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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams for Phase I Investigations. Copies of these guidelines may
be obtained from the Office of the Chief of Engineers, Washington, D. C., 20314, The
purpose of a Phase I investigation is not to provide a complete evaluation of the safety of
the structure nor to provide a guarantee on its future integrity. Rather the purpose of the
program is to identify potentially hazardous conditions to the extent they can be
identified by a visual examination. The assessment of the general condition of the dam is
based upon available data (if any) and visual inspections. Detailed investigations, testing,
and detailed computational evaluations are beyond the scope of a Phase [ investigation;
however, the investigation is intended to identify the need for more detailed studies. In
view of the limited nature of the Phase I studies no assurance can he given that all
deficiencles have been identified.

In reviewing this report, it should be realized that the reported condition of the dam
is based on observations of field conditions at the time of inspection along with any data
which may be available to the inspection team. In cases where the reservoir was lowered
or drained prior to inspection, such action removes the normal load on the structure, as
well as the reservoir head along with seepage pressures, and may obscure certain
conditions which might otherwise be detectable if inspected under the normal operating
environment of the structure.

It is tmportant to note that the condition of e dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary in nature. It
would be incorrect to assume that the present condition of the dam will continue to
represent the condition of the dam at some point in the future. Only through frequent
inspections can unsafe conditions be detected, 30 that corrective action can be taken.
Likewise continued care and maintenance are necessary to minimize the possibility of
development of unsafe conditions.




PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam Old Viburnum Tailings Dam
State Located Missouri

County Located Iron

Stream West Prong of Indian Creek
Date of Inspection 21 October 1980

Old Viburnum Tailings Dam, Missouri Inventory Number 30342, was inspected by
Richard Berggreen (engineering geologist), Leonard Krazynski (geotechnical engineer), and
Sean Tseng (hydrologist). The inspection team was accompanied by Mr John Kennedy and
Mr John Boyer of S5t Joe Lead Co. The dam was constructed to impound lead tailings.

The dam inspection was made following the guidelines presented in the
"Recommended Guidelines for Safety Inspection of Dams." These guidelines were
developed by the Chief of Engineers, US Army, Washington, DC, with the help of federal
and state agencies, professional engineering organizations, and private engineers. The
resulting guidelines represent a consensus of the engineering profession. The inspections
are intended to provide for an expeditious identification of those dams which may pose
hazards to human life or property, based on available data and a visual inspection of the
dam. In view of the limited nature of the study, no assurance can be given that all
deficiencies have been identified.

The St Louis District (SLD), Corps of Engineers, has classified this dam as having a
high hazard potential. The SLD estimated damage zone length extends approximately
14 mi downstream. Within this damage zone are numerous occupied dwellings, two
churches, Missouri State Highway C, and an electric transmission line. The contents of a

portion of the downstream hazard zone were verified by aerial reconnaissance.

The dam is classified as a large dam based on its height of 115 ft. The storage
capacity is approximately 10,200 ac-ft of which about 4600 ac-ft is water storage. The
guideline criteria for the large dam classification are: height over 100 ft, or storage
capacity over 50,000 ac-ft, whichever gives the larger classification,

. - S s . - . S e ———— e~ —— .
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The results of the visual inspection indicate the dam is in fair to poor condition.
Deficiencies noted consist of: deep erosion gullies on the downstream face and adjacent
to the abutments, possible piping cavities at the heads of some erosion gullies, slumps on
the downstream edge of the dam crest, potential for wave erosion on the upstream face,,
and animal burrows on the crest of the dam. Seepage and stability analyses as
recommended by the guidelines are not on record, which is also considered a deficiency.

Based on the "Recommended Guidelines for Safety Inspection of Dams," the spillway
design flood for a large size dam is 100 percent of the Probable Maximum Flood (PMF).

‘Hydraulic and hydrologic analyses including multiple dam analyses of the significant
upstream dams indicate the dam will not be overtopped by 100 percent of the PMF. The
] PMF is defined as the flood event that may be expected to occur from the most severe
combination of critical meteorologic and hydrologic conditions that are reasonably
possible in the region. Discharge through the spililway at 100% of the PMF is calculated
at 10,500 ft3/sec. The maximum spillway capacity just prior to overtopping is calculated
at 15,000 ft>/sec.

Based on the findings of the visual inspection and evaluation of available data, the
following remedial measures and studies should be addressed without undue delay. These
remedial measures and studies should be performed by or under the direction of an

engineer experienced in the design and construction of tailings dams.

1. Repair erosion gullies on the downstream face of the dam. This repair should
be followed by an erosion control program consisting of vegetation, matting, top
dressing with gravel, admixture treatment, or other means of mitigating erosion of
the tailings embankment. This effort should include control of the possible piping

cavities at the heads of some of the erosion gullies.

2, Repair animal burrows and implement animal control measures to mitigate
further burrowing in the embankment.

R e T
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3. Prepare seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams." These analyses should be
made for appropriate loading conditions, including earthquake loads, and made a
matter of record.

4, Evaluate the feasibility of a practical and reliable warning system to alert
downstream residents and traffic in the event hazardous conditions develop at this
dam,

It is also recommended that a program of periodic inspections be implemented to
monitor the performance of the dam and to identify necessary maintenance. Records of
the inspections and recommended maintenance should be kept on file. This program

should include, but not be limited to the following items:

L. Inspect the embankment for signs of slope instability such as cracking or
slumps.

2. Inspect areas of potential piping cavities. It should be kept in mind that piping
poses a high hazard to safety due to the easily erodible tailing materials used in the

construction of this dam.

3. Inspect the junction of the embankment and abutments, and along the toe of
the dam for seepage, with note being made of changes in the amount of seepage or
turbidity (soil or tailings) in the seepage water.

4. Inspect the embankment slopes and junction of the embankment and abutments
for evidence of significant erosion following heavy precipitation.

These inspections, maintenance recommendations, and remedial measures should be
performed by or under the guidance of an engineer experienced in the design, construc-
tion, and maintenance of tailings dams.




iv

Y It is recommended the owner take action without undue delay on the remedial
measures concerning the repair and control of the embankment erosion and animal
burrowing. The remaining remedial measures and recommendations should be acted on as

soon as practical.

WOODWARD-CLYDE CONSULTANTS

Bt [ Begpre—

Richard G. Berggreen
! Registered Geologist, No. 3572, CA

’

W

LeonardM.KrazynsKi,PE,No.C-14953,CA
Vice President
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A Fig A-1: Photo Location Sketch
Photographs
1. Church (foreground) and occupied dwellings in downstream damage zone

below Old Viburnum Tailings Dam.

2.  Contents of downstream damage zone below Old Viburnum Tailings
Dam. This facility includes underground mine workings.

3.  Intermediate Viburnum Tailings Dam (MO 31013) upstream from Old
Viburnum Tailings Dam.

4, Fine sand tailings used in the construction of the tailings embankment.

3. Downstream face of the dam showing incomplete grass cover. Looking
northwest.

6.  Gully erosion on downstream face of dam. Looking southeast from toe

of dam.
7. Gully being eroded at junction of embankment and right abutment.
Looking northeast (downstream).
3. Possible piping cavity at the head of erosion gully on downstream face
of dam.
8-in. diameter animal burrow on the crest of dam. Depth of burrow
could not be determined.
10. Upstream face of dam showing lack of erosion protection. Looking
northwest.
11. Pipes drilled to locate decant line, located near present toe of upstream
face of dam.
12. Spiliway, in the distance, viewed from across tailings reservoir. Looking
' southwest from haul road on northwest side of the reservoir. Dam embank-
- ment is to the left.
13. Spillway excavation in weathered rock. Reservoir in the distance. Looking
upstream in spillway (west). Note l4-in. siphon lines used to lower the
reservoir below the spillway crest.
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Reservoir for Old Viburnum Tailings Dam nearly filled with fine tailings
deposits. Embankment for Intermediate Viburnum Tailings Dam (MO
31013) extends above water surface of reservoir.

