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Preface

The purpose of this report is to present the findings of a team assembled by the
Director, Division of Dam Safety and Inspections to investigate and document
events surrounding the Breach of the Taum Sauk Pumped Storage upper reservoir
on December 14, 2005. The team was charged with gathering all available
information on the design and construction of the upper reservoir; the events
leading to the overtopping; and the subsequent impacts affecting downstream
lives, property, infrastructure, and the natural environment. Additional analyses
were conducted, as necessary, to better understand the events and impacts of the
incident.

The process included visits to the project site, the Osage Missouri control center,
the licensee headquarters control center and energy trading center, interviews with
the owner’s management, engineering and operations staff. The report is intended
to provide information and data to the independent Panel of Consultants engaged
by FERC to investigate the breach.

Listed below are the members of the team responsible for preparation of this
report:

Wayne B. King —  Senior Civil Engineer, FERC-ARO — Team Lead

Frank Calcagno — Senior Engineering Geologist and Senior Physical Security
Specialist, FERC-HQ

James H. Evans —  Senior Geotechnical Engineer, FERC-HQ

Eric Gross — Civil Engineer, FERC-CRO

Thomas J. Lovullo— Fisheries Biologist, FERC-HQ-DHAC

Michael Peters — Energy Infrastructure & Cyber Security Advisor, FERC-HQ
Kevin Richards —  Senior Civil Engineer, FERC-CRO

Paul Shannon — Senior Civil Engineer, FERC-HQ

Teodor Strat — Civil Engineer, FERC-CRO
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FERC Taum Sauk Investigation Team

Report of Findings on the Overtopping and Embankment Breach of the
Upper Dam - Taum Sauk Pumped Storage Project, FERC No. 2277

Executive Summary

The Upper Reservoir of the Taum Sauk Pumped Storage Project 2277-MO was
overtopped during the final minutes of the pumping cycle on the morning of
December 14, 2005. Reservoir data indicate that pumping stopped at 5:15 AM
with the initial breach forming at approximately the same time. Once overtopping
began, erosion started at the downstream toe of the 10-foot-high parapet wall.
Erosion progressed below the parapet wall, likely causing instability and resulting
in the initial loss of one or two parapet wall sections. Subsequent erosion and
breach of the rockfill embankment formed a breach about 656 feet wide at the top
of the rockfill dam and 496 feet at the base of the dam. The peak discharge from
breach was about 273,000 cfs which occurred within 10 minutes of the initial
breach. The complete evacuation of the reservoir occurred within 25 minutes.

The breach flows traveled down the west side of Proffit Mountain into the East
Fork of the Black River. Flows destroyed the home of the Johnson’s Shut-Ins
State Park superintendent, flooded motorists on Highway N, significantly
damaged the park, campground, and adjacent properties, and entered the Lower
Taum Sauk Reservoir. The Lower Dam stored most of the releases and had a peak
spillway discharge of approximately 1,600 cfs. This equates to about 1.1 feet over
the spillway crest which is well within the capacity of the lower reservoir spillway.
Upon leaving the Lower Dam area, flows proceeded downstream of the Black
River to the town of Lesterville, MO, located about 3.5 miles downstream from
the Lower Dam. The incremental rise in the river level at Lesterville was about
two feet which remained within the banks of the river.

Post-breach inspections and evaluations revealed the following information:

1. The project had historically operated with a minimum of two feet of
freeboard on the lowest section of the parapet wall. Following installation
of a geomembrane liner in 2004, AmerenUE operated the project to fill the
upper reservoir within one foot of the lowest section of the parapet wall.
Post breach evidence shows the reservoir may have been routinely filled to
within 0.25 foot of the lowest section of the parapet wall.

2. The December 14, 2005 breach was preceded by significant wave
overtopping that occurred on September 25, 2005. Factors involved with
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this event were waves due to winds from the remnants of Hurricane Rita
combined with a reservoir level pumped to within 0.4 foot of the top of the
parapet wall.

. On September 27, 2005, AmerenUE adjusted the reservoir control
programming to account for the difference between the actual reservoir
levels and the readings from the reservoir level instrumentation.

