189.3
9.21/79 o.m. : hole =
sl 226.5, w.L. :189.3
P 3
very dense 225"
19 dense 230
—9 24779 a.m. : hole
T 231.5", wi.L. 188.8"
S CL, CLAY, medium, moist

fOY

0 9
GP, Sandy GRAVEL (rounded)
w/minor silt, NP, med. to
dense, moist to wel, giay

g -

\

A —-— - —— - — . - o -
GMm, Silty Sandy GRAVEL
w “some clay, NP, med. to
dense, wet, brown & gray.

240 (rounded giavels)

. —a 2479 1209 hes ¢ hole
' 70 242.0°, W.L. ¢ 195.0°

i
——9.725/79 a.m. : hole

2515, WL, 190y

G?, Sandy GRAVEL v ‘gcc.
0 coobles, N?, loose, saturated,
groy.
+*
9 2679, a.m.: hole
271,58, L. 191

—=9'27 79, a.m. : hole

T 285.0', wW.L. 2643
> —10 1779, a.m. : hole
986.4 1500 300.0', WL, 264.3

Bortom of Hale = 300.0°




HOLE NUMBER 79-CO-<A

PROJECT  Howard Homser Dom

1979 Piezometer ~-—stallorion

. ATION Right. Aby —mwe—"

N 103, 584.77 £, 7= .904.70

COMPLETED
et 1979

OATE STARTED
4 Sep 1979

—
07

31

ELEV-
ATION

1274.2

Mo

DESCRIPTIC N DF MATERIALS

p
T I
[al Top of Casimg

GM, Silty Ta—-oy GRAVEL w/
cobbles & 2w Jers (all ang.),

medium, Drovw = .

G:\A, S”ry Ciam oy GRAVEL «/
clay & oce. = —,lders, medium

to dense, =y,

LOST DRIL. . =TER FROM -$
to -l & FRCir- -3 ro -i7.

ICULOER
Silty Semr=y GRAVEL w/
clay & occ. wse.—iders, dense,

tan,

¢ —ndy GRAVEL

GM, ClOyey
—-lders & cobbleﬂ

w/silt, oce.
dense, tan.

viry demne - Q.-—:_—:"‘ -

i 4014 & - piprgy Sorr iy

HOLE NUMBER

79-CD-¢4l A

ELEV-| D
ATION § DESCRIPTION OF MATERIALS
1174.2] H
GMm, Clayey Sandy GRAVEL w/ |
T silt, broken rack, occ. boulders
’ & cobbles, medium tg very dense,

maist, beawn & gray w/reddish
110 beown in clayey material.

0
® o e o
LPST ORILL WATER FROAA

-3 0 - 135",

GM, Silty Sandy GRAVEL w/clayi
IJ{C . cobbles &/r boulders &

rgken rock, medium to dense,
l:ﬂ st, gray & reddish brown.
NQTE: reddish brown material

|40 oppears to be decomposed rock.

medium tg very dense
w/deplh .

Bottom ¢ I76' Last Bailer

[ T A L T PRI

T L ey e oaa < :

mTeer




HOLE NUMBER 79-CD-dl

HOLE NUMBER  79-CO-4I

ELEV-| O _
ATION | § [ DESCRIPTION OF MATERIALS
1174.2 Z(

T ONWECT Howard Hanson Dom
|979 Piezometer Installation
[ LOCATION  Right Abutment
N 103, 586.77 £ (,763,904.70
DATE STARTED DATE COMPLETED
4 Sep 1979 I Qer 1979
ELEV-[ @
ation | § -
P |OESCRIPTION OF MATEZRIALS
1274.24 & | Top of Casing =1277.0
GM, Silry Sendy GRAVEL w/
cobbles & boulders (all ang.),
medium, brown.
GM, Sitty Sandy GRAVEL w/
clay & occ. boulders, medium
o dense, tan.
20 LOST ORILL WATER FROM -9
to =l & FROM ~I5 to -17.
30
L BOULDER
GM, Silty Sandy GRAVEL w/
. 4q clay & occ. boulders, dense,

tan.

GMm, Cloyey Sandy GRAVEL
w/silt, occ. boulders & cobbley]

dense, tan,

very dense w/depth.

D.: GM, Clayey Sandy GRAVEL w/

silt, broken rock, occ. boulders

& cobbles, medium to very dense,

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

TV

120 L

-121" to - 135"

1064.2

GM, Silty Sondy GRAVEL w/clay]
qu:cc. cobbles &/r boulders &
roken rock, medium 1o dense,
maist, gray & reddish brown, i
»
—————————— 4
NQTE: reddish brawn material
|40 9PPeors lo be decomposed rock.
' medium to very dense
0 «/depth.

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

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

b
C | More cobbles & gravel & lgss
T clay w/depth.
200
RCCK SLABR
Hit Ground Water - =205
Static VWater Level 1 =190".

210

Bottom - =210




HOLE NUMBER Co-32

HOLE NUMBER CO-54

ORQUJECT HANSON DA
' SEEPAGE STUDILS
JCATION
N 104,180 £1,763,385
DATE STARTED DATE COMPLETED
1925
ELEV- (ET
ATION 5 |OESCRIPTION OF MATERIALS
1086.6 | W | TOP OF CASING _1087.5
SANDY SILT w/broken rock
069 .4
SANDY SILTY ClLAY
T }'ﬂ- ~/tock fragments
fros2.
S /T SANDY CLAY w/rock
105Q. fragments
40 SANDY GRAVEL w/clay
and silt
1035.6
GRAVELLY SAND
80 w,/broken rock

WL,

SILTY CLAY w.brob2n rock

. SAND w/rock fragawnts.

SILTY SANOY GRAVEL

SAND

SAND, GRAVEL, SILT
AND CLAY, interbedded

SAND, SILT AND CraAY,
interbedded

BEDROCK

893.3

PROJECT HANSON Dam
SEEPAGE STUDIES
LOCATION
N 104,029 £1,7463, 414
DATE STARTED | DATE COMPLETED
i 135
ELEV- E
ATION ? DESCRIPTION OF MATERIALS
1093.3] # | TOF OF CASING 1094.4
BROKEN ROCK w/sandy silr
o]
-
1064 .3
-7 80OULDER
T
Lios8 40
lo«ss. CLAY
1045, 3QULDER
1038.3 SANDY SILTY GRAVEL
1032 .8 &0 SAND
1G24 .8 SANDY SILTY GRAVEL
SANDY SILTY GRAVEL
w,;brokan rock
30
ocf® .
992.3 GRAVEL = biot cn rock,
934 .3 some sond and ¢t
98!.8 SANDY GRAVEL®
979. SAND
974 . SILTY SANDY GRAVEL
140 INTERBEDOED “ANDS,
GRAVELS, SILTY GRAVELS,
AND GRAVELLY SANDS
w occasional rack fragments
160
T »
1¥:
903.3
1.700.3 WEATHERED ROCK
200 BEDROCK

DI IV U



-t Y W J APO NES

MLy |

2. LOCATION (Coardinates o Skatkry

or 3__siecTs |
C PUEST W ARD HANSON DAM 0. sze Mo et oF ar __O-{0°(8") __10-19806°) ____
______ bt emmmmom=—— el OATUM FOR ELEVATION SHOWN T2Y o iSU

NIO? 795 ELTAR3SIO [T0PQ) ____________ =mme=ms

2, MIBACTUER‘S DESIGMATION OF ORRL
D s e JENSEN ORLLING €O, (====RUETBUS EREZENCARLE TOOL

. < . v

. TOTAL NQ.OF:
4. HOLE MO, (A¢ sfown an grewing o | umsungu;m ?‘“2‘“ ?“S?P
+ et 11 mmoers i _86-CD-I0I/101A A== ==
T o eeeseesees W TOTAL MABER cORE BOXES ___Q .
_____ T ______éRT GHIN e I S ELEVATON CROUMD WATER e e e e e
& ORECTION OF HOLE BRG] COMPLETED
courar TRN0/86
B vermeas 3 waLsen OEC. FROM VEXT. L= e T ===z
- 7. ELEVATON TOP OF WOLE -_11894_(T0rPQ)
T. THCXNESS OF OVERBURDEM _1‘3_52_____ ~edB. TOTAL CORE RECOVERY FOR BOR 2
8. DEPTH ORILED NTO AOCE ‘.
- === . SGUTURE OF ¥SPECTOR
% TOTAL OEPTH oF WLt . _ |98° R. ECKERLIN ___
X CORE | 80X OR REMARKS
ELEVATION | OEPTH | LECENO CLASSFICATON Stmums - RECON- Ut 1Oty Sam, pebey loez, ath of
. (Descrt wayartg, aa,

194 '
GM GRAVEL LOOSE

ORILLED WITH BUCYRUS EREE

CABLE TOOL. 6" BIT .

4°D SAMPLER WITH 2,000 LB WT
LS’ LONG

N=® BLOWS TO QRIVE SAMPLER §'

T=
-‘-d
0T G, SILTY SANDY GRAVEL X

SAMPLE A REFUSAL, 0% REC.

SANDY AT 18’

N=48,36,50 707 REC.

el ..

jr;ﬁ:% WITH COBBLES (6']. DENSE
-
-
20——So53T GM. SILTY SANDY GRAVEL B 5/70/85
+2558  WITH COBBLES. DENSE orsvs
EEZ BROWN WITH MOTTLED GRAY
e N265,69.50 60Z REC. o v ac
30 Zrons! ¢ /3786
T
e
40—B3ET GM. SILTY SANDY GRAVEL e
FE WITH CCBBLES (61 DENSE '
3328 MOIST, BROWN
S 1/3/86
. — /4786
0T X ~N320.24.30 . 100X REC
3 E
3¢
60 i -Pfl:ﬁ.zm .DOZ_REC.
2| LARGE COBBLE AT 62.5° :
' ' 174/
. /36
70 T ' c Na3T4036  T5% REC.
N=63'57'7$ 507 RE® 1/5/88
80 Il - L/6/86
%0 _— _;.;;asé;pé . 15X REC . . .
(RS e S V. Y, 1

tpelrrpret TIV TV QT VT[T i reversvrpereyyfeyetfreyty
tlllllll‘lllllllll l |—|—| l l | | | I | l

F.Il,!‘lvllllll.llllfly

‘.:‘;‘,?




e NG NG, YO LU/ IR

GP-GM, SILTY SANDY

ZA0S] GRAVEL. WITH COBBLES

DENSE.MOIST,BROWN

B COBBLE o 152

170

180
190
1002°
996’
20

Edv] GP-GM. LESS SILT THAN

PREVIOUS SAMPLE

GM. SILTY SANDY GRAVEL

- WITH COBBLES, VERY

DENSE.MOIST . BROWN

FINE GRNED. WITH COARSE
SAND TO GM
TOP_ROCK

eSTA AN oesT 2.
______ HOWARD HANSON DAM A ___NPSEN-GT e o€ 3_ _ srexTS
CLASSFICATION OF WATERULS X o%e = RErrxs
iRl se M| &t it Breiorsy At ol
< o A4 2
o
2o OM. SILTY SANDY GRAVEL, N=3L4238  100Z REC.
D@6, COBBLES, MOIST, BROWN
SWL_105.7 119/86
SWL 104.9 L/20/86
LOOSE GRAVELS [SOME Ne34.40.63 100X REC.
4 CAVING], MOIST TO WET
SWL 104.9 1/20/86
SWL 1049 1/21/86
AT 124° CASING BENT SWL 120 L21/86
| MOVE TO NEW LOCATION §° SwL 8.5 1/z4/ “s
TOWARD LEFT ABUTMENT FROM 101 2718788
1/25/86 START NEW HOLE Ne 42,4339
86-CD~10U SWL 29,6 2/18/86
SWL 1233 2/19/36

Nz 42,4347  100% REC.

SWL 145.2 12/19/86
SWL 1462 6787
N=45, 45, REFUSAL

0% REC. 2 JARS

Nz 24.5519 6Q% REC.

1/8/,87

SHL I8l /87

-

N= 41,43,68 $0% REC.

SOFT-HARD
HARD
ANDESITE, BLACK

TD (98CELV. 996

17781
T 8/87
= 32.60.44  75% REC.
N 32.60 v8/81
SWL 1655 73787
BALER SAMPLE .
N= 40,58,REFUSAL 100Z REC.
2 JARS . Swi-Aan pgy U3/87
SWL 1834 VG787

33

70 tog’

CASING TO 1925’ (D]

n)lllllillITII]TII]1II]III]|I]llllll-lll1lrl| llllllfllll l]lll!lllll 1lllllllf|llfl]l I1IIIITLGIIIIII l'llTl' Irl_lllll
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ENG FORM 1836-A
MAR Tt

HHD

lmu [y
BG-CD-IOVIOIA



- Y A J NFD l NPS E. G'___-— <
L PROECT 0. SZE MO TYPE OF &T N X
HOMARD, HANSON. Q4 o
2. LOCATION Crarulagres o Starkn/
__NI03,150 _EI,763,305_(TOPOL e T L ACTURERS SESATION OF DRLL e
mad h
N ’2:”:’;:'.‘.” - :"BJ:BQ:D-Z ““““ 4 TOTAL MASBER c;:‘u BOXES : 22 =imms lQ-
P oM TEDMERYOMH S GOaTon coe TR ______ R
€ OIRECTION OF HOLE STARTED {COMPLETED
@ verTea, [ scire c€r Frou veaT, Lo CATE MLt CoAN 2 1987 ¢ JAN. 23, 1987
- 0. SLEvaTIN Tor oF ML APPRQY. 1228 [TOR01___
T. Twouess oF overaurorn 208 8. TOTAL CORE RECOVERY FOR GORNG _ —_z
t. DEPTH DRILED NWTO ROCK 12’ o SOGTRE oF 1CPECToR
LT DEPTH OF WXE . 2207 RICK_ ECKERUIN. . _____._
acvaron | oerTH | uecoo CASSFCATION L‘-‘ATM 5;%“55 3‘2&? Imn-.-\s;.nuwnd
[] » [} [ . ] n;
(225 I // CLAYEY-SILTY CRUSHED ROCK. ORLLED WITH AIR USING -
3 WET, TAN-BROWN (FILL?] QOEX HAMMER —
- : CASING CONCURRENT WITH ORLG. f.
n USED JVERHEAQ CASING DRIVE -
,0_3 THRU HAMMER TQ ORIVE SAMPLER E_
. -
o e
— / -
. C
20— 4 sz A ORIVE SAMPLE 4 —
1223 2% B GM, SILTY SANDY GRAVEL WITH N 802 -
TGS COBBLES AND BOULOERS —
- }A-q “ -
eI -
30—here /87 [
L=l 75% 8 DRIVE SAMPLE 8 -
N= 8,10.0 "
1] -
ANDES(TE. BLOCK, HARD, LIGHT —
GREEN (34-42°1 C
40 I CHP SAMPLE ':'..
AT -
ANGESITE 3LOCX, HARD, LGHT i
GREEN (43-657 E
50 D CHIP SAMPLE —
-
) -
60 g .} -otf SamPLE —
-
F | o saee E:_
¢ | o smeee o
70 0z W | ORVE SAMPLE H —
N= 20/2, REFUSAL -
-
1 CHP SAMPLE -~ -
80 J OP SAMPLE —
-
K | or sars —
%0 L CHP SAMPLE —
125 | 100 N | OF SUPE 22 m30 iest




L

. o e — ROl NO. 8_7-30__-_'_02 —
PROECT MSTALLATION ISHEET A
_____ HOWARD HANSON DAM____ | ____NPS e JOF 3__ seETS
80X OR REOMARK,
CLEVATION | OEPTH CLASSFCATION OF WATERULS :55355 SAMPLE Drthtng s ety s, cngtn o
(Onscrigtiory ERY L -9 aITArk. e, X slonTicory)
- « L] € ['] N
125 ] 9%, SLTY SAMOY ROCK FRAGMENTS 00% |2 ORIVE SAPLE O vzasel -
Tl (P~ LMED SOFT, MOIST, GREEN =
e ANDESITE, BLOCX, HARD, CREEN -
’ P | cue sanPLE —
0s-3’ . -
12 C
SLTY SAND AND ROCK FRAGMENTS ~
nee »
ANDESITE BLOCX, 13-24 a CHIP SANPLE —
ot -
-
R CHIP SAMPLE .
1007 S| ORWVE SAMPLE $ —
Nz 4.6.6 —
ROCK FRAGMENTS IN SILTY SAND t
1 MATRIX, MOIST ,GREEN T CHIP SAMPLE i23/8T
/LY ORIVE SAMPLE U 21/374
N= 10,83 [
v | cwp sampLe —
CHIP SAMPLE —
—
~es -~ mam CAMPT -
i e G, CLAYEY SANDY GRAVEL, 100% z ORIVE SAMPLE Y ~
7 N 10245 L
X3-5 WITH COBBLES. DENSE, NOIST, »
7] BROWN, OCCASIONAL S8CULOER =
1057 B it EE D LR =
To—E GC, CLAYEY GRAVEL, MAIST JY —
- O M =
!053 ..4_.__ g{.‘.k_cg.‘!-. -gR—‘Z ______ - ma - [~
TS| G, SANDY CLAY, SOFT, MOiST, o
—TE-="T{ CHARCOAL GRAY (VARVED] ™
:=:_‘—‘-:— SM, SILTY SAND (FINEY, WITH o
IBO_-;;—:—_’—: GCCASIONAL GRAVEL, SOFT, MOIST 27481 £
== - . 002 7 28/87 i~
1043 —_— BROWN _ _ _ _ _ .. - —— SwL«Tie F
3 DRIVE SAMPLE 2 =
—_ Ne 2,40 -
%5 -
- -
AA | GIP SAWPLE —
A8 | P SAMPLE -
) -
20 100% =2l DRIVE SAMPLE AC -
= 2R -
SWL=8L0 1728/87%
SwL=82.3 v29/874-
11T} -
0y (—A0—| DRIVE SAMPLE AD -
‘ N215/3 REFUSAL -
ANDESITE, MED. SOFT, GRAY  -. -
. -
CHP SAMPLE —~
1005 1220 . AE = Var~Ya:14 will
F 1836-A PREVIOUS € . (PROECT
a:cnuonu 36 mmfwm HO 87-R0-02
TS S

T




| —— | el lor 3 _sieETS
L PROECT 0. STE MO TYPE OF o1 _ R°-[2¢: B°-T8'
_______ HQ‘!&BQ_EANSON DAM =—=====-=xt 0ATUM FOR ELEVATION SIOWN (T84 or &S
2 LOCATION Txoruinoses Sartend El 763 905 _________________________________
__________________ N 102,305 _ELI63,303 I er ctinchs ocsmmation o omai
> ORLLMG ACOET jensEN DRILLING €O~ 1=--BUCYRUS ERIE 22W CABLE TOOL _______ |
© WL ML s e i darig T © ARDEN S S T e g ResTeSg
o 1l i 87-CD-103 H S R =
 raaE OF OfLR = M. TOTAL MABER CORE BOXES _ _ _ _ _
_____________ ART GWIN _____ _ ______._.___Js eevatoncrowo maer  _________________
& ORECTION OF HOLE ‘. DATE HOLE ISTART| ;cou}uﬁ_ :
m YERTCAL D NCLNED DEC. FROM VERT. 4 ! _,_fgﬁ‘;ﬂl“_-_@QZ; PR =) :..3413.&.7
7 - . ELEVATON ToP of wf __1217"
T. THOCRMESS OF OVERSURDEN _ JZII--- ————— 8. TOTAL CORE RECOVERY FOR BORNG _ _ x
LOPTHORLUD sTOROX ___ 57 B SOGIRE OF BEPCCTOR
sToTwoeor bl I78' ________________ | s _RICK ECKERLIN _________
ELEVATON | DEPTH | LECD)O CLASSFICATION OF UATERIALS ::gs(- gﬁu& (Origng Mam, waer ous, eah o
Duscrisrion £RY NO. weaowrlrg, ac. X sgnlicay’
. » . ] 3 1 9
1217 P [
TE__% FILL FOR ORILLING PAD PAD FREPARED. RIG-LP =
uci25l (CRUSHED GRAVEL] : ORLLED 8° AND SET 8 CASING [
-:%,u _____________________ . 2,000 LA. TOOL WT.FOR —
:;‘fa_ SAMPUNG; 4°10- LS"LONG | [
e GM. SILTY SANDY GRAVEL _ vs/eTE
I0—S=3252  WiTH COBBLES, LOOSE TO . n
R <3, N * BLOWS TQ ORIVE =
:gagf MEDIUM., MOIST BROWN SAWPLER §° -
—:9.3‘_&_*2 —
i 115/87 0
:ﬁ Qg VI6/87 1=
20_::%-:}-—% % soz|[ A Ne 144723 .
P -
Fivg »
P A N= 20,2133 -
NFE w687
bt 1720787
e wox|_© Ne 48,2332 =
TR u
5 - Gt |
S0—P=Aed - oL : : 1wz o —
\ o GP-GM : ‘ N= 205 88 -
.o 2 -
=S -
> s
80 oot . i} o -
TR0 wox | € N= 20.20,32 -
L . b~
v I 1721787}
70 o v22/8Tf—
L woon| F Nz 30.30.8 -
3 . -
80 —
- soz| ¢ N= 20,30,36 -
- ' 152 A N= 39.+50 REFUSAL 1/22/6T8
90—PERE " e
% -
-
w7 0o _F _ .
EN ’ ; PROECT HOLE Mo, S,
Sl foR S rvon o e 0 N Zsrco00 V=57




e w eW W e J‘IUUT’] R LI0B0Y

Hole No. 87-C0-103

. e

PROJKCT FSTALLATION SHEET 2
HOWARD _HANSON.O4M__ . _____.______ NS e of 3 seETs
ELevaTion | 0EPTH | uSDG CLASSFICATION 0F UATERULS ReCow | Sart ey S

¢ L e A | e e ot
[ 1_60—‘ .‘F&‘: L3 s hd K] »
TR GP-GM, SILTY SANDY GRAVEL ] = 4083 -
USSR WITH COBBLES, MEDILM, ¢ v P
:%ﬁ- MQIST, BROWN v21/87 :
10— —
R -
SIS i~
D o -
TIEE T ] N= 35,48.70 -
5 .Qﬁg 1007 RECOVERY I
'ZO_JE'?;? SWLz 1L 28787 |-
l.ﬁgé -
I 5‘" ] Ne 50.60. REFUSAL -
35 -
Swi: 35.5 1728/8711C
SWL® 29.9 U3S/8T I~
i
O N= 37.53.57 -
90% RECOVERY .
-
-
o Swt ’ 1/29/871
<y GP-GM, SILTY SANDY GRAVEL SWLz WA 736787 =
=] WITH COBBLES, LIGHT B8RN. Ne 32.50.42 »
AND WET M__| 007 RECQVERY »
—
-
SWL=s BAILED ORY /307871
N_| swir 52 2/2/871-
N 333033 -
604 RECOVERY -
SWl: BARLED ORY 2281/
SWL: ORY 2/3/87 :
- -
1044 BEDROCK 0 | N= 50/T REFUSAL -
1JAR SAMPLE =
ANDESITE, GREEN, HARD L
TD= 118° 2/3/87F
1039 - DURRNG ORILLING o
80— BOTTOM OF HOLE AT 178 HOLE DRY —
- CELV. 10391 6 CASING TO fT2.5° i
- =
- o
4—‘ -
190— —
T -
— Y -
pu - -
200 —
- -
- -
. —
=] S
= ) -
3 . -F
ENG FORM [B36-A PREVIOUS EDITIONS ARE OESOLETE. [PROCT et e
-owRn PRt HLD 82=C0=i03 ____

\-5



'w_.

