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SUBJECT: Old Mines Tailings Dam, MO 30706 Phase I Inspection Report.

This report presents the results of field inspection and evaluation of the
Old Mines Tailings Dam.

It was prepared under the National Program of Inspection of Non-Federal
Dams.

This dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

1. Spillway will not pass 50 percent of the Probable Maximum
Flood without overtopping the embankment and without signi-IJ
ficant erosion of the spillway and embankment.

2. Overtopping of the dam and/or significant erosion of the
spillway could result in failure of the dam.

3. Dam failure significantly increases the hazard to loss of
life downstream.

For Phase I reports, the extent of the downstream damage zone has been
determined assuming that all materials contained by the tailings dam are
in a liquid state.

SUBMITTED BY: SIGNED 0OJUN 1980
Chief, Engineering Division Date
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam Old Mines Tailings Dam .

State Missouri
County Washington
Stream Mud Town Creek
Date of Inspection 24 August 1979

Old Mines Tailings Dam, I.D. No. 30706, was inspected by two civil
engineers from International Engineering Company, Inc., of San Fran-
cisco, California.; This dam is owned by General Barite Company of
DeSoto, Missouri. >!Ihe purpose of the inspection was to assess the
general condition of the dam with respect to safety. The assessment was
based on an evaluation of the available data, a visual inspection, and
an evaluation of the hydrology and hydraulics of the site to determine
if the dam poses hazards to human life or property. The purpose of the
dam is to impound tailings from a barite separation and beneficiation
operation.

Old Mines Tailings Dam was inspected using the "Recommended Guide-
lines for Safety Inspection of Dams" furnished by the Department of the
Army, Office of the Chief of Engineers. Based on these Guidelines, this
dam is classified as intermediate size. The St. Louis District Corps of
Engineers has classified this dam as having a high downstream hazard
potential to indicate that failure of this dam could threaten life and
property. The estimated damage zone provided by the St. Louis District
Corps of Engineers extends approximately six miles downstream of the
dam. Information provided by the Corps of Engineers indicates that 25
dwellings and a highway are within this damage zone.

The results of the inspection and evaluation indicate.that the
spillway does not meet the criteria given in the Guidelines for a dam
with the size and hazard potential of Old Mines Tailings 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 calculated that the spillway can 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 and without significant erosion of
the spillway or embankment. It is estimated that the spillway can pass
42 percent of the PMF without overtopping the dam. However, at 42 per-
cent of the PMF the peak spillway outflow has a velocity which could



cause significant erosion of the spillway and embankment. It is also
estimated that the spillway can pass 15 percent of the PMF without over-
topping the dam and without significant erosion of the spillway or embank-
ment. The spillway cannot pass 50 percent of the PMF without overtopping
and significant erosion.

The spillway capacity should be increased and/or adequate freeboard
provided so that the PMF can be passed without overtopping the dam.
Adequate erosion protection should be provided so that the PMF can be
passed without significant erosion of the spillway or embankment. The
existing shallow spillway channel terminates on the right abutment
hillside above the natural drainage. A more distinct channel should be
cut downstream of the crest, and the spillway channel should be extended
to the natural drainage channel or a sufficient distance downstream so
that any discharge will not undercut and erode the toe of the dam or its
foundation.

Considerable seepage and ponded water exists along a majority of
the downstream embankment toe, and the soils in these areas are soft and
saturated. This soft foundation soil condition and the steep downstream
embankment slope could adversely affect the stability of the dam.
Seepage and ponded water should be drained to remove water which saturates
and weakens foundation soils.

Seepage and stability analyses of this dam are not available.
These studies should be performed by a professional engineer experiencedI 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 investigation would consist of
field exploration and soil sampling, a laboratory testing program, and
an engineering study to evaluate the stability of the dam. 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. Periodic
inspections should be made and documented by qualified personnel to ob-
serve the performance of the dam and spillway.

It is recommended that the owner take action to correct the defi-
ciencies described.

/KennethB.KnPE

Stanliuy}. Kline PE.



OVERVIEW OF OLD MINES TAILINGS DAM - I.D, NO. 30706

FROM A LOCATION DOWNSTREAM OF RIGHT ABUTMENT
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

OLD MINES TAILINGS DAM - ID NO. 30706

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 the Old Mines Tail-
ings Dam be made and authorized International Engineering Company, Inc. to
make the inspection.

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

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief of Engineers,
in "Recommended Guidelines for Safety Inspection of Dams". These Guide-
lines 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 Dam and Appurtenances.

(1) Old Mines Tailings Dam is a cross-valley earthfill dam that
is used to impound tailings from a barite separation and
beneficiation operation. The dam is being continually
raised to provide storage for tailings. The tailings
consist of reddish-brown soft silty clay, which is being
deposited as a slurry in a water environment.