. On October 3-4, 2005, AmerenUE personnel discovered that the conduit
which housed the instrumentation for monitoring reservoir levels was not
properly secured to the dam. Deterioration of the instrumentation tie-down
allowed the conduits to move adversely impacting the reservoir level
readings. The instrumentation readings showed reservoir levels that were
lower than actual levels. As a safety measure, AmerenUE adjusted the
reservoir level control programming to shut down the pumps when the
instruments showed the reservoir levels were two feet lower than normal
settings.

. Two Warrick Conductivity Sensors were used as a safety system for
shutting down the units in case of high water levels. The sensors would
send a signal to shut down the units when they became wet. The sensors
were physically relocated to a height that was higher than the lowest point
on the parapet wall. Therefore, if the Warrick Sensors were contacted by
water, the Upper Dam would already be in an “overtopping” condition.

. Modifications made to the reservoir control programming adversely
affected how the signals from the Warrick Sensors were managed and
reported. The modifications required that both sensors make contact with
water to initiate shutdown. This removed a layer of redundancy to the
safety system.



Section 1 Project Description

1.1 General

The Taum Sauk Project is located in Reynolds County, Missouri, on the East Fork
of the Black River approximately 90 miles southwest of St. Louis, Missouri. The
project is a reversible pumped storage project used to supplement the generation
and transmission facilities of AmerenUE, and consists basically of a mountain
ridge top upper reservoir, a shaft and tunnel conduit, a 450-MW, two-unit pump-
turbine, motor-generator plant and a lower reservoir. It was the first of the large
capacity pumped-storage stations to begin operation in the United States.

1.2 Dams

The Taum Sauk Project has two dams, known as the Upper Dam and the Lower
Dam.

1.2.1 Upper Dam

The Upper Dam is a continuous hilltop dike 6,562-ft-long forming a kidney-
shaped reservoir. The dike is a concrete-faced dumped rockfill dam from the
foundation level to elevation 1570.0 ft and a rolled rockfill between Elevation
1570 and 1589. A 10-foot-high, 1-foot-thick reinforced concrete parapet wall atop
the fill extended the crest to elevation 1599 ft at the time of original construction.
Since construction, settlement of the rockfill varied between 1 and 2 ft with the
lowest area found after the breach at panel 72. At panel 72, the top of the
embankment is at elevation 1586.99 ft and top of the parapet wall is at elevation
1596.99 ft.
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Figure 1.1- Cross section from original design drawings
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Both the upstream and downstream slopes are 1.3H:1V which is likely the natural
angle of repose of the material. The crest is 12 feet wide. The pneumatically
placed upstream concrete face slab has a design thickness of 10 inches, and is
reinforced with No. 7 bars at 12 inches both ways. In actual placement, the slab
thickness averaged nearly 18 inches due to the unevenness of the rockfill. The
upstream concrete face had joints (with copper waterstops) located at the junctures
with the parapet wall, the toe block and adjacent face panels. The face slab was
placed in panels, 60 feet wide at their widest dimension. Expansion joints
between the slabs to accommodate movement, caused by settlement of the rockfill,
used 3/4-in asphaltic expansion joint material and U-shaped copper water stops.
The construction video shows the “expansion joint” with the copper waterstops
was formed as a narrow section with the sprayed concrete placed later.

A reinforced concrete plinth (toe block) was provided at the toe of the concrete
face. Where the natural rock surface was substantially higher than the reservoir
floor, the rock was excavated on a near vertical slope and the plinth was at the top
of the excavated rock. In these areas, the rock cut between the reservoir floor and
the plinth was sealed with a 4-inch-thick layer of wire mesh-reinforced shotcrete.
The entire reservoir bottom was sealed with two 2-inch-thick layers of hot-mix
asphalt concrete placed over leveled and compacted quarry muck. Around the
edge of the asphaltic concrete, a single line grout curtain was constructed to limit
seepage under the dam. In 1964, a concrete cutoff up to eight feet deep was
placed in front of the panel toe blocks in the fish pond area.

A tunnel through the northern side of the dam provides access to the reservoir
floor. The access tunnel is a concrete lined, 19-foot-diameter, horseshoe shape.
The upstream face is fitted with a hinged steel bulkhead gate that opens into the
reservoir. The gate is 10.4 feet wide by 12.4 feet high and is hinged at the bottom.
The gate is vertical when closed and horizontal when open.