—— IO | ALLATION SHEET |
L PROECT nmuom:ume'CABLE TOOL
HOWARD HANSON DAM L OATUM FOR ELEVATION SHOWN (TBY or KSU
2. LOCATION (Coordlrenes or Skadond
N 102.75C__E 1,763.470 Q2. WAMSACTURER'S DESIGMATION OF ORLLL
L ORLLNG ACEMCY "|BUCYRUS ERIE 22W
JENSEN ORILLING CO. " ——— 5. TOTAL HO.OF OVER- {DSTUREZD JUNDISTURBED
4 MOLE KO, (AS ZDwn an Tewip M | BURDEN SAMPLES TAKEN 0 '8
ord 1l rearoer) :87-C0-104 . TOTAL MAGER CORL S0KES -
' (S;.Lug‘;f \?/‘HF‘?'&ELER &, ELEVATON CROUMNO WATER .
& ORECTION OF HOLE STARTED {COMPLETED .
K. DATE MLE . '
£ verTicaw ([ maren 0€C. FROW VERT. 12/4/87 12/20/87
- @, ELEVATIN TOP OF WoLE 185 (TOPO]
7. THCRIESS of QVERSUROEX (21 . TOTAL CORE RECOVERY FOR BORNG ]
& OEPTH ORALED NTO ROCX §' 2. SQGTLRE OF SGPECTOR
3. TOTAL OEPTH OF HOLE 127' an_ . Goss
ELEvATION | pEPTH | LECEMO QWU&&:"M : ::% m (Drlillng Mee. woror locs. desth of
ERY NO. wetnerlng, de. I signd loat)
FILL (CRUSHED GRAVEL] ORILLED WITH BUCYRUS EREE 229 [
CASLE DRILL USING 2,000 LB. TOOLE_
WEIGHT FOR ORIVE SAMPLING, n
e s SAMPLER= LS’ LONG, 4* @ E
TN Ay~
qum GP-GM: SfNDY CRAVEL 2/4/87 }—
Q] WTH SILT AND COBBLES A 2saTl
T N= ® OF 3LOWS TGO ORIVE =
TR SAMPLER &'. -
Nz 44,34,50 .
A 667 RECOVERY -
.
2/5/8T |-
2/3/8T |-~
e e — N= 8.66 _
A0 GM: SILTY SANDY GRAVEL 8 | 0oz recoveay —
et DENSE. BROWN, MOIST 2/9/87 :
1 270781 |—
! L
N= 40.29.29 »
. = BOZ RECOVERY i
o 2081
287 -
=0k -
60 S —
N= 26.25.33 E
2 66 RECOVERY L
2/u/81 -
2/2/81 ¢~
70 —
- E
GM: SILTY SANDY GRAVEL : N 24.56.62 -
WITH CQBBLES, DENSE, G . -
-, Y &
=24 BROWN, MOIST 80% RECOVER : -
80 ; e
2/M/8T-
90 —{ ¥= 3L35.50 i
90% RECOVERY n
B Ya172-14 Wl
2/8/8Th
100 . -

FES

ENC FORM 1836 rrovius
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Hole No. 87-CD-104

ENG FORM 1836-A PaEvicis EXTINS AAE CBSOLETE.

MR- L

PROECT STALLATION se€eT 2
HOWARD HANSON 0AM NPS of 3 SIEETS
ASSECATON OF WATERIALS % CORE | 80x Of REMaRRS
ELEVATION | 0EPTH | LECDIO CLiSsFA TR, s u&nyv- s.n::u: ity vm::; ;}ﬁd}
. » . < - ’ 9
e 2/8/87
1085 | 100 P GM: SILTY SANDY. GRAVEL -
SIS DENSE, BROWN, MOIST N= 20.34.50 =
—=aH £ 957 RECOVERY _
qun., ] =
P 2/8/87°
HO—ai TS 2/B7BT
A -
e -
] C
K% O 3% .
g ] 4= 16,2430 -
:&3395 702 RECOVERY -
] —
'20—39.::“’1: BALER SAMPLE —
g ’I_ : SWL 9.5 2/19/875
{064 = SWL 19.5 27207871
ANDESITZ~ GREEN, HARD SAMPLE 1= BAILER SAMPLE —
1058 (JAR ANDESITE AND GRAVEL C
0 i~
130 o 2r -
25’ OF 6" CASING E—
CASING SEATED IN 8EDRGCK C
AT 1235° -
e
HOLE DRY OLRING ORILLING -
il
= - -
. -
i —
] o F
-ﬁ o
i P
- —
3 C
- —
ﬁ p——
= -
—1 “ =3
. [
= -
- =
3 . B
PROJECT NO.

| HOWARD HANSON-DAM ~~ ' 87-CD-104

@



L

ezt

NBS

I et 3. wETs
. PROECT . SCE WO TYFE e 6 O0SY_ _____
HOWAZD HANSOW OSM___ .. .- EFE PPy R, CATL FU 1S3 SHOT (TEZ o kSU
2 2. LOCATION Oxarcinzes or Slaflan) o e e e e e e e e e o e e e
N-DS.QBS__E_L254.530 ________________ 2 WMEFACTURIA'S CISCUATICN OF ORLL
1 ORLLING AGENCY =3 =
JeNSEN Dou LG co feliohoculini-ae ==
1 Tal U2 ST OVER- RTS8 MQETUPRTD
R4, HOLS K. LA doun a1 dradtng T N BOIEN SILELES TARIN . .
} o9 O morn) 187-8R-08 . o~ i==saosanas!
Tt & oL = e TCTAL MRIR CORE IS
TEO ME2YDT S o e e S SvATS @A TR
G ORICTION OF HOLE . OATE MOLE 'STAATID Y]
0 verTicas (O wewn€n DEG. FROU VERT. J‘ i = '34'1452-é----0 1342543 oces
7. eLevaTou 1 wel 1205_GROUN
VERIURDEN ] 1 - -
T._THOUESS oF 0 82 . TOTAL CO2Z PSCOVERY FOR BORNG _ x
8, DS>TH ORILLED NTO POCX 47 2. SIGNATUST CF NEPTLTOR
9. TOTAL OZPTH OF MOLE  (RQ BiLL GOSS -
. . 3z R REMARKS
aLEvation | 022TH | Lecao CLASSTICATEIN OF WATZRMLS ﬁsggi- Effe-.z (CotMr? 72D, w= Rz coxn of
(Oasripstond Y xO. RN, €2 5 L ioay)
. . . . X : .
s - :
—yZe3rg GM: SILTY SANDY GRAVEL DAILLID FTTH 4R USING
e 00EX HAMMER
e
:..2:«—16_4 CASINS CONTURRINT WITH
ERCS 30uLDzR a-igf ORLLING
- =u=n - U
s
:Jgfzz,q USID OVIRRIAD CASING ORIVE
%ﬁm‘; M THRU HAMMIR TO ORIV SAMPLER
:E,—S_“‘-; ‘]:asr LENGTH OF &' CASNG
T 2P KITH SNOS AT 2L2°
26 e
= A
- AT &' ZHZAD OF CASING SHOE
_ BQULDER 2Q-25°
- 3718787
r=] CHP SAMPLE A
fro-petm O
:._’6-‘;%@ {JaR
s o
30%‘ 5 DRIVE SAMPLE 8
IE»'% N: 5,5.8 90% R=C
. 8QULLER 237-3%’
e L
2 s - ,
el 3 - APLE 1 JAR
2 Gue SILTY SANDY GRAVEL , C_| owsamic
b T2UR] WET, ANCULAR,
ST AUST 3RML-WZATHIRED
J&-‘x‘.“- ‘GRAYISH GRK.-FRESH Gavi SuPLT O
2 ;&—.‘_SMALL AMOUNT OF WATT? 5 Ned33 TCzAED
S0—Ees=o3 ENCOUNTERED -
iy ENCOUNTERE 3/8/87
30ULRER 352°-55¢
DRIVE SaMPLE €
3 Nz 2,57  69% REC
- ORIVE SAMPLE F
FE a2 a3 azc
DAIVE SAMPLE
& K= 055, REFUSAL SOZ REC
ORVE SIMPLI
B N= (5/4', REFUSAL 30% REC
. 3mvse?
372378
| ORIVE SAMPLE
m) : s8¢, AT} ]

'Il—l'ﬂlll‘lIl—lflllllllrlilllll'lil(H1Illlrll_r\-llllllvlllll[lrll|llll|(ll[‘

Erﬁr;‘lomwss PREVIOUS EDTIMS ARE OBSOLETE.
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11205 _[102M Hola No. B87-RD=I05
PROECT NSTALLATION =TT 2.0
L BOW AL _HANSAN DAY e MO o e = e R__ swIIls
s cowegmne REE HR) ema |
o [ d . - . L] — ‘
U1 Ghi: SANDY SILTY GRAVEL . |
s DRIVE SAMPLE J -
J_Fn= 3,800 10G% REC —
—] -..-—-4”' ’...,';_ -_-—
el i
jﬁ K_1CHP S v=«»f -
oo ! i AMILE —
IZO_EW »
S =
e e DRIVE SAMPLE L =
e M L k= 3,5 T0% REC =
1073 - N 3/23/31 -
ANDESITE: BLACK, FRESH . 3724731 &=
SHARP ANGULAR DRILL .
CUTTINGS -
‘ [V | CHI® SAWPLE —
N_] CHIP SAMPLE —
= |
: |
0] CHIP SaMALE I
i
3 'y
372478708
DRILLING ON GROUND WATZR - 7es/eTie
5 CHIP SAMPLE -
WATER IN_HOLE - _ -
DRILLING ON_GRNDWATER |—
G| CHIP SAMPLE —
ks = CHI® SAMPLE i ‘-
‘—J - ’ — .
3 TD=186 -
56— —
. »
. .
. —
3 . .
1003 |200—] —
3 -
o - NN
ENG FORM 1816-A atvious EDTIOWS ARE 0OSOLLTE PRALET . [MRE 1o A 4)
C wan - v HOWARD_HANSON_DAM__ . 87=RO=zI05. .-



GATE &0 TIME ALOTTEDr 28 P- 1] 18:07 Ho'e NO 92_R0_ I lo i
on INSTALLATION ST
N l
ORILLING LOG CENPS-EN-CT HOWARD HANSON DAM o 2 uacrs
I 10, SIZE &0 YTPE OF @I 8 0QEX
PIEZOMETER INSTALLATION . DATUM FOR ELEVATION SMOWM  (TBM OR MSL)
2 LOCATION (COORDINATES OR STATION)
12, WA ACTURERS DESICHATION OF OAlLL
1. ORILLWIG ACENCY R -
ANDREW WELL DRILLING T ToTi o o oven: TIPS oo
4WOLE . 1SG SeQwlt OB SR G TTILE BURLEN SAMFLES Targl . X
26 FILE aden) . 16, TOTAL MAMSER CORE SOXES
S. HAME OF ORILLER
ROBERT OEWILOD IS, ELEVATION CROUNO WATER
6. OIRECTION OF WLE 16, DATE MOLE isnnrco CONPLETED
R vearica, T wecLined DEG. FROM VERT, .
1T, ELEVATION TOP OF HOLE
T. THOuss oF overBURD(M 18. TOTaL CORE RECOVERY FOR BORING y
8. OEPTW OAILLED NTO BOCr  |3° 19. NAWC AMO SICUATLRE OF INSPECTOR
9. TQlaL OEPTH OF WOLE 199"
2 CORE | 80X OR ACuARY §
CLEVATIOHN | OEPTH | LECEID CLASSIFICATION ocﬂ-uftﬂw.i RECOV~ | SAMPLE | ORILLING Tinag, w2TER LOSS
{CESCRIPTION! RT ~, “EATRERING, £TC., IF Sicti
. » 3 [} . ' Py
I A0CK SPALLS (371 W/GRAVEL I~
m & SANOT CLAY, BROWN - =
< _: RIP RaP (J™) AHD LOOSE —
- SOULOERS :
- L
(0 —] —
2 .
15— SILTT $ang, FiN€, OAT, s nov 92 .
- BROwN -
7 -
20— -
7 -
| -
25— -
=1 SILTT SanD, w€D.- FINE, -
30— oRY, GAET, -
- SILTT SAD W/ OCC GRAVELS. -
= w€0. ORY-uOIST, -
35_‘ aROwWK p—
. SILTY SanQ w/ OCC GRAVELS z
b wED., OAY, CREY ?
40— SILTT $AND, WED.-COSRSE. -
» DAY, BROWMISH CREY
45—3 -
3 SILTT SAND, FUE, ORY, -
50— BROwWH __
. -
7 .
55— -
3 -
- -
60— -
= -
- SAMD (COARSE. WEDI W/ SOME -
65; SILT, GRY-IST, GACY, ~—
GRANULES ARE UNIFORM W/ o
3 FRACTURED FACES. PROBABLT -
BOULOERS) -
e | -
- SILTY SAND, FIME, ORY [~
sROWN L
75— = 92 =
- AMOESITE 8QULOERS W/ ) o rov
— INTERSTITIAL $4MO, SILT. -
. AMD CLAT WITH WINOR -
80— CRAVEL, ORY, GREEN ROCX =
3 FRACMENTS W/ BROWN -
CLAT MWD SKT. -
= «€OMT.)
85 — -
3 - -
- . - -
90— . [~
95 — -
100 ' ol
HOLE MO,
ENG-FORM 1838 rrevious enimions 4ac ossaLeTe. T ! PIEZOMETER I 92-RO-110 X.,{(/

WAR T .
W’Oml‘ﬂ'ﬂcmwm

INSTAIT ATION



ELEVATION TOP OF WOLE
DRILLING LQG (Cont Sheet)
Hole No. 92-RD-if
PROUECT WISTALLATION Py
HOWARD HANSON DAM o 2 =
SHEETY
aennon | oo | e | SASFGLOLE tigas o
. SEATHLRING, €TC., F sldl-lfl"nl :
. * 3 < . . . - . ‘
100G 4 comt. {-—-
B ANOESITE BGULOERS ¥/ INTERSTITIAL S4nD, _
- SILT, aMO CLAT wiTh 4mOR CRAVEL, ORY, L

105 — CREER ROCR FRACMENTS #/ BRONN CLAY -
—1 u St -
= —
- =

110 — .
= f—
= -

1S —
-1 7 NOV 32 =
= -

120— .
— =~
— —
- .

125 — il
» FRACTURED AMOESITE w7 INTERSTITIAL SIL? -

1301 § CLAY. GCROUMOWATER a7 (27° lt

135 — —
- 2
- o

140 — -
- 20 0EAT -
- 8 NOV 92 -

14— ol
- -
3 .

150—] gl
= -
- —
- oo

cs - \

153 -

3 CLat/S0uE 5108 z

(60— WGESITE BRECCIA - SLUE/GACEN FLAKES \<\>’%‘ -
-1 < f./\, ,4 . -
- "-"‘-",\)\' -
-4 .

163 2 3 mav 92 —
- CUBRSE, MG 4R ROCL FRaGuENTS, -
I BLUL/GREEM CHIPS #/ GHOWM FLAAES _
- -

170 — —
= )
— -

175 —1 —
-4 -
— -
- -

180 — —
2 AMOESITE - SOFT N T
—{ v

185 _— =
3 -
- -

90— —
-

195 — -
3 :
~ @  WOvY 92 -

: 200—:14 —
- -
-—j{ r—
- — ,‘
J - -
. [
= SR T -
i ENG FORM. I836~A PREVIOUS £D(TIONS ARE OBSOLETE. . .. |[rRogcT [”“-5"“- L (/,;(
P = S { - . ) - -1 -
| "sEP 0 woowieD For caoo BT cowes 92-RD-110



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

. es

—
Frraject PIEZOMETER INSTALLATION, HANSON DAM WELL DETAIL (AS BUILT)
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 BEN LAZO 3
Cepth 159 - Datum GROUMD. SURFACE ]
HOLE DATA
Size: A in. to 199 TT. <
in. to ft. // o
CASING ~//, e
Type _ STEEL (SEE COMMENTS) //// o
Mfr. SN
Ht. above gnd. surf. // | CEMENT/
Orive shoe SSOB%NT(J(\HTE
Size: g, _im fo s f1. 8 METAL. P I
e —_ CENTRALIZERS =~ |~ -
SCREEN R
T/pe SCH 80 MOMOFLEX  -0.020 IN. SLGT SC B P
Mfr . CAMPBELL I
Composition PvC Dig. 2~ o —-—J o
Fittings: Length Diaq. /""'/ /
Rizer — — T
Tailpige P N .
/ A= STEEL ©a3ING
FILTER ’ A
SaurceBAGS (100 LBS) COLNRADO SILICA SAMD, INC. KA I A
Composition CLEAN SILICA SAND -’/,/ )
Gradation __10-20 // P
Inst. method POUR DOWN HOLE 50—/ /| |
Volume used 4 FT° WL
Depth 162.5 to 181 ft. 7
to ft. S //
/N /]
GROUT 157" BENTONITE
Composition CEMENT/BENTONITE (5% BENTONITE) 62,5 CHIPS (150 LBS)
Volume used )
INMst. method TREMMIE 169 R S
Qepth 0.0 to 157 ft. DEIEY . .
183 to 199 ft. S.W.L.= 5878.C. |00 (0-20 SILICA
11720792 “..*.1 SAND 1200 LBS)
REMARKS: 40 FEET OF CASING (WITH DRIVE A i AR |
SHOE) LEFT IN HOLE FROM 110 FEET TO 150 FEET. AR
ALL OTHER CASING REMOVED FROM HOLE. -- 79 S
181 R ENTONITE
183 CHIPS
EMENT /5%
199° BENTONITE

NOT TO SCALE GROUT- -~

14 -

faorr

[NTE T NN N RN

Al

fee

S e,

cw hih

ceanfe, '| (YR

<. DESIGH FILE:



