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SECTION 1 PROJECT GEOLOGY 

1.1 GEOLOGIC SETTING 

Eagle Gorge Reservoir (later renamed Howard A. Hanson Dam) was authorized by the 
Flood Control Act of 17 May 1950 (Public Law 516, 81 st Congress, 2d Session), as a 
flood control project. Construction began in 1958 and was completed in February 1962. 
First water was impounded in December 1961. The project provides for a normal 
maximum reservoir capacity of 106,000 acre-feet of flood pool storage at elevation 1,206 
feet which is in excess of the I 00 year flood occurrence. During the summer a 
conservation pool to augment natural low flows and to provide water for the City of 
Tacoma is impounded at a maximum reservoir elevation of 1,141 (occasionally up to 
1,145) feet. 

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

During subsequent interglacial periods, the Green River cut its channel approximately 150 
feet deeper resulting in oversteepened side slopes and collapse of the eastern valley side. 
Several episodes of deposition, erosion, and landsliding may have followed. The present 
gorge beneath the dam was cut as a result of river blockage by the last massive slide off the 
northeast valley wall. Today this landslide is a major landform forming part of the right 
abutment of Howard Hanson Dam, Plates E-1 and E-2. 

1.2 TECTONIC AND SEISMIC SETTING 

The present North Cascade Range was uplifted during the Late Tertiary by a series of 
complex folds and faults. One such fault was the Green River fault, see Plate E-1. The 
fault is a west-northwest trending zone of indefinite width; its map trace is some 1,500 feet 
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north of the dam. Active during the Miocene and/or Pliocene time the fault shows about 
4,000 feet of horizontal right lateral movement through combination strike-slip and dip-slip 
components. Between the area of the dam and mountain front, the Green River exploits the 
fault zone and parallels its trace. The right abutment landslide obscures the fault trace at the 
dam. The fault zone probably contributed to the landslide and may be one of its causes 
(U.S. Army Corps of Engineers, 1983). In this area of the North Cascades, most major 
faults strike northwest and dip southwest. An exception is a major fault striking northeast 
across the damsite and dipping at high angle towards the northwest. This fault zone was 
dominant in the foundation of the dam structure. The dam is located in Seismic Zone 3 
which corresponds to a seismic coefficient of 0.10 for the lateral earthquake force. The dam 
has a design earthquake analysis that identifies dynamic earthquake motions and response 
(U.S. Anny Corps of Engineers, 1983). This engineering seismology study together with 
its update on page 27 in Position Paper on Seismic Haz.ard to Corps of Engineers Dams 
from Cascadian Subduction Zone Earthquakes, June 1994, USACE Seattle, Engineering 
District is sufficient for new construction. 

1.3 SITE GEOLOGY 

1.3.1 Bedrock 

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

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

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

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

• Andesite Pyroclastics (Tu.ff): 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. 

• Fe/site: Hard, dense, light gray, occurs as dikes and sills. 

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

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

1.3.2 Overburden 

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

1.3.3 Eagle Gorge Landslide (Right Abutment) 

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

1.3.4 Groundwater 

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

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

1.4 RESERVOIR AREA 

From the dam the reservoir area extends seven miles eastward up the Green River and four 
miles northerly up the North Fork, Plate E-1. Most of the overburden slope materials are 
glacial stream and lake deposits. Rocks bordering the reservoir are andesite flows, 
andesitic tuffs, and breccias which are typically hydrothermally altered and deeply 
weathered. Reservoir slope stability has not been a serious problem since water was first 
impounded to the conservation pool at elevation 1, 141 feet in December 1961. Since the 
initial filling of the reservoir there have been four major flood pools that exceeded 
elevation 1,160 feet. The first flood occurred on 5 December 197 5 with a peak of 1,175.8 
feet. The second flood peaked at 1,173.6 feet on 4 December 1977. The third flood 
peaked at 1,167.2 feet on 1 December 1995. The fourth and maximum to date occurred 
on 10 February 1996 with a peak of 1,183.2 feet. 
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SECTION 2 RESERVOIR SLOPE STABILITY 

2.1 GENERAL 

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

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

2.2 SLOPE F All.URE 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 1 V on 3H. 

2.3 PRE- AND EARLY RESERVOIR LANDSLIDES 

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

2.4 RECENT LANDSLIDES 

Wave erosion accounts for most of the numerous slip-off slides along the reservoir 
shoreline. Only one massive rotational slide has been documented since the reservoir 
filling. This slide occurred in early December 1995 following a period of intense rainfall. 
The actual causal factor for the slide was man-induced. The crest had been loaded with 
rock and soil debris trucked from an area further upstream. The rotational slide occurred 
1. 7 miles upstream of the dam at the downstream end of a rock canyon. The landslide is 
located on the south bank of the reservoir in the SWl/4 of the SWl/4 of Section 35, 
Township 21 North, Range 8 East, (W.M.) in King County, Washington. Vehicle access 
to the slide area is by way of the mainline Weyerhaeuser log haul road. A turnout large 
enough to park several pickup trucks is located near the mile post 16.5 marker. 

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

The landslide may have renewed activity during a medium-sized rainfall between 28 and 
30 November, 1995. The reservoir reached maximum elevation 1,167.98 feet at 2100 
hours on 1 December 1995. For the 90 hours (flood event period ofrecord) preceding the 
high pool, the reservoir was above elevation 1,095 feet, and through the following 90 
hours the reservoir was above elevation 1,138 feet. Following the peak elevation, the 
reservoir was lowered at an average rate of 0.05 feet per hour for the first 10 hours. 
Through the next 10 hours the reservoir was lowered at an average of O .15 feet per hour. 
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Maximum rate of reservoir drop averaged 0.5 feet per hour between 70 and 90 hours after 
the peak elevation. The rapid rate of reservoir drop may have been responsible for failure 
of the already unstable slope. Turbidity levels increased sharply for 2 days and decreased 
to nonnal 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 ADDmONAL WATER STORAGE EFFECT ON RESERVOIR SLOPES 

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

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

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

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

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

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

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

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

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

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

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

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

HHDAWS E-8 DFR/EIS 

1 

1' 

1 



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 RlvER NEAR HUMPHREY 

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

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

CROSSING 

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

3.1 GENERAL 

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

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

3.2 SEEPAGE OBSERVATIONS 

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

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

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

• Twelvenewpiezometerslocatedineightwells(llO, 111,112,113,114, 115,117, 
and 118) were installed in 1993 to provide additional coverage of seepage and to replace 
non-functional piezometers. 

• All piezometers have been automated. 

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

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 3 7 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, I 50 gpm were transmitted through the tunnel gravel floor drain. Water was also 
observed flowing from the concrete joint just upstream of the tunnel bend and well 25. 
This water was carrying fines (classified as ML by NPD Laboratory) and had a turbidity 
of 819 NTU. The data for well 25 exhibits a distinct double peak; the first occurring 
midday on 10 February and the second at midday on 11 February. It is believed that the 
first peak is a precipitation response due to infiltration along the rock slope just above the 
tunnel, and that the second peak is a pool response. 
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An area of special concern exists between well 25 ( elbow of drainage tunnel) and the 
right abutment/embankment contact. Monitoring of piezometers and wells in the upper 
aquifer of this area during the February 1996 flood (peak pool elevation of 1,183.2 feet) 
confirmed the assumption that initial flows through this portion of the abutment are 
precipitation related. This assumption is validated by the fact that piezometers peak 14 to 
18 hours before the flood pool peaks and well 25 peaked 10 hours and again 34.5 hours 
after the pool peaked. These conclusions are based on the fact that the flows initially are 
high during the rain storm and infiltration and then once the precipitation stops they 
reverse direction and flow from the pool towards the drainage tunnel. Precipitation 
appears to be infiltrating through the rock slope downstream of the administration 
building parking lot. 

3.3 SEEPAGE ANALYSES 

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

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

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

considered to be a concern for a conservation pool of 1, 1 77 feet. 

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

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

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

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

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

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

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

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

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

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

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

Parameters for the upstream slope and slope treatment materials were: 

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

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

' 
Slope Pool Condition Seepage Condition Critical Arc Factor 

of Safety 

Downstream 1141 Conservation Steady State 1.113 

Downstream 1180 Projected Conservation Steady State 1.111 

Upstream 1141 Conservation Steady State 2.060 

Upstream 1180 Projected Conservation Steady State 2.215 

Upstream 1141 Conservation Rapid prawdown 2.060 

Upstream 1180 Projected Conservation Rapid Drawdown 2.215 

Upstream 1206 Projected Flood Pool Steady State 2.308 

Upstream 1206 Projected Flood Pool Rapid Drawdown 2.308 

Note: The assumed angle of internal friction (Phi) of38 degrees and cohesion ( c) = 0 
are conservative strength parameters for the materials comprising the right abutment of 
Howard Hanson Dam. These materials are predominately slide debris consisting of large 
angular rock blocks, boulders, cobbles, and gravel with a matrix of silts, sands, and clays. 
Historically, a small amount of cohesion has been recognized to be associated with this 
material, however, because it is practically impossible to accurately sample and test in-
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------------------------------- "'" 
situ or in a laboratory, the cohesion has been ignored. Instead the upper range of internal 
friction for gravel has been chosen as the preferred strength parameter for analysis. 

3.5 POSSIBLE CORRECTIVE ACTIONS TO DECREASE SEEPAGE AND 

INCREASE STABILITY OF RIGHT ABUTMENT 

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

3.5.1 Drainage Tunnel Extension 

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

3.5.2 Additional Feeder Wells at End of Existing Tunnel 

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

3.5.3 Horizontal and Inclined Drains 

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

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

3.5.5 Injection Grouting 

This alternative would consist of a series of borings (assumed to be on 3-foot centers and 
two rows at this time) drilled approximately ten feet into bedrock for a total length of 
drilling of about 25,500 feet to facilitate placement of grout tubes (see Figures E-9, E-10, 
and E-11 ). Casings would be pulled and re-used once grout tubes are in place. Grouting 
(estimated at about 7,420 cubic yards) would be performed under very low pressures to 
reduce the chance of hydrofracturing the abutment materials. A work platform will 
require a temporary fill of approximately 56,000 cubic yards (see Figure E-12). 

3.6 RECOMMENDATIONS 

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

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

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

3. 7 TEST POOL REQUIREMENTS 

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

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

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

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

4.1 PRE-DAM EXPLORATIONS 

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

4.2 RECENT INvESTIGATIONS 

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

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

4.3 RECOMMENDED FuTURE INvESTIGATIONS 

4.3.1 Right Abutment Drainage Tunnel 

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

4.3.2 Cofferdam, Fish Passage Facility Footprint, and Entrance Channel 

The contact zone between soft pyroclastic rock and a hard porphyritic meta-basalt dike is 
schematically shown on plate E-3. (Plate 3 is a reproduction of Plate 12 which found in the 
construction foundation report). The dike appears to be striking east west with a 75° 
southward dip. Plate 3 illustrates the contact zone at about 25 feet upstream of the existing 
gate tower. Tbis contact may extend through the proposed wet well/fish lock excavation, 
see Plate E-10. A important element during initial explorations will be to locate the contact 
zone and collect representative cores for rock strength tests. The proposed cofferdam 
appears to straddle the contact zone with one abutment in soft andesite pyroclastics and the 
other in hard basalt. Recommended sites for exploration borings are shown on Plate E-11. 
The borings will range in depth from 160 to 215 feet. Purpose of the borings will be to 
determine overburden thickness, rock type, weathering, hardness, discontinuities, joint 
spacing, groundwater, and other subsurface characteristics. Hydraulic pressure tests will be 
conducted to measure joint tightness. Downhole photography will be employed to 
determine joint condition and orientation. Representative rock cores will be sent to the 
laboratory for rock strength testing. At least two exploratory relief wells will drilled in the 
vicinity of the footprint and pumping tests will be accomplished. 

4.3.3 Proposed Tunnels 

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

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

4.3.4 Slope Stability Exploration for Charley Creek Slide 

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

4.4 LABO RA TORY TESTS 

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

EXISTING APPURTENANCES RELEVANT To PROPOSED 

FISH FACILITY 

5.1 INTAKE CHANNEL 

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

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

All intake channel areas were shot in 20-foot lifts except when approaching design grade 
then lifts were reduced to 5 feet high. Millisecond delays were used extensively in all blasts 
to maintain neat lines and to control breakage. Powder factors used in the various types of 
rock ranged from one-half pound in the dense hard rock to three quarters of a pound in the 
softer rock per cubic yard of rock removal. The shots ranged from 4,000 to 10,000 cubic 
yards of rock per blast on mass excavation, with minor shots of 100 to 500 cubic yards of 
rock per blast to complete the required excavation. Five-inch-diameter drill holes on 6-foot 
centers were drilled an average of20 feet deep. Holes were generally loaded with ANFO. 
All neat lines were drilled on 3-foot centers and shot with a light charge to keep overbreak 
to a minimum. Satisfactory results were obtained in all areas of excavation. 

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

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

5.2 GATE TOWER 

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

The left wall of the portal within the gate tower excavation is firm, dense basalt, moderately 
hard, with blocky structure. Weathering is very pronounced and the rock is somewhat 
altered. The poor condition of the rock and excavation geometry made overbreak on the 
outside comers difficult to avoid. Numerous fracture planes dip into the open cut at angles 
45° to 80°. Some fractures were observed to carry groundwater the year round and a 
definite zone of water seepage from the adjacent hillside was exposed on the left wall of the 
gate tower. Gate tower excavation was completed in conjunction with the intake channel as 
one operation. 
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5.3 UPSTREAM DIVERSION TUNNEL PORT AL 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 of24-inch I-beams on 18-inch centers. The soft zone ofpyroclastic 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 I 0-
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 Nl0°E with near vertical dip. The latter was 
mapped near the left wall of the stilling basin and was encountered in the existing diversion 
tunnel about 200 feet downstream of the spillway weir. It produced considerable 
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groundwater. Most minor faults were found to strike roughly east-west with dips varying 
from 70° to 80° south. Nearly 100 feet of tunnel length near the upstream portal and 50 feet 
near the downstream portal were supported with steel ribs on 4-foot centers. The majority 
of rib supports were on 6-foot centers. Light loads were experienced, even though the 
supported sections were in interstratified soft andesitic pyroclastic rock and denser basalt 
and felsite (Galster, 1989). 

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

PROPOSED FISH PASSAGE FACILITY SITE 

6.1 GENERAL 

The recommended fish passage facility site (9A8) was opted late in the study (December, 
1995), after several alternatives were evaluated, see Exhibit D. Approximately one month 
after the drilling of boring 96-DD-87 (May, 1996), the fish passage facility footprint was 
shifted again (late June, 1996) to accommodate a new tunnel transition angle with the 
existing left sluiceway. In mid January, 1998 the footprint was moved 25 feet south to 
provide sufficient room for siting the cofferdam within the existing rock slope bordering the 
intake channel; see Plate E-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 ofpreconstruction engineering and design (PED). Various elements of work 
necessary for foundation preparation include: 

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

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

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

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

elements. 

6.2 DESIGN CRITERIA 

Designs for the surface excavations and tunnels were based on general design criteria 
presented in Table E-6-1. This table was initially developed using empirical guidelines in 
EM 1110-2-2901, dated 15 Sep 1978. As a result of recommendations made in the 
Alternative Formulation Briefing (AFB) in September 1997, Section 6, including Table 6-1 
were revised to reflect the new guidance in EM 1110-2-2901, dated 30 May 1997. New 
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guidance emphasizes tunnel excavation by mechanical means in lieu of drill and blast 
methods especially where existing concrete structures are in close proximity. Regarding the 
fish passage facility neither method can be adequately designed for until the comprehensive 
exploration program is underway. The alternative for tunnel excavation by mechanical 
means such as roadheader was added to this appendix as a result of independent technical 
review. This alternative will require further research during PED studies. The Rock Mass 
Rating (RMR) system was used for cursory analysis for feasibility. The RMR system is 
based on a set of case histories of relatively large tunnels excavated using blasting. Early in 
PED emphasis will be placed on performing essential tests such as thin section analysis, 
Schmidt hammer hardness tests, and density, porosity, compressive, and tensile strength 
tests. These tests and others will be helpful in predicting mechanical excavator 
performance. 

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

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

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

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

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

6.3 BEDROCK ENGINEERING PROPERTIES 

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

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

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

Unconfined 
Weathering Characteristic of Specific Compressive Modulus of 

Rock Type Description Characteristic Shot Rock Gravity Strength in Elasticity in 
Bulk Dry est psi est psi 

Basalt Hard and dense, fine Very resistant Blocky and durable 2.60 to 2.65 4,500 to 2,900,000 to 
grained, concoidal 14,500 7,100,000 
fracture, color black, no 
alteration 

Andesite Moderately hard and Resistant to Massive 2.50 to 2.60 
dense, medium to fine normal disintegrates 
grained, irregular atmospheric adjacent to shot 
fracture, color dark green weathering 
to dark gray, slight 
hydrothermal alteration 

Basalt Matrix. moderately hard Matrix, Breaks fine to 2.30 to 2.35 
Pyroclastics and dense, medium susceptible to granular particles 
(Tuff) grained, color dark gray; mechanic which weather to a 

Nodules, hard and breakdown sandy gritty mass 
dense, fine grained, color Nodules, 
black hydrothermally resistant 
altered 

Andesilic Matrix, soft, color light Very Breaks fine to silty 2.25 2.33 3,500 to 4,000 1,600,000 to 
Pyroclastics gray, uniform fine susceptible to clayey mass with 2,100,000 
(Tuff) grained, and dense; atmospheric larger particles 

Nodules, moderately weathering, weathering readily 
hard, variable granular abrasion, and to silty clay. 
texture, hydrothermally mechanical Breaks to plastic 
aliered. breakdown mud under 

construction 
equipment 

Felsite Light gray, hard and Very resistant Durable and blocky not tested 
dense, fine grained, 
irregular fracture, small 
feldspar phenocrysts 

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

6.3.1 Rock Quality Designation (RQD) 

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

TABLE E-6-3. ROCK QUALITY DESIGNATION 

RQD Percentage Rock Quality 

0-25 Very Poor 
26-50 Poor 
51-75 Fair 
76-90 Good 

91-100 Excellent 

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

6.3.2 Rock Mass Rating (RMR) 

RMR is a rock mass classification system used to evaluate ground conditions which a 
tunnel could encounter and as a means to check initial estimates of tunnel support. This 
applies to areas with adequate rock cover and strength to develop Terz.aghi 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 ofrock: 
andesite/basalt flow rocks and, andesite pyroclastic rocks. A rating based on historical 
geologic data, laboratory test results, and drill core logs (RQD, joint spacing and condition, 
weathering) was developed for these volcanic rock types. Figure E-13 "CSIR 
Geomechanics Classification of Jointed Rock Masses" was used in generating the values in 
Table E-6-4. Flow rocks fall into Class II "Good Rock" and pyroclastic rocks are in Class 
III "Fair Rock." 
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TABLE E-6-4. ROCK MASS RA TING SUMMARY 

RATING CATEGORY AN/BA" FLOW ROCK PYROCLASTIC** ROCK 

Strength of Intact Rock 7 7 
RQD 17 13 
Spacing of Joints 20 20 
Condition of Joints 20 12 
Groundwater 4 0 
Rating adjustment for Orientation of Joints -5 -5 
Total Rating 73 47 
Class II Ill 
Average Standup Time (10-ft span) 6 months/12-ft span 1 week/10-ft span 

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

6.4 DEWATERING 

Groundwater under moderate pressure will be encountered during excavation of the fish 
facility footprint and at tunnel grade. In boring 96-DD-87, a significant water bearing 
fracture, dipping 35° (dip direction and strike are unknown) was encountered at a depth of 
143.4 feet (elevation 1,022 feet). For 6 days an estimated 40 gpm flowed from the boring at 
ground surface (elevation 1,166 feet) . In May, 1996, the temperature of the flowing artesian 
water was 48° F., somewhat warmer than the 40° F. temperature at the reservoir surface. A 
packer was placed in the boring just below elevation 1,030 feet and the boring was pressure 
grouted, thereby sealing off the water bearing fracture. More exploration is required to 
adequately design construction and permanent drainage systems. Two exploratory relief 
wells are planned during PED to further evaluate water problems. For feasibility purposes 
rock drains will be 2-inch diameter, inclined 5° above horizontal on 12-foot centers, except 
within the lowermost 15 feet of the excavation, then drains will be more frequent. Field 
conditions may dictate deviation of lengths, spacings, and orientations of drains. Seepage 
dewatering will be maintained during the excavation and construction. Once foundation 
grade has been achieved and mat placed, drain holes on 7-foot by 7 -foot pattern, drilled at 
least 20 feet deep into the footprint foundation may be needed for uplift pressure relief. 
Grouting may be necessary to control seepage, particularly if open or continuous joints are 
present. In addition to the rock drains, systematic grout hole drilling and pressure grouting 
may be needed around the bottom of the footprint excavation especially between elevations 
1,015 and 1,035 feet. 
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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 5x2½& 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 O.C., Pattern rock drains, 

Mechanical Rock Bolts 5x5 pumping, and 
Means Diagonal, 4" grouting 

Shotcrete 

New Conduit Controlled Steel Sets 4' Necessary by Plate-E-18 Good 
Transition to Blasting by Light O.C., Pattern rock drains, 
Existing Charges, Drilling Rock Bolts 5x5, pumping, and 
Diversion & Splitting or 4" Shotcrete, grouting 

Mechanical Drains 

New 48" Bypass Controlled None Necessary by Plate-E-18 Good 
Blasting & pumping 
Mechanical 

Lock Fish Horizontal Drill None None Plate-E-18 Very Good 
Transport Tunnel small dia. bore 

6.5 SOUTH WALL REINFORCEMENT FOR COFFERDAM 

The south rock wall of the existing intake channel extending from the gate structure to 
approximately 100 feet upstream will compose part of the proposed cofferdam system. See 
Appendix A, Design, for the planned cofferdam configuration and cofferdam abutment 
reinforcement scheme. Also see Plates E-15 and E-16 for as-built reinforcement in the 
existing south wall.. The cofferdam abutments will be reinforced with post-tensioned cable 
tendons extending from the ground surface to approximately 35 feet beneath the base of the 
cofferdam. The tendons will be installed within a series of closely spaced 6-inch diameter 
vertical borings and grouted full length. In addition to the tendons the abutments will be 
strengthened with heavy duty Dywidag bolts embedded in resin. The Dywidag bolts will be 
installed normal to the rock face. Short rod extensometers or some other form of 
geotechnical instrumentation will be used to measure rock deformation. The rock between 
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the cofferdam abutments will also be left intact and will be grouted to ensure a water tight 
condition. Construction for the cofferdam will involve access and logistics problems as 
well as being complicated by a confined work area adjacent to the operating outlet works. 
Also, the proposed cofferdam area is subject to submergence during flood storage. 

6.6 FISH FACILITY FOOTPRINT EXCAVATION AND SLOPE TREATMENT 

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

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

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

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

6. 7 GATE CHAMBER EXCAVATION AND SUPPORT 

Portals contain the most unpredictable rock conditions. Two tunnel diameters of sound 
rock are available at the site for the development of a ground arch over the opening. Rock 
removal in the portal area will be by the drilling and blasting method. Untensioned rock 
bolts, shotcrete, and steel mesh will be installed as the excavation advances. Upon 
achieving turnunder the cut slope will have been thoroughly protected with 30-foot-long 
rock bolts (#12) on a 5-foot diagonal pattern between elevation 1,076 and 1,096 feet and 4-
to 6-inch thick fiber-reinforced shotcrete and welded wire mesh up to elevation 1,160 feet. 
The gate chamber crown is located at approximately elevation 1,065 feet on the cutslope, 
see Plate E-18. The portal will be strengthened with a steel set as mining advances. Three 
more steel sets will be installed in the gate chamber. In addition the chamber crown will be 
supported with 4-inch thick fiber reinforced shotcrete and embedded rock bolts, 5 feet on 
center, angled to develop the arch. From the springline down to approximately elevation 
1,040 feet the walls will be supported with 4-inches of shotcrete. Consolidation grouting 
will be accomplished and drains drilled and installed as needed to control water pressure. 

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

6.8 MINING AND SUPPORT FOR NEW CONDUIT 

See Plate E-12 for the existing diversion tunnel geology. Rock quality and hardness vary 
with rock type and location. Considerable local variation in degree of fracturing is 
predicted. The rock is anticipated to vary from massive and intact at the proposed tower 
portal to crushed and altered at the proposed transition. Excessively sheared and/or 
chemically deteriorated rock could also be encountered. Since rock quality at the tunnel 
transition is anticipated to be very poor, preconsolidation grouting, rock bolting, and 
installation of spiling will be installed from within the existing diversion tunnel, between 
station 16+35 and 16+65, before mining of the new conduit tunnel. The crown and left wall 
of the existing diversion tunnel will be presupported by consolidation grouting for a 
distance of 40 feet beyond the existing concrete liner to strengthen the rock. Pattern rock 
bolts, on 4-foot centers will be drilled and embedded at least 25 feet into the tunnel crown. 

T Bolts will be recessed and holes patched to maintain smoothness of the existing concrete. 
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Mining for the new conduit and new 48-inch bypass pipe will follow gate chamber 
excavation and support. The new conduit will start at the rear of the approximately 20-foot
long gate chamber, see Plate E-18. Dimensions of the proposed bore are 15 feet high by 
13.5 feet wide with invert at elevation 1,032 feet and crown at approximately 1,047 feet. 
Rock bolts on 5 feet spacing will be embedded 15 to 25 feet in the crown. Restrictive 
blasting made up oflight loads are necessary within 25 feet (approximately one tunnel 
diameter) of the existing concrete-lined diversion tunnel. During construction of the 
existing diversion tunnel the natural state of stress of the rock was affected which resulted in 
redistribution of stresses and displacements within the surrounding rock. Coincidentally, 
the 25-foot wide restrictive blasting zone is the reach of soft andesite pyroclastic rocks. 
Rock load is predicted to change erratically from point to point within this reach, therefore 7 
steel sets on 4-foot centers are planned. 

6.9 MINING AND SUPPORT FOR 48-INCH DIAMETER BYPASS CONDUIT 

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

6.10 DRILLING FOR FISH TRANSPORT PIPE 

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

6.11 INTAKE CHANNEL EXCAVATION AND TREATMENT 

An overburden cut slope of 1 V on 2H with toe resting on a rock bench 10 feet distance from 
the neatline will allow ample room for construction of a temporary debris fence. Actual 
width of the bench will be dependent on the catch points selected during feature design and 
rock elevations actually encountered during excavation. Overburden removal is planned 
with common excavation equipment. 

In the existing upstream intake channel, rock varies from intensely brecciated to moderately 
fractured. There are three main joint sets which form the controlling structural feature, see 
Plates E-13 and E-14. The most critical joint set strikes northeast with easterly dip varying 
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between 40° and 50°. Another set strikes north and dips 70° to 85° east. The third set is 
nearly horizontal. Regarding stability of the cut, there appears to be no wedge failure 
problems associated with these joints. These major joints have slickensides and gouge 
material which varies from a thin veneer to more than 2 inches wide. Hydrothermal 
alteration minerals have accumulated on some of the exposed joint faces. 

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

6.12 DISPOSAL OF EXCAVATED MATERIALS 

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

7.1 AGGREGATE SOURCES 

Sand and gravel materials for construction of the dam core were borrowed from the Bear 
Creek Terrace, located one-half mile from the damsite on the left bank, Plate E-1. The Bear 
Creek gravel was determined unsuitable for concrete aggregate because of the high 
percentage of soft particles, therefore, concrete aggregate was shipped by railroad from the 
Glacier Sand and Gravel pit at Steilacoom, WA. The use of existing ready-mix pits in 
nearby vicinities will require investigation prior to final design. 

7.2 ROCK SOURCES 

During construction of Howard Hanson Dam Project the rocks produced from the 
excavation of the spillway cut, tunnel, fore bay, and intake channel were intended to be used 
as rock fill for the embankment dam, but because the rock weathered so severely within the 
stockpile, a new rock source had to be obtained. The rock at Bear Creek quarry, one mile 
west of the dam (Plate E-1 ), was better quality and produced a sufficient supply of durable 
rock for the entire project. The Bear Creek quarry, now private property, may not be 
accessible for the Fish Facility construction Since rock need is minimal, several 
commercial rock quarries within 20 road miles southwest of the project, may be available. 
Rock testing will be required. 
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SECTION 8 OTHER EVALUATED TOWER/TUNNEL SITES 

8.1 GENERAL 

Section 6 summarizes geotechnical studies and evaluations of three alternative tower 
locations and five alternative tunnel alignments. Initially, tower design parameters included 
a tower base at elevation 1,045 feet, and a 12-foot-diameter finished tunnel having an 
upstream invert at elevation 1,060 feet, and downstream invert at river level, approximate 
elevation of 1,005 feet yielding a gradient of 1.6°. A nearly unlimited number of 
tower/tunnel configurations exist having the above design parameters. The following 
alternatives sites were thought to be viable by the Seattle District staff and by outside 
sources. Alternative tower sites Nos. 2 and 3 were studied using the above design 
parameters. As the feasibility study progressed, design parameters were changed: the 
upstream tunnel invert was lowered to elevation 1,035 feet; the gradient was flattened to 
under one degree; and the downstream invert was raised to elevation 1,010 feet. Also, lined 
18-foot- and 23-foot-diameter tunnels were considered in order to house multiple conduits 
and provide for emergency reservoir discharge. For a time alternative tower site No. 1 (now 
designated as Alternative 9A 7) 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 LEIT ABUTMENT INTAKE TOWER SITE No. 1 

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

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

8.3 LEFT ABUTMENT INTAKE TOWER SITE NO. 2 

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

8.3.1 Tunnel Alignment No. 2L 

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

8.3.2 Tunnel Alignment No. 2R 

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

8.4 RIGHT ABUTMENT INTAKE TOWER SITE No. 3 

Site No. 3 was sited about 200 feet upstream (south) of the project office building. This site 
would require rock excavation into the right abutment of the dam and would require a 
cofferdam. The intake tower and shaft would be founded in an outcrop of extensively 
weathered tuff. Right abutment bedrock consists of basalt and andesite in the form of flow 
deposits and intrusive dikes, and basaltic and andesitic pyroclastics in the form of tuffs. 
Rock quality was not thoroughly explored during dam construction because the left 
abutment rock proved best for all the ancillary structures. A major fault, striking E-W and 
dipping 85° south, was mapped extending from the left abutment across the river canyon 
into the large bedrock "notch" in the right abutment (Corps of Engineers, 1963). The notch 
is situated immediately downstream of the dam axis and has since been covered by the dam 
embankment. Two pre-dam core borings, D-7 and D-8, were drilled in the right bank notch 
fault zone. Core recovery for the two borings ranged from 75 to 90 percent indicating rock 
of fair quality. This E-W fault projected across the canyon to the left abutment was 
encountered in the diversion tunnel and found to transmit considerable groundwater. 
Groundwater could be a significant problem for tunnel alignments 3L and 3R since two 
distinct aquifers are known to exist in the right abutment. Two tunnel schemes exiting 
tower site no. 3 were evaluated. The first significant flood pool occurred in February, 1965 
and attained a brief elevation of 1,161.8 feet. At that time a spring abruptly broke out at 
elevation 1,134 feet, approximately 350 feet downstream from the downstream right 
abutment toe. The spring flowed as much as 100 gpm and subsequently was controlled by a 
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 oflandslide debris, and through 
150 feet of rock fill located at the toe of the dam. The upstream tunnel invert would be at 
elevation 1,060 feet and downstream invert would be at elevation 1,030 feet where it would 
emerge from the rock fill. The tunnel would transition into a surface flume which would 
extend downstream along the right bank until reaching river elevation 1,005 feet. Mixed 
face tunneling is costly and slow. Tunneling into the unconsolidated landslide debris and 
rockfill may jeopardize the dam and therefore, should be avoided. 
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8.4.2 Tunnel Alignment No. 3R 

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

A similar alignment, but at a lower tunnel invert (inlet at elevation 1,030 feet) was studied 
by Hart Crowser & Associates for Tudor Engineering Company in 1984, to supplement a 
preliminary evaluation for hydroelectric development. They concluded that conditions 
overall are suitable for construction of hydroelectric facilities. They were concerned that 
there is the possibility of inadequate rock cover over the tunnel alignment since available 
information indicates considerable variation in the top of bedrock. The height of rock cover 
as well as condition of the rock could significantly impact design for a permanent tunnel 
lining. They concluded that seepage in the abutment may affect design of a tunnel lining, 
depending on the relative difference in hydraulic head inside and outside the tunnel. 
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CSIR GE:OMECHANICS CLASSIFICATION OF ~TED ROC:X MA.SSE$ 
1... Q..ASSFl'LJT!Cf,4 PAR~RS ~O TH~ ".ATIH(;.S 

PARAM~TER 

Strtnqtli 
ct 

~ loc;:j 

11T~!":'I ·.-0.1 

I 
> 8 lo!Po 

RANGc:S 

l 4-8 l,jA:J I 
OF VALUES 

2·• w;::,.; I l • 2 W?a 1FQ"~._'"°'""9'1 
• "'c:z..d o:r.-o-cs.-
- "C-11 r, CFeferrM 

t intact ra:~ Uoocio 

\ I ~-IOOloF-J I .z::I - 50 ~ I 0-251 ~Kl I 1-3 ) 200 MP-= IC0-200 M?-:i 
W~ W?,:i ~ 

. Rannq r~ i r2 I 7 I • I 2 I I I C 

21---------t------_;_-----~-------:-------90-:.- co-:. I 75-:. -~ I 5C"1,,-~ I ~~-~ I ( 25-:. I 

20 I r, I ['3 I 8 I ~ 

)~m I 1•3m I 0.3-lm I ~- ~'""' I ( 50mm 

~ I 2:5 I Z) I JO I 5 

I Sooc.n; c,( jorn . 
3 ,--------+----~----~--

R-afinq I 

Corc1 ion r/ jon' 

Very ,ouqr, iurla:e ~ - · ~~ed ~ca~ QO.q&)~ !hes 
· Nol c:nn.o.:s Sa;IT!y ro..c;h ~= ic;fflty ,a.,c;ti s.rlxa Go.Qt (5 tm\ trliO. I~ 

No s.eoaro a, ~ ,en < I rm, Sc 0Cl"Cl'lCrl < I ffT1 er . I Jocnrs ocan > !I""' 
Hord p,r, wall roo. l",Cr.j pr1 well ro::i Saft~ wCi1 roa ~ 1;;;;1 Comn.o..cs ,or.tl 

Ratrnq I 25 I 20 I 12 I 6 I o 

I 
' Ground 

5 I 
Inflow ::>ff IOm '1 I I 

~tt.r,nc __ ,_~_rn_--+a~------Na_M _____ __. < 25 litres/mi\. ! :;_-_12_s_.,_· ,_a_/_ffW\ ___ CR_,_12_s_•ih-n--~-~ 

RCI~ .:.:·::-:.. - 0 I 0A 0.0 - 02 I . Cl.2-0.!I I > O.!\ 

~--•;._"~~-CR------------CR------OR------+·CR------1 

I Moist Cl'I~ 1· ~., :::::::__ ~-1· --~ 
(....-srihaf --1 ---· -... .,._ IGenar-af c:ni1iar"& ~~ 

0 I 7 I • I 0 

e. RATll'tG .l.DJUSTMEMT FO~ JOINT 01'IEXT.\TONS 

Slria.e crc:1 dlo 
Vffy favourc~ I Fo,,,aurat:k I For l.Jma-,roscbM I v..., ,rd~:., crietttalions d jo,nTs 

T...,t'tltl:s I 0 I -2 I -5 I -IC I -12 I 

Rctin;s FO<nC!O'ficns 0 I -2 I -7 -15. I - 25 

Sic'"' 0 I -5 I -~ -50 I -60 

C. ROCK MASS CLASSES DETERMINED FROM TOTAL RATINGS 

RatiRQ 00-81 a::>-61 60-"'l ~21 r ( 20 

Ocru No. I II Ill rv I V 

Onc:t1011on v.e,y qood roo. I GQ0Cl"QCl I Ferr~ I Poor~ I "wry CD" t cx:a 

0 MEANING CF ROCK -.&ASS CLASSES . 

Oau ~ - I II Ill rv I V 

lwerOQC s'll:lnd-uc, time IO ,-.ors fer 5m span 16~ to- 4m IQ0'1 , _. fc:r3mlQal 5hour"S b t..5msco, lx:>mir\.b Q.5,nsr:,a, 

Co~soon ot the rodl mna > 300 tPo I 200-300 kPo IS0 ·200 kPo 00- 00 "\Po I < 00 tPc 

jFroiol crq1c d 111 roi:ll. mau )45• 4Q--45• I 35•-4(7 I ~-J!!• I ( 30"" 

CSIR GE0MECHANICS CLASSIFICATION 
OF JOINTED ROCK MASSES (1978) FIGURE E-13a 



EM 1110-2-2901 
30 May 97 

Table 7-4 
Geomechanics Classification of Jointed Rocle Masses 

A. CLASSIFICATION PARAMETERS AND THEIR RATINGS 

PARAMETER RANGES OF VALUES 

Strength Point-load >10 MPa 4-10 MPa 2-4 MPa 1-2 MPa For this low range - uniaxiaJ 
of intact strength index compressive test is preferred 
rock >250 MPa 100-150 MPa 50-100 MPa 25-50 MPa 5-25 1-5 MPa <1 MPa 
material MPa 

Rating 15 12 7 4 2 0 

2 Drill core quality ROD 90-100% 75-90% 50-75% 25-50% < 25% 

Rating 20 17 13 8 3 

3 Spacing of discontinuities >2 m 0.6-2m 200-600 mm 60-200 mm <60 mm 

Rating 20 15 10 8 5 

4 Condition of discontinuities Very rough Slightly rough Slightly rough Slickensided Solt gouge > 5 mm thick 
surfaces. surfaces. surfaces. surfaces OR 
Not continu- Separation Separation< OR Separation > 5 mm. 
ous. <1 mm. 1 mm. Gouge< 5 Continuous. 
No separation. Slightly Highly mm thick. 
Unweathered weathered weathered Separation 
wall rock. walls. walls. 1-5mm. 