Drainage ditches surrounding the toe of the dike direct a large portion of
leakage into a collection pond. A small dike retains water in the collection
pond, from where a maximum of about 10 cfs was pumped back into the
upper reservoir. When the leakage rate exceeds the pump-back capacity,
water spills from the collection pond small overflow spillway and
eventually flows into the lower reservoir.

1.2.2 Lower Dam

The Lower Dam is located in a narrow steep-sided gorge just downstream of the
junction of Taum Sauk Creek and the East Fork of the Black River, and forms a
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reservoir with a surface area of 395 acres with water level at spillway crest. The
canyon at this location is in exposed hard blocky rhyolite rock of good quality.
The reservoir design volume at the spillway crest is 6,350-acre-feet. This volume
has been reduced by sedimentation, such that the useable volume is less than the
useable volume of the upper reservoir. The Lower Dam is a concrete gravity dam
founded on rock. The maximum height is 60 feet above bedrock to the spillway
crest and 75 feet to the operating deck. Its height above streambed is 55 feet. The
dam is 390 feet long, and except for two piers supporting the operating deck, is an
uncontrolled overflow spillway. The spillway crest is at elevation 750 feet and the
operating deck is at elevation 765 feet. The dam section has a base width at the
maximum section equal to 1.25 of its height. The downstream slope is 0.83:1
(horizontal: vertical).

The Dam consists of 10 blocks alternatively 38 and 40 feet wide and labeled “A”
to “J” from left to right. Copper waterstops are located at the joints between
blocks. The joints between blocks contain no keys and were not grouted. The two
piers supporting the operating deck are 4 feet and 13 wide. The 13-foot-wide pier
contains a 42-inch-diameter vertical shaft and ladder that provides access to a 5-
foot x 7-foot gallery with invert at elevation 720 feet. The upstream wall of the

gallery is eight feet from the upstream face and extends through the middle eight
blocks.

A single line grout curtain is located along the upstream side of the gallery. The
grout holes are spaced 6 feet apart and extend 20 feet below the base of the dam.
Foundation drainage consists of a longitudinal "box" drain formed with one-half of
a 12-inch-diameter pipe. A longitudinal formed drain on the bedrock below the
downstream side of the gallery connects to transverse formed "box" drains at each
block joint that discharge to the downstream face of the dam. In addition, at each
block joint, a formed drain extends from the foundation drain to the gallery floor.
Observation wells were provided in the 8 central blocks. The piezometers consist
of copper tubing extending vertically down from the middle of the gallery, then
horizontally within the bottom lift of concrete to a point 10 feet downstream of the
downstream gallery wall. The tubing is terminated in an excavated depression in
the foundation rock filled with gravel.

1.3  Gravel Trap Dam

The gravel trap dam is a low head low hazard steel sheet-pile and rock crib
structure located upstream of the powerhouse and designed to trap gravel in the
river before it washes into the lower reservoir.
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1.4  Spillways
1.4.1 Upper Dam Spillway

The Upper Dam was designed without a spillway, since it has a negligible
drainage area and the only flow into it is by pumping and direct rainfall.
Overfilling was to be prevented by a system of redundant water level controls that
would automatically shut off the pumps.

1.4.2 Lower Dam Spillway

The entire 390-foot-long Lower Dam is an ungated overflow spillway. Two piers,
13- and 4-foot-wide, are located within the ogee section and support the operating
deck. The spillway discharges to a reinforced concrete flip bucket with a 28-foot
radius. The elevations of the flip buckets for the abutment blocks are higher than
those for the center blocks.

1.5 Powerhouse

The powerhouse is located at the upstream end of the Lower Reservoir about 2-
miles from the Lower dam. It is situated in a deep narrow canyon through which a
tailrace channel was excavated to connect to the East Fork Black River. The
Powerhouse is connected to the Upper Reservoir via a concrete and steel-lined
shaft and tunnel. The initial reversible pump-turbine rating for each unit was 175
MW, but was upgraded to 204 MW in July 1972. The turbine runner upgrade
conducted in 1998 resulted in a revised rating of 450 MW. The tailrace to the
lower reservoir is about 65 feet wide and 2,000 feet long.