B e R St

“w—

T vwam

Hole No.92-RD-1[1

NSTALLATION
DRILLIN Vrsion ! ial
LLING LOG CENPS-EN-GT HOWARD HANSON OAM « o _l(m
I PROJCT - 10, SIZE AND TTPE OF 4T 8~ O0DEX
PIEZOMETER INSTALLATION 1. DATLM FOR ELEVATION SHOWM (T84 OF MSy )
2. LOCATION (COOROIMATES OR STATION}
I MAMNFACTURECR™S DCSICMATION OF QAL
1. ORULueG AT
ANDREW WELL ORILLING 13, TOTaL NO. OF OVER- Q1S TURBLD AOISTUREE D
4. WAL 10, (AS SMOWH O OREWING ! TITLE BURDIEN S LES TrEN !
=0 FILE Wreen) : 1. TOTAL MABER CORE OXCS
. X
S, WAM{ OF DRILLER
ROBERT ODEW!ILD 15, ELEVATION CROLFMO WATER
6. OIRECTION OF MOLE - 16, DATE WOLE ISTARTED “COMFLLTER
verTicay (O wecLined O€C. FROM VvERT, " :
17. ELEVATION 0P OF WOLE
. TheCxME:
T. TCHESS OF oveRsuRDeN 18, TOTA, CORE AECOVERT FOR SORING <
. OCPT ]
}. DCPTH OAILLED miT9 Aocr 19, NAME AMO SICNATURE OF INSPECTOR
9. TOTa DEPTH OF WOLE (50" :
3 CORE BOX OR REMARY S
CLEVATION | DEPTW | LEGEMO LSS AT O O rerIeLs RECOV- | SAMPLE | ORILLING TIME, WaTER LOSS. ZEPTH o
. (CESTRIPTIGN TRt -, W€ L THERING, [TC.. IF Soias o atily
“ N c . . X 3
ROCE SPALLS (37 w/GRAVEL -
S ] RIP RAP (371 aM0 LOOSE -
~ BOLLDERS E'
- -
10 — —
- -
s E—
a‘ SILIY SAND, FINE. BROWN o
. =
20 —  S—
2 SILTY SANDG, FING w/CRAVELS. Tan -
26 el -
- -
: SOWLDERS 1-77 0 ~
30— -
- -
35— -
I CLAYEY SarQ w/CRAVEL 417 G :
40— COBBLES (371 T —
7 -
N
45— —
J -
50— -
- SILTY SaMD W/CRAVELS #/y™). BROWM -
ss?' -
. .
60—
- FRACTURED ROCK AND CRAVELS, GREEW . =
- wse T -
. -
~1 —
651 -
= o
70— -
75— —
: K :
80— —
. -
— -
85 — =
- -
~—] " =
90 — »
- —
3 -
3 =
95— —
3 =
100 -~ - .
MOLE MO,
ENG.F ORM 1836 : PREYIOUS EDITIONS utocscu:m .. l PIEZOMETER i ‘
MAR TI "t
SEP 90 uoom For. A0 aY' coes . INSTALLATION

92-RO-I-H ' \(_61_



ORILLING 1L.0G (Cont Sheet)

CLEVATION TOP OF HOLE

Hole No. 92-RO-11}
PROACT INSTALLATION S€ET B
PIEZOMETER INSTALLATION HOWARD HANSON DAM o 2 werrs
. R{Manxs
CLEVATION | OCPTH | LCCE@ “‘“""?&'2’&%“;‘&.‘? s ?‘."mf‘é TRILLING Tud, WLTER L0S3, ({P1m gf
"o, WCATHERIC, C1C. ¢ ioweicant,
- - 0 o * ' 1]
e UCE€TIT0 FARLLET @ MTERSTITIAL SarC. X
- SLT, At CLAT, OCCASIONAL CRAVELS. —
n ORY, CAELN ROCK FRACLENTS wiTW -
& LRQwWH-TAN SILT &0 CLATY -
105 — |
3 I~
3 -
110 — —
m -t
3 =
115 — -
12073 —
. —
125 — —
-
: FRACTURED ANDESITE W/INTERSTITIAL SILT -
130 — 40 CLav LATERS, waTER CEMERATEFD —
: at 2T FEET =
-t -
135 — [
— -
-1 -
-
40— FRACTURED AMDESITE ROCE FRAGMENTS =
- AFPEAR UNIFORM 1IN SIZE =
145 —— —
150 —_
3 -
3 -
- -
- -
- -
p— —
- -
= —
- -
3 -
3 -
- -
— ‘ :
i |
3 —
] .
- 3

ENG FORM 1836~A rrevious

T -

EDITIONS ARG OBSOLETE. A

SEP 90 UODIFED FOR CADD BY CINmg

Wﬂ

HOLE MO,

92-RO-111



U.>. ARMY CORPS OF ENGINEERS, SEATTLE QISTRICT

WELL COMPLETION REPORT

Project PIEZIOMETER INSTALLATION, HANSOM DAM

Completion Jdate 12718793

Contragctor ANDREW WELL DRILLING SERVICE

Rig IR AIR ROTARY - T4w

Nperator ROBERT DEWILD

NspectOr BEN LAZO, CHARLES IFFT

Depfh 150 Datum GROUND SURFACE
HOLE DATA i

Size: 8 in. to 150° T7

in. to T

CASING

Type  STEEL (REMOVED)

Mfr.

Ht. above gnd. surf.

Orive shoe

Size: 3 in., to so° TT.
SCREENM

Type SCH 80 MOMGFLEX  -0.020 IN. SLOT
Mfr. CAMPBELL

Composition pve Dia. 2~
Fittings: Length Dio..
Riser -
Y Tailpipe

FILTER

SourceBAGS (100 LBS) COLGRADO SILICA SAMD, IMC,

ComposSition CLEAN SiLICA SARD

Giradation  10-20

Inst. methdd POUR DOWN HOLE

Volume used

Depth 90
125’

to
to

120 fi.
150 ft.

GROUT

Composition CEMENT/BENTONITE (5% BENTONITE)

Volume used

Inst. method TREMMIE
Depfh 0.0

ft.
f1.

1o 85
fo

REMARKS:

*

10-20 SiLica

WELL DETAIL (AS BUILT)
92-RD-111
NOT TO SCALE
L —
(W— —
/1 v e
4 7] CEMEMT 5%
% 7] TBERTOIMTE
SRaZnY CROUT
- ’/,",{,' 5
- -
Sz
% 4;5 ;ﬂ
RUBBER HOSE I e B 4
CENTRALIZERS [/ 77| |-
EVERY 20Q° S e
FROM 150/ R I e I
To 30 o b G RuBBER HaSE
Aol 11 CENTRaLIZERS
‘1 L4 ] EVERY &
A 1) FROM IGY
4 S 4 TO 200
/ ,4// 7 AMQ Qliz
= L / AT e
SRZE '
RN
; ___/A /A /.
85 BENTOMITE
CHIFPT
aqQ’ . . . .
as RS N A

15’

120" N K P
125" —— R "

N | T Y

140’

SAND

BENTOHITE
CHiIPS

- 1.10-20 SILICA

SAND

T

(Sol..;.-‘:-» e . '. . "'

NOT TO SCALE

28-SOP-

M TiAC e ot iarn:

DAT(

.
3

ceenps rrjects ow Rl et ol bt

> DESIGN FILF



et

TVede NNUTT L

(DIVISION STALLATION SHEET
ORILLING LOC CENPS-EN-GT HOWARD HANSON DAM o 3 eers
- - 10. SIZE 40 TP OF BT 8" QDEX
PIEZOMETER INSTALLATION 1, DATUM FOR ELEVATION SMOWN  (TBM OR WSL)
2. LOCATION (COOROIMATES OR STATION)
12. WA ACTURER™S DESICHATION OF ORML(
3. DRRLMIG ACEHCY REW ] IR AIR ROTARY - Taw
AND WELL DRILLING PRI rra— TorsTieers e
4 ML WA 135 SeOw Cnr DRavi FTTUE BRICH Sium s TerCu | :
~~0 FILE MPWER LaZ-RO-112 PRETII A CORE BOXES
S. MAME OF QRILLER
ROQERT OEWILD 19, ELEVATION CROUND waTER
6. DIRECTION OF WOLE 16, 04TE HOLE :srm_;:o T 1COMPLLTED
VERTICAL (] wcL €D 0EC. FROM VERT, . ocT 92
IT. ELEVATION TOP OF HOLE
T. THCRIESS oF oviResoEN (38 18. TOTAL CORE RECOVERT FOR BORING <
§. OCPTM OAWLED MTO ROC2 D2 (9. WAME AND SICMATURE OF WiSPECTOR
9. TOTal OCPTH OF HOLE 10
< CORE | 4OX OR REMARYS
ELEVATION | 0EPTM | LECIMO CLASSIFICATION OF uaTERIALS RECOV- { SAMPLE | ©ORILLWC TIuE, WATER LOSS. OCPTH OF
COESCRIPTIGH) €RY O, wEATWERING, £1C.. 1F SIIuf W ANTY
3 » < L] * 1 ?
CRAvEL WELRING COURST -
- 1¥:" Mtys)
=l -
5 j SILTT SanQ, ORY, TaN -l
- :
4 -
Q —f —
7 -
m T 0CT 92 -
15 — -
20— o
20— -
3 —
- : Sarker CLAY W/CRAVEL, wWOIST, SROWN --
30— —
2 -
- = -
38— -
7 SAOT SILT, ORT, Tan -
40— —
= SILTY SamD, ORY, Tan-L 1 GREY -
49 — —_—
- z
3 -
50— -
. SILT w/SenD, ORY LT GHET (4SH-LHE) B
55 — -
60 — .
]
3 -
]
65——: GRAVELLY SanD w/SILT, TaN=- T GRET, CRY :-
T0— -
e -
3 -
75— ' =
— SWLTY SAND W/CAAVEL TaM-LT CREY, ORY . -
80 GRaveL W/SILT, LT CREY, ORT, —
] (POSSIBLE BOULDER -
] -
- | e—
85 — L
90_‘_ - SILTY SAMD VW/GRAVEL. DAY, TaM-LT GREY -
4 - €ONT.) [~
-
s oCcT 92 o
95 ] -
—~ : -
-
100
ENG FORM 1836  rrevious eDiTions an€ OSSOLETE, - -
wev .. o i PIEZOMETER | 92-RO-112 ’//
SEP 90 UOOWIED FOR CACO BY CONPS INSTALLATION \( 7



ELEYATION T0P OF wOLE
DRILLING LOG (Cont Sheet)
Hoie No. 92-RD-112
PROECT INSTALLATION SET 3|
PIEZOMETER INSTALLA HANSON (A
ETE STALLATION SON 0AM * 2 oerrs
REMARX S
80X OR
QLEVATION | ofPM | LECEr@ C’-“""C&IC'?C'RT,:‘O:::"“S SawelE | DRLLUGC T WAICR \O8S, ogRta - f
NO, WEATHERING, C1(. & SiGMIFICiut,
L] » < L) - M <
100G . . -
- «cont.s - -
4 SHTT SarQ W/CRAVEL. ORY. TaneiT- GRET '58522 —
(05 — = -l
-
110 — LOSS OF CUTTIMCS W THIS ZOMEL. LARCE - ~_
: VOI0 CR FRACTLRE CASIMG OROVE -
- EASILT. —
s _-: 9 OCT %2 :
- -
120— FRACTUAED 4MOESITE wATER CEMERATED il
— BETWEEN 10MES -
= 0 GALLON/MINUTE) =
125 — il
—1 -
- —
-
130 — SANDY CRAVEL W/SilT WDIST, TaN-tT GRECY - -
3 18 0CT 92 -
< n i
135 — CLAY. 1. . -
93 j CLAY. WOIST, CREY . 19 0cT 92 -~
L . .
140 ——f LI —
(45— . —
3 BEOROCK S -
= SANDESITE CUTTINGS BECAME UNIFORM N .. -
. .
150 —] SIZE MO COLORY ., l:-
4 L, z
_1 RIS -
!5‘.‘,—_11 Y -
WAL -
- L ) -
- ';:A)?}(‘. -
s s R 20 ocT 92 -
160 T 7 -
] -
e  —
3 -
. -
7 -
- -
7 z
3 z
— -
-4 -
3 :
— -T-
- -
. -
= -
7 L
— -
2 ' -
7 -
1 -
- - —
. ] —
. - -
- n
- ENG FORM [836-A PREVIOUS IITIONS ARE GBSOLETE. c |rReecT S e ey
ENG TORM J8; . 92-RO-112 Y —{s

“SEF 53 WGOWICH FOR CAOO aY COes PIEZOMETER



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLET

ON REPORT

Project PIEZOMETER INSTALLATION, HANSON DAM

Completion date 10/23/92

Contractor ANDREW WELL ORILLING SERVICE

Rig IR AIR ROTARY - T4w

Qpergtor ROBERT DEWILD

V4

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

MANHOLE WATER METER COVER

<l" ABOVE GRAOE?

1”7 PCC SLAB

4'X4'-\

Inspector
Depth 507 Uatum GROUMD SURFACE
HOLE DaTA ,
Size: 3 in. to 160°  ft.

in. TO fr.
CASING
Type _STEEL (REMOVED
Mfr.
Ht. gbove gnd. surf.
Drive shoe
Size: 8 '/, N, to 160" fft,
SCREEN
Type SCH 80 MONOFLEX -0.020 N, SLOT
Mfr. CAMPSELL
Compaosition PvC Dig. 2~
Fittings: Length Dia.
Riser —_—
'T\j|[£»|pe
FILTER

Composition CLEAN SILICA SAMD
Gradation  10-20

INnst. methiod POUR DOWN HOLE
Volume .used 9 FT°
Depth 1G4.5

to 134.5 Tt

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

Imst. method TREMMIE
Depth 9.0 to 99.5 ft.
134.5 1O 154 1.

REMARKS:

Source BaGS (100 LBS) COLORADO SiLICA SAND, INC

’
S
BN S
\ A
s g ~
~ B

p—
A%

NOT TQ SCALE

L J
// 7
//
4 ./
- o CEMENT / 53
/ 4 BENTONITE
. GROUT
3 METAL P
CENTRALIZERS s
s s
< '//
99.5" BENTONITE
CHIPS
104.5° e B oS (125 -LB%S)
109, 5 .1..',2;,'_ — .-
o= o] 10-20 SILICA
S0t El AN BT
Je =10l
SR e T
e SO bl UL S
- o “o-
SRR SO
129.5° o SAURAN
o - R .g'.. -_-‘. .‘.. e
134.5° /:, =~
/ CEMENT /5%
/ BENTONITE
GROUT
)
154° e
el el el FILL
160"

cts cw hr%f'g

28-SEP- 1977

DATE AHD TIME PLOTTED:

B o

tach mF gt

/cenpsspraj

a

~ DESICN FILE:



OAl{ 2 Viof AOIT(D» XT-IVT (2:a

Hoie No.92-RD-~| 13

O1vISIoN eTALLATION Y ——
ORILLING LOGC CENPS‘EN'CT 92-RD- | 13 zq l :-(
&)
. PROJCT . 10, SIZE AND TTPE OF BIT 8~ QDEX e
PIEZOMETER INSTALLATION T DATUM FoR CLEVATION SomN  (18% R I
2. LOCATION (COOROINATES OR STATICN)
HOWARD HANSON DAM 12, WANS ACTURER'S DESICNATION OF DRILL
3. ORWLING aa:nc; REW WE oI NG IR AIR RQTARY - Taw
NO LL LLING (3. TQTAL NO. OF OVER- 01$TLRALD ST
BOWRE L (28 Semiwn (0 DRGwIr TITLE BURDEN SALPLLS Tarfn : . Lal114]
n _:: :"L; ::“' 32-R0-113 14, TOTAL MUMBER CORE BOXES
. (8
ROBERT DEWILD 1S. ELEVATION CROUND WATER
& OWRECTION OF mOLL 6. OATE woLE .snmzo COMPLETED
(5] verTicas (] incrLi0 0EC. FROM VERAT. 26_0OCT 92 : 4 NOV g2
17. CLEVATION TOP OF MOLE
I. THCUasSs of oveesuRoex 97 i8. TOTAL CORE RECOVERY FOR BORING .
8. O€PTM OAuLED INTQ ROCX O 19. MAME A0 SICHATURE OF INSPLCTOR
9. TOT4L CEPTH OF WL E S7
Z COREL | 8ox oA REMARES
CLEVATION | OEPTW | LLCEND C'-“s“"(“;c“;"a?;;‘l‘oﬁf'“s RECOV- | SAMPLE | RILLIMG TING. SaICR LOSS. GEATH oF
. RY ~O. WEATHERING, €10, i $ICAICanTy
B . . . . A
CRAVEL WEARING CQURSE FOR PARRING =
- LA L
5 - SILTY SANG, TIN, ORY, BROWN l
10 — i
15— 25 0CT 92 —
3 =
20—t -
03 -
25 —] -
] L
30— .
e 3 ]
35— :
-Jl:lj -
- -
- GaND1 (L ar w/CRAVEL, WGIST, BROWN
49 ——y —
P SauD w/GRAVELS (/37 ST D CLarv -
«01 ICOURSC) NOIST-ORT, EROWN =
- -
55— —
= .
- ' S0 -
- 587 -
- k -
R x —_
85— 4
» >
7(.':j - -
: -
. -
75 — 27 oC1 92 —
- * -
80 — —
= -
e ——
85 — . =
- $AMOY SW. T, DRY, REDOISM BROWN RUSTH -
90 = 1 . .
j - SAND W/SILT MED-COURSL) DRY, TaNeLT -
- CRET QINMFORM, POSSIBLE BOULDER) =
-
95— —
2 MOV 97
SILTY SAMD QMED-FMEL ORT (T-GREY TAN -
100 BOTTOM. OF MOLE —
. [erogCY NOLE NG, .
ENG f'ORM 1836 srevious commcns ane wsase - L. [ PIEZOMETER f  92-RO-112/
%P % oo For caoo ar crNes : INSTALLATION X

=

‘.



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLETION REPORT

P-oject PIEZOMETER INSTALLATION, HANSON DAM

Completicon date 11704/92

Contrgctor ANDREW WELL ORILLING SERVICE

Rig IR AIR ROTARY - T4W

Operator ROBERT DEWILD

INspector BEH LAZO, STEVE MYERHGLTZ

WELL DgEzT/’\{lL (AS BUILT)
NOT TO SCALE

Depth av DaTum GROUND SURFACE
HOLE DATA
Size: 8 in. to g7 ft.

in. to ft.
CASING
Type STEEL (ALL BUT 10’ REMOVED)
Mfr.

Ht. gbove gnd. surf.

Drive shoe YES - LEFT IN HOLE

Size: g8 Y M. T 97" ft.

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

Composition eve Dig. 2~
Fittings: Length Dia.
| Riger - -
'Tailpips
FILTER

SoOmMposSition CLEAN SILICA SAND
Grradation  10-20

INst. method POUR DOWN HOLE
Vaoiume used
Depth 65 to 92 ft.

GROUT

CompQsition CEMENT/BENTONITE (5% BENTONITE)

Valume used

Inst. method TREMMIE :

Depth to ft.
to ft.

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

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

L I
RN
7
/
e A cement /s
/' e BENTONITE
GROUT
1 METAL - -
CENTRALIZERS .
’ '/'~
— — SAHD
80" — BENTANITE
CHIPS
70 o = AR
ceed s e 10-20 SILICA
SO - SAND
9Q’
92’ BENTONITE
CHIPS
T’ (150 LBS)

NOT TO SCALE

B

s cw'hh gzat2ch Fgt s

28-SEP-19 7

ODATE MG THJIE PLOTTED:

-]-.Jl'

P

T

CRNPS/ PIrDj

DESIGN FILE:



VS N TZITIUTL 9

SEP 90 UOOIFIED FOR CAOD BY CENPS

DIVISION STALLATION SHEET t
ORILLING LOG CENPS-EN-CT-GE HOWARD HANSON 0AM * 3 werrs
1. PROJECT Q. SIZE MO TYPE OF 84T 8~ ODEX
PIEZOMETER INSTALLATION 1L OATUM FOR ELCVATION SHOWM  (TBN OR wei,
2. LOCATION (COOROINATES OR STATIOW
12, WANUFACTURLR'S OCSIGMATION OF ORILL
3. ORILLUGC ACEMNCY a 1 R AIR ROTARY-Taw
ANDREW WELL ORILLING 3. 10T4L . OF GVER- :01STURBED OIS TURELD
4, MOLE ™), ta§ SHOWN On ORAV(|ING TITLE QURDEN SamP LS TakEN . 8 :
£ - -
20 FILE rmeeR) 93-R0-114 . “TOTiL MABER CORE BOXLS -
S. MAME OF ORILLER
ROBERT DEWILD 15, ELEYATION CROUND WATER -
6. DIRECTION OF WOLE 6. DATE HOLE :STMYEGD 7-93 ‘COMPLLTED
B verTica (0] naueeo 0€C. FROM VIRT, d : 7-3-93
17, ELEVATION TOP OF WOLE
T. TMICKMESS OF OVERBURDEN  336.5 6. TOTaL CORE RECOVERY FOR BORING -~ :
A. DEPTH ORILLED INTO ROCK O 9. wawg in0 SICHATURE OF INSPECTOR
9. TOTAL DEPTH OF WOLE 336.5 RICHARD E. SMITH
SaPLE | 80X OR REWARLS
ELEVATION | 0€PTH | LECEND CLASSIFICATION OF walCRIALS NTER- | SasPLE | ORILLING TIME. VaTEA LOSS. GEATW
(OESCRIPTIONMY vaL ~NQ. OF WEATHERING. ETC.IF SIGMIFICanT)
o L. : . . ) N
- BROWN CLATY/SILT ANO CLATEY CRAVEL ORILLED WITH 87 00CX 81T COMCLRAENT [—
= CONSISTING OF SEATHERED ANCLL AR WITH 8%,% 10 STEEL CASING AT 0OwN- [
2 AMOESITE PEBBLES AMD ROCK CUTTINGS; THE -MOLE MAMIMER -
— \LoosE , wotsT —
3 CRET/SROWH SILT/CLAT 4O SILTY, CLATEY ORILLING FLUID RETURN SLAuAZT C
s A
GAAVEL AS ABOVE: LOOSL am0 OR ote FTi AR et -
— 19=31 FTe NO AETURM —
‘0 ANOESITE BOULDER 3137 FTs 25-50% RETURN »
=1 17-42 FT: MO RETURN -
I 42-115 10 100X RETURN -
119~120 FT: WO RETURNR —_—
LARCE COBBLLS OF FRACTURED ANDESITE. 120150 FTe 100T RETURM b—
) L00SE 150-189.5 FT: WO RETURN -
: 159.3~(10 FT1 100X RETURN I~
20 — (T0-172 FT: NO RETURM L
- 17T2-¢93 FT: 100X RETURN [~
-1 193=19% FT; MO RETURN -
: 195-260 FT; 100X RETURN -
260-217 FT: (202 RETURN —
? 277-336.5 FT: 100Z RETLRN -
30 — —
— e
- -
- -
40 — .
- -
E CUlTINGS OF aNOLSITC COBBLES, CR:VELS -
- A0 BOUNLOERS WITH GREY/BROWN 1Q BRQOWN ;
-] SILT/CLAY, LOOSE TO OENSE -
- -
50 — -
_j 0] z
60 — —
—-: bt
-] -
7 z
70 — —
- S.¥,. « ORY §/7/93 (@77 F1) -
— 4
. 3 S.v.L. - ORY 6s8/93 (a?f €12 -
80 — —
- =
90— .
% .
] CUTTINGS OF AMDESITE COBBLES AN
. BOULDERS WITH SOME GREY CLAT/SILT, ’
100 =1 DENSE . @ .
HOLE MO.
ENG FORM 1838 rrovious miTions ARE OBSOLETE .- lm PIEZOMETER :
=3 INSTALLATION 93-RD-114

\/-



RO L AR . R — .