15.  County Road Dam (31014) consisting of gravel road crossing tailings
impoundment. Old Viburnum Tailings Dam out of picture to the right,
approximately L.4 mi.

16. Dams upstream of Old Viburnum Tailings Dam considered in the multiple

dam analysis. The upstream-most dam (sand embankment) is Viburnum

Tailings Dam, 31016; next downstream dam (grass-covered embankment)

is the Railroad Embankment Dam, 31779; downstream-most dam in

this picture with paved road along crest is No. 29 Mine Ore Haul Road

Dam, 31015. Old Viburnum Tailings Dam is approximately 1.2 mi down-

stream, to the right, from 31015.

B Hydraulic/Hydrologic Data and Analyses
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PHASE 1 INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM
OLD VIBURNUM TAILINGS DAM, MISSOURI INVENTORY No. 30342

[

SECTION 1
PROJECT INFORMATION

1.1 General
a. Authority. The National Dam Inspection Act, Public Law 92-367, provides for
a national inventory and inspection of dams throughout the United States.
Pursuant to the above, an inspection was conducted of Old Viburnum Tailings

Dam, Missouri Inventory Number 30342.

b. Purpose of investigation. "The primary purpose of the Phase I investigation

R IR T L

orogram is to identify expeditiously those dams which may pose hazards to
human life or property... The Phase I investigation will develop an assessment
of the general condition with respect to safety of the project based upon
available data and a visual inspection, determine any need for emergency
measures, and conclude if additional studies, investigations and analyses are
necessary and warranted" (Chapter 3, "Recommended Guidelines for Safety
Inspection of Dams").

C. Evaluation criteria. The criteria used to evaluate the dam were established in

"Recommended Guidelines for Safety Inspection of Dams," and Engineering
Regulation No. 1110-2-106 and Engineering Circular No. 1110-2-188,

N T

"Engineering and Design National Program for Inspection of Non-Federal
L Dams," prepared by the Office of Chief of Engineers, Department of the
‘ Army; and "Hydrologic/Hydraulic Standards, Phase I Safety Inspection of Non-

Federal Dams," prepared by the St Louis District (SLD), Corps of Engineers.
These guidelines were developed with the help of several federal and state

agencies, professional engineering organizations, and private engineers.
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1.2 Description of Project

a.

Description of dam and appurtenances. Old Viburnum Tailings Dam is an

inactive lead tailings dam. Although its construction and usage are typical of
other lead tailings dams in the area, it is atypical of dams constructed for the
impoundment of water. The unique nature of these lead tailings dams has a
significant impact on their evaluation. A brief description of their construc-
tion and usage is necessary to distinguish the differences between these dams
and conventional water-retaining dams.

The lead tailings dams in southeastern Missouri have been constructed over a
long period of time and include dams ranging from very old dams constructed
in the 1800's to new dams still under construction. Although some construc-

tion techniques have changed, these dams have many similarities.

At the beginning of a mining operation, a starter dam is frequently
constructed of waste rock and residual soil. This dam impounds surface runoff
and mine water pumped from the underground workings. The water is used in

the ore processing and transport of the tailings waste.

The tailings are the waste material produced by the beneficiation and
processing of the lead ore to form a high grade lead concentrate. The coarse
tailings fraction (medium to fine sand) is used to construct the dam embank-
ment; the fine fraction (silt and fine sand) is deposited in the reservoir area.
Separation of the coarse and fine fractions usually is done by a cyclone
separator or by a series of cyclones on the crest of the dam. The underflow or
coarse fraction is deposited on the dam and the overflow or fine fraction is

deposited in the reservoir.

The dams are typically constructed using the downstream method. That is, as
the tailings are added to the dam, they are deposited on the crest and
downstream face. As a result, the centerline of the dam crest migrates

downstream.

Frequently the dam has a drainage system built into the foundation to aid in

lowering the phreatic surface (water table) within the embankment. Water




enters the dam both at the crest from the cyclone-deposited tailings and from
the upstream face where the dam is in contact with the reservoir. A clay
blanket may be constructed on the upstream face to reduce this infiltration

from the reservoir.

A decant or water disposal system is typically constructed beneath the dam.
This decant system consists of a vertical tower or sloping structure within the
reservoir which decants or draws water from near the surface of the reservoir
where the water contains the least sediment. This water is then carried in
pipes beneath the dam and exits beyond the toe of the dam. From there it
may be recycled or released to the natural stream drainage. The intake level
of the decant tower or structure is regulated as the tailings and reservoir level
rise to maintain a balanced system of inflow and outflow. The decant system
also serves as additional discharge in the event of heavy precipitation.

Two characteristics are noteworthy regarding the silt and sand tailings used in
the construction of these dams. First, the very uniform grain size and lack of
clay or other binder makes this material extremely susceptible to erosion by
flowing water. It is unlikely this material could survive any significant
overtopping without dam failure. Second, the finely-ground limestone and
dolomite tailings are almost barren of nutrients necessary to support vegeta-
tion. It is frequently necessary to import topsoil or fertilizer in order to
successfully vegetate the dam embankment. This difficulty in vegetating the

surface of the dam contributes to the potential for surface erosion of the dam.

The fine tailings fraction, consisting of primarily silt size material, settles out
in the reservoir. After consolidation, the material behaves somewhat like
natural loess deposits. It is easily eroded by flowing water, but has some
apparent cohesion and will stand in near vertical slopes of considerable height.

Old Viburnum Tailings Dam was constructed over a rock-fill starter dam. The
main embankment was constructed of cyclone-deposited tailings, apparently
maintaining a constant dam crest centerline over the starter dam., The decant
system which passed water from the reservoir to the downstream toe was
sealed with grout when operations on this dam ended in 1972. The embank-

ment was covered with a thin mantle of soil, and grass was planted to control




- erosion. However, the vegetation has not become well established and
substantial erosion gullies have developed. The most prominent gullies are
along the abutments where overiand runoff flows onto the tailings embank-
ment.

The spillway is about 900 ft southwest of the dam axis and consists of a cut
through the ridge which forms the southeast side of the reservoir and right
abutment of the dam. The excavation for the spillway extends into weathered
bedrock and little or no erosion in the spillway is anticipated during flood
flows.

b. Location. Old Viburnum Dam is located on the West Prong of Indian Creek,
about 2.5 mi northeast of Viburnum, Iron County, Missouri (Fig. 1). The dam is
in Section 19, T35N, R1W, on the USGS Viburnum East, Missouri 7.5-minute
quadrangle map (1967).

c.  Size classification. The dam is classified large based on its height of 115 ft.

The storage capacity is approximately 10,200 ac-ft of which about 4600 is
water storage, The guideline criteria for the large dam classification are:
height over 100 ft, or storage capacity over 50,000 ac-ft, whichever gives the
larger size category.

d.  Hazard classification. The St Louis District (SLD), Corps of Engineers, has

classified this dam as having a high hazard potential; we concur with this
classification. The SLD estimated damage zone length extends approximately
14 mi downstream. Within this estimated damage zone are numerous occupied
dwellings, two churches, Missouri State Highway C, and an electric trans-
mission line. The contents of a portion of the downstream damage zone were
verified by aerial reconnaissance.

e. Ownership. We understand the dam is owned by St Joe Lead Co, PO Box 500,
Viburnum, Missouri, 65566, Correspondence should be sent to the attention of
Mr Jack Krokroskia.

f. Purpose of dam. The dam was constructed to impound tailings produced in the

milling and processing of lead ore mined in the vicinity. The dam has been
inactive since 1972,




Design and construction history. Information on the design and construction

history of this dam was obtained from interviews with Mr John Kennedy and
Mr Jack Krokroskia, of St Joe Lead Co, and from maps and plans of the dam
and reservoir supplied by St Joe Lead Co.

The dam was designed and built by St Joe Lead Co. Construction on the dam
began in 1960.

A rock-fill starter dam was first constructed, keyed with a 10 ft deep and
50 ft wide trench. The crest of the rockfill was at an elevation of
approximately 1010 ft.