1.6 Intake and Outlet Works

1.6.1 Upper Dam Outlet Works

The Upper Dam outlet is the power conduit that consists of a 451-foot-long, 27.2-
foot-diameter, vertical shaft, the top 110 feet of which is concrete lined; a 4,765-
foot-long, 25-foot-diameter unlined horseshoe tunnel sloping at 5.7 percent; a
horizontal 1,807-foot-long, 18.5-foot-diameter steel lined tunnel; and a short
penstock that bifurcates to the pump-generating plant. The shaft bellmouth intake
is located in the southwestern portion of the Upper Reservoir in an area of the
floor that is 20 feet lower than the rest of the reservoir floor in order to suppress
vortex development. Two 9-foot-diameter spherical valves in the powerhouse
control flow through the outlet. Being a reversible pumped storage facility, the
intake and outlet are the same.
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1.6.2 Lower Dam Outlet Works

The outlet works of the Lower Dam consists of a small and large sluice. The
small sluice is a 16-inch-diameter spiral welded pipe with an upstream invert at
elevation 710 feet and downstream invert at elevation 707 feet. A 20-inch cast
iron slide gate on the upstream face of the dam controls flow through the small
sluice. The slide gate motor operator is located on the top of the 4-foot-wide pier
on the crest of the dam. An intake structure extends 7 feet upstream of the Lower
Dam and provides a single set of slots for either a trashrack or stoplogs. The large
sluice is a horizontal 8-foot-wide by 10-foot-high steel-lined conduit with an
invert elevation of 705 feet. An 8-foot by 10-foot cast iron slide gate located on
the upstream face of the dam controls flow through the sluice. The slide gate
motor operator is located atop the 13-foot-wide pier on the spillway crest.

1.7  Standard Operating Procedures

The Taum Sauk project is a peaking and emergency reserve facility. During a
typical 24 hour period of operation at Taum Sauk, pump back to the upper
reservoir begins around 9:30 PM to 10:00 PM as excess power from the grid
becomes available for pumping. Pumping continues through the night until
around 5:00 AM to 6:30 AM as either the upper reservoir limit level is reached or
excess grid power is no longer available. From around 6:00 AM to noon the base
load plants are generally able to supply the grid power demands so Taum Sauk is
usually idle during this period. Generation of power at Taum Sauk usually begins
by around noon and continues for four or five hours. Generation stops around
5:00 PM to 6:00 PM as the demand for power drops off. The project is usually
then idle again for an hour or more before a shorter generation cycle occurs from
around 7:00 PM to 9:30 PM. The daily operation sequences through the year are
similar from day to day but with adjustments in times for pump back, idle time,
and generation depending upon the demands on the power grid.

The project is controlled through a microwave system from the Osage Plant at the
Lake of the Ozarks, under the direction of the load dispatcher in St. Louis. Both
units can be put on full load in a few minutes. Generation, pump-start and duration
are determined by system needs. In the fall, winter, and spring, the number of
cycles is typically less, usually pumping at night and generating during the day.

At times, during periods of low demand, the facility is not operated.

The normal minimum water level in the Lower Reservoir is elevation 736 feet.
Although this is above the bottom of the Lower Reservoir, operation below this
elevation pulls debris up the pump-generating station tailrace channel. The debris
interferes with the pumping operations and sets the practical minimum water level
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elevation. The normal maximum water level is 749.5 feet or 6 inches below the
spillway crest.

An automatic volume control system was installed to discharge through the sluice
gates or over the lower dam an amount equal to the inflow from the East Fork of
the Black River into the reservoir. Storm flows are passed over the Lower Dam
spillway. Typically, the spillway discharges occur every spring.