Continuous. 

Rating 30 25 20 10 0 

5 Ground- Inflow per 10 m None <10 Umin 10-25 Umin 25-125 Umin >125 Umin 
water tunnel length 

Ratio : OR OR OR OR OR 
joint water 
pressure 0 0.0-0.1 0.1-0.2 0.2-0.5 >0.5 
major principal 
stress 

General OR OR OR OR OR 
conditions Completely dry Damp Wet Dripping Flowing 

Rating 15 10 7 4 0 

B. RATING ADJUSTMENT FOR JOINT ORIENTATIONS 

Strike and dip orientations and dips Very favorable Favorable Fair Unfavorable Very unfavorable 

Ratings Tunnels 0 -2 -5 -10 -12 

Foundations 0 -2 -7 -15 -25 

Slopes 0 -5 -25 -50 -60 

C. ROCK MASS CL.ASSES DETERMINED FROM TOTAL RATINGS 

Rating 100 ..-- 81 80 ..-- 61 60 .--41 414--21 <20 

Class No. II Ill IV V 

Description Very good rock Good rock Fair rock Poor rock Very poor rock 

D. MEANING OF ROCK MASS CL.ASSES 

Class No. II Ill IV V 

Average stand-up time 10 years for 6 months for 1 week for 10 hr for 30 min for 
15-m span 8-m span 5-m span 2.5-m span 1-m span 

Cohesion of the rock mass >400 kPa 300-400 kPa 200-300 kPa 100-200 kPa <100 kPa 

Friction angle of the rock mass >45" 35-45° 25-45° 15-25° <15° 

GE0MECHANICS CLASSIFICATION 
OF JOINTED ROCK MASSES (1997) 

FIGURE E-13b 
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- BASALT PYROCLASTICS 

- ANDESITE PYROCLASTICS 

- FELSITE 

- APPROXl~ATE BEDROCK CONTOUR 

NOTES: 

I. ROCK CONTACTS ARE ESTl~ATED USING FOUNDATION 
REPORT PLATES. THESE ESTl~ATED CONTACTS ARE AT 
THE ELEVATION OF THE DIVERSION TUNNEL. 

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

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

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

50' 25' 0 50' 

IRHHRE-J I 

U. S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEERS 
SEA ffiE, WASHING TON 

BEDROCK EXCAVATION 

100' 

I 

HOWARD HANSON DA~ WASHINGTON 
SIZE INVITA TION NO . FILE NO. PLATE 

B E-10 
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PROPOSED EXPLORATORY BORING 0 
RW-22 

DD = DIAMOND DRILLED CORE BORING 
RD = ROTARY DRILLED SOILS BORING ... PROPOSED RELIEF WELL 

0 50' 

U. S. ARMY ENGINEER OtSnlCT, SEA TTtE 
COltJ'S OF ENGINEERS 
SEATTU, WASHNGTON 

PROPOSED EXPLORATION 

HOWARD HANSON DA~ 
SI ZE IJ.IV IT AT ION NO. F'IL( NO. 
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GATE TOWER 
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STEEL SUPPORTS 6' C-C 

' -\\ 

MAJOR FAULTS 
WATER BEARING 

BASALT BLACK, HARD AND DENSE APHANTIC TEXTURE 
CONCHOIDAL FRACTURE 

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

ANDESITE PYROCLASTICS, (TUFF) SOFT, LIGHT GRAY FirlE 
GRAINED, IRREGULAR FRACTURE,BREAKS DOWN RAPIDL) 

F(:: LSITE LIGH T GRAY, HARD DENSE. APH AN TIC TEXTU l~E , 
TRREGULAR FRACTURE 

__________ ~ MAJOR FAULT 
/ . 

"' • 
0 
CV 

.... 
(fJ 

I 

I 

OUTLET WORKS TUNNEL 
NO SCALE 

... 
0 
• 
\ 

MONOLITH JOINTS 

"-0, 

' 0., 
0., 

I 

MAJOR FAULT 
WATER BEARING 

STILLING BASIN 

US. AllMY ENGINffil Dl$TillCT, SEAffiE 
CORP$ Of ENGINEBtS 
SEATTLE, W"'-SHINGTOt-1 

EXISTING OUTLET TUNNEL GEOLOGY 

HOWARD HANSON DAM 
- s,i< I rN,•,urinN ""· 7riL[ NO. 

B I 

DICNe [CKERL IN (H<· MANN -----r-~,-----
WASHING TON 

. i a•:,, ;i 

i E-12 
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u. s. ARMY ENGINEER PISTRICT, SEA rne 
CORI'S OF ENGIN£EllS 
SEA TTtf, W Asn;.GTON 

MAJOR JOINTS ON LEFT ROCKWALL 
OF EXISTING INT AKE CHANNEL 

HOWARD HANSON DAM WASHINCT0N 
SIZE I ~NVI U.T lON NO. I F"IL€. NO. I PLATE 

1--B_l'----·--''---~-------L-,'". 
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T race of Join+ d1pp1ng 11"1to th~ ~.xca.vation Qnd. 
vertic.a.1 a.n9 ', e. f'rom a. ho...-izonta.l plane.. 
Tra.ce. of' Joint t ho1 doe.s not dip ird-o +n~ 
excava.-tion o.nc::( vertical an13\e frof'Y'\ a. honz.onta.l 
plo.. ne.. •• 

Rod< Bolt 

Assumed. rock bolt location 

0 10-0 FT 
__________ j 

NOTES~ 
I. The po+e ntio.l s l j p pa.9e. s urf'ac_e.s sho,.., n on. th e. p/~ n and sect- ions 

a.re ovefemp ha.si ze.d. f'o r pl..(rposes of i llu.sfro.-+,on. Thf!t.e. 
StArf a.ce s • h o we.ver, con be. I oca.-t ed h y ca re. t 1,d ob1.crva.+i on 
of" the exco. vo.:+ ion. 

z. Joints ~nd f'o.. , .. dtt. a.re not G4 ittcaren+ io..-ted. 
a. ro,nts a.re shown in O f; p roKimo..-t·e posi+iol"\ a.nd a.ttituc:ie 0~ 

jo.i t'\'Tr. is e~tirna.te.d ~rorn boiiom o-F e,ccavation. · 
A\. The num43roor. m ,nof" frac.ture~ <and jo,nts 4:11"'~ not shown. 
5. Ro<.I< bolt.s 4t"C. p14Ged on about fo,~ (5) foot c.enter.s. Th~ bo lt.s in +he upper 

20 ~«.~t of tni.r .fa.Ge are ,0 .fee't lo~ anci ·+ne lower por't1on of the 
foc.e 1s ~~c.ored b.9 roGlc~ bot+s 20 +c.c.+ long. 

u. s. ARt.1Y EN~ER OISTlllCT, SEA m e 
COIi.PS OF f NGt-lfff.S 
SEATTU, WASHHGTOH 

GEOLOGIC SECTIONS ALONG 
LEFT R OCXW ALL OF 

EXISTING INT AKE CHANNEL 
HOWARD HANSON DAM WASHINGTON 

B 

OSGN, ECKERL IN ! CH1<, MANN 
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ELEV. FEET 

1200 

1180 

1160 

1140 

1120 

1100 

1080 

1060 

1040 

1020 

1010 

0 

D 

OVERBURDEN 

BEDROCK 

40' 

□ □ D □ □ □ □ 
BENCH 

□ 0 □ □ 0 □ DO D 
0 
N 

□ D D □ □ □ □ 

□ 0 □ □ 0 □ D 0 D BENCH 

□ □ D D D □ □ 

b 
N D O 0 0 0 D D 0 □ 

□ D D D D □ □ 
BENCH 

LEGEND 

DRAIN, 2", 25' TYP IC AL 6X6 DIAGONAL ROCK BOLT 
PATTERN ON IOv,IH SLOPE 

ROCK BOLT TYPICAL I2Xl2 DRAIN PATTERN 
#8, 15' 

TYPICAL ROCK BOLT AND DRAIN PATTERN 

2 
11 

2" DRAIN ON 
12'X12' PATTERN (TYPl 

MAXIMUM 

EL 1177 

10' WIDE 
BENCH 

--

--

---
MINIMUM RESERVOIR LEV 

EL 1070 

--

--

WET-WE LL FLOOR 
EL 1035 

2" FOUNDATION DRAINS 
7'X7 ' PATTERN 

NEATLINES 

I 
I 
I 

7 

_J 
I 

96-DD-87 
SEE BOR ING LOG 
IN EXHIBIT A 

#8 ROCK BOL T ON 
6'X6' DIAGONAL 
PA TTERN ( TYP l 

2" DRAIN ON 
12'X12' PATTERN (TYPl 

E 20' HIGH BENCHES 
VER TI CAL PRESPLIT HOLES 

RACTURE AT 144 ' @ EL 1023 
RODUCED 40 GPM ARTESIAN FLOW 
T SURFACE OF HOLE 

OTTOM DEPTH 
00.8 (EL 964 ,9) 

NOTES: 

1. ACTUAL WIDTH OF BENCH AT TOP OF ROCK CUT SLOPE 
WILL BE DEPENDEN T ON THE CATCH POJNTS 
SEL ECTED DUR ING DESIGN AND ROCK ELEVATIONS 
ACTUALLY ENCOUNTERED DURING EXCAVATION . 

2, SEE PLATE E-10 FOR PLAN . 

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

FISH FACILITY 
GEOLOGIC SECTION A 

HOWARD HANSON DAM WASHINGTON 
SlZE INVIT ATION NO. FILE NO, PLAT[ 

8 E-17 

DSGN, ECKERLIN CHK, MANN I SHEET 

F--/7 



EL FT 

1200 

( 

1180 

I 

1160 

1140 

I 
/ 

1120 

( 

11qo 

1080 

1060 

1040 

1020 

2 

:::-7 

OVERBURDEN 

I 

ROCK BOL T ANO 
DRA IN HOLE PATTERNS 
SHOWN ON PLATE E- 17 

\ 

SECTION B 
SEE PLATE E-10 FOR PLAN 

20' 10' 0 20' 
IRRHREJ i 

EXI ST ING 
ROADWAY 

ROCK BOLT AND 

EXISTING 
ROADWA Y 

DRAIN HOLE PATTERNS 
SHO WN ON PLATE E - 17 

PORT AL CUT 

SETS 

I 
/ 

I , 

I 

.! 

I 

! 
I 

i 

C6NCRETE 1 0NCRETE 

I 

I 
I 

I 

I 
i 
I 

I 

7 ST'EEL/ SETS , , 

I 

I 
48" 0 BYPASS 

/@ 

118 ROCK BOLTS 
LENGTHS VARY 

I 
LEFT; 

, 

I 

SLUl 1CE 

ROCK ANCHOR 
(TYP) 

\ 
\ 

'. 

EL 1035' 

