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' PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dams Indian Creek Mine Dams

State Missouri

County Washington :
Stream Unnamed Tributary to Goose Creek :

Dates of Inspection 17 April 1979 - Lower Dam (30717)
23 August 1979 - Upper Dam (31036)

\

The Indian Creek Mine Dams were inspected by two civil engineers
and an engineering geologist from International Engineering Compauny,
Inc., of San Francisco, California. The dams are owned by St. Joe
Minerals Corporation of Viburnum, Missouri. The purpose of the inspec-
tions wasr'to assess the general condition of the dams with respect to
safety. The assessments were based upon an evaluation of the available
data, visual inspections, and an evaluation of the hydrology and hydrau-
lics of the sites to determine if the dams pose hazards to human life or
property. The purpose of the dams is to impound lead tailings and water.

’ The Indian Creek Mine Dams were inspected using the "Recommended
Guidelines for Safety Inspection of Dams" furnished by the Department of
the Army, Office of the Chief of Engineers. Based on these Guidelines,
these dams are classified as intermediate size. The St. Louis District
Corps of Engineers has classified these dams as having a high down-
stream hazard potential to indicate that failure of these dams could
threaten 1ife and property. The estimated damage zone provided by the
St. Louis District Corps of Engineers extends approximately eight miles
downstream of the Lower Dam (30717). There are eight dwellings, one
church, and two road crossings within this damage zone.

The results of the inspection and evaluation of the Lower Dam
(30717) indicate that the combined capacity of the spillway and the 12-
inch diameter outlet pipe, and the storage capacity of the dam meet the
criteria given in the Guidelines for a dam of the size and hazard poten-
tial of the Indian Creek Mine Lower Dam. As an intermediate size dam
with a high hazard potential, the Guidelines specify that the discharge
capacity and/or storage capacity should be capable of safely handling
the Probable Maximum Flood (PMF) without overtopping the crest. The PMF
is the flood that may be expected from the most severe combination of
critical meteorologic and hydrologic conditions that are reasonably
possible in the region. It is noted that although the hydrologic analysis
shows the Lower Dam capable of passing the PMF without overtopping, the
dam could become unstable if a sufficient depth of water is impounded to
accelerate piping, and high velocities at the spillway section would

’ cause significant erosion of the spillway channel.
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It was calculated that the spillway and outlet could pass a 100-year
flood (a flood having a one percent chance of being equalled or exceeded
in any one year) without overtopping the dam, but not without significant
erosion of the spillway. In addition, it was estimated that the spillway
and outlet could not pass a 10-year flood (a flood having a ten percent
chance of being equalled or exceeded in any one year) without significant
erosion of the spillway. It was also estimated that the spillway and out-
let could pess 3 percent of the PMF without significant erosion of the
spillway. However, the spillway and outlet can not pass 50 percent of
the PMF without significant erosion of the spillway. Erosion of the
spillway channel will not endanger the embankment, since it is separated
from the embankment at the right abutment and since it discharges into an
adjacent drainage.

The results of the inspection and evaluation of the Upper Dam
(31036) indicate an absence of facilities for discharging flood water,
but its storage capacity meets the criteria given in the Guidelines for
a dam of the size and hazard potential of the Indian Creek Mine Upper
Dam. As an intermediate size dam with a high hazard potential, the
Guidelines specify that the discharge capacity and/or storage capacity
should be capable of safety handling the PMF without overtopping the
crest. A 12-inch diameter outlet pipe functions as the spillway for the
Upper Dam but has very little discharge capacity. It is noted that
although the hydrologic analysis shows the Upper Dam capable of retaining
the PMF without overtopping, the dam could become unstable if a sufficient
depth of water is impounded to accelerate piping. It was also calculated
that the impoundment can retain a 100-year flood (a flood having a one
percent chance of being equalled or exceeded in any one year) without
overtopping the dam.

There are deficiencies that affect the stability of both dams and that
should be corrected. Both tailings embankments and their foundations could
be susceptible to liquefaction under earthquake loadings. Seepage and
stability analyses should be made to determine the safe maximum level
of water at the Lower Dam for normal operation and for flood conditions.
The analyses should lead to specific remedial work that would control
seepage and piping of tailings through the dam. The same analyses
should be done to determine what level of water can be safely impounded
by the Upper Dam and whether or not construction of an overflow structure
such as an open channel spillway would pe required to maintain that
level during the PMF. This overflow structure, if required, should have
erosion protection adequate to withstand the peak discharge velocity
resulting from the PMF without significant erosion of the spillway or
embankment. It should be maintained as the dam is raised and should be
modified so that it is always capable of passing the PMF while maintaining
a safe level of impounded water. Specific remedial work for the Upper
Dam should also be addressed to controlling seepage and piping of tailings
through the dam. Seepage accumulating at the toe of the Lower Dam should
be drained, erosion gullies and scarps on the downstream slope of the
Lower Dam and on the exterior and interior slopes of the enlarged section
of the Upper Dam should be repaired, and erosion protection should be
provided on the dam slopes subject to heavy runoff or wave action.
Analyses and remedial work should be performed under the direction
of a professional engineer experienced in the design and construction
of tailings dams.
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Seepage and stability analyses of these dams are not available.
These studies should be performed by a professional engineer experienced
in the design and construction of tailings dams and should be made a
matter of record. The necessary data for these analyses would be obtained
from additional investigations. The investigations would consist of field
exploration and soil sampling, laboratory testing programs, and engineer-
ing studies to evaluate the stability of the dams. Based on the
results of these analyses, remedial measures may become necessary.
Remedial work should be performed under the direction of an engineer
experienced in the design and construction of tailings dams.

An inspection and maintenance program should be initiated for both
dams. Periodic inspections should be made and documented by qualified
personnel to observe the performance of the dams, spillway, and outlets.

It is recommended that the owner take action to correct the defi-
ciencies described.
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OVERVIEW OF INDIAN CREEK MINE UPPER DAM - I.D. NO. 31036
FROM RIGHT ABUTMENT
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
INDIAN CREEK MINE DAMS - ID NOS. 30717 (LOWER DAM)
F AND 31036 (UPPER DAM)

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 inspections of dams throughout the United
States. Pursuant to the above, the St. Louis District, Corps of Engi-
neers, District Engineer directed that safety inspections of the Indian
Creek Mine Dams be made and authorized International Engineering Company,
Inc. to make the inspections.

b. Purpose of the Inspections. The purpose of the inspections was
to assess the general condition of the dams with respect to safety,
based on available data and on visual inspection, to determine if the
dams pose hazards to human life or property.

c¢. Evaluation Criteria. Criteria used to evaluate the dams were
furnished by the Department of the Army, Office of the Chief of Engineers,
in "Recommended Guidelines for Safety Inspection of Dams". These Guide-
Jines were developed with the help of several Federal agencies and many
state agencies, professional engineering organizations, and private
engineers. |

1.2 DESCRIPTION OF PROJECT

a. Description of Dams and Appurtenances. :

(1) Lower Dam (30717)

(a) The Indian Creek Mine Lower Dam is a cross-valley ‘
dam constructed with earthfill. Cycloned coarse lead
tailings were used to raise the crest of the Lower Dam.
The dam retains lead tailings, which consist of loose,
saturated, fine sand and silt sized particles.

(b) The spillway is an uncontrolled open channel of trape-
zoidal cross section located in the right abutment. A
1400-foot long 12-inch diameter steel outlet pipe with
a 19-inch diameter vertical riser section at the inlet
also serves to discharge reservoir water.
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(2) Upper Dam (31036)

(a) The Indian Creek Mine Upper Dam is a U-shaped valley-
side dam constructed with cycloned coarse lead tailings.
The dam retains lead tailings, which consist of loose,
saturated, fine sand and silt, and it is built upon older
lead tailings.

(b) The spillway is an uncontrolled 400-foot long 12-inch
diameter steel outlet pipe with a 20-inch diameter ver-
tical riser section at the inlet.

b. Llocation. Both dams are located in Washington County, Missouri,
as shown on Plate 1. The Lower Dam (30717) and Upper Dam (31036) as shown
on Plate 2 are located in Sections 33 and 34, Township 39 North, Range 1
tast, and in Sections 3 and 4, Township 38 North, Range 1 East, respectively.