(2) The spillway is a shallow open channel cut into natural
clayey soil on the right abutment. The spillway approach
channel is an uncontrolled open channel of trapezoidal
cross section cut into natural clayey soil along the east
side of the impoundment.

b. Location. The dam is located in the northeastern portion of
Washington County, Missouri, as shown on Plate 1. The dam, shown on
Plate 2, is located in MO Survey 3039, Township 38 North, Range 3 East.
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c. 'Size Classification. Old Mines Tailings Dam is greater than 40
feet but less than 100 feet high, and the impoundment storage is less than
50,000 acre-feet; therefore, this dam is classified as an intermediate
size dam in accordance with the "Recommended Guidelines for Safety Inspec-
tion of Dams".

d. Hazard Classification. This dam is classified as having a high
hazard potential by the St. Louis District Corps of Engineers. The esti-
mated damage zone, as provided by the St. Louis District Corps of Engineers,
extends approximately six miles downstream of the dam. Information pro-
vided by the Corps of Engineers indicates that 25 dwellings and a highway
are within this damage zone.

e. Ownership. This dam is owned by:

General Barite Company
402 South Second Street
DeSoto, MO 63020

f. Purpose of Dam. The purpose of the dam is to impound the tailings
from a barite separation and beneficiation operation.

g. Design and Construction History. No written design or construction
data were available. Mr. Charles M. Faulkner, President of General Barite
Company, indicated that construction of a clay starter dam began in about
1967. After construction of the starter dam, sand and angular gravels,
finer than 7/8-inch, from the mill operation were used to raise the
dam. Larger waste rock was dumped on the downstream slope. The dam
is continually raised to provide additional tailings storage capacity.

h. Normal Operating Procedures. Fine barite tailings are discharged
in a slurry form from the mill and deposited by gravity flow into the
impoundment near the upstream face of the dam at the left abutment.
Water collected at the upstream end of the impoundment is separated
from the tailings by a gravel dike along the southwestern side of the
impoundment. The water is recycled back to the mill. The outflow
of surface runoff would pass through an uncontrolled spillway located
at the right abutment. No operating records for this dam are known
to exist.

1.3 PERTINENENT DATA

Field surveys were made by Booker Associates, Inc. of St. Louis, Missouri
on 11 September 1979. Field measurements are valid as of the dates of
inspection and survey. The survey data is presented on Plates 3 through 8.

a. Drainage Area - 326 acres (Surdex aerial photograph, scale:
1 inch 1000 feet, 14 June 1978).
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b. Discharge at Damsite.

(1) Outlet pipe - There is no outlet pipe at this dam. Not
applicable.

(2) Spillway discharge for pool at top of dam (El. 887.2 feet)
755 cfs.

(3) Maximum experienced outflow at damsite - No available in-
formation.

c. Elevation (Feet Above M.S.L.)! /

(1) Top of dam - Varies from El. 887.2 to El. 895.4.

(2) Streambed at downstream toe of dam - El. 830-.

(3) Maximum pool (PMF) - El. 888.5.

(4) Operating pool - El. 883.2 on 11 September 1979.

(5) Spillway crest - El. 885.0.

(6) Tailings surface adjacent to dam - Varies from El. 884.5
to El. 891.2.

d. Reservoir.

(1) Length of maximum pool - 2500+ feet (Surdex aerial phototgraph,
scale: 1 inch = 1000 feet, 14 June 1978).

(2) Length of operating pool - 1200- feet (Surdex aerial
photograph, scale: 1 inch = 1000 feet, 14 June 1978).

(3) Length of impounded tailings - 2500- feet (Surdex aerial
photograph, scale: 1 inch = 1000 feet, 14 June 1978).

e. Storage Above Tailings Surface.

(1) Top of dam (El. 887.2 feet) - 286 acre-feet.

(2) Operating pool (El. 883.2 feet on 11 September 1979) -
38 acre-feet.

(3) Spillway crest (El. 885.0 feet) - 126 acre-feet.

1 Elevations are based on a reference elevation of 890.00 feet M.S.L.
estimated from the Tiff, Mo., 1937, 7.5 minute series, topographic
quadrangle. A temporary bench mark at El. 890.92 feet was estab-lished from this reference (Plate 3).
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f. Reservoir Surface Area.

(1) Top of dam (El. 887.2 feet) - 81 acres.

(2) Operating pool (El. 883.2 feet on 11 September 1979) -

36 acres.

(3) Spillway crest (El. 885.0 feet) - 63 acres.

g. Dam.

(1) Type - Earthfill.

(2) Crest length - 1720 + feet.

(3) Height (maximum above streambed) - 61 feet at Station 10+82.

(4) Crest width - 50 to 60 feet.

(5) Side slopes -

(a) Downstream slope - Approximately 1.4 (H) to 1.0 (V).

(b) Upstream slope - Unknown.

(6) Zoning - The zoning of the dam consists of a clay starter
dam, which is overlain by sands and angular gravels. Larger
waste rock and boulders are dumped on the downstream slope.
The sands, gravels, and rock result from the barite ore
milling process, and the gravels are finer than 7/8-inch.

(7) Cutoff - No written information was available to indicate
that a cutoff was designed or constructed. Mr. Charles M.
Faulkner, President of General Barite Company, stated that
the clay starter dam has a key trench but was unable to
provide information as to its depth or whether it was ex-
tended to bedrock or not.

h. Spillway.

(1) Type - Uncontrolled open channel at right abutment.