OARE mwd Tioeg ALOITEDe 16-aG- I3 12e00

e
ORILLING LOG (Cont Sheet) | o aTiow 107 of raut

Hole No. S3-RD-| 14
2

rROECT INSTALLATION EET
PIEZOMETER INSTALLATION HOWARD HANSON DAM Jor 3 verrs
SALPLE REUARRS
aLvation | oCPTH | LECEND a;ssnrlc:&?ca%ﬁg‘::ms TR | ok c: DRILLING. T WATER (0SS, 0grTH or
vaL LN SEATHERING, ET1C, o7 SIGMIF ICaNT)
. > . . - ¢ °
100 o
10—
-1 CUTTINGS OF ANDESITE ¥/ NO SILT OR
B CLAT, LOOSE

120
BOULOCR OR ROCK SiL48

130

CUTTINGS OF LARCFR wMOESITE COBBLES ¥ITH
VARTING AMOUNTS OF LAY amMD SILT (CREY/
BROWN) OCCASIONAL LOOSE OPEN IOMES
WHERE FLUNO L0SS OCCURED: ALSO, SU8-
ANGULAR, WEATHERED AMDESITE PEOBLES UP
10 1” BELOW 15T, OENSE,

IIllIlllll'Illn[llllllllrlllllllTﬂllllll

=
o

llllllllll!llllllllllllIllllllllllllllll lllllllll

|
i

150

S.M.L. ¢ DAT §/8/9] (@ 15T
SeML. s ORT $/9/93 1@ 157

16Q -
wWATER :
LEVEL -
UPPER -
$TaCE -
(1-6-93 110 z
Y . .
iT1.3° 8.C. - -
= CUTTINGS OF LARGL AMDESITE COBBLES/ -
_“ BOULDERS AND SUB-ANGULAR WEATHERED l
7 ANOCSITE PEBBLES A4S 46OVE WIlM WORE N
CLATASILT 4MD Than LENSES OF SANDT, -
- BROWN CLAT/SILT. DENSE -
180 — AOCSITT GO OCR —_—
- -
3 -
3 Contitase0 -
— -
- h's
— e
- -
190—] -
3 4 . -
200—: FORMATION WATER @ 2007+205.8° —
—
=] =3
3 —
] *- -
210 j - FORMATION WATER @ 21Q.5"-214.5° -
3 SHL o (19.0° 6/16/93 @218 _ _ |- .
. 220 ) " . N Sy
ENG FORM (836-A previous DiTios ang 0BSOLLTE. .- |mesct PIEZOMETER = - o e
U : : INSTALLATION 93-RD-11477

SEP 90 UODFIED FOR Cion AY. CENPS . /="



OATE m0 Tieq MOTIED=

16l 190 13+ 01)

DRILLING LOG (Cont Sheet)

ELEVATION TOP OF WOLE

PROECT

PIEZOMETER INSTALLATION

INSTALLATION

Hote No. 93-RD-114
seer 3
HOWARD HANSON DAM

or

£LEVATION | o€PTH

[R{-1, ]

CLASSIFICATION OF UATERIALS
(OESCRIPTIOM

.

sox or
oL S T4
St | Y heRIM T

¢

m‘ S
UAIER LOSS
5 < , (:nn of

3 veers

220

FRACIUAED SLaB OR SOULCERS &F CRELN,
Piam ) THITE MMOESITE, VIRY HARD -

WATER BEARING

IOME 2164296 MAT R way nOt ag

V‘mmmfmram-vmﬂ

INSTALLATION

. O OENSE, WITH COBBLES OF THE SALE ©) -
— ROCX 4T THE TOP iND BOTTOM OF THIS =l
7 MTERYAL,
3 -
—] —
230— —_
- C
=
- -
— ~
240— —_
n -
- C
-t
— 6/18/93 —
- -
250— C
. -
- CLAYEY, VERY SILTY BROWM SANDY, ANCIA AR 0 S =i : DAY 6/18/93 (@258 -
3 CRAVEL {ANDESITE] AND ROUNDED CRAVEL
260 WILD YOLCANICS) WITH MAEROUS BAOWN ® -
- AND CREY SILT/CLATY 8ALLS -
] SLIGHILY (71 SILTY BROWNO WELL -ROUNDED -
— GRAVELS OF UIXED ICMEOUS ORIGIN LP 10 ® -
— 7" ACROSS, AND CUTTINGS OF POSSIBLY —
7 LARGER CRAVELS. 4M0 THIM LATERS OF -
- MEDIUM SAND; MEDIL TO LOOSE, POSSIBLY N
- DAY TO 27TT°. ALSO SOME THIN SILT/CLaT -
270—_ LENSES, sMO CLAYEY CRAVEL MEAR BOTTOM -
- -
wATER =1
LEvEL | n
LowER - -
STAGK — S.%.L. « DAY 6/18/93 1@ 2781 -
/76790 :
1280 — —
780,85 B.C. - ©) . -
290— —
3 . z
...: S.W.L. s 200.0° 6/18/93 (& 295 —
— S.¥.L. 2 79,3 8/19/9) (@ 2951 -
300— —
- L
3 z
= —
- o
- -
_ L
3 -
30— [
= S.WL. = 280.4° 6/19/93 (@ MUTY —
- - -
320— -
— - ~ .
33— . - . ’
. -
3 -
- -
= N S.N.L. = DAY 6/19/93 WBOYE 3007 1 - -
80TTOM « T4.¥ 8.6 BLL L WL AL AL A e, T
o SIS - [Suiezezr 6z0m] W 33657 |- . _
340 — ) - . - -
Em FORM I836-A. PRONOUS. EDITIONS ARE éasq.m:. e ; |'"°-‘-¢" PIEZOMETER - - ]“lf-_'ﬁ_-_ e v

93-RD- 114\ _ 7c,



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

-
Project PIEZOMETER INSTALLATION, HANSON Dam WELL DETAIL (AS BUILT)
Completion 4d4gte 7-3-93 93-RD-114
Contractor ANDREW WELL ORILLING SERVICE NOT TO SCALE
Rig IR AIR ROTARY - T4w '
Nperator ROBERT DEWILD
IMsp=CTOrRICHARD E. SMITH 3 Tagy
becth_336.5° DQTum CROUND SURFACE o = =
' 2.& 2.5 2.4
HOLE DATA i
Size: 8 in. fto 3365 ft. % 7 2
in. to £ % / ﬁ
7. % % ;
CASING %7 A
Type STEEL (REMOVED ALL BUT 10°) 4% % 7
Mfr, 7 Zz
Ht. above gnd. surf. % 7 CENTRALITEAS
. // EYERY 20° FROM
Orive shoe YES (REMOVED DURING COMPLETION) ey // o 316710 107,
. ' . T = = Rt B W I A
olZée: 8 /s n. 10 336.2 TT. . S e
o4 2290 Al
. .- a"/’/‘ ,/,
SCREEN_ /,// v GROYT: CEmENT/
T"{pe SCH 80 MONOFLEX i ;;_,//./. " 5% SENTONITE T
R — TN R A
Composition PvC Diag. 2- //7 i’ Egggéﬁr“&nom
S
Fittings: Length Dic. //%/ A
Riser - > % o
Tailpipe 0.35" 2" 187.90" AR
o B
oa 10 o j BENTOMITE SE2L
FILTER — » B .
CAAe {40100 SiLiICe San0
SaurFc28A65 (100 LES) COLORADD SILICA SAND, INC. 200.00 107100 Bibies A
Composition CLEAM SILICA SAND 205.60 .
Gragdation  10-20 , .
S.W,L z 171,30° 8.C. pnd RO IO
Inst. method POUR DOWN HOLE ' - {drdrom } |2 io-20 siics sand
Volume used 20.5 FT°/ 18 FT' 215.40° - —
Depth 200 fo 229.9__ 11. 25— : :
259 to 295.5 f1. 240.20" g%zs?:)monﬂi
245.00° BENTONILTE CHIPS
QROUT . 254.90° - CAVE IN MATERIAL
Composition CEMENT/BENTONITE (S%Z BENTONITE) 255.90" GENTONITE CHIPS
Volume used 600 GALLONS/50 GALLONS -
INst. method TREMMIE 269.90°
Depth 00 _to _‘B_&_ff' ‘ . S il METAL WIRE
229.9 10 __240.2 f1. Ry 2 s S g%&;g?g%é;%‘%%u
REMARKS: PULLING CASING WAS VERY DIFFICULT =1
AND COULD_NOT ADD GROUT AT BOTTOM UNTIL =l - oo o] 10-20 siLica sano
CASING PULLED, BUT FORMATION COLLAPSED INTO =l
THE HOLE_AS FAST AS CASING WAS REMOVED,
270’ OF WIRE LOST IN HOLE AT 257° AND WIRE 5 NATURAL HEAVE
13 QURING CASING
BUNCHED AROUND STABILIZER AT 220°. 281.5° OF H REMOVAL
WIRE AND 1.5’ OF REBAR LOST IN HOLE AT 27V’ B.G. ‘

X

|
/cenps/prajecis/ow/nhl.

3O-JuUL - 194”

DATC AMD TIME PEocTED:

o

2otachy et 1L

DESIGN Fil~

!

10



OAN ma Timg AT

16-aQ (T3 (3e 41 Hole N°-93'RD-—| [5
o1vrSion . INSTALLATION Se€e]
ORILLING LOG CENPS-EN-GT-GE HOWARD HANSON DAM ¢ 4 S'*q“
I, PROECT 10. SII€ aND TYPE OF OIT B~ QDEX/6 %- TRlCONE
PIEZOMETER INSTALLATION 1. OATUM FOR ELEYATION SHOWN  (TBM OR rsy )
2. LOCATION (COORDINATES OR STATION)
12, MANF ACTURER'S DESICMATION OF DRWL
1. ORILLING &CENCY IR AIR ROTARY - Taw
ANOREW WELL ORILLING . ToTm w or OVER- o1 TuRBED T OTITRETS
4. MOLE 0. (AS SHOVN ON CRAWING: T{TLE ILRDEN SanPLES TasEn | 2 .
arQ FILE MUBER S L 93-R0-115 T Py —
S, Naug OF DRILLER
ROBERT QEWILD 1S, ELEVATION CROUNG WATER
6. OIRECTION OF WOLE 16. DATE WOLE ISTARTED 1CouPLETED
(R VERTICAL (] WCLINED 0EG. FAOM VERT. . 5-18-93 : §-5-93
IT. ELEYATION TOP OF HOLE
T. THICKNESS OF OVERBLRDEN 25 |° 0. TOTAL CORE RECOVERY FOR BORING *
3. O€PTM ORWLED W10 Rocx  [43° 19. MAME AMD SIGNATURE OF INSPECTOR
9. TOTaL OLPTH OF HOLE 394’ RICHARD £. SMITH
T C 8ox OR REMARKS
LEvation | OEPIM | LEGEMD CLASSIFICATION OF uATERLALS Zecget | BLE (OATLLIMG TIME. VATER LOSS. OEPTw
(OESCRIPTION| ERY “C. DF VEATHERING. E£TC. [F SICNIF [CanT
o » < q . i a
] SILTY, SLICHTLY CLATEY, SLICHTLT SanOY ORILLED WITM OOEX SUTTON BIT ORIVEN |—
GRAVEL, WOIST T1Q ORY, 8ECOWING OAY wiTH BY OOWN-THE -#OLE HAWMER -
CEPTH. LOQSE, BROWN TO TAN. OCCASIONAL COMCURRENT WITH 8 '/,” 1© STEEL CaSinG {—
J0MES OF LARCE COBSLES. I~
DRILLING FLUID RETLRN SLRALLRT -
10 0-48 FTi AR CIRCLLATION -
48-70 FT, SO-60T RETURN |
T0-2UTFY; 1002 RETURN I~
21T-230F T, AIR CIRCLRLATION {
2)0-242FTi (00X RETUAN -
242-248F T, AR CIRCULATION T
248-394F T, 100X RETURM —
20 —
-
-
-
30 -
— -
{ -
- CRAVEL WITH & (ITTLZ S4aMD, SOME 34LT s -
— ANO QLar, DRYT CHMANGING TQ wOIST WiTk -
40 — OEPTH, CAET-8ROWN: WaT BE WET 4T 487 -
] GRAVEL ARL ANGLRAA PEABLES AMD CUTTINGS -
. OF AMOCSITE AMD CTHEA VOLCAMIC ROCKS. -
— -
n -
S0 — -
= ANGUAL AR CRAVEL PEBBLES AND CUTTIGS -
- OF AMOESITE AND QTHER YOLGCAMICSI WITH -
- COARS{ SaM0 AND SOME SILT, Tan. —
60 — —
7 -
. POSSIBLE WEAT HORIZOH —
= SWTY, SAMOY CRAVEL AMQ CLAT, ORANGE- z
70 i BROWN, GRAVELS ARE WEATKERED ANGULAR -
] AMDESITE AND BASALT CUTTINGS AND .
. PEBBLES. LARCE COBBLES ARE PRESENT NEAR -
— THE BASE OF THIS uNIT, @ -
7 o . -
80— —
— SLIGEILY SILTY/CLATEY CRAYEL (S ABOYE. =
-1 EXCEPT MUMEROUS SUB-ROUNDED PEBBLES .
90— - |LocaTid MEsR THE ToP of Twis LwITh. -
. ORANGE-BROWN TQ BROWN, CLAY AND SILT —
- CONTENT OECREASES OOWNWARD. . ® -
—] [
=
. -
ENG FORM 1836 PrEVious EDiTions ang OBSOLETE . ‘m:c*r PIEZOMETER l“‘“ e
WR U SEP 90 UODIFEED FOR CAOD 8Y CENPS INSTALLATION 93-RD-115

y -7



OATC MO TIME AONID: 16 & (¥ 12046

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet)
Hole No. 93-RD-| I5
PROECT INSTALLATION SHEET 2
PIEZOMETER INSTALLATION HOWARD HANSON DAM o 4 serrs
,
vat (4 CLASSIFICATION OF MATERIALS X Co%t | sox o REUARRS
ELEvation | ogetw | Lecino (OESCAIPTION) ?!ECROVV sA:_u: G‘mvt“;t:('cm:‘,;" VATER L0SS. pEPTM
N . « « . ‘ . E‘f. IF SIGMIFICaNT
~ SILTY, SLIGHTLY SAMOY CRAVEL AMD CLaT, —
- BAGNN, CRAVEL CONSISTS OF ANGULAR —
— PEBBLES MO CUTTINGS OF 4MOESITE -
= AMD OTHER VOULCAMIC ROCKS. LATERS OF —
= DARK BROWN TO BROWN CLAT/SILT 4SO —
n PRESENT, j—
119 — ~
_] -
. -
o L
126 — il
— -
~
- v) -
-
7 —
3 o
130— =
-
- -
= -
- S.¥.L : DRY $/26/93 t0 311 =
14Q — —
= -
150 — —
-
-
= S.¥.L 3 DAY $/76/9) @ 1430 =
- 10 EA
18Q SLIBATLT SILTY anO SLIGHTY SLaTE? 0 -—
CLATET ANGLL AR GRAVEL AMO CUTTINCS OF -
CRAAT-CREEN PYRITE-RICH MOESITE. BROWN, z
% L4RCIR CRAVELS POSSIBLE 173°-228.5° I~
WATER 170 — —
LEVEL - -
UPPER - .
$TACE = ht
¥ . —
178,45 8.G. S.¥.L & ORY $/74/9) «@ 1111 -
he SLIGHTLY SILTY CUTTIMGS OF LARGER GRAVELS S.®.L 1 ORY /27793 1@ (119 -
1 AS DLSCRIBED ABOVE. LICHT BROWN -
80— -
= CLAT AKD CQUTTINGS OF CRAT-GREEN PTRITE- [ON -
. RICH AMOESITE COBBLES. CRAY 10 CRAT-SROWN -
T s -
- SILT WITH MINOR CLAY AMD CUTTINCS OF —
VEATHERED CRAY-CREEN AMDESITE PTRITE- * —
E RICH! COBBLES, GRAY TO CRAY-BROWN. [
- L . -
- .
200—? -
-1 LESS SILT WITH OEPTH AND COLOR oA R AFTER 202° -
- CHANCES TQ BROWN AT 2027 AMD OCCASIONAL F TION wATE! € -
- GRAY CLAY BALLS AFTER 202°. L —
] DENSE DRILLING PAST 206 —
210— - \
- COLOR OF SILT CHANGCES BACK TO CRAY-8ROWN
- AT 207 ANG TG GRATY AT 2t5°
-
=
. . . S.WL & 115 5/28/93 <@ 217
ENG FORM [838-A rrevious emtions ang ossoLcTE. - -~ [PRocT pIEZOMETER WOLE KG.. R
wan 1 INSTALLATION 93-RO-HS Y —
SEP AN WYNICICR Cre ~rimn &Y CTUDE -



OEBIGM FiLK.

oAl a8 THK MLOTTED-

DG K CTE/CNA L O T Otved
16 a1 %9)  12e82

ORILLING LOG (Cont Sheet)

ELEVATION TOP OF WOLL

Hole No. 93-RD-1[]5
SHEET 3

PROJECT INSTALLATION
PIEZOMETER (NSTALLATION HOWARD HANSON OAM ¢ 4 neers
X CORL | pox oR RYuARRS
EYATION PTH CLASSIFICATION OF WATERIALS -
[58 o€ (DESCRIPTIONS rcicnovv Sas L o:'ml:#rl:: TIME. VATER (0SS, pepre
. . . ) C vE ING, ETE, IF SIGMIFICLAT
Cevel -
L L
. . -
R
S = -
Y_ ] -
1225.00° 8.G. - -
230 OENSE. ORT TO WOIST. SILT/CLAT, DARK CRAY. :ﬂ(‘:‘_‘;‘;'“‘ vATER —
— CLAT/ZSILT 4% A80VE M0 ROUMDED FINE TO @ :
- COARSE PEBBLE CRAVEL OF WIXED 'OMCOUS -
— ORICIN, ORT ANO DEMSC. L
— -
— -
1 -
- CLEAN AIVER CAAVELS ROUNDED WiXCD WATER 218°-24%° -
240— (GHEQUS 160 CUTTINGS OF SAMED, MINOR -
e CRAY-8ROWN SILT, LOOSE. -
- LARCE COBBLES OF OARK CREEN 4rOESITE NO FORMATION WaTER -
— AMO RED-ORANCE CLAT/SILT BALLS. OENSE. 245°-294° -
3 ©; C
250— —
—~ CUTTINGS OF OARK CREEM AMOESITE L:
— SO DER/ROCE S AB. —
~t =
3 »
m S.W.L 5 220.4° $-29-93 (@ 311 -
260_.1 ORICLED WITH § ¥%"-TRICOM 51T G __'
— HO CASINC aDvAWCED PaSTY 257.5° .
- -
270— —
- -
3 -
- -
280— I
— . .
— UEDIM TO VEAY FINE CRAINED CREY, CREENM. -
— WHITE. AMQ RED SAMO AND CRAT SILT. -
290 — OCCASIONAL CUTTINGS OF DECOMPOSED GRAT —
= ROCK ®ITH QECATED RED AND GREEM MINERALS. -
- YARVING AMOUNTS OF CLAY AMOD SQT WiITH Q -
P OCCASIONAL THIN QLAT/SET LAYERS, ROCX 1S -
— OENSE AM0 CEWENTED. POSSIBLL CLaClaL TILL. -
— -
- -
300? _
- -
D | —
310 — —
n he . I
7 -
320— [
- i
330— -
3 S.M.L 4 225.5° 5/29/93 (0 3341 —
340 — ‘

ENG f.QRM 1836~A PrEVIOUS €OITIONS 4RE OBSOLETE.
MAR

R AR LA IR ran s v Ay g M

PROECT pIEZOMETER
INSTALLATION

luu.: NO.