EXIST ING 
48" 0 
BYPASS 

t TUNNEL 

24" 0 FISH 
~~~~(f,_ TRANSPORT PI PE 

T 
10' 

_. J_ 
2' 

4' 

3' - 6' 48 11 BYPASS PI PE 

SECTION C 
SEE PLATE E-10 FOR PLAN 

10' 5 ' 0 10 ' 
1 .... ~a~a--,---4H~ a~~a+--------<1 

CD -BASALT 

0 -ANDESITE 

0 -BASALT PYROCL ASTICS 

,0 -ANDESITE PYROCLASTICS 

\ ~) - FELSITE 

NOTES: 

I. ROCK CONT ACTS ARE ESTIMATED US ING 
FOUNDA TION REPORT PLATES. 

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

U. S. ARMY ENGINEER DISTRICT, SEATTLE 
CORPS OF ENGINEE~S 
SEA m e. w ASHINGTON 

FISH FACILITY 
GEOLOGIC SECTIONS B AND C 

HOWARD HANSON DAM WASHINGTON 
SIZE I "!VIT ,H ON i\'(). I =-1tE \ /'1 B . I .. ;J. 

GSGN, ECKERLIN CH,<, MANN SHE,-



EXHIBIT A 

SUMMARY DRILL LOGS 
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r,-

( 

,---------,-o-,v-,-=-s,-0-,-----------,.1,N:::S~r;-:.-:-L;-L.:-;T;;:,o:;:N::-------------T,5;;:,;E.;;~r;:-;---7 
DR ILLING LOG NP0 ,\JPS OF METS 

1. ?ROJECT •\JWCJ .Virel ine 
1-_____ .:_'-i.:_:H.:;0::......:..F.:..;.::3.:..;-,_P_:a..:s:.:s:.c=..;c;:..:e:.......:S_t...:u:..d~y------:"· 0,;uw =oR ::L;:v.rioN ssowN<rew or- ~su 

2. LOCHION ICoordlnoro• or- Starlonl NGVQ 1929 · 

1-!.:!N-..'..I ~0~2.,_. 2:c.9~1·:..!0::..:..::16::..._ __ __:E:::........:I ·..:.7...:6:.;3:.;•..:.7..:3:...7...:·..:8...:0:...0:...-__ 
7 

,2. ~AHUF ,cruRER"S ot:s1c.-. riON ·JF ORILL 
l. OR IU. INC -'Cc':NCY Longyear 44 

1-.::::-'l~u!!:e:2.n2....;0~r~, l:.!.1.!.!i n.2;1.~( C:.;l~o:!.!r...:!<:~:_F.:;o~r..:.k~-c_:_I O=G.:..ti~0:.:.1 ___ _, I l. ro T 4L NO. IJF Ov<"~. •01 s TUR8£0 
3UA0EN s.o.1Pt.£S r U(N ~.':in':°.· ~~o~;"'n on dl"'awln(I ~~_tff-l-QQ-BO 

•UMl1Si\JR8£0 

1-~-_: •~:_::~.:_· -::::_:--:::•::..:_• _____ ....;...:__:..:.~--------: 1 ◄. TOTAL .'<tJW8ER CCR€ 30XES 12 

15. a~v• rt ON CROLH) "' fEA I 153. 3 
6. OIRECTION OF" H0Li: I 16. CATE ><OLE 

(!] vu1rn:,L O INCLINEQ _______ QEC. '"0" VERT. II. il.E'/HION TO P OF MOLE 11 "'4 7 7 

T. TMICXNESS OF OVulBUROEM 8. 4 FI. ,a. ror 41. COR( R(COV<.~Y i"OR 30RINC 98. 3% 
1-a:::·_::0€.P::_:™.:.:..:0:::R::.:IL:.:;L::;:EO:.,::IN;:.r.:o_· •.:;o..:cx:.:...~l-=:5;6;-• ..:6=-F~T;-. ___________ 19. SICNA T\JRE OF ll<SP'i:CTO R 

9. TOT4l.OEPTMOFaOL£ . 165.0 FT. 

OEP"l'l< r LECOO 
, . 

1164.8 

1156.4 

__y_ lO 
1153.8 

1149.a 

20 

1139. 7 

30 

4 

1107. 7 

1091.9 

· 106◄.8 

CUSSIFICA TION OF YA TERIALS 
<Oescrlorfor,t . 

Ct.I, 511 ty Sonoy GRAVEL 
..,, tn OOUIOel"S. 

TOP OF ROCK O 8. 4 FT 
~NOESITE. soft, "'earner-ed. 
r-usty--r-!'<l ro o,.ay in color-. 

BRECCIA. model"OTely 
r,o,-a. dense. "'eotner-ed. 
<"'Usty-r-ed. 

Fl"om 47.4 to 57 core is soft. 
slicken sides on joints 47. 4 to 
48.4 cloy QOUQe. sott. or-ay 

------
C;lo-;. ~nanQe -to liQnt 
or-oy-a<"'een o 71.0", 
.,, th sllckensioes on joint.s: 
75.0' to 76 .0'. clayey 

ENG FORM 1836 l'!l!VIOUS EDITIONS 4IIE 08SCt.£TL 
1U.R 71 

ROO 
7. 

75.0 A 

8 

96.1 C 

0 
100 

E 
84. 4 

2 

98. ◄ F 

ao.o ( 

77.8 K 

88.J L 

97 . 0 N 

87 . 6 0 
5 

86.1 p 

88.0 a 

98. ◄ R 

92.0 s 6 

98. 4 T 

90.0 u 7 

PAOJECT 

.:10,l.t.AKS 
.... arer 1os.s. ceorr, ot 
.,,c .. 11 ,1onltlccnr1 

NWCJ · 
oo , z.9ao-
,o : 1. 875" 

SPLIT INNER TUBE 
4/5/9◄ 

VS/94 

40 psiQ/6. 7 Qpm/15 min 
40-21 / 5 sec 
21-7/120 sec. 

40 PSiQ/15 . S 9pm/15 min 
40-1715 sec 
17•4/120 sec. 

40 psiQ/8.1 9pm/ 15 min 
40~22/5 sec 
22:,8/ 120 sec. 

4/6/94 

4/7 /94 

80 psio/8.0 opm/lS min 
80-58/5 sec 
58-JJ/ 120 sec. 

80 PSiQ/9. 7 opm/15 min 
80-4715 sec 
◄ T·ll/120 sec. 

80 pslQ/1.5 Qpm/15 min 
80-25/5 sec 
25-01120 sec. 

80 psiq/0 QPm/ 15 min 
80- ◄9/5 sec 
49-21 / 120 sec. 

Hell.£ NCI. 

FISH PASSAGE STUDY 94-00-80 *' 



DRILLING LOG (Cont Sheetl Ew,. r:aN raP 
0
' MOL:: 

Hole No. 94-00-80 

HH 

ELEV.t.TION OEPTM 

V 

CLJ.SSIFICA rlON OF 1.1ArE~IALS 
t0e2,cr-1or1on1 

/

SHEET 2 
OF2 5MEET5 

I 
! :ORE / 30X ~R I ~•RKS 
R£~:J,.v-1 SA.~6.-=- co,-~~,~~:~~~. •9ar'c~~ ~14:i"on~frer: 

/--::-::-"-:---+:-:::-:::--+-c-=-~------!..-----...;...--.:.• . 1064.3 E I r .:-:-,---i----,------'-------
ANO SITC: 3RE~CIA. soft ro C\Or":l. 65.a 

14 

1020.4 

15 

16 

999.8 

Qr"e~n ro <;r"cy. slick.e-nsiaes on 
joinr surfcces. 

I so.o 

91.2 

100 

X 

y 

I •17194 

rao Js 1<;;to Qom/I S 
ao-•015 sec 
•0-191120 sec. 

~ 

min 

ao osiq/0 QPm/15 min 
30-43 / S sec 
•1-211120 sec. 

NPO looor-otor-y test, conducted 
on COf"'e 139.3 - 140. 3' . 
Results r-eoor- ted T /l l/9◄: 
So~iflc Crovity 2.42 
unit WeiQtit ,so.a ocf 
Absor-otlon 6.67. 
Unconfined Comor-essive 
Str-enatn , s.•10 osi 

ANOESITE BRECCIA. clayey. soft. 
alter-ea Ql""OY to Qr"een. slicKen-
sides on joints. 

nar-d o 163 :t 

Bottom of c,0,-1n0 o 165 ft 

100 •6 9 

AC 

100 AO 

100 10 

AE 

5 I AF 

62.5 AG 

II 

77.1 AH 

86.2 Al 
12 

9 ◄.3 AJ 

ao osiQ/0 QPm/lS min 
80-70/5 sec 
70-50/120 sec. 

80 osiQ/5.J Qpm/ 
ao-7515 sec 
7-5-60/120 sec. 

ao osia/S. r Qomt 
80-70/5 sec 
70-51/ 120 sec. 

4/8/9 ◄ 

NOTE: Ruen Q,-illinQ Comoany is .suocontr-aetor to Andi""~.., Or'illinq 
Co., ldano Foils. ldono unoer- con1r-ot OACA 67-93-0-1012 
Oellver-y Cr-der- No. 9 

Wotet" test data cor-r-esoonds to inter-val snown. 

Abbr-evictions used: 
80 oslQ/9. 7 Qom/IS min 
80-40/5 sec 
40-19/120 sea 

80 pslo 80 pour,dS water- pressure per- Inch measour-ed by a QOUQe at 
Qr"OUl'ld level 

9. 7 QPffl/15 min • 9. 7 Qollons of water- per- minute mea$Ut"ed 
wfth a tlow meter for- tne stated per-lod 

80-◄0 /Ssec • water- pr-essre dr"oo in system fr-om 80 to 40 osio in 
5 seconds. 

40-19/120 sec , water- or-essure or-oo in system fr-om ◄O to 
19 osio In 2 minutes 

ENG FORM 1836-A r'lllVIOUS !DITIONS - OIISCUTL 

- 11 

PIIO..E:CT 

FISH PASSAGE STUDY 

HQ..EHO. 

94-00-80 



i 

(I 

' 

ORILUNG LOG 
OfVISlON 

NPIJ \

INST )r,l.l.ATION 

NPS 

1. ?l!OJECr 10. SlZE "° TYP( CF air -~WCJ (WIRELI NEJ 
~....:H,:H,::'.0....:,_r.:_IS;::H:.:,_P~A.:.S.:.S::.A:::C:::E:.....::S:..:T..:U:.::D:..:Y _____________ ,,_ OAT\JM ;:'QR :J.EVATION SH()W,t'BI/ ar ~SU 

2. LOCATION !Cardll'lftl ar Statmi NCVQ 1929 

J-_:N:_lc:0'..!2:.:.•=.50~J:..:.5:!6~2:...,:i:::....:_I,:_• 7:.,:6::,:J:_:,.!:2.!:2.:::8.:... 7:,_7:,_~:_ ________ 7 12. MNO',Cl'\-"(R"S OESlCNATlON OF ORl..l 

J. ORn..UNC .oGENCY LONC YEAR 44 

l-.!."!1UtsE~N_l!.0!!!..!aRI LJ,L"'I N!:!_!C~l!,C!,.,:_AR~K~F~O~R~K~l.!.<0.!.A:c;HO~Jc_ _____ -j IJ. ro r -'L NO. OF OVER· ;OISruR8EO 

•. ><OLE ·"°· u, -· "' .,,,.,,,.,, - 8\JROEN s-..£s r ...:EN 
1--=-::...:'.::'":.::-::::.:..' _______ ...;..'. 9~

4
--0=-0=-•:.a_I ------714, ror -'L ""-"8ER CORE 90XES I J 

5. ,,Nol( ~F ORI\.L~ 15. ELEVArlON CROUNO WATER I 189. 7 
LYLE 3ALLINCE;! 

6, OIRECTION OF HOL£ 16. CATE: MOU: :57 .-RTEO 
4/21/94 

IX] VERTIC-'L O INCLINED -------- ~EC. ,ROM VE:RT. 17. cl.EVATIOH TOP Of' MOLE 1220. J07 

COI.IPl.£TEO 
4/2J4/94 

7. T'HIO<M:SS OF 0 VER1!UROEN 2J. 0 F T. 16. TOT-'L CORE RECOVERY <QR 90RINC 99 1. 

~5::_·_:0::El'::_.:.TH:.:.,_:0:;:R:::l.::LE:::O:_.:::N;_:T,:_0...:,:_R00<:.=,:_~I 6!..!7..:.·~0....::_F.:_T.:... ________ 
7

19. SICNAT~E OF >t~CTOR 
i . ror ..,_. 0(?11< OI' >iOLE 190. 0 i'T. 

1220. J 

20 

1197.J 

I JO 
1119.7 

40 

so 

60 

70 

80 

90 

112C.5 

11:za.1 100 

ENC FORM 1836 
WM 71 

CLASSlF'ICAolON OF "ATERl>LS 
/Oa,af,:tf.,,, 

a,.., Joint• 

~ EIIIT1C/HS - 08S0UTL 

I 
r. CORE I aox OR I 
RECOV· S-'MP\.£ I 

;;RY ~O. . . 

1100 

19 

•1 

M E 

100 F 

g/ C 

.. H 

ff 

100 

M K 

~ 

100 .. 

.. H 

100 0 

M 
p 

91 Q 

P!!C.£CT 

ROl.oRKS 

(/l'flllrt1 ,,.._ - ba. - " ..,,,.,,,,.,_ ..,_ ,r _ran, 

L.oena for folnt sooc ino, 
vl~ly >I .J ft 
ll'Od.,..at•ly 0.5 t-o 1 .5 ft 
c:lo• ely O . I t'o O .S ft 
r,fqr,ly fr"'OCtU'"'.cl•Ol"'l'CCl<Jfed 

SIil 
◄/21/'94 

Zl.1 -

- 41'22/'9◄ 7. 1 /)QI 

HOU NO. 

HHO FISH PASSAGE 94-00-81 'J...-:J 



ELEV M ION roP o, ><OLE 
DRILUNG LOG <Cont Sheet) 1220. J07 

HHO FISH P~SS.IC£ 

<LEVATION O(PTH Lc'.C(NO 

IINSi .&l.L ATION 

NPS 

O..,.SSlflCAflON Of' YA TE:Rt-'1.S 
(C..:,l c:lfonJ 

Hole No. 94-00-81 
SHEET 

Of' 2 
2 

51<'!: TS 

;!£COY• S-"'PI.E: l (:rllllrq 11- __. Tou. d<dO <f 1. CORE I 30X OR i!EIORKS -r_ 
:.RY .'40. ~ lf"1,. ..-C. ff stqrdfor,nl 

L....!..-J--_!....-l--:.""="~----__!------t-o=;;;;;,~'o~ot-..:.'-t-----_.._ ___ _ 
:t:=i.u<OESITt 8RECCCl4. olt..-ed. 

1120. J 100 RCO 

110 

120 

130 

140 

150 

1015.J 

160 

170 

180 

1030.l 190 

_;::-- c:loyey tones. .rae. ?yt"tte. 

+~ '""" -~-~· 

~-
-p_ 

m 
11 -m~~m,· ~ SIICkenatdes on Joint 

....-1oce• 

-

UClESlTE 3IOEC::14. 
l'l&qr,ly OI t.-eo. lmoct 

---1~=-~~-..,-,,a"..-,;'i!--~-~1q,,S~'~~l~F1ff.l 

i:,-...,1,y 1.11 
t .. ,qr,t ,n.• "' 

tron Z . 0% 
flM<I 

,,. l ,T90oel 

ENG FORM 18J6-A l'll!'ll0IJS mt10NS NI£ 08S0l.£TE. 
WM71 

~ 

s• 

SI 

100 

100 

100 

9◄ 

Tl 

S9 

SI 

100 

Tl 

911 

SI 

T◄ 

74 

'M 

'M 

91 

100 

PRO..f;CT 

R 

u 

V 

.. 

X 

y ' 

z 

4A 

10 

A8 

JC 

40 

II 

4£ 

4F 

AG 

... 
12 

., 

,.. 
tJ 

u. 

S£E NOT( OH 514€£T 2 
LOC '14-00·80 

ao osl/0 QOffl/1S min 
ao-e, l)sl/lZO HC: 

so .. 1121.a 00"'/ll, 5 min 
ao-o osu5 ~ 

&0 oal/lO. r QOnlJ'IS mfn 
- so-o oal/S...., 

!O 0al/'25.T CIC)fll/15 min 
SO-IT oel~ -.C 

IT • 0 oal Ito tee 

HHO F'ISH PASSAGE 

HOU NO. 

94-00-81 



~r 

DRILLING LOG 

I. PlfQ.;(C T 

OIV1SION 
NPO 

INST-'1.LAflON NPS 
NWCJ (WIR('._ INE J 

HHD FISH PASSAGE 11. OATlJM FOR ~EVAl10N s><0w,r1J.11 orwsu 

L-i_.:..:L::.o:.:c'....A..:TIO...:N~,ear.:....:•...:,,..:::..:::. .. .::.,.:::.:.51:..:.,,=-""-,--------------,l-.:..N:.:G:.V.:..D:.:..· _1...:9:..:2::..9=--~-----------------1 

1-~N'..._'.l_::0'.;:3~,_::0'.;:5~5~-..:4~2:..:9:._.....::.E....:.1 :..· 7:..:6::;3::;,:_:0:::...:..;I S::..:·:..9::..:3:..4 ______ 7 ,2• 1o1-.iF"M:T1JRER·s 0Es1c,urioN a; DRU 
J. OR!lLINC ,c(NCY LONG YEAR 44 

RUEN DRILLI NG (CLARK FORK. IDA HO) R OISTUR8EO 
L._~~:!..!l::!Err~ .. -.o~_-~_,~ ... ..!::-:!:..!2:.~ ... !.....~,,,..::.:,::;,,,~ .. ,,,.!::.c...!:~:~9~4.:..--D~D~-:..:.a~2.:....-------, lJ. ~ 1~~EOS\/Er ..;.EN • 

L....:~::....:Q.=..:.:·-::-:;_ ______ --''----------- 14. TOT-'1. "-JM8ER CORE 90XtS 16 

•Ul'OSTIJF19EO 

5. NAM( OF" ORII.LER LYLE BALL INGER 15. 8-E:'IAnON CROUNO WATER 11 70. 8 FT 

5. O~CTI0/1 OF HOLE 16. DATE HOl!: :srARTE04/ 18 /94 COMP\.ETEJ120 ; 94 

IX) V(RTIC-'1_ D INO.INEO ------- DEC. f"ROU VERT. 17. EL..."VATIOII rop OF HOU: 1206. 396 ft 

7. r>-tO<NESS OF" Ovt:R8UROE/< 4. 2' 18. TOT 'I. CORE ~ECO VERY F"OR 30RINC 97. 2 
~a·_;::'._'.ilEP:::_::TH:_:::ORl..:.:::L:::£.::_0_:IN.:_:T_::O_:R::_:OCl<=....::.2_:0_:5.:_. :_8_' ----------1 19. SlCNAME QI' IN$P€CTOR 

9. TOT ,Al. OE?n< OF HOLE 

1206.4 

1202.2 

I 

20 

210 . 0' 

CUSSIFICATION OF MAn:Rl"'-S 
(Ou::rf/lfOfll 

d 

Sandy crovel 

oo of r-oct< ~ ◄ .2 It 

ESI TE aRECCIA. Al ter-ed, mor-oon t o 
_,;:: r-een·<;r-oy, br-ot<en, cloy In places. 
..;...; ea, caeo, 

1. CORE BOX OR 
RECOV• s;uP\.E 

o ~':oo '1'· 

ROO 

21 

80 a 

80 C 

0 

E 

a(MARKS 
(()rfflll'Qtflff&-<hi'IOI.S.d«lftc>' _,,v. -,,. ,f slQrlf7oorrJ 

Le<;end for- Joint Soocinc;i 

Wldely 

Moder-otel y 

Closely 

> 1.s rt 
o.s to r.S fl 
0.1 to o.s fl 

HIQnly F'r-a<:tt.Jrl!d :11 brecciated 

1110.aT 
11 68. 

1 1 ◄3.S 

1112.0 

IIDe. ◄ 

30 

40 

~ 

....i::-= 

~ :1s-: 
~~ 

0~ 

60 

70 

80 

90 

0€SITE 6RECCIA, HIQMly ·01tar-~o. 
lc:lyey, QO<.JQe, dlsc:olor-otron. 
llckM1sldes. C0C01, F'eO 

UCJESIT~ l!RECCIA. .1.ltet"ed but Intact, 
wltl''I z:onea of heavy 011..-otlon. 
qr-een to qr-ay. coJclte; and pyrite 
mlner-ol lz:otlon 

Sllckensldes on Joints 

IA. hOl"d. 

ENGFORM 18:36 ""tVICuS D)IT10N$ - 08S0l£Tt. 
- 71 

F 

G 
90 

H 
100 

60 

78 J 

T◄ N 

85 0 
s 

p 

91 

a 
89 

6 

so R. 

' 
89 s 

99 T 

u· 
100 

CT 140'-E NO. 

HH FISH PASSAGE 94-·00-82 i_-6 -



!
ELEVATION TOP OF ><0\.E 

DRILLING LOG CCan t Sheetl 1206.396 

•ROJECT I INST ,II.LA TION 

HHO FISH PASSAGE NPS 

~EV A noN OEP TH 

11 06. ◄ 

998.4 

13 

-·- • l6o;-~ 
:t:=-= -~ 

~ --~ 
17 r:J~;:-::::j 

CLASSlFICATION OF ~•TERl,11.S 
(Out;rfa'IMJ 

conducted on core 
179.9' - 180 •. 7· 

p. c.-ovlty 
It lfelQl'lt 
80l"l)tlon 

nconf lned 
COff'OStr 

2.59 
161 .4 pcf 
2 .IX 

ZI ,920 psi 

Bottom ot Sorlnc;i G 210' 

ENC FORM 18.36-A PREVIOUS Ellffl0NS .oR£ 0IISCUTt. 

- 71 

Y. CORE I 30X CR 
R(COV• S,...PI..E 

;:~y -.0 . . ' 

99 V 

,oo 

92 X 

96 y 

90 z 9 

100 u. 

100 A8 

10 

96 AC 

AO 

100 AE: 

II 

100 AF 

100 AC 

100 AM 

Al 
12 

100 

100 AJ 

~ale Na. 94-00-82 

I
ShEEf 2 
OF 2 5hEETS 

~EWARKS 
fCrftUrq rt,,_ -«r lou. 4t!llllf't Gt' 

•<#f/!lt1fl'r!Jl'lrq. ff. ff slqrtflmrtl 

SEE NOTE ON SHEET 2 
LOG 9 ◄ -oo-ao 

80 oslo/0 opm/15 min 
a0-◄6 oalQ/ I20 sec 

80 OSIQ/0 Qpm/15 min 
80 • •a oslQIS sec 

◄8 • 18 psi /120 sec 

~--+-'.==-so osiq/0 qpm/15 min 

100 AX 

98 AL 

100 AM 

100 
AN 

100 AO 

91 AP 

98 AO 

98 AR 

100 AS 

100 AT 

CT 

13 

I ◄ 

15 

16 

80-◄0 pslQ/5 sec 
◄O • 26 oalQ/120 sec 

O oslQ/0 apm/15 min 
80·59 pslQ/120 sec 

80 oslq/0 Qp,n/15 min 
80-◄9 pslc;i/120 sec 

80 oslc;i/0 oc,m/15 min 
80-◄0 pslQ/5 sec 

◄O • 30 oslc;i/120 HC 

Hole cemented 

HHO FISH PASS ACE 
HOU'. NO. 

94--00-82 



I 
~--------...,...,o,-v-,s-10_N ___________ ""7'11HS-::T:--'(.-:-:-L,.-l'lOH:::-:-:--P-S __________ ll=;;;S><€::;;:E:;:T-----, 

DRILLING LOG NPO N = 5 rrs 

I. >qQJ(C , 10. SIZE "'O rYP( OF 31T NWCJ ('NireI inel 
1-.:..H::..H:.:O'......:F...:..:1 S::..:H.:.._:...?::.A~S:..:S::..:A:.C:::.::E:--=s:...r:..:u:'..o:::..:.Y _________ ---1 " · oA!'"" .~ cLc:v..r,cN 5t10w.rai, ~ •su 

Z. LOC,HION ICJordfroros ar SJOf/anJ NCVO 1929 
J-.:_:N~l:;:0.:,J:._, 4:._9;_4.:_·:...::8:_:J:._:~ _ _;::::.......;1.:.•.:.7::.6::.J.:.., 0.::...:,9::.J.:... _72::.9~-------j 12. "'N«.11'.AC~ER-S OESICNATION OF ORI.L 

JR NC ACtNC ONG Y AR 4 4 
1-l._:::R~U!..!:~:.!:~!...! ._!0:!.!R'.:.l,!:I L:..::..:..!1.!:N~G~(~C~L:.:A:..'.R;..:K~F:..O~R:::K..:.. _1:.:,0::..:A:.:H.:.0:::.:..l ----, IJ. ror .... NO. OF OVER• ' O,ST\IR8EO 

,,,, J 8\JROEN S-"""1..~S r Al<EN 
1-•-· _;::?.::L_:~;::ll•:_••0~,.;_,,.::'"4~:-~_•_"'_•r_"'_'_"' __ •_-':_ 9_4_-_0_0_-_9 _____ 

7 
'"· ror ..._ . ...-ER CORE 3OXES I 7 

:Ut()ISTURSEO 

5 . . , .... E OF ORILLDI L YL:: 8ALLINGC:R 
15. E~C:VAnON CROUNO W,HE~ I 05 I . 8 

16 . OATF.: HOL:: 6. OIREC,IQN a, '<Ct.£ 20• QCWN 
□ ·,e;n,c .... ,X] NCl.lr<tO _;:.::__::....:......;.. __ oe:c.;-" O" VERT. 17. El..:.'"VATlON TOP OF HOLE 11 04.8 10 

COLIP1..HEO 
4/ 2 / 94 

7, :1,!0<NESS OF 0VER8\JROEN 0 18. ror -'I. CORE RECOVERY ,oR 30R1NC 96.6 
i-.:.•:...· .::~EP::::...:T.:.:H_O:::R:::U=EO::....::•N.:.:T:.:O:....:.:.•o:.c::K:__.:2.:2:.:0:___f •_, ---------, :9. SICNAn..A'E OF INSP€:CTOR 

220 rt 

E' ... t VA OON OE?TH LE:C(NO Cl..ASSIFICATTON OF' lolAf'ERVt(,,S ,o.--,_ 

11 04 . a 

1101.0 

.... 
iosu 

1028.S 

101T. 9 

10 

20 

30 

40 

so 

60 

70 

80 

90 

1010. 8 100 

d 

ANOESITE SRECCIA. elayey, olter-ed. 
...-~:;;...::,:soft. oray. closely to moder""ately 

soaced /olnts 

ANOESITE 8RECCIA, olter-ed wltn 
clayey Qouae, Fee at 88'·97'. 
Joints closely socced to nlQtlly 

ANOESITE BRECC1A. dcrlt <,ll"een. alter-ed 
nlQhly fr-octur-ed to closely sooced 
Joints 

ENG FORM 1836 l"RC'll0US !DrTl0NS - ~ _ 1, 

◄ I. 7 

8 ◄.8 

81 . 1 

s2. ◄ 

2◄.8 

l2. T 

50.0 

lS.O 

15.0 

23.l 

0.0 

T9. 2 

ao.o 

19.2 

0.0 

a 

C 

0 

E 

F 

G 

H 

J 

K 

L 

M 

H 

0 

p 

0 

R 

s 

T 

u 

X 

2 

s 

8 

7 

RO.~KS 
({)rl/trrq 111ff&. ~ bU. dcl1t a' 

....,.,.lrq,. .n:., If sl(1d'f70llrll 

NWCl 
00 = 2.980" 
10 = 1. ars· 

SOLID INNER TUBE 
rYPE WIRELINE BARREL 

l/29/9◄ 

LeQend tor- Joint SoaclnQ: 
Widely : >1.5 ft 
Mader-ately = O.S • 1.5 ft 
Closely = a. , ·O.S tt 

HIQnly fractured = Br-ecciatad 

PASSAGE 
HOU: HO. 

94-00-83 



DRILLING LOG <Cont Sheet> 
EL('I AT)QN TOP OF HQ\.£ 

11 04.3 10 

PROJ(Cr 

HHO FISH PASSAG~ I
INSr "'-LATION 

NPS 

I0I0.a 

970. ◄ 

898.1 

100 

140 

C-~AS5'FICATION OF wArER1111..S 
(C..:,,,(lfa"tJ 

>NOESI TE. nara. Qr"ay, Close I y 

ro moder"atety sooced joints 

-+= = -'NOESITE BRECCIA, al t ered, IIQnt Qray 
-E-:: to Qr"Hn. soft, crumotes 
~ NPO 100 r-eS<Jlts 7/ll/9◄ an cor-e 
~ 1 ◄7.5 to 1 ◄8.0 tt 

ISO ~.So. Cravlty 2.42 --i::-:: - UnltWQt 150.8 pef 

~ 
AOs,;ir-otlon 6. IX 
Unconf. 

-~ Comostr- ll.510 psi 

1.::::---::....::_ - - - - - - - - - - -

~

- on cor-, 150.2 ro Is10.0 tt 
So. Cravlty 2.39 

160 § Unit WQt 1 ◄ 8.9 l>Cf 
:::.- AbSOl"l)tlon s.sx 
..=-- .Unconf. 

__, ~ Comostr" a. 900 osl 

180 

190 
F'eO on Joint 

ENG FORM 18J6-A PR£VIQ(JS EDIT10ICS Ml! 08SOl.£TE.. 
"-'R71 

1. CORE I 90X CR I RECO V • S""'PlE 
'-RY NO . . ' 

X 

7. 7 I y 

2J.5 z 

56 .I >A 

85.2 •8 

76.2 AC 

J8.0 AO 

47.4 AE 

r8.2 Ai: 

91.2 AC 

78.2 AH 

82.1 Al 

51.0 AJ 

AX 

◄7.a AL 

96.S 
AM . 

AN 

78.l AO 

85.0 AP 

93.0 AO 

◄O. 7 4R 

61 . 9 AS 

92.2 AT 

93.1 AU 

9◄.8 AV 

88. 7 411 

92.9 A.)( 

,._,, 

9 

10 

II 

12 

13 

I ◄ 

15 

16 

17 

Hole No. 94-00-83 

2 
SHEETS 

REMAAKS 
(Or1ttrrq ,,,,,._ -"d9' Jo.s.s;. "'1dft ~ _,,,.,._.,,.,,_~ If slt;rtf'1o::,ITI 

SEE NOTE ON SHEE, 
LOG 9◄ -oo-ao 

J/J0/9◄ 

ao psiQ/ 12.5Qm/ 15 min 
ao-,;015 sec 

60 - JO/ 120 sec 

ao osiQ/0.9 QPm/15 min 
ao-so / 5 sec 

SO - 0/ 120 sec 

J/Jl/9◄ 

80 osi Q/8.a Ql)ffl/15 mi 
80-60 / 5 sec 

60 - O /80 sec 

80 oslQ/9.l Qom/IS min 
80-75 15 sec 

75 - 32 /120 see 

80 pslQ/l.O 00ml 15 
80-65 /5 see 

6S - 12 / 120 s ee 

</1/9◄ 

80 oslQ/11.SQPm/15 min 
80-58/S sec 

58-l◄ /120 see 

so oslo/5 00m110 
80-60 I S see 

Sl- 18/120 sec 

80 OSIQ/0.1 Qpm/5 min 
80-63 15 sec 

63- 9/120 sec 

Hole Cement~d 

PASSAGE 
H01.£NO. 

94-00-8~ 



i 

f 

,---------,-o,-v-,s=-lO=-N-------------;:1 .. :-:s::'.1::-..._::--:-LA'.".l:::IOH=-------------7i:;S><;:;;E:-;l:----:---7 
DRILLING LOG NPI) NPS 0,, I S><E!;TS 

1. P~OJ(Cr 

1-.'..:H::.H~D:.......:,i'_:l.:S'.'..H:.....:.P..:A:.:S.:::.S::::A.::G..::E:......:S:..-..:' U::;D::...;_Y ________ 
7

11. 0AT\JM FOR :'.LEVAIION SHOwR"8'1 ar •SU 

z. LOCATION /t:a,,dl,.,,., ar SlotfOIIJ NGVO, 1929 

(W!RELINEl 
SOLID INNER ruse: 

1--N~.:..:I O:'...:3:.:·...:7...::9~2~ . .:::.6.:::.3 2::..._..:E=--l-=·-7..:6..:3.:.., ..:15:..O;;.;._l..:;2_4 _____ 
7 

,2. M.AHJF .cME.~·s oe:S1c,s,.r10N oF CRILL 

E LONG Y ~R 44 
1-.l·~;:i.°c!::u!SE:!:~~IN..:CD~R~I L:.!L::.;lc!:N~G~<:.:C:.:L:.:A::.:R.;.:K::....F:...;::O.:..:R.:..:K~,_:.:! D:.;A_;;Hc;.'0-=-) ----1~1-J..:.. 81.i::~o:.::~::'t::N:..:"°..:s:..:;...:..:OP\...:F=Eo::s"_e:r_R -"<_- E.:.N_..!..., 04-S-::T\J:--R-e_e:_o __ _.:_u-()l_s_ru __ Re_E_o_---j 
1-•-· _:::_'.'.L_:~_:1M:_NO::,.;_,,,::' ... =.::-"~_'"'_dr_aw_l_r,g_rm_•_-':_9_4_-_o_o_-_9_4 ____ 7 t4 . TOT"'- "'-"'"'!ER CORE 30XES 3 

5. ·•AME OF OR!LLi:R LYLE BALLENGE~ 15. ELi:VAnON cROUl<O WATER 1026.0 FT 

6. OIREC710N Of" HOLE ,e. OAIE HOLE :ST.ARTOl4/3 / 94 COMP\.ETEJ/5/94 
~ VERTIC"'- 0 'NCUNEO ------- JEC.F"ROM VERT. 17. EL!:VA110N TOP OF !<OLE 1035.044 FT 

~·..:_7:_· ..:_Cl<t:_::CX:.::NE:.:::S::S_O:;F_:O_VERBV::.::::.:_RO:..:E:..N--:-;::-::Q,;-;::-;,--------- 18. TOTAL CORE RECOVERY FOR 80RINC 
i....::a:... _::0:::El':._T..:_H:....:::OR:::._::L::='::O_::N:_:T:_:O:_::R_:O::CX:.:.__l_:Q..:Q:_::-F=T _________ 19. SJCNAT\.RE OF NSPECTOR 

97.6 

9. TOT AL DEPTH OF HOLE I 00 Fi 

c\.EYAMN OEPTH LE~ I CL..SSlFICAnON OF MAIERl>l.S 
fOua'f(llonl 

IOJS . O 

T 
1026.0 

935. 0 

10 

20 

30. 

-;--_=--ciANOESIIE SRECCI•. O1ten,0 ,.;tr, 
::f:.__ :::jcrayey oou~e on joinf surfaces. 
~ ~ soft, or-cy <Jr"~~n. c1ose1y sooced 

~ 

~ 
'-

~ 

joinrs to niQnty orecciated (0·J0 

030 f't Joinr scaeinQ close 

to moderate 

40 -1. 

50 

60 

70 

80 

90 

on Jts 

on Jt 

2. 72 
169.5 ()Cf 

0.8% 

CJ>f'l!. J:O110 ... su; . .,.. _ jjJ21Q.. 
c:ore Sl.1 - ,,. , 

2. 76 
171. 9 pef 

0.9% 
8,J20 psi 

ENC FORM 1836 PRf:Vl0uS EDITIONS -. 08SOl£TE. 

It). 

Jl. 7 

48. 7 

48.1 

25.4 

0 

JJ. 9 

T7. 7 

◄6. 7 

Jo.a 

Jl.7 

◄2. 7 

62.S 

39.2 

89.6 

9◄.0 

60.2 

9◄.S 

99. 7 

88. 7 

CT 

SOX OR I s....,.._e: 
"°· ' 

A 

B 

C 
0 
e: 
F 

C 

H 
2 

J 

K 

l. 
l 

M 

N 

0 

p 

a 

R 

s 
5 

T 

u 

V 

"' 6 

X 

y 

7 

z 

AA 

AB 
8 

AC 

q£M.-RKS 
(Drtlllrq ,r,,._ r,/lfftf' biS.S. <ldf't ff ..,..,.,,,v. 4'C. If SHJl'(floartl 

Core Bite , NWCJ 
QQ: 2. 960 • ;ncr, 
10 , 1.875 - ;ncn 

SE:£ ,'IOTE ON SHEET 2 
LOG 9 ◄ -00-ao 

40 PSIC/4. 6 CPM/ 15 MIN 
40-1915 SEC 
19-a;120 se:c 

40 PSIC/7 CPM/I5 MIN 
•o-a1s se:c 
a-0/30 SEC 

80 i'SIC/23. 7 
ao-I0/S SEC 
I0-01so se:c 

80 PSIC/I7, 7 CP14/I5 MIN 
80-0/ 5 SEC 

80 PSIC/20 CPM/I5 MIN 
80-01s se:c 

80 PSIC/26 CPM/I7 MIN 
80-0/5 SEC 

80 PSIC/2◄• 7 
80-I01s se:c 
I0-01so se:c 

Hole Cemented 

HH FISH PASSAGE STUD 
IQ.£ NO. 

94--00084-



· DRILLING LOG 
DIVISION INSTALLATION SHEET l 

N:?!) SEATL.2 DISTRICT OF J SHEETS 
1. PROJECT 10. SIZE AND TYPE OF BIT ~ DIAMOND 

HOWARD cr_.i,N"SEN DAM DITA.";(E TOWER 11. DATUM FOR ELEVATION SHOWN (TBM OR MSLJ ~-------------------------" . LOCATION !Coordinates or Station I NGVD 19 2 9 
_____ N_1._0_2_,_s_o_a_. _l_9_E __ l_, _7_5_J_,_s_1_a_._2_2 ______ 1 2. MANUFACTURER"S DESIGNATION OF DRILL 

. DRILLING AGENCY MOBILE 3- 5 J 
...-_______ KE_-:_R!_R_D_R_I_L_L_I_N_G---r-C_0_. ______ ----113. TOT AL NO. OF OVER· DISTURBED 
4 . HOU: NO. (As shown on drawing title BURDEN SAMPLES TAKEN 

and fi le number) 9 4 - DD - 8 S 

5. NAME OF DRILLER 

RANDY PAINTER 
6. DIRECTION OF HOLE 

VERTICAL ~ INCLINED 0 _____ DEG. FROM VERT 

7 . THICKNESS OF OVERBURDEN 2 . 0 

8. DEPTH DRILL:D INTO ROCK 54. 0 

9. TOTAL DEPTH OF HOLE 56 

ELEVATION DE?TH 

0 

14. TOTAL NUMBER CORE BOXES 6 

15.::LEVATIONGROUNDWATE.9 11.JJ 

1 6 . DA TE HOLE 
STArlTED 

09-18-94 

17. ELEVATION TOP OF HOLE 1140 . !. 

18 . TOTAL CORE RECOVERY FOR BORING 96 

19. SI NATURE OF INS?ECTOA 

(' 
" 

UNDISTURBED 

0 

COMPL~TEO 

09-20-94 

(1 
REMARKS CLASSIFICATION OF MA ERIALS 

(Description) 

I 
% CORE I aox OR I 
RECOV• SAMPLE 

ERY NO. 
(Drilling time, water loss. depth of 

weathering, etc. if significant) 
a b d 

ll.40. 1 Q 

!.lJa . l ANDESITE,breccia, gray,hard 
broken w/qt.z and pyrite 

-----+---~~~~~- ~~M_mineralization 
1137 . l · i h an le o inc 

ft: broken zone 

e f 

63 l R1:.JN A TO 4 . 0 ' 
D 4 . 0 : C2.5: Ll.5 ~QD 
12 .. 5~ 

Ru"N 9 TO 6 . 0 ' 

1 

D 2 . a : C _2 . 0 ; L a . 0 RQD 1 
5 5 \-

~UN C TO ll.0' ~ 
D 5 . 0 : C 5 . 0 : L O RQD 8 5 ,;-' .:d= 

.;.lJ 3 . 2 

llJO.l 

l.1.24 . .l 

l.l.23 . l l. 7 

SO degree 

degree 
degree 

65 degree , pyrite 
mineralizaton, some 
slickensides 

45 degree 

breccia, hard 

70 degree, pyrite fill 

fresh hard rock 

1o·degree 

degree 

degree 

broken zone to .l.B ft . 
20 degree group of 3 

t:uff, 

PROJECT 

1 

100 2 

90 

BOX 1 Fm a.a to 11.0• 
RUND TO 16.0 
O5.0:CS.0 : LO.0 RQD 96t 

RUN E TO 2:1. 0 
DS.0:C4.S:L0.S RQD 6Jt 

9/ 

ENG FORM 1 836 PREVIOUS EDITIONS ARE OBSOLETE. u~~a~n u~~~"'C'°>\l' ~aM T1\l"T"atre'. Tnw-i:'? 
HOLE NO. 

94-DD-8~ 1_ ,-



fl 

iJRILLJr~G LOG (Cont Sheet) 
ELEVATION TOP OF HOLE 

1140 . l Hole No. 94-00-85 

1. PROJECT INSTALL.A TION SHE::7 
HOWARD HANSEN DAM INTAKE TOWER SEATLE DISTRICT OF 3 

2 
SHEETS 

CLASSIFICATION OF MA iERIALS 
(Descript ion) 

d 

30 degree thin calcite 
rock is c=-umbly 
30 degree,calcite fill 

degree, calcit.e 

1-----4----~..,;....;..,..,.;..,+-,35 degree, thick calcite 
1120.1 infill , c::.-umblv rock 

45 degree 

70 degree 

brecia, gray,hard 

22 .4 to 24 . 0 ft, broken zone 

flat joint 

I 
% CORE BOX OR 
RE~COV- SAMPL; 

:RY NO. 
' 

2 

100 3 

26 . 3 to 26 . 8 ft., broken zone Too 

1110 . 1 

llOO.l 

5 degree 
21 . a c:o 2a .4 

10 degree 

::i:-oken zone 

some slickensides 

breccia, gray, hard 

5 degree, several close 
fractures 
35 degree 
same 
5 degree 

& 20 degree 

5 degree, minor calcite 

soft zone 

so-degree, soft infill 

35.9 to 36.7 ft.,broken, 
crumbly rock, slicks present 

100 

50 degree, pyrite, qtz infill 100 

PROJECT 

3 

4 

4 

5 

REMARKS 
(Drilling time , water loss . depth of 

weatnering, ~tc. it significant) 

lost retur:1 water , water 
exiting slope drain at 
elev 1132 ft. 

30X 2 Fm 11 . 0 TO 21 FT 
:<.ON? TO 25.0' 
D5 . 0 : CS.0 : L0 . 0 RQD 60~ 

RONG TO 31 . 0' 
D5 . 0 : CS . O: LO.O RQD 86% 

BOX 3 TO 30.6' 
RUN H TO 36.0' 
D5.0 :CS.O:LO.O RQD 96% 

RUN I TO u ._o' 
D5.0:CS.O:LO.O RQD 80\ 

BOX 4 Fm 3 0 . 6 To 3 9 . 6 . . . 
FT. 

•• ..., ... .._....,_ ••~,'l't""''":"'.T ~'7'\M T''\,,.,.."t,,t(""'C' ..,."'W'C'i,· 
HOLE NO. 

94-DD-85,, 



DRILLll'.G LOG (Cont Sheet) 
ELEVATION TOP OF HOLE 

1140 . l 
1. PROJECT INSTALLATION 

HOWARD F..A.i.'l'SEN DAM !NTA.."G TOWER 
ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS 

(Description) 

1099 . 6 42.0 ft., broken 

1098.l 

1090.l 

1084.1 56 . 0 

zone, rock is soft , c=-umbly 
with silickensides 

Andesite Lapallie t~££, 
hardcompetent rock 
30 degree, Qtz, py-=ite soft 
infill 

30 degree 

30 degree 

shallow joint set 

& 35 degree conjugate set 

zone 

ree 
btm of hole@ 56 ft . 

PROJECT 

Hole No. 94-DD-as 

SHEET 
SEATLE DISTRICT OF 3 

3 
SHEETS 

.,, coRE I aox OR 
RECOV• SAMPLE 

ERY NO. 
e · f 

100 

5 

100 

6 

100 

6 

REMARKS 
(Drilling :ime, water loss, depth ol ,--r 

weathering, etc . if significant) 

RUN J TO 46.0' 
D5.0:CS.0:L0.0 RQD 90~ 

aox s :m 39 . 6 To 48.s 
FT. 

Ru'"N L TO 56 . 0 
:)5.0:C5. 0: L0.0 

BOX 6 Fm 4 8 . S To S 6 . ·o 
FT. 

1-

ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. u~w~~~ u~~~~ D~M T'ITT'A.KE TOWER 
HOLE NO; 

94-DD-Bi _,.,.. 



DRIL!..iNG LOG 
DIVISION 

NPD 
INSTALLATION 

SEATLE DISTRICT 
SHEET l 
OF 3 SHEETS 

1. PROJECT 1 0 . SIZE AND TYPE OF BIT 6 " DIAMOND 
HOWA..':UJ RANSEN DAM INT~'<::: TOWER 11 . DATUM FOR ELEVA7I0N SHOWN (TBM OR MSLJ 

--T-IQ-N-(C_o_o_rd-i-na_t_e_s_o_r_S_ca-t1-o-nl--------------; ~GVD 1929 

__ N_1_0_2_,"-s_2_s_._2_3_6_E_l _,_7_6_3_4_9_6_._s_1_2 _____ -j 1 2. MANUFACTURER'S DESIGNA ,ION OF DRILL 

J . ,.. _,,~GAGENCY MOBILE 3-53 