(2) Control section - The depression at the right abutment in
the dam crest, which is used as a haul road, would func-
tion as a broad-crested weir of varying width (Station
1+80 to 3+60).

(3) Crest elevation - El. 885.0 feet.

(4) Upstream channel 1230-foot long open channel of trape-
zoidal cross section cut into natural clayey soil along
the east side of the impoundment.
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(5) Downstream channel - Shallow cleared section which drains
into open cut trapezoidal channels, erosion gullies, and
unchanneled natural ground which meander adjacent to dam
toe and drain into marshy area immediately downstream of
the dam at its maximum section and into Mud Town Creek.

i. Regulating Outlets. - None.

j. Diversion Ditches. - None.

5-



SECTION 2 -ENGINEERING DATA

2.1 DESIGN

No design drawings or data are known to exist.

2.2 CONSTRUCTION

No construction records were available. Information concerning construc-
tion of the dam was provided verbally by Mr. Charles M. Faulkner, Presi-
dent of General Barite Company. Mr. Faulkner indicated that the mill,
which is situated on the hill above the left abutment, was constructed in
1965, and construction of the dam began in about 1967. He stated that a
clay starter dam was built by a highway contractor with the use of scrapers
and that the dam has a key trench. The only drawing of the dam that Mr.
Faulkner was aware of is a sketch prepared for figuring quantities for
payment. This sketch could not be found, and no information regarding
the slopes, crest width, or height of the starter dam or the depth of
the key trench could be obtained.

During subsequent operation of the impoundment, sand and angular gravels,
finer than 7/8-inch, resulting from the barite ore milling process were
used to raise the dam to provide additional tailings storage capacity.
Larger waste rock was dumped on the downstream slope. The material was
hauled to the crest by truck and placed with spreading equipment. Excess
material was pushed over the upstream and downstream faces of the dam.
The sands, gravels, and larger rock placed in this manner are in a loose
state and are at or near their natural angle of repose on the downstream
face. The material pushed over the upstream side rests on the tailings.
The centerline of the dam remains approximately at the same position as
the embankment is raised. Compaction of the material on the crest is by
construction equipment; the crest is used as a haul road.

Presently, the construction is proceeding in the same manner. Material
from the barite ore milling process is hauled to the dam by truck and
dumped in windrows along the upstream and downstream edge of the crest,
and the dam crest haul road is raised between the windrows. The finer
sands and gravels are dumped on the upstream windrow and placed along
the crest. The larger material is dumped on the downstream window and
on the downstream slope. Clearing of brush and trees is not evident
along the downstream toe of the dam as it progresses downstream. Dumping
of some rubbish, twigs, roots, and branches on the downstream face was
noticed at the time of inspection.

Mr. Faulkner indicated that spillway construction has proceeded up the
right abutment as the dam has been raised. Construction of a new spill-
way was just completed prior to this inspection. A 1230-foot long spill-
way approach channel was cut into the natural clayey soil along the east
side of the impoundment with a dragline. The old spillway approach chan-
nel was evident directly to the west. At the time of inspection it
appeared that the outflow of surface runoff would pass through both the
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old and new approach channels and would combine at the depression in the
dam crest between the two channels and would continue down the right abut-
ment along the toe of the dam. Mr. Faulkner indicated that as the dam
crest is raised, flow from the old spillway approach channel would be
cut off, and the depression in the dam crest would become more pronounced
at the location of the new approach channel. A distinct channel is not
cut through the dam crest at the right abutment to join the approach
channel, however, since the crest is used as a haul road.

A report by J. H. Williams of the Missouri Geological Survey dated 23
September 1975 and entitled "Engineering Geologic Report on General
Barite Mining Tailings Pond" indicates that the dam had evidence of
substantial stability. This report is presented in Appendix B.

2.3 OPERATION

No operating records are known to exist. Fine barite tailings are dis-
charged in a slurry form from the mill and deposited by gravity flow
into the impoundment near the upstream face of the dam at the left
abutment. Water collected at the upstream end of the impoundment is
separated from the tailings by a gravel dike along the southwestern
side of the impoundment. The water is recycled back to the mill. The
outflow of surface runoff would pass through an uncontrolled spillway
located at the right abutment.

2.4 EVALUATION

a. Availability. No design or construction records were available.
The only design and construction information available to the inspection
team wds that obtained through verbal communication with Mr. Charles M.
Faulkner, President of General Barite Company.

b. Adequacy. The field surveys and visual inspections 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 avail-
able, and this lack of 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. Validity. Not applicable because no design data were available.
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SECTION 3 -VISUAL INSPECTION

3.1 FINDINGS

a. General. The dam was inspected by two civil engineers from
International Engineering Company, Inc. on 24 August 1979. Mr. Charles
M. Faulkner, President of General Barite Company, met with the inspection
team on 22 August 1979 to tour the damsite and provide information about
the construction and operation of the impoundment. The impoundment
created by Old Mines Tailings Dam is currently in use as a barite tailings
storage site. The dam is continually being raised to provide additional
tailings storage capacity. Photographs taken during the inspection are
included in this report. Field locations of the photographs are shown
on Plate 9.

b. Prject Geolgy. The impoundment watershed is covered by a
residual reddish-brow clay containing gravel and rock fragments of
barite, chert, and quartz druse. Soil cover appears to be generally
less than 15 feet thick. The underlying bedrock is mapped as gray dolo-
mite of the Cambrian age Potosi Formation. Bedrock was exposed in mined
areas at the back of the impoundment in the southeastern portion of the
watershed.

c. Dam. The plan of the dam is shown on Plate 3. The profile and
cross seclUions of the dam, spillway, and spillway approach channel are
shown on Plates 4 through 8.