93-RD-115 y_]



orBIG FILLe
OAM @O Timl MOTHCDs

AXNPLPAG L CTESOH VT

16~ (V) |35

ORILLING LOG (Cont Sheet)

Im:vmm ToP OF HOLE

Hole No. 93-RD-119

PROECT INSTALLATION SKEET 3
PIEZOMETER INSTALLATION HOWARD HANSON DAM oF 4 secrs
T CoRE REWART
A [ WA TERLA 80x OR S
ELEVATION | OEPTH | LECENO @ swrc‘lé?lafmmfr L$ RECOV- | SunfLL | (ORILLING T1M€. vaTER L0SS. oco1m
. . B K . MO |OF VEATMERING. €TC. [F SIGNIFICanT
*
- ComTiMUED I~
- e -
350— -
- f—
. @ -
J60— C
— -
— -_—-
- r
- L
370 |
- FINE TO wEDIUM SA1D, CRAY AMQ mwTE, =
= WITH VARYING AMOUTS OF CRAY Sa T amMD —~
] CLAY AND FLAT AMCULIA CUTTINGS OF -
s CAAY, BRITTLL SILTSTONE (1 WITH -
] OCCASIONAL SAND SIZED CRAINS EUBEDOLD -
- MTHIN e
380— —_
—y :
—1 -
~ -
= 1=
- - -
- POSSIBLE AMOESITE BOLDER 4T 297°-291.5° (12) i
—] 30TTOM OF MOLE © 394 S.mL + 225.7°5-30-9) (@ 3940 -
00— -
4 j —_
— -
- ) :
3 z
- o F
T -
— -
- L
7 L
] _
3 % B -
- _
- -
— =
— . [~
3 -
— . -

EPE‘" !'-"ORM 1836-A PrEvious eniTions ARE oesaLeT
SEP 90 UODIFIED FOR CADO 8Y CEMPS :

[PoEST o e 7 OMETER
INSTALLATION

lm

o,
93-RD-115 ;/\ -
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U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLET

ON REPORT

Frojsct PIEZOMETER INSTALLATION, HANSON 0AM
Completion date 6-5-93

Conirgctor ANDREW WELL DRILLING SERVICE
Rig INGERSOL RAND T-4W

Operator ROBERT DEWILD

INSPEeTTOrRICHARD E. SMITH

Depin 394 Uatum 8ELOW GROUND
HOLE DATA
Size: 8 in. to 257.8 Tft.
7 in. o 13g94.0 fTt.
CASING
Type STEEL
Mfr.
Ht. gbove gnd. surf. 2.95

Drive shoe YES (REMOVED DURING COMPLETION)
Size: 8!/ in. to 25716 TT.

SCREEN - 10" THREADED
Type SCH 80 MONQFLEX
Mfr. CAMPBELL
Composition PVC

Diqg. 27 10
Dia.

Fittings:
Riser
.TGHE,,'(_.._}

Length
0.35"

FILTER
SourceBAGS (100 LBS) COLORADO SILICA SAND, INC.
Compaositicon CLEAN SILICA SAND
Gradation 10-20
Inst. method POUR DUWN HOLE
Volume used 12.5 FT3/ 5.5 F13
Depth 200.4 fo 226.1
233.0 to 247.0

T
f1.

GROUT

Composition CEMENT/BENTONITE (5% BENTONITE)
Volume used 1000 GALLONS/250 GALLONS
INnst. method TREMMIE

Depth 0.0 to 195.0 1.
255.2 to 394.0 ft.
REMARKS: THE NATURAL SEAL AT 228.5° TQ 231.0’

(SILT/CLAY) EXPANDED AND FILLED THE VOID LEFT
DURING CASING REMOVAL. BENTONITE CHIPS WERE
FORCED INTO AND ON TOP OF THIS LAYER BY
ADDING 400 GALLONS OF WATER WHILE ADDING
BENTONITE. GRQUT LOSS AT 80°, 55, AND 35’ WAS
STOPPED BY ADDING SAND AND BENTONITE CHIPS,

93-RD-115

WELL DETAIL (AS BUILT)
NOT TO SCALE

=

AN

N

RUBBER HMOSE AND

AR

WIRE OONUT - SHAPED
SPACERS EVERY 207
STARTING AT 214°

195.00°

AN

203,40

R

200.40°  Finime

S.W.L.2175.45
6-3-93

23.00°

thd

223,
22338

24.00
226.10°
228.10°
233.00°

I

234.00°

235.50°

S.¥.L.2225.00"
(6-3-93)

245.30°

245.65°

241.00°
255.20°
2517.60°

283.30°
294.70°

394.00°

.........

----------

......

GROUT

RUBBER HKOSE aND
WIRE DONUT-SHAPED
SPACERS EVERY 10"
STARTING aT 204"

BENTOHITE CHIPS

10-26 SILICA 3W0

-l CENTRALIZER

EL] sENTONITE CHIPS

NATURAL SILT CLaY

/| HEAVE

S . CENTRALIZER

10-20 SILICa SAaND

ks

BENTONITE CHIPS

) GROUT

BENTONITE CHIPS

CEMENT /BENTONITE
GROUT (5% BENTONITE)

DATE AND TIME PLOTTED:

/cenps/projects/cw/hn’gacte

06-AUG- 1923

S

h hrgtt

DESICN FILE:

SO

-~



e e = a—n : Hole No.93-RD-117 '

OIYISION INSTALLATION SHEET
ORILLING LQG CENPS-EN-GT-CE HOWARD HANSON DAM o 4 ;(us
- y— 0. SIE o TYRE OF BT 8~ ODEX/6%~
PIEZOMETER INSTALLATION R

1. DATUM FOR ELEVATION SHOWN  (TBH OR ML)
2. LOCATION (COORDIMATES OR STATION)

12, MANUFACTURER'S DESICNATION OF DRILY

3. DRILLING AGENCY IR_AIR ROTARY -Taw
- ANOREW WELL ORILLING 13, TOTaL 0. OF QVER- {OtSTURBED 'UOISTLRSED
. HOLE MO. (AS SHOWM ON ORAWING'TITLE BURDEN SANPLES TAREW | 13 :

AMQ FILE MIMBER) 193-RO-117

14, ~TOTAL MUABER CORE BOXES

S. NAME OF ORRLER
ROBERT DQE_WILD 15. ELEVATION GROUMD WATER
6. QIAECTION OF MOLL : 16, 04TE HOLE -:5’““54"_ P
2 veRTIcAL ] QL 0D 0EC. FROM YERT. : 5-17-93
IT. ELEVATION TOP OF HOLE
T. TMICUESS oF oveRRuROEN 320° 1. TOTAL CORE RECOVERT FOR BORING :
8. OFPTW DAILLED INTO ROCX  |9° 19. NALE 4M0 SIGHATURE OF WSPECTOR
9. TOTaL DEPTH OF mOLL 349° RICHARD E. SMITH
I CORE | 30X OR REUARK S
cLEvation | pePtH | Lecoo CLASSIFICATION OF WaTERIALS RECOV= | SAMPLE | ORILL WG TIME, ¥aTER
{OESCRIPTIONY Ry 0. NEATeERINe eaeCR 01, 2T o
- L - a . ' 3
CLAYEY ST WITH OCTASIONAL PEBBLES. ORILLED ¥iTH ODEX BUTTON 81T ORIVEM
UOIST AND LOOSE. TAN/BROWN . Y OOWN-THE~HOLE HAMMER CONCURRENT

WITR 8%/, 10 STEEL CASING, SAMPLES
SAVED WERE PLACTD IN PLASTIC JARS.

SILTY SAMOY, CLATEY CRAVEL Fing TO
MDA ROUNDED PEBBLE CRAVEL, ORY @
AMD LOOSE. TAN/LICHT 8ROWN

ORILLING FLUID RETURN_ Stnadady

O=tTFT: Al CIRCULATION
1T-45 F1; 100X RETURN
45-~47 FT¢ NO RETURN

47-17Q F1: 100% RETURN
170=175 Ty AR CIRCLLATION
1T5-285 FT: 10QX RETUAN
285-349 FT: all CIRCLL ATION

20

A5 ABOVE EXCEPT CRAVELS ARE ANGIR AR
CUTTINGS OF LARCER CRAVELS (an0SITE).

30

SLICATLY CLAYEY, SLICKTLT S TY, SLICHILT
SAMOY CRAYEL COMSISTIRG OF PLRALIS ANO
CUTTINGS OF ANDESITE 1NQ 3aS4LT.
OCTASIONAL THIN LENSEZS OF 3ROWM
CLAY/SiL T PRESENT, anD OCCASIONaL

IONES OF LARGE COBBLES.

40

S0

60

Y

|]]l|[|]llfll[TlllIllllllllllllllllllllllllllllllll11111I|IITIInlllllIlITIll]llllT]lllll]lTlllllll

70

AS ABOVE EXCEPT WANY ROCK FRAGRMENTS ARE .
OXIDIZED AND NUMERQUS ORANGISH BROWM POSSIBLE WEATHERED HORIZON o 6%
CLAY/SILT BALLS ARE PRESENT. .

llJlllllJ JllllLLLllllll]lIlllljll[lllllllll|ll_Lll_lllll_l_Ll_l, llllllJllJll llllillLllLLllllll 11

— SAME AS 35'~45° INTERVAL, SILT 4MD $ANO
- CONTENT VARIES SLIGKTLY THROUGHOUT
.
100
ENG FORM (836 PREvIOUS €0iTions ARE OBSOLETE. . [‘ ROECT HOLE

. NO. i
MAR T1 PIEZOMETER INSTALLATION 93-RD-117 ' % :
SEP 90 UODIFIED FOR CADD OY CEMPS
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DRILLING LOG (Cont Sheet)

CELEVATION TOP OF MOLE

PIEZOMETER INSTALLATION

PROECT

PIEZOMETER INSTALLATION

NSTALLATION

HOWARD HANSON 0OAM o

Hole No. 93-RD-\“7

e 2

CLEVATION | OEPTH

LEGDO

CLASSIFICATION OF MATERIALS
(DESCRIPTION)

ERY

-

T CORE on
Recov- | Saaeve
MO,

4 verrs

ORILLING Tinag, :
VATER LOSS, OogPY
WEATHERING, €1C., F smumcm:‘\“

L

>
Sle
1

)

o
[w)

130

140

150

lLlllllllJlLlJlLlllllllllllJllllllllll llllllJ_llLJLJJLlllll

160

watgm Lovey
e YTacq
SsIteM

h 4

LIS 3 K-8

CIT RIED

:lnaculnlulllllilnnllTrlll'llllIIII.IIIIIIIIlllll]lllflllllll

BECAN WaKING WATER O 190

S.W.L ¢ 180,0° $/11/93 (@ 2147

llllllll‘lllll Tllllllllllllll|ITI|0|I||:I-Innnlll'-.'-v-

éNug FORM [836-A Previous comions AR, 0BSOLETE.

UV AN UNNICHN A FINN ay o

]no.:cr

PIEZOMETER INSTALLAT!IO

NO. B
93-RD- 11T Y~



onM @O Ting PLITTDs

16+ 1] (B8

DRILLING LOG (Cont Sheet)

ELEYATION TOP OF WOLE

PIEZOMETER INSTALLATION

Hole No. 9

3-RD-117

PROECT

PIEZOMETER INSTALLATION

INSTALLATION

H

QWARD HANSON OAM

€T 3

ELEVATION | O€PTH | LECEND

- 3 Ly

Q.ASSIFIC.ITIO‘ OF WATER
({DESCRIPTION)

1aLS

X CoRg
RECOV-
ERY

<« 1 q

8ox oR
SAMPLE
L5

ORILLING TII-(_!'A! 3
WEATHERING, €TC

4 vertsy

€R LOSS. OXPTM of
L4 Sto-ncm,

220

CONTIMED

SILTY CRAVEL(SUB-ANGILAR TO SUB ROUMDED
MOESITE AND BASALTY AMD “CLAY. GRET.

230

QATEY SET OR SHTY Q 4V, OENSE ORY TO
HOIST, DARK CREY

QLEAN, ROUNDED GRAVELS OF MIXED INCEQUS
ORICIN AMD ANGULAR CUTTINGS OF Salg,
WINOR $4ND

250

SU.TY, SLICHILY CLAYEY, SAMOY CRAVELS
ANCULAR CUTTINGS AMD ROUNOCED
PEBBLES OF WIXED IQMEQUS ORICIN

AMO BROWM CLAVEY SiL7T OR SILTY

CLAT

N
Y
[e]
pil lllllll lllLllIIlll lllll Ll )iind

~N
[e)]
(o]
l

SILTY SAMD. FinE SUE-WD CRAVELS OF
WXCD (CHNEQUS OQRICIN, BROWN,

270

ALTERNATING LATERS OF SLIGKTLY SILTY,
SLIGHTLT SAMOY ROUMDED GRAVEL AND
ANCIR AR CRAVEL OF MIXED IGNEOUS
ORIGIN AMD SLIGHTLY SILTY GRAVELLT
SAND, GREY.

"~
=
o
lLLlllLLllll_llll LlllLlJ'l 11

29

CUTTINGS OF LAACER CRAY ICNEOUS 20CK
©ESCRIBED A5 2£DROCK 381L.0W ) WiTH
FOLE SREY SILT; DENSE, o FEW ROUNDED
PEBBLES OF WMIXED IGNEQUS ORIGIN ARE
PRESENT THROUGHOUT. (INCREASING IN
QUANTITY OQOWNWARD,

Tl

[
Q

310

llLll_llllllLLLll_lll

ALTERMATING LAYERS OF CREY CLAYEY SILT,
GREY SILTY SAND AND GRLY SILTY GRAVEL
CONSISTING OF PEBBLES AMD/OR CUTTINCS OF
GREY IGHEQUS ROCX DESCRIBED AS BEDROCK
BELOW: POSSIALE CLACIAL TILL

n».n].llll.n|A'|lli|r‘lllllITTlllllllTrrrlllIIllIIllll—[[lllllllllllllllllr]

e

320~

330

llllIIlIJ_lLJlllllLl

340

BEDROCKs CREY ICHEQUS ROCK ANDESITED
WITH ELONGATE GREEN XTLS AND PYRITE IN 4
GREY MATRIX

BECAN DRILLING WITH 4 6% TRICONE
81T WITHOUT AQVANCING CASWG @ 1207

ﬁll[llll*'llll’lfll ll|l|llllll|llll|ll[|fi:|

ENG FORM (836-A PREVIOUS EDITIONS AR OBSOLLTE.

MAR TH

SFP O UNNICIEN CAD FLAN AY FEWT

‘mﬁct
PIEZOMETER INSTALLATION

MOLE NO.
93-RD-117 y —9-
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OAIl &G Ti ASITEDs  88-MQ-1VG 13437

ORILLING LOG (Cont Sheet) [“‘"""" ToP oF vt

Hole No.93-RD-117

PROJECT INSTALLATION sger 4
PIEZOMETER INSTALLATION HOWARD HANSON DAM or 4 serrs
X CORE REMARES
ELEYAT CLASSIFICATION OF WATCRIALS recov- | BT % | oL Tiug, T
AT | P ecno (CESCRIPTION) T | e | TR erR LS. oeptu or
L] » - 3 - ’ ]
340

LOROCK CONTIMUED

III]ITIV

w
o
Yol

$PL ¢ 2137 8/6/93 (0 1491
WLt 2120 S/7/93 @ 3490

B0TTOM « 349" BELOW CROUMD

!-1\.l-||l'|nal)ll‘llllillrr|llli|!)||il,|TTT]|ll

,_llllllllllllllllllJJJllllLl_LlIllllllllllllllllllLLllll[J_LilJ JJllllll

lll||<lll]lﬂ]lll|l1lll|I\]|\|||‘|1T|\|l|- 1 l- IRNRE

- PROJECT . WOLE N0,
ENG FORM (836-A recnious mitios anc wsousTe. . . (BT SOMETER INSTALLATION | $35RB- 117

SEP 90 UOOKIED FOR CADD BY CEMNPS ‘/(‘g::



U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT

WELL COMPLET

ON REPORT

X HOWARD HANSON DaAM -_—
Project PIEZOMETER INSTALLATION 93-RD 7
Completion dgte 5/17/93
Contractor ANDREW WELL DRILLING SERVICE
Rig (R AIR ROTARY - T4W, 8% ODEX & 6%~ TRICONE —_
Operator ROBERT DEWILD i
(NSPeCTOrRICHARD £. SMITH:CENPS-EN-GT-GE b \
Depth 349’ —DGTUM GROUND SURFACE 2.1~ 34 27
|| EEZ%
HOLE DATA . 1
Size: 8.5 in. To 320 1. ISU K /
7 in. to 349 it 1 /
2 3§ P AR A
YoR // o7 IRyt
CASING 37 — | LY 0
Type STESL % // 7
Mfr. / / ?‘ sc:dlﬁmomu/aum
Ht. above gnd. surf. 3.0’ ; / %
Orive shoe YES - REMOVED | L] / 7
Size: 8/%ip _ in. to 3200 fr1. e [ %
—in. to ft. v & / s
in, to ____ ft. / /
7 / %
SCREEN N A7/
Type MONCFLEX, SCHEDULE 30 e L o
Mfr. _CAMPBELL S S| semromre chour 00 <
Compasition PvC Dig. 27 iD 195, 4 22 =
— 2 I PR I 26 P X
Fittings:  Length bia. U <5 B O B 1
e ————— e ———— - ;u.:. ir.““»v F:"
E’CCK@I’ NONE o8, 1- —‘-;-% f@ ﬁ BCHIoMTE (1P
Riser —_— _ 2018 4] —
Tailpipe 0.55"/0.35" 2" i 1=
FlLTER S:s/'véml]‘:'.&“ : ‘lf;‘z:&‘sntécu‘no
Source BAGS (100 LBS.) COLORADO SILICA SAND INC| —
Composition _CLEAN SILICA SAND | =
Gradation 10-20 ) =
(NSst. method POURED DOWN HOLE 220.5'—~ R
Volume wused 35 FT3I97-22T)/29 FT3(233-252) |222.05" _
Depth 197.2 to 227 1. 27 . e
mmc.u.n
233 252 029. 2 oot o
GROUT 233' (6.8~
Composition 5% BENTONITE CEMENT lo:20 saich suwo
Volume used 1200 GAL (0-191/210 GAL (256-347){237.13 — .
Inst. method TREMMIE sl p—
. 871179, —
DeDTh (0] TO 191 'f.['. 246 % . : -
256 1o 347 f1. 247.25—__ T

REMARKS: aLL STEEL CASING REMOVED DURING WELL
COMPLETION.” LARGE CAVITY SUSPECTED AROUND
{QWER SCREEN FROM CASING REMOVAL AND -

RILLING ( RILLIN )
CENTRALIZERS INSTALLED ON LOWER STAGE
EVERY 40’ BEGINNING AT 197’. 10.5° OF STEEL
CASING ADDED DURING SURFACE COMPLETION
AS WELL PROTECTION.

WELL DETAILJAS BUILT)

252
256°

320

347’

349’

$0/30 WIX OF 10-20 SAICA SAND

AND GERTOMITE CHIFS

3% SENTOMITE/CEMENT CROUT

il SETTLED FROM WATER COoLLuM

. . NOT DRAWN TO SCALE

19-AUG- 1993

DATL AND TIME PLOTTED:

/cenps/proiecls/(:w‘)hh/ger-lech SRt aan

'DESICN F¥

<



Hole No.92-RD-118

DIVISION INSTALLATION SHEET
ORILLING LOG J CENPS-EN-GT HOWARD HANSON DAM o > st
I PROJECT 10. SIZE AMD TYPE OF G4 8~ ODEX
PIEZOMETER INSTALLATION . OATUM FOR ELEVATION SOWN  (TBN OR FSL
L LOCATION (COORDINATES OR STATION)
2. WAMUFACTURER™S DESICHATION OF ORILL
1 ORMLLING aCENCY AlR ROTARY
ANOREW WELL QRILLING L ToTa mo. of oven- TOVSTURSEO vy ——
4 HOLE MO, (45 SHOWM ON DRAVING'TITLE SURDEN SaupLES TikEN | .
sea) FILE *MBERD . 92-R0-118
14. TOTAL MAMBER CORE SBOXES
S. W4 OF DRILLER
ROBERT OEWILD I1S. ELEVATION CROUND WATER
. QIRECTION OF WOLE 16, 0aTE WOLE ISTARTED 1273797 <omETD
3 verTicay (O] mcuLined 0€C. FROW VERT. W 2.
1T, ELEVATION TOP OF wOLE 1227
7. THICRMESS OF QYERBURDEN 16, TOTAL CORE RECOVERT FOR BORING z
1. OEPTH DAILLED wTg AoC 19 19. NAME AMD SIGNATURE OF INSPECTOR
9. TOTAL OEPTH OF mMOLE 218
T CORE 80X oR REMARLS
SLEVATION | OEPTH | LEGZND C“”"‘C(‘“m;;'""“"'“s RECOV- | SAMPLE | ORILLING TIME, WATER (0$5. DEPTH OF
O£ 5C 10Ny ERY NO, WEATMERING, CTC., IF SICHIFICaNTy
. s < . N ' 3
- SILTY S4r0. COARSE, JAT. 3ROWN (2/3/92 SET-uP -
= 1274792 0~50 -
- -
5 —_j L —
e -
16 — —_—
- -
3 -
|5 —_— —
— o
- -
20—: =
25 -
- SAROY CRAVELS (271, QAY, CR(Y :
39— -
—~ QOULDER 7. GRET/CALEN -
35 —
5 SANQY CAAVELS (271, ORY, GAEY -
40—4 —
- -
— -
q9 —— 1t mAS, ORILL Tisal —
. 1274797 (0 -
50—
_ .
| 1275792 St1aRY -
3 -
N -
60— -
. - -
n -
65 — SILTT San0, MED., DAY, LT. BROWN —
. z
10— SILTY SarD, wED. COMRSL, DAY, L1, CREY "
— . . . - [:
— R -
" —
75‘?‘_‘ k 4 HAS, DRILL TG _—-
] ¥y 6 WRS. DOwn T (3PW -
= GROKE WYDRAULIC LINE _—
80— -
] -
85 — 12/5/92 ENO —
7 12/6/92 START (2 P -
—] . }_
90—_4‘ SLOQW DRILLING BIT LOCKS LP -
95 —] —
- —
100 L. - —
<~ N HOLE MO,
Et:‘G. flORN 1836~ PREVIOUS EDITIONS ARE 0BSOLETE PIEZOMETER I 92-RO-118
SEP 90 UODIFIED FOR CAOD BY CENPS INSTALLATION .