¢c. Size Classification.

(1) Lower Dam (30717): This dam is greater than 40 feet but
less than 100 feet in height, and the impoundment storage is
less than 50,000 acre-feet; therefore this dam is classified
as an intermediate size dam in accordance with '"Recommended
Guidelines for Safety Inspections of Dams."

(2) Upper Dam (31036): This dam is greater than 40 feet but
Tess than 100 feet in height, and the impoundment storage
is less than 50,000 acre-feet; therefore this dam is also
classified as an intermediate size dam.

d. Hazard Classification. These dams are classified as having a
high hazard potential by the St. Louis District Corps of Engineers. The
estimated damage zone, as provided by the St. Louis District, extends
approximately eight miles downstream of the Lower Dam (30717). There are

eight dwellings, one church, and two road crossings within this damage
zone.

e. Ownership. These dams are owned by:

St. Joe Minerals Corporation

5. E. Missouri Mining and Milling Division
P.0. Box 500

Viburnum, MO 65566

f. Purpose of Dam.

(1) Lower Dam (30717): This dam impounds lead tailings. This i
dam also impounds water for use in lead ore refining acti-
vities. Deposition of tailings behind this dam ceased
between 1973 and 1975.




(2) Upper Dam (31036): This dam impounds lead tailings resulting
from ongoing lead ore refining activities. Deposition of
tailings behind this dam is continuing.

g. Design and Construction History. The original earthfill dam at the
Lower Dam site was constructed in 1953. Limited design data was available,
and no construction records are known to exist. The dam was enlarged in
1956, 1857, 1959, and 1960; and, in 1971 through 1976 cycloned tailings
were used to raise the crest immediately upstream from the original earthen
dam. Tailings disposal activities at the Lower Dam ceased sometime between
1973 and 1975. No known failures have occurred at the site; however, a
spillway washed out in a flood in 1959, which released some tailings but
caused no structural damage to the dam. In 1960, the earthen dam was re-
ported to have shown some signs of slumping, and it was buttressed with a
crushed rock toe berm.

An intermediate dam about 3,000 feet upstream of the original earthen dam
at the Lower Dam site was constructed as a cross-valley dam in 1961.
Cycloned tailings were used to construct the dam, and between 1961 and
1971, the dam was raised several times using tailings.

Immediately upstream of the intermediate dam, the upper, valley-side dam
(31036) is currently under construction. From 1977 to the present, cycloned
lead tailings have been used to enlarge this dam which is built upon tail-
ings impounded by the lower and intermediate dams. No design or construc-
tion records are known to exist for either the intermediate or the valley-
side dam.

h. Normal Operating Procedures. Fine lead tailings are discharged
into the Upper Dam (31036) impoundment in a slurry form from a cyclone
operation on the embankment crest. Outflow from the Upper Dam passes
through an uncontrolled, 12-inch diameter outlet pipe into an excavated
drainage channel which drains into the Lower Dam (30717) pond. The Lower
Dam is inactive in that tailings are no longer conveyed to the impound-
ment. Water from the pond is recycled back to the mill. Outflow from the
Lower Dam passes through an uncontrolled, open channel spillway and a 12-
inch diameter outlet pipe. Outlet structures for both dams do not require
operation, and no operating records are known to exist.

1.3 PERTINENT DATA

Field surveys were made by Booker Associates, Inc. of St. Louis, Missouri,
on 18 April 1979 and 29 May 1979 at the Lower Dam (30717), and on 10 Sep-
tember 1979 at the Upper Dam (31036). Field measurements are valid as of
the dates of inspections and surveys. The survey data is presented on
Plates 3 through 8 and 11 through 13.

a. Drainage Areas.

(1) Lower Dam (30717) - 649 acres (Surdex aerial photograph,
scale: 1 inch = 1000 feet, 14 May 1978).
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(2) Upper Dam (31036) - 102 acres (Surdex aerial photograph,
scale: 1 inch = 1000 feet, 14 May 1978).

b. Discharge at Damsites.

(1) Lower Dam (30717)

(a) Outlet pipe discharge at maximum pool (PMF E1. 954.5
feet) - 5 cfs. '

(b) Spillway discharge at maximum pool (PMF El. 954.5 feet)
- 3085 cfs.

(c) Maximum experienced outflow at damsite - No available
information.

(2) Upper Dam (31036)

(a) Outlet pipe discharge at maximum pool (PMF El1. 995.3
feet) - 7 cfs.

(b) Spillway - Outlet pipe is spillway for this dam. Not
applicable.

(c) Maximum experienced outflow at damsite - No available
information.

c. Elevation (Feet above M.S.L.)l/

(1) Lower Dam (30717)
(a) Top of dam - Varies from E1. 957.5 to El. 966t.
(b) Streambed at downstream toe of dam - El. 8747
(c) Maximum pool (PMF) - E1. 954.5.

(d) Operating pool - E1. 944.0 on 19 April 1979, E1. 942.3
on 29 May 1979, El. 942.6 on 23 August 1979.

(e) Spillway crest - E1. 944.8.
(f) Top of outlet pipe -~ E1. 942.5 =,

(g) Invert at end of outlet pipe - E1. 913.66.

V flevations are based on established benchmarks of 966.06 feet M.S.L.
at the Lower Dam and 1015.93 feet M.S.L. at the Upper Dam maintained

by St. Joe Minerals Corporation (Plates 3 and 11).
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(2) Upper Dam (31036)
(a) Top of dam - Varies from E1. 998.8 to El. 1029.6.
(b) Tailings surface at downstream toe of dam - El. 957.6.
(c) Maximum pool (PMF) - E1. 995.3.
(d) Operating pool - E1. 986.4 on 23 August 1979.

(e) Spillway crest - Outlet pipe is spillway for this dam.
Not applicable.

(f) Top of outlet pipe - EI. 986.31.
(g) Invert at end of outlet pipe - E1. 971.0.

(h) Tailings surface adjacent to dam - Varies from E1. 989.1
to E1. 998.2.

d. Reservoirs.
(1) Lower Dam (30717)

(a) Length of maximum pool (PMF) - 18007 feet
(Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978).

(b) Length of operating pool - 9007 feet
(Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978).

(c) Length of impounded tailings - 7000° feet
(Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978).

(2) Upper Dam (31036)

(a) Length of maximum pool (PMF) ~ 2000° feet
(Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978).

(b) Length of operating pool - 9007 feet
(Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978).

(c) tLength of impounded tailings - 20007 feet
(Surdex aerial photograph, scale: 1 inch
14 May 1978).

"

1000 feet,




e,

f.

g.

Storage Above Tailings Surface.

(1) Lower Dam (30717)

(a)
(b)
(c)
(d)

Top of dam (E1. 957.5 feet) - 875 acre-feet.
Maximum pool (PMF E1. 954.5 feet) - 637 acre-feet.
Spillway crest (El. 944.8 feet) - 137 acre-feet.

Top of outlet pipe (E1. 942.51 feet) - 74 acre-feet.

(2) Upper Dam (31036)

(a)
(b)
(c)

(d)

Top of dam (E1. 998.8 feet) - 479 acre-feet.
Maximum pool (PMF E1. 995.3 feet) - 291 acre-feet.

Spillway crest - Qutlet pipe is spillway for this dam.
Not applicable.

Top of outlet pipe (EV. 986.31 feet) - 11 acre-feet.

Reservoir Surface Areas.

(1) Lower Dam (30717)

(a)
(b)
(c)
(d)

Top of dam (E1. 957.5 feet) - 86 acres.
Maximum pool (PMF E1. 954.5 feet) - 73 acres.
Spitlway crest (El. 944.8 feet) - 32 acres.

Top of outlet pipe (E1. 942.5% feet) - 23 acres.

(2) Upper Dam (31036)

(a)
(b)
(c)

(d)

Dams.