There is essentially no vegetation on the embankment itself. Some trees
and brush are growing through the embankment at the left abutment and
appear to be rooted in the natural soils. Some trees and brush that were
not cleared as the dam was raised are growing through the embankment
near the downstream dam toe. Lush vegetation consisting of trees,
brush, and grasses exist immediately downstream of the dam. Clumps
of weeds are growing on the tailings surface in the area adjacent to
the dam.

Based on visual inspection, no evidence of detrimental settlement, depres-
sions, cracks, sinkholes, erosion, piping, or animal burrows were observed
in or near the dam. It is doubtful, however, such features would be appar-
ent because of con tinual addition of gravel and rock fill. Minor surface
erosion was evident at a few locations on the downstream face due to run-
off. No major erosion was visible on either the upstream or downstream
slope. Surface ravelling was noted at several locations along the down-
stream slope of the dam. Dumping of material onto the face of the dam
probably causes this ravelling since the gravels and rock are standing at
or near their natural angle of repose. A buldge in the lower half of
the dam near the maximum section at Station 12+10 was observed. It
appeared that this was caused by a shallow slide or slump on the down-
stream face. Trees and brush at the toe in this location were obviously
tilted out from the toe by movement of embankment material. Heaving
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of the ground downstream of the dam was not evident. It did not
appear that what caused this protrusion at the base of the dam resulted
in any detrimental affects to the stability of the dam, and because of
the nature of the embankment material it was not clearly evident whether
or not it was caused from a shallow slide, ravelling, or simply by the
way material was dumped and deposited over the crest of the dam onto
the downstream face.

Seepage and ponded water was evident along a majority of the dam toe.
No seepage issuing from the dam face itself was observed. Ponded water,
up to six inches deep, was encountered along most of the western half
of the dam below the downstream toe from Station 12+00 to Station 17+00.
Throughout this area, the ground was soft and saturated. The marshy
ground extended several hundred feet downstream of the dam toe. Seepage
was observed flowing from the toe of the dam at its maximum section,
Station 10+82, at approximately 1 to 2 gpm. Percolation through the dam
beneath the face was audible. Other major seeps along the dam toe were
noted at Station 5+92 and Station 4+04 flowing at an estimated 2 to 3 gpm
and 1/2 to 1 gpm respectively. All seepage observed appeared to be clear,
and no evidence of piping was observed. Some of the seeps had an orange-
red oily appearance, but flow was clear. Seepage emerging from the toe
along the eastern half of the dam has formed erosion gullies that meander
down the slope adjacent to the dam toe to the bottom of the drainage
draw. Parts of these gullies or channels may be remains of previous
downstream spillway channels.

The elevation difference between the dam crest and the tailings surface
adjacent to the dam ranged from about 2 to 6 feet on the date that the
survey was made (11 September 1979). The elevation difference between
the low point in the dam crest and the spillway crest was 2.2 feet on
the date of survey. There is no slope protection on the upstream slope
which is composed of sands and angular gravels, finer than 7/8-inch.
The only slope protection on the downstream slope is provided by the
larger waste rock from the barite mining. This rock varies in size from
4 and 6 inches to boulder sizes having a dimension as large as 3 and 4
feet. It is dumped randomly onto the downstream face from the crest and
does not blanket the entire face of the dam. The slope is at or near
the angle of repose for these materials.

No evidence of instability was observed at either abutment. Both abut-
ments are covered with residual reddish-brown clayey soil with gravel
and rock fragments. Some seepage along the downstream toe on the right
abutment was observed as described earlier. There was no evidence of
clearing or stripping of trees and underbrush on the left abutment.
Strip mining activity has occurred at the right abutment.

d. Appurtenant Structures. The only appurtenant structure asso-
ciated with the dam is the spillway at the right abutment. The spillway
consists of a 1230-foot long approach channel upstream of the dam exca-
vated in natural clayey soil along the east side of the impoundment and
a shallow cleared section approximately 150 feet long adjacent to and
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downstream of the dam toe on the right abutment. Construction of the
spillway and spillway approach channel was just completed prior to this
inspection to replace the previous spillway immediately to the west
which no longer exists due to dam enlargement. The old spillway approach
channel was evident directly to the west of the newly cut channel.

The spillway approach channel was excavated using a dragline. Material
that was excavated to form the channel is piled along the west side of
the channel to form its west bank. The channel bottom varies in width
between about 10 and 30 feet and is very irregular. Side slopes are
variable from about 0.5(H) to 1.0(V) to 2.0(H) to 1.0(V). The approach
channel profile and cross sections are shown on Plates 6A and 7 respec-
tively. A depression in the dam crest at the right abutment forms the
spillway control section. A distinct channel is not cut into the abutment
at this location to join the spillway approach channel, because the dam
crest is used as a haul road.