No drainage system was installed beneath the tailings portion of the dam. The

rock-fill starter dam has no outlet drains (see Section A-A, Fig. 3-B).

The tailings portion of the dam was constructed of the coarse tailings fraction
deposited from a cyclone separator located at the crest of the dam. The dam
crest was raised maintaining a constant centerline over the starter dam,
according to the plans supplied by St Joe Lead Co. The final dam crest
elevation was given as 1065 ft, Fine tailings were deposited on the upstream
face of the dam and filled most of the reservoir.

A decant system carried overflow from the reservoir beneath the dam and
discharged beyond the toe of the left abutment. The decant tower extended to
elevation 1043 ft and consisted of a 36-in. diameter vertical pipe. The decant
pipeline was 24-in. diameter corrugated metal. Following completion of
operations at the dam, the decant system pipeline was sealed with grout.

Operations were terminated on this dam in 1972.
Following completion of dam construction, an attempt was made to vegetafe

the embankment. A thin mantle of soil was spread over the embankment and

grass was planted. The grass developed only a partial cover and areas not

vegetated have experienced substantial erosion.




Normal operating procedures. No facilities requiring operation were identified

at this site, and no operating procedures were noted. The reservoir level is

essentially controlled by flow through the ungated spillway. Two 14-in.

diameter siphon pipes located within the spillway cut were used to lower the

reservoir elevation during work to seal the decant line, but have not been

operated since that time.

1.3 Pertinent Data

a.

4

Drainage area.

Discharge at damsite.

Maximum known flood at damsite

Warm water outlet at pool elevation

Diversion tunnel low pool outlet at pool elevation
Diversion tunnel outlet at pool elevation

Gated spillway capacity at pool elevation

Gated spillway capacity at maximum pool elevation
Ungated spillway capacity at maximum pool elevation
Total spillway capacity at maximum pool elevation

Elevation (ft above MSL).

Top of dam

Maximum pool-design surcharge

Full flood control pool

Recreation pool

Spillway crest (gated)

Upstream portal invert diversion tunnel
Downstream portal invert diversion tunnel
Streambed at centerline of dam

Maximum tailwater

Toe of dam at maximum section

4.25 mi2

(including drainage
basins for upstream dams)

Unknown

N/A (Not Applicable)
N/A

N/A

N/A

N/A

15,000 ft3/sec
15,000 £t3/sec

1065
N/A
N/A
N/A
N/A
N/A
N/A
953 (taken from plans)

Unknown

950 (estimated from
plan of dam)




d‘

Reservoir.

Length of maximum pool

Length of recreation pool

Length of flood control pool

Storage (acre-feet).

Recreation pool
Flood control pool
Design surcharge
Top of dam

Reservoir Surface (acres).

Top of dam
Maximum pool
Flood control pool
Recreation pool
Spillway crest

Dam.

Type
Length
Height
Top width
Side slopes

oA

8000 ft (includes impound-
ment for former Inter-

mediate Viburnum Dam, MO 31013)

N/A
N/A

N/A
N/A
N/A

10,700 Total (4600 water,
6100 tailings)

286
286
N/A
N/A
150 (water surface)

Cyclone-deposited lead tailings

1145 ft
115 ft
20-25 ft (typical)

Downstream 3(H): 1(V) on
plans; field measurements
varied from about 5(H) to
(V) at toe to 2.5(H) to 1(V)
near the crest. Upstream
field measured, varies from
2(H) to 1(V) near base to 3(H)
to 1(V) near crest.

4
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Zoning

Impervious core
Cutoff

Grout curtain

Diversion and regulating tunnel.

Type

Length

Closure

Access

Regulating Facilities

Spillway.

Type

Length of weir
Crest elevation
Gates

Downstream channel

Regulating outlets.

Reported to have rock-fill
starter dam covered with
tailings.

None reported

Reported to be 10 ft deep, 30 ft
wide trench (backfilled with
rock fill).

None

None
N/A
N/A
N/A
N/A

Irregular (nearly trapezoidal)
cut through crest of ridge
southeast of dam; excavated
into bedrock.

38 ft at bottom, 100 ft at top
1045 ft
None

Steep slope 4(H) to I{V),
water falls, unlined.

None




2.1

2.2

2.3

SECTION 2
ENGINEERING DATA

Design

One sheet showing a design cross section and plan of the dam and spillway was
supplied by St Joe Lead Co. A map of the topography of the valley before the dams
were constructed was also supplied. Mr John Kennedy and Mr Jack Krokroskia
supplied additional information through interviews with the inspection team. The
dam was designed by the St Joseph Lead Co, Engineering Department, Bonne Terre,
Missouri.

Construction

The dam was constructed by St Joe Lead Co. Construction of the dam began in
1960. A keyway, 10 ft deep and 50 ft wide, was excavated along the proposed
centerline. A rock-fill starter dam was then constructed to an elevation of about

1010 ft, according to the design plans.

The tailings portion of the dam was constructed of the coarse tailings fraction
deposited from a cyclone separator located at the crest of the dam. The tailings
from the cyclone were spread on both the upstream and downstream slopes in order
to maintain a constant centerline over the starter dam. The fine tailings fraction
was pumped into the reservoir. The tailings dam was raised to a final crest
elevation of 1065 ft. Construction of the dam was finished in 1972.

Operation

Operations at this dam terminated in 1972 and no operating facilities remain. Water
level is controlled by the ungated spillway southeast of the dam. Located within the
spillway cut are two l4-in. diameter siphon lines, which also can be used to regulate
the reservoir water elevations. The decant system was grouted and no longer
operates. No records of the flow through the spillway or of reservoir levels were
available.
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Evaluation

a.  Availability. The available information on engineering and construction is
limited to one drawing described above and interviews with St Joe Lead Co

employees.

b. Adequacy. Seepage and stability analyses comparable to the requirements of
the "Recommended Guidelines for Safety Inspection of Dams" are not on
record. This is a deficiency which should be rectified. These analyses should
be performed by an engineer experienced in the design and construction of
tailings dams. The analyses should be performed for appropriate loading

conditions, including earthquake loads, and made a matter of record.

c.  Validity. Some minor variations were noted between the design drawings and
the as-built dam. The slopes of the dam are not as regular as indicated on the
design drawings, varying from 2.5 - 5.0(H) to 1(V) on the downstream slope
where the design drawing indicates a uniform 3.0(H) to 1(V) slope. Other
features of the drawings, such as the configuration of the starter dam and cut-
off trench could not be verified. However, there appeared no reason to
question the information obtained from St Joe Lead Co. The information
generally agreed with the observations made in the field, but was incomplete

according to the guidelines.

Project Geology

The dam is located on the northern flank of the Ozark structural dome. The bedrock
in the area is mapped on the Geologic Map of Missouri (1979) as the Potosi and
Eminence Dolomite formations (Fig. 4). The Potosi Dolomite is a light gray
medium-to fine-grained siliceous dolomite and typically contains an abundance of
quartz druse characteristic of chert-bearing formations. The Eminence Dolomite,
which conformably overlies the Potosi Dolomite, is similar in appearance, but
contains less chert and quartz. Some large springs and caves have been noted in the

Eminence Dolomite; however, no evidence of springs or solution activity was found

during the visual inspection of the dam site.
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The soil exposed at the dam site is a dark red-brown, plastic residual clay (CL-CH)
characteristically developed on the Potosi or Eminence Dolomites. The soil also
contains abundant quartz druse gravel typical of soils on the Potosi Dolomite. The
soils in this area are mapped on the Missouri General Soils Map (1979) as the
Captina-Clarksville-Doniphan Soil Association.

The Palmer Fault System is mapped on the Geologic Map of Missouri (1979)
approiimately 8 mi north of the dam site. The system is a complex, branching
system of faults trending east-west for approximately 40 mi through Crawford and
Washington counties. Mapped as north side down, the system appears to offset
Precambrian and Paleozoic bedrock and is likely Paleozoic in age. The area is not
considered seismically active and the fault system does not appear to pose a
significant hazard as a potential source of strong earthquakes.

