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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

ASSESSMENT SUMMARY

Name of Dam Lakeview Park Dam
State Located Missouri
County Located St. Francois County
Stream Turkey Creek
Date of Inspection October 29, 1980

Lakeview Park Dam was inspected by an interdisciplinary team of
engineers from Hoskins-Western-Sonderegger, Inc. The purpose of the
inspection was to make an assessment of the general conditions of the
dam with respect to safety, based upon available data and visual
inspection, in order to determine if the dam poses hazards to human life
or property.

The guidelines used in the assessment were furnished by the Department
of the Army, Office of the Chief of Engineers and developed with the help
of several Federal and State agencies, professional engineering organi-
zations, and private engineers.

Lakeview Park Dam has a height of twenty-seven (27) feet and a
storage capacity at the minimum top elevation of the dam of one hundred
forty (140) acre-feet. In accordance with the guidelines, a small size
dam has a height greater than or equal to twenty-five (25) feet but less
than forty (40) feet and a storage capacity greater than or equal to
fifty (50) acre-feet but less than one thousand (1,000) acre-feet. The
size classification is determined by either the storage capacity or height,
whichever gives the larger size category. Lakeview Park Dam is classified
as a small size dam.

In accordance with the guidelines and based on visual observation,
the dam is classified as having a high hazard potential. Failure would
threaten life and property. The estimated damage zone extends approximately
four (4) miles downstream of the dam. Within the damage zone are a natural
gas pipeline and pressure regulating station, 14 or more dwellings, numerous
industrial buildings, a railroad, 2 city streets and Highway K.

-Our inspection and evaluation indicates that the spillways meet the
criteria set forth in the recommended guidelines for a small dam having a
high hazard potential. Considering the small volume of water impounded and
the broad downstream floodplain, one-half of the Probable Maximum Flood is
the appropriate spillway design flood. The spillways will pass the 100-
year flood (1% probability flood - a flood having a one percent chance of
being exceeded in any one year) without overtopping the dam. 'The spillways
will pass 55% of the Probable Maximum Flood without overtopping the dam.
The Probable Maximum Flood (PMF) is defined as the flood that may be expected
from the most severe combination of critical meteorologic and hydrologic
conditions that are reasonably possible in the region.



Lakeview Park Dam is in good condition. Deficiencies noted include
the growth of small trees and brush on the downstream slope, erosion of the
downstream slope, the lack of good vegetative cover on the downstream slope
and the need to clean and reshape the approach channel to the spillways.

Design data were not available for this 100-year old dam. Based on
visual observation, an interview with Mr. Gayle Blackwell, City Manager of
Bonne Terre and on analysis made during and subsequent to the inspection,
the following recommendations are made:

a. Alternatives.

(1) The spillways will pass 55% of the probable maximum flood.
No alternative is required for enlargement of the spillways.

(2) In view of the number of dwellings and industrial buildings
in the downstream damage zone, it is recommended that the
owner develop a reliable flood warning and evacuation plan.

b. Operation and Maintenance Procedures.

(1) Seepage and stability analyses comparable to the requirements
of the recommended guidelines were not available. However,
in light of the performance history and abnormally large
cross section of this dam, such analyses are not considered
essential to this evaluation of safety.

(2) Cleaning and reshaping the approach channel of the spillways
would improve the hydraulic efficiency of the structure.

(3) Clearing trees and brush, reshaping and revegetating the
downstream slope would improve the erosional resistance of
the slope and facilitate more meaningful inspections with
respect to seeps and deformations.

(4) If fill dirt is being borrowed from the embankment, the
practice should be halted.

(5) A program of regular inspections should be initiated and the
reports made a portion of this project file.

ey S. Dcker
E-3703

Gordon Jamison

Garol d Ulmer

E-19246

Harold P. Hoskins, Chairman of the Board
Hoskins-Western-Sonderegger, Inc.
E-8696
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
LAKEVIEW PARK DAM - MO 30288
ST. FRANCOIS COUNTY, MISSOURI

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St.
Louis District, Corps of Engineers, District Engineer directed
that a safety inspection of Lakeview Park Dam be made.

b. Purpose of Inspection. The purpose of the inspection was to
make an assessment of the general condition of the dam with
respect to safety, based upon available data and visual inspection,
in order to determine if the dam poses hazards to human life or
property.

c. Evaluation Criteria. Criteria used to evaluate the dam were fur-
nished by the Department of the Army, Office of the Chief of
Engineers, in "Recommended Guidelines for Safety Inspection of
Dams," Appendix D to "Report of the Chief of Engineers on the
National Program of Inspection of Dams," dated May, 1975, and
published by the Department of the Army, Office of the Chief of
Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

(1) Embankment. This dam is composed of massive quantities of
mill tailings from zinc-lead mining operations. The length
from the le abutment (north) to the right end (south) is
approximately 880 feet. (Station 0+50± to Station 9+30± as
shown on Plate C-1, Appendix C.) The left 350 feet of the
dam (Station 0+50± to Station 4+00) has been classified for
purposes of this report as an emergency spillway. The
profile elevation of 865.1 at Station 4+00 is used in this
report as the minimum top of dam elevation. The height of
the dam based on this elevation is 27 feet ± and the maximum
storage is 140 acre-feet ±.