Top of dam (E1. 998.8 feet) - 58 acres.
Maximum pool (PMF E1. 995.3 feet) - 50 acres.

Spillway crest - Outlet pipe is spillway for this dam.
Not applicable.

Top of outlet pipe (E1. 986.31 feet) - 10 acres.

(1) Lower Dam (30717)

(a)
(b)

Type - Earthfill, and cycloned and spigoted tailings.
Crest length - 2130° feet.
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(c) Height (maximum above streambed) - 84 feet at Station
13+41.

(d) Crest width - 20 to 40 feet.
(e) Side slopes -

¢ Downstream: 2(H) to 1(V) for earthfill, variable
between 6(H) to 1(V) and 1.5(H) to 1(V) for tailings.

e Upstream: 5(H) to 1(V).

(f) Zoning - Homogeneous earthfill dam enlarged using cycloned
and spigoted tailings (“chat") (Plate 10).

(g) Cutoff - An excavated cutoff is shown on a sketch of the
earthfill dam provided by the owner (Appendix B).

(2) Upper Dam (31036)
(a) Type - Cycloned tailings.
(b) Crest length - 3850% feet.

(c) Height (maximum above tailings surface at downstream
toe ) - 50 feet at Station 11+65.

(d) Crest width - 15 to 30 feet.
(e) Side slopes -

e Downstream: Variable betweem 2(H) to 1(V) and 4(H)
to 1(V).

o Upstream: Variable between 2.5(H) to 1.0(V) and
10(H) to 1(V).

(f) Zoning - Homogeneous cycloned, fine sand tailings.

(g) Cutoff - The Upper Dam is constructed directly upon lead
tailings impounded by Lower Dam and has no cutoff.

Spillways.
(1) Lower Dam (30717)

(a) Type - Uncontrolled trapezoidal open channel at right
abutment.

(b) Control section - 26-foot bottom width, 16-foot depth,
75-foot top width, and approx nite side slopes of 1.5(H)
to 1.0(V) and 1.3(H) to 1.0(V).
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Crest elevation - E1. 944.8 feet.

Upstream channel - There is no upstream channel.

(e) Downstream channel - Open cut channel draining into an
intermittent stream channel.

(2) Upper Dam (31036): Outlet pipe is spillway for this dam which

has an open cut downstream channel draining into the Lower
Dam pond. Not applicable. (See Section 1.3i.)

i. Outlets.
(1) Lower Dam (30717)

(a) Type - 12-inch diameter steel pipe with a 19-inch diameter
vertical riser section at the inlet.

(b) Length - 14001 feet.

(c) Upstream invert - F1. 942.5t feet at top of vertical
riser.

(d) Downstream invert - E1. 913.66 feet.

(e) Entrance shape - Square-edged.

(f) Slope - Estimated to be between 1.5 and 2.0 percent.

(g) Flow - 1.5° cfs on 17 April 1979.

(2) Upper Dam (31036)

(a) Type - 12-inch diameter steel pipe with a 20-inch
diameter vertical riser section at inlet that funneis
down to 12 inches.

(b) Length - 4001 feet.

(c) Upstream invert - E1. 986.31 feet at top of vertical
riser and E1. 980.76 feet at bottom of vertical riser.

(d) Downstream invert - E1. 971.0 feet.
(e) Entrance shape - Square-edged.

(f) Slope - Estimated to be 2.4 percent.
(g) flow - 1.0% ¢fs on 23 August 1979.

J. Regulating Qulets. None.




k. Diversion Ditches.

(1) Lower Dam (30717): The old left abutment spillway diverts
a small upstream drainage away from the tailings dam crest.

(2) Upper Dam (31036): None.
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

Some design drawings for the original earthfill starter dam at the [owey
Dam site were known to the owner and were made available to the inspection
team. An original sketch dated 11 August 1952 shows two sections and is
presented in Appendix B. A drawing entitled "Location of Tailings Disposal
Dam 8/11/52" and a drawing entitled "Tailings Dam/St. Joseph Lead Company"
by the General Engineering Company and dated 28 November 1952 were shown
to the inspection team. The first drawing dated 11 August 1952 was a
topographic map showing the location of the dam. The second drawing
illustrated the progress made in construction as of 28 April 1953. No
written information describing the types of construction materials used
was found. No design drawings or data pertaining to the design of the
Upper Oam (31036) are known to exist.

2.2 CONSTRUCTION

No written records pertaining to the construction of the Lower Dam (30717)
or the Upper Dam (31036) other than those described above were available,
and no eyewitnesses to the construction were found. A summary of tailings
disposal operations at the Indian Creek Mine Dams was provided by St. Joe
Minerals Corporation and is presented in Appendix B The original earth-
fill starter dam at the Lower Dam site was constructed of locally available
residual soils during 1953. The tailings were deposited in the pond by
gravity flow. Several enlargements to the starter dam were made to main-
tain freeboard. These enlargements were estimated to have raised the crest
of the starter dam by approximately eight feet. The dam was enlarged in
1956, 1957, 1959, and 1960. The upper crest was constructed in 1971 through
1976 by spigot pipelines on the tailings to create additional freeboard.
Also, a rock berm was placed at the downstream toe between 1960 and 1962

to control slumping of the starter dam. Deposition of tailings behind

the Lower Dam ceased between 1973 and 1975.

An intermediate dam about 3,000 feet upstream of the original earthen
dam at the Lower Dam site was constructed as a cross-valley dam in 1961.
Cycloned tailings were used to construct the dam, and between 1861 and
1971, the dam was raised several times using tailings. In 1977 construc-
tion of the valley-side Upper Dam (31036) was started immediately upstream
of the intermediate dam. The north leg of the U-shaped Upper Dam is
actually an enlargement of the intermediate dam. From 1977 to the present,
cycloned lead tailings have been used to enlarge the Upper Dam which is
built upon tailings impounded by the lower and intermediate dams. At the
time of inspection the south leg of the dam was being raised approximately
12 feet in an upstream direction. The position of the downstream or ex-
terior slope was being maintained while enlargement of the dam progressed
toward the interior of the impoundment. Coarse lead tailings were being
deposited onto the crest from a cyclone suspended from a crane. The finer
lead tailings were being deposited into the impoundment in a slurry form.
The enlargement of the Upper Dam was progressing from the south leg to the
north leg around the impoundment.
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2.3 OPERATION

No operating records for the Lower Dam (30717) or the Upper Dam (31036)

are known to exist. fine lead tailings are being conveyed as a slurry into
the Upper Dam impoundment from a cyclone operation on the embankment crest.
Outflow from the Upper Dam passes through an uncontrolled, 12-inch diameter
outlet pipe into an excavated drainage channel which drains into the Lower
Dam pond. Water from the Lower Dam pond is recycled back to the mill.
OQutflow from the Lower Dam passes through an uncontrolled, open channel
spillway and a 12-inch diameter outlet pipe.

2.4 EVALUATION

a. Availability. Limited design information was available. No con-
struction or operating records are known to exist. The only construction
and operating information available to the inspection teams was a summary
of tailings disposal operations at the Indian Creek Mine Dams provided by
St. Joe Minerals Corporation, information which was obtained through verbal
communication with the owner's representatives, observations and during
field inspection.

b. Adequacy. No written records exist to substantiate the sections
shown on the design drawings for the Lower Dam (30717); therefore, this
information is not considered reljable and conclusions concerning the
safety of the Lower Dam should not be based on this source. The field
surveys and visual inspections for the Lower Dam and Upper Dams documented
herein are considered adequate to support the conclusions made in this
report. Seepage and stability analyses comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams" were not
available, and this lack of information is considered a deficiency. These
seepage and stability analyses should be performed for appropriate load-
ing conditions, including earthquake loads, and made a matter of record.

c. Validity. The earthfill dam may not have been constructed as shown
in the design section. No gquality control records are known to exist.




SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. The Lower Dam (30717) was inspected by a civil engineer
and an engineering geologist from International Engineering Company, Inc.
on 17 April 1979. The Upper Dam (31036) was inspected by two civil engi-
neers from International Engineering Company, Inc. on 23 August 1979.