KERR DRILLING CO . 1 J . TOTAL NO . OF OVER- DISTURBED 
f-4-. _H_O_L_E_N-,Q ___ (_A_s _s-ho_w_n_o_n_d_r_aw""'"".""in_g_t,--itl-e--,-------------1 3UROEN SAMPLES TAK EN 

and file number} 94-DD-86 
5. NAME OF DRILLER 

R. PAINTER 
6 . DIRECTION OF HOLE 

VERTICAL @ INCLINED 0 _____ OEG. FROM VERT 

0 
1 4. TOTAL NUMBER CORE 90XES 6 

15 . ::LEVATION GROUND WATER 1146 . J 

1 6. DA TE HOL!: 
STARTED 

09 / 15 / 94 
f-7-. -,-H-IC_!<_N_E_S_S_O_F_O_V_E,....R_B_U_R_O_E_N_2 ___ 6 ____________ -I 1 7. c:LEV A TION TOP OF HOLE 115 9 . 7 

DEPTH "R LL~D INTO ROCK 
3 

S 1 B. TOTAL CORE RECOVERY FOR 30AING 9 2 8. u I :: . 4 
19. SIGNATURE OF INS?ECTOR 

9. TO TA L DEPTH OF HOLE 4 1.. l ~ 

ELEVATION DEPTH 

UNDISTURBED 

0 

COMPLETED 

09 / 1 7/ 94 

REMARKS 
(Description) RECOV- SAMPLE 

ERY NO. 
(Drilling t ime, water loss, depth of 

weathering, etc. if significant) I 
LEGcEND I cuss1F1c;.. ,10N oF MATERIALS % CORE I aox OR I 

1---.;;;.a __ +-__;;b__ _ ________ ..::;d ________ ......,__..c~;.._---,---1 --+-----------"---------+--
1. l._S 9 . 7 0 

115 7 . 7 

1157 .1. 

1149 . 7 

,..--... 

•f"'\OA/11 
~ -- ... ---· .. - · 

CONCGTE 

SUBGRADE, ( 1/ 4" - ) gravels 

ANDESITE, gray-green,Mod.hard 
core highly broken,crumbly 

crumbly 

rock h i gh l y broken 

vert ical joint w/slickensides 
40 degr ees 
20 degr ees 
70 degrees 

ANDESITE,gray,hard 

calcite infill, soft, highly 
broken to 1 S.l Ft. 
O degres 

watertable 
flat jointed 

Andesite, gray,hard 
10 degree 

flat joint 

45 degree joint 

- -- ·- · - ·· - -- -- -- · --- PROJECT 

71. 

100 

100 

l 

l 

2 

2 

RUN A TO 3 . 0' 
D3.0:C2.0 : Ll.O : RQD N/ A 
Ini tial advance w/HQ b i t 

RuN 3 TO 6 . 5' 
D3.S : C2.S : Ll . O RQD Ot 

Return water leaking to 
pool~~ subsu=face 

RUN C TO 8.0' 
D1.5 : Cl . S : LO RQD 25t 
=earned ~Q pilot hole to 
6" dia for next run. 
RUN D TO 13. 0 
D5.0 : CJ.6:Ll.4 RQD 19 
\ water return 80\ o-

BOX l FM a.a TO 9.7 FT. 

RUN E TO 18 . 0' w . t 
D5.0:CS . O: LO RQD 54t 

9/ 

BOX 2 Fm 9.7'To 17 . 0' 

HOLE NO. 
- - --- - - --- - o<= ~ - 1: 



DRILLJNS LOG (Cont Sheet) 
ELEVATION TOP OF HOL: 

1 1 59 . 7 
1. PROJECT INST ALLA ilON 

HOWARD HANSEN DAM INTAKZ TOWER 
ELEVATION DEPTH LEGEND 

a b C 

11 4 1 .7 

1 1 38 .7 

1136 .7 

1123 . 7 

1123 . 7 

l.l.22 . 2 

. 121.3 

CLASSIFICATION OF MATERIALS 
(Description) 

d 

ANDESITE 
BRECCI.A,gray,amgdules 
pink / maroon 

broken, c::umbly ,soft breccia . 
1 / 8 to 4 " pieces . ?yrite 
and calcite 

highly breciated and broken 
to 23 ft . 

40 deg'.:'ee 

70 degree 
rehealed fracture , qts 
filling 

70 degree 
dark coating 

flat pocket of qtz 

SO degree 

soft zone 
90 degree , cits infill 
JO degree, Qtz . and pyrite 
mineralizaton 

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

high angl e jointing 

high angle jointing 

broken zone 1 to 2 " pieces 

high angle and flat jnt . 

clay gouge zone, clay, . 
grey,soft 

Andesite breccia, hard 

60 degree, broken to 38.5 ft . 
Andesite, lapillie tuff 

70 degree 

PROJECT 

Hole No . 94-DD-86 

SHEET 2 
SEATLE DISTRICT OF 3 SHEETS 

3 

100 

J 

4 
100 

4 

5 

5 

100 6 

6 

REMARKS 
(Orilfing time . water loss. depth of ~ 

weathering, etc. if significant) . j~ 

RUN:' TO 23.0' 
DS . O:CS.0:10 RQD 64t 

BOX 3 Fm 17.0' To 22 . 5' 

!(UNG TO 28.0 
D 5 . 0:CS . O: LO RQD 86% 

BOX 4 Fm 22.5' To 28 . 0 ' 
RUN H TO 34.S 
D 6.5:C 6 . 5:L O RQD 28% 

BOX S To 34.S FT . 
RUN I TO 41.0' 
D 5.S:C5.5:L0.0 RQD 
20% 

1 

HOL!:NO- . 
ENG FORM ·- 1 836 PREVIOUS EDITIONS ARE OBSOLETE. 

UAQ -,1 HOWARD HANSEN DAM INTAKE TOWER 94-DD-85 · 
'I .,, 



( 

DRILLING LOG (Cont Sheet) 
EL:VA TION TOP OF HOLE 

1159.7 
INSTALLATION 1. PROJECT 

:iOWA.W :l.l\NS~ DAM !~AiG TOWER 

'LEVA TION DEPTH 

a b 

. 1118.6 41.1 

CLASSIFICATION OF MATERIALS 
{Description) 

d 

40-41 ft. high angle joint 
zone rock hi hlv broken 
3TM of HOLE 

- · · - -- -·. PROJ!!CT 

SE.ATLE DISTRICT 

% CORE I SOX OR 
RECOV- SAMPLE 

ERY NO . 
! I 

Hole No. 94-DD-86 

SHEET 
OF 3 

REMARKS 

3 
SHEETS 

(Drilling time. water loss. depth of 
weathering~ etc4 if significant) 

30X 6 TO 41.0 ft. 
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DRILLING LOG <Cont Sheetl 1

£L::v • rtON roP OF --OLi: 
1165. 7 Hole No . 96-00-87 

HHO ~ISH ?ASSAC~ STUDY NPS 

IOI~ ! 

IOJC.0 
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--- - -• ____ ..,.._ ___ .,.,._.,__ . --,•• -v•• -.,,Jl-..11-_ I , 

GRAVELS 

GW WELL-GRADED GRAVELS, GRAVEL-SANO MIX TU RES . L I TTL ~ OR NO 
FINES . 

POORLY GRADED GRAVELS OR GRAVEL-SANO MIXTURES , LITTLE OR 
NO FINES. 

GM SILTY GRAVELS , GRAVEL-SANO-S ILT MIXTURE . 

GC CLAYEY GRAVELS, GRAVEL-SANO-CLAY MIXTU RES. 

SANOS 

SW WELL-GRADED SANOS, GRAVELlY SANOS, LITTL~ OR NO F INES. 

SP POORLY GRADED SANOS OR GRAVELLY SNADS , LITTLE OR NO 
FINES. 

SM SILTY SANOS, SAND-SILT MIXTURES. 

SC CLAYEY SANOS , SANO-CLAY MIXTURES. 

FINES 

ML 1.NORGAN'IC s IL rs ANO VERY FI NE SANOS. ROCK FLOUR . s IL TY 
OR CLAYEY FINE SANOS OR CLAYEY SILTS WITH SLIGHT PLASTIC 
PLASTICITY . 

CL INORGANIC CLAYS OF LOW TO MEDIUM PLASTICITY. GRAVELLY 
CLAY-~, SANDY CLAYS, SILTY CLA'(S, LEAN CLAYS . 

. ~ C"." -: t': . ,: :: ''- i: .:,,J C JRGAN IC SIL TY CLAYS OF LOW PL .".Si" IC I TY. 

MH INORGANIC SILTS. MICACEOUS OR OIATOMACEOUS FINE SANDY 
OR SILTY SOILS , ELASTIC SILTS . 

CH INORGANIC CLAYS OF HIGH PLASTICITY, FAT CLAYS. 

OH ORGANIC CLAYS OF MEO!UM TO HIGH PLASTICITY, ORGANIC 
SILTS. 

PT. PEAT ANO OTHER HIGHLY ORGANIC SOILS. 

30UNOARY CLASSIFICATIONS : SOILS POSSESSING CHARACTERISTICS OF TWO 
3ROUPS AR~ OESIGNATEO 8~ COMBINATIONS OF GROUP SYMBbLS . FOR EXAMPLE 
~W-GC, WELL-GRADED GRAVEL-SANO MIXTURE WITH CLAY BINDER . 

LOCATION OF PERFORATED ZONES !N WELL CASING . 

~L ~ATER LEVEL AT COMPLETION OF HOLE . 

s I LOCATION OF SEAL. 

r .. LOCATION OF PIEZOMETER TIP . 

1 

.-. · .,·: 

. ·- : . 

. _., ...•. . . :. _.J. . . 



MOLE ,..UM8€R Wtll I 

HANSON 0AA 
SEEPAGE sn..o.:s 

LOCATION 

N 103,199 

DATE ST.lRTED DATE CO..PLETEO 
17 Jonuar, 1962 

ELEY- 2 STAGE PI EZ COi-' ZS HAY 66 

ATION P D€SCRIPTION OF IIATER1ALS 
T 

IU7 . J H TOP OF CASI MG EL 229, 23 ' 

1212.J 

SANO ANO GIU ~L F ILL 

COARSE, ANGl.JtAR 1tOCK 
FRAGMENTS wr-.d:· -- -
gra-1 and dcy 

~GE , ANGUW ~K 
&LOCKS •/'tOl'>d Qr,d c:loy 

LMGE , ANGULAR ROCK 
ILOCKS w/intentitiol silt 

• COA~E, ANGULAit KKK 
FRAGMENTS w/silr and cloy 

CO.MSE, ANGUl).i ROCK 
• FU.GMENTS w/,..;n,o,r gra-1 

WQte< bearing 

of Sedrodc 

HOLE NUMBER WELL 2 

PROJ€CT HANSON DAM 
SEEPAGE STUDIES 

LOCATION 

N I0J ,076 E 1,763,729 

~1L.JT~f0 
25 Jvly 1%3 

i~~~TEO 
I A~V1t %J 

El..E'Y- 0 

ATICJ'ol ~ 0€SCRIPTION OF MAT'ERIALS 
T T_OP OF CASIHG EL 1230.70 

17?A? -H 

SAl'-IO ANO GRAVH FILL 

-
1210.2 - COARSE, ANGULAR ROCK 

F~GMENTS • / \end, gra-1 .. and silt 

lt9S.2 
.... .. LARGE, ANGULAR ROCK .. 
::,_.&O FRAGMENTS ... /sand, gra"'!!I .. and tilt .. 

1180 .2 .. 
... ANGULAR ROCK F~GMENT~ 

.. •/intentitial s,and, silt and 

.. 60 c:lcy, minoc- gra~I and inter---- c:alated lenticular sand and 

tilt 
1158.2 1-- w. L. , Feb . 1962 --- --r-- - --- --

,_ :1 . 
.__ - 80 

- rr -- ~r .. 

- ·-- -
·100 - -r - ;:1 .. .. - .- •· • ·· 

t!2Q .. 8otto,n of bo<-i~, Feb. 1962 
lln?? .. 

.. SANDY GRAVcl w/boulders .... 
1091 .2 ~~,-

.:.!!U SILTY SAND ..,/gravel 

1077 .2 
I076.1', ~_/ CLAY • 

~ Top of bedrock -' 

!064.i ~,• ANDESITE BRECCIA .. ~ .. .. NOTE: Bottom perfoc-ation is -.. to pic:k up wcter in void be-
... ~n 4" casing and 6" hole . .. ---.. ... ... .. ... .. 

-



HOLE NUMBER WELL J 

P 0 0JECT 

Lv...:A TION 

N IOJ,617 

HANSON DAM 
SEEPAGE STUDIES 

E 1,763,606 

9filrc~T~{W 9t~,c~9~LETED 
8 Jul 1%3 2~ Julv 1%2 

ELEV
ATION p 

T 
- H 

1213 .J 

2 STAGE PIEZ COMP 2~ MAY 66 

DESCRIPTION OF MATERIALS 
TC P OF CASING EL 1225.70 

F ! LL MATERIAL 

BOULDER 

COARSE TO LARGE 
ANGULAR ROCK FRAG
MENTS w/intenritial sand, 

silt, cloy-and min0< gr~vel 

LARGE ANGULAR ROCK 
FRAGMENTS 

VOLCANIC ASH, It. ro 

LARGE, ANGULAR ROCK 
FRAGMENTS 

COARSE, ANGULAR ROCK 
FRAGMENTS w/minOf' sand, 
grovel and silt 

Bottom of boring, M.or . 1962 

• SILTY SANDY GRAVEL 

op o 

~~f~X FRACTURED 

BRECCIA 

HOLE NUMBER Well .t 

PROJECT 

LOCATION 

N IOJ,878 

HANSON DAM 
SEEPAGE STUDIES 

El,763,366 

DATE STARTED DATE COMPLETED 

6 Februar 
ELEV- D 
ATION ~ 

T 
H 

1962 9 February 1962 

OESCRIPTION OF MATERIALS 

SANDY SILTY GRAVEL 

SILTY GRAVEL 

soft, blu~• gray, 
pyrochastic 

• 

I 

1 



HOLE NUMBER WELL 5 HOLE NUMBER WELL 6 

J:l.C()JECT HANSON DAM PROJECT HANSON DAM 
SEEPAGE STUDIES SEEPAGE STUDIES 

1..v~ATI0N LOCATION 

N 104,074 E I, 763,329 N 104, JIS E 1,763,265 

DAT'E STARTED I DATE COMPLETED 
18 January 1962 5 February 1962 

DATE STARTED I DATE COMPLETED 
2 Februan, 1962 9 February 1962 

ELEV- ~ ATION p DESCRIPT ION OF MATERIALS r 
1042 .6 H TOP OF CASING EL 10~6.38 

ELEV- D 
ATI0N E 

p DESCRIPTi0N OF MATERIALS 
T TOP OF CASING EL 10~3.29 1040.0 H 

SAND AND_GRAVH .. SANDY, CLAYEY SILT .. w/ minor cloy, water w/ rock fragments 
IOJ0.6 .... bearing ,-... 

. SILTY GRAVEL, fine 
_20 w/sond, compact, minor 1020.0 - 20 
- rock fragments .. ... 

1011 .4 
.. -- -- ____;;ff ._L.___ F~l9.A2._ --

::OANUY, ::OILIY, <..LAYEY 

1011 .0 
GRAVEL w/ rock fragments 

-
1005 .. 0 '"- BOUI nE.~ 

1000.6 :_40 

... SANDY GRAVEL, coarse, ... 
w/ cobbles end send lenses, 

I-

- water bearing 

... 40 SILTY, SANDY GRAVEL, - water bearing 
994.0 

.. 
GRAVEL: water beoring 

: :- ,-- 985.0 

:__QO 

- .. 
:_60 SANO AND GRAVEL w/silt 

'" and clay lenses ... .. .. 
. ., - I • 
~ 1/' 51 :.TY C l.A Y - / =,-,., - I 

~ SANDY CLAY r . ... INTERBEDDED FINE SANO 
ANO SILT 

... 948.6 - I • 

... 
965 0 

... 

960.0 - I· CLEAN SAND AND GRAVEL 

I· 
SANO ANO GRAVEL w/minor 

- si It -. 
942 .6 "IM SAND 940.0 '" 1· '" . I . 51 LT w /sand and grave I 

lenses 

.. I NTERBEDDED SANDS, GRAV -.. EL, SILT AND ROCK FRAG--· 930.6 - - MENTS -
924.6 S~T w/~omposed rock 
9"22 6' 

a qrove 

BEDROCK 

-
_go 
'" .. .. 
'" ,.._ --

140 - -
894.0 ... 

- - • --- -.. -
.. - I-- .. ... 

' 
.. .. 

' -'-- ·· ... -... ... -... - -- -- .. . - ~ -- ~- . . 



\, 

. HOLE NUMBER WELL 7 

pr - 1ECT 

L01.,;ATION 

HANSON DAM 
SEEPAGE STUDIES 

N 104,271 E ·l,76J,6J6 

OATc: STARTED DATE COMPLETED 

26 Auousl 196] 18 September 1963 
ELEV- 2 STAGE PIEZ COMP 20 JUH 66 
ATION 

1210. 

s 

1161.6 

DESCRIPTION OF MATERIALS 
TOP OF CASI HG EL 1213. 10 

ANGULAR ROCK 
FRAGMENTS AND CLAY 

ANGULAR ROCK 
FRAGMENTS, occasional 
baulder-s w/inter-stitiol clay 

SANDY CLAYEY · 
ANGULAR ROCK FRAG
MENTS w/occasionol 
boulder-s 

GRAVELLY CLAYEY SAND 

CLEAN SAND 

SANDY CLAY 
,,_ .GRAVEL AND BROKEN 

ROCK, water bearing 

ROCK FRAGMENTS . 

CLAYEY SANDY GRAVEL 

CLEAN GRAVEL water 

CLAYEY SANDY GRAVEL 

CLEAN SANO 

SANDY GRAVEL. 
watet" bearing 

HOLE NUMBER WELL 7 

ELEV
ATION DESCRIPTION OF MATERIALS 

SANDY GRAVEL 

CLEAN SANO 

ROCK FRAGMENTS 
w/interstitial cloy 

CLAY, SAND AND GRAVEL 

CLAY 

SANDY CLAY 

SANDY GRAVEL 
w/'cculders 

SANO, GRAVEL ANO 
ROCK FRAGMENTS 

• 

1 

l 



HOLE NUMBER WELL 8 

LOCATION 

N 104 , 022 

HANSON DAM 

SEEf>AGE STUDIES 

Ei,763,640 . 

DATE STARTED O~E COMPLETED 

20 Se ~ember 1963 I October 1963 

E:LE-V- ~ Z STAGE ?IEZ COMP IB MAY 66 

ATICN P D€,SCR!PTION OF MATERIALS 
T 

1225.4 · H TOP OF CASING EL 1227 . 59 

BLOCKY ROCK W/ CU,..Y 

CLAY ,1,NO SROKEN ROO: 

aLOCKY RCCI< W/C~Y 

CLAY W/&ROKEN ROCK 

SANDY CLAYEY GAAVEL 
ANO ROCK FRAGMENTS 

I~ ' 
SILTY SANDY GRAVEL ,1,NO 

ROCK FRAGMENTS 

les 

HOLE 
ELEV-
AT,O, 

1005.4 

100) .0. 
-r· m ., 

-
975.-4 

i..!!.:..Y 

MUM6ER Well 8 

~ 
p ce;cRIPTlON Of= a.t.u-e:RW..S 
r 
H 

~ SAl'OY GRA~L -/c;oc:,cks , . 
-- be-a,- ing ~ ~ 206 Ft. 

;J· 
SANO -/,;,~I Of-.d ...,;lT 

~ 

SANO Y GitAVEL, 

.. 240 -c,t~beo,-ing - -
I . 

CLAY ANO ~OKEN a:QCK . -.. 
.... 
~ 

-
. . 

.... 

-.. 
.... 

-
-

-
.. .. .... 
... .. -.. 
,_ 

-
a 

.... 

-
-

-



HOLE NUMBER WHL9 

LOCATION 

N 103,803 

HANSON DAM 

SEEPAGE STI.JOIES 

E 1,763,669 

DATE STARTED DATE COMPLETED 

2 t 1963 . 23 A ust 1963 

EL.EV 2 STAGE Pl EZ COMP 28 APR 66 
AT OE:SCRIPTION cF MATERIALS 

1227. 

1197 .5 

1139.5 

1117 .5 

0 

OP OF CASl~G EL 1230.01 

ANGUl..AA ROCK 
FRAGMENTS ...,/sand 
and clay 

BROKEN ROCK w/clay, 
,cottered l«ge blocks 

BROK!:N ROCK 

• SANOY BROKEN ROCK 
MOKEN.1'0CK .., 5Cffld ond 
cloy 

G«AVEUY CLAY 

HOLE NUMBER WELL 9 

ELEV- g 
ATION /5 DESCRIPTION Of' MATERIALS 

T 
H 

CLAYEY GRAVEL 

SANDY GRAVEL AND 
b.-oken rock 

. GRAVEL w sond ...,ater 

CLAY 

BEDROCK 

• 

1 

l 



HOLE NUMBER WELL 10 

--:-cT HANSON DAM 
SEEPAGE STUDIES 

LOCATION 

N 103,275 

DATE STARTED DATE COMPLETED 

15 October 1961 14 November 1961 

::LEV- G 

lTION ~ DESCRIPTION OF MATERIALS 

228.6 ~ TO? OF CASIHG EL 1223 . 51 

210.6 

1178 6 

i I.SO .6 

107-4.6 

106J.6 

BROKEN ROCK ... / sand, 
gravel and tines 

BROKEN ROCK w/ sond and 
. grovel 

BLOCKY ROCK w/sand, 
grove I and clay 

oOULDERS in a 1onci, day 
and grovel matrix 

SILT, SANO ANO GRAVEL 
w /oroken rock 

CLEAN COAASE SANO ANO 
GRAVEL 

HOLE 

ELEV
ATION 

1013 .6 

1001 .6 

998.6~ 
992.6 

.. 

NUMBER WELL 10 

0 : 
E 
P DESCRIPTION OF MATERIALS 
T 
H 

CLEAN COARSE SAND 
AND GRAVEL .... 

1---(Well screen) 

~20 

~ ... 
.__ 

--... 

.... 

.... 

-
,_ 

i..... 

.... 

-
.... 
~ 

1---

..... 

.. 
i---.. 
~ 

~ .. ... 
....... 

-

SAND, GRAVEL, CLAY 
ANO SILT 

SILT AND CLAY 
BE.DROCK 

.. 

-



HOLE NUMBER WELL II 

P~OJECT 

_..;,CATION 

HANSON DAM 
SEEPAGE STUDIES 

N 103,748 E 1,763,881 

DATE STARTED DATE . COMPLETED 

29 August 1963 17 Se tember 1963 
ELEV- 2 STAGE PI EZ COMP 2 JUN 66 

ATION 

.,., 

DESCRIPTION OF MATERIALS 

ANGULAR BROKEN ROCK 
w/1and, gravel & clay 

BROKEN ROCK 

( water s-page) 

SANDY CLAYEY GRAVEL· 
w/occaalOl'IGI boulde" 

HOL.E NUMBER WELL II 

ELEV- g 
ATION P DESCRIPTION OF MATERIALS 

T 
H 

0 

SANDY CLAYEY GRAVEL 
,.,/occ:asionol boulders 

• CLEAN GRAVEL , .... or er 

SANO AND GRAVEL 

CLEAN GRAVEL 

CLAYEY GRAVEL 

CEMENTED GRAVEL 

BROKEN ROCK ... /clay 

.. 



H-OLE NUMBE -~ CD-12 
,-- 1-----------------i 

0 ROJECT HANSON DAM 
SEEPAGE STUDIES 

LOCATION 

N 104,184 El,763,816 

DATE STARTED DATE COMPLETED 

June 1953 
ELEV
ATION 

DESCRIPTION OF MATER IALS 

fOP OF CASI NG 1260.l 

SANDY ORGANIC SILT 
BROKEN ROCK and sandy 

si It 

BROKEN ROCK w/interstitial 
sandy silt 

BROKEN ROCK, gravel size, 
in matrix of sandy clay and 
si It 

SROKEN ROCK 

HOLE 

ELEY-
ATION 

1024.6 

1019 .6 

J018.6/ 

991 A 

976 6 

961 1, 

9""- I, 
\ 

951.6 

NUMBER CD-12 

D 
E 
p DESCRIPTION OF MATERIALS 
T 
H 

BROKEN ROCK 

.__ 

... 

... 220 .__ 

'-.. SANDY GRAVEL ~ 

t:::'--. GRAVELLY SAND 

SANDY GRAVEL 
~ 

...1£,0 
L.. 

... SANDY GRAVEL ._ 

... w/baulders 
~ 

·?8<1 

CLAYEY SANDY GRAVEL 
w/boulders 

.... 
CLAYEY SAND' 

dOO w/ooulders 

C~Y':V SANDY GRAVEL 

f w/boufders 

... 
'-

-. . ·- -.. ._ 

.. 
'-

~ 

... ._ 

... ..... 
L. 

.__ 

..._ 

• 
.__ 

L. 

L. ... 
'-... .. 
.... 
~ 
~ ... 
'--



HOLE NUMBER WELL 13 

,. 'ECT HANSON DAM 
SEEPAGE STUDIES 

LOCATION 

N 103,689 E 1, 763,778 

DATE STARTED DATE COMPLETED 

14 Se tember 1963 28 September 1963 

ELEV
ATION 

1253.2 

1162.2 

1155 .2 

T 

s 
1128.2 

1102.2 

T 

s 

E 
~ DESCRIPT ION OF MATERIALS 

H TOP OF CASING 1'255.7 
BROKEN ROCK w/sand, 
gravel and si lt 

60 

80 

BROKEN ROCK 

I
♦ BROKEN ROCK w/sand 

and silt 

I· BROKEN ROCK 

140 

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

HOLE 

ELEV-
ATION 

1047.2 

1040.2 

1034.2 
1032.Z,. 

!026.2 

1009 .2 

-
974.2 

958.2 

NUMBER WELL 13 

~ DESCRIPTION OF MATERIALS 1 
T 
H 

... SILTY SANDY GRAVEL ._ 
ANO BROKEN ROCK .. .__ CLAY 

SILTY SANDY GRAVEL 

=-=--
SANDY GRAVEL WATER 
SILTY SANDY GRAVEL 

: I . SANDY GRAVEL 

-
~o -
---... SILTY SANDY GRAVEL 

lliO 
... ... ... .. .._ 

... 

-- BEDROCK ----._ ... .. ... -... T ... ... 
t. 
... ._ 
._ 
...._ ... ._ ----.. -.. 
.,._ .. ... 

---._ 
... ------... • .. .. .,._ 
... ._ ... .. .,.__ 
._ ._ 
._ -.,._ 
._ 
... -. -

. 



HOLE NUMBER WELL 14 
,,,--.. • ·----------------1 

<OJECT 

LOCATION 

HANSON DAM 
SEE PAGE STUDIES 

N 103,462 E 1,763,965 

DATE STARTED DATE COMPLETED 

10 July 1963 JI Julv 1963 
ELEY- 0 

ATION ~ DESCRIPTION OF MATERIALS 
T 

1284 . 1 H TO P OF CASING 1286.8 

T 

1124 . 

s 

0 

SILTY CLAYEY GRAVEL 
,,,/ boulders and sand 

BROKEN ROCK .w/c:lay 

SANDY CLAYEY GRAVEL, 
water at 169 fe<!t 

SANDY CLAYEY GRAVEL, 
w/boulders. _ .... 

HOLE NUMBER WELL 14 

ELEV
ATION 

T 

E 
P DESCRIPTION OF MATERIALS 
T 
H 

r r 

SANDY CLAYEY GRAVEL 
w/boulders 

BROKEN ROCK 

CLAY 

BEDROCK 

·• 



HOLE NUMBER WELL 15 -
II. ..,OJECT HANSON DAM 

SEEPAGE STUDIES 

LOCATION 

N 103,521 E I ,764,095 

DATE STARTED I DATE COMPLETED 

24 June 1963 9 July 1963 

ELEV• ~ ATION ? DESCRIPTION OF MATERIALS 
T 

1287 .4 H TOP OF CASING I 290.0 

SILTY SA ND w/grcvel 

-
.. 
':...20 

--
_jO 

~ 

1237 .4 

t...60 
.. 
- BRC:<EN .~OCK 

w/cloyey 1ond . :_so 

-

1187 .4 l ,oo 
.. -- BROKEN ROCK .. w/cloy 

t!.ZO 

1157.4 
~ 

.. BROKEN ROCK w/sond 
140 -
-1137 .4 

- BROKEN ROCK w/sondy -- cloy 
:120 

1123 9 WI 10 1.,J ., IQl,'l 
-, . SILTY SANDY GRAVEL, 

. water bearing - 180 -- SANDY CLAYEY GRAVEL 

, 

-- .. 
-

1087 4 ••• 

HOLf NUMBER WELL 15 

ELEV- 0 
ATION ~ DESCRIPTION OF MATERIALS 

T 
H 

??Q 

SANDY CLAYEY GRAVEL 

SANDY GRAVEL 

water bearing 

GRAVELLY SANDY LA 

__. SANDY GRAVEL, water 

BROKEN ROCK 

w/cloy 

BEDROCK 

I 



HOLE NUMBER WELL 16 

JECT HANSON DAM 
SEEPAGE STUDIES 

LOCATtON 

N /0J,5/8 E 1,764,296 

DATE STARTED DATE COMPLETED 

5 June 1963 21 June 1963 

ELEV- D 

ATION ~ DESCRIPTION OF MATERIALS 
T 

1257.0 H roP OF CASING 1259 .3 

20 

/212 . 0 

s 
1177 .ct· ao 

1167 .o 

1157 .o 100 

T 

s 

ANGULAR ROCK FRAGMENT 
w/clay end 1end 

BROKEN ROCK ..... /cla y 

aROKEN ROCK ..., clay 
end 1end 

BROKEN ROCK w/clay, 
si It and sand 

CLAYEY SANDY BROKEN 
ROCK 

Water at 162 - 163 feet 

HOLE NUMBER WELL 16 

ELEV
ATION 

IQ.49 .0 

1011 

995.0 

E 
p 
T 
H 

? 0 

0€SCRIPTION OF MATERIALS 

CL,.a. YcY SANDY 
BRO<.EN ROCK 

• SANDY GRAVEL worer 

CLAYEY SANDY ANGULAR 
.A..\.11= I 

3ANDY GRAVEL w/clay 
ie~ , -arer bearing 



HOLE NUMBER WELL 17 

DOOJECT 

'-'-'CATION 

HANSON DAM 
SEEPAGE STUDIES 

N 103,833 E 1,764,080 

DATE STARTED DATE COMPLETED 

5 August 1963 28 August 1963 

ELEV- E 
ATlON p DESCRIPTION OF MATERIALS 

T 
1288 . 2 H TOP OF CASING 1290.7 

SANDY CLAYEY BROKEN 
ROC K 

BROKEN ROCK w/clay 

* CLAYEY GRAVEL 

T 
w /broken roc;k 

s 

Woter bearing at 168 feet 

HOLE NUMBER WELL 17 

ELEV
ATION DESCRIPTION Of MATERIALS 

CLAYEY GRAVEL 
w/broken rock 

SANDY GRAVEL, 
water bearing 

GRAVE LL Y SAND 
woter bearing 

GRAVELLY SILTY SAND 

GRAVELLY CLAY 

BEDROCK 



HOLE NUMBER WELL 18 

PROJECT HANSON DAM 
SEEPAGE STUDIES 

LOCATION 

N 103 , 3 14 E l 763 ,675 

DATE STARTED l DATE COMPLETED 

11 M,oy 1965 3 June 1965 

ELEV~ D 
ATION E 

p DESCRIPTION OF MATERIALS 
T 

1228. 1 H TOP OF CASING 1230 ,7 .. 
Ct.A YEY ANGULAR GRAVEL 

- AN D ROCK FRAGMENTS 

1210 . 1 
1206. 1 ..,:;I. SILTY SANDY GRAVEL 

-
,_ 

CLAYEY ANGULAR GRAVEL -.. ANO ROCK FRAGMENTS 

~ 

1175 , 1 -
~ SILTY SANDY ANGULAR 

GRAVEL ANO ROCK 
FRAGMENTS 

- • • I lost drill warer, 76 to 86' 

J.Q 

1142 . 1 

s I - CLAYEY SANDY GRAVEL 

1131. 1 " 
w/oroken rock 

:J.Q9 

SILTY SANDY GRAVEL 
,_ w/broken rock 

1112 . 1 

.J10 

I- SILTY SANDY GRAVEL 

.__ w /broken rock . 

I-
Water bearing z:ones at 133' -
p4• and 139' - 140' , 

1083 . 1 

J_,• .W.L. 130' 

10n.1 
~ CLAY 

~ANDY GRAVEL,<; "''-~t~' 11 'i' 1071., 
1068 . l 11,tl Cl AY .. • ~ILrct SANDY GRAVEL&. 
1062.1 ou er 

1058.1 CLAY 

11111" BEDROCK 
T .. 
~ ANDESITE ... ... 

1n,u 1 
.__ .. ... ... .. --.._ 



HOLE NUMBER WELL 19 

PROJECT HANSON DAM 
SEEPAGE STUDIES 

-OCATION 

N 103 444 E l 763 650 

DATE STARTED DATE COMPLETED 
4 June 1965 16 July l 965 

ELEV- 0 

ATIQN ~ DESCRIPTION OF MATERIALS 
T 

1116 .9 

s 

T 

H 1229.5 

CLAYE':' ANGULAR GRAVeL 
AND ROCK FRAGMENTS 

SILTY SANDY ANGULAR 
GRAVEL AND ROCK 
FRAGMENTS 

Lost dri II w~er, 63 - 64' 

3ROKEN ROCK w/c:lay . Lost 
drill water 

SANDY SILTY GRAVEL AND 

ROCK FRAGMENTS 

SANDY SILTY GRAVEL 
120 w/cobbles, boulders and broken 

rock 

160 

Lost dri 11 water, 123 - 124' 

Water becringz:ones intermit
tent between 133 and 153'. 
S.W.L. 128' 

• SANDY GRAVEL AND I SANDY SILTY GRAVEL, 
· interbedded, wciter bearing to 

l97~S.W.L".l82'. ·. 

HOLE 

ELEV
ATION 

1016 . 9 

1001 .9 

NUMBER WELL 19 

~ 
P DESCRIPTION OF MATERlALS 
T 
H 

--
--

-

-

--
"' -
-. -
. -
-

-

-
-
--

-

-
. 

- · . 
. -

-

SANDY GRAVEL w/ 
broken rock 

SANDY SILTY GRAVEL 

BEDROCK 

1 

1 



HOLE NUMBER WELL 20 

' 'JJECT 

LOCATION 

HANSON DAM 

ORAIIIAGE TUNNEL 

N l0J , JJ0 E 1,763,854 

DATE STARTED DATE COMPLETED 

15 June 1965 2 Aug 1965 

ELEV- 2 S toge- pieL comp. 25 Mor.1966 
ATION DESCRIPTION OF MAlc:RIALS 

12n . , Top ot Cosing El. 1280.0 

s 

SANDY SILTY 
ANGULAR GRAVEL 
AND ROCK FRAGMENTS 

40 

80 

100 

.120 

BROKEN ROCK 
SAND, 1'thick@176-7' 
Water 1 n• - 188' 

5.W. L. 168' 
SANDY SILTY GRAVEL 

HOLE NUMBE? WELL 20 
t---..---..------

E LEV-
ATION DESCRIPTION OF MATERIALS 

AND Y S ILfY RA V L 

BROKEN ROCK, 

CLAY w/lond lenses 

280 

987 . 4 

SANDY GRAVELLY CLAY 
979 .4 

BEDROCK 

967 .4 

I 
I 



.HOLE NUMBER WELL 21 

0 R0JECT 

LOCATION 

HANSON DAM 

DRAINAGE TUNNEL 

N 103 , 215 E 1,763,786 . 

DATE STARTED l DATE COMP_LETE0 

16 July 1965 I 19 Aug 1965 

ELEV- ~ 2. Stoqe piez. comp. 28 Morch 1966 
ATION P DESCRIPT ION OF MATERIALS 
1228 .o ~ Too of Casing El. 1230.8 

11 so .0 . 

1119 0 -

1069.0 

.Q 
s 

1032.0 

... ... 

... 
,_ .. .. .. 
tz_o .. .. ... .._ .. 

CLA.YEY SANDY ... 
ANGULA.R G~AVEL AND ~ .. RGCK FRAGMENTS .. ... .. ,_ ... .. ... 

~o .. .. ... .. ._ 
i .. .. 

L.:LJ 

... 

.... SILTY SANDY 
~ ANGULA.R GRAVEL Ar:.0 

~00 
ROCK FRAGMENTS 

-... 
I-

, BROKEN ROCK w/ 
'" clayey sandy gravel ..J.10 
I
I.. .... 

J 
• Water bearing 1.one 

131' to 139' 
w 

s.w.L: 123 to 126' 
during. drilling to depth 216' 

.... 

;;::rou 
SILT .... 

... 
~o .. SANDY GRAVELLY CLAY 
I-

.... 

BROKEN ROCK 

HOLE NUMBER WELL 2 I 

ELEV
ATION 

240 

DESCRIPTION OF MATERIALS 

BEDROCK 
VOLCANIC BRECCIA 

• 

1 



~OLE NUM BER WELL 22 
1JECT HANSON DAM 

DRAINAGE TUNNEL .,__ _ 
LOCATION 

N 103 , 529 E 1,763,640 

0AIT STARTED I DATE COMPLETED 
11 Moy 1965 2 June 1905 · 

ELEV- D 2 Stage piez.comp.10 Moy 1966 
ATION E 

p DESCRIPTION OF MATERIALS 
T 

1225.4 H 
Top of Cosing El. 1227. 6 

~ 

L.. 

....1.9 
L.. C LA YcY ANGULAR GP-AV[L 
'- ANO ROCK FRAGMENTS 

.... 
~ 

~c 

'-

.. 
~ 

' 
. ? 

~ 

. 
t§_Q SILTY SANDY ROCK 

FRAGMENTS ANO GRAVEL 

'-

I 124 . 4 ~J* 
~ BOULDERS AND BROKEN ROCK 

.... w/scndy clay 

I 109 . 4 . 

1101 ,.! 
_!]O.SILTY SANDY GRAVEL 

1091 .4 - ~ANDY GRAVELLY CLAY 

1oas . J 
ld SILTY .SANDYGR.AVEl 

/4 wcrer beorino . S.V-/ L 1?4' 
ll 

'-
SILT&CLAY 

~o 

1055.4 .. 
~ 

s I ... 
tliJO SI LT l FINE SANO ... .. 

1036,4 
~ 

... .SI l TY S_ANDY GRAVEL 
1026.-4 .. ... 

:"':'"':" ll . 

HOLE NUMBER WELL 22 

ELEV
ATION DESCRIPTION OF MATERIALS 

GRAVELLY SAND, were , 
9 ' 

BEDROCK 
A N0ESITE 
W ater in open 

joint at dep th 219' 

S.W.L. 189' 



HOLE NUMBER HORIZ. GRAIN A-I 

"iJECT · HANSON DAM 

DRAINAGE _TUNNF.l 

LOCATION 

N 103,360 E 1,763,510 

DATE STARTED f DATE COMPLETED 
16 August 1967 17 Aul)uSt 1967 

ELEV- 0 

ATION ~ DESCR IPTION OF MATERIALS 
T 

1107.2 H 

... 
-

20 --
--
::.!£0 

-
60 -

.. .. --... 
-

I1I3:a 
80 -

. . --
1115.2 -100 

.. .. 

.... 

...._ 

..._ 

-

-.. 
-.. 
.. 
-
--
-

I 
--
-... ... ... --- . 

8EOROCK 

FI t!E SAND 

NOTE : Material from 82 
to 100 feet depth 
caved and bound the 

drill bit, creating 

refusal to further 

oenetration . 

HOLE NUMBER HORIZ.. ORAIN A-2 

· PROJECT 

LOCATION 

N 103, 360 

HANSON CAM 

ORA I NAGE rurrn EL 

E 1,763,510 

DATE STARTED I DATE COMPLETED 
Ill Auqus1 1967 .16 Aul)ust 1967 

ELEV- 0 

AT\ON ~ DESCRIPTION OF MATERIALS 

1107.0 ~ 

--.. 
;:_20 

... .. .... -.. .... 
::,_yo 
... 
-
-
-
:_60 

--
----
- 80 -
----. .. ., -- 100 --.. .. .. .... .. . 
_! 20 

1113.3 

1113. 7 -
. 

I1.lO --
-

-----. . 
--

BEDROCK 

- . . 

SILTY FINE SANO 

NOTE : Mater i aol from 

125 to 133 feet 

depth bi .nds around 

dri I l rods, 

creating refusal 

to further pene

tratio:i. 

1 

1 

1' 



HOLE NUMBER HORIZ. ORAIN A-3 

'ROJECT 

LOCATION 

N 103. 360 

HANSON DAM 

ORA I NAGE TUNNEL 

E 1,763,510 

DATE STARTED I DATE COMPLETED 
IU August 1967 IU August 1967 

ELEV- D 
E 

ATION P DESCRIPTION OF MATERIALS 
T 

1107.2 H 

-... 
--20 
c.-

1108.0 

-... 
--40 ...._ 

----.. .. 
::§_0 .. .. .. .. 
:-.. ... . ~o 
... ... ... ... ... ... 
... 

11 10.2 ""100 ... ... .. 
1110 !i .. 

... 
lo ... 
i-120 
... ... ... ... -
~ 

----... 

-... 
... -
-

9ROKEN ROCK 

9EDROCK : Join t ed 

w/ c I ay seams 

SANO & BROKEN ROCK 

BORING MADE 90 GPM 
UPON COMPLETION WITH 
RESERVOIR AT ELEV. 

I I 33 FT. 

( 

- . ·'~ 

.. ...._ 

I 
.. -... 
..;. 

... ... ...__ 

,, 

HOLE NUMBER HORI l. DRAIN A-U 

PROJECT 

LOCATION 

N 103,360 

HANSON OA/.1 

ORAi fJAGt TUNNEL 

E 1,763,510 

DATE STARTED I DATE COMPLETED 

9 Augus t 1967 I U August 1967 

ELEV- ~ 
ATION P DESCRIPTION OF MATERIALS 

T 
1107 .8 H 

• -
20 ...._ 

... 

... 

.._ 

-
... LIO -
- BEDROCi<: 

- Frac~L·e:::1 w/ c I 3: 
seam3 

..._20 

... 
80 .,___ 

~: -
112).9 

100 --- BEDROC,: So u.t1 c 
... 

1122.9 .._ 

1124.0 120 
SIL TY SANO 

...__ 
SIL TY SANDY GRAVEL .. 

1125.4 r_o ck :-agments 

140 
BORING MADE 30 GPM 

- UPON COMPLETION WI TH 
RES ERV•) Ill AT ELEV. 