(2) Principal Spillway. The principal spillway is uncontrolled
and consists of approximately 250 feet of vegetated earth
approach channel constructed through the left (north) abutment
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leading to a 15-inch diameter corrugated metal pipe culvert
which crosses under the paved road that traverses the length
of the dam. The low point on the emergency spillway is
located almost directly above the culvert. The upstream end
of the culvert is protected by a mortared stone headwall.

(3) Emergency Spillway. The emergency spillway is uncontrolled

and consists of the paved road that traverses the dam. between
Stations 0+50± and 4+00±. The low point in the profile of
the emergency spillway is at the approximate location of the
15-inch pipe that serves as the principal spillway. The
length of approach to the paved road, from normal pool ele-
vation of the lake, varies from 40 feet ± at Station 4+00
to a maximum of 250 feet ± at Station 1+00. The paved surface
of the road is approximately 22 feet in width and serves as
the control section for the spillway. Flows through the
spillway, after crossing the paved road, will be on a broad
road shoulder which breaks to a IV on 3.4H maximum slope at
Station 4+00± to intersect the original ground line. Flows
crossing the spillway will flow away from the toe of the dam
and should not endanger the dam at the point of maximum section.

(4) Low-Level Outlet. The low-level outlet is a 10-inch cast iron
pipe that runs from the reservoir through the dam to a manually
operated gate valve that is housed in a concrete block valve
pit.located approximately 260 feet downstream from the center-
line of the paved road that traverses the dam. The 10-inch
pipe surfaces approximately 20 feet downstream from the valve
pit. Photos 14 and 15 show the valve and valve pit. Photo
No. 13 shows the outlet end of the drawdown pipe.

(5) Pertinent physical data are given in paragraph 1.3.

b. Location. The dam is located in the northwest part of St. Francois
County as shown on Plate A-2. The dam and lake are near the south
corporate limits of the City of Bonne Terre and are in the extreme
southwest corner of Survey #467 as shown on Plates A-1 and A-2.

c. Size Classification. Criteria for determining the size classifi-
cation of dams and impoundments are presented in the guidelines
referenced in paragraph 1.1c above. Lakeview Park Dam has a height
of 27 feet and a storage capacity of 140 acre-feet. This dam is
classified as a small size dam. A small size dam has a height
greater than or equal to 25 feet but less than 40 feet and a storage
capacity greater than or equal to 50 acre-feet but less than 1,000
acre-feet. The size classification is determined by either the
storage or height, whichever gives the larger size category.

d. Hazard Classification. Guidelines for determining hazard classi-
fication of dams and impoundments are presented in the guidelines
as referenced in paragraph 1.1c above.

-2-
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Aerial photographs of the downstream damage zone of this dam were
taken in October, 1980. These photographs were used as reference
in the field observations of the damage zone which were made during
the inspection. Based on the field observations and on the referenced
guidelines, this dam is in the High Hazard Potential Classification.
The estimated damage zone extends approximately 4 miles downstream
of the dam. Within the damage zone are a natural gas pipeline and
pressure regulating station, 14 or more dwellings, numerous industrial
buildings, a railroad, 2 city streets and Highway K.

e. Ownership. The dam is owned by the City of Bonne Terre, Missouri
63628 --Attention: Mr. Gayle Blackwell, City Manager.

f. Purpose of Dam. This dam impounds water that is used for recreation
purposes.

g. Design and Construction History. Design data were not available for
this dam nor is much known about the construction history. Mr. Gayle
Blackwell, City Manaqer of Bonne Terre, was very helpful in furnishing
the following information:

(1) The dam was constructed approximately 100 years ago.

(2) The purpose of the dam, at the time of construction, was to
impound water which was pumped from mines. The water was used
for water supply by the City of Bonne Terre and by a lead-zinc
mill.

(3) Delivery of water to the two users was through two 10-inch cast
iron pipelines which were valve controlled. One of these lines
has been permanently plugged, and the other is now used as a
low-level outlet. Depth of the low-level outlet below normal
pool elevation is approximately 20 feet.

(4) Materials of construction were mill tailings.

(5) The lake was drained to the level of the low-level outlet in
1976 in order to remove silt that had settled in the lake.

(6) The material removed from the lake bottom was used in two
locations. Three to four feet of material was placed on the
south side of the dam to bring a low area up to road or crest
of dam grade. (This area is the area shown on Plate C-1
between Stations 1+00 and 4+00 and is bounded by the shoreline
of the lake and the spillway channel.) The second location
where material was placed was on the north side of the dam
(Station 1+00± to Station 5+50±). Placement in this location
resulted in widening the crest as well as the base of the dam.

(7) The depth of water remaining in the deepest part of the lake
after drawdown for silt removal was approximately 30 feet. The
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maximum depth of water in the lake based on normal pool ele-
vation is approximately 50 feet as determined by soundings
made by City personnel. (Based on these comments and a study
of the topography of the area, it would seem probable that
at least portions of the lake occupy an area where open pit
mining was done and that the dam was constructed downstream
from the open pit. The maximum depth as reported is con-
siderably greater than can be accounted for by contour analysis.
An unknown volume of water lying below the level of the ori-
ginal channel would not be released in case of total failure
of the dam.)

h. Normal Operating Procedure. Mr. Blackwell stated in the interview
that a standing order has been issued to City personnel to open the
valve on the 10-inch low-level outlet line when the principal spillway
nears capacity flow. He also stated that a submersible pump had been
installed in a flooded mine lying to the west of the reservoir. This
pump is operated from May until October on a round-the-clock basis
in order to maintain the level and quality of the water in the lake.
The rate of pumping was quoted as 108,000 gallons per day. In
addition, the pool level is controlled by rainfall, infiltration,
evaporation and the capacity of the uncontrolled spillways.