Mr. John Kennedy, Director of Environmental Control for St. Joe Minerals
Corporation, met with the inspection teams and toured the damsites with
them during both inspections. Rich Brand, Indian Creek Mine Mill Super-
intendent, was also present during the inspections and described the con-
struction and operating history of the impoundments. He supplied the
inspection team with available design drawings for the Lower Dam. The
lower impoundment is an inactive lead tailings pond; water retained here
is pumped to and used in mill operations. The upper impoundment is an
active lead tailings disposal site. Photographs taken during both inspec-
tions are included in this report. Field locations of the photographs are
shown on Plates 9 and 14.

b. Project Geology. Most of the watershed area is covered by
residual soil overburden with depths to 25 feet. Residual soils consist
of reddish-brown gravelly, sandy clay. Bedrock exposures are limited to
a few outcrops in the downstream channel, at the Lower Dam along the creek
bed, and at the dam toe near the right abutment. A few outcrops exist
in the drainage channel which passes along the west side of the Upper
Dam and drains into the Lower Dam pond, and bedrock is exposed in a rock
cut made for this channel directly west of the Upper Dam. Bedrock
consists of bedded sandstone, which is the basal member of the Gasconade
Formation. It is light gray, thickly bedded, and relatively undeformed.

c. Dams.

(1) Lower Dam (30717): The plan of the Lower Dam is shown on
Plate 3. Profiles and cross sections of the earthen and tailings dams,
spillway, and diversion ditch are shown on Plates 4 through 8.

The tailings portion of the dam is almost devoid of vegetation. The down-
stream slope of the original earthfill starter dam is covered with grasses.

The dam consists of an earthfill starter dike and an enlargement that was
built of coarse tailings placed on top of old tailings directly upstream
of the original starter dike. This indicates the use of an upstream con-
struction method. An interpretive section through the dam is shown on
Plate 10. Wind erosion is causing some shifting of the fine sands compo-
sing the tailings embankment from the upstream to the downstream direction.
No evidence of sliding, cracking, settiement, or animal burrows was noted.

large erosion gullies are present at the right abutment contact and
along the downstream slopes of the rock berm and the downstream slopes
of the starter dam. These gullies appear to have been caused by runoff,
however, seepage is also a contributing factor. Some erosion gullies
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appeared to result from off-road vehicle traffic. Some evidence of past
sloughing of the starter dam was observed at the end of the rock berm.
This probably occurred while the lower pond was in operation. A well
defined seepage line that exits on the downstream slope of the tailings
is visible. Tailings are present along most of the toe of the dam and
at the bench at the top of the old starter dam. The downstream slopes

of the tailings are variable and approach the angle of repose for lead
tailings.

Considerable seepage was observed along the downstream slope of the dam
from approximately Station 7+00 to Station 22+00. A distinct wetting

line is visible along the downstream tailings embankment surface, and
seepage and piping of tailings is occurring approximately six inches

below this wetting line. Seepage was also noted exiting from the

tailings embankment near both abutments. Seepage was observed along the
toe of the starter dam. Marshy ground and tailings are present at the

dam toe. A spring was observed at the base of the rock berm at the max imum
section (Station 13+41) flowing clear at 5 gpm. The ground is marshy and
soft in this area.

The crest of the tailings dam curves upstream near the left abutment. A
smal) pond that contains collected runoff diverted from the dam is located
near the left abutment. Water from this pond seeps through the tailings
and eventually reaches the old left abutment spillway, which now functions
as a diversion ditch. Flow in this channel was estimated to be approxi-
mately 25 gpm near the old overflow structure.

Observed freeboard at the dam was estimated to be about 16 feet at the
time of the inspection. No erosion or slope protection other than that
provided by grass growing on the starter dam was observed. The rock berm
at the toe is inadequate to prevent erosion caused by concentrated runoff

No evidence of instability was observed at either abutment. Both abut-
ments are underlain by residual soil overburden. Bedrock is probably less
than 25 feet below the surface at both abutments.

(2) Upper Dam (31036): The plan of the Upper Dam is shown on
Plate 11. The profile and cross sections of the dam are shown on Plates
12 and 13.

The Upper Dam is devoid of any vegetation with the exception of a tew trees
growing through the tailings on the exterior slope in the area of the left
abutment.. A few dead tree snags protrude through the embankment slopes
near the teft and right abutments.

No detrimental settlement, depressions, cracks, sinkholes, animal burrows,
or slope instability were observed in the embankment within the area wheie
enlargement was not taking place (between the right abutment and Station
29+425). It was evident that wind erosion is causing some shifting of

the fine sands composing the tailings embankment and has deposited them

on the upper portion of the downstream slope near the crest. The dam
crest is very rounded and ripples in the fine sand tailings were observed.
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Considerable erosion on both the interior and exterior slopes within the
enlarged section on the south leg of the dam (between Station 29+25 and
the left abutment) has occurred. Many large erosion gullies up to
several feet deep exist on the downstream or exterior slope near the
crest. A majority of these gullies originate at the joints in the
tailings discharge pipe from the mill which is laid along the crest.
Cracking of the embankment was evident adjacent to the gullies. Erosion
from runoff over the recently deposited tailings within the enlarged
section was evident. Considerable erosion has occurred along the toe of
the upstream or interior slope due to discharge of the fine lead tailings
into the impoundment near the toe. This erosion has caused near-vertical
scarps several feet high along the interior toe of the enlarged section.

Considerable seepage was observed along the toe of a majority of the

dam. A distinct wetting line along the downstream tailings embankment
surface was visible below which a well defined seepage line exits near
the toe. This seepage was most evident along the north leg of the dam

in the area of the maximum section. The seepage is causing movement and
piping of tailings as evidenced by removal of material at the seepage
line. The tailings within the enlarged embankment area contain more
water than those comprising the remainder of the dam. Seepage from
within the embankment itself in this area has caused some piping, slump-
ing, cracking, and erosion along the embankment slopes. The fine sand
tailings near the toe of the interior slope, near the toe of the exterior
slope within the enlarged area, and at the toe of the exterior slope
along the north leg of the dam are loose and saturated and cannot support
the weight of a man.

The elevation difference between the dam crest and the tailings surface
adjacent to the dam within the area where enlargement was not taking
place ranged from about 8 to 18 feet on the date that the survey was
made (10 September 1979). The elevation difference between the dam
crest and the tailings surface adjacent to the dam within the enlarged
area ranged from about 24 to 26 feet on the date of survey. The eleva-
tion difference between the low point in the dam crest and the top of
the outlet pipe was 12.5 feet on the date of survey. There is no sltope
protection on either upstream or downstream slope of the Upper Dam.

No evidence of instability or seepage was observed at either abutment.
Both abutments are underlain by residual soil overburden. It did not
appear that any clearing or stripping of underbush and trees had been
done at the left abutment where enlargement nad recently taken place.
Erosion was observed at the left abutment contact on the interior side
of the impoundment due to mill discharge at this location. There was
evidence of some clearing of bush and trees at the right abutment.
Erosion has occurred along the right abutment adjacent to the downstream
face of the dam.

d. Appurtenant Structures.

(1) Lower Dam (307i7): The existing spillway channel has been
excavated through the right abutment approximately 100 feet from the
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dam-abutment contact. Runoff discharges into an adjacent natural
drainage channel. The adjacent channel discharges into the main channel
approximately 2000 feet downstiyeam from the dam.

The spillway is an open cut trapezoidal channel excavated into the
gravelly, sandy clay residual soil overburden. The side slopes vary and
have an average slope of 1-1/4(H) to 1(V). The bottom of the channel is
approximately 20 feet wide. There are no approach channels, stilling
basins, or energy dissipators at this site.