.... 1133 f-. ~ 

... ...._ 

-
... 
~ ...._ 
... -... .... 
--~ 
~ 
lo • ..._ 



HOLE NUMBE R HORI Z. IJflAIN A-5 . 

LOCATION 

N 103,360 

HANSON DAM 
ORA 111 AGE TUN NEL 

E 1,763,510 

DATE STARTED I DATE COMPLETED 

8 August 1967 8 Auqust 1967 
ELEV- D 

ATION ~ DESCRIPTION OF MATERIALS 
.r 

I 107.0 H 

1107. I.+ .. -.. .. 
:: 20 

·1 108.7 ~ .. ,_ .... .. .. ... 
.. '40 -.. .. .. .. 
I-.. .. .. 
::£0 .. ... .. ... ..... .. .. .. 

1112. 7 ~o .. ... .. . .... .. 

BE!)ROCK : Sound 

BP.OKEN BEDROCK w/ seams 

of silt:, & clayey sand 

SILTY SANDY FINE 
GRAVEL w/ rock fragments 

- BORING MAKING 1. ·2 GPM 

FP.OM DE?TH 0F 70 FT . 

SILTY SANDY COARSE 
GRAVEL & aROKEN ROCK 

::LOO 
1111.ui BORING MADE 60 GPM .... .. UPON COMPLETI Oil WI TH ... 

RESERVOIR AT ELEV. .. 1137 FT . 120 -.. . 
-
-.. .. .. 
.... .. .. .. 
-.. 
.... 
.... 

-. -.. .. 
-. .. .. 
..__ 

HOLE NUMBER ~() RI Z. DRAUJ A-6 

PROJECT 

LOCATION 

N 103 , 360 

HANSON C'AM 
OP.A!NAG: TIJNllF.L 

E 1,763,510 

DATE STARTED 

17 August 1967 l 
DATE COMPLETED 

18 August 1967 

ELEV- °"Q 
ATION P DESCRIPTION OF MATERIALS 

r 
1107 .6 H 

1109.1.+ 

1115.0 
1115.3 

1116.0 

.. 
I-

.. 
20 -.. 

.. .... .. .. ... 

... '4() 
'--.. .. .. 
L.. 

.....§.0 

.. .... 

80 ....... 
► 

-. ~· 

100 ,.._ 

.. 

..... 

.. 

... 

... 
'-

... ... 

120 

.. 
'--

3EDR()('.K: Sound 

, 
SRO KEN S~CROCK w, 

seams 0 f s i I t y and 

c I ay ey s;:ind 

.. 

FINE $;\NO 

Sil TY SANDY GRAVEL • 
w/ ro c~ fragment, 

!30R I NG MM.iE 37 GPr-1 

UPON COMPLETION WITH 

R!:!'-~RVO IR H 
El FV. I I 30 FT. 

• 

1' 

1 



lHOLE NUMBER HORIZ. DRAIN 8-IA 

rJECT 1-i ANSOtl DAM 

fJR A I NAGE TUNHEL 

LOCATION 

N 103 , 425 E 1,763.498 

DATE STARTED I DATE COMPLETED 
6 Sept. 1967 

1 
I: Si:o t. 1967 

ELEV- D 

ATION ~ DESCRIPTION OF MATER IALS 
T 

108 1 .8 H 

10914 U 

'-
L 

L 

.. 20 ..._ 

--
L 

L.. 

.... 

.. 
L 

BEDROCK 

BORING MAKING WATER 
-BE~OW DE?TH 82 FT. 

~OIJ CUYEY SANDY GRAVEL 
... 
L .. 
'-

1099.8 120 

-
1140 

---.. .. 
'-

.J.60 
L .. .. .. ...... 

~ .. ._ 

':....!,80 
-. .. ._ 

i-.. ~ ··· 

· 200 .__ 

, 

BROKEN ROCK: 
\-leathered .,_. .. clay & 

s i I t f i I I ed seams. 

HARD BETWEF.N DEPTH 
160 r. 180 FT. 

... 

HOLE NUMBER HOP.IZ . DRAIN 8-IA 

ELEV
ATION 

112:J . a 

E 
P DESCRIPTlON OF MATERIALS 
T 

t 
C 

H 

BROKEN ROCK : 

Weathered w/cla~ and 
silt filled seams . 

BORING ~ADE 60 GPM 
UPON COMPL:TION 
WITH RESERVOIR AT 
Eli:'./. 1121 FT. 



; HOLE NUMBER HORI Z. CRAIN S--2 

jP HANSON [1AM 
DRAINAGJ: TUNNEL I 

I 

/ LOCATION 

N 103,425 E I, 763,498 

DATE STARTED I DATE COMPLETED 

11 Sept.- 1967 13 Sept . 1967 

ELEV- ~ 
ATION p DESCRIPTION OF MATERIALS 

T 
1082. 4 H 

-
20 -

.. 
-
-
:_40 

-
60 -

-
. 

_80 

. 

-
, 

100 -
-.... .. .. 

1100.4· 120 

.. 

.-

"I 40 ---
-

1105. 7 .. 

::.J 60 .. 

-

SEDROC::K 

CLAYEY SANOY GRAVEL 

CLAYEY SANO-Y -GRAVEl 
AND BROKEN ROCK w/ 

sand lenses 

BROKF.N ROCK w/inter

s ti ti a I c I ay, s i I t 
- 180 and sand --

1110.9 -

HOLE NUMBER HORfZ. ORAi N 3-3 

PROJECT HANSON DAM 
DRAINAGE TUNNEL 

LOCATION . 

N 103,425 E 1,763,498 

DATE STARTED 

15 Sept. 1967 I 
DATE COMPLETED 

17 Sept. 1967 
ELEV- 0 

ATION ~ DESCR IPTION OF MATE:RIALS 
.T 

1081.3 · H 

1085.9 

1092.9 

-

---.. 
,. 20 -... 
... .. ... 
... .. 
:.,_40 .. .. .. 
-
.. 60 --
-
--
.....§0 

-
- ; 

:JOO 
-.. ... .. -

BEDROCK 

•.. ·• 

BROKEN ROCK wi i nter

stitial clayey and 

si I ty sandy grave_l_ . 

~ 120 and occasional sand -.. .. 
1-.. -.. 

· I enses 

~40 BORING MADE 90 GPM 
UPON COMPLETION w/ 
RESERVOIR AT ELEV. -- 1120 FT. • -

i60 ---
--
--

_:J.80 

.. .. .. 
1112.4 .. 200 

CLAYEY & SIL TY GRAVEi · . 
& ROCK . FRAG4i~ENTS w/ J~_:_- --ir--"~-- BORING MADE 70. GPM UPON 
sand r en ses I COMPL Etl.OH WI TH RESERVO I R . 

AT EL EV • I I 2 I FT. 



s 

HOLE NUMBE.~ 79_CD- JB 

DRQJECT Ho-ord lco-,•~n Qom 

1979 P;eiomere, ;,irallor;on 

"' 10 4 , o:a. 2a :: .. ~6J. 956. J4 

2J Aug 1979 I 

c,c.rE COMPLE TfO 

27 Ocr 1979 
2- Lf.V- 0 
AflON ?E r D(SCRIPflCN oF M ATC:RIALS 
IJ08 H 

10 

Top of Co,;ng .. /Jfl . J 

Boufc3ers .l, ~rak en rock - a 11 
angular - -/1ii r & 10nd. 

GM, Silry Sandy GRA VEL (ong _ 
w-'boulder1 (ang.) & minor c loy 
or decomposed rock , med;um 
-/dense z.onesr bro-n w/minor 
gray . 

JO 80 D R 

4 

60 

7 

80 

GM, c~·m,c .. red Sands & Grovels 
w/1i Ir, clc-1 & broken roc k , 
medium , b-0 --n; i h grey . 

GM, Cemented Sands & Grovels 
w/silr, clay , bro~en rock&. occ. 
bovldecs (ong . ), medium, 
brownish- gray . 

Lost Drill 1/,orer From -55 to -64 

GM, Cemen-~d Sands d. 
medium to 

HOLE 

ELEV
ATION 

1206 

T 

s 

1098 

NUM 8 ER 79-CD-38 

D 

~ DESCRIPTION OF MATERIALS 
T 
H 

Losr Ori I I V/orer 
from -95 ro -107 

IIO 1warer Bearing Zane from 
/ 

/ -IIJ . 5 ro -II<! 
_../ 

BOULDER 
GM, Cemenred Sands &. Grovels 

w/ cloy, broken rock & 
boulders (ong . ), dense, g ray 

ao:.,lders (nest of) w 1c: loy &minor 

1ond & 1i/1 b~rween boulders & 

SP-SM, Gravelly SAND 
very dense, NP, moist, 

Clayey GRAVEL w/sond, 
silt &. broken rock, very dense, 

(med. 

gray . 

Rock Slab 
(Lost Drill Water from -152 ro 

-153_5) 

GM, Silry Sandy GRAVEL · 

coarse ro fine, ang . ) w/boulder 
&. cloy, dense, gray w/troces 

of brown. 
Less boulders wldeprh . 

W.L. ----(Hit Ground Woter, Did Not 
Seal Off Until Cosing Reached 
-320! 

-9/24/79 p.m . : hole ,, . 
190 187', W. L . ., . 176' 
-9/25/79 o . m. : ~ole -'t 

187', VI .L. •1 173' 

I
, Broken rock w/silt, sand, 

vel (ong.) & minor cloy, 
2 nse, gray w/brown. 

9/25/79 p.m. : hole 1 

193', w .L. ·,c 181' 
- 9/26/79 a.m. : hole ·1 

10 19~•. W . L .. , 181' 
-9/26/79 p.m.: hole ··' 

20s·, w .L ., r-ro.s·:._ :·. 
~9_11.7/?'J o.m • .- : . hole :r 

205', W .L. ,; 176.5' 



HOLE NUMBER. 79-CD-38 

ELEY
-jQN 

J98 

T 

s 

T 

988 

E 
P DESCRIPTION OF MATERIALS 
T 
H 

-10/4/79 p.m . : hole 
220',W . L. 180 

10 / 5/79 a .m . : hole ·: 

220', W .L. : 181 

220• fM , Broken R,:,c:k - sdr, send, 

~revel (ong . ), decomposed rock 
~ bou I ders (ong .) , de nse , grey 
w/br own . 

230 

NOTE: W .L . STATIC : -18! ' 
unr i I 10/17 /79 

240 

2 

so 

SM, Siliy SA NO (med. 10 f: ne ) 

[..,/minor grovel (fine) ro -264], 
medium to dense, greyish brown . 

Broken Rock w/ii It, send &. 
grovel (ong . ), dense , groyw/ 

O brown . 

• 

GM, Silty Sandy GRAVEL 

(coarse to fine, ang.) w/ 
boulders & cloy, dense, gray 

20 
~ 10/17/79 p.m . : hole ,, 

321.5', W .L. ,, 295.5' 
-10/18/79· a:~.: hole •.w 

321.5', W. L. •L 295.5' 

HOLE 

ELEV
ATION 

988 

NUMBER 79 -CD-38 

0 

~ DESCRIPTION OF MATERIALS 
T 
H 

less Boulders ... -/ depth. 

JJO 
Hir poHible -ate ,.. 1:ieor ; ng =.o ne 

-JJO' to -340..:. 

- t0/18/7? p . m. nole ,, 
JJQ', W.L . : 280' 

0 
101 19/79 o.m.: nole ,, . 

340', '.'I.L . . , 320 ' 

p.m. : nole ·:. 
JSI', ·w . L. · 320' 

..,~ aoOLDER 
-I0-''24 179 c . m. : hole 

:;51• \"/. · 288' 

SP-GP, Grovel ly (coarse ro 
fine) SANO (coarse ro fi ne) w/ 

360 minor si lr & num . boulders 

(rounded), medium ro dense, 

brownish gray. 

GP-GM, Silty Sandy GRAVEL 
?Qw/ bou_l~ers, medium ro dense, 

orown 1 \n grey. 
-10/26/79 p.m. : hole" 

365', w . L. ,, J02 . 5 ' ---------
Botrom : -j7S ' f:o 

- 10/27/79 p.m . : nole 
·. 380' , \/'I . L . : 29 5 . 5' 
NO TE : Cosing : -361. 5 

1 

'/,_ -f/L, 



HOLE NUMBER 79-CD-39 

. 1 OJECT 
Howacd Hanson Dar.i 

1979 Pie::omece, Inscallacion 

LOCATION ~ lg h r. Ahucmcnc 

N 10),t:.:'j.-,J E L~~~.,4-J .9 7 

DATE STARTED . , DATE CCMPLETED 

29 Aug. 19 79 25 S~pc. l979 

ELE. V- iJ I 
A~lC~ E 

p IDESCR!PTION OF MATERIAL': 
~ 

1176 . ~ ' jTo p of casing . 1178.9 ... 
t CASiNC STICKUP : 2 ' ' • J 

L 

f-- 8ACKf!LL ,'lo\TERIAL ?L,;CED 
!; A:JCUST l 981 

! :i.o 
-~ I -
It c;-1, Silcy Sandy GAAVEL (ang. l 

It BROKEN ROCK-w/occ. 'oouldecs, 

med . co loose w/ dense zones. 
1c 

I r """" 
.l 
Ii 
~ i~ 

-L 
I 

. )_0 

I 

T 

I 

. ,-
; ;-

CM . Silc.y 5.andy GRJ\VSL (<l: 

w/or.r. . bouldecs. bcokcn c• 

,. ,, 
, r 
~ :.w £. mi.lo:.- occ:z.Jni.c d<?bC"is. m-

C:1.um , bcown. 

j 
J 
! 

8HOKEN ROCK w/ s i l c, sand ~ 1

1

: 
Gc.1vcl, wed . co dense, 

brown co brownish gcJy. I 

I 

1 ~---~ 
I ;:.6J) 
1-
l UROKEN ROC:- 1> '.nuldE:rs (.ln'J. 

w/silc, sand, ➔ ravel" ~inor 
clay, dense. bcowni~h gray: 
can . 

* BROKEN ROCK • boulders 
(ang.) w/~ilc, sancl, clay 

•~ravel.dense. gcaytsh 
brown. 

----------/ 
/ wacer lx:ac iny zone Crom 

I 90-l co 91.l 

8ROKD: ROCK., boulders (anq.) 
~ dccom

rock, dense. !:llue-gcay 

HOLE 

ELEV-
ATION 

1: 76. 4 

T 

s 

T 

9 

NUMBER 79-CD-)9 

E 
p 
T 
H 

'' 

DESCRIPTION OF MATERIALS 

'-at.er level ~ -l0Ll unc il 
sealed !:ly casing inco clay 

zone below. 

* 
r::c., CL,;::'• very sci. f E, 
mo i sc , gcay . 

S?. SAND (med. co Eine. 
clean) w/~inor gravel 
(Eine),medium co dP.nse, 
gray . 

GP-CM, Silcy Sandy (CO-ll , -., 

co Eine) GRAVEL (l!i"-) . 
dense, brownish gray. 

C.'t. Si.!. i:y Sandy (co,HS• . 
to cine) GAAVc:t. (coars, 
Eine, ang-l w/num. bou~

dense. gcay w/mir . 
& ceddish gravel-

GM, Silcy Sandy GRAVEL 
(anq.) co sub-round) w/0c 
bldcs-, dense, brown. 

G?. Sandy GRAVEL (med- co 
coarse, sub-cound) clean, 
loose co mediu.n, ~ec, gca 

HIT W~TER ! - 165 . l 
STATIC LEV~L ~ - 152.l 

ROCK - SOL!D w/possible 
Eraccure zones. 

I 
Boe com ~ - ~or in bedrock. 



HOL E NUMBER 79-CD-·lO 

r- 'lJ£CT Howo,-d Hon~n Dom 
1979 Piezometer lnstollotions 

LUCA TION Righr Aburmenr 

N 103,891.20 E I ,7 6:.l, 86! . 25 

DAT'E STARTED DATE COMPLETED 

JI Aug 1979 27 Sep 1979 

ELEV- D 

ATION ~ DESCRIPTION OF MATERIALS 
T 

1236 . 4 H TopofCas;nq=l289 .4 

r-.-,·····.~ .. . 

186-:-4.-

10 Broken and decomposing ROCK 
(angular) with GM , 5;(1y Sandy 

GRAVEL wl1ome cloy, oc::. 
cobbles & boulders , NP, med ro 
very dense, moi sr , gray & ror. 

20 (I ondsl ide debris) 

rJO 

~ 
~ 

t . ' 

50 

6 

70 

80 

90 

. ---
. ·- · . . .. -· .. -·· -·· -:.' ·;· :-,:.: . . 

. ,. _,._ _-._ - -·--. - ·· ·· , . 

. . · . -.. - - . . _ _. ··· · - ....,:.- -_~_-..,; __ _ 

HOLE 

ELEY-
ATION 

1186. 4 

s 

T 

s 

NUMBER n-cD-40 

F 

D 

~ DESCRIPTION OF MATERI ALS 
T 
H 

110 dense ,: 110' 

med . ,, 115' 
✓- .------

/ Broken ROCK w/SM, 
/ Clayey SAND, dense, 

moisr, gray . 

dense ,, 145' 

l"•d 
,, 150' - 200· 

t 
' 

(landslide debris) 

;, 

hi r water: hole : 191.0', 
W.L. : 188 . 5' (9' ' 18 'i9l 

hole coved f,om 19:?' to 187' 

mtnot S>Ond 200 .0' 

- ... -or~r 183 . 0' wirh i10lc 

wn· 
1076 . 4 210 

1' 

I. 



. ... . . ·..; __ _ 

HOLE. NUM8ER 79-CD-40 

ELEV
ATION 

T 

s 

T 

E 
p 
T 
H 

0ESCRtPTION OF MATERIALS 

-- 9/ l9/i'9 a . m. 

208 . S', w . L . 

hole : 

189 . J' 

9 . 21/79 a . m. 

226.S', W . L . .. 
very den\e 

dense 230' 

hole 

189 . J' 

225 ' 

9 ·24179 o . m. hole : 

2Jl . 5' v,.L. : 188 . 8' 

CL, CLAY , medium, moisr 

gray 

GP, Sandy G~AVEL (rounded) 
w.l mitior ,ilr, NP, med. ro 
den\e, moi!..r ro wet, 91oy 

' , __ -- ------
GM, Silry Sandy GRAVEL 
w : ,ome cloy, NP, med. ro 

dense, wer , brown & gray . 

(rounded grovels) 

·24 79 1200 hrs :· hol.: 

242.0 ' , W.L. 195.0' 

9.'25.179 a . m. : hale : 

251.5 ' , \'t.L. 192.5' 

C?, Sanciy GRAVEL v. :ace . 

: i~:;:::;.:o:~l~,-:~;•o•o•od. 
-9 '27 79, a.m . : hole 

285.0',W . L . 264.J' 

: hole 
264 _5 · 

Bortom of Hal« •: JOO. O' 



HOLE NUMBER 79-C:J-kl A 

PROJECT How0rd Hor-,so,- Dom 

1979 Piezome,...,. --srollorion 

-~ ..;A fiON Righr .Abv-m-- · 

N IOJ, 586. 77 E I . 7 e,..; . 904. 70 

DATE STARTED / o.:."'i"E COMPLETED 

4 Sep 1979 31 -:)er 1979 

ELEV- 0 

ATION E 
p DES CR I PT 1,: .'-l -:)F MATE RIALS 
T 

1274 . ~ H Top of Cosi,-.,; ..,..!277 .0 

GM, S, Ir:- ~,o,-,-::,y GRAVEL-/ 
cobbles & :-=,u --::,er~ (ollong.). ..... 
medium, br=•--

~ 
.... GM, 5; I ry :.:,~-:::,y GRAVEL-/ 

'- cloy & occ . :::,-:::,-..1lders, med;um 

•o dense, : ::-, . 

::1..0 LOST DRIL_ ~-- ..::. rER FROM -9 
ro -1 I & F~C ; f.- -15 ro -17. 

~ 
L... 

...19 

~CUL D!:~ 

GM , 5;1ry S=,.......-Y GRAVEL-/ 

t.=-9 clay & acc. ~lders, dense, , 
ran. 

'-.. 
50 

GM, Claye y ~.=::=:-,dy GRAVEL 

- 1silt, acc . ~lders & cobble~ .... dense, ran . 

.. . 

~ 

._ 

.. 
t.z9 

.... 
s 

....§.0 ... --

.. 
v(•, y dcn~c - 0~ rl • . '-

I-

\ 
....z_o 

,, . - ... .. 
L... 

... ... 
- ___ .... 

'-100 . ·- · . . 
. .. . .__, .. . - - . . . .. . . " , .. 

.,! 
I 
I 

a 

- . 

. -· . ·--. .. -

- -·-- .. -------

HOLE 

ELEV
ATION 

1174. 2 

T 

s 

T 

s 

T 

s 

NUMBER 79-CD-~I A 
D 

~ DESCRIPTION OF MATERIALS 
T 
H· 

GM, Clayey Sandy GRAVEL-/ 
silr, broken roc:k, oc:c:. boulders 
& cobbles, medium ro very dense, 
moist, brown & gray w/reddish 

110 brown in clayey moreriol. 

♦--------
L STORILLWAfE~F~OM 

-I I' to - IJS'. 

, Silty Sandy GRAVEL ..,/clo 
IJr?c . cobbles &/or boulders & 

l
'br en roc:k, medium to dense, 

m st ~r= ~r~di~ bro-~ 

NOTE : reddish bro""n material 
140 appears ro be decomposed rock . 

medium ro very dense 
..,/depth. 

Bottom~ 176' Lost Bailer 

1 

1 
- . -- --- .... _ ,. _ ---~·-·· ··- - ·-· ····-----·-···--

-

. ,..: :.".- :...--: .• ..;. __ .... :.:: : ... :·.: .. . •· .:.:... ;:;,;:..::--.::=-:: ·: , - . . . ., ·. _,_,:: ;~_·:: .. ,:. ' 

:--~:=::. :,:~7 ~ ~"'--~-~:.:~:::/:': .... ~--:":"~ ::::a.··~:~: . ..:·~:· :i ... :3-::.~~ -



HOLE NUMBER 79-CD- 4I 

·\JECT Howard Hanson Dom 

1979 Piezometer lnstollotion 

LOCATION Right Abutment 

N 103,586 .77 

DATE STARTED 

4 Sep 1979 
ELEV- D 

E I ,7 63 904 _ 70 

I 
DATE COMPLETED 

JI Oct 1979 

AT ION E 
p DESCRIPTION OF M ATERIALS 

To p of Cosing =1277.0 

r 
I 

127 4. , 

.. 

.. 

.. 

i 
H 

.l9 

L.... ... 

so 

GM, Silry Sandy· GRAVEL._/ 

co bbles & boulders (oil ong . ). 

medium, bro ... n . 

GM , Silty Sandy GRAVEL..,/ 

c loy & acc. boulders, medium 

to dense, ton . 

LO sr DRILL WATER FROM -9 
ro -11 & FROM -15 ro -17 . 

BOULDER 

GM , Silty Sandy GRAVEL..,/ 
cloy & occ. boulders , dense, 
ran. 

'I GM, Clayey Sandy GRAVEL 
..,/silt, acc . boul~ers & cobble\ 

dense, ton. 

...!!} 

t.z9 

L 

~ very dense wldeprh. 

.... 

... 
100 .· 

----

HOLE 

ELEV
ATION 

1174. 2 

s 

T 

NUMBER 79-CD-41 

F 

D 

~ DESCRIPTION OF MATERIALS 

H 

GM, Clayey Sandy GRAVEL..,/ 
1ilr, broken rock, acc . boulders 
& cobbles, medium ro very dens~, 

moist , brown & gray w/redd is h 
ll'J bro..,n in c layey moreriol . 

~ 120 

LOST DRILL WATER FROM - -
- 121' to - 135' . 

GM, Silry Sandy GRAVEL w/c lo ) 

IJO'cc. cobbles &/or boulders & 
"broken rock, medium _ to d~·,se, 
moist, gray & reddish brown. 

NOTE: reddish brown moreriol 

140 opp<,<>rs •o be decomposed rock _ 

medium ro very dense 

._/depth. 

POSSIBLE SANO SEAM 

GM, Silly Sondy GRAVEL (ong . l 
0 &/or broken rock ,.,/cioy,nvm . 
boulders & cobbles, medium ro 

ROCK SLAB 

,. -205' 
., -190' . 

1064.2 210 

Bottom -,· -210 



I HOLE NUMBER co -s2 
) 0 ROJEC T HANSON DAt,.\ 

SEEPAGE STUOIC. ~ 

._..;CATION 

N 104 , 180 E1,76J,J85 

DO.TE STARTED I DATE COMPLETED 
. 19'.i5 

ELE V- ~ 
,HION p 

T 
10&, .6 H 

1069 .6 

1035 .6 

DE~CRIPTION OF MATERIALS 

TOP OF CASING 1087.5 

SAN DY SILT -/broken rock 

SANDY SILTY CLAY 
- / rock fragments 

SANDY CLAY - / rocl< 
f rocments 

SANDY GRAVEL w; 'c_loy 

and ~ilt 

GRAVE LL Y SANO 
w,'brokcn roc k 

- SILTY CLAY . .,:br<>.-~n roc \c 

9i5.6 

.. .. 
-
=--· 

961.1 _go 
T~. 

9S5.6 _ 

948.1 
1--

. 
-
... 

92S.6 
I-
~60 

-

I 1-lso -\ -•. -
394.6 

.. ..._ 

.. ... 
eU>.6 ~00 

.. s·AND w/ rock fr0.g:11cnts-

SILfY SANDY GRAVEL 

SAND 

SAND, GRAVEi. , ~-ILT 
AND CLAY, intcrl:-:-ddcd 

5,\ND. {.fLT AND CLAY, 
inrerbeddcd 

BEDROCK -- ·-

HOLE NUMBER CD-54 

PROJECT /\ANSON DAM 

SEEPAGE S TUO IES 1 
LOCATION 

N 104,029 E l,76J,414 

DATE STA~TEO I DATE COMPLETED 
1955 

ELEV- D 
ATION E 

p D.ESC?.tPT ION OF MATERIALS 
T 

109J .J H TOF 0 F CASING 1094.6 
oRC)Y-:;N ~OCK w/sandy silt 

-

1064.J 
~01· 
- aOULDER 

"" T -
1048~0 
10~. :_,,,/ CLAY 

1045.J,' ;::--.... BOULDER 

1038 . J SANDY SILTY GRAV(L : 

10'.32 . .a - 60 SAND 

1026 .8 - SANDY SILTY GRAVEL 

... SANDY SILfY GRAVEL 
,_ 

... , bro i< ~n :oc k 

_§0 

-.. .. -i-. · -- · 

-10 • 992 . J - GlsAVEL - b,o• en ro<.k, 

9a6 .J .. I SOr."-C 10nd and Ii It 

981.8 .... SANDY GRAVEL · 

~ ::---.... SANO 

~ I- SILTY SANDY GRAVEL .. ... 
I-... 

~o INTERBEOOED "• ANDS, .. GP.~VEL~ , SILTY GRAVELS, 
.ANO GRAVELLY SANDS 

- .., occosionol rock frogmt,nts 

-
.J.20 --
- I 

'► 
,_ . 

f:::t: ...__ 
--

903.3 --
700.3- ':---... WEATHERED ~OCK 

89J.J 200 BEDROCK 
. . .. 

.. 



le. sat MCI T'1"E 0F 1111' 0:\9'(.ftl 10'-:19~'(6') __ _ 
1. PtoAI:T HOWARD HANSON DAM -- --
------- ________ _ ________ --------- L 0.,.j!.lj FOIi llLY4l1014 SIClWM fT/JII or .I/SU 
2. lOC.\TION ~ .- S1aJo,,J __ _____ ___ __ _ ___ _ 

M0.2..19 5 El.. ls:3..Sl.O.. .U..O.P.QJ - - - - - - - 12. ....u J.CTlffJt'S OCSl:HATJCN o,; __,_ T 

~-~-~--JE~SE~_QBILW~~-(Q~------- ~;;;!~~~fBIE:_.22:t{__CAfil..E.. __ QQL -----
!IUIDEll S.U.,U:S TJ.Z!N ~- -~ , ,_◄·-~::::...:..:'llo;.:.NQ..:..:-::(N::::..' ___ .. _,_-., __ -_ __;:""_:..:8:..:6::.:-:..:c:..:o=-=f=O=l/=l=O:.;;;IA=_'---"1 0 ,. K. lOT.ll 11.U!ER C0AE aons ________________ _ 

II 

T. n.ooc:s Of 0-..uo _J'J.2_' _______________ - 11. lOl.ll ~ R(COVOt( FOA IIOilllC _ _ _____ ---

.. DEl'lH ~(D HTO ll0Cl ___ 6.' ---- - - - -=IS. so... ___ :ru,c ___ Of_lCSPtel_ _011_ R--~~l<ERLIN ------ -

_x 

~ TOTAL. OO'TH aF HOU j13_8_" _________ --- --

El.£VATIOH 

1194 

'-

O(J>TH l.Ea:Hl 

GM GRAVEL LOOSE 

~.m· __ AfEflO..X. ~QR_E:_ Qf:. j)~~ - - - · 

10....: L ~ - GM. SILTY SANDY GRAVEL 

: ~ WITH COBBLES (6']. DENSE 

=f~ SANDY AT 18' 
!,S::_~ GM, SIL TY SANOY GRAVEL 

20 - ~it"' ... ~· WITH COBBLES. DENSE = · ~ BROWN WITH MOTTLED GRAY 

40 

70 

-_ 
--

80 
-

90 

roo· ... ·• 

-~:, 

~ 
~ 

..., ... 
.;l::jl 

l 

GM, SIL TY SANDY GR_AVEL 

WITH COBBLES (6'] DENSE 
MOIST, BROWN 

LARGE COBBLE AT 62.5' 

• • , 1,.•. .. • • 

-fi~,:, :.►. ,-, . . •.-·,., 

x COIi£ aox OR 
R(COY- UW'U 

EIIT NO. . . 
ORll.1.EO ltlTH BUCYRUS ERIE .... -
CJ.SI.£ TOOL. &• BIT ;: 

◄' 10 SAW'LER WITH 2,000 Li ltT ::-
1.5' LOHC ,-. 

N•• BI.OWS TO ORIVE SJ.MPlf:R &•:: 
SJ.l,fPLE: 4 R£fUS..t.l., 07. R£C. =-

-.... -
.... .... 

7o7. REC. 1ono186 :: 

10131/8& ---... --... ... ... 
10/11/86 ,-.. 
VJ/8& ,_ 

.... ... -I--... -... -

... ... ... 

V◄/86 _ 

,___ •· N=ZO.Z~· . 100:C R£C --_g_ 

- Na-49.Za.za 100% REC. 
. - '·- .. 

-t-
. .. 

i----- N•l7,'40,.36 75:C REC. ...-L-

' 
N=63,67,7S S07. RU, 

~ 

... ... 
I-----.... ... . -.... .... 
1-,_ 

l/◄/86 ,-

... 

... 
... ... 

. ---
1/5/86,.. 
l/'6/116 ... ... 

;. I- -. ..... .. -I-
I-

ENG FORM 1836.Yiiiltwiis:mnois !i#c ·Oll:SCllffl. . 
MM 71 .• ~:;:;:-:-,,:- :_:.~•-.• :':'.'~:!,,.;.)'.. :.'· :-, .. • 

_, ....... ... ··- -~--·.,~-'"' ::::: _· 



L 

_ _ _____________ noie NO. Yu '-u-1u1 ✓ 1u1'"' 

O<ST.ALU.TION SHE1:T _z_ 
HOWARD HANSON DAM -------------------------------- ______ NPSEN-GT ________________ 0( 3 __ siars 

(l.£VATIOH OEl'lM L(IXJC> 

1094' 

150 

170 

CM, SIL TY SANDY GRAVEL , 
COBBLES, MOIST, BROWN 

LOOSE GRAVELS (SOME 
CAVING], MOIST TO WET 

AT 12 ◄' CJ. SING BENT 

140VE TO NE:W LOCATION 5' 

TOWARD L£Fi ABUTMENT FROM 101 

il/'2S/8& ST .ART tiE:W HOU: 

8&-CO-IOU 

GP-GM, SIL TY SANDY 
· CRA VEL. WITH COBBLES 
DENSE.MOIST .BROWN 

COBBLE o 152 

180 _ -' ... {~""!-1~,.,.,_'iSrd?:i GM, SIL TY SANDY GRAVEL 

190 

1002' 

996' 

· WITH COBBLES, VERY 
DENSE.MOIST .BROWN 

FINE GRNED. WITH COARSE 
SAND TO GM 

TOP ROCK 
SOFT·KAAO 

HARi) 

ANOESITE, BLACK 

TD l98'CEL V. 996'] 

ENG· .!:ORM 1836-A ,.,._ .mrt'IIIMS AM oasou:n:. 
MM ll 

% CORE IIOX OR 
R:(COV- s....u.P\.( 

(AT ,c. 

HHO 

H=J(.-◄z.38 IOOZ R£C. 

Swt. 105.7 
SWL 10-4.3 

IOOl RfC. 

1007. REC. 

511'1. 1◄ 5..2 
SWl. l ◄ &..2 

Na◄S, ◄5.R(f'US.U. 

IOOi.: REC.. 2 JARS 

N= 2◄.S5.J9 &Oi.: R(C. 

SWL 161 

90¼ REC. 

TS¼ REC. 

TO 1!8' 

CASING TO 192.S' (6,0] 

N0. 
86-CO-IOVIOIA 

1 

T 



Sl£E'T 
OF __ _ Sll£(TS 

t.. lOC\ T1:lN ~ ,.. -
_ Nl03JS0 _EIL 76i 905 _ [T0POJ ------------- 1-a.-WJ>HS-=-=-=-::.::.~::.::-:.:-:.::-:.:-:.::-:.:~:.::-=-=-~=--=--=-OF=-=~=-=-=-=--=-=--=-=--=-=-=-=--=-=-=-~ 
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1a.£v,r1011 Tor Of MOI.£ 
DRILL INC LOC <Cont Sheet! 

Hole No. 92-R0- 1 lfJ 
1•uSTA1..LAfl0N 1~£T ~ 

""0..f:CT 

HOWARD HANSON DAM °' 2 ~(f', 

&0• °" "l......,S 

1 (L(VlTU)N ocn .. lECC'40 0.ASSltlClllON 0& 11.Al(AIAl.S 
S,..,._£ a:,111._llf,C Ttir.,<. ■,.l(R lOS~. 1:(;l''t .,. :: f CESCAIF-TtCIU 

''°· •l•1"'(R1t-C. (TC.. 1r SIC.,11,,:~uf . . . ' . . . 
·- · 10(1 - ,('O,•f . 1 - •NOCSott 5C..C.OCJIS ., - tNT(RSTll 141. S.ICI, -.... $.U,,. f , 4"4) Cl.,AT •HM WfNOll CA.£.¥(:L... ()tt1' . - -

1--1(15--: CJl((M IIOCl rR•CMEHTS t/ SAOIIN ct.Ar 
,-.uC) ~o •. T - -- ,-.... -
I--110-- .... - ,-- ,-
-
I--1153 T ,_.,v n -
--

""~ 
-.... -.... --125 
.. 
f---

IJ0-1 

fRAC 1(Jl,(O u«)(.Sll( ,., ~l(~'Sl1Tl41. s,1.1 -' CROUHOW.1 T(A •T ,21· 
1--

CL.i.1. 
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f--- -140-- -- !.CU.0(.1i -- & ..C,V 92 --1-45....: -- .. - --- -
150- --
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T 

U.S . ARMY CORPS OF ENG INEERS, SEATTLE DISTRICT 

WELL COMPLETION .REPORT 
p,-,J j ~,:, t PIEZOMETER INST AL LAT l(1C•I. HANSON DAM 

( ,:,mp I f':- t i ,:, n d at f':- _1_2_- ,_a_-9_2'--------
C 0 n tr- o ct or- ANDREW WELL DRILLl~~G SERVICE 

Ri9 IR AIR ROTAR Y - T4W 
()pi:?, at ,:1 , ROBERT OE WILD 

ln.Sp<7c;t ,Jr- BEf·l LAZO 
O-=~•ti-1 1"19 ' Datum GR0uI·10. SURF ~cE 

HOLE [)ATA 
Si =e: · 8 

(AS I l'JG 

in. to 
in. t o 

199 ft . 
--- ft . 

T y pe STEEL ($££ COMMENTSl 
Mfr· . 
Ht. cJbove qnd. surf . 
Or-ive shoe 
S i : I? : 8 1

/ . i n. t 0 I •;) 9 

SCREEN 

ft . 

T j (:'•~ St:H 80 MC>~IOFLE X 
Mf r- . CAMPBELL 

Composition Pvc 

-0.020 IN . SLC•T 

F i tti ngs: 

FI LTER 

------
Length 

Dia. 2" 

Dia. 

Sour-<,;4=' BAGS !100 LBS) COLORADO SILICA SANO. iNC. 

C,:,mpositic,n CLEAN SILICA SANO 
C., odat ion 10-20 -.,--------------1 ri ~. t. method POUR DOWN HOLE 
Voluml:' used 4 FT 1 

-------------DE- p tr, 162. s to 1s1 ft. 
_______ to _____ ft. 

GROUT 
Cornpos it ion CEMENT /8ENTONITE 

Volume used 
(5% BENTONITEl 

Inst. met ho d_T_R_EM_M_I_E _________ _ 

Depth o.o to 1s1 ft. 
183 to 199 ft. _ __;.......;;... __ 

REMARKS: 40 FEET OF CASING <WITH DRIVE 

SHOE) LEFT IN HOLE FROM 110 FEET TO 150 FEET. 
ALL OTHER CASING REMOVED FROM HOLE. ·. 

WELL DETAIL ( AS BUil T) 
92-RD-110 -

', · 
NOT TO SCALE 

/ 
8 METAL 
CENTRALIZERS~,~ .~ 

110· 

.,·· / 

/'_,/ 
_,..,, .. -✓✓ 

_,· ,. 

/ 

, . 

CEMENT / 
5:: 8ENT(11-11 TE 
C,R()UT 

-
< 

· - STEEL ( ,:, •j1NC 

150' 

157' 

162.5' 

169' 

S. W.L.= 58' 8.G. 

/ ,• 

,,,·· _/ 

- . :/ / 

8ENTONITE :i: 
CHIPS <150 LBSl '· 

.. . 
. . ··-· .. 

1 I /20/92 ------l----1- .. · · 
I0-20 SILICA , 
SAND l400 LBSi ~ 

179' 

181' 
183' 

199' 

• • .. • - • • •• · r: . . ·. 

ENTONITE 
CHIPS 

EMENT/57. · 

,· 

... 
....,; 

-u. 

<--~"---'~'---"" BENTONITE ~ 
NOT TO SCALE GROUT . 0 

'-----''-------------------_J..--.....:.:.--~~~..:......:-=-----~ ✓ -1,· 



- ·- - ··--- ... _.. . Hole No.92-R0 - I I I 
10,VISION IMST.&4.L.&TIOf< l:tT I DRILLING LOG CENPS-e:r~-GT HOWARD HANSON DAM 2 ,:,.C(l\ 

'· ""O.i(CT ,o. 'Sil£ .UC, TTP'[ ~ sn a- ODEX 
PIEZOMC'rn INSTALLATION 

"· 04TI.M r OR o..£.V • l lCIM SM)WM 1'19,M OP. ~5'. I 
2_ LOC,.TIOH <C00"101 NAT ES CA STAT IOHI 

,:. W4kt$..Cl~--S OC.SJOU TIOH ~ OA•t.L 
). ()RILL INC &(.(ti( f 

ANDRE'N WELL DRILLII..IC: ,,. TOT 4l MO. OF QV(R• ;o•s •u1=1sco ;t.11-0•-s11.r1:u, 
' M'",A( ''°· t M~ S,..OWU Qtl ~.;;.,11ic. ; r111,.~ w,:ocu s,.....,_c s r:.101 

-"-0 ~ IL( ""'8(11 I , .. TOT&L ,._R CORC IIOl(S 
~ H.&M( Of OAlll(R 

1 
ROBERT OEWILO IS. 0..(V.6T l0N C,ltQ,JPC) • •TCR .. Oll~CTIOf< Of >«ll( - 16.. O• TE 1401.£ :suRT(ll ;<OMfl.!.T(O 
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II. TOT &l. CORE O(COV(ln FOR SORIHC : 
I . O(PTM ORIU.£0 "'TO AOC:1. 

19. H.&M( .u-0 SIGH.&!~ Of 1~(1()11 

~- IOT AL O(PT H 0. >tOl( 1so· 

L(:~ I : ~OA( !l()X °" i:;i(~Ar.Cj, 
D(Ph1 a. .. ss1r1C.lll()N ()It WAT(RIAlS R(i:ov- S•"I.£ ((\Qtl,l, l~IC TIME . • 1. t(J;: l0Cj,~. Ci'PTM \,,-t (L(V.t,Tl()H 

i C(,Cl<iPTi(jfP er., ,..· .. -t, ! TM(i;-mc . (fC.; I( ~•t:w.:-..,::,.ur, . . . 
-- AOCr. SJ'&:.LS ,3-, w,au.'l(J. 
'-- ... - '-

RIP RAP ll"l &l-0 LOO~ I--,:~ ... 8GU.O(~ ... --
I--... ... 

- ... 
- ... 

15 I--... - Silt f 1...0. FIN(. SROWII ... -- ... 
- -

20- f--

- -,-
-- S1t,.T't' Su<,. ;u-.( •"CJt~V(LS.. T~u --

25- I--

- -- !IOUl.0£~ ••:· 0 -- --
30....: -- --- -- -
35_: --, T 

-~ CL.4f( 'f S•..c:J 11/GilAV(L tt/:-i 41<, 

-40---i Cuil&l.t> IJ"I t ..... 
-

45 ~ ---j 
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ORI LLINC LOC (Cont Sh eet> 
l[l(V&TION TOO' "' H0U 

Hole No. 92-R0 - 111 
""0-(Cl 1•NSTA1.L•Tt0N I~ 

., 
4 

PtEZOMETE R INSTALLATION HOWARD HANSON DAM 
!.><CT \ 

1101 OIi A£...,.s 
CL (V . .UIOLI O(PlH l ( Cl:1~ cu ss..-,c .. 110N "' ... 1(111.11.s 

S•wPI.£ cti,A lll lt,C TlM(. •trc,: llX:i. CiP1 '4 C.-< t O(SOI IFTIC,,41 

''°· w( a TM(RINC. ti <:.. . 1< S,C,,o<l( .:.ro t , . . ' . . . 
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110-:: -,... . ... . ,... 
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u. ~- AKM r CORPS OF ENGINEERS, SEATTLE 01 STRICT 

WELL COMPLETION REPORT 
,--------,--------11 

P1-i:, j ,s,,:;t PIEZOMETER INSTALLATION. HANSOl·I DAM 

( 0mp I~ ti .:,n date 12113193 -----------(0ntractor ANDREW WELL DRILLING SERVICE 

Rig IR AIR ROTARY - T4W 

Operator ROBERT OEWILO 

Inspect c,1- BEN LAZO. CH ARLES IFFT 
O"=p tr1 ,so· Datum GROUND SU RF ACE 

HOLE DATA 
Si z.e: a 

(AS ING 

in. to 
in. to 

Tyr:,e STEEL (REMOVEOJ 
Mfr . 
Ht. abov e 9nd. sur f. 