1.3 PERTINENT DATA

a. Drainage Area. 85.5 acres (0.134 square miles).

b. Discharge at Damsite.

(1) All discharges at the damsite are through the following:

(a) A principal spillway consisting of approximately 250 feet
of vegetated earth approach channel leading to a 15-inch
diameter corrugated metal pipe culvert that crosses under
the paved road that traverses the length of the dam.

(b) An emergency spillway consisting of a crest formed by the
low profile of the paved road from Station 0+50± to
Station 4+00± on the dam profile (numbered left to right
looking downstream). The approach channel to the emergency
spillway crest is triangular in shape with the base being
the right bank of the principal spillway approach channel.

(2) Estimated maximum flood at damsite -- Unknown. Mr. Blackwell
stated that long-time residents claim that water has come close
to flowing across the road on a few occasions.

(3) The principal spillway capacity varies from 0 c.f.s. at elevation
860.0 feet to 11 c.f.s. at the crest of the emergency spillway
elevation 863.7 feet) to 13 c.f.s. at the minimum top of dam
elevation 865.1 feet, field measurement).

-4-
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(4) The emergency spillway capacity varies from 0 c.f.s. at its
crest (elevation 863.7 feet) to 730 c.f.s. at the minimum
top of dam (elevation 865.1 feet).

(5) Total spillway capacity at the minimum top of dam is 743
c.f.s. +

c. Elevations (feet above M.S.L.).

(1) Observed pool - 860.0±

(2) Normal pool - 860.0±

(3) Spillway crests

Principal - 860.0_t

Emergency - 863.7±

(4) Maximum experienced pool ~ 863.0± (estimated on basis of
claims made by long-time residents).

(5) Top of dam (minimum) - 865.1

(6) Stream bed at centerline of dam - 838± (based on Mr. Blackwell's
statement in regard to depth of drawdown pipe).

(7) Maximum tailwater - Unknown

d. Reservoir. Length (feet) of pool.

(1) At principal spillway crest - 1100±

(2) At emergency spillway crest - 1200±

(3) At top of dam (minimum) - 1300±

e. Storage (acre-feet).

(1) Observed pool - 82±

(2) Normal pool - 82±

(3) Spillway crests

Principal - 82+

Emergency - 120±

(4) Maximum experienced pool - 115±

(5) Top of dam (minimum) - 140±
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f. Reservoir Surface (acres).

(1) Observed pool - 9.2±

(2) Normal pool - 9.2i

(3) Spillway crests

Principal - 9.2±

Emergency - 11.8±

(4) Maximum experienced pool - 11.3±

(5) Top of dam (minimum) - 13.0±

g. Dam.

(1) Type - Earth fill

(2) Length - 880 feet

(3) Height - 27 feet ±

(4) Top width - Variable (50' minimum to 180' maximum)

(5) Side slopes

(a) Downstream - Variable - IV on 2.5 to 3H

(b) Upstream - Variable - 1V on 2.5 to 3H

(6) Zoning - Unknown

(7) Impervious core - Unknown

(8) Cutoff - Unknown

(9) Grout curtain - Unknown

(10) Wave protection - Limestone riprap

(11) Drains - Unknown

ft. Diversion Channel and Regulating Tunnel. None.

i. Spillways.

(1) Principal

(a) Type - The principal spillway is an uncontrolled 15-inch
corrugated metal pipe culvert which crosses under the
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road crossing the dam. A vegetated earth channel approxi-
mately 250 feet in length leads from the lake to the
culvert.

(b) Crest (invert) elevation - Channel - 860.0
- 15" CMP - 858.8

Outlet - 15" CMP - 856.2

(c) Length - Channel - 250 feet ±
- 15" CMP - 68 feet ±

(2) Emergency

(a) Type - The emergency spillway is a portion of the dam
extending from Station 0+50± on the left (north) to
Station 4+00± (south). The original crest width of the
dam in this area is not known; however, material removed
from the lake during desilting operations in 1976 were
deposited on the upstream side of the dam to raise the
area to the elevation of the road crossing the dam. The
area was graded to drain from the road to the lake. The
effect of this work was to widen the crest of the dam.
Significant amounts of material removed from the lake
were also deposited on the downstream side of the asphalt
surfaced road which further increased the crest and base
width of the dam.

(b) Control Section - The control section is a 22-foot widthasphalt surfaced road extending from Station 0+50± to
Station 4+00±.

(c) Crest Elevation - 863.7±

(d) Upstream Channel - The vegetated earth channel that serves
the principal spillway also serves the emergency spillway.
Discharges exceeding the capacity of this channel will
flow across the wide crest of the dam to the asphalt
surfaced road which acts as the control section. The
earth channel slopes upward from the lake for the first
100 feet ± to a high point, then breaks downward to flow
to the principal spillway pipe. There are a few trees
on either side of the channel which will not be detri-
mental to spillway discharges. The overland approach to
the control section is across well vegetated earth and
a widened road section which is well graveled. The over-
land approach is the area that was filled in 1976. Other
than a few trees along the shore of the lake, there are
no obstructions that would affect flows.