"



[P,

ORILLING (Cont Sheety [“ETATIH Tor o ok
e
LOG (Con < Hole No. 92-RD-118
PROECT IS TALLATION LT p
PIEZOMETER INSTALLATION HOWARD HANSON DAM o 2 oerrs
: REMARK S
CLEVATION | 0EPTH | LECEMO QUASSIFICATION OF LATCRIALS 0XE | omLLMG Tue WATER Loss. oeri of
(DESCRIPTION) SM'Q £ VEATHERING. €TC.. # SiCafic annt
K] » < L3 . ’ ‘ L] ‘
100 (COMT.s _
1 ST w@g, ORW L Tiug -
7 THAEE MRS, DOWN Ting -
105 — SILTT S4ND, WED,-COARSE, ORT. CREY W/ 12/6/92 40 C_
- WTERMITTENT LARCER ROCK FRACUENTS 1271797 $3amt -
- LATERS (MOICATING 0. ~LARGE BO.DERS 271792 STaR =
“0 jj Y
. C
- =
1S —d —
4 -
: -
120 — .
3 -
125 —
— | amed
— --
:1 -
30— .
- -:
3 C
135 — —_
140—] SITT 5400 INDICATES OIS TURE —
- VERY LITTLED -
4 -
145 — SIY SAMO BECOMES OAY aCaim w/ -
7 IMTERMITTENT AOCK FRACMENT LATCRS 1271492 G z
- BOULDERS)
ISOJ 127892 STeR! T
LEp -
= -
leo—i N
(65% -
D TTT 7T -
170 — -
—
175 — -
p— 1278792 (NG .
: 12,9792 STaRT O 180" -
o CLATEY SAMD W/ CRAVCL SLOW DRILL NG 10 (L&t -
180 — —
= CAMOY CRAVEL -
D SO - -
s -
185 — —
8 - -
3 -
190—] SILTY, SANOT CRAVEL —
3 1279792 ENO ~
ORILL DOWN 1it30 - BROELN -
j HYQRALRIC LinE -
195 ‘j Y -
. . z
— CLAYEY SAND W/ CRAVEL AND ROCK _
- FRACUENTS U™ . —
200—:_ I i 201°-216° DRILLED WITH 6° TRI-CONE, -
= - - © 8" CASING RESTS @ 201" (10P OF -
- — BEOROCKY -
205—]. ‘ —
= - -
-3 ) —
3 . o —
210 — BEDROCK (YERY FRACTURED)I @ 7107 :;é:“m;ﬁs'mn e n
— WATCR SOUNDED N am ON 12712792 |~
3 © 200 FI1, -
218 —1 | BOTTOM OF HOLE @ 216" . -—
- : . R I e e e e -~ ~ . -
b e e | 22O i [ e e 3 . I -
"7 ENG FORM 1836-A_ srevious: eormions ase ogsoutes— - ="~~~ [PROKCE g ieoqipreg - [he mo. -
T WARTE, - ST L ST RS T e T d -AN=118
SEP 90 MOOWILD FOR CAOD 8Y CENPS ~ - INSTALLATION 92=R0



Ue 2. ARV LURFS OF ENG’NEERS. SEATTLE DISTRICT

WELL COMPLETION REPORT

ProjecT PIEZOMETER INSTALLATION, HANSON DAM

Comptetion date 12/16/92

Contractor ANDREW WELL DRILLING SERVICE

Rig IR AIR ROTARY - T4W

Qperator ROBERT DEWILD

INgpectOr 8eN LAZ20, STEVE MEYERHOLTZ

WELL DETAIL (AS BUILT)
92-RD-118
NOT TO SCALE

Depth 218 UCTuUM GROUND SURFACE
HOLE DATA
Size: 8 in. 1o 201 ft.

7 0. to 216 i
CASING
Type  STEEL (ALL REMOVED BUT 10"
Mfr.

Ht. gbove gnd. surf.

Dirrive shoe

Size: 8 '/, n. to o f1.

SCREEN
Type SCHEDULE 80 MONOFLEX -0.020 IN. SLOT
Mfr.  CAMPBELL

Composition pve Dig. 2~

Fif%ings: Length Qia.

Riser - -
A Tatlpige

FILTER

Composition CLEAN SILICA SAND

Gradation  10-20

Inst. method POUR DOWN HOLE

Volume used

Depth 181 to 200 ft.
to ' ff.

GROUT

Composition CEMENT /S% BENTONITE

Volume used

Inst. methiod TREMMIE

Depth Q to 176 ft.
to ft.

REMARKS: GROUT LOSS AT BOTTOME OF HOLE
STOPPED BY ADDING SAND AND BENTONITE CHIPS.
VOLUMINOUS GROUT LOSS IN UPPER ZONES STOPPED
3Y MIXING IN 20 BAGS QF SAND STARTING AT (05’
\NO INCREASING THE PERCENTAGE BENTONITE IN
THE GROUT

Source BAGS (100L8) COLORADD SILICA SAND, H‘J‘C,

—1 3
=
{O°
P z /,"r‘/'/
/’/ /’4
M e
’ . / //
s o/
sl cemENT,
< '{i/,' 5% BENTOMITE
<] GRoUT
& METAL . R
CENTRALIZERS -
 £+ 3
/ _/'
, L
4 , ///
N N
! BENTONITE
CHIPS
EIR -
186" ——
A3 —
“|e-rb10-20 siLica
..". . SAND
196° i
200" — e _BENTONITE
200" ~— CHIPS
205° —~SAND AND
2l BENTONITE CHIPS

NOT TO SCALE

Jcw.hh/gaotach/nngiiid. Jagn

DESION FILE:

28-SEP-1993

DATE aND TIME PLOTTED:

s

/cenps/project
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EXHIBIT B

WATER PRESSURE TESTING
DATA



REPORT OF WATER PRESSURE TESTING
Project HH#D___Fisw FPASSACE STUDY
Hole No. 91/—DD’8O Angle (trom Horiz.) Q0° /‘/‘Lr'f'c“lfL Surtace Elevation [/é L/" 74 / Dats 6/ /?j
Location Bearing - Bedrock Elevation /L 544» Y Inspector Anna CQ"lDbe [/
Coordinates N 2] Caslng Size Y ~inch Meter Type Sheet 4 of A
E (] Static Water Lavel {1) _//fl1 (b'ié) [/53.8°
Teny Tegt Interval Packer Yater Metar Tlme Gage Pressura Dropolf Test Total { Cosing [ Suppiv{ Hate [ Columnf Ner COMMENTS
No. ™2 PS.. I ::ln PSS (P.b.l.GAncf s;l:)- Oeptn ::: H.:t" r-(_;n. ::;-I-
ihare Totel revonds (4 G.P M. n
Top | 8im |Lng Swn Eng Total Stent End Min s Jw Jis | s0 |60 |120)] Fr | Ft (6)
Jo- (25138, Jnn.t|375 [208912[201093] 101 [ payo (2SS 1S V40 1211791131 4171017 113 3.4 6.7 Pump 15 Zpm
b 112818 (.37 Jovue 20955 | 4 |1205]1320) 455120 (43 [ 3l Jol 11413 13¢ 3 v YT,
a2y B tlyars [eveglwriee 222 [jyoolppsl is 10 a7l 17|23 4] 9] 4 [24s] 8./ 15-5 Y X el
25 [29 [3g.2 ]2} 378 [2et132]i09696 [ 164 [ 143y [wins| /2] go | 2ol /9] 17[ 019 | 7 pesT 84 2/.9 " 24S o
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1L3.5126.6 (131132 G [2ioes [uovs2 | 57 [ [1qolucE | 1S (40 [2olyp/3] T 17 14 ]| éY%|a. 3.2 " A 2
sh [(3.5ht.Clisal 320 oswolioroo] 1Mo | (200l 2215115 {0 (97136128112 1eli 3] 6 #12.4 7.7 1 x4 ‘"
bo |75 199851326 (2o lzoug | 7 l1355|imo|ts |yol2l2d4 21| 1210|8902, 0.5 “ (5.2 "
G175 lensls(a2s [ziemaanpi] 22 [ 1420l 351 15 120 l2sli9lis] 2130 200R, {57 0 /s, s "
Da |37S]Io3  isel3so {none otfe] ©  |/G10lie25] 15140 (40139 [37]30l2]2010710. Y4 o3 i s$.6 N
7h g2 isthso |weiTlaemil o [nuasiesol s 9o [l 338127 i lz]g.Y 2} ” /5.6
a_llous [u7 fuslzce |20757 f210951 | © 09% ool 15~ | 4o 131 (2724121118115 ho3]2.¥ &)
2 has {17 1451300 (uo?st LTS &  lo9is109301 15 120 (401371341271 22119i0318. % )
Qalislhzeglwm3300 | oLl ©  lio30 l1oys™] 15 1o [z 7[00 3 1] 2421|1038 Y o)
TYPICAL EQUIPMENT SKETCH ' NOTES {1} Use comments space il changes occur in the static {4) Cont. - the supply line diameter of length, or packer
water level during tesling. is changed. This data will be used later in the office
(0 calculate supply line pressure.
{2) Test each interval al two ditferent gage pressures.
SUPPLY LINE HOZE : (5) Gaton = 11+ 7.48 = titer x 379
{3) Give accumwulative total fength of supply line pipe
exclusive of supply line hose and packer assy, (6) Column Pressuce {P.S.1] = Vectical dist. (tom gage to
.o the smaller of packer or static water level x {0.433
SUPPLY LINE PIPE {4) Connect packer 1o supply line hose on horiz. surface. PSS/
- Record gage pressure tor flow in §g. p.m. incremients
) I to 30 g.p.m. on back of this torm. Repeat each time {7) Net Pressure (P S 1) < Gage Press. v Colusun Press. -
Supply Line Press. (This is the actual internal pressure.}

MPS FORM 140 {EM 1110-1-16801)
JUNF 18R 1
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REPORT OF WATER PRESSURE TESTING

Project A/ H P Fish Paﬁs‘e/ie Sﬁ(:&/

i

Recard gage pressure for flow in Sg9. panincrements
10 30 g.p.m. on back of this form, Repeat each time

. :iolc f'VlO- 94 —DD -0 Angle {from Horiz.) 900 C(/tr“hc.a l> Surface Elevation //’/?2/‘ Zé 4 Date 7/ /7251
ocation Bearing Bedrock Elevati - n
Coordinates N [e]] Casing Size T nch ler:cnp:va ion : Isr.lls:):clor Zﬂ/z):f ol ml/—gxfwﬂ*
005 71- f=<t b ’ *
3 Static Water Level (1) _ < 2 s
1;‘-1 nﬂlmll P:;lxl« Water Meoter Time Gage . Prossure Deopult Test Totsi [ Casing | Supply ] Asta | Cotumn] Net COMMENTS
0 -—r2) S clm P.S.). {P.S.1. Qays - apt ne v . foss.
K ool ' . uf T:lpl feen ::-u. flo:v 1:)' :s.u.
ilare Total seconds (4) G.PM. n
Top 8wm ann Sun End Totl St '} Ena Min [ 10 16 30 | 60 | 120 (6)
9}, [1n6.5]130.811.3]3c0 |2007 |20075¢] © 1100 [N IS | Ro |¥313R I3 20 |21 |2t tiz2] 8 Y o
WDoliazshwtqlngl3ee |rorszlaasy| © 11217 L2l 18 14o 3513, 121 |3) BoBBoli2 818,y )
& l7.5 Mgl 300 [oreoluo%o| o 1228 (1233145 | g0 110 (67|63 o [S7lsolrzg(g/] — | O
lellt3s 152,91 y] 300 uor90friosti] 21 |1430 WMST) IS 140 31|30 |30]27 2eRelmyl 8y [y
i, (asliszlmd3ee ioss 7 lvope] 79 sz 1Se2] s | %0 Tis|757| 25720 |6 7]0 ol ] &Y s.3 :
T N o AN
12a]i6¢ | 1L5]9 | 300 [2oP67 | 107! +Y |lozploes| i | %o |22 |2 |21 |20l/R 15248, 1. b Flucluafing qa0¢ 10-00ps] rangp
2blige] 1519 [Beo lzuostumae | 25 lor3glorso] s Bo lqoleglegll 31595 1t 8¢ s. rve~ '
TYPICAL EQUIPMENT SKETCH NOTES (1} Use comments space if changes occur in the stalic {4) Cont - the supply line dismeter or length, or packer
waler level during testing. is changed. This dala will be used later in the oflice
to calculate supply line pressure.
{2) Test each interval at two different gage pressures.
SUPFLY LINE HOSE : (5) Gallon - 1> +7.48 = liter x 3.79
{3) Give accumulative total length of supply line pipe
exclusive of supply line hose and packer assy. {6) Coluimn Pressure (P.S F) = Vertical dist. trom gage to
L the smaller of packer or static water level x (0433
SUPPLY LINE PIPE {4) Connect packer to supply line hose on horiz. surlace. PSS/

{7)

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

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

o
W




REPORT OF WATER PRESSURE TESTING
Project 44/D_ Fish 'Passeﬁs__.\_?ﬁﬁ;{
Hole No. 94— DD - 8' Angle (from Horiz.) 9O° (VQT{\Q&[ﬁL Surface Elevation 122 Q,:?F?_ Dute 23 AE - 9 (/
Location Lerr ABuwTMENT . Bedrlng e Bedrock Elevation 1[97; SPT' spector 4"303:41 (1178 Af’d
Coordinates N W%__ Casing Size - LXa ;“\ rD Meter Type i Sheet / of ./
E l, 3,‘ 128, 77 Static Water Level (1} 43024’ // 89-1
Teut Test Intecvat Pacher Water Mater Time Gege Prassure Drupoll Test Tousl C.unu' Suppiy| Hate Cotumn| Ney COMMENITS
Ko. —th___mipy PS.. cim PSS (F.5.0. Gaya) plee [Depin § Line ot PS4 | Press
:-o veconds, 1) P(nu. Flow (6) FS.H.
ters * Tots 4) M. (
Top 8w |Lng Srary End Touwl Stary End MlnI [ 10 15 a0 60 120 * FT Gl:)M ,
(o ARLS|143.4x4.11325 [2009Y |2i07¢ | o  |nao liaas”]| /s |40 [37]3al30[27|221291/30] 23 b | s¢ 16. G Pusw & PH
1h [129.943.6 K. (|325 | 210957 | 2,015 © |1a%s 13c0] 18 | 2017221 12|7¢ | 20]6b|61]130] 23 o | s5¢ Lo -3 Paip GPAM
e | 1434)56,2Q13.2 325 Janoo | 2195] AT | 130 |18 1S | Yoo 43923 KB2l6e2 Test tocmunaked al /7. S mim bocause
2b | 3.dise.2)i3.21}328 Jansas j2nrsol 375 | es|ises.5)/3.5180 | © 1435[ 13 17.9] 62 pump cant mect demanc)
3o lifSshie. It 325 [azeo212¢83] 243 leslitiel 15 [4olo 15|23 12517
b [1555[110]4.4325 [nazed2izred 4éo [ons |o730] 15 |§O |0 156123 Fo.7 7
d. 6a51178.9] 73]325 [ v325[2Mee0d 175 [ogs5 |pate | is |40 (0 170123 1831723
yb 12295111821 23] 325 |amaes |24150) 385 |0q20|0985| 1S5 go1:71/0 216 lo 110123 25.7173
Sali725[190 ln.51325 [201781 {28800] (7 [lo40 o5 | /5 |40 13¢ |37 (30| 2612/ 12 17823 /3177
Sblnp.sl 90 Jn. 325 2855[ uiga0® 193 Lulo {11281 /5 180 ol39 [3C 13712/ /3[172]2.3 2.2177
N % Esfolod_ 728/77
- TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space il changes occur in the static {4} Cont. - e supply hine diameter or length, or packer
- ’ weater level during testing. is changed. 1his duta will be used later in the olhice
W calculdte supply line pressuce,
SUPPLY LINE NOSE {2) Test each interval at two dilferent gage pressures.
L \ {5) Gation = 1 + 7 48 = titer x 3.79
{3} Give accumulative total leagih of supply line pipe
exclusive of supply ling hose and packer assy. (68) Cotunmn Pressure (P.S 1) = Verucal dist. from gage to
Cl the sinaller of packes of static water level x (0433
SUPPLY LINE PIPE GROUND SURFACE BYPASS VALVE {4) Connect packer 10 supply line hose an horiz. suiface. PSS /My
0" Record gage pressuse for flow in Sg. p.ninciements
l | | PIPE DIAMETER 3{ 4 to 30 g.p.n. on back of this torm. Repeat each time (7) Net Pressure (P.S1) = Gage Press. ¢ Column Press. -
Supply Line Press {This is the actual internal pressuie )

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

»

N
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REPORT OF WATER PRESSURE TESTING
Project HHD FisH PASSAGE STubdy

Hole No. QL/— Db-¥<2 Angle (from Horlz.} 900 ‘/e ‘;r""“‘) Surface Elevation [R06. 3 ‘)(P Date 1/ //? e
Location Bearing i Bedrock Elevation Z;LD»—? -2 lnspectos Anna ?“*‘/3 EP/[
Coordinates N o Casing Size LAl - Meter Type Sheet { of i
E 2 Static Water Levei (1) 35.6 /70 .87
'I:n Test nterval Packer . Water Mater Tima Gage Piressure Diopalt Taest Tatel | Casing | Suppiy | Rate § Column] et COMMENTS
o. h__m P.5.0. clen PS5, P.S.1. Gaye ipe opuly ne o S Pross,
@ 2 [ (ara l v‘:“ ° :;:ua. Flo‘w P(:)l PS.L
leers Youl secondse (4) G.P.M tn
Tep awm {Lag Sun End Touwl S €na Mia 6 10 16 a0 { 60 120 15}
Jo |0 lis2.5lia.g[270 |2m3s f2035] © e || /57| yo 3g [8Y13¢ |32 29 ¢ /syl ¥ Q Furp 1S qpm
15 liyo |is3.s[2sl 270 2023 [2uns| © [p2s|nwgo s 1 golb3lei |eo] s3]y lisi] ¢ ) TS I
r1a_ 1152 ]146.1 114 ]]200 Jowud [ 2mvug | © o235 |egto] s | yo|3r |3 23027 ]22] /S6% i < " /4.3 !
2b 152 [/bb {300 [2mud [2nyy | © [os2elopas] sz | go 4819238134 1272112 ls2.4] 4 O YA '
3o 1655 17941391300 Jzinsd | vuyg o] jo 10 lo2g” /s |yo 138 383 3"‘ 3} 3 /L¢ 7 o " 1) Y
3L |Iks.50719.4 1139 300 [2nwq [2uwwq] ©  |inz s [joso] 4s [Be |4o|3€ 13¢|3) |30]26 4 o /! [0~
Y4 |n1.511925])5.d300 J2usS | nss| © |(220]12361 15 | yo BB (3232 130120130128 ¥ (@) ! +3.7 4
4 112,8]192.5]is.0{300 |2mgs |2ngs] ©  |1245}1300] 18 eflezle2]6llelsTlngl & (@) r 1335
Sa_|/§8.5]200.]13.9]300 hmeo |2wio | o 14157 p30] 15 Yo [pol2F 25123 22122 [ /87] ¥ ) /! (3.57
sb lgt.sleeaq 139|300 Jawmuo Jzmeo | o [yyyoiyss) )5 | 8o |59 159159186 52]99]/29] & O l (2.3«
e Insfro lizs|z757 |2mub |20 © | /610 I )5 | o |2¥ 22|21 ] 20l 19| /7| / 98] 4 [@) " A
Lhliraslzie Jzsl275 Trwer(ame1] o /eYoliss] 15 | Bo (4o]39138 |27]|371321198] + a " 3.8 U

SUPPLY LINE PIPE

TYPICAL EQUIPMENT SKETCH

SUPPLY LINE HOSE ~

GROUND SURFACE

l -—E PIPE DIAMETER Y4-inch

NOTES (1) Use comments space if changes occur in the static

water level during testing.