01-i ve srioe 

150' ft. 
.:. ... 
I I . 

Si:e: a 1
/ ~ in. to 1so· ft. 

SCRE EN 
Typ'=' SCH 8(1 MOHOFLE X -0.020 IN. SLOT 
Mfr. CAMPBELL 

Composition Pvc Dia. ,,,. ------
F ittings: Ler'l<]th 
Ri .ser 
T ,J i I C• i ;:, e 

FILTER 
Soui-r:e BAGS ( 100 LBS) C(1L(JRAOO SILICA SAMO. INC. 
(i:,mpo s it ion i.LEAN SIL !CA SAl"~O 
(,,-adotion 10-20 

Inst. me tr1c,d POUR DOWN HOLE 
Vol um~ used 
Oe ptr1 90 to 

125' to 

GROUT 
Compos i tion CEMENT/BENTONITE 

Volume used 

120 f 7. 

ISO' ft. 

<SY. SENTONITE) 

-------------1 n st. metr,od TREMMIE 
Dept h --o-.o--t-o ___ as ____ ft . 

to ft . 

REMARKS: ---------------

WELL DETAIL (AS BUil T) 
92-RD-111 

NOT TO SCALE 

RUBBER HOSE 
CENTRALIZERS 
EVERY 20' 
FROM ISO' 
TO 30' 

85 ' 

115 ' 

120' 

125' 

/ 

/ 

/ 

.. . -

/ 

/ 
'/ ./., CEMEi'IT 1S1/. 

BOHOrn iE 

/ 

/ . 

(,ROUi 

RUSSEK H(1SE 
CENTR~L I ZER-3 
EVER r :c,· 
FROM i("Y 
TO 20· 
AUO (11,:: 
_Ai I I:. 

BEr•n(,rniE 
("HIF'~ 

10-20 SIL\(A 
SAI-.J(I 

BENT1jNIT E 
CHIPS 

• 10-20 SILl(A 
. SANO 

c.. 
I..., 

•r 

C; 
'-

-
-= 
...... -,-: 
C. 

C-

' i::.. 

V, 
w 

r 

NOT TO SCALE 0 

--------------...11-..--~---------- -x, ;, ·rt& 



LOG 104VISl0N 11<$1-'1.LATIOH 
DAM 1: u I DRILLING CENPS - EN-GT HOWARD HANSON 2 ~(1C.-

'· ""0..CC"T 10 . Si l ( UC, lYpt Of SI T a·· OOE X 
P1£ZOI.A£ 7ER INS TALL ATION 

II. 0.t.fUW f:Ollt ( UV.t. TION SHJWN ( T8" 0A ~· l . LOOT ION c COOFIO IN"f(S 0A $1 AT JOU 

12. w,u,,...f"~i ll"(A"'\ OCSJOUT fON OIi OArtL 

•G£MC T IR AIR RQT AR"! - T HI I . OAcu • ,c; 
ANDREW WEL L DRILLI NG 

l l . TOT.I.(. r,O, Of OV( R· ;01\ TV>& C• :Ul<)I S T'-"8(C, 

'· ~( Mn. 1• ; S""'"'• ".'•• ('IQ.&v 11•:• · f JTL£ !!!\P.:l( U ! LUll'\. C~ T Lr. (U 
~ <lt..( ..__( Ro : -:-2-RD-l 12 , .. TOT 4l "'°"6(A CO"( ISO X( S 

) . ......C Of OAllL(R 
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1 OCT 92 i2J -c.1m c.._ O •t<i. ..:o O(C.. r AOM Y(AT. 

IT. tl.,£V4T ION TOP Of MOU 

T. T'"ClJ< SS Of 0'¥CPl!U'OCN 138 II. TOT Al. COIi( A(COY(RT rQR 80AIMC : 
I . OCPT• DA Ii. LEO ,NTo oocr. 12 19. HAM( .t.,-0 S ICHA TUA( 0¥ IHY(C Totc 

~- TOT -' l O(P1 M 06 1-Q, ( It,(, 
:; :OAC 

&Or OR i ;:(l,U,ab:. S 

L(Ci'.~ CL•S S1J' 1C•flOH r.,,; 1,0.T(All.lS ~,o•• S•....,_ E (() RIL L114C TI U( . • • 1( R LOSS. O( P' TM vl (L(V l ! l()N O( PTW 
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15- --- -- -
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-- -- -- · 3:-j - · 
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ltl.£YU1()M T~ Ol l40l.[ 
DRILLING LOG <Cont Sheet> 

PIEZOMETER INSTALLATION 
l•NSUI.LATIOH 

I HANSON DAM 

Hole No. 92-R0-112 

,.--''---t-;-;:::;;--+--'--t---------=.--------t-..-'"."'.'..-f-80-X-Oll--j-------R[-....... ..:...-S ______ J_,,.-.[ 
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-
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7 
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U. S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT 

WELL COMPLETION REP-ORT 
Pr ,:, j i?<: t PIEZOMETER INST ALLATION. HANSON DAM 

( o mp I et ion da t e _ 10_1_2_1_1 9-'-2;;._ _____ _ 
Con t r actor ANDREW WELL DRILLING SERVICE 
Rig IR AIR ROTAR Y - T4W 

1) p ~ra t,:i r R08fRT DEW ILD 
tnsp e ctc,1-
D-= () tr, ,-(:;-(,-. ---,.□.--cJ-T,-. L-,m--G-R-OU-~-JO_S_U_R_F A_C_E __ 

HOL E O~TA 
Si ::e: e 

CAS l l'IG 

in. t o 
in . to 

T yi:,e ST EEL <REMOV ED> 

~.H r. 
Ht. above Qn d. sur f. 
Dr ive sho e 

160' f t. --- f i, ---

Si :~: a 1/ ~ i11. to 160· f t . 

SCR EE N 
T y i::, E- SCH 80 MONOFLE X 
Mf r . CAMPBELL 

Compo s ition Pvc 

-0. 020 IN. SLOT 

------
Fi t ti n g s : Leng th Dia . 
Riser 

' T ,J i I i:• i p '= 

FILTER 
Sou,-ce BAGS ( 100 LBS> COLORADO SILICA SANO. INC. 

Composition CLE AN SILICA SANO 
Gradation 10-20 --:--"-------------1 n st . metr1od POUR DOWN HOLE 
Vo lume used 9 FT -----,----------=-,---
Oep t r , 104 . 5 t o 134_5 ft. __ =-..;.;,.=,___ 

GROUT 
Composition CEMENT I BENTONITE 

Vo lume used 
CS% BENTONITEl 

Inst . met r,od:-T-RE_M_M_1_£ _________ _ 

Dep t h o.o to 
134 .5 to 

---"-99"'"'".=s __ ft. 
---'-''5"'-=4"--__ ft. 

REMARKS: ---------------

WELL DETAIL { AS BUil T) 
92-RD-112 

NOT TO SCALE 
MANHOLE WATER METER COVER 

\ I" ABOVE GRAOE l 
' , 

.:1 ·· PCC SLAB -. ·x~·) 
I 

I'- . .. , 
' / .A... --<"'· 

', ,X -~ . 

/ 
/ 

/ 

/ 
/ CEMENT I c:•: 

.J ' • , / BEIHONITE , 

3 METAL----1---1 
CENTRAL I ZERS / 

109.:-' 

154' 

·: ._;,,_'_ . • . _o. 

. . ~ . . o . ~ - .: . 

. ---~---- .: .. --~-. ... - ..... 
·.- . -:- !' = . ,,._. ·.-:-·.· ·-~---. = ·. ·.· -_;,_· 
._·. ·_: _. .'> = : ~.: . : . 
.::~----= .:.·:~-

· -·· - .. . · -· 
• ·: .· o - • o·· ·:. · 

<---~.-.-= · .... --~--... - ... 
·. ·:·.~ - · .1:t : · : · 

. . . . . .. .. 

GROUT 

BENTOMITE 
CHIPS 

(125 LBS> 

10- 20 SILICA 
')AN[} 

CEMENT /57. 
BENTONITE 

GROUT 

;,_-, ·: :;,_-_ -_- : ;..·_ ·.· FILL 
160' __ .i..;•;_;·...;.· .._ . ...;.· .;_· .:...· ._ •:...;·;_;· ,.;.J· 

NOT TO SCALE 
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10lV1SMlN IN'!. ·u,.1. • 1 '°" 1:u I DRILL INC LOC CHIPS-EN-CT 92-A0-1 IJ I \.<( 1 ~ 
I . 1'110.(CT 10. sm; .uc:, Typt 0( BIT a- OOE:X 

PIEZOMETER INSTALLATION 
II. 0AHM FOA (L(VA.HON SWOWN < 18" 0111 l<Sl.t 

Hole No. 92-RO- I 13 

z. LOCAJIOH I COOf'()JNATES OR STAT IC,, I 

--, HOWARD HANSON DAM 12. w•-&C1UR(R"i OE:SICHA 1 IOH OI" OfllLL 
l . 0At1.L IHG •GCl<Y IA AIR AOTAR"f - T4'N ANDREW WELL DRILLING 

I}. fOT •l NO. or O\l"(R· :01s11.«e.co :V,,,C,1\1v'&((.i '· .,."'-( •• ·• c ... ~ 5,..._·,., ~ l rtf O,..w I t4(• f J Tl ( ~(r, S•1.11"1.(S T •t.(11 
.;c, <IL£...__., 1:?-RQ-113 , .. TOT~ ......a[a COft( SOJ'(S 

). H.&w( ~ Cl'tl\.L(I: 

ROBERT OEWILD ,s. E.U;Y& TIOH CROUP<> W.t.T(R 

6. OIM:CT1011 OI "°'-.£ 
''- O.OT( >ell( :n NIT(0 ·COWPl.£T(O 

• 26 OCT 92 : 4 NOV 92 0 Y\'.Ol IC&<. 0 oo<l.lf<O O(C:. (R.()11,1 VOIT. 

IT. CUV&TIOH T~ 0. IQ.£ 
I . TM,('l>o(SS OI 0"£-,,a){N 97 . .. TOT"'- C0R( O(C~RT <()R so,uHC : .. O(,,,.M Oltlll(D INTO ~r. 0 ..... -UC) SIOU TUR( 0/t IN'SP(CTOA-

•- 1'01' 1.1,. v(PlM Of' ""°'-( 97 
: C()R( BOX OR R'(t.11.A,:S 

I 
,cc.:,c:, Cl1$Slf1C.1 TI OH or '-UT(Al.&l.S O(CO•· S=PI.£ tO'tll,,LIMG Tl'-'-( . •u t(R I.OSS. Ci(?>Tw v& (L(Y A fU)N O(,OTM 

IO(SOIIPTIOHI . . ' . 
CAAV(l W(4AING COUAS£ FG#I ?•""'"" 

- LOT 1Y,.• I 
-- S•C. TT SMC. r,,<. OAT . 5"0WN 5-----

10-----
15-----
20 --: 

. . 
-:s--

lOi 
35 

4(,~ 

..J I -
I 

~..:.NO , i.:i..u ,,.,c.;c.a..,CC.. we,,~ T. ai.ow,.. 

45~ 
--- s~uo •'~·-"''(LS t1/r·1 'Sill .:.uo Cl.AT so- tC~IUOIST-oAT, i!JIOWN ----

SS-----GO-----
65-----70-----75-----
80--

--85-- -T ~ 1. ORT. A(DOISH SAO- ~Tl 
---

90 - . . - S.UC, •ISll T 6'(1)<01.RS(J OAT. T-1.l - c.R(T <IJNIFOIIM. l'OSSIII.£ IIOU.OCRI -95-
S4UY S&HI) CICD-f'lt€l. ORY l T-QEl UN -

100 - IOTTOM- OF NOi.£ 

ENC FORM I 836 "' VIOUS Ol(TIONS UIC OIS(Ult. 

(RT 

I 
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•• 

_._ 

"x"x? 
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l'la).£CT 

"°· •(1tlol(J::1NC. ClC •• ,r s,cw, ,c ..,, , , 

Z~ OCT 92 

ZT OC1 n 

2 NOY 92 

Pl ZOMETER E 
INSTALLATION 
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U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT 

WELL COMPLETION REPORT 
p,-,) j 1='C:t PIEZOMETER INSTALLATION. HANSO~J 0AM 
c,:,mpl~tic,n date 11104192 -----------( 0 n tr a c: t c, r ANDREW WELL DRILLING SERVICE 

Rig IR AIR ROTARY - T4W 
()perator ROBERT OEWILD 
ln.s(:leC, tor- BEl·I L-lZO. STEVE MYERHOL E 
D~c.tr1 ~7· Datum GROUr✓O SURFACE 

HOLE DATA 
Size: a 

C.4S l f\lG 

in. to 
in. to 

97' ft. 
---'--

ft. 

T J (:•e STEEL <A LL BUT 10' REMOVED> 
Mf ,-. 
Ht. above 9nd. surf. 
o,- i Ve shoe YES - LE Fi IN HOLE 

a 1/ , . i n. to 97' ft. ---

SCREE~~ 
T JPE- SCH 80 MONOFLE X -0.020 IN. SLOT 
Mf r . CAMPBELL 

Composition Pvc. ------
Fittin9s: Leng ti, 
Rise,-

, Tu i Ir-· ii:,.-? 

FILTER 

Dia. 2" 

0 i <]. 

So1_1rc'='BAGS (100 LBS> COLORADO SILU:-A SANO. IIK . 

Cc,mpos it ion <:LEAN SILICA SANO 
C,r-adat ion 10-20 -.,---------------1 n st. metr,od POUR DOWN HOLE 
Volume- used -----,----------0 E- p t r, 65 to 92 ft. 

GROUT 
Composition CEMENT/BENTONITE <5¼ BENTON I TE> 
Volume used Inst . met hod;--T-RE_M_M_l_E _________ _ 

Depth to 
to -----

ft. 
ft. 

REMARKS: GROUT LOSS @ 30' STOPPED BY 

ADDING SANO ANO BENTON I TE CHI JPS TO GROUT 

WELL DETAIL ( AS BUil T) 
92-RD-113 

NOT TO SCALE 

4 METAL-----
CENTRAL! ZERS / 

.. 
0 

· ~- . : . 
7(1' -------'-~ -: :~~--· = ♦ :-: .. °'). 

90' 
92' 

97' 

·: ·::-~-= : ·o·: ·.-:: ·.· •_ ;,, __ · .. = .. ,o, 

NOT TO SCALE 

CEMENT I 5;~ 
BENTON I TE 

GROUT 

SAl'lO 

BEI-JT1)MI TE 
CHIPS 

10-~t) 'SILl(A 
$Al-l(l 

BENTONITE 
CHIPS 

(15(> LBSl 

' a. 
u.J 

"' 
(I) 
N 

..:i 
1.4.1 ,_ 

(, 

c. 
Ill 
a. 
C 
'11 
1,..) --

uJ 
_J 

u. 

z 
I.) 

1,/'1 . w · 
. o 



DRILLING LOG 10.'ft~ION ~TAJ..LATIOH 
l:CT I 

CENPS-EN-CT-CE HOWARD HANSON DAM 3 l><(TI 

'· PR0.ICCT ,a. S,Z( ~ T'n'{ or 11n a~ OOEX 
P1Ezoµ£TER INSTALLATION IL 0ATI.M ,C)II (l.(VATION SHOWN < TS,, GO ><SL I ,. LOCA TrOM c Coc::R01,...f[S 0A STATl()HI 

12. .....u •Cl~"-s ocsu; ... "°" or ORlll 
l. 04'1ll11C AQ:NC;T I R AIR ROTARY-T4W 

ANDREW NELL DRILLING 
I]. TOl .,ll "°· Off ov(R• •OISlt.">e(O :U'COt~Tl. .. ~e(O •. ~( """· I AS St<)vtol C)tt c,AAWJr~ TITLE. !NJAO(t, S•"'••••, .. C~ T U,(M ' 8 

a,,.o ~ It.£ ~Fil 93-R0-114 
,._ · 101 •L .....a£" COAC BOl(S -

1 
s. ,-..u,L( a& OQq,.L(R 

ROBERT OEWILO 
,,._ EJ.LVA.TIOfC CRa>C) w.t.T(R -

&. OIACCTIDH CW M0I.£ "· O•T( MCI..£ :ST~T(D •COMf'I.CT(O 

G!l v,:,mc...._ O ,,-:,. o<o O(C. <"OM V,:R~. 
6-7-9] : 7-3-•B 

"· (L(VA TIOH TOP fS lt0U 
T. Tl<IO<><lS CW ~• 336. 5 I&. 101 AL COAC ,,CcovtRT •Oil eo,w,c - • .. O(P'TM 0't1Ll!O tNTO ~OCI. 0 "'· N...w( 4,-0 ~IOU. TUR£ 06 IM~P't.C'TOR 

~- TOT AL OVTH il> MOI.( 336. 5 RI CHARO E. SMITH 

m•:t•OH I O.•SSlflC4TIOH $ -.Al(RIOLS 

I 
S-'-""1.E \ aox OR I R(w•"<S 

O(PTH LEC(HO ,,<T(R• S•w>I.E OAIL~JNC 11"€. SATER LOSS. C("1M 
<C£SC.R1PT\0NI 'H,l NO. OF l,illi£~ll-€Rlt,G. e:1c. tF SIG.Nl~IC.u-tr 1 . ' . ' . 

~ 
SROWN Cl• T /~llf •NO 0.H{T CIIU(l OAlll(D •1TH r OO(X SIT COt<UIA(NT -
COH'Sl~TIHC 06 'lf(Ui.E,R(D '-HCU..411 wtTH t 1/,. • tO STC(L CJ.SINC ST 00-,,c- --...:>(SITE -tSet.(S ..c> ROC.< CIJTTIOCS, TH[....COC..£ MAMw{R -~ LOOS( UOISi -- CIICT/9ROwN Sil l/0.U 4N0 Sll!T. Q.4T(T -- OAIL L 1,-c; •l UIO ,,CTUAM Sl.>,,,IU.t,,~f -- CRH'El. 4$ 480Y(; l..00S£ - OAT -0-19 i:'lt AIR OH., T 

10 - AHO(SIT( 80U..0£R 
19-ll f'T, NO RE'TUAN ,__ 

- Jl-17 Fl, r.;-so,: RtlUAH .... 
- 17· ◄ 2 n : NO R(1'-""' .... 
- ◄2•11~ '11 100% RtlUAH 

~ 

- .... ,,s-120 r1, NO R(TUAH -- l..\AG,( coee1.cs O' rtbCT\..ACD .\l'C)(.St l(. 120-1so F"T, •oox A:(TI..--M .... 
- LOO~( 150- 1~9.~ ,T: NO R(Tl.,RN 

,_ 
- 1~9.l>-ITO n, 100:Z: A[ll.RN 

~ 

- .... 
20- , ,10-112 n, NO R('l\Jfl!4 ._ 

tT1• I")] FT1 100:Z: A(lURH .... 

JO i 
193•1<1}5; ,..,, NO R(ll.JAH .... 
,,S-160 FT, 100% R(lUAH 

.... ,_ 
260•111 r,, <20% R(lUAN ,__ 
2T7·lJ6. S n : 100% ~TuiN -,_ 

-----
~ -

-- I I -- -- --
40 - --- --

...; CUIT1...;; 0. ...O(SIT( C01l81.(S. CA!•(~S -
-1 414) 80ULO(AS 1'1 fM CR('T' l8RO-H 10 e,:tOWN --

l Sil I l (t_H . LOOS( 10 OCHS( -. 
--

so- ---- - --- <D - -- - ,__ 
-- -- . - --60- ·--- -- ' • -- -- -- -... - -- -- -- -70- -- -- ~ - '-- -- -- s.w,<_ . ()RY 6/7/q) I 077 Fl I 

- ., 
ORT 618/CU ( 071 rt I -- S. ~-l • -- -80- '-- '-- -- ~ - .__ 

- L.. - -- ---
90-----

- alTTIHC'> ~ M«Sll( C0BBl£S M4) - IIOU.DERS WITH SQ6C &;A(Y 0..4T/~lf. -- ® Intl - OOCS( -
ENG FORM 1836 ~ mmONS ""' OISOI.CTL .. 1.-..:a PIEZOMETER lo;Ol' HQ. 

WAIITI 
SCP 90 MOOWIOI . ""' CICO eT CCN'S 

INSTALLATION 93-R0-114 



I 

-··- ., ..... ------·--
OIIII - '""' ..._onc.D- " .. .,,. . ... , 1.zr,.• 

IQ.(YA T IOM TCP OF l<ll( 
DRILLING LOC !Cont Sheet> I 

Hole No. 93-RD- Ii~ 

PIEZOMETER INSTALLATION 1

1HSlJ.1.lHION 

HOWARD HANSON DAI.I 

0.(VA1 ION 

••rc11: 
L(V(L 
U""{A 

Sl .t.C( 

<7-6-9)1 

T 
111. 1· a.c.. 

O(PlM 

. 
100 ---------
110---

--

120-
~ 

I ...., 
---·-----

130 ---------
140----------
150----

,,ol 
-------170--
----

L(C!ICO a.-ssir1c•T10N 01 W&T[AIALS 
< C(SCRll'T IOI◄ ! 

c u1t1HCS or .UCXSJl( 'fl/ MO Sil T OR 
CLU . LOO';( 

ea.A.OCR 0A AOCl. SlA.4 

CUtllt,CS O' L...ACE"A .uC)(SiT( C081M.(S WITM 

-uRTI,< .t.WOUNTS OI Q..t.1 .t.HO SIi. T tCA(T / 

8AOWNh OCC.ASIONAL lOO~ OP(H ZON(S 
•t<"t ' LUIO LOSS OCCU<(O, At.SQ. Su&· 
•NCU.•A. wt:•HER(O uC)(SllC ,ceei.ES <' 
TO ,. BEi.OW ,sr. O(~ 

CUI T1HG,S ~ I.~( '-'«Sil( C068l(S✓ 

BOU.OCR'; .,-, sue-...c;.u.&R w[Ht<R(O 
U<O(Sll( ,Ceel,(S •S 480"( WllM ~ 

+----! CJ..•T~ l .,-, TMIN L[NS£S 01 S»clT. 
1\111'0- CUT✓S<LT. OCHS( --

180- O,Q(Slf( 80U.DCSI --
------

190------ ----
200----------
210- . -------
220 -

ENC FORM· 1836-A """10US mn- ME -.en:. 
· !Wt YI .. •· 
~ 90 ...,.-ffi, rOIII ~ 'IY· ~ 

------------
---
--
--
---

--

--

fOfll .. TION nTCR O 200'·:!0S.S-

-

fOAWATION WATVI • ztc1.5•-2, .. s· 

.... 
S.1.1 .. • 179.0' C/11/91 C.216.$1 - -- -

l'IICl.lCt. . PIEZOMETER 
INSTALLATION 

-



(UVAllQH TOI' al M0l.£ 
DRILLING LOG <Cont Sheet! 

IH'ST4U,,.t.Tt0H 

P1EZOMETER INSTALLATION 

(l(VA.TIOH 

230 

240 

250 

260 

270 

W'Ai(R 

L(VC!. 
LOWl:R 
STAG( 

CT/6/'IJI 

280 
z10. as· a. c. 

2'30 

300 

310 

l(CCICI Q.J.SSU'IC.I. TION OT W. lC'fU"'-S 
IO(SO<ll"'TIONI 

, .. ,, ..... £0 Sl.;.O OIi SOI.I.Ct~ C' G"t(H. 
11"1,c .i.,,c, WMl 'f ( u,o[_S,1(.. ~T ~ 

- OCHS(. WITM C0811l.ES OI Tl< S~ 
ROCX •T ™I: 10f' - IIOTlOM ~ TMIS 
o,J(RY'l.. 

Cl.Arn. V(RT Sll lT <8A01INI S<U<OT. -"'CU.AA 
ClU\/(l <ANO(SITO - JIOUC)(D c;RAv(l. 
IMIX(D 'IQ.CAH ICSl ••TM IU,l(AOUS llAOWM 
- CRH Slll/Q.AT S,US 

SI.IQ<llT C7J SILTY <POWNI W(LL-<U)UM)(D 
G,A~Y(LS OF l,,UXCQ ICN(.OU:S OR ICIN VI' TO 

r .aooss. - Cll1 l <HC.S al 'OSSIBl T 
LAAC(R c;RAVCI.S. UC> TMIN L4T(RS 0& 
l<f:DIUW S•NO, ~•~ TO LOOS£. POSSU._ T 
ORT TO 2TT". AlS.0 SOME TktN ~11.l/C.J. ,U 
LtNS(S. •>O CUT(T CRAV(L H(•R aonow. 

IIOTIOII • J3«.S' L'-

ENG. FORM 1836-A. l'IICVIOUS- IIDITICINS Mi: aesoutt. · --
. !Wi ll . . 

~- Oft Ul"ll'\IC'IC'ft _,,.... ,- t N"I •• ~ 

Ho le No. 93-RD-114 
5H[[T J 

HOWARD HANSON OAM 3 SIE.(TS 

CD 

© 

Q) 

@ 

S.•.t.... : OAT 6/ 11.193 <0 2'51, 

S.., W. L. • ORT &.11 1 ✓9] 10 211"1 

s.•.L . , zeo. o- 61111-,J 10 m·,. 

S. W.L. • 2 90. 1. 6/i9t 'IJ 10 JIT"I 

S.W-1.. • 011T U 19/9l UIO¥C lOCTl· 
S.W-1-.• 2~l" UlOl'tJ "'·· Dt.5, .. . ....:-

· PIEZOMETER 
INSTALLATION 

_1 



U.S . ARMY CORPS OF ENGINEERS·. SEATTLE DISTRICT 

WELL COMPLETION REPORT 
Pro j ec: t PIEZOMETER INSTALLATION. HANSON DAM 
C ,) inp I'= ti ,)n dote _7_-_3_-9_3 ________ _ 
(,:-intrac:tor ANDREW WELL DRILLING SERVICE 
Rig IR AIR ROTARY - T4W 

001::- ro ti:, r ROBERT DEWILD 
I nsp-=-C to,Rl(HARO E. SM! TH 

De~•th 336.5' Datum GROUND suRFilCC: 

HOLE DATA 
Size: s 

CASING 

in. to 
in. to 

336.5 ft. 

Type STEEL cR EMOVEO ALL BUT IO'l 

Mfr. 
Ht. above gnd. surf. 
Ori ve shoe YES <REMOVED DURING COMPLETION) 

Si: E-: a 1
/ ~ in. to 336. 2 ft. 

SCREEr\J 
T /PE- S('H 80 MONOFLEX 
Mfr . CAMPBELL 
( ,:,rnposition Pvc ------
Fittin9s: 
Ris2r 
T :J i I p i r:· c 

Fil TER 

Dia. 2" 

Die. 
2" 
2'" 

Si:,urc.eBAGS (1()0 LBS> COLORADO SILICA SANO, INC. 

Cornr:,osition CLEAN SILICA SANO 
Gradation 10-20 --,--..;:..;. ___________ _ 
Inst. method POUR DOWN HOLE 
Volume used 20.5 FT' 1 1a FT 1 

0eptr1 200 to 229.9 
2s9 to 29s.s 

GROUT 

ft. 
ft. 

Composition CEMENT/8ENTONITE (51/. BENTONITE) 

Volume used 600 GALLONS/SO GALLONS 
Inst . method TREMMIE _ __,;.. _________ _ 
Depth o,o to 187.9 ft. 

229.9 to 240. 2 ft. 

REMARKS: PULLING CASING WAS VERY OIFFICUL T 

ANO COULD NOT ADO GROUT AT BOTTOM UNTIL 

CASING PULLED, BUT FORMATION COLLAPSED INTO 

THE HOLE AS FAST AS CASING WAS REMOVED. 

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

BUNCHED AROUND STABILIZER AT 220'. 281.5' OF 

WIRE ANO 1.5' OF REBAR LOST IN HOLE AT 271' B.G. 

. WELL DETAIL ( AS BUil T) 
. 93-RD-114 

NOT TO _SCALE 

7. ,. 

1c,a _ 10· 

200:"oo· 

20 : .. Go· 

$, W. L : I 7 I. 30" 8.C. 
<"7tol93l 

215.40" 

240. 20' 
245.00' 

254. 90' • 

258. 90' 

269 . 90' 

S.W.L = 280.8S' 8.G. 
(7 /6/931 

289.50' 

336.50' 

, .· , 
.··/ / 
- ✓ // 
~,-_·., 

/~ CROUT: CEM(NT/ 
/, SZ 9(NT0NIT ( 

.':/ s1f~J0JoL 1
~(1HOIIIT( 

' · ' CHIPS •00(0 l S 
// NFDEO TC, 
/ , . PRtVENT (.ROUT 
;;.✓ LOSSl 

·:/ 

8£NTONtT£ CHIPS 

CAVE IN MATERIAL 

8ENTONIT£ CHIPS 

• • - ,._· _. __ .,.._ l,(ET AL WIRE' 
CENTRALIZERS 
(VERY 10' FROM 
290' TO 220' .. - . 

.. . = .... 

... - ... .. . . !0-20 SILICA SANO . . - . . . . ... - ..... . 

NATURAL HEAVE 
OURINC CASING 
REMOVAL 

0 
M 

c... 

..... 
C 
z 
< 

1.-' ..... 
< 
C 

-· 
-r 

u 
a, 

C ,_ 
C:. 
'· ,n 
Cl 
C 
11• 
I) 
..... 

u.. 

z 
Q 

V' 
uJ 
Cl 



Hole No.93-R0-115 
DRILLING LOG 10tVf'S10H IH'S l '-'.LA. T IOH 

l:rl I CENPS-EN-GT-GE HOWARD HANSON DAI.I 4 l><!;l S 

'· l'<IC..(CT 1,0. Sil( •>-O TT!'( Of e1T a· OOEX/6 s;.- TRI CONE 
PIEZOMETER INSTALLATION 11. 0A.Tl.M J'OR U.[YAHOH - <T11H OR "51.. I 

2. LOCJ.TION <CO()ROl.,..TES OR SlATIONJ 

11. w•>t.F •C 11..R(Jr!, 0£ SICHA llON Of (HI Ill. 
J. Ol'>LLIHG .w;{HCT IR AIR ROTARY - T4W 

ANORE"/1 WELL ORlLL ING 
I). tOTAl. "40.. OF OY(R.· :orS1UA8(0 :I.OC)(ST\A8(0 •. "'1L( -0. t .a.S SM;l'w'NQNCIU,V\f'o(. • 71T L( !C-"O(H S•...-L(S T .,,,(fr( 12 

--0 'll...E ~(Al :9 3-R0-115 
I ◄. TOT""-- ~R COA£: 50.X:CS 

s. ••..C Of OflllUR I ,s. ROBERT OEW ILO Cl(VAtlOH CR0UC) WAl"[R 

&. OUl(Cl ION Of MCII.( , .. 04T£ MOl.£ :s1.uttCD 'CO-U:"TUI 
(Z "(IHIC-". 0 IHCl.1'6 0(1;. FROM "(RT . 5-18-93 : 6-5-93 

IT. Q.(VATION TOI' Of l«lL£ 

'· THICU€S,~ ~ 0~ 2s 1· II. lOT-". COA{ R(ctlV!l'T r011 l!OAIHC : ,. O( PTW OAtU.(D LH10 ~X. I 4 3· ' 11. ,w,£ ~ SIQ<•ll.JR( Of rHSPt:ClOA 

~- TOT 'l O(PlM Of l<Cll( 394· I RICHARD E. SMITH 

I 
: CCR( IIOX OR R(M.t.AlS 

i:L(V.t, TIOH O(PTM . L(Cl:14l Cl .t.SS1F1c. r1 0N Of lol.t.T(Rl.t.LS .-ccov- S...,.._E CCFlfU.lf<, Tl"'c . 'w'Al£R LOSS. O(PlH 
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ClCVATION TOI' ~ Hl0l£ 
ORIUINC LOC <Cont Sheetl 
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U.S. ARMY CORPS OF ENGINEERS, SEATTLE DISTRICT 

WELL . COMPLETION REPORT 
Prc, j .::,c,t PIEZOI.AETER INSTALLATION. HANSON DAM 
C,Jmpletion date _6_-_s_-_9_3 ________ _ 
(,;ntrac;t,:,r ANDREW WELL DRILLING SERVICE 

Rig INGERSOL RAND T-4W 

Operator ROBERT OEWILO 
lnspe,::.torR1CHAR0 E. SMITH 

Oe p th 3e;~· Oa t. um BELOW GROUND 

HOLE DATA 
Size : s 

7 

CASING 

in . t o 
in. to 

257.6 ft. 
394.0 ft. 

Ty pe _S_TE_E_L ______________ _ 

Mfr. 
Ht . above gnd. surf. 2. 95· --'--------0 r i Ve sr10e YES (REMOVED DURING COMPLETION) 

Size: s 1
/. in. to 257 . 6 ft. 

SCREUI · 10' THREADED 

T j()f:' SCH 80 M()N0FLEX 
Mf r. CAMPBELL 

C,:,mpc:,sition Fvc ------- Di a. 2" 10 

Dia. F; tt inr;;.s : Length 
R is.-? ,-
T ,J i IC.• i C.•f:' Ci. 35" 2" 10 

FIL TER 
S,::,1_1,-.::eBAGS (100 LBSl COLORADO SILICA SANO. INC. 

(,'jmp,:,s it i ( ; n CLEAN SILICA SANO 

G,-adatic,n 10-20 __ ...;..;,. ___________ _ 
Inst . rr:eth0d POUR DOWN HOLE 

Volume used 12 .5 n 3; 5.5 n3 
Depth 200.4 to 226.1 ft. 

233 .o to 247 . o ft. 

GROUT 
Composition CEMENT /BENTON I TE (5% BENTONITEl 

Volume used /000 GALLONS/250 GALLONS 
Inst . method TREMMIE --------------e-0 e pt h o.o to 195.o ft. 

255 . 2 to 394.0 ft. -~~---
REMARKS: THE NATURAL SEAL AT 228.5' TO 231.0' 
<SI L T/CLAY) EXPANDED AND FILLED THE VOID LEFT 

DURING CASING REMOVAL. BENTONITE CHIPS WERE 

FORCED INTO AND ON TOP OF THIS LAY~R BY 
ADDING 400 GALLONS OF WATER WHILE ADDING 

BENTONITE. GROUT LOSS AT 80', 55', ANO 35' WAS 

STOPPED BY ADDING SANO ANO BENTONITE CHIPS. 

WELL DETAIL (AS BUil T) 
·· 93-RD-115 

NOT TO SCALE 
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WIRE DONUT •$HA 
SPACERS ('l(RY 
5; ART11;c ~ T 214 
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16-3·931 

223. 00' 

226. 10: 

228. 70' 

231.00' 

234. 00' 

235. SO' 
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. . . . . . . 
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Hole No. 9 3-R0- f f 7 
DRILLING LOG IONl'SKIN IHST -".l.4 TIOH r~ I CENPS-EN-GT-GE HOWARD HANSON DAM 

Of 4 S><Els 
I. P<>O.LCT 10. SI?( UC)~ Of BIT s- OOEXJGS/.- TRI CONE 

PIEZOMETER INST.I.LLATION 11. 04TUW fOII El.(Y& TIOH Sl«JWN IT8" OIi "51. l 
2- L<X..lTION IOXRlll'AT£S CA STATIONJ 
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T. TW1a,<n 06 OVClllll.l'OO< 320' !I. TOT >I. COil( R(C0"1cRT F OIi !l()Rl>IC : ,. O(PTH l)RIU.£1) l><TO ROCl 19' 19. M,U..t( ,U,a) SJQU Tl,.Q( Of INSP(CiOA 
9. TOT Aj_ O(PTW OF HQ.. ( 349· RICHARD E. SMITH 

I 
t CCR( !5O::l OR Ot:WA<S 
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~ 
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~ .;.q(T s1t r1 O(l'fS(. 4 FE 'II' ROUl'CC: O 
P(Ml.(S Of wlX(O IQ€0US i)AICJH AA( 
l'Rf:S£Nf T>-AOUCH001 . i,<Cll£4SIHC IN 
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DRILLING LOG <Cont Sheet) f-1Y4TIOIC TCP Of Kl.£ 
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U.S . ARMY CORPS OF ENGINEERS. SEATTLE DISTRICT 

WELL COMPLETION REPORT 1 
HOWARD HANSON DAM 

Pr oject P1P0METER INSTALLATION 
Comp I et ion de t e _s_1_1_11_9.:...3 ________ _ 

Contractor-- ANDREW WELL DRILLING SERVICE 

R i Q IR AIR ROTARY - T4W, a~ 0DEX & 6¾• TRI CONE 

Operator ROBERT OEWILO 
l nspec tor-RICHARD E. SMITH:CENPS-EN-GT-GE 
Oep th 349· Datum GROUND SURFACE 

HOLE OATA 
Size: _ 8....;. s __ in. to _J...;;2;_0 __ ft. 

7 i n. to ...:3:..4.c..:9;___ f t . 

CASING 
Type ~S_TE~E~L=---------------
Mfr-- . 
Ht. above gnd. surf. 3.0' ----------Or- i ve shoe YES - REMOVED --,---.,----'----,-,------
Size: 8¼10 in. to 320' ft. 

in. to ____ ft. 
in. to ft. 

SCREEN 
Type MCN0FLC:X . SCHEDULE ao 
Mfr. O MP BELL 

Composition Pvc -------
Fitt in9s: LE-ngth 

Pack er __ Nn~-~~~~--
. r< i ser 

Dia. 2" 10 

Dia. 

Tai I pipe 0.SS" / 0.35" _2_" __ 

FILTER 
Source BAGS (100 LBS.) COLORADO SILICA SANO INC 

Composition CLEAN SILICA SANO 

Gradation 10-20 --,---------------! ns t. met hod POURED DOWN HOLE 

Volume used 35 FTJ<l97-227>129 FTJ<233-252l 

Depth 197.2 to 221 ft. 
233 252 

GROUT 

t 
2. 1-~ 3' 

' ' 

W(l"I, 
C(NTR"llZ(R~ 
(V(ltT ~O" 
SlJ.11111,.C: At 
1lT' 

44 

19 7. 2 

198. 1· I 
201.8 ' I . 

\. W. l. • lCt.4 " C,.(;.. 
~1'11 ✓ 9]1 _1,.-.,;._--+----

29. 

233' 

I .• 

◄•-SO ll! s•CXS 5(Hl°"4 r( 
C'MP'S... 10- :!O Sil IC • S...u-<J 
w("I: w11t(O • th~ CJlQ.Jl 
t o \ 10- 1_( .u.u< INIQ 
r~t10N ,,- 100 u 3..,e,5 
0, \ ...,.,C,1 

10- zo Sil.,(.• \ ~.-0 
1)1-10<' \. & ~~' 

a 
u.J 

,_ 
0 ..., 
C. 

< 
C 

1 

.c 

' C 
.. .c. 

.ac.a.n. clOU'O -
~~r --~ 

_Cl'OU'Tn''""- i ~ 
e(HrONlt( C-S 
14..s-~L u,s, 

1/) -
(.) 
a, 

Composition 5% BENTONITE CEMENT 

Volume used 1200 GAL co-191i1210 
Inst . method TRE~MIE 

GAL <256-3471 237. 1· • 

0 
'a ..... 

-------------,-0 e pt h o to 191 ft . -~..:..._ __ _ 
256 to 347 ft. 

REMARKS: ALL STEEL CASING REMOVED DURING WELL 
COMPLETION. LARGE CAVITY SUSPECTED AROUND 

LOWER SCREEN FROM CASING REMOVAL ANO : 
SUBSEQUENT REQRILUNG <SEE DRILLING LQGI. 
CENTRALIZERS INST ALLEO ON LOWER ST AGE 
EVERY -40' BEGINNING AT 197'. 10.5' OF STEEL 

CAS!NG ADQEP PURING SURFACE COMPLETION 
AS WELL PROTECTION. 

320' 

347' 
3-49' ---
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ru SCTTl[D '"°"' WAT£111 CQ.UWI 
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t101e No. '32-RO- I 18 
JOtVISION INST .IU.AT ION ,~ I DRILLING LOG CENPS-EN-GT HOWARD HANSON DAM , S><(1S 

'· "'0.€C1 ,o. SIU ~ TYP( 0, "'T a~ OOEX 
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1-mr,1 t 1....VKt"'.) OF ENGINEERS, SEATTLE DISTRICT 

WELL COMPLETION REPORT· 
Pro j ec:t PIEZOMETER INST ALL:\. TION, HANSON DAM 

1~0mpletion date 121 15192 -----------
Contractor ANDREW WELL DRILLING SERVICE 
Rig IR AIR ROTARY - T4W 
Operator ROBERT DEWILD 

lnsp,:><::;tc,,- SEN LAZO. STE VE ME YERHOL TZ 
Oep ti--1 21 6· Oc t um r,ROUNO SURFACE 

WELL DETAIL (AS BUILT) 
92-RD-118 

NOT TO SCALE 

10· 

0.. 
w 
V, 

' cO 
N 

0 
w 
...... -0 
....,/ 

HOLE DATA / / 

,-..,,---+------~ C. 
/.,' _/.~ Si ::e: 8 in. to 201 ft . 

7 in . to 2 1<:o ft. 

(A S I f\lG 
Type STEEL (All REM OVED BU T IO'l 

Mfr. 
Ht . above gnd. surf. 
Or-ive shoe 

in. t,::i 

SCREEN 
Type SCHEDULE 80 MONOFLE X -0.020 IN . SLOT 
Mf,. CAMPBELL 

Dia. 2--Compositi r)n PVC --------
Fit t i n<JS: Dia. 
Riser 
T ,Ji I p i i:, o:: 

FILTER 
Source BAGS- ( IOOLBi (OLORA0 1) SILICA SAl~O. If-JC. 

Composition CLEAN SILICA SANO 
Gradation 10-20 -.,..--------------1 n st. method P()UR Ql)WN HOLE 

Volume used ----:---------,---0 e pt r, 1a1 to 200 ft. 
to ft .. ------

GROUT 
Composition CEMENT /5% BENTONITE ----------=------Vo I um e used ,---------------1 n st. metr1od TREMMIE 
Depth --o---'--:-t-0 ___ 1 _76-------,-f t. 

to ft. 

REMARKS: GROUT LOSS AT BOTTOME OF HOLE 

STOPPED BY ADDING SANO ANO BENTONITE CHIPS. 
VOLUMINOUS GROUT LOSS IN UPPER ZONES STOPPED 

_/ 

_, 

6 MET AL 
CENTRALIZERS~~~ 

186' 

1Y MIXING IN 20 8AGS OF SANO STARTING AT 105' 196' 

/ ,' 
/ / 

·/ 
/ / 

. / 

/ , 

,- . 

/ ,-

// 

CEMEr~ T 1 
51/. BENT NII TE 
Cr.OUT 

BENTl)NITE 
CHIPS 

10-20 SILICA 
SANO 

0 z 
<:I 

w 
...... 
<:I 
0 

O• 
C 
C 

0 
1• 
0 _, 
C 
.c 

'-' 
<I) 

c, 
I.. 
a 

' "' a, 
C: 
V 
l) 

' ·-

w 
...J 

i.... ,, ,NO INCREASING THE PERCENTAGE BENTONITE IN 200' .. -SENTONITE 
201 ' CHIPS 

I THE cR_o_ur________________ 2
2
o
16

s_· -SAND AND · ~ . BENTONITE CHIPS ::_; 
_________________ .J...__ __ ___:,--'--__ N_O_T_T_o_s_c_A_LE _____ ___, O °'I\-~ , 
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GREEN. RIVE~, WASHINGTON 

HOWARO A.t1ANSON CAM 

DRILL LOGS 

Sheet of · Scale asshown 
U.S. Army En;r. Oistrid,Seaftle,WOlh 

a•~ 
ile No.E-56-6-61 



EXHIBIT B 