A 12-inch diameter steel outlet pipe is located downstream of the crest
at Station 11+74 and discharges downstream of the embankment. The inlet
is a 19-inch diameter vertical riser pipe with a one foot section of
24-inch diameter pipe attached near the top so that outflow enters
through the annular space between the pipes. The outlet pipe is an
uncontrolled structure, and flow was estimated at 1.5 cfs on 19 Apri!
1979. Water passing through the outlet appeared to be cloudy. No
energy dissipator exists at the outlet, and outflow has eroded the

soil to bedrock and is flowing down a steep section of the right abut-
ment to a point 20 feet beyond the toe. There is no outlet channel,
and no drawdown capacjty exists below the elevation of the top of the
riser pipe (E1. 942.5- feet).

A small diversion dike has been constructed between the crest at
approximately Station 24+00 and the original earthfill dam adjacent
to the left abutment. This structure diverts runoff from two sidehill
drainages to an old spillway on the left abutment.

(2) Upper Dam (31036): The spillway is an uncontrolled 12-inch
diameter steel outlet pipe with a 20-inch diameter vertical riser section
at the inlet that reduces down to 12 inches. The height of the vertical
riser section as measured on the date of survey (10 September 1979) was
5.55 feet, and the inlet is square-edged. The outlet is approximately 400
feet lonyg with an estimated slope of 2.4 percent and is located near the
right abutment. Surrounding the vertical riser inlet is a wood frame with
screens attached to prevent debris from entering the outlet. The screens
were not fully intact. The outlet discharges into an excavated drainage
channel which begins about 20 to 30 feet from the toe of the Upper Dam at
the base of the right abutment and drains into the lower dam pond. The
outlet was flowing about one fourth full at the time of inspection (23
August 1979), and the water appeared to be cloudy. The flow rate was
estimated at 1.0 cfs. The outlet discharges about two to three feet above
the invert of the downstream channel and has no energy dissipators. No
drawdown capacity exists below the elevation of the top of the riser pipe
(E1. 986.31 feet).

e. Reservoir Areas.

(1) Lower Dam (30717): The lower tailings pond consists of
saturated, loose, fine sands. No vegetation is growing on the tailings
surface except for some grasses that have been planted on the older
tailings south of the Upper Dam. Dead tree snags exist along the
tringes of the tailings deposit. No evidence of landslides or excessive
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erosion was found along the shoreline of the tailings area; a majority
of the tailings area is bordered by drainage channels. A few roads pass
through the area, but the watershed remains largely undisturbed. Little
natural sedimentation of the reservoir is occurring. No structures
exist upstream of the dam that may be subject to backwater flooding.

(2) Upper Dam (31036): The upper tailings pond also consists
of saturated, loose, fine sands. No vegetation is growing on the tailings
surface. Dead tree snags exist along the shore of the tailings deposit.
The small watershed of the Upper Dam is heavily forested and remains in
its natural state with no evidence of landslide or excessive erosion
activity. No structures exist upstream of the dam that may be subject
to backwater flooding.

f. Downstream Channels.

(1) Lower Dam (31036): The channel downstream of the Lower Dam
is mantled by residual soil with sandstone bedrock exposed on the floor of
the creek. The channel area is undeveloped and heavily forested.

(2) Upper Dam (31036): An open cut trapezoidal channel in exist-
ing residual soil provides drainage for the outlet pipe downstream of the
Upper Dam to the back of the Lower Dam pond. The channel follows the eastern
edge of the tailings impounded between the Lower Dam and the Upper Dam. The
channel bottom varies from four to eight feet wide, and the side slopes are
approximately 2(H) to 1(V). The channel bottom is sandy and has a slope
of approximately one percent.

Adjacent to the Upper Dam on its west side is an open cut trapezoidal chan-
nel in existing residual soil that provides drainage for the western portion
of the Lower Dam watershed and prevents runoff from this area from flowing
onto the tailings impounded between the Upper and Lower Dams and the tail-
ings south of the Upper Dam. The drainage channel 1s approximately two
miles long and has variable side slopes and bottom widths throughout this
distance. Typical side slopes are 3(H) to 1(V), and the channel bottom
width is typically five to ten feet wide. The excavated channel is devoid
of vegetation and the channel bottom is typically sandy with siltation in
the flatter areas. Tlhe channel slope is typically on the order of one

half of one percent except through a rock cut directly west of the Upper
Dam. The channel follows the western edge of the tailings impounded behind
the Lower Dam, and it drains into the back of the Lower Dam pond.

3.2 EVALUATION

a. Lower Dam (30717). This dam has serious deficiencies thal threaten
the stability of the embankment. The tailings dam is constructed of fine
sand (coarse tailings) and silts and is founded on older lead tailings
consisting of loose, fine sand and silt that were deposited by gravity
flow and retained by the original earthfill starter dam. It is evident
that the tailings are saturated at least to the height of the downstream
starter dam, and seepage and piping of tailings is occurring at this saturated

- lb_

\ _ L . A




zone. Because of the gradation of the tailings and the water level within
them, this dam could be subject to liquefaction and must be considered
potentially unstable. Also, the dam could become unstable should a suffi-
cient depth of water be impounded in the reservoir.

Erosion of the dam due to runoff, seepage, and use by off-road vehicles
was observed in many areas. The seepage and runoff causes local sloughing
of the tailings. There is no protection against wave erosion on the
upstream face of the dam. Seepage and soft marshy ground was noted along
the downstream toe of the starter dam. This condition could weaken the
foundation clay soil by saturation and adversely affect the stability of
the dam.

b. Upper Dam (31036). This dam has serious deficiencies that threaten
the stability of the embankment. It is being constructed of cycloned coarse
lead tailings of which a majority is fine sand. The dam is founded on clder
lead tailings consisting of loose, fine sand and silt, and it is retaining
new cycloned fine lead tailings consisting of loose, fine sand and silt.

The impounded tailings are saturated and it is evident that water from these
tailings is draining through the embankment and into the foundation creating
a loose, soft, and saturated condition along the toe of the dam and in the
foundation which could adversely affect embankment stability. Furthermore,
construction practices being used to enlarge the dam are causing consider-
able erosion on both upstream and downstream siopes and added seepage
through the embankment which is resulting in piping and slumping. These
conditions plus the fact that enlargement is being done by an upstream
method pose hazards to the stability of the structure. The dam could be-
come unstable if a sufficient depth of water is impounded. Also, the
potential for liquefaction of the sand tailings exists.

There is no erosion protection for any part of the dam. The erosion by
wind and surface runoff can adversely affect the stability of the dam.

A 12-inch diameter outlet provides the only means of outflow for the dam.

No open channel spillway exists; the low point of the dam is at the right
abutment, but this cannot be considered a spillway because of the highly
erodible nature of the tailings comprising the dam. Once overtopping occure
at this point, considerable erosion of the dam would take place. 1T the
outlet pipe were to hecome plugged, water could become impounded Lo such

a depth as to make the dam unstable.




SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

No regulating procedures are known to exist for these dams. lhe Upper
Dam (31036) is continually being raised to provide additional tailings
storage capacity. OQutflow passes through an uncontrolled outlet pipe
near the right abutment into a drainage channel which drains into the
Lower Dam pond. Water retained by the Lower Dam (30717) is recycled
back to the mill. OQutflow from this dam passes through an uncontrolled
outlet pipe and an uncontrolled spillway channel at the right abutment.

4.2 MAINTENANCE OF DAMS

a. Lower Dam (30717). A program of routine maintenance is carried
out at the Lower Dam. The owner was placing rock on the crest of the
Lower Dam to serve as road base at the time of the inspections, and
John Kennedy, Director of Environmental Control for St. Joe Minerals
Corporation, stated that grass was to be planted on the downstream tailina-
slopes at toe Lower Dam. He also stated that the outlet through the Lower
Dam was scheduled to be plugged with concrete before the end of 1981.

b.  Upper Dam (31036). The Upper Dam is currently being enlarged to
provide additional tailings storage capacity, and, therefore, maintenance
of ~hc dam is pot strictly practiced. Coarse lead tailings are being
depestited in an upstream direction toward the interior of the pond by

a cyclone suspenued from a crane on the crest of the enlarged embankmert
section.