(e) Downstream Channel - The original downstream channel from
the dam is covered with an overburden of mill tailings

-7-
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as shown in Photo No. 1 - Overview. The depth of the
overburden at the downstream toe of the dam is not known.
The downstream channel from the principal and emergency
spillways is through the wooded area shown in the lower
right quadrant of Photo No. 1. The channel begins at
the road at the right center of the photo and follows
a curved course through the wooded area exiting from the
photo at the lower right corner. The channel is over-
grown with trees and brush, but did not show signs of
significant erosion.

j. Regulatinp Outlets. There is a 10-inch draw-down pipe through the
base of the dam. The inlet is about 20 feet below the normal pool
elevation.

-8-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Design data were not available for this dam.

2.2 CONSTRUCTION

No construction data were available for this dam. Mr. Blackwell,
City Manager, reporte d that the dam had been constructed approxi-
mately 100 years ago to impound water pumped from a mine. He also
reported that material taken from the lake bottom in 1976 during
desilting operations was deposited upstream and downstream from the
road crossing the dam in the area now classified as the emergency
spillway.

2.3 OPERATION

The spillways are uncontrolled. Mr. Blackwell stated that the lake
elevation is kept rather constant during the summer months by pumping
water from an adjacent mine tunnel. He also stated that the 10-inch
draw-down pipe is put into operation whenever the principal spillway
approaches capacity flow.

2.4 EVALUATION

a. Availability. No data were available.

b. Adequacy. The field surveys, visual observations and the verbal
report of Mr. Blackwell presented herein are considered adequate
to support the conclusions of this report. Seepage and stability
analyses comparable to the requirements of the "Recommended
Guidelines for Safety Inspection of Dams"-were not available,
which is considered a deficiency. However, due to the long history
of this dam (100 years ±), its lack of signs of stress indicating
instability, its abnormally large cross section, its resistance
to earthquake damage (6 modified Mercalli intensity IV earthquakes
since construction) and its lack of any seepage emerging to the
surface would indicate that the dam is structurally stable and
that the requirement for seepage and stability analyses should
be waived.

c. Validity. Not applicable.

-9-
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Lakeview Park Dam was made
on October 29, 1980. Engineers from Hoskins-Western-Sonderegger,
Inc., Lincoln, Nebraska, making the inspection were:

Rey S. Decker - Geotechnical
Garold G. Ulmer - Hydraulics and Hydrology
Gordon Jamison - Hydraulics and Hydrology

The owner was represented during the inspection by Mr. Gayle
Blackwell, City Manager, who was also interviewed prior to the
inspection.

b. Dam.

(1) Geology and Soils (abutment and embankment). The embankment
is situated in the hilly northern region of the St. Francois
mountains on the eastern border of the Ozark Physiographic
Province. The predominate soil association is the Hagerstown-
Tilsit silty clay-silty clay loam. The predominate structural
features are the Schultz fault, 2 miles to the southwest; and
the Carbanne fault, 1.5 miles to the northwest.

The embankment is composed of a mixture of clayey silt (MH),
silty clay (CH) and sand-gravel mill tailings (SP-GP). The
embankment apparently lies atop an old mill tailings pile
composed of crushed limestone (SP-SM) material. The valley
soils are composed of silts and clayey silts (ML-MH) with a
sand and gravel fraction. The tailings pile and alluvial
soils fill in a deep valley cut into the bedrock. The Bonne
Terre formation, Cambrian Age, lies at an undetermined depth.
Drainage under the embankment is controlled by the underlying
alluvium and mill tailings.

The embankment occurs in Seismic Zone 2 which is indicative
of moderate probability of seismic activity. Earthquakes,
within a 50-mile radius, having modified Mercalli intensities
equal to or greater than IV, occurred in 1907, 1929, 1946,
1967, 1973 and 1976.

Solution cavitation with consequent catastrophic collapse is
unlikely at this impoundment.

(2) Upstream Slope. The upstream slope is well protected by lime-
stone and chert riprap varying in size from about 3 to 18
inches. There was no indication of significant erosion along
the water line. There were no indications of crack, slumps
or rodent activity. There are a number of 6 to 8-inch diameter
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trees growing on the upstream slope. The slope of the
upstream face is variable, which is probably due to the
age of the dam and the rehabilitation it has undergone
through the years. Photos 4 and 10 show the upstream face.

(3) Crest. The profile of the crest is uniform in grade,
refl-ecting the use of the dam as a paved road. The high
point in the profile is on the right (south) side and is
dictated by the elevation of the railroad crossinq on the
east. The low point is on the left (north) side at the
pr-incipal spillway location. Plate C-1 shows the plan and
profile of the dam. The asphaltic concrete road traversing
the length of the dam is 22 feet ± in width and is in good
condition with no visible signs of distress. The crest
width is unusually wide and varies from 50 to 180 feet ±.
In addition to the paved road, an overhead power line and
a natural gas pipeline also traverse the length of the dam.
A gas pressure regulating station is located at the widest
point of the crest (Station 7+00±). There was no evidence
of cracking or unequal settlement in the crest nor was
there any rodent activity. The materials on either side of
the paved road consist of ML and MH-CH with chert and lime-
stone gravel. Views of the crest are shown in Photos 3, 4,
11 and 18.