The dam is located approximately 115 mi northwest of the line of epicenters for the
very large New Madrid earthquakes that occurred in 1811 and 1812, A recurrence of
an earthquake of the magnitude of the New Madrid events could cause damage to
the dam, but an assessment of this risk is beyond the scope of this Phase I
investigation.
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SECTION 3
VISUAL INSPECTION

Findings

b.

General. Old Viburnum Tailings Dam was inspected on 21 October 1980.
Mr John Kennedy and Mr John Boyer of St Joe Lead Co accompanied the

inspection team. The inspection indicated the dam is in fair to poor condition.

Dam. Old Viburnum Tailings Dam is a large dam, more than 100 ft high, and is
the farthest downstream of a series of six tailings dams (see Section 5.1.d) for
the St Joec Lead Co Viburnum operations (see Overview Photo). However,
some of these dams are old and their reservoirs are filled with tailings.
Consequently, the embankments are no longer acting as dams. I[mmediately
upstream from OId Viburnum Tailings Dam is the form - Intermediate
Viburnum Tailings Dam (Photo 3). The tailings impounded by Old Viburnum
have essentially buried the intermediate dam. A channel has been cut through
the embankment of the intermediate dam to allow water upstream and
downstream to be at the same level, forming what can be considered a
breached dam. At the maximum water surface elevation for Old Viburnum
Tailings Dam, the embankment of the intermediate dam would be submerged.
For this study, the impoundments for both Old and Intermediate Viburnum

Tailings Dams are considered as one reservoir for Old Viburnum Tailings Dam.

The Old Viburnum Tailings Dam was constructed of fine sand lead tailings
(Photo #4), deposited from cyclones along the crest of the dam. The material
was reported to be 100 percent finer than #60-mesh sieve and appears to be
entirely free of any silt or clay binder. It is judged to be very susceptible to
erosion in the event of overtopping. No evidence or record of prior
overtopping was noted during the visual inspection. The dam also is suscepti-
ble to erosion by surface runoff. The embankment has been vegetated with
grasses to control erosion, but has developed only an incomplete cover
(Photo 5), and gullies, some as deep as 10 ft, have formed in the dam (Photo 6).

The deepest gullies appear along the junction with the abutment (Photo 7),
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where runoff from the hillsides flows onto the more easily erodible tailings.
Some of the gullies at the toe of the dam had been repaired by filling prior to

the inspection visit (Overview Photo).

The heads of some of the gullies appeared to extend as cavities into the dam
(Photo 8), and may have been partially caused by piping through the
embankment. However, no clear indication of current or prior piping could be
found during the inspection. The reservoir level was low at the time of the
inspection, and these features should be inspected when the reservoir level is
higher. A potential for piping could be very hazardous to the safety of this
dam.

An animal burrow, approximately 8-in. diameter, was noted on the crest of the
dam (Photo 9). It could not be determined how deep the burrow extended.

The vertical and horizontal alignment of the dam crest appeared undisrupted.
No detrimental settlement or evidence of sinkhole development was noted.
Several small slump scarps were noted near the crest of the dam near the
northwest and central part of the dam. The scarps ranged from about | to
1.5 ft high and indicated slumping in the downstream direction. The scarps
were observed to be vegetated, and the toe of the slumps had been eroded and
was indistinct, indicating the features were old and probably no longer active.
No movement was observed at the toe of the dam, but it should be noted that

the toe area was repaired by re-grading shortly prior to our inspection visit.

No riprap or erosion protection, other than grass vegetation, exists on the
upstream face of the dam (Photo 10). Some erosion appears to have occurred
and steepened the lower portion of the upstream face of the dam. Erosion can
be expected to continue in this area when the reservoir level is high.

A series of open-at-the-bottom pipes were on the upper part of the up-
:iream face of the embankment (Fig. A-1 and Photo 11). These were drilled
to locate and grout the decant line when operations ended at the dam. These
pipes had water estimated at 40 to 50 ft below the surface of the tailings,
indicating a deep phreatic surface (water table). No seepage was noted at the
downstream toe of the dam. However, a shallow pool of water in the stream
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channel below the dam could have contained some reservoir seepage, although
the evidence was not clear.

Appurtenant structures.

1. Spillway. The spillway for this dam is a broad, nearly trapezoidal cut
through the ridge, about 900 ft southwest of the dam. The ridge runs along the
southeast side of the reservoir (Photo 12). The spillway has been excavated
into weathered bedrock (Photo 13) and is not judged to be subject to signifi-
cant erosion during periodic flood flows. Two l4-in. diameter pipes are located
within the spillway and extend to the reservoir., These pipes can be used as
siphons to lower the lake below the spillway crest elevation. Flow through the
spillway at the time of the visual inspection was estimated at 50 ft3/sec.

2. Decant System. A decant line was constructed running beneath dam.

The system consisted of a 36-in. diameter vertical tower to an elevation of
1043 ft, and a 24-in. corrugated metal pipe beneath the reservoir and dam,
exiting the dam near the base of the left abutment. Following termination of
operations in 1972, a series of holes was drilled to locate the pipe, and it was
grouted to seal the decant line.

No other appurtenant structures were identified at this dam.

Reservoir area. The reservoir for this dam is nearly filled with fine tailings
(Photos 10 and 14). The area considered part of this reservoir includes the
former embankment and impoundment for Intermediate Viburnum Tailings
Dam. That dam has been breached by an excavated channel. Water upstream
and downstream is at the same level, and the embankment is nearly buried by
tailings impounded by Old Viburnum Tailings Dam. The area surrounding the
reservoir includes wooded hills, a golf course, and several other tailings dams
upstream. These tailings dams are the only slopes identified in the area which
are considered potentially unstable. Sediment supplied from erosion of these

dams or runoff from the wooded hills is considered insignificant relative to the

tailings deposits in the reservoir.
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e. Downstream channel. The downstream channel consists of an unlined swale

down a hillside. The hill slopes steeply from the spillway, estimated to be 4(H)
to 1(V), and the spillway is considered the control section for discharge
capacity. Some erosion may occur to the banks of the channel during flood
flows, but the location of the channel in a separate drainage way from the dam
precludes any impact of potential erosion affecting the safety of the dam.

Evaluation

The results of the visual inspection indicate the dam is in fair to poor condition.
Deficiencies noted are: deep erosion gullies on the downstream face and adjacent to
the abutments, possible piping cavities at the heads of some erosion gullies, slumps
on the downstream side of the dam crest, potential for wave erosion on the
upstream face, and animal burrows of unknown depth on the crest of the dam. If
any potential for piping does exist during the high reservoir water elevations, it
could be seriously detrimental to the safey of this dam.

No evidence was found of disruption of the vertical or horizontal alignment of the
dam crest, sinkhole development, or detrimental settlement.

The spillway is excavated into weathered bedrock and is not expected to be subject
to significant erosion during periodic flows. The decant system beneath the dam has
been grouted.

The reservoir is nearly full of tailings. Additional sedimentation from surrounding
areas is anticipated to be insignificant relative to the tailings.

The discharge channel from the spillway flows into the drainage basin southeast of

the dam. Erosion which may occur along the banks of the channel will not pose a

safety hazard to the dam.
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SECTION &
OPERATIONAL PROCEDURES

Procedures

No operating procedures currently exist at this facility as the dam is abandoned.

Maintenance of the Dam

Maintenance on the dam appeared to be limited to repair of some of the erosion
gullies near the downstream toe of the dam prior to the inspection visit.

Maintenance of Operating Facilities

There are no facilities requiring mechanical operation at this dam. One exception
may be the siphon consisting of two l4-in. diameter pipes. The operation of this
siphon does not appear important to the maintenance of safe reservoir water levels.

Description of Any Warning System in Effect

The visual inspection did not identify any warning system in effect at this dam.
Evaluation

There is no formal plan for periodic inspections nor for maintenance. This is

considered a deficiency.