The channel downstream of the spillway crest is a shallow stripped sec-
tion consisting of freshly cut clumps of clayey soil along the downstream
toe, which terminates on the right abutment hillside. The profile is
shown on Plate 6B. At the location where the channel rounds the dam
crest to proceed down the abutment, the channel bottom slopes toward the
toe of the dam. Beyond the point where the cleared section terminates,
f low would pass over the natural ground and would be channeled through
erosion gullies caused by seepage and through sections of open cut
trapezoidal channels which appear to have been associated with earlier
spillways, meandering down the right abutment hillside adjacent to the
dam to the natural stream channel. No erosion was observed in the
spillway or spillway approach channel; however, these channels were
recently constructed and had probably not functioned prior to inspection.

e. Reservoir Area. No evidence of landsliding was observed in the
reservoir area. There are no upstream structures within the watershed
of this dam that would be subjected to backwater flooding. Most of the
watershed toward the back of the impoundment is abandoned strip mine.
Drainage is interrupted in this area and is often ponded. Erosion was
noted in watershed drainage channels within the strip mine area. Undis-
turbed forest land exists along the sides of the tailings pond, and very
little erosion has occurred in these areas. The tailings in the impound-
ment consist of soft silty clay that is being deposited by hydraulic
methods. Minimal consolidation of the tailings has probably taken place.

f. Downstream Channels. Discharge from the spill,ay channel would
flow down the right abutment hillside, for a vertical distance of about
60 feet, into a marshy area in the natural downstream channel of Mud
Town Creek. The natural stream channel of Mud Town Creek below the dam
is undeveloped and heavily forested.
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3.2 EVALUATION

Minimal consolidation of the silty clay tailings has probably taken
place. Therefore, the dam is effectively retaining a material with
very low strength. The tailings exert a high pressure that the dam
must resist.

The embankment is a relatively porous granular structure above the
tailings surface. If the water level were to rise above the tailings
surface due to flood runoff, there could be significant seepage through
the embankment which could adversely affect the stability of the dam.

Considerable seepage and ponded water exists along a majority of the
downstream toe, and marshy conditions extend several hundred feet down-
stream of the western half of the dam. The soils in these areas are
soft and saturated. As the dam is continually raised, the downstream
slope is constructed in the downstream direction over these soft founda-
tion soils. No clearing of foliage appears to be done as the base of
the dam moves downstream, and the downstream embankment slope stands at
or near the angle of repose of the gravels and rock that are dumped on
the slope. Although no slope instability other than minor surface slid-
ing or ravelling, which is probably due to dumping of material over the
crest, was observed, the long-term stability of the dam can not be
evaluated until seepage and stability analyses are performed. The soft
foundation soil condition and steep downstream embankment slope could
cause potential instability of the embankment as the dam is raised.

The unlined clayey spillway and spillway approach channel, and the cdam
crest at the right abutment which functions as the spillway crest are
subject to erosion due to heavy flood discharges. The spillway channel
does not extend to the natural drainage channel downstream of the dam
and it does not direct flow away from the embankment toe. Since the
spillway channel abuts the dam, flood flows could erode embankment
materials, and since the channel terminates on the right abutment hill-
side, allowing discharge to meander down the slope adjacent to the dam
on its own course, flood discharge could erode soils downstream of the
dam and/or the embankment.

The elevation difference between the low point on the dam crest and the
spillway crest was 2.2 feet on the date of survey. The spillway crest
was at El. 885.0 feet and the low point on the dam crest was at El.
887.2 feet. The tailings surface adjacent to the dam varied from El.
884.5 feet to El. 891.2 feet. Although the dam is continually being
raised and field measurements are only valid as of the dates of insepction
and survey, it is evident that water would be impounded adjacent to the
dam before discharge through the spillway would occur and freeboard
would be minimal if the relative differences in the spillway crest, dam
crest, and tailings surface elevations were the same as measured on 11
September 1979. This condition increases the possibility of significant

seepage through the embankment as discussed above.



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

No regulating procedures are known to exist for this dam. The dam is
continually being raised to provide additional tailings storage capacity.
Fine barite tailings are discharged in a slurry form from the mill by
gravity flow into the impoundment near the upstream face of the dam at
the left abutment. Water collected at the upstream end of the impound-
ment is separated from the tailings by a gravel dike along the south-
western side of the impoundment. The water is recycled back to the mill.
The outflow of surface runoff would pass through an uncontrolled spillway
located at the right abutment.

4.2 MAINTENANCE OF DAM

The embankment is currently being enlarged to provide additional tailings
storage capacity, and, therefore maintenance of the dam is not strictly
practiced. Sand, gravel, and larger rock materials are being dumped along
the dam crest in windrows and in the downstream direction over the crest.
New spillways and approach channels are constructed on the right abutment
hillside as the dam is raised.

4.3 MAINTENANCE OF OPERATING FACILITIES

There are no operating facilities at this dam. Not applicable.

4.4 DESCRIPTION OF WARNING SYSTEM IN EFFECT

Information available to the inspection team indicates that there is no
warning system for this dam.