As originally designed and constructed, the useable volume in the lower Reservoir
was greater than the volume of the Upper Reservoir. The design volume of the
Lower Reservoir was reduced by the need to raise the minimum operating water
level from 734 feet to 736 feet due to the debris being pulled up the tailrace
channel. Although trashracks prevented the debris from being pulled into the
pumps, it interfered with pumping operations. Normal sedimentation over the
years has reduced the useable volume above elevation 736 ft further, such that
currently it is less than the volume of the Upper Reservoir. As a result, the full
generating potential of the Upper Reservoir cannot be realized. According to the
August 2003 Eighth Independent Consultant’s Safety Inspection Report (Part 12D
Report), the Upper Reservoir minimum level is limited to elevation 1,535 ft, or 30
feet above the bottom of the reservoir, to prevent discharging water over the
Lower Dam spillway. Before the installation of the geomembrane liner in 2004,
the normal automatic settings were as follows:

UPPER RESERVOIR LOWER RESERVOIR
ELEVATIONS ELEVATIONS
Summer Winter All seasons
[feet] [feet] [feet]
1-st pump OFF 1595 1588 739
2-nd pump OFF 1596 1589 736.2
All pumps OFF 1597 1590 736

Prior to the installation of the geomembrane liner, upper reservoir levels were
verified by a staff gage attached to the parapet wall near the gage house. Because
the staff gage was affixed to the parapet wall, it settled about one foot along with
the parapet wall. Due to the settling, AmerenUE believes the upper reservoir was
actually operating at 1595 feet instead of 1596 ft. The staff gage was removed
during the geomembrane liner replacement in the fall 2004. After the installation
of the liner, operations typically pumped the upper reservoir to elevation 1596 ft.
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Prior to installation of the geomembrane liner, reservoir levels were kept lower
during the winter to limit leakage through the parapet walls. During winter
months, the leakage would collect on the embankment crest and become ice,
making it difficult for crest access. Since the liner extended near the top of the
parapet wall, leakage through the parapet walls was longer a factor during the
winter. According to the February 8, 2006 interview with Mr. Richard Cooper,
AmerenUE had decided to no longer lower the reservoir during winter months
after the liner was installed.

A detailed description of the project’s instrumentation and reservoir control
system at that time of the December 14, 2005 breach is presented in Section 5.
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Section 2 Project History

2.1  History of Construction of the Upper Reservoir Dam

The top of Proffit Mountain was leveled and the excavated rock was used to
construct the dike that forms the upper reservoir. The stone is predominantly a
rhyolite porphyry. As described in available engineering reports, the overburden
was stripped for the upstream-most 70 feet and placed downstream to form the bed
of the perimeter road. All weathered material was stripped from this area to sound
rock. Overburden varied from a few feet to as much as 65-feet thick. Clay seams
were to be removed by excavating during construction. Excavated rock was end-
dumped from trucks and sluiced with 30-psi water, to form the ring dike. A filter
zone and several layers of compacted rock were placed over questionable areas
where piping into the foundation might be possible. Outside the 70-foot stripped
zone, the weathered rock was left in-place. Low areas in the natural topography
were also filled with compacted rock. It was reported in the 1998 Seventh Part
12D Report that excavated fines were used to level the reservoir floor. A video of
the original construction was provided by AmerenUE to show the construction of
the embankments.

The dike 1s topped with a 12-foot layer of horizontally compacted rock placed in
4-foot lifts and compacted with a vibratory roller. The parapet wall was cast-in-
place on top of this top layer. Based on post-breach inspections, it appears the
crushed rock varies from 1000 1b stone to predominately less than 20 Ib stone.
The stone is predominately angular. The outer shell of the dike contains clean
rock fill material with more sandy and pebble sized materials in the closure
section, near panel 50.

2.2 Geology

2.2.1 Geology of Southeast Missiouri

The Saint Francois Mountains, a range located in southeast Missouri, is an outcrop
of Precambrian igneous rock mountains rising over the Ozark Plateau. This range
is one of the oldest exposures of igneous rock in North America. Formed through
volcanic and intrusive activity over 1.4 billion years ago, nothing is left of these
mountains but their roots. By comparison, the Appalachians started forming about
460 million years ago, and the Rockies a mere 70 million years ago. The St.
Francois range was already twice as old as the Appalachians are today.