(2) Test each interval at two different gage pressuses,

{4) Connect packer 10 supply line hosg an horiz. surface.

BYPASS VALVE . )
Record gage pressure for flow in Bg. p.miincrements
to 30 g.p.m. on back of this farm. Repeat each time

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

{4) Cont. - the supply line diameter or length, or packer
is changed. This datla will be used later in the otlice
1o calculate supply hne peessure.

{5) Gallon = 1> + 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
PSSy

{7) Net Peessure {P.S.1) = Gage Press. + Column Press. -
Supply Line Press. {This 1s the actual internal pressuie }

NPS FOAM 140 (EM 111011801}
SUNF 19R1




REPORT OF WATER PRESSURE TESTING
Project _MHHD FisH Passace <Tuby

Hole No. _i“{' oD - 83 Angle (from Horiz.) —’oo Surface Elevation /1 4 ‘/. 8/0 Dats 3/3//7Y
Location SPiLL oAy Bearing Duc w‘fﬂ— Bedrock Elevation (Lo, §/0O inspactor _Anna Campbe//
Coordinates N Eg]:: Casing Size H-inch . Mater Type Sheet { of . /
E 2 Static Water Level (1) 562 dounhole = 53'V¢¢-'Tnl—ﬂ EL /057, 67
1":-1 T ou] 'I‘nl-nul f;ch-, Waler Metes Time ’ Gage Pisseucs Dropotl Test Total | Caslng | Supply] Aste | Column|] Net COMMENTS
o. —_— S.0. ctm PSS, P.S5.). Gage ipe | Dept e o S, 1o,
R'n /c. Dea')h z 0al e “? p(:l . ::—. Flo'w r(:)' :_s_n_
7 Niers Totet seconas (4} GP M )
Top Bim |Lng Sunt Ena Touwl Sun End Min 6 10 16 kT+) 60 120 Fi’ Fr (5)
o lize 13371371225 | 1% &q 45 lide3 Vg 1 1S 1Yo lyolwo 4o l39]3¢|25]si |35 3 ] 23 Prowp /b gpm
b lr2o 133 7l137] 325 | 9 231 | 185 [it22 liyaq )15 |80 Jeo|Solys |yol|3ei30]| 51 (3.5 25|23 vt
%1 133 114250451275 | 6o &4 y fieqo [1e49] q lue ael2ojg |5 O 1o 15y 3.5 o.Y 123 0o e .
2L 133 T mgclisl27s 1 29 livas | 713.5 |otao Jauzc| 15 |80 |solro |38 20|20 |y |3.€ 6.9 |23 z /3
a|1ve osns|21s | 4t - | 55 o935 |ogse| 7S |40 o |0 oo o]0 |51 [3-5 3.7 123 M
3b [14¢ o518l 295 | 49 181 1132 logsslre [ 15 180 leo]l 30lo | islolo I5/13.5] 2|3 oo /3w
o160 1113.3]/33] 300 | S5 1t | 129 Ji2soliz¢s | s 190 oS g ig [1sliolio]lst |35 3.6 23 0L
Ut [1e0113.31133 300 | 4256 | 183 11325 [1250 [/1305°1 15 |80 (7S 60| ol3713222] g/ [3.5 3323 ¢ [le U0
S=17131826nybl325 | 24 so |29 lgsolsmsvs] ;5140 lrolig lis|iol glo |51 13.5 + |23 R (3
sb i 732 bhitl32s | 69 | o1t | #2 lLigsoluos|ys |8 lesleo]sc]vyzlzoltz]sl]3.5 3 1213 w43
a 19 7lac0.flis a5 | 79 |is2s5 | 73.5lowso [ogos] 15" 4o 130|252z 22 19]i¢ [/ |35 s~ |23 I /3
bbl/g7132.9]1394275 | 97 270 | 173 lo9:$ |o230] 15 | 80 |58]52 | ]ye|u2]3Y]si [3.5 1.5 23 o T
Jal2eofzoshes]23e | 37 1S luss Ting [nay lio fqo f22l2{ )19 Y470l 0 |5 [3.5 6.5 323 . T
b [200 fr1e.g]i0s] 27 4 1 90.8 205|129 [39 |10 | g0 |eel¥2|30 272 (8 ]at (2.5 s |23 " e "
. o7 [t2o 13 {325 [ ga.5 | 89.5| o [u347i3s2| 5 4o 2712t |20y 1217 |51 .5 o |23 ¢« 43 "
ghlzo7 Jrro [ 315l 90 | 9081 0.5 [13sg l1e2 | 5 |82 163 3l gl 2151 s O.f 123 - r3 N
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments space if changes occur in the stalic {4) Cont. - the supply line diameter or length, or packer
water level during testing. is changed. This dala will be used later in the office
to calculale supply line pressure,
ok {2) Test each interval at two dif!erénl gage piessures.
SUPPLY LINEWOSE __it.§ T2 R702 25’ S (5) Gallon = 1%+ 7.48 = liter x 3.79
(3) Give accumulative total tength of supply tine pipe
s exclusive of supply line hase and packer assy. {6) Column Piessure (P.51) = Venical dist. from gage 10
- the sinaller of packer or static water level x {0433
SUPPLY LINE PIPE GROUND SURFACE BYPASS VALVE (4} Connect packer 10 supply line l.\ose on hm.iz. surlace, BS/g
RAecord gage pressure for flow in 8g. p.increments
| PIPE DIAMETER 10 30 g.p.m. on back of this forin. flepeat each lime {7} Net Pressure (P.S1) = Gage Press. + Column Press. -

Supply Line Press {This is the actudl internal pressure )




REPORT OF WATER PRESSURE TESTING
Project 44D _Fish Passepe Strdy
Hole f:lo. 9‘{' Db -‘8‘f Angle (from Horlz.) ?Do C \/C'\.’TICQ{l Surface Elevation [(235_#__*0‘- - Date j/—i:/?l'é
Location Bearing i Bedrock Elevation [0 35 044 tuspecior _Aana Cewp be/f
Coordinates N } Casing Size S . Meter Type i Sheet / of i ya
€ _ Statlc Water Levet () 22 by 12" belewo gage &L 1026
Tan Test Intecval r.;k-: Water Meter Time Gage Prosesurs Diopotl Test Taousl [ Costng | Supply H-u. Cotumn] Ney COMMENTS
No. —_—t M rS.l. - slm P80 .5.1. Geye ipe apll ne o 5 (wes
@ - . e o CE3 R P [Pl IR s
Wters Toui ueconds 4 |cem n
Top Bwm JLog . Steny Eng, Toual Sun Eng Min 6 10 6 20 60 | 120 {6)
Jo 12,5 |48 /84200 |w3gss |r039s4] &2 1515 |IS30 I:s: yoliehg 131/ 1o 7.0 4,61 /-6 Puwn 75 gpes
1h [¢.8 PIFUg3|200 [achort fronoee| © 11543 1ss8| 1S |20 /g2 ¢ [H o 20 o |16 Pump 160 9pm
4 139.¢ [i5]r00 Boqi70.|z04297] /05" |08 Jo933 ] 45 | w0l B8] 3 )/ | O 24.9 7 5.2 N
26 |24 [3%.1 5.1]re0 [arres|eoviia| 9.5 let40 brcs (15 |20 9 O 14.5 6.1 [ 5.2 Pivo & "
- . L~ L4
34 137.5051.2-114.71 32 |amiszs lean B | 143 (0950|1005} 15 |HO | O g 9.5 |s.2 Powpg 122
7.0 [51. 2] 19.71328 [204324 fes174] 355 [10012- 102216 8O 11019 |6 | { O 32 23.7| 5. % mp 2% 0
425 163. 711300 |2053:13 |rossot] /92 |22t |1230] 15 |40] O S50 12 15,2 Puap 15 ¢
28 1t3. 7142} 300 hos7eohar 96| 267 1245 [(300| 76 [BO [ O 5o 129l s,2 gy 23 T
2 1794 11611325 loeiaz Roe3q9 1 204 li¢sslissol ¢S 1o 63.5 13.718.2 omp) 17.5 U
3 [M4.{|/t(]325 [20e410]2007¢8] 2L 98 | /52o)iS3 /5 |go o 63.5 20 5.2 }Ei_,&',) 22
o | 7€ |88 101300 [20m00 o312 | 212 |0707 |0722] 1€ |40 | © 73 ¥ 195.2 foak — Packer nof sealed
Lh 178 1881 Vou[20p [zomio i [o1v0d 394 [0730|0747] 15| Bolo 73, 2L 5.2 ‘
27581100 |i1.5|300 26741\ [208297]| 254 |/020 |1035| IS| YO | O 88| — 1.9]5.2 Hdep 224 gpPwmA
bler<) 100 lit.sl 200 l208460] 108820370 | oy |l1e0 |75 | Qo017 1B IO sl — 77| 5. 2. H(";fﬂ 30 vfﬁ“"
-
TYPICAL EQUIPMENT SKETCH NOTES  {1) Use comments space il changes occur in the stalic {4) Cont. - the supply line diametes or length, of packer
t water level dusing testing. is changed. Thus dats will be used later in the of lice
Lo calculate supply hine pressure.
(2) Test each interval at two different gage pressures.
SUPPLY LINE HOZE (5] Gallon - 1% £ 7 48 - e x 3.9
(3} Give accumulative total leagth ol supply line pipe
exclusive of supply line hose and packer assy. {6) Column Piessure {P S 1) = Vertical dist. from gage to
) l the sinatler of pacher o stauc water tevel 2 {0,433
SUPPLY LINE PIPE GROUND SURF ACE [ ) 6ypass VALVE {4) Connect packer 1o supply line f\ose on I\or?x. sut face. PSS/
flecord gage pressure for flow in Sg. p.anincrements
I | m§r: OIAMETER 10 30 g.p.m. on back of this form. Repeat each time {7} Net Prm_me (.S 1) = Gaye Press. + Column Press. -
Supply Line Press {This s the actual internal pressuie )

NPS FORM 140 (EM 111011801}
JUNE 1981

o))

.

[N



L=

Projecl wub T NVewmg d S udy
HoleNo, SH-DO-B K Angle (fromn Horiz.) a0 (yeetuial) Surface Elcvalion W 09§ Date Qlrafaq - Arsfay
LDCB"?“ A5 \;;‘- S Bearing o~ - Bediock Elevation Lihy . orS Insprectos _ N payae S oy r e gl
Coardinates N i L Casing Size DR _ Meter Type BTy AN SN Y A3 Ve Sheet N of \
E . Static Water Level (1) MS —ne Lie,
Yot T @t Interval Packar CPNs u Meter Tlma Gage Powssuse (3ioputl Test Yol | Casing [ Supply| nate | Culumn]| Net COMMENTS
No t_m2) PS5 EN rSsih rs.1. Geusl pibe fODapn | Line ol eS| Pren
X gal cona (%] Piess. | Fiuw ) (- NH
liwas Total Geconds @ | Gem n
Top 8wm |iLng Surt Ena Towsi Slant Eand Min [} w 15 a0 | 60 120 5)
lao | U A\ 1491310 Jonaread vt oy 1V0My [\Qen [ro Jrs TS9O - n ) o |2y
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TYPICAL EQUIPMENT SKETCH NOTES (1) Use comnments space if changes occur in the static {4) Cont. - e supply ling diameter o¢ length, or packer
. water level during sesting. is chranged. This data will be used tates in the uffice
: w calculate supply dne pressuse.
(2} Test vach interval ot two difleient gage pressures.
uep 0 ) SWC i Y
SUPPLY LINE H :E {5} Gallon = £1°+ 7.48 = liter x 3.4
{3) Give accumulative wwial length ot supply line pipe
PUMP exclusive of supply line hose and packer assy. (6} Colummn Pressure (P.S 1) = Verticat dist. trom yage 1o
' the smaller 0f packer ot stauc water level x {0,433
SUPPLY LINE PIPE i f i ., :
GROUND SURFACE BYPASS VALVE {1) Connect packer 10 supply line I.\osu on .ho‘.“‘ surface. PS.1/t) !
- " Rocord gage piessute for Hlow in Sg. pim increments
| | PIPE DIAMETER \ 10 30. g.p.n. on back of this form. Hepeat each tinie (¥ ltlel Pressure {P.5.1) - (?auc Press. ¢ ACqumu Press. -
‘ Supply Line Press. (Thiy is the actual interndl pressure )
NPS FORM 140 (EM 1110-1-1801) i . : i s
L JUNE 1688 . ML . L
3 L —— c ) - - .



Pl‘O]eCl WD Towwg R sy by
Qe - DD~ . . ~ ‘/) -
Hole No. el Angle {irom Hariz.) no - (eche Surfyce Elevation NS89 7 Date alvdad
Localnfm BNu® Towe Bea-ring . Bedrock Elevation 057 (¢ spector Ay iaa S s Dry oen
Coordinates N ’0 - Casing Size # Meter Type Koveuderr WV E% vt wiehe Sheet \ at \
E - LY Static Water Level (1) Wy Y
Temt Teat Interval Packer Watsr Mater Time Gage Presause Dropalt Tase Tocal [Castng § Suppiy [ Hate {Culumn] Net COMMENTS
No. \O_n___mgy £5.0. ctm kS, (F.S.1. Gage) plps [Oapin | Line ol PS50 | Peess
[y Sy 7} ’ s @ Proa. | Flow | (6) BS.
thers Tou focpnas W fcem mn
Top | Bum jLng Stan End l Total Stary Eng | mun 6 fiwo Je |30 ]so |20 (8)
\a [~ ™7 |0 |vag Joovazgoeane] © Qs Jogic f 1o | 1S ] 0] © Y 123 g O |un~ voers € o4 o'lona
Vo J2n o 2o 150 powm oy [ o 0ol Ovsiio Yol VWl o) — TP i~ ns O v~ -
3
4 1q | \O NG S uooarid © Onaal oand v [V | O 2 (@ O [ 5. N e AN AR TS S \1|
1y | g [0 heo POy onianl O | qaugloses) Vo |20/ O] L jw!l o (Wl B DN SMean tanng fewegved
X =3
3.l | \A[re] im0 S S |o AP ey NER e TED
B 7
- N s N de T p A2 A YIY Y QT
QO Seoa g hal
N
TYPICAL EQUIPMENT SKETCH NOTES (1) Use comments spacs if changes occur in the static (4) Cont. - the supply line diameter or length, o1 packer
waler fevel during testing. is changud. This datla will be used lates io the office
1u calculate supply line pressuse,
/ {2) Test each interval at two different yage pressuses.
SUPPLY LINE HOSE 1o ' ! . {6) Gaton = 1%+ 7.48 ~ fiter x 379
{3) Give accumulative total length of supply line pipe
! eume exclusive of supply line hose and packer assy. {6) Cotumn Pressure {P.S.1) = Vertical dist. from goge to
. the stnaller of packer or static waler level x {0.433
SUPPLY LINE PIPE — {4} Connect packer 1o supply line hoss on horiz. suitace. P.S.0./M)
BYPASS VALVE ‘ !
Record gage pressuse for flow in Sy. pim Inciements
. | 10 30. g.p.m. on back of this form. Repeat each time (7} Net Preasure (P S.1.) = Gage Presy. + Column Press. -
Supply Line Press. (This is the actual internal pressure )
NPS FORM 140 (EM 1110-1-1801) it o
JUNE 1081 '
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REPORT OF WATER PRESSURE TESTING
, : Projec[ Fish [nc:/:J[y Tawer/ unn(.[
N Hole !rJo. U -D ‘;; 27 Angle {from Horiz.} fff\ Surface Elevation 1es.7 Date 5/‘1/?4
: Locau.on _tézﬁ"‘t wSen D o Bearing N/[ﬁ Bodiock Elevajion 1e.7 hspecior ﬁ?k" [
Coosdinstes N Casing Size AR TR X Meter Type 34 x fune. Toded THE“O Sheel 1 of Z
£ Static Water Loval (1) UsB Las s/N *1\-089"\‘%‘7520 M)
(Neptina c NYNE
T'::l I-u:‘m_u::‘lu' f;;l:t Wu'u Moter Thine f;u: l‘lo:uuu Dmpo;l Test Tutel [ Casing | Supply| Heta JColumn| ties COMMENTS
. NN ctm EHE P.5.1. Gage ipe | Dupth ne © 1=
Z el --con:u p(:‘l)l - :r.-u FlU'w ';:l.l- ::i i S‘UL 4
Top Bum Jing Sun ':::;l Taouwi Stan Ena TA::;. 6 0 i 30 | 60 | 120 * Gi:iM ”) 3%?-‘ %;—.“f‘ FLII:I;‘_@""") lg;h;(;—:c
|y haqalisie| o iidoo 1920} & . VisH-eqisvenst a | 4S5 [32]28 J2¢ 122 eg)12 /s, -3 Ju=47 o __— —
2 llof. Hl1a0.0li5.4| 110 | 1835.0|1930.4) 5.6 llozmlle:i2nl 5 | 45132129 (26 {21 |is |10 l108.7 /-1 s/ = 4.3 /-7 = S
' 34 |9£3|inelisa] 1o [js93.0 [185s.2[13. 2 [karulksza] 5 {so |37 |34 [30 |2s [ [0 [98.7 2.6 Sa= Y.y — — 12.4
38 |93 |fogglise] 110 [1Rsb.o | 1962.4] 6.4 |wisiac|wpoc]| S |25 |20118 |16 |13 Jr0] 6 [98.7 /.3 RN
| LA R 9t 7lsH e [B710.6 [ (3en.1]30. 7 {izisfrousd (0 {61 2 (59 [50 [52]4e |34 [88.¢ 3.7 Sl 6 = - 357
’ ! 48 39791715 e [1vo. 0] 192%7113.7 e qimgu 10 |32 (30|27 283 [2¢]zs5T21BRe ¢ YR 3.5 — - —
Clo : : : : : : .
Cil e saled ve Jnge-e l/gss 7l a3 7lnsidowed o Jos fflcelse] s5lve 4o 184 2. Y445 2.1 /2.6 —
: 58 174.1180.7|ise] 10 V2537 195800 42 Japyudizsed 5 |30 |30130 29127 |25 |24 [1€.te 0.¢ JeS - Pl —
i =
TYPICAL EQUIPMENT SKETCH 'ff Packer /t41‘/h = .8 R NOTES (1) Use comunents space if changes occur in the stalic (4) Cont. - tha supply line diameter or length, or packer
y: .ﬂ:“t‘f‘ @*—) . g:;l{ S-.’,[,(7 L.N waler level during testing. is changed. This data will be used lated in the office
‘I’“ , Lo .20 to calculate supply line pressure.
SUPPLY LINE HOSE /g/:' ?@é/;’,' 55,00 Bean Ror .(;35 (2) Test each interval at two different gage pressures.
' . 1‘1';\ J ) (5) Gallon = 1% +7.48 - tiws x3.79
m = {3) Give accumulative total length of supply tine pipe
1 PUMP exclusive of supply line hose and packer assy. (6) Coluinn Pressure (P.S 1) = Verltical dist, from gage 1o
GUPPLY LINE FIPE ] A 1-5' . ‘ lhe. sinaller of packes of slatic water level x {0.433
| JUPPLY LING T—vroudio suarace GYPASS VALVE {4) Connsct packer to supply line hose un horie. surface. PS4/l
¢ o z o “) Record gage p:essu.u_u for llgw in Sg. pitn incrfnufnls 0 et Presso . © Guos Press. 3 Colomn )
PIPE DIAMETER Y (1 10 30. g.p.m. on back of this torm. Repeat each time {7 e (PS1) = Gage 3 Press.
: Supply Line Press, {This Is the actual internal pressure )