The feasibility of a practical warning system should be evaluated to alert down-

stream residents and traffic should potentially hazardous conditions develop during

periods of heavy precipitation.
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SECTION 5
HYDRAULIC/HYDROLOGIC

Evaluation of Features

a.

C.

Design data. No hydrologic or hydraulic design data were available for
evaluation of this dam or reservoir; however, dimensions of the dam and
spillway were measured during the field inspection 21 October 1980 or taken
from construction plans of the dam supplied by St Joe Lead Co. The data are
presented on Figs. 3A, 3B and 3C. Other relevant data were measured from
the USGS Viburnum East, Missouri 7.5-minute quadrangle map (1967).

Experience data. No recorded rainfall, runoff, discharge, or pool stage

historical data were found for this reservoir. There was no record or evidence

that the embankment has been overtopped.

Visual observations.

1. Watershed. The watershed consists of natural woodlands, a golf course,
and other tailings impoundments. Five tailings dams (see Sec 5.1d.) and the
Viburnum plant for St Joe Lead Co are located at various distances upstream
of this dam. The area of the reservoir at the top of dam elevation is

approximately 10 percent of the total drainage area of #.25 miz.

2, Reservoir. The reservoir, dam, and spillway are best described by the
maps and photographs enclosed herewith. The purpose of this reservoir is the

containment of tailings from lead mining and milling operations.

3. Spillway. The spillway is an irregular, nearly trapezoidal cut through
the ridge which forms the southeast side of the reservoir and right abutment.
The spillway is excavated into weathered bedrock, is ungated, and is judged to
act as the controlling section for flow out of the reservoir. It is not
anticipated that significant erosion will occur in the spillway during periodic
flood flows.
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4, Appurtenant structures. The decant system for this dam has been

grouted and is no longer operational. The two l4-in. diameter pipes located
within the spillway can be used as siphons to lower the lake level. They were
not operating at the time of the inspection, nor were they included in the

overtopping analysis.

5. Seepage. Potential seepage through this dam was considered insignifi-
cant in the hydrologic analysis of overtopping potential.

Overtopping potential. One of the primary considerations in the evaluation of

this dam is the assessment of the potential for overtopping and possible
consequent failure by erosion of the embankment. The embankment materials
are judged to be highly susceptible to erosion by flowing water. If overtopped,
the embankment would be subject to failure.

The dam crest elevation of 1065 ft, given by St Joe Lead Co personnel in
interviews and shown on the plan of dam is considered the top of dam for the
overtopping analysis. The spillway is excavated in weathered bedrock, and will
not likely experience significant erosion. The distance between the spillway
and dam embankment precludes any hazard of possible erosion in the spillway
impacting the safety of the dam.

In accordance with the Phase I guidelines a multiple dam analysis was
performed for the Old Viburnum Tailings Dam to assess the influence on
overtopping potential of the hypothetical breach of the upstream dams. Five

dams were identified upstream of the Old Viburnum Tailings Dam. These are:

MO 31013 Intermediate Viburnum Tailings Dam
MO 31014 County Road Dam

MO 31015 No. 29 Mine Ore Haul Road Dam
MO 31016 Viburnum Tailings Dam

MO 31779 Railroad Embankment Dam

Intermediate Viburnum Tailings Dam (MO 31013) is nearly buried by tailings
impounded behind Old Viburnum Tailings Dam. The dam (MO 31013) has been
breached by a canal and the reservoirs upstream and downstream inter-
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communicate (Photo 3). This dam (MO 31013) is not judged to pose any
constraint to flow, will not impound a reservoir of its own, and was not
considered a significant upstream dam in the multiple dam analysis.

The County Road Dam (MO 31014) is similarly buried by tailing impounded
against its downstream slope. At the time of the field visit, the dam was

observed to be just a road bed perhaps 2 t~ 3 ft high crossing a tailings

impoundment (Photo 15). The tailings upstream and downstream of the road
are essentially at the same level. This road is judged to pose only a very minor
constraint to flow, will not impound a significant reservoir, and was not

considered a significant dam in the multiple dam analysis.

The other three dams (MO 31015, MO 31016, and MO 31779) (Photo 16) are all
considered capable of impounding reservoirs which could potentially impact
the overtopping analysis of Old Viburnum Tailings Dam in the event of a
breach, Pertinent dimensions of these dams have been surveyed and
hydraulic/hydrologic analyses in support of the hypothetical breach of each
dam have been performed.

A final consideration in this multiple dam analysis is an estimate of the
volume of lead tailings that could be released by failure of each of the
significant upstream dams. The tailings consist of fine sand and silt. The
tailings consolidate fairly rapidly and once consolidated can stand on vertical
slopes of considerable height. Consolidated tailings are subject to erosion, but
not flow. Inspection of a breached lead tailings dam (St Joe Lead Desloges
Dam) indicated a fairly small portion of the impounded tailings was lost during
the breach. Estimates from this observed failure suggest less than 2 percent
of the impounded tailings were lost. We have assigned a conservative
estimate, 10 percent of the impounded tailings, as material lost through a
breach. The material impounded by Intermediate Viburnum (31013) and
County Road (31014) dams was not considered lost material in that these dams
are not considered subject to breach and release of tailings, and the tailings
surfaces are covered with a dense growth of cattail vegetation which will

inhibit erosion by flowing water.
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Hydrologic analyses of this dam, including the multiple dam analyses, for the 1
and 10 percent probability-of-occurrence events and the Probable Maximum
Flood (PMF) were based on initial water surface elevations equal to the
spillway crest elevation. The analyses indicate the spillway and reservoir will
pass 100 percent of the PMF without overtopping the embankment. The PMF
is defined as the flood event that may be expected to occur from the most
severe combination of critical meteorologic and hydrologic conditions that are
reasonably possible in the region. The "Recommended Guidelines for Safety
Inspection of Dams" requires large dams to pass 100 percent of the PMF as the
spillway design flood.

The following table presents the results of the hydraulic/hydrologic analysis

for the various precipitation events, assuming no erosion of the dam or

spillway.
Maximum Maximum
Reservoir Depth Maximum Duration of
Precipitation WS Elev. Over Dam, Outflow, Overtopping,
Event ft, MSL ft ft3/sec hrs
1% Prob 1048.4 0 790
50% PMF 1055.6 0 4830 0
100% PMF 1061.9 0 10, 540 0

Input data and output summaries for the hydrologic and hydraulic analyses are
presented in Appendix B.
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SECTION 6
STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

Visual observations. The visual inspection of Old Viburnum Tailings Dam

identified several small slumps on the downstream side of the dam crest. The
scarps of these slumps were vegetated and the toes of the slumps were
sufficiently eroded, that they could not be identified. They do not appear to
be recent or active features, yet they should be monitored to detect any

possible future changes.

No evidence of disruption of the vertical or horizontal alignment of the dam
crest, sinkhole development, or of detrimental settlement was noted. An
animal burrow of undetermined depth was noted on the crest of the dam. Such
burrows could provide piping paths through the embankment, which would be
particularly hazardous due to the erodible materials used in the construction
of this dam.

Erosion gullies as deep as 10 ft were noted on the downstream face of the
dam. Headward erosion of these gullies could, in time, affect the overtopping
potential of the dam.

Cavities suggesting possible piping voids were noted at the heads of some
gullies. While no clear evidence of piping was observed, these areas should be
carefully inspected to evaluate potential for piping when the reservoir is at a
higher level than it was during the visual inspection. Piping represents a
serious safety hazard for the fine sand tailing materials in this dam.

Design and construction data. Information on the design and construction of

Old Viburnum Tailings Dam was obtained from one drawing supplied by St Joe
Lead Co and through interviews with Mr John Kennedy and Mr Jack
Krokroskia. Construction procedures are described in Sections 1.2 and 2.2.
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Seepage and stability analyses comparable to the requirements of the
"Recommended Guidelines for Safety Inspection of Dams" were not on record.