Unlike the rest of the mountainous areas in the Ozarks, the Saint Francois
Mountains were formed by true volcanic activity. The localized vertical relief
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observed in most of the Ozarks, a dissected plateau, was caused by erosion. The
volcanic activity that formed this mountain range is also thought to be the
geological cause of the uplift of the Ozark Plateau. Geologists talk of the "Ozark
dome" wherein elevations and stratigraphic inclines generally radiate down from
the Saint Francois Mountains. These elevations may be the only area in the
American Midwest never to have been submerged, existing as an island
archipelago in the Paleozoic seas. Fossilized coral, the remains of ancient reefs,
can be found among the rocks around the flanks of the mountains. These ancient
reef complexes formed the localizing structures for the mineralizing fluids that
resulted in the rich ore deposits of the area. The St. Francois Mountains are the
center of the Missouri mining region yielding; iron, lead, barite, zinc, silver,
manganese, cobalt, and nickel ores as well as granite and limestone quarries.

Mountains in this range include; Taum Sauk Mountain, Bell Mountain, Proffit
Mountain, Pilot Knob Mountain, Hughes Mountain, Goggin Mountain, and Lead
Hill Mountain. The Taum Sauk Hydroelectric Plant is actually not located on
Taum Sauk Mountain, but on Proffit Mountain about five miles from Taum Sauk.
Proffit Mountain is the termination of a ridge extending southwesterly from Taum
Sauk Mountain. The elevations range from 500 feet to 1772 feet (Figures 2.1 and
2.2). Taum Sauk Mountain is the highest peak in the range, and the highest point
in the state, with an elevation of 1772 feet. A part of the Ozark Trail winds
through parts of the St. Francois Mountains, including a popular section that
crosses Taum Sauk and Proffit Mountains. (From Wikipedia.)

The St. Francois Mountains are only a small remnant of the original volcanic
activity in the area. It is thought that two continental plates collided during
Precambrian times and led to the creation of the original mountains. Most of the
rocks in the area are lighter weight rocks of a granitic composition. The darker
dikes in the area, commonly found in road cuts, are formed from more basaltic
minerals in the area and formed when rifting in the area started to split the plates
apart about 900,000 years ago. These darker and heavier minerals originated
deeper in the earth’s crust. This rift failed and is no longer active. Leftover faults
from the collision and rift are now thought to form the New Madrid Fault Zone,
which runs through far southeast Missouri. This fault zone is still active and has
been responsible for some of the largest earthquakes in U.S. history.
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Figure 2.2 - Shaded topographic map of project. (From Wikipedia.)
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2.2.2 Upper Reservoir Geology

The top of Proffit Mountain was leveled and the excavated rock was used to
construct the dike that forms the Upper Reservoir (Figure 2.3). The foundation
area was stripped to bedrock during the dam breach. The bedrock is hard rhyolite
porphyry with areas of closely spaced vertical joints (Figures 2.4 and 2.5). This
rock is volcanic and formed by relatively quiet lava flows on the earth’s surface.
These rocks are fine grained but contain mineral crystals that formed before the
rock was erupted. Even though they are 1.4+ billion years old, these rocks still
exhibit flow patterns from the original lava flow.

The vertical joints are in an orthogonal set that run roughly N-NE and W-NW. A
second set of slickenside joints with lower dip angles were observed that had a line
of intersection in a northerly direction. This joint set dipped roughly 45 degrees
west and 45 degrees east. The rhyolite porphyry rests on granite porphyry, the
contact is dipping easterly and is exposed just downstream of the breach area.
During original exploration, it was conjectured the rhyolite had flowed out on the
weathered surface of the granite, scorching and baking it. This means that the
granite porphyry may be older than the rhyolite porphyry. However, there are
different opinions regarding the age and sequence of intrusions and it is possible
the granite porphyry is younger.

The series of Precambrian rhyolites at the adjacent Church Mountain form a
stratigraphic sequence of flows that strike N45°SW and dip 20°N, and reportely
have similar strikes as the rhyolites of Taum Sauk. As described in a 1973 report
of the geology of the adjacent Church Mountain, the principle rock formations are:

“Precambrian Hogan Mountain Rhyolite. The rhyolite is ‘typically reddish-
brown, or reddish-purple in color and has a dense aphanitic groundmass. About
20 to 30 percent of the rock consists of salmon — red feldspar and glassy quartz
phenocrysts. Flow layers, lighter in color than the massive rock, consist of
microangular zones that generally dip at consistent low angles to the north and
west... Many of the quartz phenocrysts and quartz grains in the ground mass are
replaced by feldspar... The field relations and micro-textures suggest that this is a
devitrified welded tuff’...”