4.3 MAINTENANCE OF OPERATING FACILITIES

There are no operating facilities at these dams. Not applicable.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

Information available to the inspection teams indicates that there are
no warning systems for either the Lower or Upper Dam.

4.5 EVALUATION

An inspection program for both dams should be initiated so that indications
of instability, such as cracks in the dams, sloughing, sudden settlement,
erosion of the dams or Lower Dam spillway, or an increase in the volume or
turbidity of emerging seepage can be monitored. The slopes of the lead
tailings should be stabilized, and better erosion control methods are

' needed. The water level on the lower impoundment should be maintained
at the lowest possible level consistent with operational requirements.
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SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

a. Design Data. The significant dimensions of the dams, spillway,
and outlet pipes are presented in Section 1 - Project Information, and
in the accompanying field survey drawings, Plates 3 through 8 and 1l
through 13. No hydrologic or hydraulic design information is available.

For this evaluation, the watershed drainage area and reservoir areas

were obtained from a Surdex aerial photograph, scale: 1 inch = 1000 feet,
14 May 1978. Stream lengths were obtained from the USGS Richwoods, Mo.,
1946, 15 minute series, 1:62,500 scale, topographic quadrangle.

The total drainage area of the Indian Creek Mine Lower Dam (30717) is
751 acres (1.17 square miles). The watershed and drainage boundary are
shown on Plate 2. The watershed was divided into two subareas as

follows:
Incremental .
Drainage Area 4
Subarea (Acres) ‘
1. Watershed above Upper Dam (31036) 102
2. Watershed above Lower Dam (30717) 649

The soil type, land use, and vegetation pattern of the watershed were
determined from field observations and aerial photographs. The soil
group for this watershed is classified as Goss Cherty Loam, equivalent
to hydrologic soil group B classification, which has a moderate rate of
water transmission. The new tailings have a more rapid rate of water
transmission. The type of land cover and land use were used to estimate
runoff curve numbers (CN) for the antecedent moisture conditions (AMC),

which determine the amount of infiltration, retention losses, and net
runoff.

ihe data and assumptions used in the hydrologic and hydraulic analyses
for each subarea are individually discussed below. Basin parameters
such as lag time, unit hydrograph, probable maximum precipitation,
losses and net runoff for each subarea are presented in Appendix A.

Subarea 1 - Watershed above Upper Dam (31036)

fhe drainage area of this subarea is 102 acres (0.16 square miles). The
watershed was divided into the following types of land use and vegetal

cover:
Approximate
Type of Cover Percent of Watershed
New Tailings 48
Undisturbed Woodland 42
Reservair 10
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The estimated runoff curve numbers (CN) weighted according to the above
land cover distribution are CN 64 for the AMC II condition and CN 81 for
the AMC IIl condition.

The outlet for the Upper Dam impoundment is a 12-inch diameter steel

pipe with a 20-inch diameter vertical riser section at the inlet. The
pipe is approximately 400 feet long and passes beneath the dam near the
right abutment. The invert elevations of the inlet and the outlet are
El. 986.31 feet and E1. 971.0 feet, respectively. The vertical riser
section is 5.55 feet tall. The initial reservoir water surface elevation
was assumed to be at the existing elevation of E1. 986.4 feet at the

time of inspection (23 August 1979). Water is discharged directly to

the lower drainage area from the Upper Dam outlet.

The discharge rating curve for the pipe outlet was computed considering
weir flow, orifice flow, and pipe flow conditions at different recervoir
water surface elevations. [Due to the small size of the pipe outlet (12-
inch diameter), the computed outflows are relatively small, in the range
of 1 to 7 cubic feet per second. The reservoir water surface elevation-
discharge relationship is shown in Appendix A, under the input data
listing as Y4 and Y5 cards for the upper pond, and also in the computer
printout.

The reservoir area-capacity curve data are shown in Appendix A. The

capacities shown, as computed by the Conic Method in the computer program,

are the capacities above the minimum E1. 986.3 feet that were entered as
input and are not the total reservoir capacities at the given elevations.

Subarea 2 - Watershed above Lower Dam (30717)

The incremental drainage area above the Lower Dam is 649 acres (1.01
square miles). The watershed was divided into the following types of
land use and vegetal cover:

Approximate
Type of Cover Percent of Watershed
New Tailings 16
Developed Area 3
Undisturbed Woodland 76
Reservoir 5

The estimated runoff curve numbers (CN) weighted according to the above
tand cover distribution are CN 57 for the AMC II condition and CN 75 for
the AMC II1 condition.

A road (Route 185) crosses the southern part of this watershed and has
three arch culverts passing beneath the road embankment. The arch cul-
verts, two of which are 48 inches by 38 inches and the third is 54 inches
by 38 inches in size, are about 500 feet and 1000 feet apart from east

to west. One of them is somewhat silted at the outlet, and the other

two are open according to the field investigations. It was assumed that
these culverts are able to carry all the runoff from the drainage area
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above the road without any storage effect. Runoff is then drained to
the lower pond through an open cut earth channel along the west side of
the tailings deposit.

There are two outlets for the Lower Dam impoundment. An open cut trape-
zoidal spillway channel is located at the right abutment and a 12-inch
diameter steel outlet pipe with a 19-inch diameter vertical riser section
at the inlet passes beneath the dam near the right abutment. The outlet
pipe is approximately 1400 feet long. The two outlets are individually
discussed below:

(1) Spillway Channel: The crest of the spillway channel located
at the east end of the dam is at E1. 944.8 feet according to field
surveys. A wooden bridge supported on three pairs of 12-inch diameter
wooden piers crosses the spillway near its crest. The obstruction effect
of the piers was taken into consideration as energy loss and added to
the velocity head. Two methods were used to calculate the spillway
discharge rating curve.

e Critical flows at different flow depths were computed using
the critical flow formula.

e Manning's equation for uniform flow using an average siope of
0.025 and a Manning's "n" of 0.04.

The results computed by the critical flow formula were adopted as more
representative of the flow conditions. The corresponding velocity heads
and energy loss caused by obstruction were added to the depths of flow
over the spillway crest to obtain the reservoir water surface elevation
versus discharge relationship.

(2) 12-inch Diameter Steel Outlet Pipe with 19-inch Diameter
Vertical Riser: The elevation of the top of the vertical riser section !
the outlet pipe at the inlet is El. 942.5+, and the invert elevation at
the outlet is E1. 913.66 feet. The discharge rating curve was computed
assuming a pipe flow condition since the initial water surface elevation
of the reservoir was assumed at E1. 944.8 feet. Head losses for the pipe
flow include entrance loss, bending loss, friction loss and miscellaneous
losses. Pipe roughness was assumed equivalent to a Manning's "n" of 0.015.

The discharges computed from the pipe are relatively small and negligible
compared to the computed spillway discharges. The combined discharge
rating curve data are shown in Appendix A under the input data listing

as YA and Y5 cards for the lower pond, and also in the computer printout.

The reservoir area-capacity curve data are shown in Appendix A.  The capa-
cities shown, as computed by the Conic Method in the computer program, are
the capacities above the minimum E1. 944.0 feet that were entered as input
and are not the total reservoir capacities at the given elevations.

b. Experience Data. Recorded rainfall, runoff, or other experience
data are not available.
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c. Visual Observations. Visual observations are described in

Section 3 - Visual Inspection.

d. Overtopping Potential. Analysis of the overtopping potential
at the Indian Creek Mine Dams were divided into the following steps:

e Compute floods for Subarea 1, the Upper Dam (31036) watershed
and reservoir, and route the floods through the Upper Dam.

e Compute floods for Subarea 2, the Lower Dam (30717) watershed
and reservoir.

e Combine the routed outflows from Subarea 1 and the computed
inflows from Subarea 2.

¢ Route the combined floods through the Lower Dam.

The 10-year and 100-year floods, the probable maximum flood (PMF), and
floods expressed as percentages of PMF were individually computed as
described above. The PMF is defined as the hypothetical flood event
that would result from the most severe combination of critical meter-
orologic and hydrologic conditions that are reasonably possible at a
particular location or region. The Modified Puls Method was used for
reservoir routing.