4.5 EVALUATION

The behavior of the dam should be monitored periodically to observe any
indications of instability, such as cracks in the dam, sloughing, sudden
settlement, erosion of the dam or spillway, or an increase in the volume
or turbidity of emerging seepage.
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SECTION 5 - HYDRAULIC AND HYDROLOGIC ANALYSES

5.1 EVALUATION OF FEATURES

Hydraulic and hydrologic anlayses were made by Sierra Hydrotech of Placer-
ville, California.

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

For this evaluation, stream lengths and slopes were obtained from the
USGS Tiff, Mo. , 1937, 7.5 minute series, 1:24,000 scale, topographic
quadrangle. The watershed drainage area and reservoir areas were obtained
from a Surdex aerial photograph, scale: 1 inch = 1000 feet, 14 June
1978. The watershed drainage area was checked against an area obtained
from the USGS quadrangle, and was found to be in reasonable agreement.
The soil group for this watershed is classified as Clarksville Gravelly
Loam, equivalent to a hydrologic soil group B classification, which has
a moderate rate of water transmission.

The drainage area, as shown on Plate 2, is about 326 acres (0.51 square
miles). Land use and vegetation patterns in the watershed were determined
from field observations and aerial photographs of the project area.
These patterns were divided into the following categories:

App roxi mate
Type of Cover Percent of Watershed

Water 11
Tailings 12
Roads and Mine Facilities 2
Grassl and 2
Woodland 43
Revegetated Strip Mine 30

Based on the above, the estimated curve numbers (CN) weighted for the
entire watershed are CN 58 for the antecedent moisture condition (AMC) II
condition and CN 76 for the AMC III condition.

The revegetated strip mine areas are abandoned barite mining sites.
These areas consist of irregular scars on the topography with some
mining pits as much as ten feet deep. These areas were assigned a lower
curve number in calculating the weighted basin runoff curve number.
The basin parameters such as basin lag time, unit hydrograph, and
probable maximum precipitation are presented in Appendix A.

The dam is continually being raised and construction of a new spillway
and spillway approach channel near the right abutment of the dam was
just completed prior to this inspection. The old spillway approach
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channel leading from the tailings pond to the dam crest adjacent to the
new channel was evident. At the time of inspection, it was evident that
flood discharges would flow through both channels separately, until
reaching the dam crest at which point the flows would combine. The
channels are separated by material excavated from the new spillway
approach channel and waste gravels from the mill. These channels are
indicated on Plate 3. A profile and cross sections of the new spillway
and spillway approach channel were surveyed and are shown on Plates 6,
7, and 8. Backwater analysis indicated that most of the flow would
reach the spillway from the old spillway approach channel and that there
would be no significant backwater impact of these approach channels at
f lows produced by the probable maximum flood. Therefore, the spillway
rating is set by the characteristics of the control section along the
alignment of the dam crest (see Plate 4A). Downstream from the crest
the channel section and slope have sufficient capacity and will not
control spillway flow.

The spillway crest is at El. 885.0 feet which occurs along the upstream
side of the dam crest between station 2+22 and 2+60 of the dam crest
profile. The single gravel windrows along the edges of the dam crest
were neglected in selecting crest elevations. The minimum dam crest
elevation is located at Station 5+00 of the dam crest profile and is El.
887.2 feet. Computations of the discharge rating curve for flows in the
spillway and over the dam crest were made by using the weir flow formula
with a weir coefficient of C = 2.7 for the spillway and dam crest. The
combined discharge rating curve data for flows in the spillway and over
the dam crest is shown in Appendix A, under the input data listing as Y4
and Y5 cards, and also in the computer printout.

The reservoir area-capacity curve data is shown in Appendix A. The
capacities shown, as computed by the Conic Method in the computer program,
are the active capacities at the given elevations above the tailings.

b. Experience Data. Recorded rainfall, runoff, or other experience
data are not available. There is no evidence of historic dam overtop-
ping.

c. Visual Observations. The open channel spillway is located at
the right abutment of the damn. Specific information on thE visual
observations is presented in Section 3 - Visual Inspection.

d. Overtopping Potential. The 100-year flood, probable maximum
flood (PMF), and floods expressed as percentages of the PMF were computed
and routed through the reservoir and spillway. The PMF is defined as
the hypothetical flood event that would result from the most severe
combination of critical meteorologic and hydrologic conditions that is
reasonably possible at a particular location or region. The Modified
Puls method of spillway routing was employed.

For all cases of the spillway flood routing, the initial level of the
reservoir surface was set at the spillway crest El. 885.0 feet at the
start of the flood. Dam overtopping was considered to start when the
reservoir water surface exceeded El. 887.2 feet. It was assumed that
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the spillway-embankment section would not change due to erosion as the
flood discharge occurs; therefore, the combined discharge rating curve
for flows in the spillway and over the dam crest is constant throughout
the period of flood discharge.