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




REPORT OF WATER PRESSURE TESTING
Project _Fish Fa Cf/nfy 7o wt/f/?u ane/
Hale No. - ~ 8 Angle {from Horiz.} N/A Surface Elevation //" 7 Bute LF‘LZZé/O /(
Location _fedar OuG on Asy?  Bearing H/A Bedrock Elevagion /6. 7 Inspector Z e //I
Coordinates N Casing Size £ XD o _5” Meter Type iﬂ.’[i .N[ﬁl‘i_ﬂ_L_tlf'de" [_ﬂ/ Sheet
E 3 Static Water Level (1) /Lo 625 Bea S/\Jﬁ‘ o730
T et Teay intorvel Paches Watlssr Mater Tiine Gage Pramuie Divpolt Teat Tutel | Casing § Suppty] Hute Column | fiet COMMENTS
No. t__m(2) PS.L clm LN R Ww.5.1. Gage) wipe [Dsp | Lice wl FS ) Fius N
981 " 3) Pewsa. | Flow 6) PSt AL“ S ~O
liters Total suconds (4) G.rMm n ve ey ;n\ by oy
Top | Bun [Lng Swt End Total S €au | min | | 6 )i Jis | 30 Jeo |20 () &s. 7/; ?(«dnﬂot o ofy
A 31209 liseliio | 19es, oloée.5 | ¢.5 [ osikedenzod 10 |55 48|44 |40 133 [2y |1 1685 aes =42 o /3.3 /Y.¢
8 |&.3179.9 bse| 1o [1967. 019708 | 3.8 |losevte w|lm |35 ve ]2 | ]2l |/ 12148 5T 0.38 =42 —— /5.3 /(58
A Iss.ol7e.Clst] foo [/12.3 1117801 5.2 lagqleaseal 1o |52 |4 |27 135122 i ogy o.58 Yy =3¢ oo /fz /5 T
18 1550 |To-Lisy| oo 11189 |1181.0 ] (. letesri|evewi] ¢ 3¢ |29 |2 25 |20 |40 |10 |58 ¢ o> 18 &;3-‘/ A /5.7 7./
79 o lsue [Ife]joo 119809 1/9928] 19 |etzegelotsx] (o 150 Juguz [39]3Y]2c helrny 014 Ye=3Y 1.0 /B P aa
o [s9klssi] oo | 1227.d 1951 0-5 [otsus]atreyst & [2s |25 (23 [ L ]ic Jizy o.10 z( 3y - /5.2 15.5"
94 §32.8 [48.Mpstl/o= ¢85 3 1/s57L | 2.2 logsdiecliessica] 10 |SZ USRS [HL{3¢L [28]20[3¢.3 .23 é:j,s‘ 0.9 /3.7 /%Y
926325 |y |isy] /e 119821 | 15823l O-€ lisaniedjome] ¢ |26 |23 L 22| 20| 9|/l %3 kn- (0 sla =25 — /% 8 /5.2
wd [2iql375k58] 80 [ 2032 [recmimaltsp lpesip] — | —|25 | —1— 3 - _{»Z‘{ Ao  Suspected /e.[M//
o8l |32515¢] 00 {2200 [zHelS | 264 S TopnSoys:sj 0 |20 €T [S | 2]o|—hs3 .1 T =34 WO /N
/‘/“t:t K«—tjok_ 5YQO<
Il 1o glze . qlisy &0 251001 1780.02T70 |iosss] 053] 10 | 15 O 14. 2 270 Fe=3F — s —
HISTe0 Paikers 0¥ Stae ,2.3 é;s
- Watli, Ve LV o~ 575 {‘4 ({
TYPICAL EQUIPMENT SKETCH NOTES 1) Use comments space if chanyes occur in the ststic {4) Conl. - the supply line disideter o (en_;&/ul packéf
water level duting testing. is changed. This deta will e used later in the office
0 caleuldle supply line plessure.
See S“\‘d_ [ {2) Test each interval at two different gaye pressuies.
SUPPLY LINE HOSE 15) Gutton = 10+ 7.48 - liter x 3.79
{3) Give sccumulative total lenyth of supply hine pipe
c PUMP exclusive ol supply tine hose and packed assy. (6] Cotumn Pressuie {P.S.1) = Ventical dist. from gage to
Wie smiabler of pacher o stalic waler level x {0.433
SUPPLY LINE PIPE GROUND SURFACE BYPASS VALVE (4) Connect packer 1o supply line I.\ose on';\\m.il. suflace. PS.i/t)
. Record gaye pressure for flow in increments
I PIPE DIAMETER 10 30, g.pan. on back of this torm, Repeat cach time (7)) Net Presswie (P.S 1) ~ Gage Press. + Column Press. -
Supply Line Piess. {This 1s Ui actual internal pressuie )
NPS FORM 140 (EM 1110-3-1801)
JUNE 1983




EXHIBIT C

LABORATORY RESULTS



DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION LABORATORY

CORPS OF ENGINEERS
1491 N.W. GRAHAM ROAD
TROUTDALE, OREGON 37060-9508

REPLY TO
ATTENTICN OF:

CENPP-PE-L (1110-1-8100Qc¢) 10-Oct-96
MEMORANDUM FOR: Commander, Seattle District | ATTN: CENPS-EN-GT-GEZ (Eckerlin)
SUBJECT: W.O.# $6-245, Report of Tests cn Rock Cores |

Project: Howard Hansan Dam Fish Facility Feasibility Study

Intended Use: Stabilization of turn under at tunnel portal
Source of Material: Rock slope above tunnel portal, Drill Hole No. 96-DD-87

Submitted by: CENPS-EN-GT-GE

Date Sampled: - Cate 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) Qur report, this subject, dated 22 Aug 96.

1. Enclosed is report of Petrographic Examination made on a portion of rock core sample No.
3. The petrographic examination was performed by the Corps of Engineers, Missouri River
District Laboratory, Omaha, Nebraska.

2. Resuits indicate the rock is composed of well fractured sitered meta-volcanic porphyritic
meta-basait.

3. This completes all work requestéd.

Enclosure

JAMES K. HINDS, P —AL_,

Deputy Director

Ayt
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D P’ TMENT OF THE ARMY Sheet 1 of 1
VHSSO RI RIVER LABORATORY
. CORPS OF ENGINEERS t 3 5EP 98

OMAHA, NEBRASKA 68102

Subject: __Petrographic Analysis of Rock Core - Final

Project:__ Howard Hanson Dam Fish Facilitv 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

Ay-2



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 svtllbsamples 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).

==
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APPENDIX B

TEST RESULTS

1. Petrographic analysis to determine rock type and sample condition reveals the
following information;

Sample No. CENPDL # 5547 (138.5 - 139.0 ft.). 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~



DEPARTMENT OF THE ARMY
YUOSSOURI RIVER LABORATORY
CORPS OF ENGINEERS

OMAHA, NEBRASKA 68102

Figure No. 1

ENPDL # 3547. 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

,#5547. Profile view of surface cut parallel to the core axis

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

Plate No. 1






DEPARTMENT OF THE ARMY
MISSOURI RIVER LABORATORY
CORPS OF ENGINEERS

ONMAHA, NEBRASKA 68102

Figure No. 2

No. Thin section photomicrograph detailing fractures (arrows)
healed with chlorite and carbonate (calcite-gold-colored) secondary precipitate. Crossed
polarized iight. 63 X ¥agnification.

Figure No. 6

ore 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

Ay—7
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APPENDIX B

DISCUSSION

2. Petrographic analysis performed on the subject core sample from Howard Hanson Dam
Fish Facility Feasibility Study Project submitted by North Pacific Division Laboratory
indicates the sample represents rock classified as a brecciated, porphyritic meta-basalt,
with the original mineral constituents extensively altered to secondary minerals such as
chlorite, microcrystalline silica and calcite. The fractures associated with the brecciation
appear to be well cemented and the mineral alteration does not appear to have adversely
affected rock matrix density. The bulk rock sulfate content is 0.07 % and sulfide minerals
common in the matrix appear chemically stabile as these minerals did not produce
significant reaction or alteration to ferrous sulfate during immersion in sodium or calcium

hydroxide (saturated lime) solutions.

Ax-4"



DEPARATMENT OF THE ARMY
NORTH PACIFIC DMSION LABCRATORY
CORPS OF SNGINEZRS
1491 N, W, GRAHAM AVENUE
TROUTDALE, CREGON 97060~35C3

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

MEMORANDUM FOR: Commander, Seattle District ATTN: CENPS-EN-GT-GE (Eckeartin)
SUBJECT: W.O.# 86-245, Report of Tasts on Rock Coras

Oroject:  Howard Hanson Dam Fish Facility Feasibility Study
Intended Usea: Stabilization of turn under at tunnel portal
Source of Material: Rock slope above tunnel portal, Drill Hole No: 90 O0-87

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, MIFR No. EB8-96-3105 dated 30 May 6.
b) NPD Form 300, Transmittal of Materials Samples, dated 28 May 96.

c) Teiephone conversations 22 May through 7 Aug 96 with Mr. Rick Eckerlin,
wherein test program and costs were discussed.
d) Facsimile report of preliminary data dated 9 Aug 96, wherein rasuits to date

were reported.

1. Enclosed is report of tests made on rock coras taken from the vicinity of the tunnel portal of the
Howard Hanscn Dam. Included ars:

a) Enclosurs 1, Table |, Report of Unconfined Cempressive and Diract Tensile Strengtn Tasts
on Andesite Breccia 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) Enclosure 4, Figure |, Graphical Report of Bi-Axial Direct Shear Strength Tests on Sawn
Rock-Grouted Joints.

2. Approximately 20 linear feet of andesite breccia HQ rock core was received on 28 May g6 for .
compressive strength, direct tensile strength, unit weight, sonic tests and bi-axial direct shear tests

on sawn rock-grouted joints.

3. A petrographic examination is currently being performed on a portion of Sample No. 3. Results
will be forwarded when available.

(_ _//
JAMES K. HIND ,PE_/(

Enclosures
Deputy Director

Ay =1t



CENPP-PE-L (96-249)
Howard Hanson Oam Sish Facility Feasibility Study
Table |

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

1. Comoressive Strength Test Data

Moaisture  Compreassive Modulus of

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

1 §12. 622 2.39 513 2.1 4010 4.55 0.172

2 113%- 1132 2.40 4.98 0.8 8670 3.73 0.152

2 1135- 1142 239 - 497 1.3 7200 1.44 0.155

3 1362 - 1362 2.39 4.90 0.7 11190 4.06 0.167

2. Direct Tensile Stranath Data

Sampie Direct Tensile
No. Depth, . Diameter, in. Height, in.  Strength, psi
1 g1t.3513 2.39 4.82 a5 ¥
2 1123. 1138 2.40 4.85 200
3 137443742 2.39 4.33 740

Nctes: 1/ Tastzd in accerdance with Rock Testing Handbock, 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.

CENPDL No. 5547; samples received 28 May 98.



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

Repon of Specific Gravity, Absorption, Unit Weight, and Sonic Tasts on Andesite Breccia Caoras”,
Drill Hole No. 96-DD-87

Longitudinal Oynamic

Sample Specific  Absorption, Unit Weight, Modulus of Zlasticity, Scnic Velocity, V, fi/sec.
No. Depth, ft.  Gravity % Ib/f E x 10° psi Longitudinal  Transverse
1 s¢f.702 288 1.7 165.7 - - -
2 11121173 2.50 5.3 155.8 - - -
3 1351. 139 2.54 3.8 158.2 - - -
3 1374 - 138! - - - 0.513 3960 2540

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

CENPDL No. 5547; samples received 28 May S6. -
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'CENPP-PE-L (96-245)

Howard Hanson Oam Fish Facility Feasibility Study
Table Il

Summary of Si-Axial Direct Shear Strength Tasts
on Sawn Rock-Grout Joints, Drill Hole No. 96-D0-87

1. Bi-Axial Direct Shear Strenath. Grout-Rock Bond X

Shear Strength, psi

Sample Confining Pressure, psi Angle of Internal Caohesion,
No. Depth, ft 5 50 100 Friction, ©, degrees psi
2 111% 75 - - . - -
2 1112 -~ 440 - - -
2 115% - - 365 - -
2 1152 230 -~ - - -
2 1182 - 435" - - -
2 1172 - 77390 - - -
2 117 - - 505 - - -
Average: 155 420 435 71.0 187
3, 1353 85 - - - -
3 1372 - 240 - - -
3 1382 -~ - 390 - -
Average: 85 240 350 72.7 73

2. Comoressive Stranath of Neat Cement Grout Cubes &

Test Age, days Compressive Strength, psi

3 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 1l 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
Figure |
Bi-Axial Direct Shear Strength versus Confining Pressyre,
Sawn Rock-Grout Joints
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DEPARTMENT OF THE ARMY
NCRTH PACIFIC DIMSION LAIORATCRY
CORPS OF SNGINEZRS
1491 NLW, GRAHAM AVENUZ
TRACUTOALZ, OREGON 3970680~33523

CENPD-ET-P-L (1110-1-8100c) _ Apnl 10, 1995
‘MEMORANDUM FOR Commander, Seartie Disinict, ATTN: CENPS-EN-GT (Hancock)
© SUBJECT: W.0. #95-099, Reportof Tesis on Foundation Rock Cores

Project:.  HOWARD HANSEN DAM INTAKE TOWER RETROFIT

[ntended Use:  Stabilizauon of intake tower buttress

Source of Material: - [nuake tower vicinity foundation 7
Submitted by: CENPS-EN-GT (Hancock)
Date Sampled: 16-20 Sep 94 Date Reczived: 21 Nov 94

Method of Test or Specificauon: CRD, ASTM, RTH

Reference: a) DD Form 448, MIPR No. E86-93-3063, dated {4 Nov 94

b) NPD Form 300, Transmintal of Materials Samples, dated 13 Nov 94

c) Telephone conversations 22 Nov 94 - 12 fan 935 with Mr. Bill Hancock, wherein

test program and costs were discussed

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

[. Enclosed is report of tasts made on foundation rock cores taken from the vicinity of the
intake tower of the Howard Hansea Dam. {ncluded are: ‘

a) Enclosurz |, Taole [, Report of Unconfined Comoressive and Direct Tensile Steength
Tests on Andezsite Rock Coares

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

¢) Enclosure 3, Table lII, 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 received in an air-dry, unsealed condition, and were

tested in accordance with Rock Testing Handbook Methods 111, 112, 203 and 325.

aAx~15



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

5. Several tests were requested to be made within the section of core at depth 13" t0 20" in Dull
Hole No. 95-CC-85. In general, the core within this zone was heavily fractured, and tests wers
rescheduled 0 be performed as closely as possible in adjacanc areas.

4. This complezss all work requested.

ey
James XK. Hingds, PE

Enclosures

Copy Fumished: CENPD-ET-P

Ax-lly



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

HOWARD HANSEN DAM INTAKE TOW=R
Table [
Report of Unconfined Compressive and Dirsct Tensile

- . !
Strength Tests on Andesite Rock Cores

| Contorassive Strength Test Data

Uncanfined
Compressive Strength
Dnlil Moismure? ~ Ulumate . <i0% psi
Hole Depth, Diameter, Height, Content, Load, Corrected’ Modulus of
No. feet inches inches % tbs. pst psi Elastcity
94-DD-85  6.5-6.8 2.38 4.87 1.7 16,300 3,660 3,670 0.67
13.6-13.9 2.39 5.17 2.0 20,600 4,390 4,630° 2.1
15.0-15.4 2.40 3.13 22 39,200 3,670 3,740 -
19.0-19.4 2.40 4.37 0.9 122,500 27,080 27,130 -
24.7-23.0 2.39 4.67 1.8 36,000 12,430 12,440 5.26
25.0-253. 2.38 4.72 1.3 33,700 12,070 12,060 3.42
94-DD-35  24.0-24.7 3.97 S.16 [.3 $4,000 6,790 6,830 - -
395422 233 7.9 Z.3 $3,2C0 7,520 7,370 —

2. Dirzct Tensile Strengch Daca

Direct Tensile Strength

Dnll , Ulumate
Hole Depth, Diameter,  Height,  Load,
No. feet inches iniches Ibs. pst
94-DD-85°  10.1-10.5 . 2.40 4.33 2,260 500°
10.5-10.8 - 2.39 432 1,960 440
11.7-12.0 2.38 © 463 480 [0’

Notes: 1/ Tested in accordance with Rock Testing Handbook, RTH Methods 111, 112, and 201.
2/-Moisture content of sample at time of test.
3/ Corrected for length-to-diameter ratio.
4/ Specimen had hairline crack before test
3/ Specimen had hyperbolic open seam befare test.

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



CENPD-ET-P-L (95-099)
HOWARD HANSEN DAM INTAXKE TOWER
Table I

Report of Point Load Strength Tests
. |
on Andesite Rock Cores

Dnll . Uldmate Point
Hole Depth, Diamcte:r,2 Length, Load, Load
No. fest inches mehes ibs [ndex, psi
83 153 2.36 3.00 2530 460
18.3 2.24 3.00 5050 1005°
204 2.33 3.00 530 95°
257 1.97 3.00 2430 630
30.3 2.22 3.00 2730 555
35.1 1.87 3.00 1500 460°
399 2.16 3.00 1680 360
4353 2.20 3.00 1070 220°
453 1.76 300 2440 . 790°
48.7 2.13 3.00 2150 463
50.3 2.10 3.00 3990 905°
$5 10.0 3.95 5.00 1300 1is
: 15.3 3.92 4.00 2020 130°
16.2 3.92 4.00 2090 13573
16.4 3.82 4.00 2700 185’
19.5 3.96 400 (430 90’
24.7 3.97 4.00 2040 [30°
235 3.79 4.00 1520 103°
258 3.42 4.00 4320 370°
29.5 3.97 4.00 950 50°
29.7. 3.97 4.00 - 1550 . 835"
38.0 3.60 5.00 200 15

Notes: 1/ Specimens tested diametrically, in accordance with RTH-325 requirements
2/ Diameter used for calculation of Point Load Index, based on distance
between points of point {oad 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
3/ Specimen tested with points normal to weak planss/seams

CENPDL No. 5087, Received 21 Nov 94 I,



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

. [ntact Reck Core

HOWARD HANSEN DAM [NTAXE TOWER

Tapie [II

Summary of 3i-Axial Direct Shear Swength Tests
intact Rock Cores and Sawn Rock-Crout Joints

Angle of
Dnll Shear Strength, osi [nternal
Hole Depth, Ultumate \rea Coniining Load, psi Frction, Cohesion,
No. Feet . Load, Ibs.  Inches’ 10 50 100 degress psi
N 243 12020 12.375 570 - - - -
86 28.4 7700 12.316 623 - -- - -
S8 233 13300 12.150 -~ 1093 -- - -
36 19.0 11360 12316 - -- 940 - -
SG 274 9700 12.516 -- -~ 790 - --
Average 300 1093 365 35.0 §$87
2. Grout-Rock Bond*
Angle of
el Shear Suength, osi [ntemal
Hole Do,  Uldmate Arsa Cenfining Lead, psi Friction, Cohesion,
No. Fest Load, Ibs  Inches’ 10 25 30 160 degrees psi
33 10.3 $40 4486 183 - - - - -
S3 19.5 1160 4,449 - 260 - -- .- -
S3 36.1 900 4486 - - 200 - - -
S6 27.8 3230 12.629 - -- - -- - --
36 16.1 2050 12.629 233 ‘160 -- - - -
86 15.7 3220 12.629 -- - 235 - - -
33 15.0 - 820 4.524 - - 180 - - -
35 12.0 1320 4.524 -- - - 285 - -
Average 220 210 210 285 38.2

195

“Grout/rock biaxial direct shear tests made at grout age 7-days. All tests made in accordance with Rock Tésting Handbook
Method 203. Compressive Strength of Neat Cement Grout Cubes as follows:

Test Age, days

Comprsssive Strength, psi

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

4
7
28

CENPDL No. 5087, Reczived 21 Nov 94

4530
3490
9140

-~
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CENF -L (95-099) HOWARD HANSEN INTAKE TOWER
Figure |
Unconlined Compressive Slrength versus Strain

Nominal 2-inch Diameler Rock Core
Dritt Hole No. 94-DD-85, Depth 6.5'-6.8'
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CENE ~-L (95-099) ’ HOWARD HANSERN 4 INTAKE TOWER
Figure 1t
Unconfined Compressive Slrenglh versus Strain

Nominal 2-inch Diameler Rpck Core
Drill Hole No. 95-D0-95, Depth 13.6'-13.9°
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CENP. _.-°-L ( 95-099 ) .
HOWARD HANSEN DAM INTAKE TOWER

Figure I
Unconlined Compressive Slrenglh versus Strain
Nominat 2-inch Diarneler Rock Core

Drill Hole No. 94-0D-85, Deplth 24 7'-25.0'
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CEN L (95-099) .
HOWARD HANSEN . ..« INTAKE TOWER
Figure Iv
Unconlined Compressive Strenglh versus Strain
Nominal 2-inch Diaineler Rock Core

Drill Hole No. 95-DD- 5, Deplh 25.0'-25.3"
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DEPARTMENT OF THE ARMY
NQRTH PACIFIC DIMISION LABORATORY
CCRPS OF ENGINEZRS
1481 N. W, GRAHAM AVENUE
TROUTDALE, OREGON 97060-9503

CENPD-PE-GE-L (1110 -1 - 8100c) July 13, 1994
MEMORANDUM FOR Commander, Seattle District, ATTN: CENPS-EN-GT-GE (Eckerlin)

SUBJECT: W.O. #94-314, Report of Tests on Foundation Rock Cores.

Project: 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 %4
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 afl work requested.

A

Enclosures TIMOTHY V. MAN

Director

Copy Fumished: CENPD-PE-GE

o ———— e it e e o



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

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

Moisture 2/ Unit  Unconfined 3/

CENPS Depth I/ Content, Specific  Absorption  Weight  Compressive

Sampie No. Rock Type fi. % Gravity Ys pcf Strength, psi
94-DD-80 Andesite Qrectia 1393 [ 2.42 6.6 150.8 5410
94-DD-81A  Andesite Breceia [75.2 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 Breecia 179.9 0.5 2.59 2.1 161.4 21920
94-DD-83A  Andesite Breceia 147.5 . 0.5 2.42 6.1 150.8 13510
94-DD-83B  Andesite Breceia 150.2 0.5 2.39 6.5 148.9 8900
94-DD-84A  Andesite Breccia 35.0 0.4 272 0.8 169.5 18010
94-DD-84B  Andesite Breccia 53.1 0.8 2,76 0.9 171.9 8320

1/ Depth to top of core.
2/ Moisture content at time 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 %4

Ty
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