WATER PRESSURE TESTING 

DATA 



REPORT OF WATER PRESSURE TESTING 
Project JliLP FisH Prt.5Sl'tGtT srulY-f 

Hole No. 9t/-DD-'g0 Anglo (from Hor i, .) 90° {.rv-hea./) Surlace El•vation II~ L/~ 74, -Loc.i tion Bearing Bo<Jrock Elevation // S:( • L( 

~ t :17~
1 ~ ~60 

J:.1..-1r1,:T1 Coordin11e1 N Ca1lng Size Mel« Type 
E Static Water Level ( 11 Ll Pt- lEv, 1~?,« 8' 

To<1 ~ lnleN•I ,a.o . ..- Wuer M•la•r 
N.o . It --"'Ill l' .5. 1, :::::2::''m . ... 

__ lh•rt 

Top 81m Lno S1on fn<I ,~ 111,S is-. u., ~7~ 2<>8,,l- 1,ofo'i3 

lb 1'2,5" t-S,I r.d "3 7S"" 'U>'t II( 1o,,>> 
,lA. VI '38', z. 11'1 .... h1S" -ZO't•'-'i 7,a'1'/00 

IJ.J.. l..'/ ~f(.l. lrh '3,S" Zot7J~ 1.01r<H, 

3A- 34.5 SI.~ 1S,I 17!{" z.o f'n 3 llOOJ'{ 

·31, 31..':1 Sl,l. IS,l ~7< uoo S''- 'll 0, /l-i, 

1"4. so ~If.,. l'l.'t :n5 ·:uctoo lJO •'IS 

t/b 50 '"'·' I 11'.U l·H.S' 1.,01.,0 z.103,0 

"°' .... ?S ['71,,j .. 13. I ~1., :ito't.t', l.J 0~1 "L 

lsh ll3,S" 11,.~ IJ ,I 3,-0 1.-4oS-i..o l-1070O 

G.a.. 75 n.s ~If-> Jl-5 :z.10,11 Uo?/H 

t .. h 7r; tts N.!: 32..S 2.lo71"t l,ID7'J/ 

,t"'-- i7.S" Jo3,I IS.4 ,'2,.S't) t101'fC,.. l-1<>1't'-,n .. rn.-: IQ3. IS.I. :'l.~ 1..lo,'i1 z1o"Pt, 

~ lbl.S. 1/7 ,11/,S I-:\oO ~oiS"I 1101~1 
rb IQl,S- 111 l'(,S ~oo uo7S"I ~o?S( 
~Cl.. /1/,.S /36,! /1(,?, jl>O uo1S"f L,.1079{ 

- TYPICAL EQUIPMENT SKETCH 

SUPPLY LINE tlOSE 

' 
PRESS. 
GAGE 

SUPPLY LINE PIPE_,.. 

- GROUND SURFACE 

~ =DIAMETER 
-+-~~ 

NI'S FO AM 140 lfM 1110-1·18011 
JUNf UH\1 

I ' ---- . 

Yfme a • .,. 
l' .5 .1. 

T ool 
To t.I s .. n Eno M in 

JO/ /JVo ,,~) ,~ i/0 
'H p.05 Jl-U, ,S" l,..O 

'2-3-Z.. /'100 '"'~ IS' 90 
lh~ Jl/~&/ l~I.~ , i'1. '/0 
I 'l. I l!P30 'i,'15 15° '-/0 

7,:, /~t;o J7oS ,s- 'ile> 
q~ 083t;" ojSe ,s- J/0 

I 'LO 0!57 091%.. 15 qo 
.'>7 Jlijo JI~ IS l/.D 
ll-10 I l-DD Jj.l) I c; ~() 

7 1355 Jl/1 0 IS 'ID 
1..2._ /~U) /I.fl~ 15 t:;to 
0 It. 10 /1,.l.b ,< 'lo 

C> UJS' Jl,S-{) ,~ {/0 

0 eJfJI/{ 0~ ,s-- 'fO 
C) 0'115' 0'?.30 IS'" <Jo 
0 /03() /o'f< ,s- 'fO 

FLOW 
VALIIE 

METER _ ~ PUMP 

!tr BYPASS VALVE 

3/'f-i ,..clt_ 

t1-•u1• o,upuU f••• T"hl c .. 1,,u Suppl y H al• ColullHl 

lflo .!j . l. Gag•) ,-i l µ a O , l,llh L i ne ul ,. .S .1. 
Ill .. , .... flun' 16) 

1 e1.UthJ& 
l ◄ l G .~ .M . 

5 10 Iii , o 60 120 f'-r ft 16) 

-i-1 /9 l[ I t/ lb -, 13 'l , '-1 r,,,7 
/3 /). • JQ < ·1,.,. '-I 13 g4 '.3 
I "1 f7 n /I 9 LI 1•/.S (),~ IS' , S 
-Z.t> I '1 Ji /() q 7 21/. { i,'-1 -i.l. ' 

u 19 l<J J 'i! 12- 'l -a? Y.~f 'if,( 

3'1 30 22- I 'I 9 'I 37 2 .'-t 1/,7 
'2., I I 'l /7 />I '1 y so.• 'it 'f l.3 
~ So t./f/ •P.,' YI 3~ ~s 'l .4 'I 
1-0 JR I~ -q --7 ti ,i;i I st . <l 1, '2.-

47 ~,A 7,:\ I q I/_ i3 (,, 'f '>I.'( 9,7 
'2-C/ 7-•/ 2-I J7 II -f ?o 9,-1 o.s 
1 c:; / ') ,~ '1 3 D 90 ~,<-/ /, ';) 
'iO ;,,•f 37 3o -;J.. 'I .).o 9.-~ 'l, l/ 0 
L/'i J/~ 1/ I 38 ").C/ ,_, ~ ' ,'1 ('.) 

31 1-7 J. L/ :J.. I l'l 15 10~ ~',if 0 
'lo ~7 3'1 '). 'I 2.Z /q 10'3 I,</ 0 
-z,7 1J/ :.L:t J. I '2/ 'J.-1 103 L'( 0 

NOTES Ill Us• con1rn•n 1s spac,, ii chan~ occur i11 1he s1a1 ic 

wa l•r level during 1011i,19. 

(2) Te>l each interval at lwO tlill•renl gau,, pressure> . 

(31 Gi ve accumulative 101al lon91h ol supply lin• pipe 

e>«:lusive ol 1upply_ lino hose a11tl packer assy . 

(4) Connect packer to 1uppl y line hose on horil . surlace . 
Record gage preuu1e lor flow in .Sg. p.rn. inc«1nenu 
to 30 g.p .m . on IJack of 1his luun. Aep,:al each lim• 

l Oa1c:1 ~ /9{r 
l11spec 10, 

Sl1ta:t 
n11q_ ~~,•~of II 

NOl COMMENTS .. , ...... 
t>.S . I. 

P l 

Pu, .... t-> IS" <ZP/1-'\ 

/I• 1<V ,, ,, m.< ,. 
/1 2--L/. ~ ,, 
II ;i__s.2.. 

,, 
,, :l'( , 3 " 
/I (3 , '1- ,, 
,, / 3 . / .. 
II i •/ . ·I ,. 
/I ;J/. </ II 

{( IS-, z._ ,, 
,, 15', ~ 

., 
II /S,b ,, 
,, I 5', C,. ,, 

(41 Cont. • 1he supply line <1ia111e1er or leny1h , or packer 

is cha11\jt:cl . This clala will l>c used laic, i11 lh• office 

IO calcula1e supply line JJIL">lure . 

15) Gallon - II l t 1 AB - li1e1 x 3.79 

(61 Coluin11 P, .. su,e IP .S .l.l - Ve<1ical cliu . from g.ty,: 10 
1he smaller of pacl--er or 11a1ic wa1« le ve l x f0.4JJ 
P.S .1./111 

17) Nc1 Pre11ure I I'S .I.) • G•ge Presl . t Column P,i::~ . •· 

Supply Line Pre11 . (Tl,is is 1l1e ac1ual imer11al preuure .J 



Halo No. _ __.9._t./.,___-_iD___;_D_--=c~-O ____ _ 
Loca1ioo ----:-::--::---=-x-.--,,=-:-...-----

Coo<dioates ~ ...,.,,~,'-ft.~~-=2~i~,~~~:-"s-..'..,.z~D=-----
T•t 
N.o . 

ToQ e,m Lne 

r eek• 
r .S .I. 

W•1•r M•IN' 

:x==~7' 
__ lh•u 

End 

TYPICAL EQUIPMENT SKETCll 

SUPPLY LINE HOSE 

' 
SUP!'L Y LINE Pl PE ...... 

PRESS. 

GAGE 

GROUND SURFACE 

. . ~DIAMETER 
+~# . 

NI'S FORM 140 IEM 1110-1-18011 
JUNE 1981 

REPORT OF WATER PRESSURE TESTING 

Aoglo (from Horii.) 
0

Project fl HD P,sh ?11s~~;e Sf-c_'-d'/ 
:fD (ye.-hc.-a. f) Surface Elevation // (p 1/ • 7 &- 7 

Bearing -------r--r---------~------ Bedrock Eluvation / I 5"'t: '-I 
Cadng Sizo '±- In ~h 
Static Water Level ( 1 I __ 7~/_-~f_-e~e_f'~_..b.,11'--S~--

Moter Type 

Tim• G eu• 
t".S.I. 

Tot•I 
Tot.el Si.on End Min 

0 1/00 I I~ I!'" ~o 
0 /l-l 7 IU"l.. 11" I.Jn 
0 /1.1. g 1133 11" 8t) 

/LI½ . l'ilf~ IS'" lJn 

Tl /'157 /~IZ.. 15' io 
071D t>7~S 1< 'lo 
073~ 07!:°C> IS ~o 

FLOW V~VE 

METER=- ~ PUMP 

I~ B YPASS VA L VE 

,-(..,..,.,. Oro~ulf T-, Total Caalna Supply R•u Col,.uno 
,~ .S.1. 0 • 11•1 PIP• Oeplh Lin• ul P.S . I. 

(31 
,, __ 

flow 161 ••i.:oou, (41 G .r .M . 

6 10 16 :,o 60 120 ,., 
'/3 3i ~s' 2.. 1 ,I 'J... I /17 f,'/ 0 

3~ 31 3/ 11 130 "30 1/l-S' ~.v cO 
170 '7 ,3 to 57 so 12. 'l' g,•t 0 

3 I 30 .3o 21 Zf{ 2~ l'IY 'iJ, •/ /. t/ 
75' 7~ 7~ 7~ J>7 l,o 11/1/- &Y S ,3 
21, "2.-Z. 2..1 ZI U> /'{ J!SJ,' f,V I, (p 

70 (,ft t.,g 1(,,3 S'i St ,a.~ rt,'I s. 7 

NOTES ( I) U,e comment, ,pace if d1an9•• occur in the sta1ic 

wa t• r ltvel during testing . 

(21 les t t ach interval at two different ga\)t pr•ssurc-s . 

( J ) Givo accumulative 101al lun91h ol supply linu pip., 

axd usivu al supply lint hose and packer as,y . 

(41 Connec t packer 10 supply lina hosu on ho,iz . surlacu . 

Hecord gage preuuro for flow in Sg. p.m. incrurncn ts 

10 30 9 .p.m. on back ol this form. Rep••• tach lime 

_J 

N•• 
r, •••. 
Y.S . I. 

Pl 

COMMENTS 

Ff,.._c..twd, ,, r. '7 ,t 0. C l.o- r..o ,. ~.- rauv, ('_ 
I U _, 

(41 Co111. • the supply line uia111cl<r or lc1191h . o r pac~cr 

is chanuccJ . This tl d lO will Le usec.J ldlt:t in tilt: ollu.:c 

lO Cdl culau: .supply lint p,c-ssu,~ . 

(5) Gollun - lt 1 t 7.4U • liter• ])9 

(61 Culull\11 Pre,surc (P .S .I.J • Verticill Lli11. 11 0 111 Y.,<Je to 

llu: s111alh: r of piic l-.c, ur static wil tc r lt!vcl x (0.4]3 

l' .S.1/lt) 

(7 ) Net r,t:Hurt: (P .S .l.) =. Gdgc P1L-SS . t Column f'rt:U . .. 

Supply Lin• Press . (This is the actual int<rnal pre»ure .J 



Hole No. 9_ '/- DD - 81 
Loca1ioo t..~F-, ~~ .... ~ ,-
Coordinuet N 7°"1. ~D~ ~ 2_ =~ 2~-: 22.B~=z1 E 

r .. , T .. , lnt•f'tl • I ' •~kef Wat er M e ,.., 
t!o. - h ---"'12) P.S .I . __ ctm 

_. __ .. , 
__ ll u u 

Top 8 1m Ln o s .. n fno 

l0v l,'.2?,S rq.f1. )'I. I 3:i._5 ;J./111'( ;ll ll1'f 

Tk 
'""· lo 

I ,1,1?.G- IN.J .32.~ 21111S- 1-11115 

"- /Ii! I /F,l, . ' 13 ,'I ~:is ~•lfoo 2- 11£.. 't C. 

Zb M~.c ISl. . 1 lo,L l! 2..S 'l ll ""JC: i rt..1.'SO 

3Q I fi S".~ 110 . ( /'r,l, 3'1-5 l.lL. 'i 1.C 2.12C..i3 
1-;:li-. 111;5", 5" (10 , / '"·' 12.5 2.1~ ~oc 21-:i. "J/_,r_ 

I iJ.:. 1i i s /78,i 1.3 12.S' 1.1~'1-z.S Z.MU,t 

ICJh Jt,,'1.5 /18-~ '1,3 3z.,; 21'\~(..I,; l2J41~0 

s~ 177.S I 'lo /)., 5 'JZ-S 1-1'11!1 l.llf<aoo 
t;h /17,5 J 'It> IL , ~ 3i< 2-1-tiSS 2..HioVI! 

.. 

- TYPICAL EQUIPMENT SKETCH 

SUPPL 'I LINE UOS E 

' 
PRESS . 
GAGE 

SUPPLY LINE PIPE-+ 
GROUND SURFACE 

I :::: OIAMETER 
+-~ # 

NI'S FOAM l ◄0 IEM 1110 l · l BOll 
JUNE 198\ 

REPORT OF WATER PRESSUR E TESTING 
Project 1-/l[P F,sli Pa.5.S ~7-e_ S-/c:<dt 

Angle (frorn Hori2 .) '1_0° ( 'L, rTJc_12,.l) Surface l:lovation 1;)._ 2 "iFr 0.Jld ;z:;i. Ap, 9 '/ 
Bearing - Oedrock Elev"\io n =f 'J.7t: Pr llapt:crnr ;g"O!l -r Ca nlQ be ;z 
Casing Size ~-IA !:, h .:r: D Mel« Type I 

I 
I Shccl of 

S1a 1ic Water Lovel ( I l :BC>r.~ l l"</19,1 
Tfma G a g a Pr_ , .., , a Urt->.,olf T .. , Tu a• I C a 1ln" Suppl'»' H a te (;Qh,.,11111 .... , COMMt:N f!i 

P .S .I. lf' .S . I. G a wa) plp a O a p l h L111 a ol r .s .1. t'1 .. , . 
Ill f', .... . flow 161 t' .S . 1. 

· To tal 
&ai;OI\\JI 

l ◄ l ()) Fa G .f' .M . 
T o a..1 S ta n Eno M in 6 10 I ~ l 0 60 120 ~ 161 

0 /:,...:,..0 /;).3,5" IS 'r'O 3'1 3,J.. .~O ~9 1'/ .;l. 9 l.~O 2.3 5 5 C. I(, . (,, ,Dt'..-n 1LJ &/>,,ff 
0 ,~~ /300 JS ~o 77 77 17</ 70 "t, lo I /30 ~3 0 5(,. 72 _ 3 J),,, ;., /., C/-'~f 

,,1.') 5 M~o IWfl 1.< 'lo 0 i/113. ~ '2.1 fh ?,;, 1- h-e.2-t" -te'"''" ''-h ,JJ ..f (_J . s-.... -_ b.:,<"'-"-S • 

ns::: /lft::;C:: 1~01 . S' /3,.'S ~o 0 l'/3.~ "Z-3 21,'{ ~ 2- n« ... f- ca..:f rn !:_,:-t" c_f -em.:111c l 

u,3 /1,,6t::; /110 IS 4.o 0 ,s~ 2...3 17. < &, 7 
41.o 01 1.:; o73o It;° ~D C IS /,, 2.':! I~"--; iJ,7 

1.., .c; ofSS' C)<\ I() 15 'fO 0 110 .2.. ~ ii ~ 73 
3~5 O'f2.0 o•us 15 go 17 ID R " 0 f70 23 JS. 7 73 

,, IO'iO I /D~~ 15" lfO l1l. 3/ :Jo u "L / I 'i 17 'I 2.3 / , ';), 77 
/9 ':t. 11/D IIZ5 15 IS?o l'bl 1~9 3(. 31 ~, 13 11'ii' ;I _~ 1,.:2 .-<} 77 , 

~ cst, .... ~h-A 'l/z.,a)'I'/ 

NOTES (I ) Use commtn ls space ·;1 chanyes occur in lh• sia1ic (4 ) Conr. · lht! supply l111t t.Jidmt:lt!f o, h:11gtt1. or µackc:1 

.. waler l<vtl Lluriny 1•s1iny . is thdnyt!J . I hi, UJld will J,., usod l•I« i11 1he ulhco 

tu co. lc.:.uldlc: :i.uJ)iJly l11u: pU."'\\uct! . 

(2) T eSI each in 1erval at two Jillttent ijclQc p,csSU(t!S . 

(5) Ga llull = II 3 t 7.4U" lire, x J.79 

HOW VA_LVE 
() ) Give accumulative 101al len91h of supply lino pipe 

exclusi•• ol supµly line hose and µocker ai>y . llil Co lu11111 l'rcssu r• 11' .S I.) " Vcruc•I ui11. lr orn 9"9<' 10 METER = - ~ PUMP 
the s1nalh:1 uf flCKkcl 01 Sldlil.'. WiHt:I le vel x (0 .43] 

(4) Connect pack~, to $upply line ho:i.t! on li oriz . sur lace: . P.S.1 /Ill I~ BYPASS VALVE 

3/2 I/ Rccohi 039d p1t.ssu1c 101 Uow ii\ Sg. p .H\. incu:m~I\\.S 

10 JO g.p .rn . 011 b•ck of 1his form . llopoai each 1irn• 17) Net Prt!ssure 11 ' .S 11 = G •g• Pross . 1 Col un111 f're..s . •· 

Supply Lin~ Ptt::i.s (This is Lile dClual int c111dl p1nsurc) 
I 



REPORT OF WATER PRESSURE TESTING 
Project HIio Ft.SH F~s.i;i16e sru. b 'r 

Hole No. 1'-/-Db-~Z Angle (from Hori, .) 10° Q'1e.,....-t,c ... (l_ . /JO(., . 3 'he 
7 Surface Ele va tion 

Location Bearing - Bed,ock El•vation 1201.-z 

t~!-~ft~~ ':i.. " Coordinates N Ca,ing Size Meter Type 
Static Water Level ( I) ~:2,k;i LLZ~.a ;, E 

r ... T..-t lnlerval f"u:11.., W•l•r M•1• Tim e a ... t-, .... u t • 0 10µ0,1 T • .& To1a1 Caalna s ... pptr t\. ,. Col.,.,n,. 
No . L 11 _m,21 r .s .1. :=:::g:: cfm P.S.I . (P .5 .1. Geye) plin Oe.Hh Lin• o( ~ .S .t. .. , (31 f, ... . flo...., 16) 

__ lh•ra 
To1al 

1ecuod1 
l ◄ l G .P .M . 

Top Ihm L n • s .. n End Total s .. n End M in 6 \0 Iii 30 60 110 l~J 

~ l'l-0 /S/ ,f fJ , C Z.70 Z./1135" 2.11 3 s- 0 HOD /I,,::- 15" l/o 1-:i.l< aq IH1 la 2. l.9 1"2(. I~ '-I 0 
/6 /'/0 1,53.r 13-"i -Z.70 "2111~(° 1-11 BS'° 0 JJ,~ JI,"" ,.< 80 1/ .. ~ '-' too ~ :~3 YiZ fS';j 'I C 

l<t. JS'J,. ""·' tlf, I [1,oO 11<1'i'-t JJll<t'-l- C) t?73S"' IEX1 JO / ', 'ID 3L ~'2, 1.-Jo 1.. 7 2. 2.. a ,ci.5 i, 0 

lb /~2,. Ii., . ( ,'I. I "300 2.1114'-t °Zlll'i'-\ 0 081..0 11""½"3 5 JC: 5?0 ~~ 4 2.-- 3i 34 1..7 Jg' IS'l ,S J 0 

3q_ Jt,5,5 11,.'I 13 ,'l 300 ~Ill'\'\ 1-<,1 't 'l 0 I0/0 10-z.!" 1.-:;, '/0 38' 38' 37 3L/ 31 <-3 JU,, '-I 0 

3! /1.5.5' 119.1-J IJ, '1 300 J.1111.t~ 'l-111 't4 0 lo:?-'- 10!'0 JS ~o '10 136" 31/ -:i.J ~o '2.G, /Ll ii 0 

'I,(, 117.S /U,S IJS'. t Joo lll1S5°'" -uus.S"' 0 /Z.1.. 0 /2-3( / r; I/() ?L. 32.. 31.. ~o l3o -:io /)!( i/ 0 

'lb 177. 5 111.s ,s.o 300 z,,,.s-i; Lill~,;- 0 fll./-5 /300 I C:: ~'1 (,ij ''2- t. '2. 6>7 In) c;9 17,r '-I 0 
5 .... IU.5 '2.0'-,l-J 113, 'l ~Dr> '"14\\ - 0 

~, .. ~o 0 t 1./IS JJ./.?o I c; 'lo 110 2..'i?' '2.5 2.3 '2.-Z.. z.z_ ~'I ,., C) 

Sb ,n.s 'Ul.,o.f ll, 't :loo 11111.ao "Z.lllbO 0 14'-IO 1"""il<< ,s sro c:9 51 S'1 l~c; !2. lu9 11"1 l/ 0 
~ .. ll't1.S 110 12,5 1-7~ 1.1\lt.l. Zl\11..1.:, 0 //;,10 /1.,'1$' IS l(O 1.'f 2"2. '2-/ l.O I CJ I'?' /'1'6 J/ 0 

&.b /t'J,S 2.lo 12.~ .2.7S- l.111 t, 1 1-1111. 7 0 /t, 'lo /I, s:_t; I, W} 4o 39 3ft 17 37 Jo I'!</ '-I 0 

-

TYPICAL EQUIPMENT. SKETCH NOTES (I) Use comments spac,: if changes occur in 1ho s1a1ic 
- wa1e1 level <luring 1esiin9. 

SUPPLY LINE HOSE 
(21 Test each interval at IW0 <.Jifl•r•nt ga!)t pressuros . 

~ VALVE I 131 Glvo accumula1ive total lony1h ol •upply lino pipe 

= ~ I PUMP 
exdusivo of supply line hose and packer assy . 

R -
SUPPLY LINE PIPE .... (4) Connecl packer to supply line ho,i{n horil . rnrlac-.: . 

~ 
Nf'S FORM 140 (fM I I 10 · 1 · 1801) 
J\ltif rnAI 

ad 
,,c 

I 
r-

_) 

GROUND SURFACE It] BYPASS VALVf +~I# 3/'{- i ,i c.J, 
Record gage preuure 101 llow in 9 . p .m, incremenu 

- =DIAMETE R 
to 30 9.p.rn . on back of lhis form . Repeat each time 

_) 

O t1t u 
Y)ti /c;l/ 

lmp.,ctor A (Ir\ <l Ca~,,) 1:.~ 11 
Sheet t of I 

Nu COMMENh .. , ...... 
P .S . I. 

171 

p<A.,.,µ J s: "" p....,, 
It ' I::;- ~ I• 
,, / '/. "3 ,, ,, 

I'/.?, •' ,, 
/LI .::., IJ 

I I II . o " ,, 13, 7 ,, 
/J I ;J ,-;- ,, 
/I /1 . C:- 1, ,, 17. 3 .II 

1/ I t..J. o ti 

// ( 3 , 8' ,, 

(4) Con t . . tho supply lino diometer or length, or pack•r 

is ci,angcd . This dota wi ll l>t! u1e,J l•t•1 in the ollice 

10 calculiuc iupply lint: ptt.'isurt: . 

(5) Gallon = 1tl • 7.4U = liter• J .rn 

(6) Co lu 11111 Pressure IP .S .I.) = Vertie•! Jill . lr01119'19"lO 

lht: smdllt:r of packer or static w• ter le vel • (0 .433 
P .S .1./lt) 

(7) Nt:t Pressure ( P.S .U = Gay• P,e., . t Column Press. •· 

Supply Lint: Press . (This 1s ll1t ac tual in lc: rnal prt:~utt: J I 

_J 



. . . ... ---

REPORT OF WATER PRESSURE TESTING I 

Project L-lH12 F1sH P/\55/J,GEf ~Tl4 f>t 
llol o No. '.1~-'DD-~?'! Anglo (lrom Hodd 70° Surface Elevation LL Q 'L. 8/ D o.,. 3/31 /1i,1 
Loca1loo .S P11..1.. W] Soaring '.b~ w~ir B•drock Elevation II oL{. ~JO lnsp.,cior ,4,1,14. C<1ll1Pbe// 

C.uing Size ~.:.M,h 
· j•ter Type Sheet I ol I 

CoordinllH~ ~~:1.1~ 
Static Wuer Level ( 1 l S:..~- i 1.::IQ"-obi, .... 53'v"d• '- €L. 1001. a" 

y-, :g-lnten,al Pac ll. er W•1•1 M •1 .. Tim • G e" • r, .. ,u, e o,opofl T••• T~••• C e,l n11 Supph H ele Colu ,11n N" COMMENTS 
N o . 

h---ft'~ 
P .S .I. ~ cfn1 t> .S .a. (t' .S . I . Ga"•t pipe D e pth Lin• ol l' .S I. t",_, _ 

ft"n1lc... Dep ... I ll P,- . fl/JIN ,., t" .S . I. __ 11,.,, ,.coo,h 
l•l Ill Total G .t'M . 

Top 81m Lno s .. n £no To1.al s .. n ~no Min 6 10 16 JO 60 120 fr Fr- ,., , ... ri.o 133.1 13,7 225 I 't /,,'f l/5 l'fo3 l1i1i 15 40 'IO •10 'lo 3 '1 ~'i? 2!:° <; I ,_.,- 3 2..3 Pt.4tU.P /~ 'iP'" 

lb /'J.-0 /'!>3.1 /3,7 '21-5 "' 2..31 185 l't2.2- l'\31 15 80 t,,o So 't5 Yo lo 130 5 I 3.5" ,2. 5"" 23 // ' I 5"°~ ,, 

1-L. 133 l'-11. 5 /'{,5 21,; "o t.4 4 / I. '¾O ''- "q q '-ID ~o -iA ,g 5 0 0 S'I 3.5 o .. 'I 2.3 " IC, ,. 

Ill 133 /1(7.~ /'(,S 2-75 g '} 10,.1, 5 /3,5 01l..O <>T3, 15 i?o 5C> 'tD 3ll' '2a 0 0 ,; I 3-~ {). 't 2..3 " 13 " 

[3"c. I 'II, ,i.c.s /1(,S 275 '11 C,(,, . S5 0'135 o<ie;o IS '-10 0 0 0 0 (..) c:) 51 1-S- 3. 7 2..3 ,, ,3 " 
ab I I/ l. 11.0.~ /ll.~ 275 'f "\ f g I 13:J o'fS5 //)/0 It; ~?t) bo ";:, t--0 I:{ 0 0 c::, I ) .< 'ir .'? LJ ,, 13 " 
Q-o.. J/,,O 17:,.3 /3.3 --~00 S'S l'i'r ,.i <) 1230 /'J.t/j 15 'lo 'W /'i( I 'J 15" /0 /0 !: I ,s 'iLG, Z...3 ., /(,, ,, 
ijh J/...L) 113,3 13,3 jOo 'H-5' lli'3 131-~ 12.50 /JO~ ,~ 8'0 7S- ,;o ~ 37 37. .n .. r:; I ,.~ ,. 3 '2...3 ,, /{g / 1 

:.,; ... ,,3 /'7,/,, 1111,, ~25 2-1 so ,).'/ lfi30 15'15' ,s- l({) w I 'l , ..:- (0 -~ 0 5" I 3., 'v 1.3 " 0 II 

Sb l7~ ,~1.t. illf,{. ~2.S bq I I I . If J... ,/~50 /t,o!:' ,s- ~ t,£' c..o s<. '/2.. '2D I l. '5 ( ~.s '3 1.-J " I '.f /I 

l,.c.._ 19.7 ~-'f /3,1 1.75 71 /52,5 73.5 o!r.SO OfoS° ,:r 'to 130 -z.r: 'l..2.· '2..2. I? I'/ SI JS ~ 2-3 ,, 13 ,, 

"b J9..? i~,, /J,( 2-7S '17 2..70 l}3 ()'fl~ O'/Jo /!J 80 5tr 5l- n .... Lt~ !/ ! 3L/ s, ~,s ,,.::- 23 " I I " 
1; .... l,00 z,o.s 10, 5 l.1~ )1 1-n,( ~~ I II '-t "-i.t.j \0 Yo 'L2- 2-1 I "I I 7 J{) 0 SI ,1 ,< (,,S "J3 ,, 

J '- ' 
1,~ loo l-1•,!i" lo,,; i-7~ '-I 9o,~ "11, •. s' 11.2. 'I ll~'l ,o ~{} {-,o 42- ~o 'J,..] 1-2. /fr c;, I '? .'j s 1- '1 II I I. I• 

~.._ 1-o7 t.i.o 13 3 > 5'" 9; (}.~ i'i,{ 0 l3'17 ,~2- 5 1/-0 i-1 t--1 1.D If /1,.- 7 51 ~.s 0 -z...'3 (, I -::I, 
,, 

ib '1.07 1,:1.0 I~ 11-5"" 'lo ~0,5 o., ,~s'I!' l~t1~ s &o ,3 'j'/ 31 1-/ 1'1 9 51 \....5 6./ "l-3 II 13 
,, 

TYPICAL EQUIPMENT S KETCH NOTES (II Uso commen ts space ii changes occur in the s1a1ic (41 Con 1. - 1hc suµply lint tlia111e1e1 or lt11y1h , or packu 

water l•v•I cluling testing. i, daan!JCc.l . Thi, ll•ta will l>e u>cll lal•r i11 lht ollict 

10 c~lculi:stt: suµply line prL1.~u11.: , 

SUPPLY LINE HOSE ,i..s, -r~ ?.~J!> (21 T ... each interval a, IWO di fl.rent ga!)t! pres,ure-s . 

I. s ' z.s ' 15) G•llon - 11 3 
t 7.'18 • li1cr x 3 .79 \ 

/VALVE 9· I (31 Give accumul~live 101al len91h ol >upply line pipt: 
PRESS . FLOW 

exclusive ol supply li ne hose and pack« auy . (61 Column P1ts>u1c (P .5 .1 ) • V o11ical dill . tro11, ()09" 10 
GAGE METER=- ~ I PuMr Ill• u11allc1 ot pac ker o r 11a1ic waltr lovcl • IOAJJ 

SUPPLY LINE PIPE - (41 ·Connect packtr 10 supply line hose on horiz . surface . I' S.1./111 
GROUND SURFACE TIJ BYPASS VALVE 

Record ga90 p1euuro for llow in Sg. p .n~ incr•men IS 

~ +-~ 3/tf" - -=-DIAME TER 10 30 g.p .m. on llack o l this lorin. Repeat • •ch 1i111• (7) Nut P,cuutt (P .S I.I = Gauu Press . t Colunan l',eu . ·· 

Supply Line P,c" . (This is lh• aclu•I i111trn•I prcSHue) 

NI'S fOf\M 140tEM 11 10·1·10011 
• • . . - I• • . 

?J 
I 

'-" 



Halo No. ___.CJ._'f ___ -_D_D_-__.'3' __ 't~-----

T•• 
No. 

1 .. ,1,11~•• 
-"--"'121 

Top 8tm Lna 

Wa1•r Mel« . ~,m =x= .. 1 
__ 11 .. ,. 

Sun En<l 

REPORT OF WATER PRESSURE TESTING 
Project HHD .Fish Pas-5~pe s~cfr 

Anglo (from Horlz.J 
Bearing 
C.uing Size 

_!00 
( Ve..;.-f1c:ct.f) Surface Elevation 

1
J()~~Eo0if1/}t 

Bedrock Elovatlon __ _, ____ ~--"3~..::-~-'--.c.-___. ___ __..__/ __ _ 

StatlcWatorlevel(IJ 9 1 _b9:;; 11.' k/o',{)fft~ 
Time a ... 

r.s.1. 
r,-au,;. O,~.,aU T .. , 

(P.s .1. o.v·~, 

10 \6 Jc, 60 

Meter Type 
et- 10;1...(;, 

120 

Catlny 

Oep&h 
Supply 

Lin• ,., .... 
l ◄ I 

t\•I• Colu1nn N•1 COMMtNTS 
ot f .S 1. f', .. , . 

fluw t6) .. . S . I. 

G .P .M . Pl 
161 

J.,. >t'9,f ,3.7 J'f,) ~00 2oS3t't "L<>iS0I /'112.. /215 /l-3O /t, 40 0 So /l.- '5. 2. Fu.!n I~ ., 

TYPICAL EQUIPMENT SKETCH 

SUPPLY LINE HOSE 

' 
SUPPLY LINE PIPE__. 

PRESS . 
GAGE 

GROUND SURFACE 

VALVE 
FLOW 
METERI==:=(_ l:=u==::::a::: PUMP 

If 8°YPASS VALVE 

~ r~ I --t- PIPE DIAMETER----

NI'S FOflM 140 IEM 1110·1-18011 
JUNE 198 I 

_J 

NOTES ( I) Use commenu spac.: ii ch•nyos occur in 1he sl•lic 

water level during 1es1i11y. 

(21 Tosi each in1erval at two dill~1en1 yayt: pre»urc-s . 

(31 Give accumulative 101al lo11y1h ol supply line pipe 

txclu,ive of supply line hose and pack or assy . 

141 Connecl packer IO ,upply line ho•• on hori, . sur lase . 

nc:co,d gage prt:ssure for flow in Sg . µ . 11\. inc1t1lh!Ols 

10 30 9.p .m. on back of 1his 101111. Htpt:al e•ch 1i111• 

I u 

(~I Co111. · 1hc supply lino <.1iame1e1 or lenijth . or packer 

is d••llijcli . flus <.1a1a will l>c uscJ la1er in lhc ullice 

lu calculdk )upply lint! J .. Ht:SSutt: . 

(51 Gallu11 - 11 J , 7 40 - Iller x 3.79 

(61 Column P,css.,,e If' S 1.J = VonicJI UIS I. 11011, \IJ!I" 10 

lht: sma\lc::1 ot p"c ~~, or )ta\1c wa\i:r \cvd x l0.433 

P!i I/Ill 

(71 Ncl Ptt>S,11• (l'.!i I.) = Gaye 1'1e1S. t Colun111 1'1c>S ... 

Supply l inc P,c~s . I flus is 011.: i.1 1..'. llJiJI intc::rnal p 1c:i su•td 
1 



REPORT OF WATER PRESSURE TESTING 
Projec t _'., ,~ t- · -Y o ~~~ ~~"U'l 

Hol• No . "'i -"i;l - a s. Anyle (from Horiz.) 'I~. (!lH:'r••::,,C) Surfactt Elt:valion \\"'"1, \~ "if 0.ilc! ') / I 'I I "::1 - '\l>•l':t 
loca1ion '\-\ "" '"" 8earing --- 8e<.J1ock Elcvcalion II ">:, "ti lmpc!.:lUI /\. t: l\ · J " C . u, #,,..) ,.. -;. _ ,_ ' 

< Coordina,ei N /Ol. ~Oi _18.!J_ Casing Size :,'k~' Mt:lt:1' Typt: '0.-J~ C. ,~.Jt. . ,. _ L ~ '\ - I . \ l'. -~. \)I · \, ·"11 ' - '"'- ~s111a: 1 \ uf \ 
E /,2t:, :lf!:...H 2 Static Water Lovol ( 1) '\ .5 -..... ,:, \, .. 

T•n T•l llll•rwal Pad,.~ ~Ol11M•tw Tlma G•v• t-1 .. uut• u,o.,ull T•u Tu 1•I ..: • • 1111,1 s .. "._.,., H••• C ul uuu, N,, CO MMEN 1 ::i 
N.o. ~ h --"'121 P.S . I. _ __ c:lm t- .S.I. U• .s .1. Gaw •I .,11,1. 0•µ1h Liu• ul t' ,S I . ... , .... 

__.2L_ .. , Ill ... , ...... flu""' ltH t' .!:a . l. 
___ lh•n •• .:o,us. 

14) 11) Tut•I ti . t' .M . 

Top Sim Lna SUirt EotJ To~•I s .. n Enu Miu 0 IU ,. JO 60 120 l5J , ..... L ,~ ,., , .. o C,n,o,,'l.C...-.. 'J.J,·~ "Jr- ' -, \()\,\"'lj "'"-""' \0 I':. 0 .- - 7 " D 1. -'\ 
\ \, l, " '" \ \.., t');)\ "'\" . ... Li -- .... ,~ .. D \hC....,C...,. 11-:., ,~ ""' 

(:) -- -- 1---

' '\ n 1. --1 

' -·-
ci. .. ,s '}'- \\ ,s., ,)<>\,,..,.'" 00\q,_~ ... n \ '\• ~ \\..\ \ '\,. ,o ,<, ('.) \q_ ,;. ·o -:i. .n ,,., .. , "f~ ,.,,, (o .. , '"' . \ -
'l..\, \½ :l .. ll \S• ~°'"~'7>1 C'n~Q.'l,~.t, 0 l'tl-b l'in 

,. 
IO '!,o D - \ 'l'-

,...._, C'.) :, .o 
•. 

r-i- 1. ';, ;,I.. ll 1'=><> C:::>O,t\\"5.,i QY1•1~"" ~ 0 Iv'!.~ \,_,H 10 .. ~ C) ~ 2 i 'L~ 0 .. .., 
-:i. ..... '2."> ,.., \\ 

'"'" 
0,, ,-.,..,.,., '••••H• 1-"" 0 \1.,S."c, 1,us \0 'i ~ \0 1(') - ~ ... .. ~ ,-., -.. '1 

'1, """ 41. 11 \'oP ~-·~~oil. C>o,~-xc: ..... '{) o"l"t<-- o.., ~c, \o '.}..';) lo O · . .... ,. ,,, 
0 \ .. -,. ...._,_ J ..... '- ---..r Q ---. -\. . l.:::'.: \ . ( 

-
4\. '.,'<, 41. \\ \ot> U0\,"1.',...f. t)V\Q.. \ r-' 0 d\S,· \OV'4. ,. 1-ln \ .. S1 ' -~\. ,,.,, n l • "I 

s .. "":> s ... \ \C.., J oo,o.,,;, 
QQ'"'c_fi 'O 11..n. \Vl- "l-- 10 '.l.<> ~ D -') '1'\ '1-., J 0 ., '·"' - . .. 

ISi. '1~ c;.., ~, IC. o oo,a.'½So 
. 

O.:>''-'\~~ 0 ~ ► l-\. \"\..,~'" >-\0 ''1 'I"> '1? lli ~ \ . 'I -··· ,• 
0 .-, -

\ 1i..,, .>-' y 

~ ·~,I 

\11:i,;. ,..-
TYPICAL EQUIPMENT SKETCH NOTES ( 1) Usu com,ueou ,pace if du1nut:s occlf, in the na1ic (4) COfll . • 1.ht: supJJly lint: Jiomt:tc, o , h:nuth , or µ ack t:r 

walt:r h:vt:l <Juriny 1cstin9. h c,;haogcd , Tith Lidia will lx: used l11lt:r in llu: ut lu::c 

hJ CdlcUl&Jh.: supply tint! prt::SSUld. 

\ 
(2) To,i c:act1 in1cr1i1al di two dilfol'tlll !Jo!jt: iHt!SSUft:) . 

SUPPLY LINE UOSE Gollon • 11' • 7.48 - li1er x J .1~ 

' ,o ) (5) 

' -,,.;,' ( '.l) Givo accumu1 ativc: lota, lt:nUtli of iUppiy litu: µi~ VALVE 
PRESS. fLOW .. c1u1)vo of supply line hose •nd packer assy . ((j) Colum11 PrcSsurt: (P .S.I) .:: Vt: flicol Ohl . h om yagt: lo ---- GAGE METER =="....... ~ PUMP lhi: )U\<lllcr of l)iJC.:~t:( 01 h:vd x tOAlJ HdllC Wdlt!( 

SUPPLY LINE PIPE_. ill Conntcl packer to supply lin1.2 hos1.2 on hoci, . surfdct: . P.S.1./11) I -lJ: 
GROUND SURfACE I~ BYPASS VALVE . 

~ +~ ,·· Rttcou.J yayit1 pu:Uutt= lor flow in Sy. pin~ iocrt:111t:11l) 

to 30. g .ii .m . on lJiu..:k ol thi~ to,m . Ht:111:Jl c:dt.:h 1i111t: Pl Nc: t Prc:ssu,e (P .S.I) .a. Gd!JC Pft:S) . t Column Pu:ss . • --= DIAMETER 
Supply L 1111:: P, t:)S . (Thh i) Uu: a..:1u..il in h:tnol p1~:i.su1t:) 

~~:~:e1 140 (EM 1110·1-18011 _, 
'/. 

' · 
.L l - . 

7 



REPORT OF WATER PRESSURE TESTING 
Project "'' ~ ,~"-J,Ji ~ ~:)• d:u":::J. 

Holo No. C,,;-~e>-e,fu Anyl1: tlrom Hori, .) °10 Cv+cb;J) ~url(<:t: Elevatiuu J/'5'1- 7 <\ \\•t\ "'"' ll,IIIJ 
Localion ~ --~ ~0:::c:1:1i.£l: Bearing --- Bedrock Elevation 1151- I ' l115pc ClUf & l::::n •I~ Q . b. ~-.>- ~ t ! ~ 
Coordinal•• N 1o;ttz.;;. ~J~ Ca,ing She l ,, 

M•1•r Typ" \2.o-..... """"-->~ ~'- \l:::''~¥-, . , t-,. , I \ll ~~ Shct.:l ul I ,,:::-J.'-. :n.,: \1.:/.~.:.1:-.!a E S1atic Waler l.ovol ( I) 

To" T~, lnternl PackN W•1•r M•&•< Tim• 0•11• 
N.o . \2_t1_m(2) P.S . I . ___ drn t-.S.I. 

___:z:__ ... 
___ lh••• 

To,~I 
Top Bun Lng s .. .., l:,uJ ToLal Sun En.J Min 

\._ "" 
...,, 

\Q \':,a Oo\(\\"!/i 0..::1\<:\,~:;.~ 0 <ro-s o'l .. , la IS 

\ lo ...... '!>, ,o \~o bo,, :,"!,\. OQ,""L-,,.,. 0 U'\ .,_..o C'\.._.,_~ \ G ~o 

' 
h. \ <\ 'l.'1. \0 ,',u ~U,'\l,'?,\.. Co,'\~-.., 0 o.._,_, o .. ,.,u \o \ ':=, 

). \, ''i. '-'t, ,o ,o;J 0 0•'1,•.,~ VU\'°\~'\ 0 rl"'-'"- O'\'-:i,I:.. \o '10 

~' °' \~ \0 ,~., \ ':> 
,. 

' 

' 

TYPICAL EQUIPMENT SKETCH 

I 
SUPPLY LINE HOSE I 

~ so PRESS. FLOW \IAL\IE 

---- GAGE MElER ~ - PUMP 

s ·uPPL y LINE l'IPE--
I BYPASS VALVf GROUNO SURFACE I 

~ 
NPS FORM 140 IEM 111O-1-JB0l) 
JUNE 1881 

--= DIAM~TER 
-+-~# ,, 

\ ., . .. 

.,. 

~ ~·· 
f'r•Mu1• OrYl,.I0lf T .,., To1•I Cuing ~uj.>ply Hai• Cu1..,11111 No, COMMENTS 

(t• .s .1. G•e•J ~IP • O•pll1 LIO• ul t' .S .t. ,..,.u. 
131 ,., ..... flov-1 161 t' .S .1. 

1•1,:1,,111d1 
l ◄ I 111 G .l" .M . 

6 IQ ,. ~o 60 120 161 

\o 0 - .,_ !> ,.,.s 0 4 -,. v-,.,._.r,..J-, ~-"- ,_,' '<>.,,," 
\":, 0 r ...._~ "l-1. c; 0 \\ ,'I . ·, 

0 ,-- IU 0 () s ...... '-J.J ... .;J----_-r \ '-" l \ ~ ., u y '- \., \:. I 

~ 

""' 
\ L. D 0 s ·'- ~,'- -....,..,\,.._..,..,_ 

{ Q ' 'V\ .. ~ < v-.,o1"'. ) -
s 0 '-7 \l ,- ,-t:.'1;>. ...... --~ -::, 

·, I '-t....Jt--.'°" ~ "1 \=', _., _ --~ .~ ~ 
,~.:: "'-~ ,,._ ·r ·, 

~ 

·,· 
; 

NOTES (II U,e commenu ,pac,, If dH1.0ge:s occur iu 1hc s1atic (41 Cont. · LJ1e supply line Uiamtlt:f or lcnyth. 01 pac.:ke, 

waler l•v•I duriny 10,1iny. is chan~J . This LIJla will Lt: ustHJ latte iu 1hi: oUiu: 

1u cc1lcula1t: supply lini.: µr~-s~utt . 

121 T.,.t each in1erval at two dille1on1 ua~ µrt:)Surt:S . 

(5) G.11011 ~ 11•. 7 All ~ lil<r X 3."/9 

(31 Give accumulallve tolal 1.,ng1h of supply line pipt: 
exclusive of ,upply lino ho•e and pacl<•r a»y. (fil Column Pft:~ure {P .S .I.) .. Vc:ctk4'1 diu . ho111 YdY"! to 

Liu: s111alh:r ol pad:t:r or uatic w iHt:r h:vt:I x (0 .433 