This is considered a deficiency which should be rectified.

Operating records. The dam is inactive at present and has been inactive since

1972. No records were available of water levels, available storage, or flow
through the spiilway.

Post construction changes. Following completion of construction of the

tailings embankment, the decant system was sealed by grouting. Two 14-in.
diameter lines were run from the reservoir through the spillway to lower the
level of the reservoir by siphon. After the reservoir level was lowered, the
decant line was located by drilling a series of holes in the approximate
location. The decant line was located, grouted, and no longer operates. The

siphon lines are still in place but have not been used.

Seismic stability. The dam is in Seismic Zone 2, to which the guidelines assign

a moderate damage potential. Since no static stability analysis is available for
review, the seismic stability cannot be evaluated.

The saturated and loose, uniform sand and silt size tailings are likely quite
susceptible to liquefaction in the event of a strong vibration. No accurate
information is available on the phreatic surface or density within the tailings,

but substantial ¢ ‘ormation and possibly failure of the embankment could

occur during a severe seismic event.
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SECTION 7
ASSESSMENT/REMEDIAL MEASURES

Dam Assessment

c’

d.

Safety. Based on the visual inspection, Old Viburnum Tailings Dam is judged to
be in fair to poor condition. The deficiencies identified inciude: the slumping
deformations near the dam crest, the deep gullies being eroded in the
downstream face, possible evidence of piping in the embankment, and animal
burrows on the dam crest.

Hydraulic and hydrologic analyses indicate the dam will not be overtopped by
the Probable Maximum Flood (PMF). This analysis included the hypothetical
breach of the significant dams upstream of Old Viburnum Tailings dam, as
discussed in Section 5.1d.

Seepage and stability analysis comparable to the "Recommended Guidelines
for Safety Inspections of Dams" are not on record, which is considered a

deficiency.

Adequacy of information. The visual inspection and data supplied by St Joe

Lead Co provided the base of information for the conclusions and recom-
mendatons presented in this Phase I report.

The lack of static and seismic stability analyses and a seepage analysis, as
recommended in the guidelines, precludes an evaluation of the stability of the
dam.

Urgency. The deficiencies described in this report could affect the risk of dam
failure. Remedial measures that should be initiated without undue delay are

addressed in Section 7.2b.

Necessity for Phase Il. In accordance with the "Recommended Guidelines for

Safety Inspection of Dams," the subject investigation is a minimum study.
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This study revealed that additional in-depth investigations are needed to
complete the assessment of the safety of the dam. Those investigations which
should be performed immediately are described in Section 7.2b. It is our
understanding from discussions with the St Louis District that any additional
investigations are the responsibility of the owner.

7.2 Remedial Measures

a.

Alternatives. There are several general options which may be considered to

reduce the possibility of dam failure or to diminish the harmful consequences
of such a failure. Some of these general options are:

1. Remove the dam, or breach it to prevent storage of water;

2. Purchase downstream land that would be adversely impacted by dam

failure and restrict human occupancy;

3. Provide a highly reliable flood warning system (generally does not

prevent damage but diminishes the chances for loss of life).

Recommendations. Based on the results of the visual inspection and review of

available data, it is recommended that the following remedial measures and
studies be conducted without undue delay.

1. Repair erosion gullies on the downstream face of the dam. This repair
should be followed by a program of erosion control consisting of vegetation,
matting, top dressing with gravel, admixture treatment, or other means of
mitigating the erosion of the tailings embankment. This should include control
of the possible piping cavities at the heads of some of the erosion gullies.

2, Repair animal burrows on the tailings embankment and implement

animal control measures to mitigate future burrowing on the embankment.

The following measures should be performed as soon as practical.
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3. Prepare seepage and stability analyses comparable to the requirements
of the "Recommended Guidelines for Safety Inspection of Dams." These
analyses should be made for appropriate loading conditions, including seismic
loads, and made a matter of record.

4, Evaluate the feasibility of a practical and reliable warning system to
alert downstream residents and traffic in the event hazardous conditions

develop at this dam.

All remedial measures should be performed by or under the guidance of an

engineer experienced in the design and construction of tailings dams.

O & M procedures. It is recommended that a program of periodic inspections

be implemented as soon as practical. The purpose of this program should be to
monitor the performance of the dam and to identify maintenance require-
ments. Records of the inspections and recommended maintenance should be
kept on file. This program should include, but not be limited to the following
items.

i, Inspect the embankment for signs of slope instability such as slumping or

cracking.

2. Inspect areas of potential piping cavities. It should be kept in mind that
piping poses a high hazard to safety due to the easily eroded tailing materials
used in the construction of this dam.

3. Inspect the junction of the embankment and abutments and along the toe
of the dam for seepage. The inspections should note changes in the amount of
seepage or turbidity (soil or tailings) in the seepage water.

4, Inspect the embankment for evidence of significant erosion following
heavy precipitation.

These inspections and maintenance recommendations should be conducted by
or under the guidance of an engineer experienced in the design and construc-
tion of tailings dams.




26

REFERENCES

Allgoad, F. P., and Persinger, L. .D, 1979, Missouri General Soil Map and Soil Association
Descriptions: US Department of Agriculture, Soil Conservation Service and Missouri
Agricultural Experiment Station.

Department of the Army, Office of the Chief of Engineers, 1977, EC 1110-2-188,
National Program of Inspection of Non-Federal Dams.

Department of the Army, Office of the Chief of Engineers, 1979, ER 1110-2-106,
National Program of Inspection of Non-Federal Dams.

Hydrologic Engineering Center, US Army Corps of Engineers, 1978, Flood Hydrograph
Package (HEC-1) Users Manual for Dam Safety Investigations.

McCracken, M. H., 1971, Structural Features Map of Missouri: Missouri Geological Survey,
scale 1:500,000.

Missouri Geological Survey, 1979, Geologic Map of Missouri: Missouri Geological Survey,
scale 1:500,000.

St Louis District, US Army Corps of Engineers, 1979, Hydrologic/Hydraulic Standards,
Phase I Safety Inspection of Non-Federal Dams.

US Department of Agriculture, Soil Conservation Service, 1971, Hydrology: National
Engineering Handbook, Section 4.

US Department of Commerce, US Weather Bureau, 1956, Seasonal Variation of the
Probable Maximum Precipitation East of the 105th Meridian for Areas from 10 to
1,000 Square Miles and Durations of 6, 12, 24 and 48 Hours: Hydrometeorological

Report No. 33.




3
2
§ D
Q N N\)
& o N
) < (,‘3)
R Y =
S0 o N
6(:1 z{’ ,
Y & L
Vicinity Mao
N
\ Cownrtors
WASHINGTON
COUNTY e

Oillqrd ]
17
(s Q
¢
i
- 9
Q 47
§|
S B/xby e
§
o e 4
S —————
Scale, miles
Legend

——-—— County Line

oL State highway and

Moute No.
" FKiver or Creek

Criy or lown
* Project location

|

N

IRON COUNTY

SITE LOCATION MAP

OLD VIBURNUM TAILINGS DAM

MO 30342

Fig. 1

A e A Mot e e e e L




s ¢ e 6 b o R A R s

N e s et e U SRS A A W Rt e v 181 3 e MRS ) PN U7 S

> No. 29 Mine Ore Haul
! Road Dam
S\ Ko s015/

I 1068
<

. 3 a7/ ) .Irntsarmemgte Vlburnum \\\
' A~ 9 ’, ailings Dam
2 V1burnum Tailings DamsYg/, 23 < [\ Mo 3109113
Mo 31016 e N \ S
NN ° ?J ~ L] \\ A\ \./,.
4; — < . Sub basm 4
%%, 1

3\

' “FAILINGS 2
g,si__-’___}i}-mﬂ
Railroad Embankment Dam 5.
MO, 31779 _

2_’ o0 ”BdﬂNUH sary !'sﬂ'\ T ‘:’ﬂm
o "N STRUT : 20
. );; : o} Viburne
. : z . N e Y
e N Serhae oY
0. ee ...' N T

. . b
County Rnad Dam
MO 31014 N
PANEN 90
MLimits of

Drainage Basin

LY

\

_‘

.(.__.