Results of the overtopping analyses indicate that the spillway is able
to pass the 100-year flood. The studies also indicate that the spillway
can pass about 42 percent of the PMF without overtopping the embankment.
However, at 42 percent PMF, the peak spillway outflow is about 755 cfs,
with a flow depth of 1.8 feet and a flow velocity of about 5.2 feet per
second. Velocities in the channel downstream of the crest adjacent to
the embankment toe would be greater. Discharge velocities such as those
at 42 percent PMF peak outflow could cause significant erosion of the
spillway and embankment.

A major consideration in evaluating the safety of the dam is assessing
the potential for overtopping and the subsequent failure of the embank-
ment as the result of erosion. Since the spillway is comp-osed of erodible
materials, high velocity discharges through the spillway will lead to
significant erosion of the spillway and embankment even iT the dam is
not overtopped. Based on the Corps of Engineers Manual EP. 1110-2-1601,
"Hydraulic Design of Flood Control Channels", the maximum permissible
velocity for the materials found in the spillway section is about four
feet per second. Using this as a criterion, the spillway can pass the
100-year flood. Based on studies at 14 percent and 16 percent of the
PMF, it was estimated that the spillway can pass about 15 percent of the
PMF without significant erosion. The 15 percent P?4F routed outflow is
160 cfs, with a flow depth of 0.9 feet. Thus, for determining the
spillway erosion potential, flow velocities in the spillway channel
higher than four feet per second or a reservoir water surface elevation
exceeding El. 886.1 feet are considered to produce the effects of embank-
ment failure.

The results of the overtopping analyses are reported in Appendix A and
are summarized on the following page.
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Spillway Duration
Peak Peak Max. Res. Spillway Flow Spillway Vel.
Inflow Outflow W.S.Elev. Flow Depth Velocity over 4.0 ft/sec

Flood (cfs) (cfs) (ft) (ft) (ft/sec) (hr)

14% PMF 585 146 886.0 0.8 3.8 -

16% PMF 696 182 886.1 0.9* 4.1* 2.3

40% PMF 1671 704 887.1 1.7* 5.2* 6.8

50% PMF 2089 975 887.4** 2.0* 5.4* 7.9

75% PMF 3134 1841 888.0** 2.5* 5.8* 8.9

PMF 4179 2736 888.5** 2.9* 6.2* 10.8

These flow depths and velocities are considered to produce the

effects of significant erosion.

** Dam overtopped (Minimum dam crest El. 887.2 feet).

Note: Reservoir water surface elevations include the velocity heads
corresponding to the velocities computed at the spillway control
section.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Conditions that may adversely affect the
structural stability of the dam are discussed in Section 3.

b. Design and Construction Data. No design or construction data
pertaining to the structural stability of the dam were available. Seep-
age and stability analyses comparable to the requirements of the "Recom-
mended 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 opera-
tion exist at this dam and no records are known to exist.

d. Post-Construction Changes. The dam is currently being raised.
Not applicable.

e. Seismic Stability. The dam is located in Seismic Zone 2, as
defined in the Uniform Building Code. There appears to be a potential
for instability caused by ground shaking during earthquakes where the
dam overlies soft saturated clay foundation soil. Some crest settle-
ment and ravelling of the embankment gravels could also occur during
seismic shaking, because the gravels are in a loose state and are at
or near their natural angle of repose on the downstream face.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The Old Mines Tailings Dam has several deficiencies
that should be corrected. (1) No erosion protection has been provided
in the spillway channel. Since the spillway channel terminates on the
right abutment hillside above the natural stream channel and is aligned
adjacent to the dam toe, discharge through the channel could erode soils
downstream of the dam and/or the embankment. (2) The seepage occurring
along a majority of the downstream toe and the ponded water and marshy
conditions that exist downstream of the western half of the dam which
are creating soft saturated foundation soil conditions could adversely
affect the stability of the dam. (3) Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines for Safety
Inspection of Dams" were not available, and they should be performed and
made a matter of record. (4) The discharge capacity of the spillway was
computed to be inadequate to pass 50 percent of the Probable Maximum
Flood (PMF) without overtopping the dam and without significant erosion
of the spillway and embankment. The PMF is the flood that may be expected
from the most severe combination of critical meteorologic and hydrologic
conditions that is reasonably possible in the region. The "Recommended
Guidelines for Safety Inspection of Dams" specifies that the spillway
design flood for this dam should be the PMF.

b. Adequacy of Information. No detailed 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, and this lack of data is considered a defi-
ciency.

The only available topographic map at the time of this inspection is the
USGS Tiff, Mo., 1937, 7.5 minute series, 1:24,000 scale, topographic
quadrangle with conto,!r intervals of 20 feet. 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 maps would also show
the mining and dam construction which has occurred subsequent to the
publication of the quadrangle map. The watershed drainage area and
reservoir areas were measured from a Surdex aerial photograph, scale:
1 inch = 1000 feet, 14 June 1978. Reservoir area-capacity data was
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 quadrangle and the
aerial photograph for the hydrologic studies results in an approximate
evaluation of the spillway flood discharge capacity and embankment
overtopping potential.

c. Urgency. The Phase I inspection indicated apparent deficiencies
in the condition of the dam. Seepage and stability analyses, and measures
to increase the spillway capacity and/or freeboard and to provide the
spillway with adequate erosion protection should be given priority.
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d. Necessity for Phase 11. No Phase II investigation is recom-
mended; however, additional investigations are recomm~ended as outlined
in Section 7.2.d.