For all cases of the reservoir flood routings, the level of the reservoir
surface was set at E1. 986.4 feet for the Upper Dam, the observed water
surface elevation behind the embankment, and at the spillway crest £1. 944. ¢
feet for the Lower Dam at the start of the floods. In the spillway rout-
ing at the Lower Dam, it was assumed that erosion of the spillway channel
would not occur as flood discharges increase; therefore, the spillway

discharge rating curve was computed for a specific cross section and
configuration.

Results of the overtopping analyses indicate that both the Upper and the
Lower Dams can pass the PMF without overtopping the dam crests. At the
PMF, the maximum reservoir water surface elevation for the Uppey Dam
(31036) is E1. 995.3 feet while the minimum dam crest elevation is i1
998.8 feet. The maximum reservoir water surface elevation for the iLower
Dam (30717) under the PMF condition is E1. 954.5 feet, which 15 below
the minimum dam crest elevation of E1. 957.5 feet. The combined PMF
peak outflow from the lower pond is 3090 cubic feet per second, with a
flow depth of 6.9 feet and a flow velocity of 13.1 feet per second at

the spillway section. Such a high velocity would cause significant
erosion of the spillway channel.

A major consideration in evaluating the safety of the dams is assessing
the potential for overtopping and the subsequent failure of the embank-
ment. as a result of erosion. Since the spillway of the Lower Dam is com-
posed of erodible materials, high velocity discharges through the spiliway
could lead to significant erosion of the spillway; however, erosion of

the spillway channel will not endanger the embankment. The spillwav 1s
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separated from the embankment at the right abutment and it discharges into
an adjacent drainage. Based on the Corps of Engineers Manual EM 1110-2-1601,
"Hydraulic Design of the Flood Control Channels", the maximum permissible
velocity for the residual soils found in the spillway channel is estimated
to be about 4 feet per second. Using this as a criterion, the spillway con-

trol section can only pass about 3 percent of the PMF without significant
erosion.

Another consideration that must be addressed is that both the Upper Dam
and Lower Dam are constructed of fine sand tailings and could become un-
stable if sufficient depths of water are impounded to saturate the embank-
ments and accelerate seepage and piping.

Results of the overtopping analyses are presented in Appendix A and are
summarized on the following page.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. The conditions which adversely affect the
structural stability of these dams are discussed in Section 3.

b. Design and Construction Data. Limited design and no construction
data pertaining to the structural stability of the dams were available.
Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not available,
and lack of this information is considered a deficiency. These seepage
and stability analyses should be performed for appropriate loading
conditions, including earthquake loads, and made a matter of record.

c. Operating Records. No appurtenant structures requiring operation
exist at these dams and no records are known to exist.

d. Post Construction Changes.

(1) Lower Dam (30717): A toe buttress was built at the lower
carthfill dam in 1960 to correct an instability problem. The crest of this
earthfill dam was also raised approximately eight feet during the period
between 1954 and 1961. Rock was being placed on the dam crest during the

inspection to provide an access road. No other post construction changes
are evident.

(2) Upper Dam (31036): The dam is currently being raised. Not
applicable.

e. Seismic Stability. The dams are located in Seismic Zone 2, as
defined in the Uniform Building Code. Slides and slope failures could
occur where the downstream slopes are relatively steep. There is a high
potentia’ for liquefaction at both dams where the foundations and embank-
ment materials consist of loose, saturated fine sand tailings. The
clayey foundation soils at the site may have a potential for deformation.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety.

(1) Lower Dam (30717): The lower dam has several deficiencies
that affect its stability and that should be corrected. (1) The last
30 feet of the embankment height was obtained by using an upstream
hydraulic construction method with fine sand tailings constructed on a
foundation consisting of loose, saturated fine sand and silt tailings.
The dam should be considered potentially unstable, particularly when
subjected to earthquake loads or high reservoir stages. (2) The seepage,
piping, and erosion of tailings adversely affect embankment stability.
The fine sand tailings provide little resistance to piping and surface
erosion, and the dam could become unstable if a sufficient depth of
water is impounded to accelerate piping. (3) The high phreatic surface
within the embankment system also indicates potential stability problems
associated with the earthfill starter dam. As mentioned in Section 2. a
rock toe berm was constructed at the downstream toe of the starter dam
to increase stability. (4) The soft and marshy ground at the toe of the
dam adversely affects embankment stability. (5) There is a lack of
adequate erosion protection on the downstream slopes as evidenced by
severe surface erosion. No erosion protection has been provided on the
upstream slope. (6) Seepage and stability analyses were not available,
and they should be performed and made a matter of record. (7) The
combined discharge capacity of the spillway and outlet was computed to
be adequate to pass 100 percent of the probable maximum (PMF) without
overtopping the dam. The PMF is the flood that may be expected from the
most severe combination of critical meteorologic and hydrologic conditions
that :s reasonably possible in the region. The "Recommended Guidelines
for Safety Inspection of Dams" specifies that the spillway design fiood
for this dam should be the PMF. Although the hydrologic analysis shows
the Lower Dam capable of passing the PMF without overtopping, high
velocities at the spillway section would cause significant erosion of
the spillway channel, and the high level of impounded water could cause
accelerated seepage and piping, reducing embankment stability. Erosion
of the spillway channel, however, will not endanger the embankment.

(2) Upper Dam (31036): The Upper Dam has several deficiencies
that affect its stability and that should be corrected. (1) The embank-
ment is being increased in height by an upstream hydraulic construction
method using fine sand tailings constructed on a foundation consisting
of loose, saturated fine sand and silt tailings. The dam shouid be
considered potentially unstable, particularly when subjected to earthquake
Joads or high reservoir stages. (2) The seepage, piping, and erosion
occuring along the toe of the dam and the soft and saturated conditions
downstream and beneath the dam adversely affect embankment stability.

The dam could become unstable if a sufficient depth of water is impounded
to accelerate piping. (3) The erosion gullies on the exterior face along
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the enlarged section and the erosion scarps at the toe of the interior
slope along the enlarged section adversely affect embankment stability.
(4) No erosion protection has been provided on the upstream and downstream
faces of the dam. (5) The dam has no overflow structure such as an open
channel spillway in the event the outlet pipe became plugged. (6)

Seepage and stability analyses were not available, and they should be
performed and made a matter of record. (7) The storage capacity of the
dam was computed to be adequate to retain the PMF. The "Recommended
Guidelines for Safety Inspection of Dams" specifies that the spillway
design flood for this dam should be the PMF. Although the hydrologic
analysis shows the Upper Dam capable of retaining the PMF without over-
topping, the high level of impounded water could cause accelerated seepage
and piping, reducing embankment stability, and should the outlet become
plugged, no overflow channel exists to prevent overtopping and significant
erosion of the embankment.

b. Adequacy of Information. Limited design and no construction
data were available for the Lower Dam (30717), and no design or construc-
tion data were available for the Upper Dam (31036). Seepage and stability
analyses comparable to the requirements of the "Recommended Guidelines
for Safety Inspection of Dams" were not available, and this lack of data
is considered a deficiency.

Results of the hydrologic studies could be changed if larger scale and
more up to date topographic maps with smaller contour intervals were
used. The only available topographic map at the time of this inspection
is the USGS Richwoods, Mo., 1946, 15 minute series, 1:62,500 scale,
topographic quadrangle with contour intervals of 20 feet. This topograp-
hic data is inadequate due to the fact that the mining activity and dam
construction occured subsequent to the publication of the quadrangle map.
Watershed drainage areas and reservoir areas were measured from a Surdex
aerial photograph, scale: 1 inch = 1000 feet, 14 May 1978. Stream
lengths were obtained from the quadrangle map. Reservoir area-capacity
data and slopes were developed using survey measurements and constructing
topographic contours on the aerial photograph. This data is considered
to be adequate for the Phase I inspection; however, the use of the USGS
gquadrangle and the aerial photograph for the hydrologic studies results
in an approximate evaluation of spillway and outlet flood discharge
capacity and overtopping potential.

c. Urgency.