(41 Connect packer to ,upply line host: on horii . 5uddctL P.S.1./h) 

Record Qiige pr~~Uli! tor Uo~ in S!i - pim incH:men.L~ 

10 30. g.p .m. on b•cl• of this form . Repeal e•ch 1i111• (7) Nc:t Pn::~uu: (P S .1.I " G•!I" Pr•" · 1 Column P,o.s. ·· 
Supply Line Prt:u . (This h t.he actual inh:rnal µ,t:s.surt: .) 

.,. ... , .... . -



REPORT OF WATER PRESSURE TESTING 
Projec t F,sl-, [ o. c, /, Iv Tower ff.11Jt1 -c .. l 

'}~ -DD -2 1 
7 I 

s/'lhr.. Hole No. Angl• (from Moriz .) Suff.ied Elevation /ll'5,7 
DdlC 

Loca1ioo lfn...,,.,,t [I. .... Jc, 22 ""' ~ a .. r1ng B0Ll1ock El••tron 111, 'I• 7 IH)jhH.: l or ~k': .. r, -~ 
Co0<dinau,, N Ca,lngSizo f" 1:f) 

,,. ;, Mu•r Typ,, ,·'IX '!'I N, ,. ·t-.,..,__. _ T, -~~.;<· 1,,~--0 !ilu:.:I I ol 2.. 

i 
.,-

2" : 
I . 

E S1a1ic Wue, Lov•I ( ll II•~ i,r:, S.{.f -i.ose. "It. 75" 
l .p-t,., NL tllc,u r (.., /--J . ~1-\ 

T•• 1 .. , IOl.ntal Ped:.., W•1-. Me,_. Thn• a._,. .,, • ..,..,,. o,ovuU T•u Tu, . t c ..... ., Su~µh H•1• Culuuu , 
No. ~ 11 --"'lll P.S.I. ~c•m t> .S .I . tf' .S.I. Gae•I µIp• 0 • .,,11 Lina ul t' .S .I . __ ,.., 

(31 , ...... f lu...., ,., 
___ Uun ucoolJ• ,., To1• I G .t' .M 

Top 81m Lno s .. n En<a Toul S&An Eno Min • ,u lb 30 60 120 ,., 
I 1/'(.J )Q.") ,s:, ''° /51'(,o l~.1o, 'i (, . l( /5'// :1 -,~,,,,:,. r::; '15 3l. '2,j 1.(.. ,l. 1. /8 JZ, /18.f, /, 3 

,1. llof. LI 1-.0,o 1, ... , /10 IS.is.o J'i¼,'1 5.G. /~Dl:311 /1,: ,z °/8 5 'l5 n ;l.'} '.)./,, ). I 15 /0 /0/i .l / . I 

3A 9Y.3 /{fl-', IU 110 11'/}..o 1'155 . l. 13.A J'l7: l-7 "3;/', 27 5 50 37 3 •/ 3o '2.5 I l ID f/8.1 :J.(p 

38 11f,3 /o't, 15.t 110 l'iSl,.O /i£;1, 'i ,.i 1•15: ~, IVA,.d, s ).5 10 19 JI,, /3 lo ~ qg, i / . 3 

'IA- i'l,1 'I\' ~~ l/0 ruo.c l'tM. 1 Jo. 1 ,~z:,~ 1101111 10 ''i C. l. s-, s-, !><.. "" l~ ljlJ',, 3, I 
'ffj 11'f. / .,,.1 •&'L 110 11,0. (!) 1'1.1.1 13, "1 n.J:\'fl ,nr.st'fl 10 32. Jo t'; 28 '2~ z.:, "2./ BB.(. /,y 

5'A ,'l. I rt.7 "'" llo i,30,0 1%1,7 ~3,7 1131:l-.l 17'W23 ro <. .5 ~f (..o 5 g- <;,; ll/'f l"fo 186 2,"( 
5"8 ..,.,_, 8?.7 ,t:., ,,o ~,.n.7 J<it;g,.c. '/. 3, () 'f1 JIC l7fir.!tc 5 30 10 '30 IZ.9 2-7 7..~ Z,J 1t.1, o.~ 
, .. .. r-

.. 
' 

TYPICAL EQUIPMENT SKETCH 7;t, fa.,_(<.r /uj/1.. ::: ~-'} NOTES 111 Use commen u space if d,angc::s occur in the uc11ic 

'ff'';. ) • ~:ts s~,-r-) L,~ wat~r l~vt:I duriny tt~uing. 
CoM.f '"'- fS ~~ 
f' ,{'~ && /0' 1,0. ~o 

ss. a..., R e3 (21 T t:U t:ach in te,val al two difftrenl gage pu:ssuu::. . 
SUPPLY LINE IJOSE f'f•< !J @, I('. . Boe .. ,.. JJ• ~ 

~ """' 
,~t.:,~ 

IJl 9,ivtt accumulativu total h:nyth ol supply lillt pipe 

= PUMP exclu,ive of 1upply lino ho,e and packtr •"Y. 
- II 

SUfPLY LINE PIPE~ . 14) Conottcl packer to supply line hose on horil . surf act: . 
' • ' 0,Y'T° re ~ROU ~OSURfACE 

~- •r l ~ -

NPS f Ot1M 1 ◄ 0 (EM t U0•t · l8DU 
JUNE 1881 

PIPE DIAMETER 

~) BYPASS VALVE 
Recor<.J ua9t! pr t ssurts for flow in Sg. µirn inc,enh:nts 

3b" u') to 30. g .p .m. on Oclck a l 1his lorm . Hepeat eact1 timt 

,,., ... .... 
.. s I. 

Ill 
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~E?LY TO 
ATTENTION OF: 

DEPARTMENT OF THE ARMY 
NORTH ?ACIFIC 0IVISiON LABORATORY 

CORPS OF ENGINEEFIS 
1491 N.W. GRAHAM ROAD 

TROUTDALE: . OREGON 97060-9508 

CENPP-PE-l (1110-1-8100c) 

MEMOR,A.N DUM FOR: Commander, Seattle District 

1 0-Oct-96 

A-1 1 N: CENPS-EN-GT-GE (Eckerlin ) 

SUBJECT: W.0 .# 96-245, Report of Tests en Rock Cores 

Project: Howard Hanson Dam Fish Facility Feasibility Study 
Intended Use: Stabilization of turn under at tunnel portal 
Source of Material: Rock slope above tunnel portal, Drill Hole No. 96-00-87 
Submitted by: CENPS-EN-GT-GE 
Date Sampled: __________ Date Received: 28 May 96 
Method of Test or Specification: ASTM, CRD, RTH _..__ ____________________ _ 
Reference: a) DD Form 448, MIPR No. E86-96-3105 dated 30 May 96 . 

b) Our report, this subject, dated 22 Aug 96 . 

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

2. Results indicate the rock is composed of well fractured altered meta-volcanic porphyritic 
meta-basalt. 

3. This completes all wori< requested. 

Enclosure 
/Y JAMES K. HINDS, pri~_...__-;;I'-;:, :___ __ _ 

Deputy Director 

11y_, 
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D P.'. TMENT OF THE ARL\tfY 
L-----;-:l\'!I;:;S;;-'.S~O RI RIVER LABOR-\ TO RY 

.~:.------7CYORPS OF ENGlNEERS 

OMAHA, NEBR.:\SK-\ 68102 

Subject: Petrographic Analvsis of Rock Core - Final 
Project: Howard Hanson Dam Fish Facilitv Feasibilitv Studv 
Intended Use: Investi 0 ation 
Source of Material: 2. 3 inch Diameter Rock Core 
Submitted by: Chief. CENPDL 

MR LAB NO. 4116 

Sheet 1 of 1 

t l StP ~ 

Date Sampled: _______ , Date Received.:..: --'2=-7:.....:a.J-=u-=-=n-=e=-. ...:l:;.::9...:9...;:6~----------
Method of Test or Specification:---"S:;..;:e=e_"...aT;:..;e=s.;:..t =l\'-=-fe=t=hc.::co-=d-" _______________ _ 
References: North Pacific Division Lab MIPR No. 96-0245 dated 06/19/96 

S~fMARY 

1. Sample identification and test methods are provided in Appendix A. Test results and 

l 

discussion are presented in Appendix B. Documentation photographs and photomicrographs l 
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 p~rformed 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, l\1R Laboratory 

(J,. '1..-?-



APPENDIX A 

SAlVrPLE IDENTIFICATION 

MR LAB No. 4116 

Sheet 1 6f 1 

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 IVIETHOD 

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 
(PL1"1) 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 (ASThI C 294-86) to 
determine gross composition, general condition, to select zones for further analysis and to 
document the as-received condition of the sample. Specimen dimensional measurements were 
taken and unique features recorded. Thin section modal analysis was performed to determine 
iron sulfide mineral distribution. Whole rock representative subsamples were obtained and 
comminuted to produce samples for chemical analysis (sulfate test) in accordance with CRD
C 403-71 "Method of Test for Determination of Sulfate Ions in Water and Soil" and to 
provide powder mounts for x-ray diffraction analysis. Both random. and oriented powder 
mounts were used to determine bulk mineralogy and were scanned with a GE 500 x-ray 
diffractometer interfaced with a Siemens D-500 automation system using monochro
matic CuK alpha x-radiation with an Ni filter at a stepping rate of 2 degrees/two-theta per 
minute. All external instrumental variables were not altered to increase precision and 

. reduce experimental error. Selected rock polished sections were immersed in 1 N sodium 
hydroxide and saturated calcium hydroxide solutions for 2 weeks to assess sulfide mineral 
chemical stability (Method after Dolar-Mantuani). 



APPENDIX B 

TEST RES UL TS 

MR LAB No. 4116 
Sheet 1 of 2 

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, dosed 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 7 
are corroded, having been replaced with mica and calcite which complicated the determin-

a~ion of the original composition of plagioclase and the rock classification. The original 
matrix ( especially in the brecciated zones) is partially to e.xtensive!y altered ·or replaced by 
secon.dary 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). Hulk x-ray diffraction analysis confirms the presence of plagiodase 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 weatherin~ of glassy, volcanic 
matrices. Thin section modal analysis indicate iron sulfide minerals (predominantly pyrite). 

comprises approximately 15.4 ¾ 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 ch-emical analysis indicated 
sulfate content of the rock is 0.07 % (normally reported as less than O.r.%). 



Figure No. 1 

DEPARTYIENT OF THE ...\.Rl'\'IY 
:VIISSOURI RIVER LABOR.\ TORY 

CORPS OF ENGINEERS 
OIYL\HA, NEBR-\SK-\ 68102 

Core Sample No. CENPDL # 5547. Profile view of the subject core showing condition and 
identification information (core top - left side of photo). Core Dia. 2.3 inches. 

Figure No. 2 

Core Sample No. CENPDL # 5547. Profile view of surface cut parallel to the core axis 
detailing variable textural nature of the rock due to brecciation. Core Dia. 2.3 inches. 

Plate No. 1 



Fig ure ."io . 3 

DEP...\RT\1[E:'.'iT OF THE ...\Rv(Y 

.vrISSOCRl Rl'VER LABOR-\ TORY 
CORPS OF E:'-iGNEERS 

OM...\H...\. :\EBR--\SK--\ 68102 

C ore Sample No. CENPDL # 5547. Thin section photomicrograph detailing texture of rock 
classified as a porphyritic meta-basalt. Note the elongate greenish structure (arrow) in center -"7" 
,Jf phorn rep resenting void in-tilled wirh radially fibrous chlorite crystals. :'rfagnific:ition 63 X. I 

F igure :"I 0. :.i 
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Core Sample No. CENPDL # 5547. Further magnification of previous view showing radially 

1 fibrous nature of chlorite (arrow) filling void. Gold-colored zone (same arrow) is secondary 
carbonate ( calcite) precipitate lining same void. Crossed polarized light. 115 X Mag. 

Plate No. 2 
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Core Sample ~o. CENPDL = 5547. Thin section photomicrograph detailing fractures (arrows) 

healed with chlorite and carbonate ( calcite-gold-colored) secondary precipitate. Crossed 
polarized iight. 63 X Magnification. 

Figure ":'-i o. 6 

Core Sample No. CENPDL # 5547. Thin section photomicrograph detailing void in-filled with 
radially fibrous chlorite secondary precipitate. Crossed polarized light. 115 X Mag. 

Plate No. 3 

r! x-1 



Figure No. i 

DEP . .\RT:\-'IE.NT OF THE AR."VIY 
:VIISSOVRI RIVER LABOR.\ TORY 

CORPS OF ENGTh'EERS 
Oi\'L.\HA, NEBR.\SK.\ 68102 

Core Sample No. CENPDL # 5547. Thin section photomicrograph detailing the distribution of 
opaque iron ore particles (black particles) in the rock matrix. Light colored, elongated crystals 

are plagioclase microlites. Magnification 190 X. 

Plate No. 4 
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DISCUSSION 

MR LAB No. 4116 
Sheet 2 of 2 

2. Petrographic analysis performed on the subject core sample from Howard Hanson Dam 
Fish Facility Feasib ility Study Project submitted by North Pacific Division Laboratory 

indicates the sample represents rock c!assified 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 ¾ 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. 

' 
fx-q/ 



DEPARTMENT OF THE ARMY 
NORi'H ?ACIF!C OMSION LABORATORY 

CORPS OF c:NGINE:RS 
J4g1 N.W. GRAHAM AVENUE 

T~OUTDAi.£ , OREGON 97060-9SC:3 

CENPP-PE-L (1 110-1 -8100c) 22 Aug 96 

ATTN: CENPS-EN-GT-GE (Eckerlin) MEMORANDUM FOR: Commander, Seattle District 

SUBJECT: W.O.# 96-245 , Report of Tests on Rock Cores 

Project: Howard Hanson Dam Fish Facility Feasibility Study 
Intended Use: Stabilization of turn under at tunnel portal 
Source of Material: Rock slope above tunnel portal, Drill Hole No: 96-00-87 
Submitted by: CENPS-EN-GT-GE 
Date Sampled: __________ Date Received: 28 May 96 
Method of Test or Specification: ASTM, CRD, RTH 

:-=-::--:-~-=-::-:~::-:-:~-:---:-~-:---~----------
Reference: a) DD Form 448, MIPR No. E86-96-3105 dated 30 May 96. 

b) NPO Form 300, Transmittal of Materials Samples , dated 28 May 96. 
c) Telephone conversations 22 May through 7 Aug 96 with Mr. Rick Eckerlin, 

wherein test program and costs were discussed. 
d) Facsimile report of preliminary data dated 9 Aug 96, wherein results to date 

were reported. 

1. Enclosed is report of tests made on rock cores taken from the vicinity of the tunnel portal of the 
Howard Hansen Dam. Included are: 

a) Enclosure 1, Table I, Report of Unconfined Compressive and Direct Tensile Strength Tests 
on Andesite Breccia Reck Cores. 

b) Enclosure 2, Table 11, 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 I, Graphical Report of Bi-Axial Direct Shear Strength Tests on Sawn 
Rock-Grouted Joints. 

2. Approximately 20 linear feet of andesite breccia HQ rock core was received on 28 May 96 for 
compressi11e strength, direct tensile strength, unit weight, sonic tests, and bi-axial direct shear tests 
on sawn rock-grouted joints . 

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

Enclosures 
L 

JAMES K. HIND , PE 
Deputy Director 

7 



CENPP-PE-L (96-245) 

Howard Hanson Dam Fish Facility Feasibility Study 

Table I 
Report of Unconfined Compressive and Direct Tensile Strength Tests 

on Andesite Breccia Rock Cores Y, Drill Hole No . 96-00-87 

1. Comoressi'le Strenath Test Data 

Moisture Compressive Modulus of 
Sample Content P, Strength , e lasticity, 1' 

No. Depth, ft. Diameter. in . Height, in. % psi Ee x 105 psi 

1 61~ - 62£ 2.39 5.13 2.1 4010 4 .55 
2 113L 1131 2.40 4.98 0.8 8670 3.73 
2 113.L 114Q 2.39 4.97 1.3 7200 1.44 
3 135L 136~ 2.39 4.90 0.7 11190 4 .06 

2. Direct Tensile Strenath Data 

Sample Direct Tensile 
No. Depth, ft. Diameter, in. Height. in. Strength, psi 

61i -61~ 2.39 4.82 A - JI 
.. ::i -

2 11 22 - 113.!. 2.40 4.85 200 
3 13 7 l - i 37:: 2.39 4.93 740 

1\ictes: .1.i , ested in accordance with Rock Testing Handbook, RTH Methods 111 and 112. 
?! Moistu re content of sample at time of test. 

Poisson 's 
R . JI at10, '..t. -

0.172 
0.152 
0.155 
0.167 

]/ Modulus of Elasticity and Poisson's Ratio tests made using glue-on electrical resistance strain 
gauges. 

1/ 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 96 . 



CENPP-PE-L (96-245) 

Howard Hanson Dam Fish Facility Feasibility Study 

Table II 
Report of Specific Gravity, Absorption, Unit Weight. and Sonic Tests on Andesite Breccia Cores·, 

Drill Hole No. 96-00-87 

Longitudinal Dynamic 

l 

Sample Soecific Absorption, Unit Weight, Modulus of elasticity, Scnic Ve!-0city, V. ft/sec. 
No. Depth, ft. Gravity % lb/ft3 Ex 105 psi Longitudinal Transverse 

5gZ - 70J 2.66 1. 7 165.7 
2 111.: - 117~ 2.50 5.3 155.8 
3 135..!. - 139.?. 2.54 3.8 158 .2 
3 1371 - 1381 0.513 3960 2540 

• Tested in accordance with Rock Testing Handbook, RTH Methods 107 and 110. 

CENPDL No. 5547;· samples received 28 May 96: · 7 



CENPP-PE-L (96-245) 

Howard Hanson Dam F:sh Facilfty Feasibility Study 

Table Ill 
Summary of Si-Axial Direct Shear Strength Tests 

on Sawn Rock-Grout Joints, Drill Hole No. 96-00-87 

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

Shear Strength, psi 

Sample Confining Pressure, psi Angle of Internal 

No . Depth, ft 5 50 100 Friction, <!> , degrees 

2 1H~ 75 
2 111 2 440 
2 115!. 365 
2 1152 230 
2 1152 435 
2 1172 390 
2 117'4 505 

Average: 155 420 435 71.0 

3 . 135.?. 85 
3 137!. 240 
3 138.~ 390 

Average: 85 240 390 72.7 

2. Comoressive Strenath of Neat Cement Grout Cubes ~ 

Test Age, days Compressive Strength , psi 

3 3340 
7 4710 

10 5120 
28 6260 

Cohesion, 

psi 

187 . 

73 

Notes: 1/ Grout/rock bi-axial direct shear tests made at grout age 10 days. All tests performed in accordance 
'!'lith Rock Testing Handbook Method 203 

'1:f Grout batched with laboratory blend Type II cement (CENPDL No. 4959) at a water:cement ratio of 
0.49 with 20.0 seconds flow. 

CENPOL No. 5547; samples received 28 May 96 . 



CENPP-PE-L (96-245) 

600 

I I 
I I 
I I 
I I 

500 I I ) 

I I I 
I 

400 

"Ei 
C 

~ 
U) 

I 
/ !Sa~ple 2' 
□<!>=71 . 0° 

C = 187 psi 

~ -

Howard Hanson Dam Fish Facility Feasibility Study 
Figure I 

Bi-Axial Direct Shear Strength versus Confining Press1,1re, 
Sawn Rock-Grout Joints 

I I I I I I I 

I I I I I I I I I 
I I I I I I I I I I I I I I 

I I I I I I I I I I 

I I I I ) I I I I I 

I I I I I I 

I I I I 
I I I I I I I 

I I • I/ I 
I I V ,, 

I 
I X • 
I 

I .V I 
I V 

/ 

V . , 
/ . _.·r 

I I I // I I I _.-r I 
I/ V I I -• / t·· I 

IA . , I I . 

I /\Y I I I I .· 1,-· I I 
! I /.v I I I I _.,· • 

200 / I l---·f 
V I 

. , 
, , 

, , 
,• I~ 

, 

\ , , 
, 

, 
, Sample 3 

, , 
Ct)= 12r 

, C=73psi , 

100 , 

I ,.,: 
. . ' 

, • 

0 

0 10 20 30 40 so 60 70 80 

Confining Pressure, psi 

Figure I 

I 
I 
I 
I 

V 

, , 

I 
I I 

I I I 
I I j 

I I ,, ~ 
V 

/ 

V 
V I / 

1.-l-
, -~ , . 

. , 
, , • 

I I 

• Sample2 ..... 

X Sample 3._ 

--Sample2 ..... 
-------- Sample 3 

90 ·_· 100 110 1 

CENPDL 
Aug 96 



,.. 

DE?AiHMENT OF T;-;E AnM '( 
NCRfi-, ?AC!FiC DIVISION ~O?.A,CMY 

CO.:l?S OF :NGiNE:?.S 
1-'91 N.W. Gi=lAHAM AV':NUE 

,ROU.OAL.':, OREGON ;i;oso-;s.::.:i 

CENPD-ET-P-L (l l l0-l-S 100c) 

·MEMORANDUM FO R Comrn2..-rider, Sea!!ie Dis.rice, 

April l0, l 99:5 

.-\. TT"N: CENPS-EN-GT (H2ncock) 

SUBJECT: W 0. -;. 95- 099, Report of Tests on Foundation Rock Cores 

Project: HOWARD HANSEN DAM fNTAKE TOVIER R.c'tROFIT 
Intended Use : Scab iliz.ac.ion of intake tower bunress 

Source of Material: Intake cower vicinity founda!ion 7 

Submitted by: CENPS-EN-GT (Hancock) 

Dace Sampled : [6-20 Sep 94 Dace Received : 2 1 Nov 94 

Method ofTesc or Specificacion: CRD, ASTM, RTH 
-c:-~--:::-=-:.....,.....,,......,....,......,.~----,--,,-------------

R e fer enc e: a) DD Fom1 448, MIPR No . E86-95-3065, dated l4 Nov 94 

b) NPD Form 300, Transmittal of Materials Samples, dated I 5 Nov 94 

c) Telephone conversations 22 Nov 94 - l2 fan 95 with Mr. Bill Hancock, wherein 

cesc program and coses were discussed 
d) Facsimile reoort dated 29 Dec 94, wherein results to dace were n::-pon:cd 

I. Enclosed is repon: of tests made on foundation rock cores taken from che vicinity of rile 

inca.k.: cowerof che Ho w::.rd H~sen Dam. [ncfuded are: 

a) Enclosure \, Table [, Report of Unconfined Compressive and Direct Tensile Strength 
Tescs on Andesice Rock Cores _ 

b) Enclosure 2, Table II, Report of Point Load Strength Tests on Andesitc Rock Corc;s 

c) Enclosure 3, Table III, Summary of Bi-Axial Direct Shear Strength Tests on Rock 

Cores and Sawn Rock-Grouted Joints 

d) Enclosure 4 a-d, Figures [ through rv, 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 di.imeter rock core was received 2 l 
Nov 94 for unconfined compressive strength, direct tensile 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 w"i!h Rock Testing Handbook Me!hod_s l l l, l 12, 203 and _325. 

d X-/5 
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CENPD-ET-P-L (95-099) 

3. Several tem were requested to be made ·,vi thin the section of core at depth l 5' to 20' in Ori! l 
Hole No. 95-CC-35 . In general, the core within chis zone was heavily fuccured, and tests were 
rescheduled to be performed as closely as possible in adjacent areas. 

·4. This completes all work requested . 

Enclosures 

Copy Furnished: CENPD-ET-P 
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HOV/ARD HANSEN DAM INTAKE TO\~R 

Table I 

Report of Unconfined Compressive and Di rec: Tensile 
Strength. Tesrs on A.ndesite Rock Cores 1 

I . Conmressive Strensr::h Tesc Data 

Unconfined 
Compressive Strength 

Dril l Moisrure2 Ultimace 
Hok Depth, Dtamecer, Heighc, Content, Load, Corrected; 
No. feet inches incnes ¾ lbs. pst pst 

94-00-85 6.5-6 .3 2;33 4.87 l. 7 16,300 3,660 ~ "70 4 
.) ,0 

13 .6-13 .9 2.39 5. 17 2.0 20,600 4)90 4,630~ 
15.0-15.4 2.40 5. 15 2.2 39,200 8,670 8,740 
19 .0-19.4 2.40 4.37 0.9 122,500 27,080 27,130 
24 .7-25 .0 2.39 4.67 l.S 56,000 [2,430 12,440 
25.0-25 .3 . 2.38 4.72 !.3 53,700 12,070 12,060 

94-DD-86 24 .0-24 .7 3.97 S. 16 l .S 84,000 6,790 6,830 
:39 .3-4 C .:'J : n 7 29 -, - 93,5CG 1,9:.0 7,370 , ' 

J Direct Tensile ScrenS!th Dara 

Direct Tensile Strength 
Ori II Ultimate 
Hole Depth, Diameter, . Height, Load, 
No. feet inches inches lbs. pst 

94-OD-8.5 · 10.1-10..5 2.40 4.83 2,260 500 5 

10.5-10.8 2.39 4:82 l,960 440 
11.7-12.0 2.38 4.63 480 I 105 

Notes: l/ Tested in accordance ,vith Rock Testing Handbook, RTH tv(ethods l l l, l 12, and 20 l. 
2/ · Moisture content of sample at time oftest. 
3/ Corrected for length-co-diameter ratio . 
4/ Specimen had hairline crack before test 
.5/ Specimen had hyperbolic open: seam before test. 

CENPDL No . 5087, Received 2 l Nov 94 

><,a'- f' ~'-

Modu]us of 
Elasticity 

0.67 
2. l l 

3.26 
3.42 

c!. x-11 
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Drill 
Hole 
No. 

35 

S6 

HOWARD HA.NSEN DAM fNTAKc TOWER 

Table [I 

DC!1)th, 
feet 

15.3 
l 8.8 
20.4 

- 25.7 
30.3. 
35. l 
39.9 
45.5 
A • ., ., ) . .) 

43 .7 
50.3 

10.0 
15.3 
16.2 
16.4 
l 9.5 

24 .7 
? •• 
_) _) 

25 .S 
29.5 
29.7. 
38.0 

Rqiort of Point Load Strength. Tests 
on A..,desi!e Rock Cores 1 

Ultimate 
Diameter, 2 

Length, Load, 
mches inches ibs 

7 ., ,. _ _ .JO 3.00 2550 
7 7,, - ·-..,. 3.00 5050 
2.38 3.00 530 
1.97 3.00 2450 
2.22 3.00 2730 
1.37 3.00 [600 

2.16 3.00 1680 
1.20 3.00 1070 
1.76 3.00 2440 
2.15 3.00 2150 
2.10 3.00 3990 

3.95 5.00 lSOO 
3.92 4.00 2020 

3.92 4.00 2090 
3.S2 4.00 2700 
3.96 -foo 1430 
3.97 4.00 2040 
3.79 4.00 1520 

3.42 4.00 4320 
3.97 4.00 950 
3.97 4.00 1350 
3.60 5.00 200 

Point 
Load 

bdex, psi 

460 
1005 3 

95~ 

630 
555 
4603 

360 
2203 

790 1 

465 
905] 

l l 5 
130; 

135 1) 

lS5; 

903 

I 30; 

105 3 

370
3 

60 5 

85J 

15 

Noces: 1/ Specimens tested diametrically, in accordance with RTH-325 re_quirements 
2/ Diameter used for calculation of Point Load Index, based on distance 

between points of point load apparatus at the time of failure:. 
- 3/ Specimen did not break through both points of point load apparatus 

4/ Specimen tested with points parallel to weak planes/seams 
5/ Specimen tested with points normal to weak planes/seams 

CENPDL No . 5087. Received 21 Nov 94 

7 

t1v-l0 
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I. [nracc Reck Core 

Dril l 

;-{ole Depth, Ultima te 

No. 'Feet . Load, lbs. 

SG 2U 12020 
SG 2S .4 7700 

S5 23 .J lJ300 

S6 19.0 11560 
SG 27.4 9700 

2. Grout-Rock Bond* 

er.it 
~ole D~th, Ult ima te 

No . i="e::t Load, lbs 

S5 10 .S S40 
S5 l 9.5 1160 
Si 26 . l 900 
S6 27 .S 3150 
S6 16 .1 2050 

86 15 .7 3220 
35 13.0 · S20 
85 12.0 1J20 

Table ITI 

Summary of 3i-A..'-ia1 Direct She.ir Sa-::ngth Tests 

Ir.tact Rock: Car~ and Sawn Kock-Grout Joints 

She.u Strength, psi 

A.rea Confating Load, psi 

L--tches' lO 50 100 

12.379 970 
12.316 625 
12. lJ0 1095 
12.J 16 940 
12.J 16 790 

Average S00 1095 S65 

Shem Slrength, psi 

. .\:ea Confining Le.id , psi 

Inches: 10 1. 
_.) iO 100 

4AS6 IS5 
4.449 260 
...; _4S6 200 

12.629 
12.629 1 - . _;).) 160 

12.629 j. -_:;)) 

4.524 !SO 
4.524 235 

Average 220 210 210 235 

Angle of 
Irw:mal 
Friction, Cohesion, 

degrees psi 

JJ .0 SS7 

Angie of 
Internal 

?riction, Cohesion . 

degrees psi 

.JS.2 195 

•Grout/rock biaxial d.irc:ct shear tests made at grout age 7-days. All tests made in accordance with Rock Testing Handbook 
MetJ1od 20J . Compressive Slrength of Neat Cement Grout Cubes as follows: 

Test Age, days 

4 

7 

28 

Compn:ssive Strength, psi 

4530 · 

5490 
9140 

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

CHfPDL No. 5087, Received 2 l Nov 94 
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Fi9ure I 

Unconfined Compressive Strength versus Strain 

Nominal 2-inch Diameter Rock Core 
Drill Hofe No. !1'1-00-05, Depth 6.5' -6.0' 
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f i~ure II 

Unconfined Compressive Slrenglh versus Strain 
Nomin al 2-inch Diameter Rock Core 

Dri ll Hole No. 95 -DD-95, Depth 13.6' -13.9' 
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Unconfined Compressive Slrenglh versus Slrain 
Nominal 2-incli Oiarneler Rock Core 

Drill Hole No. ~Jtl-DD-135, Deplh 2'1 .7' -25 .0' 
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Figure IV 

Unconfined CO(llpressive Strength versus Strain 
Nominal 2-inch Di,11neter Rock Core 

Drill Hole.No. 95 -OO-U'.i, Depth 25.0'-25.3' 
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DEPARTMENT OF THE ARMY 
NORT1-I PAC:FIC DMSION t..,t.BORA TORY 

CORPS OF ENGINE:RS 
14g I N . W . GRAHAM AVENUE 

T;:tOUTDA.1...£, OREGON Q7060-9SOJ 

CENPO-PE-GE-L ( 1110 - I - 81 00c) 

MEMORANDUM FOR Commander. Seattle District, 

July 13, 1994 

ATTN: CENPS-EN-GT-GE (Eckerlin) 

SUBJECT: W.O. # 94-J 14, Report of Tests on Foundation Rock Cores. 

Project: Howard Hanson Dam Fish Passage Study 

Intended Use: Foundarion Investigation 
Source of Material: Left abutment of Howard Hanson Dam 

Submitted by: CENPS-EN-GT-GE 
Date Sampled: _____________ Date Received: _4_M_ay,_9_4_~-------
Method of Test or Specification: ASTM, Rock Testing Handbook (WES) 
Reference: a) MIPR No. E86-94-310 I dated 4 May 94 

b) NPD Fam, 300, Transmittal of Rock Cores. dated 18 Apr 94 

c) Telecon 14 Apr 94 with Mr. Rick Eckerlin wherein test program was discussed. 

l . Artached is report of tests on foundation rock cores from the above source. 

2. This completes a{[ work requested. 

Enclosures ~.tM~ 
Director 

Copy Furnished: CENPD-PE-GE 

··------~---- . --- - ----------:--.. ...... _ __ _ 



CENPD-PE-Gc-L (94-.> 14 ) 

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

Moisture 2/ Unit Unconfined J_/ 
CENPS Depth 1/ Conre:it, Specific Absorption Weight Compressive 

Sample No. Rock Type . ft. ½ Graviry % pcf Strength, psi 
94-DD-80 Andcs1tc □ rccc,a 139.J 1. 1 2.42 6.6 150.8 5410 
94-DO-81 A Andcs itc Brccci:: 175 .2 0.9 2.61 2.0 162.6 8790 
94-DD-818 Andcsi1e 137.5 2.0 2.65 1.6 165.1 9170 
94-OO-82A Andesi1e Breccia 179.9 0.5 2.59 2. l 161.4 21920 
94-O0-83A Andesite 13reccia 147.5 . 0.5 2.42 6. 1 150.8 13510 
94-00-838 Andcsi1c Brcccia 150.2 0.5 2.39 6.5 148 .9 8900 
94-OO-84A Andesitc □ recc i a 35.0 0.4 2.72 0.8 169.5 18010 
94-00-848 Andesite Breccia 53.1 0.3 2.76 0 .9 171.9 8320 

l/ Depth to top of core. 
2/ Moisture content at time of unconfined compressive strength test. 
J/ Compressive Strength corrected in accordance with ASTM 0-2938 for cores with length to diameter 

ratio of less than 2. 

CENP0L No. 4936 Received 4 May 94 
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