(4) Downstream Slope. The roughly triangular shaped fill extending
from Station 5+50± to Station 9+30± as shown on Plate C-1,
Plate B-1 and Photo No. 1 - Overview is located in the deeper
portion of the original valley. The slopes of the downstream
section through this length of the dam are variable. The
maximum measured was 1V:1.4H at Station 8+75 as compared to
1V:2.4H at Station 6+32. The surface of the downstream
slope in this area is very irregular, and it is not known
whether the material was placed as part of the embankment
or makes up a part of an old tailings dump. It would appear,
however, that the irregularities were due to methods of con-
struction. There were no signs indicating slumping or sliding
of the slope. It is not known whether the configuration of
the slope shown in Photo No. 12 is due to original construction
or to subsequent borrowing of fill material from the slope.

Considerable erosion was evident in portions of the downstream
slope in this area of the dam. Mr. Blackwell stated that City
personnel monitor the downstream slope for erosion and occasionally
will send in heavy equipment to dress the slopes. Vegetative
growth on the downstream slope in this area consists of weeds,
a sparse growth of crown vetch, brush and small saplings.

The only evidence of possible seepage was a growth of phreato-
phytes which were observed downstream from Station 5+65± as
shown in Photo No. 9. No free water was observed.
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Materials in the downstream slope were field classified as
SM-SP mill tailings mixed with ML-MH soils and cherty
limestone gravel and cobbles probably from mine waste.
Materials at the base of the slope generally consist of
SM-SP mill tailings as shown in Photos 16 and 17. Photos 8,
9, 19, 20 and 21 show other views of the downstream slope.

The length of dam extending from Station 0+50 to Station
5+50± spanned the upper level of the valley in which the dam
was built. The downstream slope of the length between
Station 1+00± and Station 5+50t was modified by addition of
significant quantities of materials taken from the lake bottom
during desilting operations in 1976. The maximum measured
slope was IV to 3.4H for a distance of 15 feet ± as shown
on the cross section taken at Station 4+00±. The vegetation
on the downstream slope along this length of the dam consists
of an undercover of crown vetch and a heavy cover of weeds.
The weed growth is shown in the foreground of Photo No. 8.
No evidence of abnormal deformations or excessive erosion
was noticed in this area of the dam. The heavy weed growth
on the downstream slope made visual observations very diffi-
cult.

(5) Miscellaneous. The effective crest of the dam is extremely
wide and the road surface appears to be in good condition.

The apparent use of noncohesive silty and sandy mill tailings
for the foundation and parts of the embankment might ordinarily
cause concern about structural stability in a Seismic Zone 2
area. However, this dam has such an abnormally large cross
sectional area and base width-height ratio that it is highly
improbable that a Zone 2 earthquake would cause serious damage
to this dam.

c. Appurtenant Structures.

(1) Principal Spillway. The approach channel to the highway culvert
is becoming channelized and blocked with leaves, tall grass,
and other debris. The headwall to the culvert is made of stone
and mortar and appears to be in good condition. The downstream
end of the 15-inch culvert was exposed and appears to be in
fair condition. Photos 5 and 6 show the approach channel
and Photo No. 7 shows the entrance to the culvert.

(2) Emergency Spillway. The upstream approach to the emergency
spillway (Station 0+50± to Station 4+00±) is across well
vegetated, gently sloping terrain to a graveled roadside parking
area that leads to the asphalt-surfaced road that traverses
the length of the dam. The approach channel to the principal
spillway is cut through the left side of this area and serves
as a channel to the emergency spillway as well. Photos 4, 5
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and 6 show portions of the approach. Station 4+00 is located
approximately midway between the two trees in the center of
Photo No. 4 where the shoreline of the lake begins turning
away from the road. The graveled section of the widened road
is in very good condition with no signs of distress. The
asphalt surfaced road is in good condition.

(3) Low-Level Outlet. The low-level outlet appeared to be open,
and the valve was accessible. According to Mr. Blackwell,
the valve is opened at least once every summer. Photos 13,
14 and 15 show views of the valve, valve pit and outlet end
of the pipe.

d. Reservoir Area. There was no significant erosion along the shoreline
of the reservoir. Mr. Blackwell stated that the water level had
been lowered in 1976 and the sediments which had accumulated for
almost a century had been removed.

e. Downstream Channel. There is no significant erosion in the channel
immediately downstream from the principal spillway. The channel
for about 1000 feet downstream of the spillway is overgrown with
trees and shrubs. Spillway discharges do not encroach upon the
dam.

3.2 EVALUATION

This dam appears to be in good condition even though the downstream
slope looks more like a waste pile than a dam. It has been in place
for about 100 years without any serious seepage or stability problems.
No information is available on the kind of materials used for the
embankment except that it appears to be largely noncohesive silty
and/or sandy (ML-SP) mill tailings and gravelly clayey silt (ML-MH)
mine waste. However, the abnormally wide crest and base width to
height ratio would indicate adequate safety against shear failures
even with moderate (Zone 2) seismic forces. The potential for l'qui-
faction and volume change in the mill tailings foundation materials
due to moderate earthquake forces is not known. However, liquifaction
is not considered to be a serious problem for this dam since it appears
that seepage under the dam is well below the ground surface, and the
dam has been subjected to at least six earthquakes of modified Mercalli
intensity IV or higher without apparent distress.