(1) Lower Dam (30717): The Phase I inspection indicated
serious deficiencies in the condition of the Lower Dam. Seepage and
stability analyses should be made to determine the safe maximum level
of water for normal operation and for flood conditions. Seepage and
stability analyses, and control of seepage and piping through the dam
should be given priority.

(2) Upper Dam (31936): The Phase I inspection indicated
serious deficiencies in the condition of the Upper Dam. Seepage and
stability analyses should be done to determine what level of water can
be safely impounded and whether or not construction of an overflow
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structure would be required to maintain that level during the PMF.
Seepage and stability analyses, control of seepage and piping through

the dam, and control of erosion at the enlarged section should be
given priority.

d. Necessity for Phase II. No Phase II investigations are recom-
mended for either dam; however, additional investigations are recommended
as outlined in Sections 7.2.a. (1), (5) and 7.2.b. (3), (4).

7.2 REMEDIAL MEASURES
The following remedial measures are recommended:

a. Lower Dam (30717).

(1) Control of Seepage and Piping: Seepage and stability
analyses should be made to determine the safe maximum level of water
for normal operation and for flood conditions. The analyses should
lead to specific remedial work that would control seepage and piping
of tailings through the dam. These remedial measures should be per-
formed under the direction of a professional engineer experienced in
the design and construction of tailings dams.

(2) Drainage of Seepage: Seepage which accumulates at the
Lower Dam toe should be permanently drained to remove water which
saturates and weakens the foundation soil.

(3) Erosion Protection: Erosion gullies on the Lower Dam and
downstream slope of the Lower Dam should be repaired, and erosion protec-
tion should be placed on slopes of the dam that are subject to heavy
runoff or wave action. Consideration should be given to using structural
measures to control surface runoff, such as lined ditches, or curbing
and downslope culverts. Access to the lower damsite should be restricted
to prevent further erosion damage caused by off-road vehicles.

(4) Plugging of Outlet Pipe: The plan to plug the existing
outiet pipe from the Lower Dam should be carried out immediately. This
will eliminate a potential conduit for piping of tailings through the dam.

Plugging the outlet pipe will have a negligible effect on the discharge
capacity at the dam.

(5) Seepage and Stability Analyses: Seepage and stability
analyses should be performed by a professional engineer experienced in
the design and construction of tailings dams. Included in these analyses,
computations should be performed with the reservoir water surface in the
impoundment set at the maximum pool (PMF) level. The necessary data
for these analyses would be obtained from additional investigations.

The investigations should consist of subsurface exploration and soil
sampling, and a laboratory testing program to obtain the necessary
engineering parameters of the dam and foundation materials. These
parameters should be used in an engineering study to evaluate the
stability for the dam. Concurrent with the exploratory work, ground-
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water monitoring wells should be installed in the drill holes to obtain
water level data that would be used in the stability studies. Remedial
measures to the dam should be based on the results of the stability-
studies and should be done under the direction of a professional
engineer experienced in tailings dam design and construction.

(6) Inspection and Maintenance Program: An inspection and
maintenance program should be intitiated. Periodic inspections should
be made by qualified personnel to observe the performance of the dam,
spillway, and outlet. Observations should include indications of insta-
bility, such as cracks in the embankment, sloughing, erosion, sudden
settlement, or an increase in the volume or turbidity of seepage.
Records of these inspections should be maintained, and ail maintenance
and remedial measures made to the dam, spillway, and outlet pipe should
be documented.

b. Upper Dam (31036).

(1) Control of Seepage and Piping: Specific remedial work
should be addressed to controlling active piping of tailings through
the Upper Dam. This remedial work should be based on appropriate analyses
of this condition and should be pertormed under the direction of an
engineer experienced in the design and construction of tailings dams.

(2) Erosion Protection: £Erosion protection should be provided
on the dam slopes, abutments, and other areas subject the heavy runoff
or wave action. Erosion gullies and scarps on the exterior and interior
faces of the embankment along the enlarged section should be repaired,
and the method of tailings disposal should be modified to prevent their
occurrence.

(3) Overflow Provisions: A more effective barrier around the
vertical riser of the outlet pipe should be constructed to insure that
the outlet pipe can not become plugged. Seepage and stability studies
should be done to determine what level of water can be safely impounded
by the Upper Dam and whether or not construction of an overflow structure
such as an open channel spillway would be required to maintain that
level during the PMF. This overflow structure, if required, should have
erosion protection adequate to withstand the peak discharge velocity
resulting from the PMF without signiticant erosion of the spillway or
embankment. It should be maintained as the dam is raised and should be
modified so that it is always capable of passing the PMF while maintaining
a safe level of impounded water. This work should be done under the
direction of a professional engineer experienced in the design and
construction of tailings dams.

(4) Seepage and Stability Analyses: Seepage and stability
analyses should be performed by a professional engineer experienced in
the design and construction of tailings dams. Inciuded in these analyses,
computations should be performed with the water surface in the impoundment
set at the maximum pool (PMF) level. [he necessary data for these
analyses would be obtained from additional investigations. The investi-
gations should consist of subsurface exploration and soil sampling, and
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a laboratory testing program to obtain the necessary engineering para-
meters of the dam and foundation materials. These parameters should be
used in an engineering study to evaluate the stability of the dam.
Concurrent with the exploratory work, groundwater monitoring wells
should be installed in the drill holes to obtain water level data that
would be used in the stability studies. Remedial measures to the dam
should be based on the results of the stability studies and should be
done under the direction of a professional engineer experienced in
tailings dam design and construction.

(5) Inspection and Maintenance Program: Although the dam is
currently being raised, an inspection and maintenance program should be
initiated. Periodic inspections should be made by qualified personnel
to observe the perforwmance of the dam and outlet. Observations should
include indications of instability, such as cracks in the embankment ,
sloughing, erosion, sudden settlement, or an increase in the volume or
turbidity of seepage. Records of these inspections should be maintained,
and all maintenance and remedial measures made to the dam and outlet pipe
should be documented.
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APPENDIX A

HYDROLOGIC AND HYDRAULIC ANALYSES

The hydrologic and hydraulic analyses were accomplished by using the
computer program "Flood Hydrograph Package, HEC-1, Dam Safety Investi-
gations Version, July 1978". This program was developed by the Hydro-
logic Engineering Center, U.S. Army Corps of Engineers, Davis, California.
The criteria and methodology used are briefly discussed below:

e Probable Maximum Precipitation (PMP) - The 24-hour PMP was
obtained from Hydrometeorological Report No. 33. The 6-hour
and the l-hour depth-duration distributions followed Corps of
Engineers EM 1110-2-1411 criteria.

¢ 100-year and/or 10-year storms - The 24-hour storm amounts and
distributions were supplied by Corps of Engineers, St. Louis
District, Missouri.

e Unit Hydrograph - The Soil Conservation Service (SCS) curve-
linear unit hydrograph method was used. Basin lag time was
computed by using the SCS Curve Number Method and equation.

® Hydrologic Soil Group, Antecedent Moisture Condition (AMC) and
Curve Number (CN) - The predominant hydrologic soil group for
the watershed was obtained from an agricultural soil classifi-
cation map prepared by the University of Missouri Agricultural
Experiment Station. For the PMF and floods expressed as a
percent of PMF, AMC III conditions were used. For the 100-
year and/or 10-year floods, AMC II conditions were assumed.
Watershed CN was estimated from field observations and from
aerial photos.

® Reservoir Area-Capacity - Areas were measured from U.S.G.S.
topographic maps and/or from aerial photographs. Reservoir
elevations and corresponding surface areas were input in the
computer program, which determined the reservoir capacities
by the Conic Method.

e Reservoir and Spillway Flood Routing - The Modified Puls Method
was used for all flood routing through the spillway and dam over-
topping analyses.

The following pages present the input data listing, the computer pro-
gram version and its last modification date, together with pertinent
computer printouts of results. Definitions of all input and output
variable names are presented in the computer program "Users Manual",
September 1978, and are not explained herein.
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