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SECTION 1 PROJECT GEOLOGY

1.1 GEOLOGIC SETTING

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

1,145) feet.

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

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

1.2 TECTONIC AND SEISMIC SETTING

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

HHD AWS E-1 DFR/EIS



APPENDIX E — GEOTECHNICAL CONSIDERATIONS

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

1.3  SITE GEOLOGY

1.3.1 Bedrock

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

* Basalt: Hard to moderately hard, dense, blocky, black, generally not badly affected by

hydrothermal alteration or weathering, moderately fractured, occurring in the form of thin
flows, dikes and sills.

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

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

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

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

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

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

1.3.2 Overburden

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

1.3.3 Eagle Gorge Landslide (Right Abutment)

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

1.3.4 Groundwater

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

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

1.4 RESERVOIR AREA

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

2.1 GENERAL

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

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

2.2 SLOPE FAILURE CRITERIA

The magnitude and type of slope failures vary with height, steepness, and composition of
the slopes. For glaciolacustrine materials, failure is dependent on the sand-silt-clay ratio
within the deposit, and on groundwater conditions. Steep slopes in glaciolacustrine
deposits tend to fail by slumping, slump-earth flow landsliding and by calving. Slopes in
free draining materials such as sand and gravel erode by raveling and tend to achieve
stable slopes at 1V on 3H.

2.3 PRE- AND EARLY RESERVOIR LANDSLIDES

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

2.4 RECENT LANDSLIDES

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

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

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

2.5 ADDITIONAL WATER STORAGE EFFECT ON RESERVOIR SLOPES

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

discussed below.

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

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

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

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

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

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

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

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

Segment I occupies the opposite (south) side of the gorge across from segment E. Relief

is very steep. The slope at the upstream end of the gorge is well protected with riprap. A

flume on the slope discharges a significant amount of water from the railroad grade

above. Further downstream the slope is predominantly rock and is not protected with

riprap. Continually raveling sand and gravel should be expected. At the end of the \
gorge, near the powerline crossing, failure of the wasted materials should be anticipated.

Landsliding related to this waste pile can be expected well into the future, but should not

pose a threat to operation of the project.

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

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

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

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

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

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

3.1 GENERAL

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

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

3.2 SEEPAGE OBSERVATIONS

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

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

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

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

non-functional piezometers.
e All piezometers have been automated.

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

During the flood events of December 1995 and February 1996 significant seepage was
observed along the downstream right abutment (reference Post Flood Report, Howard A.
Hanson Dam Post Flood Report, dated 8 April 1997). During these events seepage was
observed further downstream and lower on the slope than reported in 1965. Seepage
occurred from a zone extending from weir 1 to 250 feet upstream, and from the slopes
behind the two gabion walls, see Plate E-2. Flow quantities were measured from five
individual locations for the February 1996 flood. Flows peaked from these locations
shortly after the initiation of data collection on 11 February. Weir 1 peaked at nearly
1,000 gallon per minute (gpm) on 9 and 10 February 1996. Based on visual observations
of flows running overland and seepage exiting the abutment slope, it is estimated that
about 80 percent of the flow through weir 1 was due to seepage and 20 percent due to
surface runoff. Weir 2, located farther downstream, peaked at about 550 gpm on 8 and 9
February 1996 with nearly 100 percent of the flow due to surface runoff.

Flows from the drainage tunnel peaked at about 1,150 gpm for the February 1996 flood.
Flows measured at well 37 were about 200 gpm, at well 25 were about 11 gpm, at well 34
were about 120 gpm, and at well 35 were about 60 gpm Approximately 800 gpm of the
total 1,150 gpm were transmitted through the tunnel gravel floor drain. Water was also
observed flowing from the concrete joint just upstream of the tunnel bend and well 25.
This water was carrying fines (classified as ML by NPD Laboratory) and had a turbidity
of 819 NTU. The data for well 25 exhibits a distinct double peak; the first occurring
midday on 10 February and the second at midday on 11 February. It is believed that the
first peak is a precipitation response due to infiltration along the rock slope just above the
tunnel, and that the second peak is a pool response.
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An area of special concern exists between well 25 (elbow of drainage tunnel) and the
right abutment/embankment contact. Monitoring of piezometers and wells in the upper
aquifer of this area during the February 1996 flood (peak pool elevation of 1,183.2 feet)
confirmed the assumption that initial flows through this portion of the abutment are
precipitation related. This assumption is validated by the fact that piezometers peak 14 to
18 hours before the flood pool peaks and well 25 peaked 10 hours and again 34.5 hours
after the pool peaked. These conclusions are based on the fact that the flows initially are
high during the rain storm and infiltration and then once the precipitation stops they
reverse direction and flow from the pool towards the drainage tunnel. Precipitation
appears to be infiltrating through the rock slope downstream of the administration
building parking lot.

3.3 SEEPAGE ANALYSES

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

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

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

The effects of an elevation 1,206 feet flood pool were analyzed in 1992 and found to

present no apparent threat to this facility (reference report titled “Right Abutment
Seepage”, dated 15 June 1992). The results of data analysis from the December 1995 and

February 1996 floods made no appreciable changes to this conclusion.

The quantity of water flowing through the abutment for the elevation 1,180 foot
conservation pool was calculated to be about 42.8 cubic feet per second (cfs) which is

equivalent to about 19,200 gpm; see Figure E-2.

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

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

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

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

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

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

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

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

Dry unit weight = 120 pounds per cubic foot (pcf)
Moist unit weight = 134.9 pcf

Saturated unit weight = 138.5 pcf

Buoyant unit weight = 76.1 pcf

Angle of internal friction = 38 degrees

Cohesion = 0 pounds per square foot (psf)

Parameters for the upstream slope and slope treatment materials were:

Dry unit weight = 135 pcf

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

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

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

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

HHD AWS E-14 DFR/EIS



APPENDIX E — GEOTECHNICAL CONSIDERATIONS

situ or in a laboratory, the cohesion has been ignored. Instead the upper range of internal
friction for gravel has been chosen as the preferred strength parameter for analysis.

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

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

3.5.1 Drainage Tunnel Extension

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

3.5.2 Additional Feeder Wells at End of Existing Tunnel

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

3.5.3 Horizontal and Inclined Drains

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

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

3.5.5 Injection Grouting

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

3.6 RECOMMENDATIONS

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

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

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

3.7 TEST POOL REQUIREMENTS

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

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

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

3) A complete analysis of the data will follow the completion of the test pool, which is
expected to take approximately two months to'complete. The design of any new seepage
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