I . "’/4
o

'3
LY

/

o
—_——

A

A : /"/ ]
3 R/ v, i C—/' | . h\ k
\\ kﬁ%“““’) MRS

9 2000 4000 N DRAINAGE BASIN AND
(|

Scale, feet SITE TOPOGRAPHY
Notes: S DAM
1. Topography from USGS Viburnum West OLD VIBURNUM TALING
and Viburnum East 7.5-minute quadrangle maps
(1967). MO 30342 Fig. 2




WNarter Surdce
Elevaation 1095 £
2/ Oecyr /980

Taulrng s =

29oco A to Spillway

ot El /Oo4S Sea Sec. A-5 \Tdi/in S
for Defsy//s, 8

A
El (OS5
ST OfOOE———Cr‘e.sf‘ El 1065
Elro0es 4
[O60O \
TIeo
El 950
Note, .

From St Joseph Lecas Co.
Engineering Department
Drowing No. &8 X <47/

3 June 199

e a———- s e 4 o B o T 9

.-

e, L st At AaNS S padi s wrs
» A RAanlis vzl o,




A ZL q St /1 #35
VA \/ = oaes
1060
1O940
/020
/o0
V) /V\\
T60 (o] /00 200

Seo ,_j

PLAN OF DAM

OLD VIBURNUM TAILINGS DAM

l“m Pig.8= A




: Fine le./lhes".b-":'.':. L

95 5_.:'.."1' ,

£levation, £+, (MsSL)

=24 I CISTENREEIENIA St

Rack. P)1/1 Sedkaqf with Tes i

5 LAY
943>
/5 } —
-250 -200 -150 -loo -50 o so
Horizontal Disfance, £+
SECTION A4-4
Maximum Dam Section
N ~Fe:

Modified from St Joseph ledd co.
Department Drowing
=2 Jan. /199

Epryaineery
No S&EX+7/




Fior

SECTION OF DAM

OLD VIBURNUM TANLINGS DAM

[ sen  [nli-el




~on AR ST -

T —— e

1100

/105Q

ide Crest El 106

/OO0
E/ 1950
S feo'o) ° —
Foo
o loo 200 300 A =) fwanlan) l-le o) (==
Horizontal Distance, f+
Danm PROFILE.
105
1065
/oGO
N
/o55 e o=
Neathe 14 /inch siphon linas
o SO_T__ rock. o [ :
éra A} /
1045 —A—FN
1O4+O
o /0 20 <O so S ) 0
Horizontal Distance. £+
RECTION B-8

Spillnvay Section
{kaing Upstredr imn 6pi//way>

1

’ - ., .

- L~ e Y



Elavoation, £+ (MSL)
Var-tical E:;%era‘f'ion
2 X Horizorta)

200 &0 o] joco
ﬁ
oes
3
VARE:
N
WNecrtheared g
rock. outorap 8‘
- 3
ﬁ
© & b ] 100
oy )
P
A >y

1200

Note: From St Joseph
Lead Co. Engineering Oept
Drowineg No. c8 X <47/

3 Jan. /1969

[DAM AND SPELWAY |

OLD VIBURNUM TAILINGS DAM




F——-v" - < T .

Legend

Roubidoux Formation

Gasconade Dolomite
Gunter Sandstone Membes

S fule Eminence Dolomite
S\ N
C ot Pt ;

' e ]
" Bar t 7
' Ml'vas"l ’ ’.7

Hlackwe Potosi Dolomite

\ 2elidton ’n h
een ~

Derby-Doerur Dolomite

Davis Formation

Bonneterre Formation
Whetstone Creek Member
Suliivan Sifistone Member

Reagan Sandstone
{subsurface, western Missouri)

Lamotte Sandstone

Diabase (dikes and sills)

_g:’"?’»‘,‘ St. Francois Mountains Intrusive Suite

Location

0 10 20
——— e e——

St. Francois Mountains Volcanic Supergroup

Scale, mile

REGIONAL
GEOLOGIC MAP

LD VIBU

MO 30342 Fig. 4




e oy

APPENDIX A

Photographs




Phatlo <4
eriad) View
of Researvolr,

G //y Brosion

\Phofb S T — Phote &
— e
\ ,//,///,/"‘/"")?v‘b'f
\ ety s ) Phcto &
'q éﬁf/{/”/,/// ’ |
Frote 1/ N /’3\ . / \g
—— Fhaote 5:' . i
- Gully Erosromn
Phots 10— ————- Y
!
Tailings NN /'
Xﬁ
E; R6’$G"I/O/'f‘ ) o 200 400
“Photo =3 . o Seots, F¢
/44-,,*—4'&/ View ~ -} .
Of Irntermecdiate ) .
Vibornvum Dam/ . Spillay
/ FoeT ~ T Photo (3 ),
5 ‘ Oischarge
ES ;. Channe/
= "
: s~
PHOTO LOCATION

SKETCH

Plotos land2 of

dewnstream Mazdrds
Protos 15and |6 of upstream OLD VIBURNUM TAILINGS DAM

Dam S MO 30342 Fig. A-1




1. Church (foreground) and occupied dwellings in downstream
damage zone below 0l1ld Viburnum Tailings Dam.

2. Contents of downstream damage zone below 0ld Viburnum
Tailings Dam. This facility includes underground mine
workings.




3. 1Intermediate Viburnum Tailings Dam (MO 31013) upstream
from 014 Viburnum Tailings Dam.

4. Fine sand tailings used in the construction of the
tailings embankment.
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5. Downstream face of the dam showing incomplete grass
cover. Looking northwest.

6. Gully erosion on downstream face of dam. Looking
southeast from toe of dam.




7. Gully being eroded at junction of embankment ard right
abutment. Looking northeast (dowrstream).

8. Possible piping cavity at the head of ero:ion gqully on

downstream face of dam.




i

9. B8-in. diameter animal burrow on the crest of the dam.
depth of burrow could not be determined.

{
y 10. Upstream face of dam showing lack of erosion protection.
g looking northwest.




11.

12,

Pipes drilled to locate decant line, located near

present toe of upstream face of dam.

Spillway, in the distance, viewed from across tailings
Looking southwest from haul road on northe

reservoir.
Dam embankment is to the

west side of the reservoir,
left.




13, Spillway excavation in wezt!.zred rock. Reservoir in
the distance. Looking upstream in spillway (west).
Note 14-in. siphon lines used to lower the reservoir
below the spillway crest.

14. Reservoir for 01d Viburnum Tailings Dam nearly filled
with fine tailings deposits. Embankment for Intermediate
Viburnum Tailings Dam (MO 31013) extends above the water
surface of the reservoir.
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16.

County Road Dam (MO 31014) consisting of gravel road
crossing tailings impoundment. O1d Vibkurnum Tailings
Dam out of the picture to the riaht, arprox:imatoly 1.4

mi.

Dams upstream of 01d Viburnum Tailings Dam considered in
the multiple dam analysis. The upstream most dam (sand
cmbankment) is Viburnum Tailinas Dam (MO 31016); next
downstream dam (grass-coverced embankment) is the
Railroad Embankment Dam (MO 31779); downstrcam-most dam
in this picture with paved road along crest is No. 290
Mine Ore Haul Road Dam (MO 31015). 01 Viburnum
Tailings Dam is approximately 1.2 mi downstream, to the
right, from MO 31015.
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APPENDIX B
Hydraulic/Hydrologic Data and Analyses

Procedures

a.

General. The hydraulic/hydrologic analyses were performed using the "HEC-1,
Dam Safety Version (1 Apr 80)" computer program. These analyses included
multiple dam analyses for the significant dams upstream of Old Viburnum
Tailings Dam. The inflow hydrographs were developed for various pre-
cipitation events by applying them to a synthetic unit hydrcgraph. The inflow
hydrographs were subsequently routed through the reservoir and appurtenant
structures by the modified Puls reservoir routing option.