Precambrian Munger Granite Porphyry. “This was encountered at the bottom of
the upper Taum Sauk Dam... The predominant features are ‘orthoclase
phenocrysts up to 8 mm in length and quartz up to 4 mm in diameter. The rock is
brownish-red with greenish mottling due to fine-grained mafic minerals. Quartz
comprises about 30 percent: orthoclase, 33 percent: oligoclase (ab89), 33 percent:
and extensively altered biotite and hornblende about 4 percent’...
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Figure 2.4 - View of bedrock immediately below failed embankment section.

Note weathered clay in lower portions of the exposure.
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Figure 2.5 - View of bedrock within, and immediately below failed
embankment section. Note distribution of weathered rock (red-brown color)
and topsoil (green-brown color). The “fish-pond” area contains water and is

immediately upstream of the breach.

2.2.3 Breach Foundation Geology

An area of the foundation in the breach section contained clay with low-moderate
plasticity and weathered rock in the area just beneath the breach. The clay and
weathered rock zone could have provided a failure surface for embankment
sliding. The clay appears to be a residual weathering product of the bedrock
(Figure 2.6), and in areas, relict bedrock structure can be observed in partially and
completely decomposed clay remnants. No records were made available that
indicate the extent of clay that was left in the breach area. However it could be
conjectured that the settlement of the parapet wall in this area may have been
accentuated due to consolidation of this clay deposit if it was of substantial
thickness. The clay appeared saturated and contained groove marks from debris
(Figures 2.7-2.9). This area was over-excavated in the footprint of the reservoir
due to the clay foundation conditions, forming the “fish-pond” area of the
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reservoir floor (Figure 2.10). There was also some remnant soils found in the
breach area (Figure 2.11 and 2.12).

According to the 1964 Union Electric Company memo on “Leakage From Upper
Pond” (pages 1-2) “...the exposed rhyolite at levels uncovered still contain fingers
of weathered rock....on the west side a deeper zone of weathering was excavated
near drill hole #18 about where considerable spring flow is found at the outer toe.
An inclined clay band at Sta. 6+00 on the west side apparently crossed the floor of
the pond and occurs on the opposite side of the basin. The clay band was trenched
and back-filled with concrete before material in the rockfill or seal cover was
placed. These geologic zones are reflected in response of pond by seepage that
collect upon reaching the underlying rock and by air bubbles near the west bank
along the clay band, following initial filling of the pond. Most of the exploratory
drill holes in rhyolite had substantial loss of water... ... that led to asphalt lining of
the pond floor... ... indicat(ing) that joints are communicative. At the north end
(Panels 90-95) a sudden increase in losses between January 8-10 (1964) was
caused by open channels (under the asphalt lining and) in bedrock under the dam
where eroded material had been removed by gradual piping. It was necessary to
add concrete cutoff in this section, fill the visible channels and attempt to control
water movement along bedrock joints by means of a shallow grout curtain across
the floor at the northern end of the pond. The work was largely successful but
should be watched for further aggravated losses beyond the section that was
repaired.”

According to the August 1968 Union Electric Company memo on “Review of
Safety Report — Upper Reservoir” (page 4) “...the rhyolite porphyry...is
generally fresh, dense, moderately to abundantly jointed... ... Overburden ran
from a few feet thickness to as much as 65 feet. Several significant clay seams,
gently dipping, and up to 4 feet in thickness were encountered. Under the rockfill
these seems were either excavated and plugged with concrete or covered with
small compact rock. Weathered rock was left in place wherever its competence
was judged equivalent to the rockfill. However, within the inside 70 feet of the
base of the rockfill all weathered material was stripped to sound rock. A filter
zone and several layers of compacted rock were placed over questionable areas
where piping of the foundation might be possible. Low areas or depressions in the
natural topography were filled with compacted rock.”

According to the August 1967 Union Electric Company memo on “Taum Sauk
Upper Reservoir Report on Safety” (page 2) “The... ... rhyolite porphyry is an
excellent high compressive strength rock that should have stabilized in its
settlement. How