7.2 REMEDIAL MEASURES

The following remedial measures are recommended:

a. Control and Drainage of Seepage. Specific remedial work should
be addressed to controlling seepage and safely conducting it away from
the toe of the dam to prevent ponding and saturation of foundation
soils. Seepage that presently ponds downstream of the western half of
the dam should be drained to remove water which saturates and weakens
foundations soils.

b. Spillway Erosion Protection. Adequate erosion protection
should be provided on the spillway channel bottom and side slopes. This
is especially important where the spillway rounds the embankment at the
right abutment adjacent to the toe. The erosion protection should be
capable of withstanding the peak discharge velocity resulting from the
PMF in areas where erosion of the spillway could extend to the dam. The
spillway flow velocities presented in the table in Section 5 are the
estimated average velocities at the spillway control section which is
the depression in the dam crest at the right abutment. The velocities
in the channel downstream of the crest adjacent to the embankment toe
would be much greater. A more distinct channel should be cut down-
stream of the crest, and the spillway channel should be extended to the
natural drainage channel or a sufficient distance downstream so that
any discharge will not undercut and erode the toe of the dam or its
foundation.

c. Spillway Capacity. The existing spillway capacity was calculated
to be adequate to pass 42 percent of the PMF without overtopping the dam
and 15 percent of the PMF without significant erosion of the spillway
and embankment. To comply with the "Recommended Guidelines for Safety
Inspection of Dams" for a dam of this size and hazard potential, the
spillway capacity should be increased and/or freeboard increased so that
the PMF can be passed without overtopping the dam crest and without
significant erosion of the spillway or embankment.

d. Seepage and Stability Analyses. Seepage and stability analyses
should be performed by a professional engineer experienced in the design
and construction of tailings dams. The embankment is a relatively porous
granular structure above the tailings surface. If the water level were
to rise above the tailings surface adjacent to the dam, there could be
significant seepage through the embankment which could adversely affect
the stability of the dam. Included in these analyses, therefore, seepage
and stability computations should be performed with the reservoir water
surface set at the top of the dam. If freeboard will be increased so
that the dam will pass the Pt4F without overtopping, the analyses should
be performed with the reservoir water surface set at the maximum pool
(PMF) level, and the added embankment height should be considered in the
stability analysis.
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The necessary data for these analyses would be obtained from additional
investigations. The investigations should consist of subsurface explora-
tion 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 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.

e. Inspection and Maintenance Program. An inspection and mainte-
nance program should be initiated. Periodic inspections should be made
by qualified personnel to observe the performance of the dam. Observa-
tions should include indications of instability, such as cracks in the
embankment, sloughing, erosion, sudden settement, 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 spillway should be documented.
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APPENDIX B

INFORMATION SUPPLIED BY OTHERS



(for file only)

ENGINEERING GEOLOGIC REPORT O:1 GENERAL BARITE MINIJG TAILINGS POND

Washington Ccunty, mo.

LOCATION: Center Sec. 18, T. 38 N., R. 3 E., Tiff Quadrangle

GEOLOGIC SETTING:
The dam and tailings pond are underlain by Potosi dolomite. Bedro'k

is exposed at the downstream toe of the da:-n. Soil primarily of stony red

clay. A surface soil of yellow brown silt loam some 3 feet covers the flat-
ter hillslopes.

The daim is approximately 60 feet in height with a crest width of 45 feet.

Freeboard is 3 to 5 feet. The dam has evidence of substantial stability. Very

little leakage is present on the downstream toe. Here Potosi bedrock is ex-

posed and appears fresh and unweathered.

Slopes of the dam average I and 1/3rd to I. Bouldery clay has been dumped

onto the back slope. This material has slide from the slope because of the

extreme steepness.

RECOMMENDATIONS:
'he important aspect is that all material placed on the back slope should

not be dumped from the crest. Rather it should be placed at the downstream
toe and compacted at that location. Inadequate temporary detention structures
across the spillway have been constructed to detain water for milling purposes.

However, these should be reoved as recommended by NIESA to tie vice president,
Mr. Charles Faulkner.

/ .

/Dr 7J. flsltVN iasi Chief
/ Applied Engineering & Urban Cology

Mit tour i Geological Survey

Sept.atber 23, 1975
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PHOTOGRAPH RECORD

OLD MINES TAILINGS DAM - I. D. NO. 30706

Photo No. Description

1 View toward right abutment showing upstream face and crest
of dam and impounded barite tailings.

2 Downstream face of dam showing buldge in lower half of dam
at Station 12+10.

3 Typical seepage, and resulting ponded water and marshy

condition at toe of dam.

4 Seep at toe of dam at Station 4+04.

5 View upstream in spillway approach channel.

6 View of spillway approach channel toward dam crest at the
right abutment. The old spillway approach channel contain-
ing water is visible at the left of the photograph.

7 End of spillway approach channel at right abutment and
depression in dam crest haul road over which spillway
discharge would pass.

8 Freshly cleared, shallow dowstream spillway channel adjacent
to dam toe which terminates on the right abutment hillside.
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