Precipitation events. The Probable Maximum Precipitation (PMP) and the 1
and 10 percent probability-of-occurrence events were used in the analyses.
Antecedent storms equal to 50 percent of the various PMF events were input
to storage or routed through the various reservoirs. The total rainfall and
corresponding distributions for the 1| and 10 percent probability events were
provided by the 5t Louis District, Corps of Engineers. The Probable Maximum
Precipitation was determined from regional curves prepared by the US
Weather Bureau (Hydrometeorological Report Number 33, 1956). The PMP
distribution was computed by the HEC-1 program using the standard
EM-1110-1411 method.

Unit hydrograph. The Soil Conservation Services (SCS) Dimensionless Unit
Hydrograph method (SCS, 1971, Hydrology: National Engineering Handbook,
Section 4) was used in the analysis. This method was selectefi because of its
simplicity, applicability to drainage areas less than 10 mi”, and its easy
availability within the HEC-1 computer program. Due to the multiple dams
upstream and the shape of the drainage basin, the basin was divided into % sub-
basins in order to develop inflow hydrographs for each dam. These sub-basins
are:

1. Upstream of the Railroad Embankment Dam including Viburnum Tailings
Dam;

2. From the Railroad Embankment Dam to No. 29 Mine Ore Haul Road
Dam;

3. The main drainage basin south of No. 29 Mine Ore Haul Road Dam;

4. The area northwest of Intermediate and Old Viburnum Tailings
reservoirs.

(See Fig. 2 for outline of these areas.)

The watershed lag time was computed for each sub-basin using the SCS "curve
number method" by an empirical relationship as follows:

L - 20.8 (S+l)o°7
1900 Y

05 (Equation 15-4)
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where: L
2

S

lag in hours
hydraulic length of the watershed in feet
1000 10

CN

CN = AMC Il hydrologic soil curve number as indicated in
Section B.2e.
Y = average watershed land slope in percent.

This empirical relationship accounts for the soil cover, average watershed
slope and hydraulic length. The lag time for the area between 31016 and
31779 was assumed to be insignificant as the distance between these two dams
is very small, approximately 500 ft.

With the lag time thus computed, another empirical relationship is used to
compute the time of concentration as follows:

r - L (Equation 15-3)
c ~ 0.6
where: TC = time of concentration in hours
L™ = lag in hours.

Subsequent to the computation of the time of concentration, the unit
hydrogtraph duration was approximated utilizing the following relationship:

AD = 0.133Tc (Equation 16-12)
where: AD = duration of unit excess rainfall
TC = time of concentration in hours.

The final duration was selected to provide at least three discharge ordinates
prior to the peak discharge ordinate of the unit hydrograph. Due to the small
size of some of the sub-basins, a unit hydrograph duration of 5 minutes was
used.

Infiltration losses., The infiltration losses were computed by the HEC-I
computer program internally using the SCS loss function. The curve number of
SCS loss rate procedure was established taking into consideration the variables
of: (a) antecedent moisture condition, (b) hydrologic soil group classification,
(c) vegetative cover and (d) present land usage in the watershed. In addition,
the computed basin loss was reduced proportional to the impervious are in the
drainage basin.

Antecedent moisture condition Il (AMC ) was used for the PMF events and
AMC II was used for the | and 10 percent probability events, in accordance
with the guidelines. The remaining variables are defined in the SCS procedure
and judgements in their selection were made on the basis of visual field
inspection,

i it d e m
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Starting elevations. Reservoir starting water surface elevations for the dams
were computed by routing antecedent storms equal to 50 percent of the
subject storms. This was necessary as some of the dam have no outlet
facilities and store all runoff prior to overtopping.

Spillway rating curve. The HEC-2 computer program was used to compute the
spillway rating curves using spillway cross sections and assuming critical depth
over the spillway.

Multiple dam analysis. In accordance with the St Louis District Hydrologic/
Hydraulic Standards, Phasel Safety Inspection of Non-Federal Dams,
12 December 1979, Section 3.f, a multiple dam analysis was performed to
evaluate the impact on overtopping potential of the significant dams upstream
of Old Viburnum Tailings Dam.

Three dams considered potentially significant to the overtopping assessment of
the subject dam were identified upstream. These are No. 29 Mine Ore Haul
Road Dam, MO 31015, Viburnum Tailings Dam, MO 31016, and Railroad
Embankment Dam, MO 31779.

The following breach parameters were input to the HEC-1 program on ):)
cards for the various dams:

Breach
Bottom Side Slope  Failure Failure Elevation of
Dam Width of Breach Time Elevation Breach Bottom
Number (BRWID) (2) (TFAIL) (FAILEL) (ELBM)
31015 10 ft 0.5H:1V 1.0 hr 1099.9 ft* 1051.0 ft
31016 10 ft 0.5H:1V 1.0 hr 1164.5 ft 1142,2 ft
31779 10 ft 0.5H:1V 1.0 hr 11422 ft* 1123.7 ft

*(For 31015 water surface elevation was allowed to rise 1.0 ft above minimum
top of dam before initiation of breach due to the presence of a paved road
along the dam crest. For 31779 water surface was allowed to rise 0.3 ft above
minimum top of dam before initiation of breach due to presence of railroad
bed ballast along crest of dam).

An additional consideration in this multiple dam analysis was an estimate of
the volume of lead tailings that could be released by failure of these dams.
The tailings consist of fine sand and silt. They consolidate fairly rapidly and
once consolidated can stand on vertical slopes of considerable height. These
consolidated tailings are subject to erosion by flowing water, but not flow.
Inspection of a breached lead tailings dam (St Joe Lead Desloges Dam)
indicated a fairly small portion of the impounded tailings was lost during the
breach. Estimates from this observed failure suggest less than 2 percent of
the impounded tailings were lost by erosion from flowing water. For this
analysis we assigned a conservative estimate, 10 percent of the impounded
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tailings, as material lost through a breach. This volume was included in the
HEC-1 computed outflow hydrograph for the purpose of the overtopping
analysis of the downstream dams.

B.2 Pertinent Data

ot o g

a. Drainage area. 4.2; mi2 total; includes 0.61 mi2 for sub-basin 13 0.21 mi2 for
sub-basin 2; 1.76 mi“ for sub-basin 3; and 1.68 mi“ for sub-basin 4.

b. Storm duration. A unit hydrograph was developed by the SCS method option of
HEC-1 program. The design storm of 24 hours duration was divided into
intervals equal to the unit hydrograph duration of 5 minutes (B.1.c).

C. Lag time. 0.77 hr for sub-basin 1; 0.28 hr for sub-basin 2; 0.79 hr for sub-
basin 3; 0.58 hr for sub-basin 4.

d. Hydrologic soil group. C & D

e. SCS curve numbers.

1. For PMF- AMC III - Curve Number 89
2. For 1 and 10 percent probability-of-occurrence events - AMC II - Curve

Number 76
1. Storage. Elevation-area data were developed by planimetering areas at

various elevations on the USGS Viburnum East and West 7.5 minute quadrangle
maps and the topographic map provided by St. Joe Lead Co. The data were
entered on the $A and $E cards so that the HEC-1 program could compute
storage volumes for each of the dams.

g. Qutflow over dam crest. Analysis indicates the dam will not be overtopped by
the PMF.

h.  Outflow capacity. The spillway rating curve was developed from the cross
section data of the spillways using the HEC-2 backwater program assuming
critical flow at the spillway. The results of the above were entered on the Y4
and Y5 cards of the HEC-1 program.

Results

The results of the analyses as well as the input values to the HEC-1 program follow
in this Appendix. Only the results summaries are included, not the intermediate
output. Complete copies of the HEC-1 output are available in the project files.
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Output Summary
100% PMF Event
01d Viburnum Tail
Upstream Dam No
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01d Viburnum Tailings Dam, MO 30342

Upstream Dam No. 31016

OQutput Summary
100% PMF Event
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