"Old timers" report that the dam has never been overtopped. The
hydraulic/hydrologic analyses conducted for this report indicate that
the deep valley section of the dam will not be overtopped by 50%
of the probable maximum flood. Discharges through the emergency
spillway for a prolonged period of time could be expected to cause
erosive damage to the slope downstream from the paved road due to the
nature of the materials forming the embankment. In the unlikely event
of erosion continuing upstream to the lake, the water released from
the reservoir would be approximately 80 acre-feet as compared to 140
acre-feet if the dam were breached at the location of the old channel.
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The breach would not occur suddenly due to the amount of earth fill
upstream from the paved road and the depth of water in the valleydownstream from the dam would be much less than would be expected

from a breach occurring in the deep valley section of the dam.

Trees and brush growing on the dam will probably never endanger the
integrity of the structure since it has such a wide crest and cross
section. Grubbing and dressing up and maintaining the downstream
slope would, however, make future inspections and monitoring of
seepage and/or deformations following seismic activities much easier
and more meaningful.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The pool level is largely controlled by rainfall, infiltration,
evaporation, and the capacity of the uncontrolled spillways. In
the sunner months, the pool level is maintained by pumping into
the lake from a flooded mine tunnel adjacent to the lake. The pool
level can be lowered by use of the 10-inch low-level outlet pipe.

4.2 MAINTENANCE OF DAM

Maintenance work on the dam is done by the City. There is no
regular scheduled maintenance program. Mr. Blackwell reported that
they watch the downstream slope and when erosion becomes significant,
"they go in from time to time and straighten it up."

Clearing the trees and brush and dressing up the downstream section
to form a fairly uniform surface on the slope followed by establish-
ment of grass and legume cover would facilitate future maintenance
and inspections.

4.3 MAINTENANCE OF OPERATING FACILITIES

The valve and pipe of the low-level outlet system are maintained in
operating condition by the City.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no warning system in effect for this dam.

4.5 EVALUATION

Considering the age of the dam, maintenance of the structure appears
to be reasonably good. Clearing, evening the surface and vegetating
the downstream slope would reduce the erosion potential and future
maintenance requirements.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. No design data were available for this dam.

b. Experience Data. The drainage area, reservoir surface area,
and elevation-storage data were developed from the USGS
Bonne Terre, Missouri 7 minute topographic quadrangle map.
The hydraulic computations for the spillway and dam over-
topping discharge ratings were based on data collected in
the field at the time of the field inspection. Hydraulic/
hydrologic computations are included as Appendix D of this
report.

c. Visual Observations.

(1) The approach channel to the culvert under the highway
should be cleaned, reshaped, and a gradual negative
slope maintained between the entrance to the channel and
the inlet to the culvert.

(2) The length of dam from Station 0+50± to Station 4+00± has
been classified as an emergency spillway due to the con-
figuration of the profile of the dam and to the extra-
ordinary width of the crest of the dam. The spillway is
uncontrolled and consists of the 22-foot wide asphalt
paved road which serves as the control section. The
approach distance from normal pool to the upstream edge
of the paved road (measured normal to the road) varies
uniformly from 40 feet ± at Station 4+00 to 160 feet ±
at Station 2+00. The 250-foot length vegetated earth
channel that leads to the principal spillway also leads
to the low point of the emergency spillway. Flows
exceeding the capacity of the earth channel will rise on
the approach area to the road until the road is overtopped.
Plate C-1 shows the plan and profile of the dam.

d. Overtopping Potential. The spillways will pass 50% of the
Probable Maximum Flood (PMF) and the 1% probability flood

without overtopping the dam. The spillway capacity is 55% of
the PMF. The results of the routings through the dam are
tabulated in regards to the following conditions:
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*Maximum Duration

Inflow Outflow Maximum Depth Over
Discharge Discharge Pool Over Dam Top

Frequency c.f.s. c.f.s. Elevation Feet Hours

1% 395 9 862.5 - -
1/2 PMF 810 640 865.0 - -

PMF 1620 1440 865.5 0.4 0.5
0.55 PMF 890 743 865.1 - -

*Minimum top of dam elevation - 865.1 feet

According to the recommended guidelines from the Department of
the Army, Office of the Chief of Engineers, this dam is classified
as having a high hazard rating and a small size. Therefore, the
1/2 PMF to PMF is the test for the adequacy of the dam and its
spillway.

The estimated damage zone is described in paragraph 1.2d in this
report.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUAIION OF STRUCTURAL STABILITY

a. Visual Observa-ion. Th dam is apparently structurally stable.
It has been in place for about 100 years, and has been subjected,
according to reports, to mdximum loading conditions including
several Mercalli IV or strcnger earthquakes. There is no
evidence of detrimental seepage, slides, or abnormal deformations.

b. Design and Construction Data. No design or construction data
were available. Seepage and stability analyses comparable to
the requirements of the "Recommended Guidelines for Safety
Inspection of Dams" were not available, which is considered a
deficiency. However, due to the long history of this dam (100
years ±), its lack of signs of stress indicating instability, its
abnormally large cross section, its resistance to earthquake
damage (6 modified Mercalli intensity IV earthquakes since con-
struction) and its lack of any seepage emerging to the surface
would indicate that the dam is structurally stable and that the
requirement for seepage and stability analyses should be waived.

c. Operating Records. The operating facilities for this dam are a
lO-inch diameter gate valve controlled low-level outlet and a
submersible pump which is installed in a flooded mine lying to
the west of the reservoir. Mr. Blackwell stated that there has
been a standing order issued to City personnel to open the
valve on the low-level outlet line when the spillway nears
capacity flow. He also stated that the pump was operated from
May to October on a round-the-clock basis to maintain the level
and quality of the water in the reservoir.

d. Post-Construction Changes. The inspection team is not aware of
any post-construction changes on the dam. Sediment accumulations
in the reservoir were removed in 1976, and the sediment removed
was placed on the upstream and downstream sides of the paved
road crossing the dam in the length classified as emergency
spillway.

e. Seismic Stabilit . This dam is located in Seismic Zone 2. An
earthquake of the magnitude predicted in this area might cause
some damage to this dam, but it is not likely that it would cause
failure.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. Based on visual observation this dam appears to be
structurally stable and in good condition. The spillways of
the dam will pass 55% of the probable maximum flood without
overtopping the deep valley portion of the dam. The dam is
characterized by its wide crest widths and large cross sections.
Trees growing on the upstream slope and the crest of the dam
should not endanger the integrity of the dam because of the
bulk of material in the dam. The trees and brush growing on
the downstream slope should be removed in order to facilitate
repair of eroded areas. The erosional scars should be repaired,
the slope evened and a vegetative cover established that will
improve the erosional resistance of the slope. The approach
channel to the spillways should be cleaned of debris and re-
shaped in order to improve the hydraulic efficiency of the dam.
Seepage and stability analyses comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams"
were not available, which is considered a deficiency. However,
due to the long history of this dam (100 years ±), its lack of
signs of stress indicating instability, its abnormally large
cross section, its resistance to earthquake damage (6 modified
Mercalli intensity IV earthquakes since construction) and its
lack of any seepage emerging to the surface would indicate that

the dam is structurally stable and that the requirement for
seepage and stability analyses should be waived.

b. Adequacy of Information. Due to the lack of engineering data,
the conclusions in this report are based on long performance
history, the interview with Mr. Blackwell, and visual observa-
tions. It is recommended that the requirement of the "Recommended
Guidelines for Safety Inspection of Dams" in regard to seepage
and stability analyses be waived for the reasons stated in para-
graphs 2.4.b, 6.1.b and 7.1.a above.

c. Urgency. There does not appear to be an immediate urgency to
accomplish the remedial measures recommended in paragraph 7.

d. Necessity for Further Investigations. Further investigations are
not considered necessary.

e. Seismic Stabilitz. This dam is located in Seismic Zone 2. An
earthquake of this magnitude might cause some damage to this
dam,-but would not be expected to cause failure in light of the
long performance history on this dam, as discussed in paragraphs
3.2 and 6.1.b.
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7.2 REMEDIAL MEASURES

The following remedial measures and maintenance procedures are recom-
mended. All remedial measures should be performed under the guidance
of a registered professional engineer experienced in the design and
construction of earth dams.

a. Alternatives.

(1) The spillways will pass 55% of the probable maximum flood.
No alternative is required for enlargement of the spillways.

(2) In view of the number of dwellings and industrial buildings
in the downstream damage zone, it is recommended that the
owner develop a reliable flood warning and evacuation plan.

b. Operation and Maintenance Procedures.

(1) Seepage and stability analyses comparable to the require-
ments of the recommended guidelines were not available.
However, in light of the performance history and abnormally
large cross section of this dam, such analyses are not
considered essential to this evaluation of safety.

(2) Cleaning and reshaping the approach channel of the spillways
would improve the hydraulic efficiency of the structure.

(3) Clearing the small trees and brush, reshaping and revegetating
the downstream slope would improve the erosional resistance
of the slope and facilitate more meaningful inspections with
respect to seeps and deformations.

(4) If fill dirt is being borrowed from the embankment, the
practice should be halted.

(5) A program of regular inspections should be initiated and the
reports made a portion of this project file.
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PHOTO NO. 2 -OVERVIEW FROM LEFT UPSTREAM BANK

PHOTO NO. 3 CREST OF DAM FROM LEFT END
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PHOTO NO. 4 - UPSTREAM FACE FROM LEFT END

PHOTO NO. 5 - LOOKING DOWNSTREAM INTO ENTRANCE OF PRINCIPAL
SPILLWAY CHANNEL

PLATE B-3
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PHOTO NO. 6 - LOOKING DOWNSTREAM IN SPILLWAY CHANNEL FROM
FOOTBRIDGE

PHOTO NO. 7 - CULVERT ENTRANCE OF PRINCIPAL SPILLWAY

PLATE B-4



PHOTO NO. 8 -DOWNSTREAM SLOPE FROM LEFT END

*.i*

PHOTO NO. 9 - SEEP AREA ON SLOPE DOWNSTREAM FROM STATION 5+65

PLATE B-5
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PHOTO NO. 10 - CLOSEUP OF RIPRAP ON UPSTREAM SLOPE

PHOTO NO. ii VIEW SHOWING WIDENING OF THE CREST
STARTING AT ABOUT STATION 5+00

PLATE B-6



PHOTO NO. 12 -DCWNSTRE.AM SL3PE IF -'E 'IFEE: 7ETLNC~TE DAM.

S PHOTO NO. 13 - OUTLET OF
1O-DJCH DRAWDO'4N PIPE
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PHOTO NO. 14 -VIEW OF GATE VALVE FOR 10-INCH ORAWDOWN PIPE

PHOTO NO. 15 - VIEW OF GATE VALVE FOR 10-INCH DRAWDOWN PIPE

PLATE B-F



PHOTO NO. 16 - DOWNSTREAM SLOPE ON THE RIGHT SIDE OF THE WIDENED
AREA OF THE CREST

TO_

PHOTO NO. 17 - DOWNSTREAM SLOPE TAKEN FROM THE RIGHT END

PLATE B-9



PHOTO NO. 18 - CREST OF DAM TAKEN FROM THE RIGHT END

PHOTO NO. 19 -LOOKING DOWN THE VALLEY FROM THE RIGHT

ABUTMENT

PLATE B-10
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PHOTO NO. 20 - LOOKING DOWNSLOPE BELOW ABOUT STATION 6+50. CONCRETE VALVE
HOUSE FOR DRAWDOWN PIPE CAN BE SEEN IN BACKGROUND

PHOTO NO. 21 - LOOKING OOWNSLOPE FROM NEAR PUMP HOUSE

PLATE C-11
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PHOTO NO. 22 - LOOKING UPSTREAM OVER LAKE FROM ABOUT
STATION 4+50

PHOTO NO. 23 - TRUCK TERMINAL IN HAZARD AREA ABOUT
1000 FEET BELOW DAM

PLATE B-12
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PHOTO NO. 24 - HOUSE AND TRUCK TERMINAL IN HAZARD AREA ABOUT 1000
FEET BELOW DAM .

PHOTO NO. 25 - HOUSES IN HAZARD AREA ABOUT 2000 FEET BELOW DAM

PLATE B-13



PHOTO NO. 26 - HOUSES IN HAZARD AREA ABOUT 2000 FEET
BELOW DAM

PLATE B-14
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APPENDIX 0
HYDRAULIC AND HYDROLOGIC DATA



HYDROLOGIC COMPUTATIONS

1. The SCS dimensionless unit hydrograph and the systemized computer
program HEC-1 (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Corps of Engineers, Davis,
California, were used to develop the inflow hydrographs (see this
section).

a. Twenty-four hour, one percent probabilistic rainfall for the dam
location was taken from the data for the rainfall station at
Sullivan, Missouri, as supplied by the St. Louis District, Corps
of Engineers per their letter dated 4 March 1980. The twenty-four
hour probable maximum precipitation was taken from the curves of
Hydrometeorological Report No. 33 and current Corps of Engineers
and St. Louis policy and guidance for hydraulics and hydrology.

b. Drainage area = 0.134 square miles (85.5 acres).

c. Time of concentration of runoff = 11 minutes (computed from the
"Kirpich" formula and the California Highways and Public Works
Culverts Practice formula).

d. The antecedent storm conditions for the probable maximum precipi-
tation were heavy rainfall and low temperatures which occurred
on the previous 5 days (SCS AMC III). The antecedent storm con-
ditions for the one percent probabilistic precipitation were an
average of the conditions which have preceded the occurrence of
the maximum annual flood on numerous watersheds (SCS AMC 11).
The initial pool elevation was assumed at the control elevation
of the principal spillway approach channel.

e. The total twenty-four hour storm duration losses for the one
percent probabilistic storm were 2.54 inches. The total losses
for the PMF storm were 1.30 inches. These data are based on SCS
runoff curve No. 78 and No. 90 for antecedent moisture conditions
SCS AMC II and AMC III, respectively. The watershed is composed
primarily of SCS soil groups C & 0 (Peridge-Cantwell-Gasconade
soils). Land use is about 80% wooded, 10% grass, and 10% water.

f. Average soil loss rates = 0.05 inch per hour approximately (for
PMF storm, AMC 11).

2. The combined discharge rating consisted of three components: the flow
through the principal spillway, the flow through the emergency spill-
way and the flow going over the top of the dam.

a. The principal spillway rating was developed by using a combination
of channel flow for extremely low flow (about 7 c.f.s.) and culvert
flow as determined by formulas and charts from FHA-BPR HEC No. 5.
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b. The emergency spillway rating curve was developed using the Corps
of Engineers, Water Surface Profile HEC-2 computer program. The
critical depth method was used assuming critical depth at the
downstream crest.

c. The flows over the dam were determined by using the dam overtopping
analyses (irregular top of dam) within the HEC-1 (Dam Safety Version)
program. Due to the extremely wide crest, the dam overtopping flows
were computed by three methods: USGS-TWRI, HEC-1 Dam, and Water
Surface Profile HEC-2. Floods were routed using both the maximum
and minimum discharge ratings, HEC-I Dam and HEC-2, and results were
found to compare within 0.1 foot for the PMF, so the HEC-1 Dam
version was used.

3. Floods were routed through the reservoir using the HEC-1 (Dam Safety
Version) program to determine the capabilities of the spillway and
dam embankment crest. The input, output and plotted hydrographs are
attached to this section.
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